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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.
Glycosidases are not only involved in human digestion, but also affect the
generation of many metabolic diseases such as diabetes, the most
important glycosidases are o-amylase and a-glucosidase. Verbena
officinalis L., an herbaceous plant of Verbenaceae family, has long been
used in traditional Chinese medicine. Previous studies have demonstrated
that V. officinalis L. have antioxidant, anti-inflammatory, neuroprotective,
analgesic and antibacterial activities. However, possible roles of V.
officinalis L.in hypoglycemic regulation have not yet been explored. In
the present study, antioxidative and glycosidase inhibitory components of
V. officinalis L. were identified, and their hypoglycemic activities were
then investigated.

V. officinalis L. was extracted with methanol, and the methanol extracts
were extracted by water with n-hexane, ethyl acetate and n-butanol
successively. These extracts were analysed for potential health promoting
properties including their inhibitory effect on starch digestive enzymes
and antioxidant activities. n-butanol extract of V. officinalis L. showed
strong antioxidant and inhibitory properties against both a-amylase and
a-glucosidase. The extract was further separated successively by
Amberlite XAD-7, Comosil 75C,-OPN  and reversed HPLC

chromatographies to obtain five components. The isolated components
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were identified five phenylethanoid glycosides as isoverbascoside (1),
verbascoside (2), eukovoside (3), eukovoside isomer (4) and
B-hydroxyverbascoside (5) by MS, UV and 'H, *C-NMR anlyses.
Among the five isolated components, isoverbascoside (1) showed the
strongest antioxidant activity by trolox equivalent antioxidant capacity
(TEAC). And the isolated components isoverbascoside (1), verbascoside
(2) gave the highest inhibition rates against a-amylase, which were 53.71
and 55.37 % respectively. The isolated component isoverbascoside (1)
and verbascoside (2) were most efficient in inhibiting a-glucosidase, with

inhibition rates of 59.90 and 48.40 %.
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Fig. 2-1 Verbena officinalis L.
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P B o M vRBEE o Mg~ B TR BIRE G E(Y
@«1%%?1’ prL 0 2003) -
()5 BE 2 @ birx

BELE BB AEmiTd F g b w s pug Y RGBT
PG AREBRB R T AR B A FFRAR - 7 #RUER
o SRR R BB S AREF R BUR R A
FIRE ~ BB raa > b (LG o o B RS (¢ W%Zﬁgﬂ FrL o
2003) -
(Z)B 83 2 4 BEH
1. ks 3 - g (T

BHLE o fig 2 R Z B~ 4P § pEgF lipopolysaccharide (LPS) 3#
o B E e BRITTAAL 2 4 R ie e a4 fwbe 4 & (85 W o
2 %% TNF-0 ~ IL-6 % IL-1B & Fr4]sc % (& & > 2004) - 12
12-O-tetradecanoylphorbol acetate (TPA) %% -] B3 k2 L F 3%
H#F B WE50% 7 B8 2 & 7 X B4 B 5 Fug L 7% (Fernandez, 1981;
Calvo et al., 1998)° B ¥ ¥ 2 KX P4 ~ BB L B 30 R & £
(carrageenin) *73f & & KIN;ErEF P AT b (R 5 ¥ AR S+

AL R i F kAT EPrdrk o B4R pul i * (Calvo et al.,

2006) o BHLE cHF R~ £~ T BRE B R R L F U AR



-7 (carrageenan paw oedema model) » % % &1 = A P4 35975 Fl
et HP F 0 EBPaE i s (Deepak et al., 2000) -
2. fLpF)iE
FHEIITIRFAERQEBEFRS AR P EF T
(Hernandez et al., 2000) - j&_50%" f% % B~4~ ¢ 4 & ) e caffeoyl
derivatives ¥ Penicillium expansum % Rhizopus stolonifer = f& £ 2

4 & B PeglivH > Hrp| o w5 87.459% 2 79.11% (Calvoetal,

gl e 5 T flgc ] Bk p L e e m T 0§ A5 BRI
S4(i.p.) 50 mg/kg #8 £ (3 7 & £ )11~ % 4% 7)(Escherichia coli)p¥ » 4k 4
BHWE X P4 A4 %E | &aiv* (Hernbndez et al.,2000) -
3. WA givH

d dnie B SIS 5 R Rl Lo, ¥ SRR
# 5w & v (Laietal, 2006) - % 8L ¢ 7 WA S5 F > 7 A F M

il 4 K F#(NGF) 4 e % fmoe et 5 (8 % > 2004) - ¥ £ 4

Hess B A 54 £ T B R 4 £ it (B % > 2004) o

4, ¥z (v iv*
BB BLE50% " f 4 X B4 ¢ A g = f8 flavonoids 2 & &

caffeoyl derivatives » ;p| 2 DPPHp d £ ixf 4 R T w gy 14
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(Calvo, 2008) - & 4k & i g (CCly) A% M 2 ~ B ¢33 = 3%
B2 Pg i Y43 - pg(malonaldehyde, MDA)AE % + = » &k & B I
B AME KE S g fdrd) e P i B F % MKMDAZ 4 & B
#* = 58 ¢ glutathione peroxidase (GPx) - catalase (CAT)Z% superoxide
dismutase (SOD) % 3 i f % 2 F (M » 2009) - F ¢ AR &A1 £ 4~
(phenylpropanoids) = B ¥ ¢ 3 & 4 5 > 144y it 4 (TEAC) »

ferric-reducing ability (FRAP value) ~ superoxide dismutase (SOD)
activity ~ #r 4] MDA =14 = % oxygen radical absorbance capacity
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4 & & 4 % verbascoside > FE | A Z B MK 2 3 B FLE L4 KR
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2010) -
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Flav Bl BFRFHEZ VAR F 2 POFZpHREE - n i

42 kBT 0 1 CClah MBI FE § 2 4 B § R L F GOT
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2 GPT EH ¥R 1 ¥ 2 4&aBHE RZT P mdr f et 1p)
it B % *% 4 GOT (glutamic oxaloacetic transaminase 4 %<2k fis & fis it
#% 5 7 pF) 2 GPT (glutamic pyruvic transaminase $s %<k fé v fir fs 88
AP ) oA iV VAR MOFERZ AT AR R 1 B R TR L
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6. iEiEREM iF

FI* < Ao JREHWEFEM > 40 E 8T (hastatoside) % &
#E H (verbenalin) & X5 "k & 47 » % IR * hastatoside *
verbenalin {4 + BU3§ 4v 1 2Lpoi@ PR fo R A PE T 0 B 9 0] P erpEm
% #p i 23.00 2 08.00 /| pF 4 %3 4 7 8192 429 - % F hastatoside
% verbenalin @ & % ¥ v § E e ARG 0 AR G- HAY
TR GRS T AN 2 BT Y X2 % > 2 (Makino et al.,

2009) -
7. ¥ (e

BELE P 2 BgRg M pF ¥ e R At & 4 isoverbascoside 5w
e R BRVER T g A E T B MGeB0-3 fmre 4 K % i% & MG80-3 w
vtk A 14> E e (7% (Chen RC.et al., 2002) « MGc80-3 “n#s & 20

umol/L = 2X 4§ it | isoverbascoside kT 15 » fmPe 4 £ W AR A Ay
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BAF TS BHPERUEL > 2 EdrdlS 57.8% - mMBREELM
isoverbascoside AT ehim e » 45 L BT R 0 PRAA] 0 P R
JRE S SURRELT I TR AR A N UL
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L ¥ A L Frdl S E D) 3459 0 ¥ HL-60 vz civzg ®A L (% foim
e 4 {7 B ¥ v % (Wang T-J et al.,1999) - 5 $L¥ fk 5B g » A B (T %
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PSP JAR wre ise g PR E 2 B g FR M 1 JAR
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B LR P 5 »x= & 4'-methylether-scutellarein (4-MS)%t 4 s £ B
JAR ‘mre crf sard| (5% 2 HApR 4] 0 S5 8T 2 B ETER D
4-MS #f JAR im¥e 3o 5 frd] (£% > X E ok R fo (T R o
dvim A ETHESE (U5 & > 2008) o A7 B HLE R 5 Bdr E & % 45 R (PTX)
LR R P R B o P SRR ET S ME B IS A
AR B SR E R e PTX hpusfgia it o 2 P 5 Sk 5 4 ot
Frpv P g KPS o2 £ (KR F > 2008) -
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= ~ pd A (freeradicals) & /=145 (reactive oxygen species ; ROS )
(=) f o FHLEHT

P AR F-BRIBAIHTIA B FRZRISAS
(Halliwell, 1994 ) > ¥ iz 2 A 2 ¥ T F =8 @ A S UE ~ § ~

BFis P owzpd A (Simic, 1988)c pd AL F i & 0 &S E

X Ak A {#ﬁ R = 3 (°0y) ez & »F o
R &EHE i#ﬁ % B kK B4+ (Niki, 1992) » S F

pdA(E 2D REFRFHFTI LW 220N S 3ERY
A 4 ehAg ¥ p 4 A (superoxyl radical ; O, « )~ B & it &
(hydroperoxide ; H,0,) ~ & § p ¢ # (hydroxyl radical ; HO « ) %
2o R k3 R | (photosensetizer ) 4o % % 1T & 4 2 H
it § ~ 3 (singlet oxygen ; '0,) o 4] 2-2 #7577 > i ¥ (N BREFE > S
BERFETVERKE BTI I FIREASA ATk F - B
FALAFER-BLF RS RFBERT S REABR T
Pl2 2% CF BRI BT IR FEpd A (FFfoRe

1992 ) -
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(Z) pd A2 FHF kiR

AFMpr D REEEF ZRRB T AL EZP A PG o0
BRREHEBRBE LAY I EME CEEH L FE A F P A
Ahpd A AT E L ER AL hAd KA BN ARR o

SR R AR T A E R AT f A

7 PN

.

%021 EF R

Table 2-1 Reactive oxygen species

Radicals Nonradicals
Hydroxyl *OH Peroxynitrite ONOO
Alkoxyl L(R)O= Hypochlorite OCl

Hydroperoxyl HOO-= Hydroperoxide L(R)OOH
Peroxyl L(R)OO+ Singlet oxygen 'AO,
Nitric oxide *NO Hydrogen peroxide H>O-

Superoxide O, =

13



'0, Singlet state oxygen

‘0, Triplet state oxygen
I
H S
HO» €3 | O, - Superoxide anion radical

Hydrogen peroxide
ie
0
0
*OH Kl Hydroxyl radical
A
H,0 | €> OH Water

Bl22~§ 452§ B RE gk (EFEfoRe o 1992)
Fig 2-2 Oxygen and reactive oxygen species.

(Z) pd A2 FEF H2PHFHOPE

FALRN A A2 BRRAF T A RAL 2 Y BB ¢
i# > DNA 2 3 FapH ~ iz it - REFCH 357~ (Shigenaga
etal., 1989 ; Rikans and Hornbrook. 1997 ; Moskovitz et al., 2002 ) - %
REp pd AR BEEF SR PR 3 S R e E

HINBEEAG T e RBF ot TR FE AR E oL F
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EAF TS

IR

315 R s R e

R Vg (% 2-2)

( Gutteridge, 1993 ; McCord, 2000 ; Moskovitz et al., 2002 ) -

S EIES PR CETEE RN EY

Table 2-2 The sources of free radicals and involved disease of free

radicals

Human disease

Source
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- ne e L 4
= “g ’Fﬁ% | 1T

Mg tpEs X d A(freeradical) &2 3 F ¢ ehE F

it

L5 4 X EF 1 4 (peroxide) » FIF B F RieT oo tefl s p g
CER-p 3 FBALREFD A LIoigirfh o &7 o
E%gﬁﬁéﬁjﬁpaﬂ%éﬁ\ﬁ%%ﬁgég foas A3 B0 R HY F

2 ofF-@eF em A2 Lk oW gp g it

4y
e
RS

F % - 85 d A4 5 fu(free radical chain reaction) » % i
F R A~ & A4 3P (initiation stage) ~ & 4y 4 & #F (propagation
stage) &7 ¥ it #j (termination stage)= B F¥ £ 0 A i 4e T (H
2-3):
(- )4= 42 ¥ (initiation stage)

#5 ¢ H 5L § (singlet oxygen - 'O)~ R A~ K HE
P ot R ST g E g LAY T A2 g T d A(Re)E A
FAFipd AROO)EF i B4 Faldddr b @
T R A AEE AT N h s A o R
(RH) » & 5 ~ 2 fefoigipphch A = % B4 B2 7 4% A&
(a-methylene) %% - BHF 3+ > A EFHEF A d &

(Re): W24 573 Gfera i F i F bt EER SR -
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(= )if 4% 3 72 @ (propagation stage)

LR BE RS KA FIR I D R A
AL Shpd Ko ARl BB 2F 5 R
Ay tpd A(ROO-)> iEF it pd AL 2 scHFHE 7
befor a0 EBE I AL RTeh g T A d AB g d B
§ it 4 (lipid hydroperoxides ) » p* # 38 7 ¥7i& {7 & 3| & St p
SF R e AR RS P S o B 2547 g A
d o Aeha, > 2 BHRBY 2§ F RS h T8 M
( Gorkum and Bouwman, 2005)- ¥ it & jg4~ 8 ¢ L5 E 5

# ¥ ¥ (induction period) » 2} & §§ 4 > ¥ H i FF

:}‘%I]}E\;/Jﬁ 'E_iﬁkrg"lélb};’?'ﬁp’é}ﬁ*"

(= )% 1+ # (termination stage)
WREHAREE I A2 BT EE N AT
AP o AREFNEIREF DL EF CFTHER T X D
Bt PR R W R SR B~ R - B2 B4R G T 5
FPEMLSAFIEFREFPFTLRESEEFLEIERSP

(dimer) ~ = F 4 (trimer) e« 7 F 4 (polymer) & 3 4~ & 4 F -
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Propagation

R+ O,—=RO,: (1)
RO, + RH—ROOH + R- (2)
Branching
ROOH —= RO- + OH- (3)
2ROOH —=ROO- + RO: + H,0 (4)
Termination
2R-—R:R (5)
R-+ ROE- —= ROOH (6)
RO,- + RO,,—=ROOH + O, (7)
Where R = Fatty Acid Radical
ROOH = Fatty Acid Hydroperoxide
RO, = Peroxy radical
RO- = Alkoxy radical

Bl 2-3~" a5t s e

Fig 2-3 Autoxidation chain reaction of lipid.

