La~FaEfpEFmy
Graduate Institute of Food Science

Tunghai University

P AL %

Master Thesis of Technology Section

ih E & (Advisor)

# I 40 % ¥ (Jeng-De Su, Professor)

HE Y R R AR 2 S
ZRa g REEE
Regulating Glucose Homeostasis by Glycosidases Inhibitory

Extracts and Isolated Components from Licorice

Fy4 o 23 ® (Hsuan-Min Wang) #
PERR-pEL-

November, 2011



BN

PFREEEE R Al AT BTRE T oL F A

BHIF RERFR AT EREchFEUp R0 H

\

0
By

WL UE FAGRE FPEFL5 0 NG ERPFER ST > &4
T E OB A RS B R Bk R o

PHRA R R F TENEL gL pHAEE L Fo
FELHELRENFRE T RGBT

FrOF o oRHMEEEE G R FE L E AL RRE
Bl cndg FE TR B AR SH ] fie Sk OB A TR

FRE-GE-FU -2 BB FP U2 E IR E2 R
SRS B FLG R A aT g

B { RMATSCA1UE § LB #%‘.’rbf‘mi%,z%ﬁﬁi@%
BEA S BARLEZ B AT E > Lot € 0 B 83803

¥ ki BAHLE erfF &~ RA U2 PP % o | Love You!

3 X ﬁ%&ﬁi?,{ﬂ;ﬁ e

PEAR-fEL-



i &

-

AREEFT M RAN? BRAHERMF T 2 %24 & (licorice, Glycyrrhiza
uralensis Fisch. rhizomes) = #134 » 57 3 & % P~ > E # ﬁﬁ’?ﬁef i
a-amylase % a-glucosidase = |4 3 E #r4]ic 4 (7 50%¢ fig 5B~ 2 H Wi 3
fA 4 > 1% ] B FL83B 3+ imie fhik (7 im i 32 » £33 4 kR A H
Pox i F B w2 R e § R R 0 B 2O
2 GEE o g A I Ao iR~ 5002 fR R BOR B Pl E
P PERRRE B A e dlin 4 0 B R BT 50%L M E P HA RS B Rid
Fr4»x% o ¥ a-amylase % a-glucosidase #r#] % & W] 5 15.64%% 51.05% -

L BB ik B Amberlite XAD-7 ~ Cosmosil 75 C15-OPN 2 HPLC % ;% 48
R 5 A Al 1 15 eh T sk ks T & HBChpmyEs Lirir
Fz i & e L 5 4-hydroxy-flavanone-7-O-glucoside (1) ~ 4-O-p-D-

¥
L g

',‘:.""
2

\F

glucopyranosyl- 2', 4'-dihydroxy-chalcone (2) -~ 4',7-dihydroxy flavanone (3) -
ononin (4) ~ 7-hydroxy-4'-methoxy-isoflavone (5)% 5 fa#sg % fr - 2 ¢ 1% i 4
T2y 3 -5ehzg 2,5 > a BEEpEFIIIFEREFSEHET BV 2
rd| F e E o FILBEREF e F 2w Eke i XTT e 3 Mp2dd
7 4x 200 ppm 4 PR B 2 39K $] BUFER FL83B e A 4
F Mo %4 50100 2 200 ppm 4 ¥ 50%2 g X Begr 2 H il g B2 pF
¥ 5 W04 (2-NBDG) e chd » £ % mie MOFFEL 2 R R L o AF Y
EEAHEETH 3% 50%e fEEBHF EE%%EJ MR O P OB R T 2
Bvowd T O ST e e A E L

Mt 4 ¥ s M BT co-F 5 AEH A AR B - 4 e > FLB3B

fm e



Abstract

Licorice (Glycyrrhiza uralensis Fisch) is a legume that is mainly grown in
southern Asia and Europe. Licorice, also known as sweet root, is one of the most
widely used medicinal herbs in traditional oriental medicine, where it has been
used to treat bronchitis, coughs, arthritis, adrenal insufficiency and allergies. In
this study, the active components were isolated and identified from the 50%
ethanol licorice extract, and were tested for their hypoglycemic activities in vitro.
50% ethanol licorice extracts showed strong inhibitory properties against both
a-amylase and a-glucosidase. The extract was further separated successively by
Amberlite XAD-7, Cosmosil 75 C.5-OPN, and reversed HPLC chromatographies
to obtain five components. The isolated components were identified as
4'-hydroxy-flavanone-7-O-glucoside (2, 4-O-B-D-glucopyranosyl-2',4'-
hydroxy-chalcone (2), 4',7-dihydroxyflavanone (3), ononin (4) and
7-hydroxy-4'-methoxy-isoflavone (5) by MS, UV, and 'H,"*C-NMR analyses.
Among them, the isolated component 2 showed the most contents and the
strongest inhibitory activitis toward a-amylase and a-glucosidase, with inhibition
rates of 52.55% and 31.00% at the concentration of 1mg/ml. Hypoglycemic
activities of the 50% ethanol licorice extract and isolated component 2 were
further verified in a murine FL83B hepatocyte line. Both the 50% ethanol licorice
extract and isolated component 2 had no inhibitory effects on the growth of
FL83B cells at the concentration of 200 ppm by the XTT assays. In the presence
of the extract or isolated component, uptake of glucose analogue 2-NBDG was
significantly enhanced when FL83B cells were rendered resistant to insulin by a
prior incubation with high concentration of glucose. Glycogen contents both in
normal and in insulin resistant cells were also increased by adding the 50%
ethanol licorice extrat or isolated component 2 in a dose-dependent manner. Our
results demonstrated the 4-O-B-D-glucopyranosyl- 2',4'- hydroxy-chalcone from
licorice may inhibit a-amylase and a-glucosidase, and promotes glucose uptake
and storage in hepatocytes, implying a hypoglycemic activity in vivo.

Key word: Licorice, Glycyrrhiza uralensis, hypoglycemic activity, a-amylase,
a-glucosidase, chalcone, flavonoid, FL83B cell
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B 2-1 0%k 24 3 o
Fig. 2-1 Dry licorice.

( Kang et al. 2004)
B 2-2 6+ 3 i B4 o
Fig. 2-2 Chemical structure of glabridin.
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Fig. 2-4 Chemical structure of glycyrrhizic acid.
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body)# = » ¥ ER 4 & F < E AW e el S Rl g ) SR R
(ketoacidosis) (% > 2002) > it =R fe® # B d o P o > A &0 D2 25 (1)
TUgc% § & 206~ (2)7c % § 7 12t~ Q)FrfIpsg % g ) drje ~ (4)

[1:0 S L

-ﬁ

i=yp e B 2 25 (World Health Organization, WHO, 1999)37 % 2 1%
FopenTiEie- BiEE > TT LU LR
® %%W@ﬁdﬁﬁﬁﬂﬁﬁi%{%#m4ﬁﬁ?)>NWWMVFWA
NIAERR L AR (4R b S St CME TR R R )
® I8 PHEFURLL ik E =126g/dl -
® T E#E . HE=<140mg/dl > e T PR 759 ¥ % #E@t £ #5% (Oral glucose
tolerance test, OGTT) » 2 -] p* {& e *% . 4% 8 = 200mg/dl - 2 4% 2 /]
BE 045 0% 5 BB 4% 140 T 200mgldl R o e b iESkiEARY G- = m R

..7.


http://homepage.vghtpe.gov.tw/~meta/insulin.htm

200mg/dl g 2+ ,Tfa? WA G F HEAR A 2 (impaired glucose tolerance,

IGT) > & #&Fff o BRI % o

Wip bR FABRDE B AR 2 S RE R I el A
W% - A4 fom (type 1diabetes) ~ % = A4 Ak (type 2 diabetes) -
H @ #7R 34 o (other specific types diabetes) 12 % 4z 4% 12 45 i
( gestational diabetes mellitus, GDM ) -

voltage-
plasma membrane 2+ dependent

Kierp depolarization Ca calcium
plasma membrane channel channel

Tglucose Iglucose /\ 1Ca2+ 5
lglycolysis IA-Ilﬁ ®: insulip
Ipyruvate ® E.",fe.cre.non
mitochondrion @ ®®®® f:‘:'..: .:. .
Vel o
TCA  Tommess ot S
ADP  ATP @ @
insulin
granules
. Y

(Green et al. - 2004)

Bl 2-5 &% B tw e R MR FIE § F 4 sl -

Fig. 2-5 B cell inducing insulin secretion mechanism.



Amino Insulin
Glucose acids receptor

-
'

—>
Glycolysis/oxidation

[ Glycogen |

(Saltiel and Kahn » 2001)

B 2-6 % § & 2 Hd

Fig. 2-6 The regulation of metabolism by insulin.

2.2.1 12 Jp A1 ¥ & 4 (AGES) & 48 A s

PR AR E S SR LS ) SSEEE s VY S
S b F oo £ USE- @8 gk TE A (5 B % & $ (advanced
glycation end products > AGES)(B] 2-7) > ¢t — & &7+ F %% %2 a2z 4 4k
1Tt > E& B o F B (Maillard reaction) sh— 4 o

PR B FIE L 7 3 R ek T o REpEbEs 0
F et s 7 ek (Brownlee » 2001) » i § 46 A2 p 3 8% &
A2 B3 B s HF (reactive oxygen species > ROS) » I # it € 4vid 4>
WA G E4aA 4 S HROS A Fy HHAMEF B BB S A
o ACGEs & - a7 EEif e > X Mol R A 2 AL g R A~
(Wautier and Guillausseau » 2001) » 5 i¢ = % & #3273 % 2305 % 3 M7
it  F](Dyer » 1993; McCance et al. » 1993) -

i %5 ROShg 4 » i fip ong P BRfFE -2+ 5 RS > a i
 ROS Vapdit 1 Rt g @yh > ERWEE 28 4 (R 2-8) 0 Tk
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bt § % 4~ s (BEvansetal. » 2003) » & @ g = 4RO RO 2 o d b
e LT A OB R - R ek

Normal glycation process

H .
H,C——N— Protein

H—C=—=0 H—C—0
H—C—0H C=0 C—0
HO —C — 1 HN — Protein jo— Cc—H CH,

| — | _— | ————— AGEs
H—C—OH H— Cc—0OH H—C—0H
II—T—OH I[—(|Z—()H H—C— 0H

CH,OH CH,0H CH,0H

Glucose Amadori compound Dicarbonyl compound

Bl 2-7Tic it A2 B -

(3-deoxyglucosone)

(Méndez et al. » 2007)

Fig. 2-7 Generate of advanced glycation end products.

| T Free Fatty Acids ‘

[ Hyperglycemia ‘

| T Mitochondrial ROS

v
7 }_l—’{ Macromolecule Damage

l

‘ T Oxidative Stress i«

h 4
* NF«xB |
{ T p38 MAPK |
! |TJNK]SAPK i
v ¥ | ¥ v
T Sorbitol 1T AGE | 1T DAG T Cytokines |
d J T Prostanoids
! RAGE T PKC

i |

r

h 4

Insulin Resistance

B Cell Dysfunction

e

Diabetic Complications

P

B 2-8 % s Mk az g (VRS 2 Herskeng

(Evans et al. - 2002)

I8 B 4R o

/_:.,E!/—g-

Fig. 2-8 Hyperglycemia induced oxidative stress and its caused physiological

effects.
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2.2.2 W F R

G BB A I E R IRk 0 R F F R
CERPELT O FUTIRRAREER > B KEh
FEHEIR, 2 g gE o
ARk o
-t S vk SRS NZMERS 0 B § FlERiTha <
AR o B H e FLE 0 Ao R e Tt B e o
3. AR HA MR R AASAL S s g R A ks Az i 4 T
T PP m R L ARLA
4. Eyrggp DR G EPAN SR% BRI AN LR A %
o~ FUR B LR -
5-%Fﬂéﬁgﬁﬁﬁﬁﬁg%ﬁ%@ﬁﬁ%ﬁ%,;&ﬂ%ﬁ\@r
R REY E ¥ S b L P T T
6. “ﬁ%rV1ﬂA*%¢’fﬂhémm?afdﬁ(ﬁn’mM)

g N
i
oy

2.2.3 % - AR (GE § % 2473 > IDDM)

%, & % & ¥ 4| (insulin-dependent diabetes mellitus, IDDM)#E Fc s A2 i >+
d%ﬁf*),%b%' FIER A p e ARPRFA BRI F 5§ Bwie » a 1%

Foofl@r L (1 Az2a2Wld) BRABKRR 12%= < -
F AL DR FIFLF] L LR L SR B g S e Boln e BUR 0 AR
type la 3] o > #dy 7 M AR A AR AL g S B-lmie Bk BT
type 1b 3] -

¥ AR ARRE R A A E CE (f 5 EREROR )
EOREFRE AR~ EE G Reed o SRR G R (ARG R 7
FAERE) o ARENFERE B ARMEFRAMLE F 0 FRET M
Phra E A2 R pte o p o BEEAR AR R T A1 §EBA
Ao R Ea e R TREAGE T E - ABRRR S

.|..
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224 % y%ﬁ@@ﬂ%ﬁ%$ﬁy NIDDM)

BAREE? o %2 ARGk 90-95% - K BTk on g o
ﬁﬂ%%%%%%ﬁﬁﬁ?ﬁw%%%’@ﬁﬁkﬁﬁgiﬂ’ﬂﬁﬁﬁ
FiEEMPp wre L F AL - BRI R FAEZFLE S
P IR B R RN FAERZE N wmieply TR R AR
FAEHK L A0 Rus o AL FE AR 0 B R B 2L
T FRIALBILE Zich o YRR s ERRE U IR LB
Bl infp ww o FIR ARG 2H0E 6 & R AR 0

2.2.5 &I%H’_%Fj\}fﬁ ( gestational diabetes mellitus » GDM)

FRRE R - T F R RRRR O R R
(gestational diabetes mellitus, GDM ) » ¥4 J& iR &4 24-28 ¥ pF i GDM
Gl o A A L ki 50 DR F F e kiG-S 0 B
;“I]{r%fﬁ B % 4218 140mg/dl » & & - b & Be O’Sulivan 2 Mahan 9% > 247
100 2 F 5B ERHR - W FEAF LT HE hiERE R | P -
SRRzl Fr AR A AAREHTER012-3 [ FE
& %)% 105~ 190 ~ 165 ~ 145mg/dl) » ,T.%'F" 2% 5 GDM > F2 8 ehn i

B OAPE S avaF b 5l4enEa  BEE VT AA 72 Ronia B E

2263 ¢ 2 B FF
AR E L B TR T4

(1) B fwee =4 it 4k Flak H

(2) "% § & ie* A Fa s

(3) A i

(4) P & i

(5) #y &t Filde

(6) & %#

(7) 7 % 4 258 s w4 i Berig s (WHO - 1999) -
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221 IR FH v R

poav Bp i % ¢ PR 5 4% 4~ (oral hypoglycemic agent, OHA) L & 5 =
5 A e iR Fk & 5 (sulfonylureas, SU) 2 %54 (biguanides) » = 384 Jig * &zt
b F AR REY A OHA 7% 3 X2k > THPA LR
* oo H P SU M Mok kR B EYME B C A up R E AR S
P B S H A P AR o R ek B 2 2 U AR BT W AZE 250~300
mo/dl » 2+ g Tid * 38 & ERIRARET OHA -