( Nawar, 1985 )

PERIOD FORMATION DECOMPOSITION

REVERSION PEROXIDES

’/
/

/
pil

ZQ 7
sl

N
o\

INDUCTION PEROXIDE PEROXIDE POLYMERIZATION

DEGRATION
OXYGEN
ABSORBED

[
OXYGENIN OIL

VISCOSITY

B 2-4~ 0 5p F L ek BIFE

Fig 2-4 The stages of lipid autoxidation.
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( Gorkum and Bouwman, 2005 )
B 2-5 % é@«frﬁasﬁﬁgg VR Y B4 d E (LA o

Fig 2-5 Initial hydroperoxide formation in the autoxidation of the

unsaturated fatty acid.
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GHED BT AR R R ML 9 pHE AR

Re XL EARm MERSHR B A7 REAT S - 5

—_
e

PR SRR T AR R F R R TR O £
wead A4 (g0 2007) o

NECE IR o I R )

i CHR LR GHYMERT L A g AT
(oxidizable substrate) b B iz 5 Fwi & (Aruoma, 1999) -

FUAFERART S FMP LT o don [ b o EAA

(=) 475 1“ B HiT* 4]

Pl faspany CRERD B VR A RA T A
Lpd & frfxﬂ (free radical scavenger )

P MRS LB A RN AR LI ENEF AL
FoRE-BRIA-BFIEpI AT A p L PRSP
P AT T EEMS XL R4 (resonating structure) o B

2-6 2 Al &P F g e A4 &2 0T g
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“mﬁdz& faﬁﬂu w4 2 E 2 A1 & AFF it A e
butylated hydroxyanisole ( BHA ) ~ butylated hydroxytoluene (BHT) %
EEBF Lo A1 b2 g A X > kg (Branen,

1975) > Flp xR ? F R Mgy SR P wApy X P LRS-

RO() ROOH

ROO- ROOH
O O
” R R R
<—> -« >
JH OH

Free radical scavenger

(Sherwin, 1978)

2-6 ~ f o B4 AL gng e r g o

Fig. 2-6 Mechanism of antioxidation for free radical scavenger.
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2.8 % fx § 2.7} k& (singlet oxygen quencher)
F 0 ochi 4B I RE Thi AL = YEdE § (triplet oxygen o °0,)
AR Fhed s ¥ 77 - sk R A (photosensitizer) 4o
BE L K2 PR R E e SR ¢ Sofuk iy o8 A i (ground state )
#4% pew ik (excited state) » F s i iE w AL PF o AT e §
R EAT R e HL T HEELF (O L HE%ELF &5 e
850 R ke foigiaph b NEEAEF B A S & i B4 o
PREILE R IR - P R F4-oB-+ B 2 (p-carotene)
E R RS o R AR B e W s
TR ;gﬁb M A feqorg apk ki en® a1+ (Kellogg and
Fridovich, 1975; Bando et al., 2004 ) -
3. & # & & (metal chelator)
WRERRF B RV REFAS A A BT i 4
MOFD* Y RH ——— M™ +H" +R-
Fe”* +ROOH — Fe** +RO - +OH
Fe’** +ROOH —» Fe** +ROO - +H*
EREERAL T L g it e B iRg 12 £ BT dodr 2 AR

(s (citric

Siﬁ

GG SRR A Y A g T Mo ble

&
acid) ~ EDTA % R ® (polyphosphate) %35/ & EE & & -
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4.4p 3k A (synergist)
EHMA LTI B RF LT Er A AT BR 22 FF2m

Ui o ea IR IR SRR P 88k

A

eNAp R A L Uk o i (ascorbicacid) & o Bldrduke BV R R

43 - BEIha-d TR REF Dot TERERT RS

WTERFIFATRET AIRESY $3 S B AN iy 1
PH4cd s o e REBHF - EHF - FEFE - AFIHAEFPIRES
% v K%"%’K FF R A o — SRR ESRE (L 4 ehi & d %

T 7 %Ab 0 A4 7B (tocopherols) ~ #3% B (L-ascorbic acid) ~ #5%

it (flavonoids) ~ # % % #=4 4= (chlorophyll derivatives) ~ 2+ & §
(carotenoids ) % p=#f i* & # (phenolic compounds ) % ( Larson,

1988 ; Papas, 1999 ) -

(- )&+ % C (3 & Bt » ascorbic acid)

Fudn fR G - ARB ST o 3 BTN R IS don
Rorwre WP R C 3l C-240C3 1 5 & Bis
(hydroxyl group) > " & =+ kfE = pd A > A L @R L LW
ik » ik (semidehydroascorbic acid) (Beyer, 1994) - B 2-7 % 7+ %

23



Al i R pd Benk o F hlmio p o F R d frsk
H "<& NADPH :BRr £ 4 = & i3 it F+:B k & (Jacob and
Burri, 1996) - pt #t > ke BV R R 4 TR D RF MR R
Flgt fdmie T Ot AR R Mgy VI SR o iy B %
I F v % T (Aruoma, 1994 ; Beyer, 1994) - & & Fudk o ik B 48

wiﬁﬂﬁ%&ﬁ%’§g$£%@&ﬁ6¢@$%§£%$

F oL EFE A AL R F LT > En ERFMF A F Ao

d & g4 = (Halliwell et al., 1995) -

H0 AscH, i AscH 10 Asc?

0 : A 00
HO  OH o o 00

-

H

(Valko et al, 2006)
B2-7~ 7 e 2| foti pesr pd A2 F -

Fig 2-7 Various forms of ascorbic acid and its reaction with radicals (Re).
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(= )a4 2E (2 ¥ p% > tocopherol)
ATE - altad Fo A n Ry R Ly A
tocopherol# 2 5 2 Al(a~ B ~y~8) B ¥ nydAlap RAY & &
% (Kamal-Eldin and Appelqvist, 1996) = % # ¥ f3 il % 2] %5 ¥ p
d A B A TS AL B F i aoperoxyl and
alkoxyl radicals » » ¥ 2) & £ e g4 @ &Lk & > &9 (L&
pd ARG Fr B2 2SR gy Y & i (Burton, 1994 ;

Fang et al., 2002) - 3§ i 440 F

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

Flpt o AT B AEEE A FFEAL R TEY L p o
o B ELA L A o pRaiEF o Y B R A
a9 g it 2 ¥ DNA o d-9 B i T (Topinka et al.,
1989) -
(= )%+ B § # (carotenoids)

Carotenoids & 7 % £ L e fétz L4 gt v @B fﬁi*'
B i B2 HFaEs tpd Ao LA AREF Ko blde B-
# & § 2% (B-carotene) 71 & 3 X ¥° g % (conjugated dienes) iz 4z » ¥ £ il

AR SIARIET ST SRR I LRy £ E
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ik

(Aruoma, 1999) - Carotenoids 7p d 2k i"f oA ARE RS T el
et R e R R 2 Boionone Tk diR2 T it AN § X b et
s oo Plpd A fsb { #5# (Anguelova and Warthsen, 2000) » &

= (lycopene) 7 3 11 % gt > B ¢ & v B 4E% 2 5
2 5 m,ﬁi% Pd AR % FEHERE a4 o
(= )4k % 4 *<(glutathione » GSH)

GSH &_d #'=pk (glutamatic acid) ~ & = e f (cysteine) 2
vz (glycine) & = freflpiar e = > H R G At E S & s
imved o Hmep FERE G LA T Al fuf
% %Y 4 - B E &2 = 4 (Sen, 1997 Barry and John, 1999 ; Wu et

., 2003) - H 3Lz it 4] H_# GSH s cysteine £ 3 3 & A5 14
(nucleophilic) =gl 4 zr & 4 (sulfhydryl group) #% &= 7 + L& 1+ %
Rpd AL FHEERBRF A2 GSe¥ & GSeA; & GSSG
'- ﬁd NADPH-dependent glutathione reductase & & =
GSH:» w1 b pd A F 5 37 KB T $in i 2
(Maarten, 1999) -

() % g~ # (polyphenols)
Polyphenols % {4+ ¥ R £33 feensi &0 > @ Zefdsg 3 -~ 42:F 8000

o Hpalipe A § BRI S AR g R G
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1 & ¢ 45 & (phenolic acids) ~ g+ A (flavonoids) 2 ¥4 & (tannins) & >
MTRSEL R SRR
1. %% pr (flavonoids)

B kA0 = B Tk B 4eeh diphenyl propane(Ce-Cs-Ce) Al 7 #711

= (B 2-8) > >t % g i & 4~ (polyphenolic compounds) - 48 > & 4

A EE-F-%F -5 - AL BP
¥ & % & fk (flavones) ~ & Ak % (flavonols) ~ & *= Ak (flavanones) ~ § *=
A% (flavanols) ~ £ + f# (isoflavones) ~ + = fit A (flavanonols) ~ =4 # fe

B (anthocyanidins) 2 % fk (chalcones) & ~ ~ (£ 2-3) -
* 5B R § £ PEERA) < e pE R v pE A (glycosides) s 3 i

o SiEPL e 2 BORfRES T A 4 feE (aglycones)fepE A > @ flavonoid

glycosides g it 4+ flavonoid aglycone % 133 » &m pEit (% &

PREEpat 85 5122 4 52 (Rice-Evans et al., 1996 ; Scalbert

and Williamson, 2000) -

+ 3 4 =% 3 ki g2 A (ortho-dihydroxy) » B $+:iE & £ b4+
(Cu®" ~ Fe’")4 & ivw » Biadrdl o Tz v F g 2 - (3)

FLCHR N2 384 BaEE 4t ima o nlEy BR
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A EEEH e A)FAACHR 258 F AL CHR 4
SR RACRIEUA LI P IR BFF A REELE LR

N T

3'

B 2-8 ~ % Pk 2 A > SHR

Fig 2-8 Structure of flavonoid. (Cook and Samman, 1996)
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* 2-3~ ¥ F

A ¥ R A

Table 2-3 The antioxidative activities of flavonoids

i R

iy Pk

)t i s & C %G 2,3 double bond » 4-oxofu, e i2 3 3-OH -
Bk F-OHA% % Ak & C52 C7 1+ 5 -OH 423 it (A% o
% 413 b4 o lutein >apigenin>chrysin

(0]

+ Ak & (flavonols)

%4 % & C7F 2,3 doublebond > 4-oxofu * 3 3-OH -
X Bi% F-OHA% 5 AR & C5 2 C7 1} 5 -OH 23 1 (a3 o

C
(0]
+ 2@k (flavanones)

% 13 1t |+ : quercetin>myricetin >morin > kaempferol
* yu3 it o taxifolin > naringenin > hesperitin > hesperidin >
naringin

fe OH crficp 2 B~ =% 5 B -
x H Fx i -] > flavonols % flavanones o

5

2 & e (isoflavones)

* genistin > daidzein 2. -
4’7@? th]"} 3' ’ :Q;J—);}’;#-,,,
* orthodihydroxyl éhiz 4 -

SR

+ *=p% (flavanols)

X Pt SE. %Tﬁr} * C Ik 5 4¢ {re heterocyclic % » & AB R &
FE R AR Y g YR E 4p F-OH e flavones %
flavonols % -

* ¥ i |4+ © catechin-gallate > catechin

% butein - phloretin > phloridzin Bz o
kA X e A w A gt B g g i ands fT lichalcone A o

© * 2 3 E v »dlh drochalcone > chalcone
4 fr (chalcones) pAE R y
) O % $§ it} : cyanidin>cyanidine-3-B-D-glucoside
‘ S % Cyanidin 1+ flavylium cation 755\ 5 AP (i
Zon (pH2>pH4>pHT7) » B Tk B8 g 42 -
i+ % e % (anthocyanidins) * Cyanidin=dephindin > malvidin > pelargonidin
O k43 it kg v flavanones » ¥7 OH edicp 2 P~ i % 5 B -
O © % taxifolin » fustin &z -
OH
(0]
¥ % b

(flavanonols)

(Cook and Samman, 1996)
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2. p~ p«(phenolic acids)

fin fs & 2 *f;«’ RV A % F 7 pe(benzoic acid)® p 2/
(cinnamic acid)® < &7 > & ¥ 2 s hrd R LTy Gt fEd? o ¥ B
HAITA 2y PR HE AT 0 e 34-2 AR HR
(caffeic acid) & % f&+eg - s %u® ¥ & dspdig v 4 (Milic et al.,
1998) > £ % = BEA T F RO A= > HFF 16 B

‘b p7 3 BT 3F 4 e k4 ferulic acid - caffeic acid % ¥ £ 5 e s
% R "5 %9 (LDL)% v enit 4 (Bros et al., 1990) -
3. ¥ (¥ % - tannins)

Tannin B L3 a3 S AESF L E2 By auly > - 87 2 G
hydrolyzable % condensed tannins (proanthocyanidins » & =% %) ° &
¢ &1 tannin < % &3t hydrolyzable tannins » 2 &~ 3 € % 500-3000
dalton: & =+ & > 500 dalton % % ** 3000 dalton #_7# £ #4 g 7tannins
(Bate and Swain, 1962) - H £ it £ 43 ¥ 7k + 2 hydroxyl group » ¥
q?",lrt pd AP EiEs it (Yokozawa etal., 2000): & 7 % ©iEA &
Bdg+ Fe* ~Fe¥ H L sras A ch Fe? -Tannin 4f £ 47 1k 55§ o

Ay it & 3 (George et al., 1999 ; Lodovici et al., 2001) £ & J& 3% 4

Fe?"-Tannin + + OH — Fe*'-Tannin+H,0

ghh o g B g 4 ) tannins & # ok iR 4 dedE e (tannic acid )
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X a4+ s (gallic acid) %2 #7-p& (ellagic acid) % £ 3 iR R ¥ |-
(Huang et al., 1985 ; Horn and Vargas, 2003) - = 3 3¥ % < 1§H~:ﬂ e i

FORF O FT 4245650 X AR LMY -
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2245 KRz g B

Table 2-4 Source of antioxidative components in plant

% R i 9@
xR a-tocopherol (Lu and Foo, 1999)
Fi-F vanillic acid-4’-decenyl ester ~ 1-methoxy-naphthalene-6,7-
dihydrofuran ~ dilinoleic acid-1- methoxy- naphthalene -6,7-
dihydroxymethyl ester (& » 2001)
2K E catechins and theaflavins (Hara and Kubota, 1984 ;

Matsuzaki and Hara, 1985 ; Lee, 1988 ; & % - 1991)

ER R

% 4v 4| ¥ (eucalyptus leaves) n-tritriacontan-16,18-dione (Osawa and Namiki, 1985)
O, a-tocopherol ~ ascorbic acid ~ catalase ~ flavonoids (Mckibben
By and Engeseth, 2002)

4% # ¥ 5 27(3”)-0-glycosyl isovitexin (Osawa et al., 1992)

54 % #
i 4 (rosemary)iz % £ + = %  carnosol ~ rosmanol -~ epirosmanol and
k=N ) isorosmamol (Inatani et al., 1982 and 1983)
HEAGHEED BEPP rosmaridiphenol and rosmariquinone (Houlihan et al.,

1984 and 1985)
# £ (Plantogo asiatica L.) curcumin (Toda et al., 1985)protocatechuic acid ~ caffeic
# & ¥ (oregano) ¥ # acid - 2-caffeoyloxy-3[2-(4-hydroxybenzyl)-
4,5-dihydroxyl]phenylpropionic acid -
4-(3,4-dihydroxybenzoyloxymethl)phenyl-
B-D-glucopyranosine ~ rosmannic acid (Kikuzaki and

Nakatani, 1987 and 1989)
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oy
—
R

s g

#k 5 (capsicum)

B 2 4 (Thymus vulgarus L.)
2 s
6.2 B R 2 feFlie

#& 2% (rice hulls of Oryza sativa L.)

i 4 & (peanut hulls)

B e e ¥ g

7.7

#

EFE PEPRP
# % #5 (Psoralea corylifolia L.)
% % (Mosla formosana Maxim)

¥ % (fruits of Amomum tsao-ko L.)

¥ M % (Artemisia capillaris Thunb)

" E

capsaicin dihydrocapasicin 2 #H j7 4 % (¢ 3
% > 1989)

eugenol ~ isoeugenol - diphenylpropanoid and
6-methoxy eugenol (%] » 1996)

methylated flavonoids ~ eruodicytol (Haraguchi et al.,
1996)

ferulic acid amide (Rice-Evans et al., 1997)

isovitexin (Ramarathnam et al ., 1988 and 1989)

luteolin (Duh et al., 1992)

myricetin-3-glucoside - quercetin-3-0O-
(2-glucosyl-6-rhamnosyl-glucoside)( ®% £ #& >
1994)

2’-(3”,4”,5”-trihydroxyphenyl)-ethyl-margarate .
isorhamnetin-3-O-B-D-glucopyranoside ~
guercetin-3-O-B-D-xylopyranoside ~ quercetin ( #F £
# > 1996)
2°-(3”,4”,5”-trihydroxyphenyl)ethyl-stearate ({§ > 2000)

phenethyl ferulate (3 » 1991)

bakuchiol (¥ £ #& > 1993)
luteolin-7-O-rutinoside (3£ > 1994)
caffeic acid ~ 1-(4- hydroxy- 5-methoxy-
phenyl)ethanone ~ 1, 7-bis-4- hydroxyl-
phenyl-3, 5-dihydroxy(3R,5S)-heptane

(% > 1996)

quercetin-3-0O-D-robinoside ~ isorhamnetin

-3-0-D-robinoside (3& & #& - 1996)
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oy

FE

A= 2 Z (fruit hulls of Alpinia galangal)® f%

1

Bt

% 2 ¥ (rhizoma of Alpiniae

officinarum) ¢ pt ¢ fin 3 B~ 4

7535+ (seeds of Astragalus Semen)z f&

J e S8

sm % (Asiasarum heterotropoides var.
mandshuricum) ¢ fi& ¢ fig 5 B~
% 1 (nucleoids of Polyporus mylittae) ® %

Fop

A # % (Pogostemon chablin (Blanco)Benth)

xS 8T

v % (roots of Paeonia lactiflora Pall) * f&

Ex 82

# £ (Dichroa febrifuga Lour) ® i % B~ 3~

methyl paraben(4-hydroxybenzoic acid methyl

ester) ~ 4-(hydroxymethyl)-1,2-

benzenediol ~ 3,4-dihydrobenzaldehyde ~ trans
p-coumaric acid ~ trans 3-(4-hydroxy-
phenyl)-2-propenal ~ 3-(4-hydroxyphenyl)-

propene (+k » 1997)
1,7-bis-diphenyl-3,5-diketo-2-heptene -
1,7-bis-(4’-hydroxyl-3’-methoxy phenyl) -5-
hdydroxy-3-keto-heptane ~ 1-(4’-hydroxy -3’-
methoxy)-phenyl-7-phenyl-3-5-dihydroxy-

heptane (£ - 1998)
3-5-dihydroxy-4’-methoxy-1,1-(1°2-ethylenediyl)bis[
benzene] - 6’-methoxy-7-methyl formononetin -~
p-coumaroyl triterpenoidyl ester ({§ - 2000)

methyl paraben -~ trans p-coumaric acid (% - 2001)

7-4’-dihydroxy flavanone-7-O-3-D-
glucopyranoside ~ 4-hydroxymethyl-

benzaldehyde -~ 4-hydroxybenzaldehyde (i - 2001)
4-hydroxyethyl-catachol-1- O-(2’-a- L-

rhamno pyranosyl)-B-D-glucopyranoside

~ Adenosine ~ O-coumaroyl-p-D- glucopyranoside
(4 » 2002)

pentagalloylglucose ~ methyl gallate ~ gallic acid -
methyl vanillinate ~ benzoic acid ~ benzoylabiflorin ~
benzoylpaeoniflorin (/£ » 2003)
4-hydroxy-3-methoxy- phenyl-2,3-
dihydroxy-1-propanone ~ 3-[[6-O-(6- deoxy-

a-L- mannopyranosyl)-B-D-glucopyranosyl]

-oxy]-caffeic acid 3-[(B- D-glucofuranosyl)
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oy
-
o

i

+ § % (Ligustrum lucidurn Ait) 7 f 3 2~

P

% & (Polygonum aviculare L.)z &z

i 5 5 4

< ¥ (leafs of Artemisia argyi) * ps % B~

s

oxy]-4-hydroxy phenyl ethyl ester -
3-[(B-D-glucopyranosyl)oxy]-caffeic acid
4-[(6-deoxyl-a-L-mannopyranosyl)oxy]-
phenyl-ethyl ester ~ umbelliferone -~ trans ferulic
acid ~ 3-(4-hydroxy-3-methoxy-
phenyl)-2-propenal (4 » 2003)

1-(4-hydroxy phenyl) ethyl acetate -
4-hydroxy-3,5-methoxy-benzoic acid methyl ester -
3-[4-hydroxy-3-methoxy phenyl]-2-propenyl-1-ol ~
trans-ferulic acid ~ 3-[4-hydroxy-3-methoxy
phenyl]-2-propenal (F# - 2003)

apigenin 7,4’-O-B-D-diglucopyranoside ~ apigetrin -
quercetin-7,4’-O-B-D-diglucopyranoside ~ luteolin-7-
O-B-D-glucopyranoside (F& > 2004)
caffeyl-4-O-caffeic acid ~ caffeic acid - caffeyl

-4-O-ferulic acid ~ feruly-4- O- ferulic acid (3% 2004)
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R A NP 3 T |

P 2R FDAY /B * chi 1 & 4F *#F BHT~BHA - 2
4 3 i fig (propyl gallate » PG)f= TBHQ % > JE3t p o i $rd) 3|5 4
iy (A B EH 842 14 B 24538 4o B] 2-9 #1757 (Sherwin, 1978 ;
Hudson, 1990) -

(- )7 A== 7 5 F(t-butyl hydroxyl anisole » BHA)

BHA ¢ 3-tertiary-butyl-p-4-hydroxyanisole % 2-tertiary-butyl-p-4-
hydroxyanisole @ B 4R & @ & » L6 ¢ B R4 % (L s ¢ Fh
BR) > BBTE e o R BT AB ke mf R R B R
BRI AGIRE I F bR PR E L FENILE Mk o
BHT - TBHQ PG — Az ¢ * ¥ & 2 4p 5k (€% » @ 4§ it ok { 4u3f o
A BT AN RN T 82 0.02% (% %2 % 0 1998) o
(=)= 7 =2 9 ¥ (di,t-butyl hydroxyl toluene - BHT)

BHT 59 & Bl & > 2330k B30 o o it % R
1 C AR ?'}PE’ BEEE o7 BHA~TBHQ 2 PG - 42 * o x4t &
TR $2 002% (B % 3 0 1998) o
(2)% = 7 4 & pr(tertiary-butyl hydroquinone » TBHQ)

TBHQ 46 ¢ &bk > P T2 B2 2 B 53300y (e 2

770k o TBHQ ¥ e H e B I B i€ % 3 4o id " R R efme® > e B
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T MW P 2 E 20 0.02 % (%% > 1999) -
(z)ix &+ p&p fq(propyl gallate » PG)

PG so ¢ ik  mLvis 3k 23 -p@MEece
Bl o AR o PG B B4y T F BRI NI AR %33557‘?]&
be & B2 R IR RT AT & Ao R R K LR o fr BHA 2
BHT e piR * 7 35 H oy i3 it rE R MR T R 2
0.01% (% %2 3 > 1998) -

TAEF AR A BHASBHT 4 1 & =4g W &7 a i
X # PO T 2 RORME(IARC, 1986a; IARC, 1986b ; Schildermann

etal.,1995) » Z X B I X AR E Ly P e s by VR KR o
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OH

= C(CH )
| 3’3
\

OCH,

t-butyl hydroxyl
anisole (BHA)

OH
C(CHs)s

OH

tertiary butyl hydroquinone
(TBHQ)

OH
(CH ,),C C(CH,),

CH

3

di, t-butyl hydroxyl
toluene

OH

HO OH

COO(CH,) CH,

propyl gallate
(PG)

B2-9~ ¥ * 2 41 & =4xF i A/(Hudson, 1990) -

Fig. 2-9 Structures of main synthetic antioxidants.
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SRR L LN

Bk F R pd AM o FERLERAS Y Al
BEitg o Agd SR EBMEFF VY A4 cOH~0,%2 HO,
EoRtRh FEME L EAENTES M (Fh 1999) 0 F RPN

Y FEMERB R APEC R ORE § EURAF B

!
)

R R0 SR #uE R R AL GEM ST R 43 fER

PHAFEEE R B E AL LREERL OB ORE R EA D
(+ & - 2010) -

¥ F i (diabetes mellitus, DM) £ 4 12 RE oBE F-L T2

- 2 S ARMEHEEFEL — B9 U F = Ao (Type 2 DM)

LEBRBEIGE OB Fe05% s £ o K Rk F 0 B

RERLE R R RIAPML T H¥ ARSI S AT R

AR AL E e H D B ARII  § TR i

(L

“\]‘

G IR R TR R R FULEE R
L
SRR ESGR L U ¥ S TR B S S e Hil

BT B

-

HLE;%‘B%#KPHFB?PXO'&W%E%% ln\/l(aé—a &E— \/»é—\‘v'

‘mk“

*oZREH B AERR € ATE T R WA 0§
A B IE - R ORETHRT P RS R

W € R R g T BRI T R o B 5 - AR pe e
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Sded ot B R 2ok F oA op ¥ H g (Juan et al.,2011) -
i=yp B 2 2 s (World Health Organization, WHO, 1999)57 & 2

B B LT ER - BER S TE L LB R

Lgploae (T "EPRREFDL Bihamz HET )2
200mg/dl > I P & B SRR Ao 8 AR (8 38 5 b s AR B o
METEE M)

2.2 8 ] B F R L ]J§+P E =2 126g9g/dl

3. 78| FHF %L ’J\J{% ' =140g/dl > e v pPR750% F #mt & & %
(oral glucose trolerance test, OGTT) » 2| F&F {8 end% 7% ’J\'f}% m =
200g/dl o fe 4o 2] P egE % ’]\‘H% B 4 %1403 200g/dIRF > 4e ¢
teskiBALY § — = 42 E200mg/dls 12} e B Lo

2 (impaired glucose tolerance, IGT) » A %{%ﬁ}:}%ﬁﬁ%iﬁd% °

T ¥ Al B E 2 70-120mg/dlshie - B s BB € Ao S
WG h G RSP RN S T AT g T
AN RE TR RO o FIAR DR AL 2 ¢ [ R g B e
e it A M BRI EN  FR L R A RE D L @
P BER AT @ ARV AEGARS & 59 Bl 5 ;’g 513
W o 3% )
W AR T ’Ct%?—sﬁﬁﬁié‘@mi;%{ﬂ REL G AERFTT UE i

B oo w A% - AlBE R (type 1 diabetes) ~ % = Al¥Efp (type 2



diabetes ) ~ # # 7R A4 g (other specific types diabetes ) 4 % 44
1L # & m (gestational diabetes mellitus, GDM ) -
(1) ¥ Ffopm L & 353
(- )% - AR

F - AR L& AT SORHN h B mie st Pl R Fil e
Bk EREZA RS F O T BRGNP PR A8 e TR
#ren¥ g (Zimmetetal, 2001) o F o R EIFHRT A LEE F 0 BA ﬁﬁ
ERLRCLAE LR DL S I e BRI SR R Gh U
CEY BT R B G R S T s ST
%, & % ik ¥ 4| (insulin-dependent diabetes mellitus, IDDM) ¢ %5 & 7|
(early-onset diabetes)#& i > B ¥ b4 fm & 4 T #5~10% - B @ &
B R RET ARG LI R - AR o A I pERR Y T e jeen

PR E ARG S R R i

>

(2% = WERH

S

= AR BT AEALY B R T R R F L S
1o X fbs & & ik 8 A (non-insulin-dependent diabetes mellitus,

NIDDM)# =& « 4| (adult-onset diabetes)#% fu s « 8 & & 7 F & = i
FASL L R VAEY A REER S v RER R dIHP £

WRR - BBRIGHAEL F 52 AR RET - ARER K
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A% 5 & e g (insulin resistance) o & A7 pEAL ) & A Gs R AR e
* K_o | 7; EEat &,ﬁa:—vgﬁ S BUp BOR R P M gé;j—, Bé;,sg;ﬁ“ ,g 'H’—mi‘%

AL B F A RE 0 g A 4 %% 5 & ek (hyperinsulinaemia) o d 3t

F AR G oAk e i@ 2 105 & & g sk (hypoinsulinaemin) o w % =
B 2R F A A RA ARy - ;“H%};"pﬁa(Prentki and

Nolan, 2006) - % = Z| W o Ep AL E hadp o H2A,X R 7

ot e b ¥ S AR B L H B F TR R 0 A e e

ShEdh g A 9TT > 2F 2 F O EY A 5 - ARARZTT b

k¥ o ¥ BMI (body mass index) g st = o 3% & F fEfuf ~ B m
ek A AR R A RN AT F A A 2k fd 1 2

(Duman et al., 2003) -

1 TERBARE 6 L & T AR 258 (Insulin
Administration) | ¢ #7g & P > 3 5L TR R L ek

R L et T

IR S TS eSO T
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o % p;?{‘;’f”ﬁ }P‘;‘, . ‘QE"'& rriﬂé’q P;;F'T ‘,'\ N };%17 u//f
o« MARAR oL TAIFIRE S~ LR eR
- RLFEUWRAA

o LA FlEiE

(2 )45 24

T R LT OEAOR  RE P AT R S R 4
W A% R YE o B A MAN A A c HAX R TSI E PR S
fogaaso @ LA S LG F LU B L KRR % o SEVRIEAE SR b
w0 & 60%n 15 E P g W@ IR OR (1R 0 2003) o F SR iR

24~28 3% % A {5 6~12 3% 2 B 7 X 4R AR s B4R (£ 2-5) -
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# 2-5 IR BB 1R

Table. 2-5 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)
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W oRenE BT R FlA A S Rl SReE s L
Boon FREETIL B R Lo F S FE S B
Bh R A S AL B AL R T RO 0 Y R TR AR

22 iR 2 TR d B ow NN R ¥ P55 i ST £ Y
B el R B R s B o AR AR A SRR B AR AR e
B BARRIETR AR = S B E(A e > 2004) -
(=) BipiEa Sl

BB MR R T e R € AR 0 R R BN 0 BEE N | o

v ’E'i',"li*}j'j;%é‘f‘lﬁ;?ﬁ'gg;ﬁﬂ”) > B8 %’ﬂ‘%‘«\ 4m é;ﬁ e S Y

)

oA Ao et PR RATE G LA BT > R HAPH S EE

%

BE a2 RARTOF R -
(=) #= B

BABEE P ERFL BT A RBIEE L BEF 0 R F AR
fofe thePRR R B e 0 B AT RGNS T B R STl F AR R L I
B A L BT B A e PR R o
(=) BARRIETRE

L?/,,\-f!,w«}_.p,,ﬁv\ E TR AP o @ A BT
%vﬁﬂﬁiﬁﬂMﬂﬁ?ﬁiﬁﬁi’ﬁ%%%’%*%ﬁ’%%

f}/ﬁzé# TR enEs g o 18 18 ﬁﬁ;%_;}gi/';,ggpx%i;,,ﬂ 3R m A
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AR A MRS A RE ARG AR A RS
= it o
(z) & 5%A i

FEFEHPH L R ENRF LA RRE T IR T g
HH > I hmENL F N B me R AR R T
Koo R A gL R AR RAR R 0 B A B el R AR
BiEs T E 5 R R RIFRA D 0 L BT R PR
MR g B J g S HAes TR (2 0 20015 8 - 2001) ¢

(1) #Fpinse g

>
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[
>
?m
*#
£
~=h
@
AN
5»
R

o AR E ST A IARY GRY g A B R e
ERAP o pbobH FlMd w22 €33 272 87 L

Ao ML RO E NI A e P AR - L

a‘%ﬁfgff]‘ﬁi‘}é-‘%iﬂiﬁii HMEHABPREE AL E L ARS
SR A B R E RS ISR F o RS SR HE G 0
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BLio A B T A LA - RGBSR 0 bk
»2 3| Glargine ~ # »x %] NPH insulin ~ &z 3| regular insulin gt :& »x %)
insulinlispro - ¥ — 24 2-6° ehH @ &4 > H 31 & (T% {44 5 B
2-10 - &EL»”L%%}]\),%%%#W)% hopt A ed N HES LG BT 5 o
A A R 3 L o L RT3

WEE AN

TERBLEEEIBAZ pAREE EE L2085 3K
F§ # (traditional medicine, TM) % 4 v 3 & FR % (complementary and

<

alternative medicine, CAM ) 7#:Z X T £ 4R o F|pt » B E3p P % it

Lot

B AREA LY R RPEBE T TR FIEF D YRR

<7

PN L F IS SRR i E L Rl & X AP e

2

CHECEA R SFREEBEPELS RGN T SE

Al D eed B3 o B % G FIRdE 2 fHpsv iy (GiRE > 2011 5
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Pancreas

& "* “a m"“\

Insulin secretagogue

@ Blocks

@ Promotes

* 4'}
H P ' Y
Liver Ty Adipose
® Biguanide ® 17D
FFA refease ﬁv\‘c“_‘}é—";‘

o

o

= Clrculalory system _@ O
R Biguanide
* Glucose 17D
e o,  ~FRA s
Q‘u’zi:ng?}__‘ﬁ.;c o /{ R X fFA absomtion
gt @@ V4 2
\“‘u' :g @ Intestinal lipase inhibitor
A

~b<orpuon

Intestines

Bl 2-10 ~ v JRILF L B E S 2 (FF 2§ o

Fig. 2-10 Major target and actions of orally administered
antihyperglycemic in type 2 diabetes mellitus. TZD = thiazolidinedone ;