> % E R EAH
(1) #rpis= s % %8 (sulfonylureas, SU)

AR ES T A R F e Bote R B BT R R A L
bR AR RS R o SU K IR AFEREEE H N
APt A GRS T Xl b A ABEROES - 4od TERE D F
PAFRI G R Tk o % SU B¢ IR SU T G - PR £ PIR % o
PAA ML B @ FR S o

- MRFRAR R SEE Y 1950 £ B4t ST TRA 0 4o tolbutamide -
chlorpropamide : % = & figfk & s & 472t 1960 & % * >t qpsk > 1 5 7
B2 JE* » ¢ 4% glibenclamide ~ gliclazide ~ glipizide ~ glucotrol ~ gliquidone -
glimepiride ¥ - gliquidone & &~ 7 j& F-5EL 8 gt SF & 4 > 2710 5 B FOR
HETHRBE YR ENELBES o oy LAy - 3R

iR e ERLR O B RET FREY 2ATB R F > 3
’?,a P s o /1 3t 200mg/dI~240mg/dl 7 5 3.% FEPF L i C MR R E 0 P
Wk kB Rl REEEA SR AR SRR FA R p Y
£ 30 HnuT —g P T A QLR o AR WRY B AR E R E S T
TG PBawred it 2 PFAREEE G F 2R FEDEF R Gk
B PR ERSE AE TIRY o (4 0 2008)

o

(2) #reros § % @0 R
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2 3 % 4 e repaglinide - B 1F* SF LA FRAR R RS > (FF 30 B e
W B LR B LG Fena i BB LESleavi ) F o i
FERERN CEEFTEMERD K G gH AT hF X 2.8 i
P AH KL ABE L L EEARY 3R FRREBEIRY A AR

R RATRERED R ETH A 2L FRT -

> % § AR
(1) g% (biguanides, BG)
BG 5 guanidine z_ #=4 # (= i guanidine & &+ 3 # NH, @ :# 3% &
A=) » pw e P 9BG 3 = 44>  phenformin ~ buformin ~ 2 metformin
(1957) - phenformin F] ¢ 313 Y # ARRAWIRE » e oH L
R FRRE 2R > P ARt BG 2 WRY B i@ * metformin
4 (sldefpe ¥ & 8 % & phenformin eht 2 2. - 127 ) » @ ® metformin
VREOBRREEFFAREL R
BG &£ % ¢ {ljpih § &2~ Bipdla a5 Litae < ik
%%%g’ﬁﬁ&@%%%% AT I o 24 S B E R Tl A 0 3.4
b R BITERL TR O BN TR L AT (TR o R § F ARACT
B D 4% PTROY mie ) 0§ q‘%@?]g v GLUT4 3w £ 5 k%
E’ﬁis?]ﬁl T Bm%e 4o 2§ -zﬁﬁﬁiﬂ«;}w TR FH A F e 1L
F2EFEH oom ek R AR S
CERE SRR LE bR P g o MO R ﬁhfj'\% fk:ggg;};a 3
EARRELL Z Ao HpR* 2 € ERML BN G o 3.7 MAPEFE
2EERCE B RRAEE TS (MR R T 0 PR faY W ) 0 A
te b R ong R A g v PEFIRR -
BG #F# %2 B iT% » 4~ JRET it F %3 FehA F4oRE - B ~ 4
Lg% "HEATVRIAMAREL > BaL €314l & By
Sofed A RGP R P Gk o bRy (- &1 =) fp
¥ U A By R o S EPRT RS- ABIR S RE R R ER
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S A B RS T R E R R RN TR S AR B
SRR IR SPRY SR ot i @ﬁﬂ’?l?ﬁi\%’#’”m%(q—’ZOOS)

(2) Thiazolidinedione #g # 2 4 (TZD)

SAE S LR e R T S e M
B il 2 P PFRRAE AT 1% & 7k g ghen ) H oo i EY L&
T % L _iE dw P2 % QN peroxisome proliferator-activated receptor
(PPAR)-gamma &= B2 7Btk > Fla 4eip 0 L § FniTH > Rlwmie p § §
] 3&%] 30 GLUTL 2 GLUTA #4405 5 § 4B i mre 8 3o b oh s
L Hﬁﬁ.‘&kﬁiﬂ Bv 28 B0 4 M Ao A IARRE » P2 o ¥ b lipoprotein
lipase /&4 s 3 40 Fl@ RaE = ﬁ_’r?;—kj M PN BT AW R e
~ 7z 3 PPAR-gamma > TZD ¥ # v & & M 4 % (endothelin)ih & = 2 4
o AR AL E G FaniEr > TPt ir L Er TZD T 5§ sken
L B R IEFUR % o @ * g rosiglitazone ~ pioglitazone % o g * ¥ %
SR EEBELROT B 0% D ABARA Y UL L Ak
FoOVHEBSNERMRRFHE R FEERY D H AR UF BT FT
WEH 42k R F R (3 2008) -

» a-glucosidase #r+|#](AGI)

|4 acarbose ~ voglibose ~ miglitol & - =2 2 1 & (T ,%ggi A
FraPL % a-amylase 2 % 2Bk 5+ 20 a-glucosidase &1 0 Flm 4 i pd
KV EP B E AR HEEE R o B0 JPERE ST 0 g pintE i
Risn dEZ L E ZRR B EIRA L2 B o 4 R M T e R
AR L F F ) 1% U oA 2 PR Er 0 (F1R B 2% ) o
m Y H b A galdeia fE o LR EF SRR @ PLJg - Acarbose %
Fgdaldeymir GPTH B apbldRd v ? 3 % 305 WSS
5 e 4 £+ (Glucobay » Precose » 1990) « # i 4t #f 2 4= " ui 4B ¥ * $133 >
POV REGT G A o RS H i o sk v H PR 2 € aldc M fEF
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B owdt TREEREN ) SR FEF M - L g M s o RS
CIRF M A A A BAESH K &4 5 F]acarbose € it
AR o2 A fEsdz(Z 0 2008) o
B 2-9 519357 B EILIE* 4] > & BH7 B ERRF LR
o KA E LR P BEER > RIS R PR
v i F o
FOMEFEAIRRR O R e R 2 g hEE o A il
DldpHla iR oo pa@ B > B ERFEL eI  BRDEF F
T bl T R S A R R R T IR e BB

Tissue site Mechanism Drug

o

Gastrointestinal tract
Ty, Delay of gastric emptying

Pramlintide |

Inhibition of glucagon release

Inhibition of glucose absorption

w-glucosidase inhibitors |

Stimulation of GLP-1 release

- Acute stimulation of insulin release Sulfonylureas |
i ” o Stimulation of insulin biosynthesis
Meglitinides |
’ | Inhibition of B-cell apoptosis
Stimulation of B-cell differentiation —
Livar GLP1/DPP-IV-inhibitors |

Inhibition of glucose production

Increase in hepatic insulin sensitivity Metformin |

Muscle Increase in muscle insulin sensitivity

o

Addipose tissue

Suppression of NEFA releasa Thiazolidinediones

Fat redistribution (visceral to subcutaneous)

Modulation of adipokine release

(Stumvoll et al. » 2005)

129 19957 b BT (e % 3000 F o i o

Fig. 2-9 Pharmacological treatment of hyperglycaemia according to site of
action.
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2.2.8 B s ¥ 3 Az i

W enE BOET R FlA A G R A SREES < 8
RELF B Lo 2w n g#F2 2% > 29 RESLAPD
PR s AR H AR IR 0 R TR B R TA A T
oo B B BER ¥ AT g i S SR R R PR
s R BRI IR RO AR SR RO IR TR S R
iz =~ B g (s e 0 2004) -

(1) % = &

BRHE S S B o BT N R BB 0 @ T A
oz R H e 0 A E R T R ST R R L T e
IR ST 0 - H e R R -

(2) ¥ A Gl

Bd o Ak R T el R § AERE 0 onds A BN BRI 2 dm ] S E R ¢
er'f(#‘\*'i_ﬂ_?m_u_lngg/)é‘/’rgﬁ]]x%zgzik\;mpg,?g;%‘gg 5 %
ML R AASFILIEY > REHAHM SR AEERE  2a i
BB AR R -

(3) 4 Fops i e W

2 HEEHFE ol e FFE e 0 57 RS F R R LA
FORERF R Fw g FREERITY g g NS ERF o ¢ AR
AR A H FARAN SR Y G s R ERAp o

o Fd kR R R DR i AT T
M s A ML RSP RREEE Y, - LB g ERAP o
(4) 4 Ao 12 8
EAFNRL L HRE F AL CBEMPN AP 8 A WMOT R
LR SR PRk R Bg RS 0 AR 0 A R 6 A

-
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BEL R > REFARERS O MM AS A R RS BFHHA oA
WY F ko miEA g\‘ffxni’)l'}gf']’i\ff\*ﬁ: P E R g o
(5) #+r% A it

FFELTHE L ENRF LR E R IR TL o RA
FRRATE NS N Bk el A S RBHAT ko R FLR
DA A AR AR F o BB A L P R AR 0 0 (R Rt D 2K
) f¢ 18 ﬁviiﬁﬁﬂ,ﬁﬁfz%%$’¢WR&%mmﬁwﬂ%’$gé@:
sl 5 R BN € 3 AL TR (2 0 2001 ~ 7 > 2001) -

=
[and

\Gh

3

2.2.9 W B ik 75 B

(1) AHtt 2

WAERP LT AR TAMRE T RERE AN
T B AL Y MR A AR RAR AN B R PR 0
Rz & ©
(2) 5 #tk &

Bl TRRT E AR AN LB E AR T AN AR
EHF BN G2 P ELRT P IR D D B R
TR GEEBRFOREIFFE LR
(3) & #f sz

e BEEF PR A 140mo/dl T s R B (S ehn ABER] € $ N3
AR IFFS R R R R TR, O BRERY § AR
k30441 pEE 2B PRI B BB

=

b

“EF R lbﬂ.‘k%/%}i P rﬁi‘é}ﬂ: ’ M t_;‘;”g];’l?%ﬂi;,
-
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i
Booaru T i 12 B0 BaEak G0 F s g e
(6) F= Atk &

B AR i F AR TET 0 A LRBEEIMBEF
il A A RBBALEEA R ;rrig LFRF WA L7 00 R
e B H IR ARERR Vg4 o

2.3 0-#& § g+ (a-amylase, EC 3.2.1.1)

EBF LAVREREEZ oM fE R Y - A1 B ITF MR P a-1,4
R B FORFEL R IZ S f ok (dextring) o @ Bk 4a- A G B BIRGESE
Fakdho M- E D MR- 4 5 C 0 FlndRank R ¥R E T
BUABRP LN AN F SN EHE A B AT el T
(maltose) » & 74 £ i&— # ¢ a-glucosidase » iz - Herg 4 2 FE 4> 2
Gkt G6-P {4 f &= 5 E#E o a-amylase i & 5 AT RAE S R S )
oy RV GE P B (3R 0 2002) -

a-amylase it K fREK 1Y £ @ A% F F AR 0 B EFFI R R
REZEH FAEG T > " ME {55 o4& (Bhandari - 2008) » pt f%# $r4] F
TR S it > R RER AR VR TR OB
T E 0 @ 4 & {8 pE 2 (Rhabasa-Lhoret and Chiasson » 2004) -

24 0-8 %P (o-glucosidase, EC 3.2.1.20)

A SRS TR o lA-F E Rk R R o -
14 4£% > 2, a—D-glucose ¥ = » 1 & 5 &3 %+ & d w4 5 2.4
£ R (% > 2002) -

AR ALY i P kR it g R 2 - o JRd drdlet pE
FiAE O REFTEBE MR TR R 0 T U FR SR EFRCOKT £

Apa
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PoAR SRS g FEd PR 2 PRI RITAE Y LR AR R
2 % ts ok Ak gl b (Alietal. > 2006) o

25p ¢ ARFLY

251 f ¢ A iEET AN
Ee 3 - BAIFTIPRIARF @];I@?mi;i;%;a pd 2 (free
radicals) @ A * ¥ 8 + T A3/t p hF Ao F T A B H W T F R
@ ik — BuE end 3 (Halliwell »1994) > 2 f g 5 - 22— » 7 iz H A=
HaF et s> U % v F 857 w2z pd A (Simic»1998) -
pd AEG R Rt RN EEE: BRSO RFEET
foopd REPAMTAT T > ddS-@pr g Fr i FRE T
% 518 5(% > 2006)
i1+ % & =+ (reactive oxygen species; ROS) & 4p & Blti= g ¥ » +
COy)sscng § 45 iz w i TR 7 5 F eng 5 0 Hop - #EF
PpF em S 0 DR RETIREEE o B ROERE BE  §
B+ % K s 3 (Niki» 1992) » 25 5 5% g p d A(% 2-1) k&
SR R AR AP AA PN A ShEAY AL o dodg g P
d A0y - ) iEF ta(HO,)~ 3% pd A(-OH)rv 2 o Sk & i fiy k3
EAEs 2T 42 B § A3(0) % 4Ld §(O)%=
B d Oy - e H)Op v Bfs £ K HO, 8 % = - OH ’f‘-" IR
FAEMEE Y 0 - OH o 'O 4k 2 i B g sh eh( 33 > 1995) » 7E 15 & 4 4
2-10 #4751 > & DR BB S BE R T Rce BT F 0 TfeH

V.
r]

4.4
4

FARA LYK F - B LSRR BT RS ALY RS
Bled BRI fof3 R 2EF M F Bz BRI RS d AGE
o v > 1992) o
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% 2-1 F13 %

Table 2-1 Reactive oxygen species

Radicals nonradicals
Hydroxyl «OH Peroxynitrite ONOO
Alkoxyl L(R)O=  Hypoxhlorite 0OCl
Hydroperoxyl HOO» Hydroperoxide L{(R)OOH
Peroxyl L{(R)OO+ Singlet oxygen 'AO,
Nitric oxide *NO Hydrogen peroxide H>O»
Superoxide Oy =
(Abuja and Albertini » 2001)
'0, Singlet state oxygen

Triplet state oxygen

HOy» €-omd [ O, Superoxide anion radical

- Hydrogen peroxide
¢ ¢
o
«OH L {CEITOE > O- H .
vdroxyl radical
O
H
H,0 | € OH Water
(& %'fr,ﬁ' v 5 1992)
B 2-103% ~F 23 MVBRZE B KL

Fig. 2-10 Oxygen and reactive oxygen species.
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A 2
AAABIPFNFLE RN RER o § A ﬁkﬂég&j—fjﬁ;g e e
_?l:’/(é‘m?é;}ﬁ'f% ’ ‘:;'Ilﬂ»i,‘)—%v,[i ~ lu_n_? -}‘%}T\}]’% ?‘)’l'}‘:’%gﬁ:[?‘:’ °

Antioxidant S
sources defences

Mitochondria Enzymatic systems Ultraviolet light
Peroxisomes CAT, SOD, GPx lonizing radiation
Lipoxygenases Non-enzymatic systems Chemotherapeutics
NADPH oxidase Glutathione Inflammatory cytokines
Cytochrome P450 Vitamins (A,C and E) Environmental toxins
less \ l / more
ONOO~ 'Oo”
HoOo @ 'N02
o L ‘o
RO 02NO “OH 2
Impaired physioclogical < : > Impaired physiological
e fur?ct¥on ° Rlaizisizs function
l Random Specific
Normal growth cellular signalling
and metabolism damage pathways
Decreased proliferative L 1 L
response *l *I *I