FFA = free fatty acid ; AGI =« -glucosidase inhibitor.
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% 2-6~ U PR'En BB
Table 2-6 oral hypoglycemic agent

R R - Al pER LS Z s A rkpE-4 4] | Amylin # | «a -Glucosidase Biguanide Sulfonylureas | #t sulfonylureas | Thiazolidinedione ( & -
( Glucagons-like peptide | #| ( Dipeptidyl pepti | iz 4 inhibitor KL G F A4 | B% 5 % 4 e | glitazones)
-1; CLP-1) dase 4, DPP-4 g3 &
inhibitor)
it | CLP-1 5% % i #74iaeh | 374 DPP-4 > & % s | Amylin 5 | s 3% % ¥ @ | Biguanides | P % T 1 #7 | Meglitinidesg o2 | f§ # TZDs - 7= fL3% § %
- %% E ( % (incretin) & C| % % B w | * % acarbose 2 | #F % % 2B s | F o~ Arepagl | #acH (insulin
incretin) » #4485 ¢4 | LP-1 % % 424 f2 - P2 9r & 3| miglitol o« # 4 0 | Biguanide 2 | #&# % % inide ( sensitizer )
B A E - A rsAs-4(d 2 EEF | EmEg | FAFFY | N Novonorm® ) %
ipeptidyl peptidase 4, DER SR AR NE F 8 nateglinide (
DPP-4) - “# > & i BRE %N 2 pEXE | metformin o Starlix® ) &
i@ R o W% fé o
Wi | Al AR NGRS | R ERARM e | Pl 2 pE | BT B R | DR | BRE L | Tl fmie 2 | L FEM AR &R
Fau s WAL FatR | Bme ik F A4 | F( kit e oas | SFERR | XM RAR | BRgERES | B
Mo~ gL g ( W~ g2 pEE & & | glucagon) |z~ fl SedEEEg e | Jed > BB | B Reig AR | peroxisome proliferative-a
glucagon) 4 & ~ frd| & A s~ Fr] | glucagons-like Po¥EE | e EAT | EEAR ctivated receptor-y (
BN MY BT R (R & 5~ "% 1< | peptide 4 i AT R RE#HS & E PPAR-7 ) 3 4c#g 3k km
WLz £~ a1 ERE =t m GRS G & KR gt SERN RN
) B AN RGN R IR I i
U2 bk & ACS f
BT | 7Rk~ BB R CFE | RS Rl s R | RSB | R G IR | ST E R B EN M| R BERNE | R P B e
? B AfRAE L G| BT ook BB | A * £ 3 e H 4o R R
SlAde G LA 2404 - 6
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£ \J;i\,g’]—%

W R - kY Wakcd o 3 ) s g Bocell Ao
N h R FEDEHEH AL BT T NSRBI
bRER AP o F AP SR A g R~ Pl R
AR R R PF o m BEBT F 0 % AR E T e
AL F o KT gra o A B MET RERE 0 P g
N EehA i PG LA EEE o R Badan f o
Bl(F > 2011) - & 6 % 22 I 0 9% § ch a-cell 74 2 h 2 43
(glucagon) » & @ & Bk R hd < p &gk o 24 F D
T e E FApFE o L ha R 2 BER KM AR
MEFEEA R AR A R BT AL (- A %

AR E S BEEAE) > D L BEE R (1999 £ > 2011) o

(- )& § Fivn

L AL EARAIE AT BRTPIRTEF LERT
Er oL R T E w2 PEAT - g TR B0 T eni it (R 2-11)
EHwE £ &yt ¢ 2. — (Whiteand Kahn,1994 ) -
1.7 7 15 2

FralpEEATA 1'% (gluconeogenesis ) » TE B2 g

i-pE & & (glycogen) ~ 4|7 FpE A f2 i * (glycogenolysis) % it §
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5 #4 2 (Shepherd and Kahn,1999) -
2.7 % 3

W & % $r4] 7 20 (hormone sensitive lipase ) & |3 » & 4 g 9
ARIET 0 2R Z e ra A RS b (glycerol) 2 g v

(free fatty acid ; FFA) (£ » 2011) -

3.3-0 TS
LB AV R e SRR 2 M BV ek e P angi 4
% 44T 0 3 4r DNA fo RNA eh2 & 0 7 7 4o g Popal 2 8388

20 Wi F9 B A A (4h 1986 = > 1986) -

Amino Insulin
Glucose acids receptor

W
I Giucose ¥

~_ Protein

[righycendel] — [[FFA

(Saltiel and Kahn,2001)
Bl 2-11 %% § 7 2 3 i -
Fig. 2-11 The regulation of metabolism by insulin.
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(Z )% g % (v% 3 e

R A B (TR A I e & ik mie 0 WG B R ¢ 8

7

bk BRE AL - W AIEIR A B Er 2 L B

F R Bis B¢ e b eny F i :F F-v (glucose transporter)# 3| im

v & % £ E(insulin receptor, IR)d & i o -subunit 2 & i

B -subunit ‘e = — iz E4E 0 A g-subunit e IR g 2L 5

%

i

& XAl se g 314 B-subunit ehp PR T

(auto-phosphorylation) » it — @ 8 g2 & BT > 3L E & g g
i~ ¥ 7% 14 Protein B (PKB/Akt)gcfix & T 2573 » ¢ AKt Apipe i -
A2 -8 AHF R ORSPEEAFFEE T ES R FE

= % {% * (Saltiel and Kahn, 2001; Taniguchi, 2006) -
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B

] /f Fl| Insulin/IGF-1
i Al / receptors

__aniIRE ") x\n\nnunv' g!’ :
’ eR ' ) J\l\\J\\\\ ”H”"'Hl

Glucose

LR

Glucose PIBIK : —aul
o | PSP
P BSd

<+— Akt aPKC : P
& LA P-_Gabil

MAP kinase

I
PO PP1 GSK3 I’
\
Ay Y Cell growth Ganpralgang
Glucose metabolism Pt expression
Glycogen/lipid/protein synthesis
Specific gene expression

(Saltiel and Kahn,2001)
Bl 2-12 "% § % 2. @ gL S -
Fig. 2-12 Singal transduction in insulin action.
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(= )% § FIednld
A LA EE SN L R

VS PSR R L ERE R AR S N T fS ek SRR

PO L0 f & e bl (Zick, 2001) o R AR KL L EZER T 5 aup

e CEDEFETERS YR REFEIRE FE Y AL Y

FRRERT A B m ARG L, R AR FEMRIIET L
2 1) 0 R HE s § & g2 & i (Saltiel, 2000; F - 2006)
I R BB

BUORT AP S AR R R KR S5 RS S PRI R
BIEGEL en R R T T A RS A SR B B B
BLEd LB Lt e el FAERETRIES G M 1 ot
REs e 2 4% > g w2 B 4k 2003) o @ I * pEfRAE S el BT
FARMERR I A LB E o L R R B

(Tadera et al., 2003) -

(- a-amylase¥ #- % p& 2_a-1,4-glycosidic linkage "k f%= & F #& - &
TR A o BBFOFIL EER AL R U R T R
i ® o #E(Bhandari - 2008) » J* fif & #rib | A ¥ af BACK 1 & e i o
HE R S R TR R e o AR
= #%&_+ = (Rhabasa-Lhoret and Chiasson > 2004) -
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(= )o-glucosidase ¥ #- % pgigd ptpx2 Bit ¥ B2 R R D-F
% ¥ > 2 ¢ 3 glucoamylase ~ sucrase ~ maltase % isomaltase % fi% %
(Frandsen and Svensson, 1998 ; % - 2006) - ,‘fﬁ“é Fry|ptpEE S B
BIEFREF AR T BV NEF R SRR E A
RIS e Mo dd AR SRR 2 Fe AT EY B - AR L F 2

R 18w -k Benped) b (Alietal. - 2006) -

Lz s pEfRRE A FRI A2 E

ETIRS

+ ¥ A2 oa—9 § pEH pedr4 & (a-glucosidase inhibitor)

acarbose % miglito > =% i p 3227 a-glucosidase %8 e 4

o

B a4 h s FESE T 4P 5 a-glucosidase @ FE] o B BEEE oK
fRowEROkt g A E AR HpEad R 0 R0 g JRE
foo FRME MR L B LG ZER S EL Y AR ERETT §
WA mtF BT o T L B 30% 5 A BRI g o Bt R
P T i 51 AR (i B T AoE A il MBS 2 RS > A B E
Flacarbosess & 1 PERE A fE o A A fROOPER B SlA b LR B

YA R

\J;ﬁt

fs AR g b fRiem % (M % > 2009) -
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CH,0H

HO
HO

o

CH

B] 2-13 ~ Acarbose i..%iﬁ o
Fig. 2-13 Structure of Acarbose.

Miglitol
CoH1NOs HO

HO

® 2-14 ~ Miglitol 2 &4 -
Fig. 2-14 Structure of Miglitol.
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W bF ik g b Ao S g el o AR OR
AWEH e R B FTEREANT AL EI NI AT
FAEHEPR Y fop d AF F Ry CFS R B EERMPN B0 T
ALY X dp G v FRELCERY TEAL A E P
B L RAespew FRELEY > ERMPA R L AR gL T
W E g 0 Bew s B AR~ T R R SRR AR R
% % (Ceriello, 2003 ; Rahimi et al, 2005) - 2¥ % 7= 3 7~z F +13 L &
MR T AR F VR S MBS M2 G FpET hA
2oa R w2 R RDE L o d 34L& S g VR R
@A BT TG R RS TS E ARy B ARy p AR
F45 (% 2 ookeengi B KBRS S chfag 1A o

BELE A" 9 g E P @ E B kA fIY kB e e e
fa2 T WBEZAREFTRRIPEGFIE R PEIRREE o 41E 1R
WoF R ERERAIA N Y EREL G
Pl F TR A JIr AR EITE KB AITEF RS A2 S g

B SHER S B A TRRRE R PEfERE R AL
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Verbena gfficinalis L.
| Ground, extracted with MeOH, fltered, concentrated

' i

Tesidus MeOH extract
| extracted with m-hexane, fillered

l residue

n-hexane extract 1
l l extracted with ExOAc, fltered
EtOAc extract residue
* extracted with n-butanol, filtered
L 4
n-butanol extract water extract
Amnticxidation test (DPPH assay, Total phenolic Glycosidase inhibitory assays

determination, Total flavoncids determination) (o-amylase. o-ghocosidase)

I . I
¥

n-butanol extract
Lsmamtad by XAD-7 colomn chromatography

HO 100 80 60 40 0 MeOH 530

MeOH 0 20 40 60 100Actone 50

FractionA B C D E F

L Antioxidation test, glycosidase inhibitory assays

Fraction C+D»

1 separated by thel ™ Cosmosil 75 C,;-OPN column chromstography
H 100 80 60 30 30 70

MeOH 0 20 40 50 70 30
Fraction I o m v

| Antioxidation test, glycosidase inhibitory assays
Fraction [+1I

Jseparated vy me 7™ Cosmosil 75 €-OPN column chromstogmaphy
H20 100 95 90 85 80 50
MeOH 0 5 10 15 20 50
Fraction ab = c » de

lﬂnﬁnxida‘liun test, glycosidase inhibitory assays

Fraction a

,L Antioxidation test, glycosidase imhibitory assays, separated by HPLC
Fractiona-1 -a-3 -a-5-ab

¢ Separated by HPLC

Isolated component 1-5

g] 3'1 N .'? Eﬁ/ﬁ‘“%ig] °
Fig. 3-1 Scheme on isolated of antioxidative and glycosidase inhibitiory
components from n-butanol extract of Verbena officinalis L.
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B R
- RHE
AP AR R L ¢ FH 5 8L (Verbena officinalis L.) » PEp 2 k&t

AkdER P

g

SRS ERBERSBEAE .

~ F BRI %

(- DA PrilidR L 2 8

M R
Potassium phosphate (KH2POa) HH B FHRN A

Sodium phosphate (Na2HPO4+H20)  Merck 2> & (Darmstadt, Germany)

Sodium chloride (NaCl) Merck => 7 (Darmstadt, Germany)
Starch b A #EERS 6 A
Sodium hydrate (NaOH) Falit B 1 LR g A
Potassium sodium tartrate (KNaCsH4Os-4H20) b A BERS § AL

3,5-Dinitrosalicylic acid (DNS) Sigma-Aldrich (St. Louis,MO,USA)
a-amylase Sigma-Aldrich (Japan)
p-nitrophenyl a-D-glucopyranoside(p NPG) Sigma-Aldrich (Switzerland)
a-glucosidase Sigma-Aldrich (USA)

Sodium carbonate (Na2CO3) Sigma-Aldrich (USA)
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(Z )i MRHLRE

Ra R B

Linoleic acid Sigma = # (St. Louis, MO, USA)
Ammonium thiocyanate (NH4SCN) B & i* & $k3¢ ¢ 4-(Tokyo, Japan)

Iron (1T )chloride tetrahydrate (FeClz « 4H20) HH B FHRC A

a-tocopherol Sigma-Aldrich (St. Louis, MO, USA)
Butyl hydroxyl anisole (BHA) Sigma (St. Louis, MO, USA)
Potassium phosphate, monobasic (KH2POa4) AL R g4

Hydrochloric acid (HCI) Union Chemical Works (Hsinchu, Taiwan)

2,2-Diphenyl-1-picryl-hydrazyl (DPPH) Fluka(Buchs,Switzerland)
Butylated hydroxyanisole (BHA) Sigma-Aldrich (USA)
Folin-Ciocalteu’s phenol reagent Sigma-Aldrich (USA)
Sodium carbonate(Na2COs) Sigma-Aldrich (USA)
Gallic acid Sigma-Aldrich (USA)

Aluminium nitrate nonahydrate(Al(NOs)s « 9H20) Merck ( Germany)
Potassium acetate (CH3COOK) Riedel-de Haén
Quercetin Sigma-Aldrich(USA)

2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS)
Sigma ( USA)
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Peroxidase from horseradish (116 units/mg solid) Sigma ( USA)
Hydrogen peroxide (H,0,) Riedel-de Haén (Seelze, Germany)

6-Hydroxy-2,5,7,8-teramethyl-2-2carboxylic acid (trolox) Aldrich (USA)

(281 &0 K42 L34 72 73 Al

o R e
Ethyl acetate ~ n-hexane ~ methanol (1 % ) FEL 8 Rplis
n-butanol (& % &) Bh LB R
Acetone ~ Methanol (HPLC ) SK Chemicals (Korea)
Ethyl acetate (HPLC &) ECHO (Taiwan)
Methanol-D, CIL = @ (USA)
Trifluoroacetic acid (TFA) Riedel-de Haén (Seelze, Germany)

2 FTERAREBRA
() E Ml i7e A
B XAD-7 #75(20-60 mesh)ptp Sigma = & (St. Louis, MO, USA)
B ODS & 47 >v & Cosmosil 75 C15-OPN - P 5 Nacalai Tesque
Inc. (Kyoto, Japan) -
(2 )%= f&4E B »ik 40 & 7 R (HPLC)

B Ap k& 47 &R (L-7100)pE A Hitachi = 7 (Japan)
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B k- RS & 47 B (L-7450A) pEp Hitachi = & (Japan)
W& 4rirdler Tk EJ2 % (D-7000) pEA Hitachi 2 @ (Japan)
B T gk 47 4p ¢ 1L Develosil ODS-HG-5 (250x4.6 mm) ~
B Develosil ODS-HG-5 (250%x20 mm) ~ Develosil RP-Aqueous
B (250x4.6 mm) ~ Develosil RP-Aqueous (250x20 mm)3=Fd p
Nomura Chemicals = # (Japan)

(= )% 5 Bk 454 (EYELAN-1)p- i Rikkakikai(Tokyo, Japan)

(2 )% ob-7 B skex sk sk 2¥ % (U-2001)pEp Hitachi 2 @ (Japan)

(7 )42 3= % 3% th(VXR-300/51)
'H-NMR 12 300MHz ~ *C-NMR 12 75MHz | -

(5 )40TC RSB AR EB O F R AR
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(- ) w55