Defective host defences Ageing Disease Cell death

(Finkel and Holbrook - 2000)

Bl 2-11 =3 KhE H ¥ mre g 58 o

&

Fig. 2-11 The sources and cellular responses to reactive oxygen species (ROS).
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222ERAFVR B RE X T AR A

Table 2-2 The main free radicals inducing life style diseases ~ cancers and aging

No. pd&ef | HFS F ™ #2350 S
- - $ 0§ (2% F S0

3046 —> 0O, - Jé,i(ﬂ \3:/2)
— I@‘L—)—zl/:‘,\.i’éi ,Lfgéﬁ

4y

20y - +2H' S0, |° BT AT 2B
d

i
;{ﬁf_ SOD % = § friE ¥
i

de

5 L RA B3 3
. Ly A o-. [30:4H0; i
(Super oxide 2 20, - +2H" EEy i3 SOD %7 Jup(f
anion) PR fR)% S H AL § riE
"0;+ Ho0; jivi

RELPIEHF- BT

O, + +e+2H" —»
’ B RS FE BRA S E

H.0, ERNA 1
2H,0, ——> Wy AR 2
3@? TLi 2H20+302 A;\:J‘fkl 1/47\:3‘3&{
2
(Hydrogen H20; 2H,0,— ™ |4 GPx iv* s L 2 A5
peroxide) 2H,0 K
*OH+H,0,—> | &3 pd A&y t4a F
FR L ACE VEHT
4 ’?‘+
] d Aedzg Lk
RN RN Oy - ++0H —» =170 RIS ESF
3 OH },@Eﬂ"lq/‘a\‘ﬁ'}@gﬁil;
(Hydroxyl 10,+0OH A
radical) o-V.E dF5pd ABad ViR

+OH —™ H,0 o- ~ - carotene B € % = -k
a-~ B-carotene
*cOH — HZO

RHE P TR E T RER
S0, +'SENS — | B B/ =i e

R ¥ 3SENS+'0, A B $YE %0 F

10,+'B-Carotene ¥ % f§ % 5 a o p-
—30,+%p-Carotene | carotene % o-# ¥ fi T * %
'0,+0-V.E—> 30, | £ it (3 & 1Y)

(Singlet oxygen)
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% 22 ()
Table 2-2 (continued)

OFs trgFid tiba 3 pd A2 HEHF D
Bd R(ERE )X 0 -~ - carotene & a-% ¥ fE
v A g

OGPx i s it *g JFix* QA 25 kfrg riw gt &
% ¢ A2 53§ > ¥t /R 5§ o-~B- carotene
o2 TR

&
ey
-
R
o
3

LOO -

(3 L > 1997)
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2538 f§ v &%

g feng i 0Ew LA MR A B e e 0 R AR ¥R
WA AL FEMF B A §F Ao p A s pog i iE
(autoxidation)p » ¢ £ 2 ¥ g FenA e o pd AE A2 B4 o P
E?%lgé:—i Ol R e E IR UER AR ¥ -0 I

PR F VTR Ed N fger g A2 A (pentadiene) ¥ B 2 Y
# (a-methylene » -CH=CH-CH,-CH=CH-)* F*t . Fld R H £ 3 - B F+
AR E R d R B il P B LR ot p
Ameyy o3 iE* A% v pd A (peroxy radical - ROO « ) » £ 55+
RS EEL wih- xE LA E EF i P (lipid hydroperoxide)
FAHF BE-BEERL T IEF PG A ESEE IR MY
RS A R E P PR E A L = o BR(W 2-12) -

(1) A=4F J& ¥ (initiation of autoxidation)

Fio H L F (singlet oxygen > 'O, )~ R &~ K~ #  ff SRR ST
gy gAY A2 e d AR )EREAF A d AROO-)
FRRNBESFTIFALF B S BERF A REFEY A L A
Fefergpie (RH) 0 @ 5 27 G fora mpechd - G gge? B2 ” %4
(o-methylene) % 2 — BF+ > )= F g hfgFpd & (Re)e 217
B o A g R F MR AR B 0 X R B
i3 %4 & (initiation period of lipid peroxidation) - B 2-13 % # 4 v F
PEMFRAEEIFEDED o
(2) 244375 5 ¥ (propagation of autoxidation)

P EH BE BRI FNFILI D Rerc oo A4 { §p
dA e pd Ay r i HFF R FEF M d A
(ROO ) i35 itpd AL L aFHB 2 &fenipf  EREFTF 1AL
Frevg pd R a s o4 (lipid hydroperoxides) - LS R0
R P RSN A A o I RN S A AL 0 o B 2-14 A 7 R
pd A 2 BFRY 25 F RS FEF 4 (Gorkum and
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Bouwman - 2005) - ¥ i* 5 JigA-#p € L5 F i % 4 (induction period)
ARG EF P TR EF RS AR EERBESR AR
(3) % 1 ¥ ¥ (termination of autoxidation)

PR BF LD A2 BRI RE S SRR A Y o R
PR EBEPFNT BT CFHR I AR SRR AR
FE~ B~ B ~ foZ B4R A (Y £ 3 A F PP T R E 2Ly
H R 47 (dimer) ~ = B4~ (trimer) ¢ % & 4~ (polymer) & & » &+ 4 7 -

Propagation
R: + 0,—=RO,- (1)
RO, + RH—ROOH + R- (2)
Branching
ROOH —= RO- + OH- (3)
2ROOH—ROO- + RO- + H,0 (4)
Termination
2R-—=RR (3)
R:- + RO,.— ROOH (6)
RO, + RO, ~~ROOH + O, (7)

Where R = Fatty Acid Radical

ROOH = Fatty Acid Hydroperoxide
RO,- = Peroxy radical
RO- = Alkoxy radical

e (Hamilton et al. » 1997)
B 2-12 7% 5 p § g F

Fig. 2-12 Autoxidation chain reaction of lipid.
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INDUCTION
FERIOD

REVER]

PEROXIDE
FORMATION

EI0N

/A

PEROXIDE
DECOMPOSITION

PEROXHIDES

P

POLYMERIZATION

DEGRATION
OXYGEN
ABSOFREED

I—
OXYGEN IN OIL

——
VISCOSITY

“-\'“-n.._
(Perkins » 1967)
B 2-13 jo "5 p % L ek RBIFE o
Fig. 2-13 The stages of lipid autoxidation.
T T T

e

T

(Gorkum and Bouwman > 2005)

Bl 2-14 7 &feiapfie p § 1V F kv Bd- 4 i85 (L P o

Fig. 2-14 Initial hydroperoxide formation in the autoxidation of the unsaturated

fatty acid.
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26 § 4 B I WA

Lﬁw;%#WmWanii%*’ﬁéﬁiéiﬁ%’ﬁﬁ%ﬁ
¢ 35>+ & p d F(Duchen > 2004) TR o RSN €5 K eNpE
F - kgt pod A o bl4e catalase ~ GPx 2 SOD - igdt pd &
ﬁ:‘%ﬁﬁ%"ﬁffﬁ ’ fj%‘ug FETRRW AT EXFTF A IGERBOTIHFF T
WL A S RpE AP A s 0 » ARG IIRRRE F R &
J B e

Wolff 4~ Dean (1987): &5 & M pd AW~ | L Pwed 2 52T H
FOAFRRABER Ly AR PwegFHT o AEHG Pl
¥ H & 2(B-cell glucose toxicity)fr*5 & & {2 (lipotoxicity) » # ¢ i& =% § 4
A Fend P~ | & e R BlFrdu 2 e 5+ < (Rhodes > 2005) % I % o

b s A frd Ahg VR R B Ao BERERRE 1 3R T s
o pd AT A E A fofiy AR BB R LA S > T
6-Bife § 5 #E(H 2-15) 0 H F festdeT o ohrt B mre v fod AER T A €
PG e
% % #:-CH,OH + MgATP* — ¥ % #-CH,0-PO;* + MgADP™ + H*

Py 7 BROPERREL 1 B 2% § R B AT PR hE S BT ET
Ly MEEFM A WA R P o @ ¥ B, R o : B RS
TR ARM L

T AL R § eipefe S(Alloxan) - B F o4 AR Y
#5% o Alloxan 7 frpieng b § H 4 0 R EE PR BBORERF ) § P i
0 @ 51 RBR MR AOR 0 A SRR PR 1R PRHSOD R R S IR P
+DETAPAC wBlRld SR F IR G H4cdig L IT 2 ok g 4
oy FAENE . RIZOIFEE FA NS TP RET RS H %
PP OAKIL ) B i A 4 edf i (£ > & SOD -~ f fFfv DETAPAC T &
o T % PR (EF (A 0 1999) o
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Bl 2-15 F0E & ¥

Fig. 2-15 Glycogen synthesis process.

2.7 i il B g A

A3t d At RPN I EDNA F T rFs a3 5
Sldc— il B F g LR ko A AT S ER RS- B Q;Eugr
FHAA A RTINAEE B A RS RT T A B

dADEFRGF B REFEEG T Ft o fif P A SR
EFHFERDES o R ER Rl S RE VT TS ST

Fof MAITAGE P RESRY S R SRR 2 ks 4
BorvViRERREAS S XRfeAT by VA o KBy AR
% FUk e (4 % C) frglutathion (GSH) » @ a3t L4 Re 7 4
TR st & AD-~ K- Ubiquinol (coenzyme Q) %+ B § & L E E -
gy MATER LT 2 5 A < LA g WAD iRy AT
AR e IS np d ARSI A 4o SOD ~ fAE ~ 3k PRl
iﬂhﬁi?%z;Z%?@;w@ﬁ@wwW, eI A I
B MRS F B A4 A A4 o MRS RTES F BEaE
B Flh Er R s fehie 7o doied 3 CHE Eﬁﬁ&fiﬂ%?tb%ﬁfrb

§ i
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271 Fuf 1 1E® )

A dF ARG oo M RESE RS RT A L
(1) pd AF % & (free radical scavenger )
PR AR S AR EP TR EF RN AL O
FOLERRE-BLIL-BFFEAL AT @ p LhFREHE D
AT g ES AL Tk RS (resonating structure) - ] 2-16

TR G TR AL TR )

g &7 hpd A "fﬁi‘l |4 % E 2 41 & S 4F i #4e butylated
hydroxyanisole (BHA) - butylated hydroxytoluene (BHT) % % & % 2 >
e A1 &2 F “HF % 2 e (Branen v 1975) > Tt R 2R
PP FRARRE CRED AR XTI LA
(2) H >z ¥ 2 i & (singlet oxygen quencher)

ZF Y i AR RE TenA iz %A § (triplet oxygen s %0, ) sk
B fed M ham? ¥ 77 - k32 H# (photosensitizer) 4o % % ~
EHFEPRFE P T ek o & (ground state) & 3
B A (excited state) » ¥ EF RE W AP > TR gEE A B (A=
R F A P22 EREF (0, ) rEREF BRI frE ST a7

frfoigipph b gt AL 1 EF e
PRI VR e - L B B4 B G Z (p-carotene) ¥ - ¥
Sk B R AT AR R E R F R SRz R 3

ik }‘g Wi K 2 2 kpfoig AEL A 0w st 1 (Kellogg and Fridovich » 1975 ;
Bando et al. > 2004 )

(3) £ % # & # (metal chelator)

WREREF L R pd A WaRR T e S
M™"4+RH — M"™ +H' +R-

Fe®* +ROOH —*>  Fe’* +RO:+ +OH

Fe’* +ROOH — > Fe’ +ROO - +H'
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GRELH AL L M R B b2 AR ol 2 B
g B A de gl T F R e b4 A (citric acid) -
EDTA % Rwipi® (polyphosphate) % o
(4) #p 3k & (synergist)

WEHAL T A ERE LFFEY >R ETRRE AL T2
g iea PR AR L o A g ks ap Al
"y e fi (ascorbicacid) i A o blArFRks BV RBRA L - BEF S o

0-3 TEE 0 R EF (e a-d T ERRARIE i o

32



H

R

H

ROO . ROOH

O
R
ROO. ROOH ﬂ)
O 0] 0O
H R Ri Ri
q‘—’ 4+—>
OH OH

OH

Free radical scavenger

OH

(Sherwin » 1978)

B 2-16 p o AF A 2 FLF I 4 o

Fig. 2-16 Mechanism of antioxidation for free radical scavenger.
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2.7.2 % Ry 1A

FEAk R D4R kol KR e P § - B p Rt 3

(phytochemicals) » 4-# 2-3 #77%:

% 2-3 %’J‘;}'mqﬁ IL;]'W?I&Z‘ *

Table 2-3 Natural antioxidants and sources

a4 % C ) gEgdpd R TESF R R PR
(Ascorbic acid) xBhat ZEfd AR AR F F A
a4 3 E Xk R i E L F AR EN T
(a-Tocopherol) | kgl p d A T twie R A ikl
B-# B § % HRY > HAIv o FE
R SRR AR UE N R e »
(B-Caroteng) s # Gl
= kg o SN SN &
I kT 1 AT 1 PEeAn s
(Flavonoids) o
JEx"; , TR AR AR
o *E 1 R ™1 ’
(Indoles) LE BRI 2 ]
fice 2 . .
k2 EF o & CECRIPER
(Lycopene)
_,,Lv_:j;_ 53 N - T 7y ~ S
f F%_ is{r‘gdé m ‘:—F =#
(Anthocyanside) il
B4 TH3 XIEFF]Z & PR pod AT i
L T+
Leucoanthocyanins) | 5142 eijics & A 1 ?
P
B * Fk B2~ Ak
(Ellagic) ki pd & i
X TE TG
PR *;pﬁ,;,, " RN Y3
U HL ETY K
(Polyphenols) . i

%k p o A

34

(B 43 > 1997 ; 4 L > 1997)



273 A 1 & X FF VA

hagY o 21 d e foigiafod S § LA fpcE R 8 S EG
L «wg shefF B A PR e SR A 1 LA dRE R G
&ME?&ﬂ’ﬂﬁﬁﬁ&lgﬁﬁiﬂﬂﬂ@E?@%ﬁﬁiﬂﬁ’f
BiEME R WA R PR AR R R
BRILF LT TS EF AL AT 4 BHASBHT %41 2 44§
CHFT S E T T2 KRR (JARC > 1986a 5 IARC > 1986b ;
Schildermann et al » 1995) » ZFRZBEF U X AREfg L Hha P ias s
i) Kk e

% p= (Polyphenol compounds) i+ &

SRdp R R s S RN TR Z A BT -OH
o0 -OH A dig v 1v% 4 4p k> A & d fpa(phenolic acids) e § fr #g 1
£ ¥ (flavonoids)#t % = (Tapiero et al. » 2002) -

2.8.1 g=p& (Phenolic acids)

PREESHEART AL FIR (benzoic acid ) ¥ ¢ 42 A& (cinnamic
acid) @ <4 A F2 A ST R LG S Y (R 2-17) - @ g
RiFd Pz dug MR E i A gEd o 4o 34-2 s i 13 e caffeic acid )
hof Ay Y ki R g it 4 (Milicetal. > 1998) c E % - B
AR FRAUR AR > Hgng b g o o PTG
fi fe 4o ferulic acid -~ caffeic acid % & & 7 #r#] X% & #5 39 (LDL)% i e
4+ (Borsetal. > 1990)

2.8.2 ¥ % p¢ (Flavonoids)

%% @ (flavonoids) B>t kip hehfe s it B4 o o = BIRAR B
diphenyl propane (C6 -C3-C6) 3% 74~ (Bl 2-18) » * L 5 24 ¥ 2¢ % fF
R FERERDIBAEN S B SRS FE(R 2-19 £ 2-4) >
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3R RE 73 eE i 42K kA (Tapieroetal. - 2002) » H &3 %

SRtk 4 ghenic 4 % enkd o Al(Linetal. > 2002) i 4%

2% Cenier - §viad 3 CL 4 Hfnf t4 p 3>t d Exal

F Co B drdlhmie L P h FAH X ERFEFIEA A A
A 9

ESZR

-

FENESET R CEEES TR G AEY
XM AR LN G A - Ba 3 o e aE s 57 ol
# i ehin®e ¥ 0 pE A (glycosides) 57 i T b F U SR R AL AL § % 2
= fie & (aglycone) fr % 28 (sugar) = flavonoid glycosides i3 it 1t
flavonoid aglycone % 1#33 > Bgm pE it iv% ¢ AR F Mreni- § ~ H12 32 4
¥ £ (Rice-Evans et al. » 1996 ; Scalbert and Williamson > 2000 )

FRph2 g PR Ry AR R H P SR 2 2R
BT Ay tFREI () EAKRCSH-C7 =8 5 554 Pl & MR
I E ke ()F 2 B Y OCINCA =R o gRER
(ortho-dihydroxy ) - E'J%"’r@i}iéﬁ%%ﬁ—? (Cu®" ~Fe*" ) %

Bird|rg B v F o2 c(3)F . C ke 22318 § B 4 =
ErImACREE BRUYSLFELHE 4 2 A-C R 2°5 =
B RS CRY 4 =R FmA RGNS I EH LG Fhe
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HO

p-coumaric acid

ferulic acid

OH
(T T,

hydrobenzoin

2 -COOH
HO
OH

caffeic acid

COOH

(;OH
OH

protocatechuic acid

sinapine

( Pokorny » 1987)

Bl 2-17 ¥ P fe 2 p BRTE 2 BHR -
Fig. 2-17 The structures of the derivatives of benzoic acid and cinnamic acid.

B 2-18 £ % fv A A B4R -
Fig. 2-18 Structure of flavonoid.

(N.C.Cook and S.Samman - 1996)
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@JQ

ﬂavanone

[O]

oD,

ﬂavanonol

9 9

T e X
i OH
@)

(@)
flavone flavonol
[H]
g or [

NS

anthocyanin

SON

flavanol

o
5 1

isoflavone

~ ™ 0OH

(34cH » 2006)

Bl 2-19 %75 fb ie 2 o 2 14 B B4R

Fig. 2-19 The chemical structures of flavonoid derivative.

38



% A NFF R ATA 2 fF

Table 2-4 The antioxidative activities of flavonoid derivatives

N R i it Ek kiR
i % 5 =4 4 (Rutin)2 2 24 % (Quercetin)
k%4 s & C3 2,3double bond - 4-oxofu, iz
 fir 4 Y
>~ 3-OH - {“j’fﬁ
*B % -OH 4% > A %kt C5 2 C7 1} 3 3
flavones S e
_OH ’ &Lm? ]L- :}iﬁ,ﬁﬁg o
* L i i+t lutein > apigenin> chrysin
B 5 = C 3 2,3double bond - 4-oxofu
. - 3 3-OH -
RRRREE % B o -OH 485 A ®A C5 2 CT U ot
. | -OH » $o§ 1t Az o T
avonots X 3§ 1t @ quercetin > myricetin > morin >
kaempferol
* g iv o
¥ = prosE taxifolin>naringenin>hesperitin> o ‘ HH#
hesperidin>naringin O oK
flavanones | 4- OH i p 2 B i EFOM o I 5
x H % v ¢+ ] >t flavonols % flavanones -
B % 4F | kgenistin > daidzein 2 - O‘ ER
King L BXRAF Y SRS . 5 F
isoflavones | x orthodihydroxyl % 4 - O L3
X s d 2 C Xk 5 4 freh heterocyclic
Famag (%o ABREEZLT I 22T F P ER o
E 4p B -OH &7 flavones % flavonols % - ‘ % K
flavanols % $.§ it |+ : catechin-gallate > catechin OH
* Fui it ¢+t cyanidincyanidin-3-p-D-glucoside o
TF 2 % Cyanidin 2 flavylium cation 35 % & ‘ ;i
P i i (pH2>pHA>pHT) » B k% ‘ S B2
H , JR R e
anthocyanins BB PRy e A Non N

* Cyanidin=dephindin > malvidin > pelargonidin
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% butein > phloretin > phloridzin /& 2.
4 fir kY XS AT AL g R e O

flavanonols

lichalcone A - ‘ | 4 ¥
chalcones | x & 4 j& & +u¥ it 4 » dihydrochalcone > 1
chalcone
2  fw§ v f3 iz flavanones » ¥ OH e p % )
S B ~E
* taxifolin » fustin /& 2 - ;i

(N.C. Cook and S. Samman > 1996)

2.9 -] R3*5 FL83B 4w

5 4F 4 ¥ 50%¢e fig X B4 2 4 i 4 5 4-O-B-D-glucopyranosyl-2',4'-

dihydroxy-chalcone 3358 e S fmPe 2_ & 8 2 JL A > 10 2 - AR+ »
w e N FPERE T L 4 0 Tt AP % E 8] BT FLB3B w etk
(mouse hepatocyte cell; BCRC number 60325) » B~ a Mus musculus » fEp #7
HARLIEREATNASFTREEFEFY P o (Bioresource Collection
and Research Center,Hsinchu, Taiwan) o 3t Bl 3] fm 22 > g0 + gL e end
£ A & (B 2-20) o # #-fmre 12 % $E(60mM Glucose):s ¢ wie & 4 % § %
fode ot o 3 o 4 % O50% ¢ pE R OB f 2 v F
4-0-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone & ¥ 'm?s 22 3% § &% Fefo
Mwme g FHF »L2F@He~E o
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] 2-20 FL83B ¥ tk2 4 £ 7| fi o

Fig. 2-20 Morphology of FL83B cell line. (2)40X (b)100X

41



Ao~ b

3.1 R %

AP Y 2V B L A Y R A X A2 HREAA B
A0 FiEgr o RS R SERL T ILE 20mesh R LE R 0§
o A2 A4c B 3-1 #1o o
B2RHREPES
321 HER K

1% ¢k kv B skex gk 3 ik-p A Hitachi = & #7U-2001 Spectrophotometer-

2.% = H&AEF »uin ik 4P K 47 k-P & Hitachi = @ 1 L-7100 3] &% 4p & 47
& ~L-7450A A ek - e g 47 B0 2 D-7000 A k& 4740408 T
R o

3B E R K-% % VXR-300/51 A+ & £ 3 k& (‘H-NMR 12
300MH; ~ *C-NMR 12 75 MH)# i

4.7 3V R R H5H8- B & Tokyo Rikkakikia = # ch EYELA N-1 3] 5% -

5.40°C J7 B "e-4-8 * Z@ i & Rl (797 (322 M4y o

6.pH meter- Wissenschaftlich Technische Werkstatten ,Weilheim Germany %]
5. D-82362 -

7.4 % iz'% ¥-P ~ Tokyo Rikkakikia => # 5 EYELA FDU-1200 %] %% -

8.ELISA-Dynex

9.7 ;% fm ¥z i% - Becton Dickinson, USA, #]%:. FACScan -

10. fw *& 3+ # % -Marienfeld, 0.0025 mm? -

11.& F# i* & - Inc.vineland NJ USA , 3|35 Bellco -

12.CO, 178 32 % 44- Thermo, USA , 7|5 HEPA class 100 -

13. 2 7 #% Vortex- Scientific Industries, USA, #| %%, vortex-2 genie o

14.7% % 8 3. - Eppendorf, USA, “]%% 5810R -

15.15] = 4 & B pcds-Olympus, Japan, 3]5L IX-71 -

16.4c #1208 5 %1% - Kansin, USA, 3|5 WB 212-B1 -
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17.;% i& % p™73 §3 - Taylor-Wharton, Germany, 4]%% LS-750 -

3.2.2 v B 3%

(1) a-amylase F#r 75 (2B 2

a. Potassium phosphate (KH,PO,) (FEp +r 21 E kst ¢4+ o

b. Sodium phosphate (Na,HPO,+ H,O ):f p Merck = # (Darmstadt,

Germany) -

C. Sodium chloride (NaCl): ptp Merck = @ (Darmstadt, Germany) -

d. Starch:ptp & 4 % &4k5% ¢ 42 OSAKA -

e. Sodium hydrate (NaOH): & L it £ 1 ¥ k3% € 4+ o

f. Potassium sodium tartrate (KNaC,H,O64H,0): % * % F4k 3% € 44 o
g. 3,5-Dinitrosalicylic acid (DNS): p& p  Sigma-Aldrich = & (St

Louis,MO,USA) -
h. o-amylase:Form Aspergillus oryzae spray-dried=150 protein B A

Sigma-Aldrich = & (Japan) -

(2) a-glucosidase e+ 75 MR 2

a. Potassium phosphate (KH,PO,) : BEp +f H# 1 EHRC g4+ o

b. Sodium Phosphate (Na,HPO,+H,O ). B p Merck = @
(Darmstadt,Germany) -

C. 4-nitrophenyl a-D-glucopyranoside :minimum 99%F#4# p Sigma-Aldrich =
7' (Switzerland) -

d. a-glucosidase:Type |, From Bakers Yeast >=50% protein P& g
Sigma-Aldrich = & (USA) -

e. Sodium carbonate(Na,COs): Bt p Sigma-Aldrich = # (St. Louis, MO,
USA) -

() Fadsh & +7:% (ferric thiocyanate assay)
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a. Linoleic acid:fp Wako = 7 (Osaka, Japan) o & #* & S R g4 £ & %
*10mL 4 A5¥g P pr3 3200 % % -

b. Ammonium thiocyanate(NH,SCN):z& & & » 4 & 99% > pp B L 1* 4k
;% ¢ 4+ (Tokyo, Japan) -

c. lron(1I)chloride tetrahydrate(FeCl,-4H,0):38 % &> % & 95% B p +R &
Z 1 ¥ 4% ¢ 4+ (Osaka, Japan) o

d. a-tocopherol: % &% & 95%: P p Sigma-Aldrich = # (St. Louis, MO,
USA) -

e. Butyl hydroxyl anisole(BHA): ## & » & 90% > pEp Sigma = # (St.
Louis, MO, USA) -

f. Potassium phosphate, monobasic (KH,PO,): &% % » % K& 99%  fp +k
S FE R ¢ 4 (Osaka, Japan) o

g. Hydrochloric acid (HCI):#p Union Chemical Works = & (Hsinchu,

Taiwan) -

(4) DPPH p d Z%i%—",f 4R
a. 2,2-Diphenyl-1-picryl-hydrazyl (DPPH): F p Fluka = @&
(Buchs,Switzerland) -

b. Butylated hydroxyanisole (BHA): p&p Sigma-Aldrich = & (U.S.A.) °

(B)dp 7 Rl T

a. Folin-Ciocalteu’s phenol reagent: £ p Sigma-Aldrich = & (St. Louis, MO,
USA) -

b. Sodium carbonate(Na,CO3): Fp Sigma-Aldrich = & (St. Louis, MO,
USA) -

c. Gallicacid:p£p Sigma-Aldrich = & (St. Louis, MO, USA) -

(B) 5w ik 2

Ik

B E
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a. Aluminium nitrate nonahydrate(AI(NO 3) 3 *9H, O):pEp Merck = &
(Darmstadt, Germany) -

b. Potassium acetate (CH;COOK ):F£p Riedel-deHaen -

c. Quercetin: pEp Sigma-Aldrich = & (St. Louis, MO, USA) -

(7)fm%e 2%

a. ] BFwre- ] B w2 k. FL83B (mouse hepatocyte cell; BCRC
number 60325) > 3t pER A e o B G Rl EFEFA T ATA SR TR G
% 7 3 ¢« (Bioresource Collection and Research Center, Hsinchu, Taiwan) o
b. 3 % fA-F12K (Kaighn’s modification of Ham’s F12 medium)pp
Sigma =@ o i * pFE Fgz 900mL = = okiA fEfE 0 £ 2 0.22um 1B R
(Millipore, USA)iE g > B« & 4c » 100mL #52 w73 (CharcoaI/Dextran treated
fetal bovine serum ; FBS , Lot : 315734) » 353 R £ {6 B33 4CH * o

C. Hifk ¥ fri% (Phosphate buffer saline, PBS):# KH,PO, 0.06g/L ~ KCI
0.4g/L ~ NaHCOj3 0.35g/L ~ NaCl 8g/L % Na,HPO, 0.048g/L 3+t &) 4e » & 7
RIEEET R 2R EE SR A S 121°C 30 A 4 HRIT 4 AR T R
* o

d. &% &4 R p Sigma &7 > B~ 10mg # & #-H kB el 2 Img/mL
¥ 100uL acetic acid 323 & & {& > 12 0.22um i Jg "= (Millipore, USA)i&
T 0 3T-20C T R s o A oo R AR L RA Spg/mL -

e. 4 3 BEHEiud 2-NBDG:pp Invitrogen(OR, USA) » >tk 3 T 12
PBS e H k& 5 29.2mM > £ 530-20C &% * o

f. XTT Reagent solution activator solution -

g. Trypan blue:ptp Biological Industries (Kibbutz, Israel) -

h. Sodium bicarbonate(NaHCO,): (Osaka, Japan) -

I. Potassium phosphate(KH,PO,):f#p Mallinckrodt Baker = & (NJ, USA) -
J.  Sodium phosphate(Na,HPO, ):F&p Mallinckrodt Baker == & (NJ, USA) -
k. Sodium chloride(NaCl):p&p Amresco = # (OH, USA) -

45



I.  Aceticacid:f£-p TEDIA(OH, USA) -

. Cell lysis buffer
Tris-(hydroxymethyl)-aminomethane i p Bio-Rad(CA, USA) -
Ethtlenediaminetetraacetic acid (EDTA) ~ Nonidet P-40 substitute (NP-40)
2 Sodiun deoxycholate 3=p# i Sigma (MO, USA) -

3. Sodium dodecyl sulfate (SDS)p#p Bio-Rad(CA, USA) -

n. v %8 :4%: BCA™ Protein Assay Kit pp Pierce Biotechnology

(IL, USA) -

No= 3

3.2.3 3 A

1.Methanol (MeOH) :HPLC % > % & 99.9% > pip Baker = & (New Jersey,
USA) -

2.Acetone: HPLC & » & 99.9% > ptp =2 - & Rili7 o

3.Ethanol (EtOH) 2 % » ptp &2 i & hfl 7 -

4. Trifluoroacetic acid (TFA):.éiaEi 99% > P p Riedel-de Haen = # (Swwilze,
Germany) o

5.Hydrochloric acid (HCI):z& 2 % » % & 35% > pp #1 i* & 2 & (HsinChu,
Taiwan) -

6.Methanol-D,(CD3;OD): % & 99.96% > pp =& § hplis o

3.2.4 % ApE LA 4T A A
1.XAD-7 % +7 = 3 #|(20-60mesh): Amberlite XAD-7 » p&£p Sigma = &
(St.Louis, USA) -
2.0DS & 47 o # #&|:Cosmosil 75 C.5-OPN - P p Nacalai Tesque Inc. = &
(Kyoto, Japan) -
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33 HEH
o Ko fif o 50%e 5 Aok F B

iy YR i % s e

B~ B3EE B~ DPPH £ 47) (a-amylase ~ a-glucosidase)
|

oy EBREERG PR AL A
o ¥ 5002 fif ¥ B4
l Separated by XAD-7 column chromatography
H,O 100 80 60 40 20 O Acetone 50
MeOH 0 20 40 60 80 100 MeOH 50