R EFEE 24372280557 BEME B R L1201

1 FBT B FETANEFIIC S B F Bk kSR L RE
RAEMBOIERDT L R o U gk Y R T BRFARREY
B % = ’é‘ﬁ;aul;}é:ﬁﬁ,}ﬁ»f{%#,F,fz,mr)é 2t kT T iy s

TR KK e BB A TA0C T S R R E SR R S

S

TEFMA O EPEAS G AT WA R Y o BEE LR
B E B2 W E AR he(B4-1)4F o P BB HLE LS (R ¥ iR
0o kA TR B kA FRAE% HAFRES T £

F 0 RE AL 53.36% i E AT 5 3.38%
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Verbena officinalis L.

l Ground; extracted with MeOH

MeOH extract

l Filtered and concentrated

Extracted with n-Hexane

|

v
n-Hexane extract

|

residues

Extracted with EtOAC
Filtered and concentrated \

EtOAcC extract

l

residues

Extracted with n-butanol

Filtered and concentrated

A 4

A 4

n-butanol extract

Water extract

Bl 4-1- 5 8LE L3 B2 Wi o

Fig. 4-1 The solvent extracts prepared from Verbena officinalis L.
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(2) kA2 g BmE
2§ RS % P (A O.A C., 1984) o #3F £ g chfe #1 %

EcHw P A E (W) o fEP 5 BLE b A &5 1g 2%~ 2
Y oo kTR (W) % r iR 1 10525 C 2 g ¥ s 2 /) i

ey o gtk P A FREAFEE (W) o £~ 4@ %30

Ao Bl et A g LE (We)e LR - A E T
i A A BHEZ L] Img FEE > TFRBLEFI K

W;—W
kA (9%) = 1 n 0
ks (%) Wi W, * 100%

Wo: =855 € (g)
W, @ &+ 425 (g)
Wy it E Bk s +253E (g)

(=) ®ps 7 £p % (total phenolic compounds determination)
J 72 Folin-Ciocalteu’s phenol reagent & fis 58 i* & 2. OH & & J& >
TAAD RREZ I R TARBIAE 735nm 2 kB o g Bk
EARR TG A A g BARS

% P& Julkunen-Titto (1985)2. = ;= » #-50uL # &% 7 k& 2
gallic acid % # % > 4c » 1ImL H,0 % 500uL Folin-Ciocalteu’s phenol
reagent > * 4 £ 32 & » £ 4 » 2.5mL 20% Na,COz > B £33 » *¢

TR TEYE 20464 UAKKERPIAE 735NM T 2R kE o ¥
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L 7y e Folin-Ciocalteu’s phenol reagent 2_ :#% % (T3 v ¥ PR
foo TR R(VHEET-1) 0 1k B Ap 2 gallicacid § £ 0 2 mg
gallic acid equivalent / g B #L¥ % B4 o
(=) &3¢ % fr 72 &8 2 (Flavonoid determination)
BRI R AP R ET VAR ST R S
P FHePIAE 415nm 2k fE 0 F ok BARE N A T F R B
CEf T EARTS o

% P8 A& (1996){c4£(2003) % 4 2.3 j2 » #-250uL # 5% # b kA&
2. quercetin =2 & > 4c » 10%A 42 1M figpade & S0pL > £ 4c >
14mL 3 33k >R &3 > R TFRA0 A48 A RER
¥pl & 415nm T 2Rk iE o ¥ bR U7 ﬂr el fidR 2 % TS
0O¥PR e o BT W R (e T7-2) 0 1R 4p ¥ 2 quercetin F £ -

2 mg quercetin equivalent / g B ¥ ¥ Z B4 o

()DPPH f o i %% it + o

%P Shimada et al.(1992)h 2 i =_» DPPH p & A kit 4 ¥
PORGEEALE B R il 4 % 4 pd e DPPH 3
AL L EHS L F o ML FALITIM T AR R K E 0 b
NE G TR 24 pE s FLf M4 § 4T 4 DPPH -

(2, 2-diphenyl-1-picylhydrazyl free radical) » & H 3= - B2Lp d e

66



DPPH » @ % # & 3 &1 DPPH (2, 2-diphenyl-1-picylhydrazyl) =3z ¢ &
o BRI EREZ M I dp gl R ET R AV o
T HETE s DPPH pod ghii 4 25833 < DPPH A o Fhijrh it 4 4

ST R AR

(Armoxldant)

N N_N
\

2 2-Diphenyl-1-picrylhydrazyl 2,2-Diphenyl-1=picrylhydrazyl
free radical (DPPHs) (DPPH)

B 4-2+ DPPH o sifrhit? 2 5 st -

Fig. 4-2 Reaction of scavenging activity on DPPH radical.

(=) #r% phssii# p) 2 (ferric thiocyanate assay)
RIL D g i CAERARG L EF PGS TEF L HY
FeCl, = /s i¢ Fe™'§ it & Fe™»Fe’' L &rai§ fiiea) & g unic d 41t
Lo T ARRIAE S00NM 2 Rk E 0 FR R EARE A AW AR
BRAXF o HF BN 4eT o

ROOH+Fe*" — RO » +OH +Fe**

Fe** +6 NH,SCN —> Fe(SCN)s* +6 NH*"

Fe(SCN)s>™ : red pigment complex at Amax 500 NM
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1. 1/30M PBS (phosphate buffer saline) %l #%
0.2M KH,PO,4 50mL ~ 0.2N NaOH 30mL % 2 =+ -k 100mL > 2 0.2N

NaOH 23 & pH 3 7.0 > =& 3 200mL # * o

2. I e ik (Linoleic acid) % #

Linoleic acid, approx. 60%.5 v § ~ BB Z4E 1 H B SR - B 2%
2mL dp A E Y G200 A R R Y o F RS B EATEAE W

s (1967)% g5 4 (1991)2. = j# » #-200uL & &(mg/mL) ~
a-tocopherol (mg/mL)% BHA (mg/mL) ~ 10mL 1.3%; Jprid & ® fi%i%
i% ~ 10mL 1/30M pH7.0 PBS 2 4.8mL 2 #t3 -k » ¥ > 2 4 E#)#L F

2 50mL = & 4875502 40C BSR4 F > #1524 | B~

NEFEI R BEW I LT o

Bedt b R AR 200pul 0 4 > 9.4mL 75%°F fE 0 £ & B4 »
200uL (38.8mg FeCl, « 4H,0 /10 mL 3.59% HCI)# it Iy 48 %
200uL(3g NH4SCN / 7TmL dist. H,O)5r § a4 R £353 » 33 BT &

3448 1Ak EHBIAE 500nm T 2osx sk E o

(=) #m+w3 v # Bl = (Trolox equivalent antioxidant capacity, TEAC)
12 : horseradish peroxidase ¢ it H,O, 2 ABTS ¥ &2 =

ABTS « "> p g2 hESd pd AP H > H & 734nm 3 &=
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v Sk g o iﬁ!,?ﬁ:r‘%ﬂ’ﬁ FiF van A o PR ABTS 7y ek i

ugogc;%fglﬁig,;Aag\,ﬁrqﬂi#—;bgﬂ,géﬂi@5@0 L E RN 4T

H,0, + ABTS % , 94,0 + ABTS:"

%P Miller(1993) 2 Arnao % * (1996)2. = ;£ - #-2,2’-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) ~ peroxidase ¥ H,0, %
£3553 @ B L ALER A W 5 100uM~4.4 unit/mL ¥ 50uM> >+ 30°C
Tk E Bl AR S S ABTS - T 4o ~ 250uL
s (mg/mL)% 7 ek B 2 trolox {8 & > R £33 » 538 T F i 10
Ads o T kR BRI RRIAE 734nm T 2wk (B o B (R W (v
& 7-3) 0 3 E Ap ¥ 2 trolox § £ 0 ™ pgtrolox equivalent/ mg 5 HL
FEBP LT o
(~) a-amylase Fr+]i%#* jp| 2_

%% Ali (2006) 2 & (2009) % 4 2. = ;£ F 4cig &7 > |* DNS £ § i
2 g D ERRE SR A BUOR T P Ak RT 3 B RS

K= -
HbJ m

ei7 5 (B 4-3) 0 #anikiplz ek AR 0.1mg/mL

(“1

B~ 40uL 4v »~ 160puL 2 #F -k 1.5mL #o 7;7 FPO0ORL(S A~
o-amylase = & 0.5%(w/v)2_ ¥ % % 400ul> £ 40 »~ 200pL (4U/mL)
2 o3 25CT F s 3 A 4Efs > p iR &P B0l 200uL 4 »

Fren 1.5mL gges ¢ 0 4e 2330 53IM R AR R s B A
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K BE & 4 7% 7% (3,5-dinitrosalicylic acid, DNS) 100uL > &-kig 85C™

v 15 24818 0 £ 40 »900ul 2 # oRGBIE A& 540nm T ek sk

7
T
, COOH ,
(Iun NO, | NH,
HCOH HCOH
| ; |
HOCH OH HOCH
l 4+ H( R + HO
HcoH Hlmﬂ
HOOH .
“(llm Hooc’ NO ' HOOC NO,
CHOH 4 CHOH 2
glucose DNS gluconic acid 3-amino-5nitro-salicyclic acid

Bl4-3~ F ML B F k-
Fig. 4-3 The coloration reaction of glucose.

FrdF 2 3B 3 N4

Fr4) & (%)=[1-(F & 2z sk E-F F eex sk im)/ir 4] 2k 7]x100%
A e EEAATHE S

B. il prA+A T+ A%

C. # # =:Buffer+ & F+% 24

(4 ) a-glucosidase 1] 1¥* jp| %_
%% Shim(2003) % +5(2008) % 4 2_ = i ¥ ff 4c 13 4F » gk 46 0] 2 %
Gk B Aol & (0.1mg/mL) » B~ 100pL #ipl4% &8 20pL 2

o-glucosidase f%% /% (1U/mL)* 15mL g g 4 ¢ > 52 e >
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380puL 0.53mM X 5 4-nitrophenyl-o-D-glucopyranoside (p-NPG)i%

e o3 3TCT F s 20 & 4818 0 4~ 500uL (0.1M) Na,COz v 4 iR

Lo RpEEA BRI EF B ek R H A400nm T ek k

BooompFlep i 01M miph ¥ R (pH6.8 )2~ X2k 0 £ F

R TG ERp ki G FBp o AR e p-NPGY

IRV i i

FralF 23t o SN e

Frd] & (%)=[1-(F %ok E-F § e sk &)/F2 4] ek sk E]x100%

AR 5% e EE+ A T+E g

Bzl prd +A 0 o

C.# # =:Buffer+ A F+% 2~ 4

() BELEHF 2 PEIRpE A AT A 2 F B g i
BILE 2 B e v ke fi kA FB 0 1T pEIRRE A Sl 1

% &g

i
*’—"‘\
>,

(w.

o BT @ E SRR RS SRR AT B
B2 RDPPHA o A48 RE 7 7 SR e R £ 0

FDPPHpA & fhiv 4« @ > B0 7 EB LT HRE 1 2 pEja

R irdl= A2 A5 BELE I T R R PP 2 dd N PEEEE F P =

b 2k B A AL AR Ao R]4-4 P o

1. BHLE & 7 A5 Bod XAD-7 i 4p & LA 47

i % XAD-7 % >v L3 4 41(700x 45 mm) » £ 45 sidg 1t d
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EBEFARE R A4 A L BEE T T B E B RIFT 3 BT R
TEHERE B E e kA Aok P AE(viv)=100:0~80:20
60:40-40:60~0:100~ / pr : " FR(v/v)=50 : 50 2 ;& & 73 & >
R A 300ML S B H o I K b AR R ke sk kR
do 0 WORIAE 280nm 2 Sk EAPT BAELIERIE T R A 0 @ (8 AR
3 Fadi2 2 PEJAEE R FralRIE R E R o4 DREE 2 E L
2. % - = Cosmosil 75 C13-OPN i 4p # +1k 17

i * Cosmosil 75 C1g-OPN %} £ v 3 »* gL 3§ - 41 (600%x24.5 mm) -
LRy PR EEEEARAEL WY LT BRSO R
FAC DREUBENZHPI LB LT T HETE  2FFH- =
Cosmosil 75 C15-OPN ;72 48 3 4/ 47 B i H i i 2 iz B Hok 1 7 5 (VIv)
=100:0-80:20-60:40~50:50~30:70~70:30 28 &% % >
AR E BOML S R H s F R m-T Ak kR R
WPl £ 201nm 2 Bk EHHIT B IERIE T R A 0 oM S B
4 2 pEfARE R FrAlRRERRIE B ARG 2B
3. % = =x Cosmosil 75 C13-OPN ;% 4p ¥ 4k 47

EIRRIR Y e = MR S I i (T BRI - S E U TR
AT % M#id» 5 HPLC » 471 » 2 HPLC & 47 B33 02 > 4R ¥
SARE O F R RS BRAVRSREL > GHEIRIFEED

BB 2 (7 % - =0 Cosmosil 75 C1g-OPN i 4p # +L.4 17 # * Cosmosil
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75 C1g-OPN %} 88 “o 515> L33 7 41(600%x24.5 mm) » £ #-2 5p 423 1+ |2
P AR EIHIA L B WY L O BRI RELS TR E SR
AT A okt LB T g TR A (7 % = =x Cosmosil 75 C15-OPN
AR E AT R RpiE kA Aok P AE(viv)=100:0+~95:05 -
90:10-85:15-80:20+~50:50 2 ;2 & ;2 # » i & 50mL

St B EH - Bl b AR-T Rk kG RFR 0 HpA £ 330nm
Z Bk BT RALITRIB TR A M S B4g 14 2 pEfREE E
FIREAG R E % 2 RSP 2 B o BB 0% 4 a 1T § 2T dp

& +7 & (high performance liquid chromatography, HPLC) 4 47 & = 4 o

4. B ik dn K AT A 4T
EL R U o (R BRI Y £ N i d Pt e A R R U

BOCRABRATREFT ® A A UA A B TR R T F 4 HEE
LA PEEEE* UG FURAPKAT EATILE AR B R
Ao A al a2 a3 ad~ab a6 @ S BgF L4 R R
FE R IrdlRGER R E T 2 RS 2 B B EPRE Y4 & pEfRpE
ZdrdlEEiRiE2z a-l-a3-ababEe BRAL VAR FRIFE
1% oot AT EATIC B A A S A > Bis B oA R 15 A 3
Witz S RFERL BT SHEET

B o A 4 it e
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(A-1)~ 43 Bt hts [BA4 a> H it H1-2-3-4.5]
¥ @ Develosil RP-Agueous (C30-UG)
(250x4.6 mm > p +~ Nomura = &)
ik T HO D MeOH @ = £ A e (viviv) =49.9:50:0.1
ot i 0.8 mL/min

R B 330 nm

(A-2)8 % A B etk [RAa~ @B HFF1.2-3-4-5]
¥ ot Develosil RP-Agueous (C30-UG)
(250x20 mm > p * Nomura = #)
¥k 1 H,0 ' MeOH & = 4 rpk (viviv) =49.9:50:0.1
e ik 0 3.5 mL/min

Wop 330 nm

5. b pe B2 B ER
'H-z2 BC-P & ('H-2 BC-NMR) &3] 3 4cif 4o

-5 1Y 2 4 5% methanol-d, ¢ > 2 VXR-300/51 &) ¥ & 3k & 2
% ('H-NMR 2 300MHz > BC-NMR 2 75MHz ) pl %> @ H H-
2 BC-NMR k3 o kzf247 1 0 £ 57 * 8 =# (chemical shift) » i

2 TMS( tetramethylsilane ) v § v s L 2L > s £ 7 H 404 (singlet) »
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d # o &% (doublet) > t % 77 = & (triplet) » q % 77 » &E
(quartet) > b % -+ &4 (broad ) > m % -+ % & s (multiplet) ; B

T Rk AT 0 AL R B

(L - ) st

FHRGEMTE LRI = £4F > 1T EE £ FF KL (Mean
+SD) %1 » & * Statistical Analysis System (SAS) 8.1 jxz_ st3i*
ke 7 % B &~ 7 (ANOVA) & Duncan’s multiple range test 4 47

R R F L R ARR o
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n-butanol extract

“E-Ej.:nznted by XAD-7 column chromatography

H2O 100 80 60 40 0 MeOH 30

MeOH 0 20 40 60 100Actone 30
FractonA B € D E F

| Antioxidation test - glycosidase inhibitory assays

Fraction C+D

4 Separated by 1‘J:u|!1St Cosmosl 73 C3-0FN column chromatography
HO 100 80 o0 50 30 70

MeOH 0 20 40 50 70 30
Fraction I I M v

+ Anfioxidation test + glycosidase inhibitory assays

Fraction 1+1

! Separated by the .f_"nd Cosmosil 75 Cis-0PN column chromatography
H2O 100 9 90 85 80 30
MeOH 0 5 10 15 20 50
Fraction abh «=— ¢ — de

Anfioxidation fest » glycosidase inhibitory assays
r

b

Fraction 3

+ Anfioxidation test + glycosidase inhibitory assays * Separated by HPLC

Fractiona-1 -~ a-3 -~ a-5 - a-6

l Separated by HFLC

Isolated component 1-5

Bl4-4~ BYLE T 7 5 Bdrdng (2 BEFRAE S ] A 2 iV AR o
Fig. 4-4 The isolation of antioxidant and glycosidase inhibitory components

from n-butanol extract of Verbena officinalis L.
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@

R

- S EBHY EBRP2AF

LI~

FEP R MAB7228 040 % Y FE B A A 20 L

>‘\\*

TERTERRETAGEF T F B kG R R B

A

RS Ear e L Be g R B Bl BEFRRE
Beo b2 A BTk L R TEF LD e e
LT RIF e RO 0 BRIRSFE 0 A F Ao A 51T o KR
EppAIRE  BREAFL336% i5F A5 5338%  Hx LT
BEPFBREAF Z232% st E A F 5233% a1 & =mEDPF K
51.85% 5 ¢ A % 51.86% 0 ¢ fic figiBE % o d A % ¢ 5 0.59% o
S | G- (RN N

IS A R (R CE RN R R O AR N A AR e 2
W€ &2 & 7 (Castelluccio etal., 1995 ; Kaltet al., 1999) -
Folin-Ciocalteu’s assay = — f& R iZ s * >t R B sg it &4 ™ 2
Folin-Ciocalteu’s phenol reagent ¥ i®* *tfiz 3 i* & 4= 545+ «H0OH

A>T A4 d F 8 FHEJ F &(ulkunen-Titto, 1985 ). » 5§ = 1 gallic

acid ¥ 5 &2 & » 3 8 4p4tgallic acidz. ¢ & o #-w 3 #/(L & %

N
-
N

N
bt

e LT fig BT R)EP R EREH A5 2 R A

%% (252) B S ME s BERFY 0 L BERS L 3
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|

%51 B EE w8302 ¥Bdh A 5

Table 5-1 Yields of the solvent extracts from Verbena officinalis L.

Extract weight(g)  wet weight  dry weight
yeild(%) yeild(%)
n-hexane 81.05 1.85 1.86
EtOAC 25.75 0.59 0.59
n-butanol 101.25 2.32 2.33
Water 147.11 3.36 3.38
Total 355.16 8.12 8.16

Sample wet weight: 4372.28g
Sample dry weight: 4350.41g

52 BHE LB RMEF LA S REEM s B

~

Table 5-2 The total polyphenol and total flavonoid contents of different
solvent extracts from Verbena officinalis L.

Extract  Total phenolic content Total flavonoid content

n-hexane 157.43 £3.07 9.66 10.35
EtOAc 234.57£2.16 16.4710.17
n-butanol 250291211 13.2810.15

Water 138.38%5.06 0.4120.03

*Total phenolic content : p g gallic acid equivalent,”uL Verbena officinalis L. extract
*Total flavonoid content : y g quercetin equivalent,”uL Verbena officinalis L. extract
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~ BEE LAAAMEIPF R E

peoy

A% fr (flavonoids) e i 6 2 8 > 5 303 5 5 % ~
kERP R AP RIEIEET T AR SRR I S L
Fo (B % 4 > 1996 ; 4 - 2003) - & F % riquercetin 1T 5 4R 5. 3 B
fndtquercetin 2 & o w BB (I L Y% s L fRC fig ~ I 7 E ~ oK)

Fhb o EEREIMC LS TR KFREF (452 B S

m

HECme iEPt L5 BB nRFimEE a0 7 BERH QY
R E RS o
T o~ B ELE R A B’&#&DPPHgd;}giuf«bx

AR ERARRIT BB A(T E E e e o R fig c 2T AR R)F
i 2 DPPHA o Bl 8% o 4 1 e 1 % B w 003 3 5
%éugmiﬁﬂﬁ§&%1W%DWHé@&ﬁiﬂﬁ&%,ﬂ%

% % 294.27% (RI5-1) -

B HLE B PP 2 BEfEREE S

j=q

R BT * hpEfREY £ ¢ 45 a-amylase % a-glucosidase = f& >
BELE T AR R E B 7 a-amylase pEE el Ao 4T 0 F %S 5 (R
5-2)EEn 7 R E Bt B 2 drdl S 18.25%; 4 T iR M E Bt i
7 a-glucosidase fi%x% #rd|4 47 > 7 %% % (B 5-3)~ &+ & ~ f% 5 B~

$ot Ed 2 3] 81.82% o
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100

A
B B =

— 8[’] -

=

=

& 60

2 D

i)

C

@

% 40 -

(&)

w

T

o

o

O 20

U T T T T T
MeOH n-hexane EtOAc n-butanaol Water
Extract

B 5-1+ 8 BLE & 485 P4 (1 mg/mL)2 DPPH f o shifrhic 4 -

Fig. 5-1 Scavenging activity of different solvent extracts at 1mg/mL level from
Verbena officinalis L. on DPPH radical. Bars represent means+SD, n=3. Means with
different letters are significant different (p<0.05) by Duncan’s multiple range test.

20

A
T
15
3‘3
S 10 - 5 '
S T =
= T D
£
E 1
5 -
0 T T T T T
MeOH n-hexane EtOAC n-butanol water
Extract

B15-2~ 5 8% 7 i3 A 554 (0.1mg/mL)$ o -amylase 2 #r4]5

Fig. 5-2 a -amylase inhibitory activity of different solvent extracts at 0.1mg/mL level
from Verbena officinalis L.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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100

A “
80 - T
B

— C
= 60 - T
f=4
= D
I 1
€40 -

20 -

0 . . .

MeOH n-hexane EtDAc n-butanaol Water
Extract

Bl 5-3 5 HLE 7 F 3 A 5 B4 (0.1mg/mL)¥fa-glucosudasez. #r+1] 5 o

Fig. 5-3 «a - glucosudase inhibitory activity of different solvent extracts at 0.1mg/mL
level from Verbena officinalis L. 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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GIRRE | S SRl R (IR (R U i Y el A R
1. XAD-7 % 48 ¢ 1k 47

SELE D 7O RBEBFIEA K L MR-T L Rk kRS 0 FIH
Pk £ 280nm B od S SofTiE o g B 280nm GorAp g Lk b B
2RIk £ o B K XAD-7 L 3t gl3g F 41(700 x 45 mm):i 7% 4p
Fhkdr o B RipiE kA E-k P AE(vv)=100:0~80:20-60 :
40~40:60~0:100~ 3 fF : @ fB(VV)=50: 50 2 ;& & ;3 & > ¥ %
e & 300mL B b H o TR A R-T Lk bk RF 0
Pl E 280NM 2 B Rk BT EFLITHE T RA > X6 B RA 0 B
6B HRAPEELELLZEALA-B-C-D-E~F(B54)-H&F4
4 5-3 977 o #-6 B % A 4+ i& 7 DPPH f d it 4 (B 5-6)% £i §
fedi2 (] 5-5)2 4§ i 1E4e iRl » % PEfRREF Prdl 17 % RIE(R 5-7)
FEE MRIFEBREEVAEEREF I BRLAFY O UE
A C2 %A DEG HREAEN > 5 HPLC A 718 d »0 2 B2 i

A LHAT R A o RPH S e piT 0 FMEEL CEZ DIRESEFY
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HzO0 100 80 60 40 0 MeOH 50

MeOH 0 20 40 60 100Actone 50

A B C D E F
400 CAJ -
350 u F
A / \A 1i\
i i ]\
i\ B | A A

12345678 01011121314151617181020212223242526272820303132333435363738304041
Tube no{each tube 300 ml)

BI5-4~ B 8E T 7 AR5 B 2 XAD-Ti 4p g Lk 47 8] o
Fig. 5-4 The XAD-7 column chromatogram of eluted fractions from n-butanol extract

of Verbena officinalis L.
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Table 5-3 Yields of fractions eluted from n-butanol extract of Verbena officinalis L.

by XAD-7 column chromatogram

Fraction Weight(g) Yield(%)?
A 42.29 41.77
B 5.49 5.42
C 17.88 17.67
D 16.32 16.12
E 3.18 3.14
F 0.08 0.07

®Sample weight : 101.25 g

83



2.5

2 - X ——A
£ / —=—B
S
n 1.5 - —e—C
=
1] i )
b=
-g 1 e £
o
2 ——F
<
05 | o —Tocopherol
BHA
0 . control

0 1 2 3 A 5 6

Incubation time(day)

B 5-5~ B 8LE i 7 fF 5 P4 (1mg/mL).g XAD-7 %Rk 4n ¢ A 47 & F R A
2 qny e
Fig. 5-5 Antioxidative activity of XAD-7 chromatography eluted fractions at 1mg/mL

level from n-butanol extract of Verbena officinalis L.by the ferric thiocyanate method.
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Fig. 5-6 DPPH radical scavenging activity of eluted fractions at 1mg/mL level from
n-butanol extract of Verbena officinalis L. by XAD-7 chromatography.Bars represent
meanszSD, n=3. Means with different letters are significant different (p<0.05) by

Duncan’s multiple range test.

84




100
d
, a T a a B o-amylase
T .
1 a—glucosidase
80 A ™
b
£ 60 - T
£ 40 |
20 A
AB
iA 5 AB i AB AB
U T i| i| T i| i|
A B c D E F
Fraction

Bl 5-7~ BELE 7 AR B4 5 XAD-7 % 49§ L4 47 % 4 47 (0.1mg/mL )z
a-amylase % q-glucosidase Fr#|iEE o
Fig. 5-7 a -amylase and « -glucosidase inhibitory activity of eluted fractions at

0.1mg/mL level from n-butanol extract of Verbena officinalis L. by XAD-7
chromatography.Bars represent means+SD, n=3. Means with different letters within

the same enzyme are significant different (p<0.05) by Duncan’s multiple range test.

85



2.5 8% 7 fEE B4 % A (C+D)2 % — =& Cosmosil 75 C15-OPN ;7% 4p
BT
dofe ik o B A (CHD)IR & i % A R IR L i ch - B ke
kK RFR 0 FIH AL 291nm B 3 &S ST 0w B 291nm
AR AT T GRILE o %t bR A CHD RSEH RITE
o3 Cosmosil 75 C1g-OPN 2. "3 88 L 33 - 41 "L 8%+ 9L 33 - 41.(600%24.5
mm) & {7 % — = Cosmosil 75 C1g-OPN i 4p # i/ 7 » 2 o 4% je i 2
B E-k:? F(viv)=100:0+80:20~60:40~50:50-~30:70-
70130 2R &3 A > e E BOmML Sdc B H o o &R
ke k2 R4FR 0 BIRAE 291nm z sk sk ¥ B FLITRE 7
FAOEBABELS CEBEAFRELELERAT T~V (B
5-8) » # & Fdrd 5-4 90T o Mgt 4R AETRIF 4 2 PEREY
F 4] (£ H&RI(B 5-9- B 5-10) > %L w12 % F i
Mo G HPLC £ 4718 » 3 % 4 2. HPLC & 47 B3 4F i - 48R 7 it
FFATP T TN EEL A BRATRFALSE A KIEE

£ &7 % = = Cosmosil 75 C15-OPN % 48 & L./ 17

86



H20 100 80 60 50 30 70

MeOII 0 20 40 50 70 30
I T W IV

0 I I m v

4000

3000

Absorbance at 291nm

2000

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94
Tube no (each tube S0ml)

Bl 5-8~ B¥E I~ fEE B4 F & (C+D)2 Cosmosil 75 C1g-OPN % 48 ¥ 1 & 7
%] o
Fig. 5-8 The first Cosmosil 75 C15-OPN chromatogram of eluted fractions from

fraction (C+D) of n-butanol extract of Verbena officinalis L.

# 5-4~ BHWLE 7 RS B4 R 4 (C+D)S5 % - =t Cosmosil 75 C15-OPN /% #p & +7
fsirRELSZLAL
Table 5-4 Yields of eluted fractions from fraction (C+D) from n-butanol extract of

Verbena officinalis L. by Cosmosil 75 C13-OPN chromatogram

Fraction Weight(g) Yield(%)?
I 14.00 40.92
il 3.39 9.9
il 3.6 10.52
v 1.96 5.73

*Sample weight (Fr.c+D) : 34.201 g
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Fig. 5-9 Trolox equivalent antioxidant capacity ( TEAC) of the first Cosmosil 75

C15-OPN eluted fractions at Img/mL level from fraction (C+D) of n-butanol extract of
Verbena officinalis L.Bars represent means+SD, n=3. Means with different letters are

significant different (p<0.05) by Duncan’s multiple range test.

88



100

a a
i e T B o-amylase
a [ e—glucosidase
80
T
= 60
=
(=]
= A
S
= 40 A
20 4 B B
U T T II II
I I I I\
Fraction

B 5-10 ~ B HL¥ & 7 i 5 B4 % 4 (C+D)5 % — = Cosmosil 75 C15-OPN i 4p #
47 ts & 3% A (0.1mg/mL )2 a-amylase % «-glucosidase Fr+]7& 1% o
Fig. 5-10 a -amylase and « -glucosidase inhibitory activities of the first Cosmosil 75
C15-OPN eluted fractions at 0.1mg/mL level from fraction (C+D) of n-butanol extract
of Verbena officinalis L.Bars represent means+SD, n=3. Means with different letters

within the same enzyme are significant different (p<0.05) by Duncan’s multiple range
test.
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Fig. 5-11 The secondary Cosmosil 75 C1g-OPN column chromatogram of eluted

fractions from fraction ( I + II') of n-butanol extract of Verbena officinalis L.