Fraction I I on m v VvV VI
* Antioxidative test (ferric thiocyanate method)

l* Inhibitory activity against two glycosidases

Fraction IV
l Separated by Cosmosil 75 C1g-OPN column chromatography
H,O 50 40 30 20 0 Acetone 50

MeOH 50 60 70 80 100 MeOH 50

Fraction w-1.-w-2 IV-3 IV-4 IV-5 1IV-6 IV-6
llnhibitory activity against two glycosidases
IV-1 ~ IV-5 HPLC analysis

Isolated component 123 4and5
llnhibitory activity against two glycosidases

FL83B m* jp|:&

m ea—al:; . A

| . —
XTT i ﬁ#ﬁw % & gl e
=

! v v
mre N R wRe pFEE wfe ) § AR R R
Wi Rp T SXxBERE W ERET ESERE

Bl 31 H F IR 2 frd e i d A 2 1L 2 2 & L 4B 1Y B B ih AL o

Fig. 3-1 Scheme on isolation of glycosidases inhibitory components from
licorice and thein hyperglycemic regulation.
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AR %™
3.4.1FF v iR
(1) 5 3 ¥ F 1 4 2 | = (Ferric thiocyanate method)

*F B 5 mw (1967)% 5 (1991) % 2. = & (B 3-2) » #-ire B2 &
a— 2 7 fF(a—tocopherol) 2 = Az L @ 5§ % (Butyl hydroxyl anisole, BHA)
AuR-EE R pe & Img/mL 2 T ERA R 0 A B~ 0.2mL e ~ B ERIFLE
2. 50mL = £4875%g ¢ > HREP] T4 » T F(0.2mL)20 7 FRIR R Z A 4E
AFLP 0 A w4~ 1.3%2 37 e pe(linoleic acid) ¥ %% % 10mL 2 1/30M
PH7.0 2 mipa g =3 i 10mL > Bt & 2 33 -k 2.8 1 25mL > %= 444

AFLH A B A0CHESERSRF B F IR 24 ) B RRE 0 BT
FEd FERE VI LT o

R F PR B2 RSEEFRESEZR02MLE 77 9.4mL 75% "
Mok EE Y R RAG A § CREBBMAAR 0.2ML 2 ALE AR
o BRFREES > F RIS & 500nm TR H ek E o

Boofay CARRAXE > ZEF LA AT o BRI S qf%\/r’ Flt
dskigent [ FHREFELE CER > IV Bl V2883 o

F R 4T
ROOH + Fe?* —— RO « + OH + Fe**

Fe** + 6NH,SCN —» Fe(SCN)¢¥ + 6NH,"

Fe(SCN)¢* : red pigment complex at Amax 500nm
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(4 ¥ E54) 8 5 (BHA - a—Tocopherol) 4] (7 f#)
0.2mL(1mg/mL) 0.2mL‘(lmg/mL) 0.2mL(1mg/mL)

v
4o 10mL g Frid fe/ T f5 73 7% (0.13:10 > giv)

l

4 10mL 1/30M(pH7.0)#4 /it 5 i3 72

l

M3 oK R R T 4 25mL

l

B~ A0C iR 44

|

F ML 24 ) BRI FLg Y ARR

B~ b itia i 0.2mL
sv ~ T5% 7 FEi% % 9.4 mL
to B E ER4e% % 0.2mL
beor 7 oF I 4B BARA R 0.2mL
F R 3 448 0 plH 500nm T Z_ v sk A

Bl 3-2 5 § Fa4BE P RN AR -

Fig. 3-2 Analytic procedure for the ferric thiocyanate method.

(2) DPPH p ¢ E_k,fg’-'*fab B E

12 Shimada et al. (1992)- ;2 ip] T>DPPH g d Zk i f”b A F Y kTG
i CPFHEREFI 4 o FF pd A DPPH P @i AL - RE
S B gt H A BITIM T F R A R E 0 e » BT 1 IEY hp
B g b4 g3 & F 5 % DPPH - (2, 2-Diphenyl-1-Picylhydrazyl free
radical) > i@ 2 25 - ®B2tp d K DPPH (B 3-3)° @ 2 & 7 3 7 DPPH (2,
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2-Diphenyl-1-picylhydrazyl) sps & gk > vk @7 € g2 "% 110 1%
%?Kﬁillféﬂic}k% BT ngt—p* AL, 7 —l‘llﬁﬁ‘fi%,ﬁ‘% DPPH E J %};; PR
33 o DPPHEdztk, f “;Kxi‘?“*'fi—"‘“i%’ﬁ‘;*‘ﬁfio

RH
mntlumdant]

@

2 2-Diphenyl-1-picrylhydrazyl 2,2-Diphenyl-1-picrylhydrazyl
free radical (DPPH-+) (DPPH)
Bl 3-3DPPH j d Fijif iv% 2 & &3¢

Fig. 3-3 Reaction of scavenging activity on DPPH radical.

B)&pr 7 R T

2 Julkunen-Titto (1985) 7~ ;2 ] Z_- Folin-Ciocalteu’s phenol reagent
HEEt L PR d-OHAF o T A2 56 1 (I FRE) £
AE T35NM T G R < Bk E o B 50 pL ARl ¥ R A& 4e x> ImL 2 g
k4= 500 pL  Folin-Ciocalteu’s phenol reagent /& & 323 » ¥4 > 25 mL
20% Na,CO; L xR &3 » R ETHFEF K 20448 > A LR
P18 Bk £ 735 nm T ek @ o 127 5 4o Folin-Ciocalteu’s phenol reagent
2@y Tz HRE o gallic acid iF 5 ¥ 5 T EITREY A

FHEY T a2 £ 0 2 2 2 mg gallic acid equivalent/ g licorice

1996)Fr4t. (2003)e~ 2 Pl %o 45 M 1 & 4 fdk b iE 2T
TR SRR I LY AR 415 0m T iR ki o
Heg P %2 % 250Ul e~ 10 %R FEAFZ 1 M k4T & S0uL 0 £ 4o »
1AmL 2 3¢5 K 303 R &30 28T F i 40 A 40 02 A Sk kB 2 4 415nm

J}Tf\
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TR XK 0 A A BRAE 2 ESR Y (T3 9 $HR o 1 quercetin 1T
Rl s o PR M BE RS R R F R g

quercetin equivalent/ g licorice extract # -+ o

3.4.2 EFARE & 4 H15E B 7]

(1) -3 ¥ fF (a-amylase) #r] s HEp] %

~F %% > ;2 %3 Bernfeld (1955)% Hasenah et al.(2006)2. = j# :& {7 » I
* DNS BB 24 BB RS R ARk &5
kRT3 R Rha 4 a7 F (R 3-4) MRl Rk B R
= Img/mL > B~ 40pl 4v » 160ul 2 g+ -k 1.5mL e 8 4 7 o Bg 1 4o
a-amylase = 0.5%(W/v)2_ & ¥ 7% i 400ul » £ 4v »~ 200ul (AU/mL) f% 4
R 25 CT R B3 s 0 p MR A& Fe P B 200ul 4~ Fren 1.6mL A
g P Ae 2R B3IM PR A A R s AR R E ¢ 3RS,
5-dinitrosalicylic acid, DNS) 100ul » #-k;# 85°C ™ 4c# 15 ~ 4578 » £ 4e »
900ul 2 Fr+ -k H & 540nm T g k E e

COOH
¢HO NO, | Nt
HCOH - HCOH
I ;
H0(|:H . OH HOH HO
HOOC —— .
HCOH H?/OH
|
HCOH
H|C0H HO NO | HOOC NO,
CH,OH ’ CH,0H
glucose DNS gluconic acid  3-amino-5-nitro-salicyclic acid
(yellow) (orange-red)

B 3-4 § 5224 F ko
Fig. 3-4 The coloration reaction of glucose.

Frd] F (Y)=[1-(F B o % E-F F sk )40 4] ek 5]x100%
A FEEFEEAT+E R

B. #dle: prE+AT+Y %

C. # F =:Buffer+ A F+35 24
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(2) a-% F 44 p* (a-glucosidase) Fri] 5 4Rl T

AF S SY OKi (1999) 2 3 287 » Burte Rl B &k B el
(Img/mL) > B~ 100l &Pk &2 20ul 2. a-glucosidase f% % /% (LU/mL)>t 1.5
mL 3.~ ¥ § ¢ 0 %2 4~ 380ul 0.53mM X F 4-nitrophenyl
a-D-glucopyranoside(p-NPG)iz /& » »* 37C™ & i 20 & 458 > 4c » 500ul
(0.IM) NayCOz “e AR & » g2 4 B8 b HF iy A kLR plH A
400Nm T ek @ o @ g e gl 0.1 M ehpifs i e (pH 6.8 )B 1k 3B
o ¥R IR EBfranickid o F 4o 2 B4 > @ pEE 22 PNP-G
b OURRER S R A o
Fra) F(%)=[1-(F & ek B4 F ek w)/ 4] ek ok 5]x100%
AF Bk E ﬁfé+ﬁk§‘r+* Bt
Bir#le: pEA+AF+7 B
C.# § =:Buffer+ A F+3 2 4

BAZHEI A S B L L AP 2 B FT
(1) 'H 2 BC-Pips £ 3= k3P 2

B 2 533 CDs0OD » ™ 3 & 3R 5k 3% ik (3152 VXR-300/51,
'H-NMR 300MHz; *C-NMR 75 MHz)ipl z_» £ ¥ & # %2 ‘H-NMR 2
BC-NMR sk 2# o k2 f245 1 § % o it & =4 (chemical shift) » ¥ 1
TMS(tetramethylsilane) i = v #crfk ¥ 8L > s 4 o7 B &2 (singlet) > d £ 7 B
% (doublet) > m £ 5+ % £ & (multiplet) - & % i 4 B e FFfe & UV-visible
K2 PR Rk T 2 B HET
(2) # ¥7 3% rxik AR R 7
# 1. Develosil ODS-HG-5(250x4.6mm > p #~ Nomura)
# # A H,O0:MeOH(v/v)=50:50 (IV-1)
H,0:MeOH(v/v)=35:65 (IV-5)
s 0.5mL/min
R ®: 254nm
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(3) "% 2B iz tn k47

# 4. Develosil ODS-HG-5(250x20mm > p # Nomura)
# #% A H,0:MeOH(v/v)=50:50 (1VV-1)
H,0:MeOH(v/v)=35:65 (IV-5)

e i 3mL/min

) B 254nm
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3.4.4 % % & $E T PR 2
(1) smPe 32 & 27 4id

RHEEZAEWINCRERP P E  BEERF TP DRI LA
oo R R F B BUFEmvE (FLB3B) 2 4 ko) E 0 BT 37C ki
Peid f20f 0 2 70%2 FRiR R B F;évg RIS B~ BERIT LN 0 M-S R
4 2. FL83B @ & 4 » 10cmdish> ¥ %M 4 » 10mML £ LR £35]5 >
B 37C 5% CO %4 124 12X tsFmesd L9784 %
H S S

MR AR LA P& AR 0 1 5mL PBS el o 4o 2mL

2. IxTrypsin-EDTA > *t 3 % fap + &5~ 48> Fiwie 54215 > 4v » 3B HY

FE2ZEE AL Trypsin-EDTA £% » § #-imie s T 194 fie T 3760

dish ¢ » Boem £ mp % o

(2) XTT i w22 & (¥R
J* fmre s Ak P 7lia pa 2 & fF(Succinate-tetrazolium reductase) #-
XTT (2,3- bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)
carbonyl]-2H-tetrazolium hydroxide):# # =2 Tetrazolium & = #7 > A} = 4f = 4
2. formazan it & ¥ 0 BEF GUFER B FE TP 2o R K
540~570nNm Bl H ek F > TV o B mve 55 % o H F RN 4o B 3-5 AT o
Bl RPE LT 96 7L A N fEiE B e (104cellslwell) e Fhk
E R 2 4 ¥ 50% ¢ B ¥ B F o 2B f
(4-0O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone) » »* 24 |- pF s » #% 2 12 %
AT PBS B - = o 4o~ XTT 38 50ul (XTT reagent:activation=50:1)
MEI3 > 3TCHF 21 plE & 540~570nm T 2 w3k g 0 F

A ’T ek s oAl o
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NO, 0]
0O MeO 803— @_NM\N N02
N)‘k()\l\ H N H
N N | SO,-
N=N Mito. DeHase . N
NO, NO,

B 3-5 XTT F ¥+ -

Fig. 3-5 XTT reaction mechanism.

(3) BHA Fwie A 2% § FILfuld

R R (5 0 2011)2 = Rk (T o e gt 12well ¢ o & g A A
Mo LI TR RARRA 24P £ Aeor 60MM 2§ F R e
PERB2ACIFE O BEREA EAFREFR HE I 3 A
F) > 4cr 27 2-NBDG 2 3% 5 223 & A 1F% 1 B | pFo inslime ]
Bl %_2-NBDG # » & -

(4) FL83B % ¥ § #4114 (2-NBDG)#F » T A & A 45

BleEa A 1234 % ¢ A ‘mﬁeﬁ;:(lo“cellslwell)«im % 57 F
R(RHHEZPF - H LB IS %~ 27 Sug/ml % § % 2 2-NBDG
Z B AERITY 1| pFis -1 5 ?i—&ﬁ"f » 12 PBS %S = & 12 1xTrypsin
JofkdmPe 3t g ¢ oo Ao 0 PR 1073 e RGBT F OREBL I 2 4

A

ﬂ\')-

(5) FL83B m¥® z_#z |\ 3¥fk & = & Jp] T_

o HER-AR AT I S PR RARER K A X N H A S
FEOMARAELGFEF o n 2 2 ERS L E 2 S RE & 625nm
Tk B R EEET R RN R 2 2 R RS &AM

£ 0 FplT L 0.05nug 2 MpE 7 £ (Lawrence et al. » 1961) -
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%3 Lawrence et al. (1961) % 37 (2003)2. = = » #-‘m%e R B K 5
10%cell/mL B~ 3mL 4+ 6ecmdish » 4 » 7 fe k& 2.4 ¥ 50%¢2 fif 5 B4 2
B W RIL L ¥ R ORI o 2N F Jis 24 0] PRS0 #-hm e 12 Trypsin e
Ees F g P 0 A4 » 500pL 30% KOH 38 £ 355 » 2 100°C ki 20 A 48
0 b r 3 RANAE 2 B R 0 25 % 200 14~16 /) pF > £ 12 4000rpm/ g
15 A 40 4 % b iR TR 1 500U 4 kw4 ImL0.2% @

ﬁ‘i}%é#%@];’i%? 100°C-kix 20 A 45> 14 & £ £ B FHRIH & 620nm T 2wk E o
TR FREEy s i wms £

(6) F¢ FEE

#-fmre ) PBS 3k e o £ 02 150ul trypsin 27 T Zmre >t 1.5mL
oo ’g s AN S ",f 7 Fif 14 500uL PBS 4573 1€ 3-v H 353 2 &> B~ 50uL
F-v iR 10uL lysis buffer 2 £ » 3w = (8P~ 10pl b 50k e » 96 3¢ 4%
¢ » ¥ ¥ 200uL working reagent »+ 37°C ¥ J& 30 4 4& > ip|H 550nm T z
Bk g o TR E R TR FREY R Y Y FIE

3.5 3t a7
FROTELEHREET L2 T TR R L
Statistical Analysis System (SAS) 8.1 'mz izt fit & (7 % B #ic A 47

i

e 'ﬁ'\ T i)

_—

<

(ANOVA) 2 Duncan ‘s multiple range test 4 47> W' fix e P endg F X B 2 & o
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3 AN by 21 2
I R

A1 XD BF A 2ZZP SHE B
411 4HEB S5 BIL2 B

- 500 2 R FCUE A XS BRS > SRR R A B 95%2 fF ~ 50%¢
el 2 #ok 120 (W)t e (7 5B EAFE B2 > BRiscB R
o AN RRIEGFWIRGFIA > B2 A FRHH R F P EF R
% ~o-amylase % a-glucosidase & & fE fAf% % $rdliatt» 122 DPPH f o 2
FrEa Y CRIE o MR EE I Ao

% 50% ¢ ﬁ?ﬁ FEPPZERE - FOREERPE N
38.12+1.62% 1% B~ 4= (% 4-1) ; a-amylase % a-glucosidase #r#| 5 & % = &
FEr(Amg/m)EFiey EF LR > @R LA FRERSRC 8 B R
%t a-glucosidase 3 #r#4](E* ; 50002 fpH X X PP 40 fpEE ¥ 5 Frdl i
* o % a-amylase 74 F 5 15.64% - a-glucosidase $r41] % % 51.05% ; @ #t
RE B4 R R 4 a-amylase 7 Frd] vk (B 4-1) -

DPPH fi o fhifhii 4 Blss > = BEPH W3 MFLE > 1 50%e ft
P ded o kv L 87.34% (R 4-2) 5 © i 5 B4 o 50%e i} 5 B4
PRI BRI ERY  FZRAFESY R a(R 42 FE L
PIE S % o X 50%2 FRen¥ Bt L= Y bik o Pt E R B
XAD-7 #7538 17 % - K ptp g Lk 47~ 4 o
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2L R F R Fk

Table 4-1 Yields of different solvent extracts from licorice

Extract Yield (w/w) %
EtOH 21.46+4.84%
50%EtOH 38.12+1.62%
Hot water 30.74+8.72%

242 R R EF L RS R G R

Table 4-2 The total polyphenols and total flavonoid contents of different
solvent licorice extracts

Extract Total phenolic content Total flavonoid content
EtOH 33.93+2.70 4.93+0.14
S0%EtOH 34.17+2.51 4.05+0.07
Hot water 20.60+2.70 3.23+0.01

* Total phenolic content : mg gallic acid equivalent / g licorice extract
* Total flavonoid content : mg quercetin equivalent /g licorice extract
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100

a
80 | - B alpha-amylase
alpha-glucosidase
° b
S 60 - T
2
=
B 40 -
©
>
S
£ 201 B
o
£ A ©
- 0 I
_20 i
L
Ethanol 50%Ethanol Hot water

Solvent extracts (1mg/ml)
B 4-1 4 % 7 k3 & 5 P-4 4 a-amylase 2 a-glucosidase 2 #r4] 512 F ~
%

Fig. 4-1 a-amylase and a-glucosidase inhibitory activities of different solvent
extracts from licorice. Bars represent mean+SD, n=3. Means with different
letters are significant different (p<<0.05) by Duncan’s multiple range test.
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100 -

<
E\, 80
>
i
=
o
O
(8] 60
o
S c
(@)
“C’ 40
=
&)
(9p]
= 20 -
o
)
0 T
Ethanol 50% Ethanol Hot water

Solvent extracts of Licorice (1mg/mL)

B 4-24 ¥ 3 ki3 45542 DPPH f o hiFgic 4 -

Fig. 4-2 Scavenging activity of different solvent extracts from licorice on
DPPH radical. Bars represent meant+SD, n=3. Means with different letters are
significant different (p<0.05) by Duncan’s multiple range test.

4.12 XAD-7 248 ¥ .k

4 3 50%2 ff 5 B3 L 2 XAD-7 75 5 % 0 gL # 41(66x3.50m) e 7
Bo SR E Ak BRGEEEA LD RS KT B (VV)=100:0 -
80:20 ~ 60:40 ~ 40:60 ~ 20:80 ~ 0:100 % /& fk: " F%(v/v)=50:50 2_;8 & ;3% >
LR AR L 3L 4R AL 300mL BT B H s gk ko
AT R ke k kKRR & 50%2 fEE PR 0 F A 261nm T 4E <
B3k (Bt 261nm S ORI E 0 R LT B AL R AT IE R BT AR
=¥ A 63w A (R 4-3) A’\"'V'J?‘%ffﬁ s A R A PTE T BAcd 430 a5 A
Ll L T A 4 ¥ a-amylase 2 a-glucosidase & | edr 4] & () 4-4) 0 312
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FRF FABE R E B A oI R (W 45) 0 Bk BT GBS A g

B EBAFIVE Y Y IS it F > a-amylase 2 a-glucosidase e A u)

v

L 55.87%Fc 88.9206 ; @ Fif Fadiif BliE L 4LF A4 3 LR A V>R
AVSEANSEANSEANSEA I o0 A R 2% 40T %02 Jup
FAIVE § UE A E o R FF B 0 5 % A B 2 Cocmosil 75

Cig-OPN A A8iE {7 % = =cine 4 # 114 17 -
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100 A~ VI

80 -

60 - I v

40

|

20

|

Absorbance at 262 nm

T T T 1

o 20 40 60 80
Collection bottle number (each bottle 300mL)

Bl 4-3 4 & 50%2 f% 5 Bt 2. XAD-7 i 4p 8 +Lk 47 B -

Fig. 4-3 XAD-7 liquid chromatogram of eluted fractions from 50% ethanol extract of licorice.
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% 4-34 ¥ 50%2 F5 5 B4 5 XAD-7 e 4p B 4718 & P w4 2 A 5

Table 4-3 Yields of eluted fractions separated from 50% ethanol extract of licorice by XAD-7 liquid chromatography

Fraction Weight(g) Yield(%)*

I 23.5110.14 23.4810.14
1 37.1211.35 37.07£1.35
Il 6.07+£0.54 6.06+0.54
v 10.72+0.37 10.71+0.37
\% 8.49+1.88 8.4811.88
VI 0.81+0.11 0.8110.11

Total 86.72 86.61

“weight of 50% ethanol extract :100.138g
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N alpha-amylase
alpha-glucosidase
100 H
b b
_ 801
S ab
> ab
'S 60 A ;
3]
<
-
S 40 A B
=
=
=
20 A A A a
0 i%
50% Ethanol | 1 i v

Fraction
Bl 4-4 XAD-7 iz 4p ¢ 1Lk 47 % 4~ + $+ a-amylase 2 a-glucosidase 2 #r#] 7%

PR A

Fig. 4-4 a-amylase and a-glucosidase inhibitory activities of fractions eluted by
XAD-7 liquid chromatography from 50% ethanol extract of licorice. Bars
represent meantSD, n=3. Means with different letters are significant different
(p<0.05) by Duncan’s multiple range test.

04



N
1

MeOH

Absorbance at 500nm

Incubation time (Day)

Bl 4-54 % 50%¢ fR 5 P4 i g R 4 2 g i o

Fig. 4-5 Antioxidative activities of eluted fractions from 50% ethanol extract of licorice by ferric thiocyanate assay.
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4.1.3 Cosmosil 75 C15-OPN 3% 48 ¥ & 49

5 XAD-7 % 4p g A 4718 #T R PrdlpE % > % B £ T A 47 IV12 Cyg-OPN
AR E LA TR - A 3t % Cosmosil 75C5-OPN #5838 2ot 3 41§
ook 1 BE MM RAEE NIRRT - B R
H|(50%7 ff) > x5 d XAD-7 i 4p g g 474 978 2 % 4 F IVIR I
oo MR BEA T ALIMSRRIER L > B A b Bk
B2 3 3+ -k ® Fg(viv)=50:50 ~ 40:60 ~ 30:70 ~ 20:80 ~ 0:100 % 3 fr: 7 f%
(VIV)=50:50 2R & 3% 4% » LR FHRZE 5 1L 3R v & 5ig 50mL
LB EE RAPIVARE UK AR-FT AR L LFRFRH > LA
273nm T 3 fR S Sk B g 273nm (E S WA & o B R T R AL AR
2k EAE o E T mA R BEA(B46) L RA G BEicd 44 7
T B R A (V-1 IV-2~ V-3~ V-4~ V-5~ IV-6) » A &|:p] % 4 a-amylase
% o-glucosidase & Hdrdlit # > B & BT U E A V-1 40IV-5 ¥ ﬁ*—%
BRI F 5T R A ¢ R E(B 4-7) 0 H ¥ o-amylase Fr] F A w G
49.66% % 64.36% ; o-glucosidase Fr#] ”T?.’fi% Z 91.69% > FZEFH-IF B
W A F1* B sk 4p & 47 & (High Performance Liquid Chromatography > HPLC)
AT R QE RS RPERRE R PrAlE S A e
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o RAIV-2IIV6%E s

V-6
80
£
O'C) 60 -
1400 A~ V-1 S V-2 3
1200 A s
§ 20 A V-4
= <
— 1000 A
m 0_
~
o~
-— 800 _ T T T T T T
$ (0] 10 20 30 40 50 60
8 Collection bottle number
ac 600 -
=
2
I 97 V-3 V-6
V-2 IV-5
200 - V-4
o) —’“M‘.‘M‘*‘WW“W"M
O 10 20 30 40 50 60

Collection bottle number (each bottle 50mL)

Bl 4-6 4 % 50% 2 fi% % BP~4» 2. Cosmosil 75 C13-OPN % 45 & + % 17 ] -
Fig. 4-6 Cosmosil 75 C15-OPN liquid chromatogram of eluted fraction IV from 50% ethanol extract of licorice.
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# 4-4 Cosmosil 75 Cg-OPN 2 4p gtk 47 % & IV & % 4 2 & F
Table 4-4 Yields of eluted fractions separated from fraction IV by the
secondary Cosmosil 75 C1g-OPN liquid chromatography

Fraction Weight(g) Yield(%)®
V-1 2.7610.19 25.7511.78
V-2 0.3910.12 3.80+1.12
V-3 0.21+0.04 1.96+0.40
V-4 1.2510.01 11.66%0.00
V-5 0.6710.06 6.2510.53
V-6 0.08%0.07 0.7510.66

Total 5.36 50.17

“weight of fraction 1v:10.72g

B alpha-amylase

120 1 alpha-glucosidase
b a a

. 100 - a b a
S
z w0
= E
)
(&)
T 60 -
>
|-
b= c
o 40 b
2
=

20

0
V-1 IV-2 V-3 V-4 IV-5 IV-6

Fraction

Bl 4-7 Cosmosil 75 Cyig-OPN & 4p ¢ . & +7 % » 4 # a-amylase %

a-glucosidase z- #r#| & 12| A & o

Fig. 4-7 a-amylase and a-glucosidase inhibitory activities of fractions from
fraction IV of 50% ethanol extract of licorice by Cosmosil 75 C;5-OPN liquid
chromatography .
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* Column : Develosil ODS-HG-5(250%4.6)
0.03 — Eluent : MeOH:H,O(v/v)=50:50 (0.1%TFA)
E Flow rate : 0.5mL/min
0.02 — 2 Detector : 254nm
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B 4-8 4 % 50%¢2 X B-pr b & % A IV-12 24731 % sk 4 & 47 ) o

Fig. 4-8 Anaytical HPLC chromatogram of fraction V-1 separated from 50%
ethanol extract of licorice.

Column : Develosil ODS-HG-5(250%20)
Eluent : MeOH:H,O(v/v)=50:50 (0.1%TFA)
Flow rate : 3mL/min

Detector : 254nm

0 10 20 30 40 50 60 70 80 90

Retention Tine (mn)
Bl 4-9 4 % 50%2 @Bt kT V-1 2 0% 50k k478 -

Fig. 4-9 Preparative HPLC chromatogram of fraction 1V-1 separated from 50%
ethanol extract of licorice.
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0.20 = Column : Develosil ODS-HG-5(250x4.6)
E 1 Eluent : MeOH:H,O(v/v)=50:50 (0.1%TFA)
0.15 — . Flow rate : 0.5mL/min

Detector : 254nm

0.10 —
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E 2 5
E & 5
000 T \‘[;/}L,'—%_L
L L R TP
0 5 10 15 20 25 30 35 40

Retention Tinme (mn)
B 4-10 4 & 50%2 ff 5 B-d o 1 % A IV-1-(1)2 4 4731 B »ci 4p & 17 W)

Fig. 4-10 Aaytical HPLC chromatogram of fraction IV-1-(1) separated from
50% ethanol extract of licorice.

Column : Develosil ODS-HG-5(250%4.6)
Eluent : MeOH:H,O(v/v)=50:50 (0.1%TFA)
Flow rate : 0.5mL/min

Detector : 254nm

30. 69

7\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
0 5 10 15 20 25 30 35 40

Retention Time (mn)

B 4-11 4 ¥ 50%2 @ 5B it B 12 2493 8 s dp k478 -

Fig. 4-11 Analytical HPLC chromatogram of the isolated component 1 from
50% ethanol extract of licorice.
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0.6 "~ Column: Develosil ODS-HG-5(250x4.6)
f Eluent : MeOH:H,O(v/v)=50:50(0.1%TFA)

05 = Flow rate: 0.5mL/min

0.4 - Detector: 254nm

0.3 —

0.2 -

0. 1 *: [TpNeN| N~ n
E ©om < ©
E B N '

0.0 < T t— 1 1 :
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Retention Tinme (mn)

B 4-12 4 % 50%2 f 5B fr s v 4 22 2 4541 % s Ap K AT o

Fig. 4-12 Analytical HPLC chromatogram of the isolated component 2 from
50% ethanol extract of licorice.

3
-0 = Column: Develosil ODS-HG-5(250x4.6)
7 Eluent : MeOH:H,0O(v/v)=50:50 (0.1%TFA)
.8 -
-+ Fowrate: 0.5mL/min
.6 Detector : 254nm
.4 -
.2 .
.0 ‘ A N |
L e L L L L L B L L B B B B B
0 5 10 15 20 25 30

Retention Tinme (mn)

W 4-13 4 5 50%0 i 5 B 4 1 4 7 32 A 4521 B s dp Ay 47 ) -

Fig. 4-13 Analytical HPL C chromatogram of the isolated component 3 from
50% ethanol extract of licorice.
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Fig. 4-14 Analytical HPLC chromatogram of the isolated component 4 from
50% ethanol extract of licorice.