55 FHE I EBEBRS R A (L 4 1)5% - = Cosmosil 75 C1g-OPN % 48 &
iR BL2ZAF
Table 5-5 Yields of eluted fractions from fraction( I -+ II) from n-butanol extract of

Verbena officinalis L. by the secondary Cosmosil 75 C13-OPN column chromatogram

Fraction Weight(g) Yield(%)?
a 9.8 56.34
b 2.53 14.55
¢ 2.48 14.26
d 2.2 12.65
e 0.21 1.21

*Sample weight( Fr. I + II) : 17.3935¢g

91



20

18

— >

16 -

Hm

14 -

12 A

Ho

1.0 -

Ho

0.8 -

trolox equivalent(mg/mL)

06 -

04 -

02 -

00 T T T T T
a b c d -

Fraction

BIS-12 58I 1 7 524 % A (1 +1)5 % = = Cosmosil 75 C1-OPN /% 48 & 1
A7t & % A~ (1mg/mL )2 Sdes it 4 o trolox § € %91 ©

Fig. 5-12 Trolox equivalent (TEAC) of the secondary Cosmosil 75 C1g-OPN eluted
fractions at 1mg/mL level from fraction ( I + II) of n-butanol extract of Vlerbena

officinalis L.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. 5-13 « -amylase and « -glucosidase inhibitory activity of the second Cosmosil
75 C15-OPN eluted fractions at 0.1mg/mL level from fraction ( I + II) of n-butanol

extract of Verbena officinalis L.Bars represent means+SD, n=3. Means with different

letters within the same enzyme are significant different (p<0.05) by Duncan’s multiple
range test.
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Fig. 5-14 Analytical HPLC chromatogram of fraction a of n-butanol extract of
Verbena officinalis L.
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Fig. 5-15 Trolox equivalent antioxidant capacity (TEAC) of the HPLC eluted

fractions at 1mg/mL level from fraction a of n-butanol extract of Verbena officinalis L.
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 5-16 a -amylase and « -glucosidase inhibitory activity of the HPLC eluted

fractions at 0.1mg/mL level from fraction a of n-butanol extract of Verbena officinalis
L. Bars represent means+SD, n=3. Means with different letters within the same

enzyme are significant different (p<0.05) by Duncan’s multiple range test.
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Fig, 5-17 Analytical HPLC chromatogram of isolated component from a-1 fraction of

n-butanol extract of Verbena officinalis L.
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Fig. 5-18 Analytical HPLC chromatogram of isolated component from a-3 fraction of

n-butanol extract of Verbena officinalis L.
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Fig. 5-19 Analytical HPLC chromatogram of isolated component from a-5 fraction of

n-butanol extract of Verbena officinalis L.
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Fig. 5-20 Analytical HPLC chromatogram of isolated components from a-6 fraction

of n-butanol extract of Verbena officinalis L.
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Fig. 5-21 Analytical HPLC chromatogram of isolated component 1 from n-butanol

extract of Verbena officinalis L.
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Fig. 5-22 Analytical HPLC chromatogram of isolated component 2 from n-butanol

extract of Verbena officinalis L.
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Fig. 5-23 Analytical HPLC chromatogram of isolated component 3 from n-butanol

extract of Verbena officinalis L.
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Fig. 5-24 Analytical HPLC chromatogram of isolated component 4 from n-butanol

extract of Verbena officinalis L.
B b b4 T S
Column: Develosil RP-Aqueous
(250%4.6 mm)
Eluent: MeOH: H2O: TFA (v/v/v)
50:499:0.1

/ Flow rate: 0.8 mL/min

!

1.5

1.0
Detector: 330nm

Abscrbance (AU)

0.5

PR L i b L0 A S WP o

Retention Time (min)

B5-25 BHE B " BEPF @it 5 2 4 47AHPLC B -
Fig. 5-25 Analytical HPLC chromatogram of isolated component 5 from n-butanol

extract of Verbena officinalis L.

100



6.5 BLE I 7 R 5 Begp B B2

ST

BYHE LT EERLH LSS S BT UV, HZ

PC-NMRZ% LC-MS-MS;t {7 ‘S 2o & $Hp8 o Jgkfm \SHEF

RS isoverbascoside

o iz H % 1+ & 4~ (phenyl ethanoid glycosides) -
(1) ~ verbascoside (2) ~ eukovoside (3) -~ eukovoside isomer (4) %
B-hydroxyverbascoside (5) -
(%54»%@%1

R R L

d %t 4 572 (6047.00 mg) % 1 (14553
mg) i it B 4 5 Hz BC-NMR* 3 72 (4 5-6)
EA AN G - I DR

%56~ @it $ 512 22 'H2 ®C-NMR i* £ =# (ppm,CD;0D)
Table 5-6 *H and *C-NMR spectrum for the isolated component 1 and 2

Morety Carbon posifion I{verbascoside) 3 1{1zoverbascoside) B
HI HD
Aglycone 1 131.6 1314
2 6.69 (d.2) 117.2 6.68 (d2.1) 117.1
3 1462 146.1
4 144.7 1446
5 6.78 (d.8) 116.4 £.66 (d7.5) 116.3
& 6.56 (dd.2.8) 121.4 £.55 (dd.2.4.7.8) 1212
7 278 (ddd.3.5.7.14), 36.6 278 (m), 6.7
280 (ddd_3.7.14) 278 (m)
g 3.72 (ddd.6.5.7.8), 723 3.68 (mm), 722
4.04 (ddd.3, 5.5.8) 3.72 (m)
Glucose 1 437 (d.8) 1043 436 (48.1) 104.4
2 3.39 (dd.7.5, 2.5) 6.3 3.35 (m) 76.4
3 383 (£9.3) 81.7 1.81 (£.10.5.3) 782
4 493 (£9.5) 0.6 31.4-3.5 (m) 0.4
5 3.53 (m) 76.1 360 (m) 757
& 355 (m), 624 4.46 (m), 64.6
3.63 (4107 428 (m)
Caffeic acid I 127.7 127.6
2 7.06 (d.2) 1153 7.04 (d2.1) 115.0
3 146.9 146.7
4 1498 149.6
5 6.78 (d8) 116.6 6.76 (d8.1) 116.5
3 7.01 (dd 2 8) 1233 6.96 (4d.2.1.8.1) 123.1
T 7.59 (d.16) 148.1 7.59 (415.9) 1472
g 6.28 (d16) 114.8 626 (d15.9) 114.8
g 168.4 169.1
Phamnose 1 5.19 (d2) 103.1 5.17 (=) 102.7
2 3.93 (dd.2.3) 724 3.90 (m) 723
3 3.56 (dd.3.9.5) 70.5 3.56 (m) 704
4 330 (£9.5) 7310 1.5-3.8 (m) 7318
5 3.56 (m) 72.1 4.00 (m) 722
& 109 (d.6) 18.5 1.17 (d.6) 179
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2 rhamnosyl H-1 78+ L3 > §3.39- 6 4.937]  glucosyl 2 rhamnosyl
107 B+ A > 01.098] 2 rhamnosyl t ® ZL e s B @
glycosyl H-4e78 =+ j 2 j&€ 6 3.5 shift 6 4.9 » daip|4 + caffeoyl A B >
BC-NMR(®] 5-28 > % 5-6) > 7= % sriglucosyl A B % ¢ « » C-14%
phenyl ethanoxy » C-3#:_+ rhamnosyl » C-44: + caffeoyl AL @] » f i% iF
'H-'H COSY, 'H-'H NOESY, 'H-"*C HSQC,'H-"*C HMBC : i (data
Fm)fEire = Jgk s %t (Gomez-Aguirre et al., 2012) » % it = F2 ehig i

#-7_% verbascoside -
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Verbascosidez ¥ 2 i apit &4 » LJMI i & A o2 - » F7
% 4p fiverbascoside & 7 PP A eRE P PR ¥ E Mok g o) HiE B
doenfew (¢ Pk P AR R g 7 0 2008) o ¥ b B Edp )
verbascoside 7% 1.60x 10k & ¥ e 53 v pho> v 0 B 42 Le ] B
BE R RAE R e g > @ B 2 lwie F)S 5 PR R IEF (Tang
etal.,2008) o ¢ 48 ¢hF % ¢ 4 ;M ¢k Svverbascosiderzg F & F Frala o] 4F
FEZ i TP hn | FEEREKRT FILEF Lt 4everbascoside
FEF F #rdld - BRELH (ADP) ~ 124 w3 BR (AA) F o o] 35 7% 1 A
slA= et § 1% (Campo et al.,2012) - H # #7 7 7= 3 Hverbascoside &

247 engg 1Y ¢ (Cardinali A etal. 2012) -
1.0

0.8

0.6+

Abs

0.4+
0.2+

0.0+

T I I |
200 300 400 500 600
Wavelength (nm)

BI5-26 BHLE X" HBEBRLHILLE 2 250 -7 Lk ko

Fig. 5-26 UV-visible spectrum for the isolated component 2 from n-butanol extract of
Verbena officinalis L.
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SAMPLE DEC. & VT
date May 4 2012 dfrq 300.066
solvent CD30D dn H1
file xp dpwr 30
ACQUISITION dof o
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 n
bs a PROCESSING
tpwr 57 wtfile
pw 525 proc ft
dl 1.000 fn 65536
tof 723.5 math 2
nt a
ct a4 werr =@
alock n  wexp o &
gain not used wbs °
LAGS wnt o e
il n
in n
dp Y
hs nn
DISPLAY
sp -600.0
wp 4800.8
vs 75
sc o
wcC 250 .
hzmm 5.10
s 500.00
rfil 600.0
rfp o <= ~
th 8 3:’;32:
ins 100.000 S o R
nm cdc ph lm Lmo,;
Ll
~ s
- o
=y i
w = w© = -
~ 8o, | B w2 =
ce~e3 - & s e e ™
Hn S N~ A L - T 5w ®
FEN~Te g IS i © 3 B
~ o~ ] < e b ot
[ == ] 2
o~
S e e S S e o me S e N A B S S D B S S S N S I S B SR S S S S N B S S S B S S S S (N A S T T T T
13 12 11 10 9 8 7 6 S a 2l -0 =1 ppm
ey [ S S P — oy ST Ry R L (R (DR
2.26 9.38 3.04 3.73 6.9518 .66 9.48
5.34 3.24 4.01 10.9516 .01 6.95

B 5-27 ~ B HLE 0 7 fFE Bge b g 2 2 THp R R R o

Fig. 5-27 *HNMR spectrum for the isolated component 2 from n-butanol extract of Verbena officinalis L.
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SAMPLE DEC. & VT
date May 3 2012 dfrq 300.066
solvent CD30D dn H1
file sexport/home/~ dpwr a1
vnmrl/vnmrsys/data~ dof o
/mei/1-3-C.fid dm Yyy
ACQUISITION dmm w
sfrq 75.460 dmf 7407
tn c13 dseq e g =
at 0.886 dres 1.0 RBwe > =
np 32768 homo n @ a3 =
sw 18484 .3 PROCESSING 2~ o
fb 10200 1b 1.00 ~ J =
bs 4 wtfile i
tpwr S5 proc £t =
pw 6.2 fn 65536 ~ =
dl 2.000 math £ R e
tof 654.9 A
nt 16384 werr -
ct 16384 wexp |
alock n  wbs
gain not used wnt
FLAGS
il - n
in n
dp
hs nn
DISPLAY
sp -1051.6
wp 18484 .3
vs 106
sc 0
wc 250 ] &5 =
hzmm 73.94 vy o
is 500.00 e <
rfil azas .7 - *
rfp 3697 .1 -
th 13 Sl < o i
ins 100.000 ~ -~ R AT b
nm ph = = S o =
- =
el LLLY »
w "L o N — -
- e = = 2ESo32 24 =
e 9 P — & S W e =] N~ s ] 2
o o P~ oo - - hr= S ~
2 o [~ - o
- goses K\ 30027 L S e T =
2 T N -
= L
n uuL __LJuuL \
7*r—r1—r—r1—v—v—1r-y—v—v—rﬁfhxrrTﬁﬁ—1—v—|—rr7ﬁ—rr—r—vﬁfvvv|;...y|.'.||';.y|.vy.|..-rvrwvn.,.v-.,...'v‘y—rﬁﬁ—r—qu—v—r—[—v—frr—'—r—r—r—v—rv-r.|.vvv]svv.].'y...
220 200 180 160 140 120 100 80 60 40 20 0 ppm

Bl 528 BHE " mERHS 52 2 BC-pasfr L Hm o
Fig. 5-28 *C-NMR spectrum for the isolated component 2 from n-butanol extract of Verbena officinalis L.
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6-2 it Fl 2 HHET

(0]
R (o]
(0]
HO HO o 0O 2 OH
OH
gle OH
(o) OH
HO
HO OH
rham

UV A max (MeOH) nm: 290,330
Formula : CyoH36015

MW : 624
Bl RS 4 B&B % 0 d UV-visible 3 (@ 5-29)

A max (MeOH) 245, 290, 335 nm » £ @ it 4= 52 I $ & 7+ ¥ B K band
2 B band i pex d ¥ o d "H-NMR:k 2% (%) 5-30 > % 5-6) » 7 &7

B H2 RARIT e A2 B A 0 R i glucosyl A E
# . > # + phenyl ethanoxyl, rhamnosyl % caffeoyl % A @ > & ¢ *H-'H
COSY, 'H-'H NOESY, 'H-*C HSQC,lH-13C HMBC 3 (data & & m.)f2
e /glc vt 4+(Gomez-Aguirre et al., 2012) » = it 5 F2 b

caffeoyl 2 B 7 ¥_4% A glucosyl C-4> @ & 4 A4 C-6 shisoverbascoside -
Cardinali A et al. (2012)# 7 ¥ 3 isoverbascoside £ 2 4F chfiz 1t
BT RLE R R A4 @S¢ o Tang ¥ 4 (2008) 1 MTT
0 BLE T Ik R chisoverbascoside $F -] B Bk TR AR Kk fn e 3 e
e 58, % % &g ¢ isoverbascoside v iRLE | BB R K n e e e
isoverbascoside 7 1.60x10°mol-L™ k& = & mmre B3 v pE o T AR

1’1],;9: : hﬁi\/[k m”arﬂi\gm o E‘JFEQ%EF_B‘E » ¥ ”P%'Jki‘:ﬁ% }%’
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MGc80-3 w® 4 £ % i$ = MGc80-3 “w® the4 it (Chenetal
2002) - MG¢80-3 “w#z & 20 umol/L 3% i 4 isoverbascoside &2 is >

% 4 LW A Mo T E T 0 4 R gl it 57.80 -

=t
ol

MGc80-3 w*z chE |+ £ A » £ 3 PR o it i (3 5% >
1995) - HL-60 w## & 5umol/L #| & 7 isoverbascoside &I 15 » wmre 4

LR FXPro 4 EPrdFiE ] 345% (Wang T-J et al.,1999) -

1.0
0.8+

0.6

Abs

0.4-
0.2+

0.0

T T T |
200 300 400 500 600
Wavelength (nm)

B 529 BHE I " BERFBFH 1L 250 -7 A kLo
Fig. 5-29 UV-visible spectrum for the isolated component 1 from n-butanol extract of
Verbena officinalis L.
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date May 21 2012 dfrg 300.066
solvent CD30D dn H1
file exp dpwr 30
ACQUISITION dof 0
sfrq 300.067 dm nnn
tn H1 dmm [
at 3.413 dmf 200 .
np 32768 dseq «
sw 4800.8 dres 1.0 h
fb 2600 homo &
bs a PROCESSING
tpwr 57 wtfile
PWw .5 proc ft
d1 1.000 fn 65536
tof 723.5 math f
nt 128
ct 128 werr
alock n  wexp
gai not used wbs
LAG wnt
il n
in n
dp Y
hs nn
DISPLAY
sp -601.8
wp 4800.8
vs 152
sc 0
wce 250 <
hzmm 5.07 =S
is 500.00 o+ ™
rfl 1582.0 D&
rfp 990.2 l\l\L
th 3
ins 00.000
nm cdc
=
=3
2
S
by o
~
» 3
o~
2| o -
= | = - >~
- | © o o
< . > .
- o ﬁL‘j
- L MLJMJLA A S
e e | e e T s e e T P R (R s T LR e e [ e s P P b FEOA T T 7 T
13 12 i 10 8 7 S 4 3 1 -0 =1 ppm
I R e L
5.258.B3.65 14 .84 14.92
4.67926.13 -5

530 B¥F L mBERSGLHTLIL HPRERLHR -
Fig. 5-30 *H -NMR spectrum for the isolated component 1 from n-butanol extract of Verbena officinalis L.
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1-6-2
=]
exp2 stdl3c X
SAMPLE DEC. & VT 222
date Apr 18 2012 dfrq 300.066
solvent CD30D n H1
file xp dpwr a1
ACQUISITION dof o
sfrq 75.460 dm yYvyy
tn c1i3 dmm w
at 0.886 dmf 7407
np 32768 dseq
sw 18484.3 dres 1.0
b 10200 homo n
bs a PROCESSING
tpwr 55 1 1.00
Ppw 8.2 wtfile
d1 2.000 proc ft
tof 654.9 fn 65536
nt - 16384 math g 2
ct 16384 2
alock werr w S
gain not used wexp e -
LAGS whbs = B2
il n  wnt -
in n
dp &
hs nn
DISPLAY
sp -1043.1
wp 18484.3
vs 188
sc
wcC 250
hzmm 73.94
is 500.00
| o 4740 .2
rfp 3697 .1
th 16
ins 100.000
nm ph 5
528
~eNe® < o RSvo o
=
2,4 o Og89Z =g aESa2g%ssy
= ~ Vs b= S oN oW
G = - & - WEE: < s RS e
e S 22 S < C - =23 L1 ~
S - = 8g = b~ 3 S = % ] =3 =
g BET=S %= = g 5 & 5 2
< - 3 = - o wn
= w
= e -
P [ R O S| 1R L I ] ] 1 J1 1 L
LIS G0 o . AR R 70 N S I A I 1) R P O T S [ . S O O N B U O T e s (B R P S s S 7 [ R S e 2 [ 7 T ) i e S TR s 7, R, R Y A S e ) [ S e v T [ O
220 200 180 160 140 120 100 380 60 40 20 0 pPpm

Bl 531 BHMIY I " mEBRFHHT 12 BCrmspLin-

Fig. 5-31 *C-NMR spectrum for the isolated component 1 from n-butanol extract of Verbena officinalis
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6-3 it F3 2 BHET

B it 4 B3 . eukovoside

OH

UV A max (MeOH) nm: 245, 290,325
Formula : C30H35045

MW: 638

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

1.09 (rha CHa, d, J=6.3 Hz), 2.77 (agl H-7, m), 3.83 (fer OCHg, s), 3.03,
4.94 (glc, rha, 10 protons), 4.34 (glc H-1, d, J=8.1 Hz), 4.91 (agl H-7, d,
m), 5.17 (rha H-1, d, J=1.5Hz), 6.28 (fer H-8’, d, J=15.9 Hz), 6.53 (agl
H-6,dd, J=1.8, 8.1 Hz), 7.03 (fer H-2’, d, J=1.8 Hz), 7.55 (fer H-7, d,
J=15.9 Hz).