- 5
2.5 —E
= Column : Develosil ODS-HG-5(250%4.6)
2.0 3 Eluent : MeOH:H,O(v/v)=65:35 (0.1%TFA)
15 5 Flow rate : 0.5mL/min
= Detector : 254nm
1.0 -
0.5 —E g
0. 0 :E T
L L L B L B B L B B LN B
0 5 10 15 20 25 30

Retention Tine (mn)

Bl 4-15 + ¥ 50%¢ f 5 B F % 4 IV-52 2473 8 s 4p K 47 B o

Fig. 4-15 Analytical HPLC chromatogram of fraction V-5 separated from 50%
ethanol extract of licorice.
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Ls -  Column: Develosil ODS-HG-5(250x20)
E Eluent : MeOH:H,O(v/v)=65:35(0.1%TFA)
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Fig. 4-16 Preparative HPLC chromatogram of fraction IV-5 separated from
50% ethanol extract of licorice.

74



4.2 4 ¥ 50060 B E B 8 1 2 BRI

H 3 50%2 AR E PP & n PR E A S L TR T L
& (UV-visible spectrum) ~ 22 £ 3= £ 3 (*H-2 *C-NMR spectrum) % = 2 4
IR  ES L
(1) &4 12 B

Bt ELIREIR A 9§k AR 1L H N CyHu00d UV-visible . 3k 5k 2 (8]
4-18) Amax nm (MeOH) % - 230(sh) ~ 271.5(sh) ~ 356.5(sh)nm & 7| %
flavanone - "H-NMR :k 3 (8] 4-19)%¢ 7+ 6 2.85(1H, d, d, J=1.8, 16.8Hz) - §
3.03(1H, d, d, J=13.2, 16.8Hz) = * H-3 equatorial % axial $h+ 7 B F+ i
W 6324389 5 HHEAMEA L 6BF I 64934p) 5 AR CT 2}
Wi- BH AN > §5.34(1H,d, d, J=18,132H2) 3 ATk H-2 7
F k3 66.34(1H, d, J=2.3Hz) ~ 6 6.48(1H, d, d, J=2.3, 8.7Hz) % & 7.71(1H,
d,J=8.7Hz) 5 £ 3] ¥ % ABX 3|3 5 % & chF 3 A A u 5 Ak H-5-
H-8 ~H-6 «hf + A3t > 66.80(2H,d)~ 67.30(2H,d) ~ %] 2 B &%+ H-3'-
H-5¢ H-2'~ H-6's7 5 =+ A3 -

FEM Y kiR > Tt /Fﬁe (Maetal. > 2005; Lee et al. » 2009; Hu
et al. » 2010) » Fipls v 3+ 1 endg i 5 liquiritigenin > Azt C-7 =%
s b — B & F 4 A 7 4'-hydroxy-flavanone-7-O-glucoside (f] 4-17) -
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Formula: Cy1H2,0q
UVimax (MeOH) nm:213 ~ 230(sh) ~ 271.5(sh) ~ 356.5(sh)

'H-NMR (300MHz, CD;0D):
2.85(1H,d, d, J=1.8, 16.8Hz, H-3eq)
3.03(1H, d, d, =13.2, 16.8Hz, H-3ax)
3.24-3.89, glu-6H

4.93(H-1")

5.34(1H, d, d J=1.8, 13.2Hz, H-2)
6.34(1H, d, J=2.3Hz, H-8)

6.48(1H, d, d, J=2.3, 8.7Hz, H-6)
6.80(2H, d, J=8.7Hz, H-3', 5
7.30(2H, d, J=8.7Hz, H-2', 6"
7.71(1H, d, J=8.7Hz, H-5)

e : ._um o

1
Ld
1 4-17 4 ¥ 50%¢ s F o gr i b 3 1 2 B

Fig. 4-17 The structure of isolated component 1 from 50% ethanol extract of
licorice.
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WAVELENGTH SCAN/1
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Fig. 4-18 UV-visible spectrum for the isolated component omponent 1 from
50% ethanol extract of licorice.
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(2 A 22 BipET

Bt E2 R I AR SR 0 BB TR 0 BRI B A Aol
B~ & & &3 R 5 CuyHnOgo 8 UV-visible w5k 5k 23 (] 4-21) Amax
nm & 7 359 ~ 230(sh) ~ 254(sh) ~ 288(sh)4t i = % %7 % fk 44 Hcex Jc « 'H-NMR
k2% () 4-22)88 7 87.97(2H, d, J=8.4Hz)#2 §7.14(2H, d, J=8.4Hz) 5 B % 1, 4
ek = B3 508 & H2' s H-6'5 3 k3 0 §7.79(1H, d, J=15.3Hz) 5 H-B 2
75 3 87.67(1H, d, J=15.3Hz) H-a 2. 5 5 st 31 > 57.73(1H, d, J=8.1Hz)
86.41(1H, d, d, J=2.1, 8.1Hz)~ 56.28(1H, d, J=2.1Hz)£ 4] ¥ % = B~ £ ABX 7]
B+ &% G H-3'~H-5"~ H-6'2 B+ 31 > 04.98(1H, d, J=5.1Hz) & &
FAEA H-L e 3 h3n o 3 BHAEE 1+ 03.24-3.92(6H, m) L ¥ 5 M h
6 B HF A e
BC-NMR % :# (B 4-23)F * 874 1,3, 423K 2 1 4-B k2
F IRt i 3 0 0193.35 5 & fik(chalcone)fir £ crEk it & A3 o
FE I kiR o ¥l % v/*Jc(Hatano etal. > 1998) » Jaip| i it 4= &
2 %14 5 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone(#] 4-20) » 7 ¥ &
4 %% & 2 o ¥ H (Isoliquiritin) > = A, F o AL EPETRE A S
AT B ARR AR @R B S5-HT e NE <z & 077 "2 1 5-HIAA/S-HT
s Tt B 5 bk @ 2 ## s (Wang et al. - 2008) -
Isoliquiritin % &t & f454 4 ¥ 04 » JEE & Cicer arietinum L.:%

a— a— N

7 » % ¥ Radix Hedysari + + % Radix Astragali ~ ;& + #

A

E' N

e

Polygonatum kingianum =742 » 8 % # Sinofranchetia chinensis ~ % 7% 7

Crinum bulbispermum ez & % (% % » 2010) -
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Formula: Cy1H2,0q

UVAmax (MeOH) nm:359 ~ 230(sh) ~ 254(sh) ~ 288(sh)

'H-NMR(300MHz, CD;0D):

7.97(2H, d, J=8.4Hz, H-2, H-6)
7.79(1H, d, J=15.3Hz, H-B)
7.73(1H, d, J=8.1Hz, H-3")
7.67(1H, d, J=15.3Hz, H-a')
7.14(2H,d, J=8.4Hz, H-3, H-5)
6.41(1H, d, d, J=2.1, 8.1Hz, H-5
6.28(1H, d, J=2.1Hz, H-5")
4.98(1H, d, J=5.1Hz, H-1")
3.24-3.92(6H, m, glu-6H)

BC-NMR(75MHz, CD;0D):

62.45(C-6"), 71.28(C-4"), 74.82(C-2"), 77.92(C-3"), 78.23(C-5"),
101.78(C-1"), 103.80(C-3"), 109.20(C-5'), 114.67(C-1"), 117.97(C-3'5),
120.019(a-C), 130.50(C-1), 131.39(C-2',6"), 133.47(C-6'), 144.81(B-C),
161.02(C-4), 166.47(C-2"), 167.54(C-4"), 193.35(C=0)

Bl 4-20 4 3 50%¢ i} ¥ Begr 1 1t 40 2 2 B o

Fig. 4-20 The structure of isolated component 2 from 50% ethanol extract of

licorice.
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Fig. 4-21 UV-visible spectrum for the isolated component omponent 2 from
50% ethanol extract of licorice.
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(3) B4 732 B

Bt E 3 R A A F 05 CisHpOy 0 8 UV-visible =5k 5k
3 (8] 4-25) Amax nm &+ 273 ~ 365nm, Hip] 7t L AE A A TRy B TR
s fc > 'H-NMR 63 (W 4-26)8 7 %% o A ch kst > i 3
AU T e T L3R A 4p i 0 52.67(1H, d, d, J=13.2, 16.8Hz) ~ §3.03(1H,
d, d, J=1.8, 16.8Hz) = H-3 equatorial 2 axial f_+ 5 i 3 4 30> 65.34(1H,
d, d, J=1.8, 13.2Hz) ~ 66.34(1H, d) ~ 66.50(1H, d, d, J=2.1, 8.4Hz) 2 66.34(1H,
d,J=2.1,84Hz)» %] 5 A%}t H5-H6-H-8 3% 1,3,43 1 ABX A= %
% & e k3t 0 87.71(1H, d, J=8.1Hz) ~ 67.30(2H, d, J=8.4Hz) -~ 86.80(2H,
d, J=8.4Hz)R 5 1,4 ® Bk H-2'~ H-6' & H-3' -~ H-5'e0F =+ A3t -
BC-NMR £ 3# (] 4-27)7" £ 3% 'H-NMR k3% 2 4225

FE MY kIR T ¥ }%%(Ma et al. - 2005; Hatano et al. » 1998) >
#ipl 3 engHE 5 47-dihydroxyflavanone(®l 4-24)7= ¥ liquiritigenin » # 7
# P liquiritigenin 28 *F 385 & Prd] 3§ whed 3 0L fR iS00 2 BB AT o

(Maetal. » 2005) -
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Formula: C15H1204
UVimax (MeOH) nm: 213 ~ 231(sh) ~ 273(sh) ~ 365(sh)

'H-NMR(300MHz, CD;0D)
7.71(1H, d, J=8.2Hz, H-5)

7.30(2H, d, J=8.4Hz, H-2', 6"
6.80(2H, d, J=8.4Hz, H-3', 5"
6.50(1H, d ,d, J=2.1, 8.1Hz, H-6)
6.34(1H, d, J=2.1Hz, H-8)

5.34(1H, d, d, J=1.8, 13.2Hz, H-2)
3.03(1H, d, d, J=13.2, 16.8Hz, H-3eq)
2.67(1H, d, d, J=1.8, 16.8Hz, H-3ax)

BC-NMR(75MHz, CD;0D):

44.91(C-3), 80.99(C-2), 103.78(C-8), 111.71(C-6), 114.95(C-10),
116.28(C-3',5'), 128.99(C-2',6"), 129.83(C-1), 131.30(C-1'), 159.5(C-4"),
165.52(C-9), 166.71(C-7), 193.52(C=0)

W1 4-24 4 ¥ 50%¢ s F B 4r 2 L 3 3 2 B -

Fig. 4-24 The structure of isolated component 3 from 50% ethanol extract of
licorice.
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Fig. 4-25 UV-visible spectrum for the isolated component omponent 3 from
50% ethanol extract of licorice.
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(4) & it 55 4 2 B s

BILPFAERE SRR A F NG CpHrOe > d UV-visible =k &
=% (] 4-29) Amax nm &5 7 213 ~ 230(sh) ~ 271(sh) ~ 345 » 3&ip| 7" 4 5% fp 1t
L4 > &4 'H-NMR(F] 4-30) 8.23 (1H, s)daipl & isoflavone H-2 e 5 it
0 88.14(1H, d, J=8.7Hz) ~ 67.20(1H, d, d, J=2.1, 8.7Hz)% &7.25(1H, d,
J=2.1Hz) 5 & 3] ABX B3 3t > dapl 2 ATkt ehH-5-H-6 2 H-8 (0 3
A0 67.48 (2H, d, J=8.7Hz) ¥ 86.98 (2H, d, J=8.7Hz) s ¥ 7% 1, 4 B~ &
H-2' ~ H-6'¢f H-3'~ H-5'5% 5 b3t > 85.10(1H, d) % § 5 4 + H-1"ef

<+ 4 3:03.82(3H,s) 5= OCHs sL M]3 > fi B B34+ 6 3.24-3.95(6H, m)
S EMAL N6 BT AWM

BE r b kRt o 3 2 gk (Xiao et al. > 2005; Hatano et al. » 1998)
FiplH 5 4 epEH L ononin([) 4-28) > 7 G R fken- B BatiEd
PRicE 0 T LG B ORDIEY o FR A Hﬁ'{:f&ﬁrﬁ 7] H:jus'ﬁ,(Kennelly
etal.» 2002) > ¥ “F Yu % (2005)% p Astragalus mongholicus 4 &g’ it 3] %

Ly A I R BORE A E PCL2 mredf § EFrdivr > H ECs 3
0.047 yg/ml -
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Formula: CyoH»,0q
UVimax (MeOH) nm:213 ~ 230(sh) ~ 271(sh)

'H-NMR (300MHz, CD;0D):
8.23(1H, s, H-2)

8.14(1H, d, J=8.7Hz, H-5)
7.48(2H, d, J=8.7Hz, H-2',6")
7.25(1H, d, J=2.1Hz, H-8)
7.20(1H, d, d, J=2.1, 8.7Hz, H-6)
6.98(2H, d, J=8.7Hz, H-3'-5)
5.10(1H, d, J=7.5Hz, H-1")
3.82(3H, s, OCH,)
3.24-3.95(6H, m, glu-6H)

OCH4

Bl 4-28 + ¥ 50%¢ i} ¥ B gr 1 1t 4 4 2 B o

Fig. 4-28 The structure of isolated component 4 from 50% ethanol extract of
licorice.
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WAVELENGTH SCAN/1

L, 000

ABS

-0, 500 : , .
m 200 300 400 o0 600

B 4-29 4 ¥ 50%2 @ EBdr it B 4 2 kb kv kLR o

Fig. 4-29 UV-visible spectrum for the isolated component omponent 4 from
50% ethanol extract of licorice.
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(5) @i 4 5 2 B H AT

BT S B4 Bk o A F 385 CeHpOy 0 8 UV-visible e sk 3k 2
(%] 4-32) hmax nm &g+ 263~355 4&ip| 7" 55 % b A R B ki fesojo
'H-NMR 3t 3% + (B 4-33)% 5 8.15 (1H, 5) & isoflavone H-2 2 7 F 3t -
58.05(1H, d, J=8.7Hz) ~ 56.95(1H, d, d, J=2.1 ~ 8.7Hz) % 6.85(1H, d, J=2.1Hz)
1,3 4% A%kt H5-H6 2 H-8 ABX 3|3 5 % & eF + A3 »
57.47(2H, d, J=8.7Hz)#* 36.89(2H, d, J=8.7Hz) % B % + H-2'¢7 H-6'+ H- 3' -
H-5'2 3 gt o o B840 8 ¢ 53.82(3H, )5 -OCHz 2 7 & 73 b3t -
BT AZ RFURTF AR R TL- BH FHADT IR
W JLPIH G 14 4 2 e B (aglycone) o

SFE it AT o g e phiEr $(Hatano et al. » 1998)4a 3R] 5

“\*—

# * 7-hydroxy-4'-methoxy-isoflavone ( Bl 4-31) » == ¥ = 45 = %

formononetin > 2 ik S it Z ch- fA > Vit B B RpaniEt o fFu g

£33 Uk e m 7 UR (Kennelly et al. > 2002) » ¥ #F Yu *(2005) % #

Astragalus mongholicus 4 3 it 3] % it 4= & 5> 41| * £ Z0efsf § PC12
‘e dp g E ] iE® > H ECg 5 0.027 g/ml o
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Formula: C1gH1,0,
UVimax (MeOH) nm:207 ~ 232(sh) ~ 248(sh) ~ 263(sh) ~ 355(sh)

'H-NMR(300MHz, CD;0D):
8.15(1H, s, H-2)

8.05(1H, d, J=8.7Hz, H-5)
7.47(2H, d, J=8.7Hz, H-2',6")
6.98(2H, d, J=8.7Hz, H-3', 5"
6.95(1H, J=2.1, 8.7Hz, H-6)
6.85(1H, d, J=2.1Hz, H-8)
3.82(3-H, s, OCHs)

A OCH5

B 4-31 + 3 50002 fi 5Bt it F O 2 Bk o

Fig. 4-31 The structure of isolated component 5 from 50% ethanol extract of
licorice.

WAVELENGTH SCAN/1

1. 000

ABS

0. 500 : , .
nm 200 300 400 500 600

B 4-32 4 & 50002 Fh 5 Bedr B i 3o 7 5 2 4 b kow B kLR -

Fig. 4-32 UV-visible spectrum for the isolated component omponent 5 from
50% ethanol extract of licorice.
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43 i 2 PEfREE R drdlE 1

pH % 50%2 fE X Bdr o dpibiteny BRI o 2P 02 4-0-B-D-
glucopyranosyl-2',4'-dihydroxy-chalcone (2) -~ 4',7-dihydroxyflavanone (3) ~
7-hydroxy-4'-methoxy-isoflavone (5) & = i 4~ 5 7 & # 5 (% 4-5) > K& &
@ R R e R R FRE LI S BE T S T ke
Bl 4-34 #ro1 0 g% B om B it 4 7 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-

chalcone (2)%t a-amylase %2 o-glucosidase cfr#] 5 % & = fa4e 5 ¢ & i e

% 4-54]% HPLC T M i 4 7 IV-1~ V-5 7@ b4 5 5 £ 5 4 %

Table 4-5 The contents and yields of isolated component from 50% ethanol
extract of licorice by HPLC analyses

Content Yield

Component Formula

(mg)  (mg/g extract)

4 '-Hydroxy-flavanone-7-O-glucoside C,1H»09 3.45 0.03
4-0O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone C,H»O4 80.34 0.8
4" 7-Dihydroxyflavanone CisH104 218.21 2.18
Ononin C22H2209 4.68 0.05
7-Hydroxy-4'-methoxy-isoflavone CiH12O, 31.82 0.32
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100

Bl Alpha-amylase
80 A Alpha-glucosidase
g 60 A a
S
E
% 40 A .
% c
- 0 L
7 I
0 % wm Mz
2) ©) ()

Components (1mg/mL)

(2)4-O-beta-D-glucopyranosyl-2', 4'-dihydroxy-chalcone
(3)4',7-dihydroxyflavanone
(5)7-hydroxy-4'-methoxy-isoflavone

Rl 4-34 4 ¥ 50%¢ fif 5 B4 4 it 4 B4 o-amylase 2 a-glucosidase 2. $r ]

. — N 2
Y A I

Fig. 4-34 a-amylase and a-glucosidase inhibitory activities of the isolated
components from 50% ethanol extract of licorice. Bars represent meanzSD,
n=3. Means with different letters are significant different (p<0.05) by Duncan’s
multiple range test.
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444 ¥ 50%¢ B EBF 2 31 8 B FLS3B v 2 & #E &

*

4414 ¥ 50%¢ B X B 2 B i FLB3B sm¥e 2 4 {2
50 324 ¥ 50%¢2 X B4 2 B i 4 H 4-O-B-D-glucopyranosyl
-2',4'-dihydroxy-chalcone 2 % ¥tm% ¢ i = 3 A 1F* > FL83B Mm% ¢ 4o
7 Ik R 24 ¥ 50%¢2 fg X B4~ > 4~ %] % 50~ 100 ~ 200 ~ 400 ~ 800 ~ 1600
2 3200 ppm » i % 24 ] LS 0 02 XTT 37 A 45 o d ] 4-35 % % @ &
H % 50%¢2 ff 5 Bede i 4e £ 1 400 ppm pFEE AT ¥ <
OGRS EARE 0 E R4 £ 5 3200 ppm PR B s RTER

S7 02§ 500 P 5 B3k % 200 ppm B H B e B o W

F HATH 5 e miE g

4-0O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone % > 7 v B Rl L
% 5 200 ppm 12T 5 EAEH 50100 2 200 ppm &7 XTT smve & (p)2E
d B 435436 B %K mTY X 0% fEEBF S F R
4-0-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone #izd* % Tk B T » ¥ e
BAAA A M #250-100 2 200 ppm #5314 ¥ 50%¢2 fE HBde 2 0L
4= & 4-O-p-D-glucopyranosyl-2',4'-dihydroxy-chalcone % % £ F # & n #&7
o AT REZFET FERE DRSS BORER o
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120 -

a a
a T T a a a
1004 gk > |7 &

)
S 80 -
<
= b
S 60 - T
-
wn
O i
40

20 -

0 1 T T T T T T T

Control 50 100 200 400 800 1600 3200
Concentration (ppm)

Bl 4-35 7 fr ik B H & 50%¢ it 5 B~4r 4§ FL83B % 575 5 2 BL 48 o

Fig. 4-35 Effect of 50% ethanol licorice extract on cell viability at different
concentration on the FL83B cells. Bars represent mean+SD, n=3. Means with
different letters are significant different (p<0.05) by Duncan’s multiple range
test.
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120 -

100 A

(o)} (0]
o o
I I

Cell survival (%)
S

20 -

0 T T T T
Control 50 100 200
Concentration (ppm)

B 4-36 7 F Jk B 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone %t FL83B

2, Z, L 2, ;g‘
I‘E‘JF? ]}/“._E.__.%.L‘E,.gg o

Fig. 4-36 Effect of 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone on cell
viability at different concentration on the FL83B cells. Bars represent
meantSD, n=3. Means with different letters are significant different (p<0.05)
by Duncan’s multiple range test.
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442 4% 50%c B E B2 B H FH FLOIB e § § 0
2-NBDG > 7 & F 2 ¥

(1) H % 50%¢2 fi$ 5 B~4~ %t & ¥ FL83B iw® 2-NBDG # » ¥ 2 2 &

*F B #-FL83B 0% /40 50100 2 200 ppm 2 7 Ik & 5 B4 gl
¥Fi 4 F FL83B w2 2. 2-NBDG #& » € 2 B2 58 © & % 4o 4-37 #771 >
Zhre st ¢ o gk & (Sug/mL)AJ2 2. FL83B fmie H § § 4~ B A
Fl ¥ s 143 % 0 @ 4 502100 2 200 ppm H EF B w B FE

ForRA FIEHF F 42 50 ppm 5 1.1 & ~ 100 ppm # 5 2.4

[ ppmia126n»omlla£l$ﬂ]\%cﬂé;§,—% BE BN E RS > % ik
> g G A AR 250 ppm FEH G R4 e 177 & 0 100 ppm & 2.75
%% 200ppm 5 3.25 5 - H ¢ i 4e 200 ppm BE LR G R AR EGERT Y A R

(P<0.08)e # 7 7 4c 4 ¥ 50%2 fi} ¥ 24+ $1 ¥ FL83B ime § 242+ 2-NBDG
Fer oo Tt o - HIFEFEF ATV RAEE S 24t FL83B we $
2-NBDG #774f »
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50

b
c it
§ .
§ BC
= 30 T
o
-
8 20 4
0 S AB ]
prd
o~ A T
10 - 1
O T T |

\ )(\
Co(\“ \(\5\)\\ 50()9 009@ 10099 50\)9 '3_0699 200‘)9(“
Group
1 4-37 4 57 50%¢ i 5 B~ 4§ FL83B w=e 2-NBDG 4 » F 4 F 2 # %o

Fig. 4-37 Effects of 50% ethanol extract of licorice on 2-NBDG uptake in
FL83B cells. Bars represent meantSD, n=3. Means with different letters are
significant different (p<0.05) between the control group and the insulin group
by Duncan’s multiple range test.
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(2) 4 ¥ 50%¢ fis 5 B4 4434 & & e fuld FLB3B imve 2-NBDG #: » 7 4

2 5 g2 4
Fz2 B

Zte A kR H X 50%2 fEE Bt B AR EL E 22 FLS3B
i > FHE AR AILTH 2-NBDG #HEr oA F 2B o B % 4B 4-38
S B fdledpet 0 T E R f A n e FE P 4 2-NBDG
e~ oo A w4 1.04 B2 1.38~ 1.58 ~ 2,58 (50 ~ 100 ~ 200 ppm) » #41
(74 60mM glucose)R ™ (.1 ¥ wmee g~ £ 095 Bm &% 5 & (7
mM glucose)fp it iz » B drdlelgF E M EE A £ 5 083 2 > 4 X 5
%%ﬁ%%%#k&ﬂ@%%%ﬁﬁ%&iﬂ%éﬁﬂ&ﬁl%%\L%
% 2% 3.06 (50 ~ 100 2 200 ppm) °

g % @i ted ¥ 50%2 AEE B ST K & 0L f B bl 2
FL83B im¥z 3 7 243t 2-NBDG 2 #: » » $#309% § R Iefuftimie 77 5 W 4o 3
»~ 2-NBDG 2% P V" B ILH X FBfp 0L f 2 £ | (7% T B de ok >
RHENEHRB -
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40 - o
<
e
N
g o l
X 30 -
i
o
= CD be
O a BCD b 1
O 20 - ab
oM AB n
<
N T |
10 -

O T T T T T T T T T 1

NN T B €0 ) WL | (| W L e L e e

0\000?3202\61«\“’\ COMM uos T 00V 000 5000 0 pP (g0 p P Hyoe?™
G

67 mM Glucose
Group

Bl 4-38 4 ¥ 5003 B~ 41309 § & 12 Fult FL83B in*e 2-NBDG # » 7 4

W

_‘_%y\%’;,g‘}o

Fig. 4-38 Effects of 50% ethanol extract of licorice on 2-NBDG uptake in
insulin resistant FL83B cells. Bars represent meanzSD, n=3. Means with
different letters are significant different (p<0.05) between the control group and
the insulin group by Duncan’s multiple range test.
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(3) i 4 & 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone %+ FL83B ‘=
'z 2-NBDG # » 7 » F 2. 2 58

- EFH LT 0% @I s b
4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone &_7 % n #% 5 — R
2> > FL83B dme 7 40 50~ 100 # 200 ppm 2 7 Pk R KadZ s fF3 T
% FL83B ‘w?2 2. 2-NBDG #&» | » F 2. B 58 o % % 4@ 4-39 #7577 » 2Lpe
Fsv? s g% E % (Spug/ml)a? FLB3B w e § 4B » it ¥ Eia &
151 & > @ x4t ,};)2(50 100 2 200 ppm)=*+ 200 ppm B & fr 4] e 5 &
¥4 £ (p<0.05) » % #r#lein 1.28 x~omPﬁ£%/TM*v%%b""WM*frr
LIRS ST a.uiﬂ;‘r,g SRR MIGE T L 7 #0100 ppm 12+ g7 3%

b Redpt o 5 BEA o~ odapt b R & 200 ppm BE G OB r ok o
LI & E Tl E]Jﬂ—\x_./,] 4¢ 100 ppm 14 % 200 ppm B2z % s o 4
FIE A 00§ & s FL83B imee 35 < 2-NBDG # » £ 2 % iy

);%‘P
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50

40 -
S
C
(D) Il
b
—;‘45 30 - ok
(@
>
O
O 20 -
o a a
Zl T BC -|-
(Q\| 10 AB A A T
i T a
0 T T T T T

\ i~ ' \ \ \
Gty gm0 PP 0P 0T e ™

Group

i8] 4-39 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone ¥+ FL83B m?z

2-NBDG # » 7 &~ F 2. B2 58 -

Fig. 4-39 Effects of 4-O-B-D-glucopyranosyl-2', 4'-dihydroxy-chalcone on
2-NBDG uptakes in the FL83B cells. Bars represent meantSD, n=3. Means
with different letters are significant different (p<0.05) between the control
group and the insulin group by Duncan’s multiple range test.
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(4) @i 4 F 4-O-p-D-glucopyranosyl-2',4'-dihydroxy-chalcone #f3% § 4 re
Fult FLB3B w2 2-NBDG #& » £ 2. 2 &

A JE R % i- 4 H 4-O-p-D-glucopyranosyl-2',4'-dihydroxy-
chalcone »*refujy 2. FL83B w e #5342 2-NBDG 2 & > - % % 4-@] 4-40
S gl dpt > VR R AR R eg S f Fed ~ 2-NBDG 4
W% 191 22 115 ~1.89-239 % (50~ 100 ~ 200 ppm) > #2412 (67mM
glucose)® #& » £ % 4 & % wm% (TmM glucose):r10.79 2 o @ £ o ik ¢ 9%
hREH IR adl et o RIS S 34 E 169 B 267 & 2
3.02 (50 ~ 100 2 200 ppm) -

g @A b R AT D F & 9% 4 R bt 2 FL83B Mw
g ' 3 243 2-NBDG 2 & » o it 4= B £ 100 ppm 14 b R L g & R gt
fmre v BEEFM LTS 0 DV BFIRELE F LRI T 5 e 100 ppm 2
FEBF R a0 AR 0 &F 2 100 ppm A #2056 4
et imie § B Eoc % o @ 2-NBDG#E» £ 3 o
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50 1

40 A
<
D
<
S 30 A
=1 , P
O C 7
0 20 A T Z
o a BC
= 7 : < :
2
N 10 4 AB A 727 AB
T T
0 o \ N
A0 \\ X X
G§000\£;ﬁ31(“»h CoMt vV °°x999°79®9%§yw9 00992&£K“““
) 67 mM Glucose

Group

B 4-40 4-O-B-D-glucopyranosyl-2',4'-dihydroxy-chalcone %% § 2 redait

FL83B im*z 2-NBDG #& » 7 » I 2. B2 58 o

Fig. 4-40 Effects of 4-O-B-D-glucopyranosyl-2', 4'-dihydroxy-chalcone on
2-NBDG contents in the insulin resistant FL83B cells. Bars represent
meanzSD, n=3. Means with different letters are significant different (p<0.05)
between the control group and the insulin group by Duncan’s multiple range
test.
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4434 ¥ 50%¢ BEBPH 2 B $FHFLEB wie v s S 2 B

1 4‘17 kR 50%zc fit 5 B~ 4 F FL83B ‘w"e H i pE & & § 2
(1) 7 H % g = i T

i
,ﬁ/

R RV F R AR A R RLOT T b2 RIRARY X
50%¢ ff 5 P~ LAY FL83B Wi iz 22 5 37 1A% - Vi
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Fig. 4-42 The effects of 50% ethanol extract of licorice on glycogen contents in
insulin resistant FL83B cells. Bars represent mean+SD, n=3. Means with
different letters are significant different (p<0.05) between the control group and
the insulin group by Duncan’s multiple range test.
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Fig. 4-43 The effects of isolated component 4-O-B-D-glucopyranosyl-2',4'-
dihydroxy-chalcone from 50% ethanol extract of licorice on glycogen contents
in FL83B cells . Bars represent mean+SD, n=3. Means with different letters
are significant different (p<0.05) between the control group and the insulin
group by Duncan’s multiple range test.
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Fig. 4-44 Effects of isolated component 4-O-p-D-glucopyranosyl-2',4'-
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