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

18.4 (rha C-6), 36.5 (agl C-7), 56.4 (fer OCHj, s), 62.4 (glc C-6), 70.9
(rha C-4), 72.0 (rha C-3), 72.3 (rha C-5), 73.8 (rha C-4), 76.0 (glc C-5),
76.3 (glc C-2), 81.5 (glc C-3), 102.9 (rha C-1), 104.4 (glc C-1), 111.7 (fer
C-8), 115.1 (fer C-2"), 116.3 (agl C-5), 116.5 (fer C-57), 117.1 (agl C-2),
121.2 (agl C-6), 124.3 (fer C-6"), 127.6 (fer C-1°), 131.4 (agl C-1), 144.6
(agl C-4), 146.1 (agl C-3), 147.9 (fer C-3°), 149.3 (fer C-7°), 150.8 (fer
C-4%), 168.2 (fer —OC=0).

Bt E3 L9 4k UV-visiblek ¥ (B 5-32) 4 max: 245,
290,325nmAg 5+ ¥ % + K band %2 B band 3 #erx % > BC-NMR & 2
(Bl 5-34)gr it 5 Fl fv2 - o Apit > vi- § L R ehE ARG -
phenyl OCHj » ]yt Fiip] B 47 & riglucosyl A ® 5 ¢~ » &C-1-
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C-3°C-4 i=% &+ phenylethanoxy > rhamnosyl 2 feruloyl:»

eukovoside.

1.0
0.8+

0.6

Abs

0.4
0.2

0.0

l l l |
200 300 400 500 600
Wavelength (nm)

BI5-32 BHLE & 7 R E B v T 3 2 K0k 7 kR .
Fig. 5-32 UV-visible spectrum for the isolated component 3 from n-butanol extract of

Verbena officinalis L.
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SAMPLE DEC. & VT
date Apr 27 2012 dfrgq 300.066
solvent CD30D dn H1
file exp dpwr 30
ACQUISITION dof o
sfrq 300.067 dm nnn
tn H1 dmm c
at 3.413 dmf 200 o
np 32768 dseq - o
sw 4800.8 dres 1.0 a2
fb 2600 homo ™ o
bs PROCESSING
tpwr 57 wtfile
pw 5.5 proc ft
dl 1.000 fn 65536
tof 723.5 math f
nt 256
ct 200 werr
alock n wexp
gain not used whs
FLAGS wnt
il n ~
in n ~J o
dp y 23
hs . nn 2w oo
DISPLAY T
sp -601.5 L
wp 4800.8
vs 127
sc 0
wcC 250
hzmm 19.20
is 500.00
rfil 1591.7
rfp 990.2
th 7 —
ins 100.000 2
nm cdc ph s: o
- o
==
o)
o D =
a Seba :gg_g ae
NO®R® oo, 5 S ol|d 0oy
2nEge g 8 < -
w ®. . -
s % |
~
] { \
L o e (e B et ey o e s ) K e G P T T e e ) G O R e ) e B R S S B R B e e P T T T =
13 12 11 10 7 S 4 3 : B -0 =1 ppm
e e C
1.98 22 .00 a4.57 26.01 .22
3.75 1.34 3.32 34.02 5.57

533 HEL " WBERSSCH T I HPBELIREER -
Fig. 5-33 *H-NMR spectrum for the isolated component 3 from n-butanol extract of Verbena officinalis L.
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rTeTe N O O vga
exp3 stdl3c 2258 XER
N o oo @ ¢ wo
SAMPLE DEC. & VT ~r~r~® s F <
date Apr 27 2012 dfrq 300.066 J :J i
solvent CD30D dn H1 = ]
file exp dpwr 41
ACQUISITION dof 0
sfrq 75.460 dm Yyy
tn ci13 dmm w
at 0.886 dmf 7407
np 32768 dseq
sw 18484.3 dres 1.0
fb 10200 homo n
bs a PROCESSING
tpwr 55 1b 1.00
pw 6.2 wtfile
d1 2.000 proc ft
tof 654.9 fn 65536 o~
nt 16384 math f © <
ct 16384 © -
alock n  werr 2
gain not used wexp = J
FLAGS wbs
il n  wnt
in n
dp . Yy
hs nn
DISPLAY
sp -1044.3
wp 18484.3
vs 169
scC
wc 250
hzmm 3.94 ~ .
is 500.00 B
rfil 4741.4 .
rfp 3697.1 =
th s
ins 100.000 |\
nm ph
-
BB < Sowo - ~
Mo ey~ A NENERNn I i v J w
25823 8RS gN83 =28 o=k = m.
- ST SaNSS-"d8s . So anRRERd = =3 -
3 255S3 255 53 SS LY L g
E {J LLL J ( o S : s
2 -
=1
‘ ]
|
| LU IR I TR [ WY ¥ |
L o e e s e e L e e e e S e e S SRS B s e LA e e L B L L O
220 200 180 160 140 120 100 80 60 40 20 0 ppm

B534- 38EL " MEBSS ST 32 PC-PBLIREHER -
Fig. 5-34 **C-NMR spectrum for the isolated component 3 from n-butanol extract of Verbena officinalis L.
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6-4 Wit f 4 2 R ET

\,L..

pie OH \/\CE OH

rll..nrl

UV A max (MeOH) nm: 245, 290,325

Formula : C3oH35015

MW: 638

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

1.09 (rha CHa, d, J=6.3 Hz), 2.77 (agl H-7, m), 3.83 (fer OCHg, s), 3.03,
4.94 (glc, rha, 10 protons), 4.34 (glc H-1, d, J=8.1 Hz), 4.91 (agl H-7, d,
m), 5.17 (rha H-1, d, J=1.5Hz), 6.28 (fer H-8’, d, J=15.9 Hz), 6.53 (agl
H-6,dd, J=1.8, 8.1 Hz), 7.03 (fer H-2’, d, J=1.8 Hz), 7.55 (fer H-7, d,
J=15.9 Hz).

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

18.4 (rha C-6), 36.5 (agl C-7), 56.4 (fer OCH, s), 62.4 (glc C-6), 70.9
(rha C-4), 72.0 (rha C-3), 72.3 (rha C-5), 73.8 (rha C-4), 76.0 (glc C-5),
76.3 (glc C-2), 81.5 (glc C-3), 102.9 (rha C-1), 104.4 (glc C-1), 111.7 (fer
C-8”), 115.1 (fer C-2"), 116.3 (agl C-5), 116.5 (fer C-5"), 117.1 (agl C-2),
121.2 (agl C-6), 124.3 (fer C-6"), 127.6 (fer C-17), 131.4 (agl C-1), 144.6
(agl C-4), 146.1 (agl C-3), 147.9 (fer C-3), 149.3 (fer C-7"), 150.8 (fer
C-4%), 168.2 (fer —OC=0).

o i EE R b > R THE PC-NMR 3 F3A 5y o o
pevs 7 gLip] 5] 'H-NMR 6 3.88 » 2 ®C-NMR § 56.42 rjk 3t » f347 %
phenyl OCHz 7= % g3t » 31 iRl it 3 7 4 chigdg 5
eukovoside isomer o
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1.0

0.8+

0.6

Abs

0.4
0.2+

0.0

I I I |
200 300 400 500 600
Wavelength (nm)

BI5-35~ BHLE & 7 Y B i 4 2k — v Lk k.
Fig. 5-35 UV-visible spectrum for the isolated component 4 from n-butanol extract of

Verbena officinalis L.
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1-6-4 |
exp6 stdlh \
SAMPLE DEC. & VT |
date Mar 27 2012 dfrg 300.066
solvent CD30D dn H1
file /export/home/~ dpwr 30
vamri/vnmrsys/data~ dof
/mei/1-6-4.fid dm nnn
ACQUISITION dmm
sfrg 300.067 dmf 200 i PR | I
tn H1 dseq - o232
at 3.413 dres 1.0 o b o A |
np 32768 homo n e @ o o ofled
sw 4800.8 PROCESSING L L LWl
fb 2600 wtfile —
bs a4 proc ft
tpwr 57 fn 65536
pwW 5.5 math f
d1 1.000
tof 723.5 werr
nt 16 wexp
ct 16 wbs
alock n wnt
gain not used
FLAGS
il n P
in n =
dp .
hs nn ™
DISPLAY
sp -601.3
wp 4800.8
vs 1138
sc 0
wec 250
hzmm a.aa o
is 500.00 s
rfl 1591.6 = e
rfp 990.2 =
th 13 | = -
ins 100.000 1 =
nm cdc ph 4 L
<
z |/
< B
| “ -
l Y
| ‘ U
( ‘
f ‘
I \ ‘
| 1 |
l \ \
\
. 1/
M oI A A AN A -
v —— — —— ——————r— T T T 7 — T
13 12 11 10 7 6 5 a 3 2 1
. L e s 4 [ g e by - s
3.98 a.vasx3.a2 3.90 16.786.94 12.31
3.8a.25.41 3.986 7.27 7.48 10.69

B536 FHEL T HBERLS LT 42 HPREREFR -
Fig. 5-36 *H-NMR spectrum for the isolated component 4 from n-butanol extract of \erbena officinalis L
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1-6-4

=
exp2 stdl3c s
SAMPLE DEC. & VT -
date Apr 13 2012 dfrag 300.066
solvent cD30D dn H1 S | =
file exp dpwr a1 o~ —
ACQUISITION dof 0 o =
sfraq 75.460 dm yyy 2 |
tn c13 dmm w |
at 0.886 dmf 7407 S|
np 32768 dsegq =
sw 18484.3 dres 1.0
fb 10200 homo n
bs a PROCESSING
tpwr 55 1b 1.00
pw 6.2 wtfile
d1 2.000 proc ft
tof 654.9 fn 65536
nt 16384 math f
ct 16384
alock werr
gain not used wexp
FLAGS wbs
i n wnt
in n
dp b4
hs o nn
DISPLAY o
sp -1043.7 2 o~
wp 18484.3 w @2
vs 139 o -
sc 0 = =
we 250 L ]
hzmm 73.94 ~— 0
is 500.00
rfl 4740.8
rfp 3697.1
th 6
ins 100.000
nm ph
o ©
>
= =
1 3
w e S m oy
S3€872823 =3 g < !
P aatmen 83 2 2 S !
o =35 w > < e, - 3 e ey
- - VDBV <o < o
- — - = p=a=1 o — b=
g 2 LLLA9S 5 i, g 2
~ = e = - < ~
=5 o p 1% &=
1 1A P ¥ A J A ) )
T S o o vl‘T*lvﬁv1v1|vlnl|111|||v|v'yr!vv|v|vlﬁ"""!‘ﬂ—'"vﬁﬁ—lﬁ—!*1'v"‘r"r’l‘—rvy'!!v:]||"|’|||;‘v|'r'x|\|;lI!‘Y—]—!r'!|ﬁv|*ﬁ‘ﬂ‘r
220 200 180 160 140 120 100 80 60 a0 20 1} ppm

537 38HEL " HMEBPL ST L2 PCPBLIREHER -
Fig. 5-37 **C-NMR spectrum for the isolated component 4 from n-butanol extract of Verbena officinalis L.
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6-5 WM it 5 2 BHEE
0
2o OH
° O OH
HO ‘3 OH
HO
HO

OH

UV A max (MeOH) nm: 245, 290,335 nm
Formula : CogH36015

MW: 640
'H-NMR(300MHz, methanol-d,): &

1.09 (rha CHs, d, J=6.3 Hz), 3.30-4.94 (glc, rha, 10 protons), 4.37 (gic
H-1, d, J=8 Hz), 4.91 (agl H-7, m), 5.19 (rha H-1, d, J=2 Hz), 6.28 (caf
H-8’, d, J=16 Hz), 6.56 (agl H-6,d d, J=2.1, 8.1 Hz), 6.69 (agl H-5, d,
J=8.1 Hz), 6.78 (caf H-5, d, J=8.1 Hz), 7.01 (caf H-6’, d d, J=2.1, 8.1
Hz), 7.06 (caf H-2’, d, J=2 Hz), 7.59 (caf H-7, d, J=16 Hz).

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

17.8 (rha C-6), 62.4 (glc C-6), 70.0 (rha C-4), 70.4 (glc C-4), 72.2 (rha
C-5), 72.3 (rha C-2), 72.4 (rha C-4), 73.9 (glc C-5), 75.4 (glc C-2), 75.7
(glc C-3), 83.9 (agl C-7), 102.7 (rha C-1), 104.4 (glc C-1), 75.4 (glc C-2),
114.8 (caf C-8°), 115.0 (caf C-27), 116.3 (glc C-5), 116.5 (caf C-5),
117.1 (aglc C-3), 121.2 (agl C-6), 123.1 (caf C-6), 127.6 (caf C-1), 131.4
(agl C-1), 144.6 (agl C-4), 146.1 (agl C-3), 146.7 (caf C-3), 147.2 (caf
C-7°), 149.6 (caf C-4"), 169.1 (caf C-9").

Wit 4 5 & 3 UV-visible(® 5-38), ‘H-NMR(® 5-40),
PC-NMR(F] 5-39) % #mr s it 4 7 1 fB4piT > vi- «hi B &
'"H-NMR & 2 5 4.91(aglycone H-7) » *C-NMR %z + & 83.9(aglycone
C-T) = /F*Je(Gomez-Aguirre etal,, 2012)» ¥ it 4= 57 5 e Ednipl &
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Fig. 5-38 UV-visible spectrum for the isolated component 5 from n-butanol extract of
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Table 5-7 Yields of five isolated components from n-butanol extract of Verbena

officinalis L.

Isolated components z £(mg) 2 % (%)
isoverbascoside 145.53 0.0033
verbascoside 6047.00 0.1390
eukovoside 48.29 0.0011
eukovoside isomer 19.03 0.0004
5 -hydroxyverbascoside 100.47 0.0023

 sample dry weight: 4250.41g
0.25
A
T
0.20 4
% B
%ﬁ 0.15 4 -‘V C
) C 1
X -
-?u-: 010 + _ll:_)
g
g 0.05 4
0.00 T T T T T
1 2 3 4 f

|solated components

BIS5-41~ B 8L &~ [ X B4 % it 5 5 (0.5 mg/mL )2 & 472F i 4 rtroloxy & %

I ©

Fig. 5-41 Trolox equivalent antioxidant capacity (TEAC) of the isolated components
at 0.5 mg/mL level from n-butanol extract of Verbena officinalis L.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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Fig. 5-42 a-amylase and a-glucosidase inhibitory activity of isolated components at
0.1mg/mL level from n-butanol extract of Verbena officinalis L. Bars represent

meanszSD, n=3. Means with different letters within the same enzyme are significant

different (p<0.05) by Duncan’s multiple range test.
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