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Abstract

Diabetes are related to the insufficient insulin secretion or missing role
related to the formation of the high blood sugar to the body produces too
much and cause oxidation active oxygen pressure rise and related
complications to occur, the oxidation material for active oxygen-caused
disease-control plays an important role. The currency of the enzyme role
not only in the human body digestion, such as diabetes and metabolic
diseases many monetary-enzyme in the a-amylase and a-glucosidase
enzyme is the most important Charter. Verbena officinalis L., also known
as iron horse whip, has been proved to have antioxidant, anti-
inflammatory, neuroprotective, analgesic, antifungal and other
physiological functions, the laboratory has been from Verbena n-butanol
extract as isoverbascoside (1) ~ verbascoside (2) ~ eukovoside (3) ~
eukovoside isomer (4) and /5 -hydroxyverbascoside (5), But Verbena
officinalis L. Is not a kind of edible plant, which is not conducive to the
development of health foods. The main purpose of this study is to study
the effects of Verbena officinalis L. and Edible homologous Aloysia
triphylla , Analysis and comparison of its antioxidant and glycolytic
enzyme inhibitory active ingredients. The two species of Verbena were
extracted by hot water (2 kg of hay / 100 L of water) and extracted by
ultrasonic wave for 30 min, respectively. The crude extract was subjected
to XAD-7 and ODS column chromatography, and then analyzed and
prepared by HPLC. Finally, the antioxidant and glycoenzymes inhibitory
active components were analyzed and compared by LC / MS / MS and
'H-NMR spectra. The results showed that the antioxidative activity of
total extract, total flavonoids, total antioxidant, DPPH and anti-glycolysis
a-glucosidase inhibitory activity of Aloysia triphylla extract was
significantly higher than that of Verbena officinalis, a-amylase inhibitory
activity No significant difference. Under the wavelength of 280nm,
XAD-7 column chromatography region, Verbena officinalis distinguish |
~V Division, Aloysia triphylla distinguish | ~ VI Division, and in
Verbena officinalis 11 Division and Aloysia triphylla IV Division, its
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antioxidant activity and anti-glycolytic enzymes were significantly higher
than other divisions; Aloysia triphylla 1V of its antioxidant activity of
total phenols, total flavonoids, total antioxidant capacity, DPPH
Inhibition rate and a-glucosidase inhibitory activity were significantly
higher than Verbena officinalis Division III, a-amylase inhibitory activity
was not significantly different. The above distinction and the use of ODS
column chromatography for further separation, the current known activity
fell on the distinction between the first and Il Division; and continue by
HPLC, LC/ MS / MS and *H-NMR spectral analysis, The main purified
substances of Aloysia triphylla with antioxidant and inhibit the role of
enzymes saccharifying enzyme were identified as isoverbascoside (1)
verbascoside (2) ~ eukovoside (3) ~ eukovoside isomer (4) and ferulic
acid (5), caffeic acid (6) ; and Verbena also separated the above 1 ~ 6.
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AR & W (carrageenin) #7dh -k BLEIRFE G PR e
oo ¥ EARS ##éﬁ;’%pl X2 RJGF b EFedlresk » B8N
iT* (Calvo, 2006) - 5 ¥L% 509 ? fit 2 % 7 % B3 $43+12-0O-

tetradecanoylphorbol acetate (TPA) %% | &2 &% L » &3 L%



M4 (Calvoetal.,1998) - & ¥ ¥ 7 fe 5 B4 U 2 RiRfh = § (VR 5B
oA FE SR F LI R B RRA - F RS
B $r % 14 B 47 (Speroni et al., 2007) -
2. ipF T

5 WIS F PP A - RPIRBE R K LR K S R
A% L FRTRIATY > SEMTBSEIES Z5FE 5 mEs
EEEE = A B S R £ ﬁ%ﬁrﬁkf L H e “%ﬁ(De Martino et al.,
2009) - 4B W E 2 fl fofo? FEE B G D FIEF 0 @ B I
9 o g eneteeifig 2L T 4 $5 (caffeoylderivatives) ¥ Penicillium
expansum % Rhizopus stolonifer = &2 R 2 & &5 fr4] it *
(Casanovaet al., 2008) - 4 & ¥L3 ¥ cug§ ik * & 2 LB 1L
Toi < 1A d 2 305 e d T8 A S e S g Rt H Ao
¥z 3k i G0 F B 1© & 4~ (Hernandez et al., 2000) -
3. EEA v

BB I RS T A FE MY RA S L SR B R B s
Tod A= g R s fE o A F Al Rk TR o SRR R
2: 5 (Lai et al., 2006) » & LY 5 54 7 j d MEK/ERK{-PI3K/AKti4
JEH e PCl2mre @ A g 4 £ FIE(NGF) /i % cngh R mbe b

(Phan et al., 2014)



4, FiF i iEw
45 8% 3 :FHPLC-DAD4rLC-MSens 47 » % = 1 = 7};@}%’5-{;{,—, fit
e LTI A e AT > T Mo I F Ry
71+ (Rehechoetal., 2011) - B & B S WML 2 kEH n HEFHR L d
% L B (CCla) 328 M A4 5 2 ~ B3P catalase (CAT) -
glutathione peroxidase (GPx) ~ superoxide dismutase (SOD) % w3 i %
% 2. & (L. Funes et al., 2009) - 4% 5 ¥L¥ -} 5 3 i iEHPLC-DAD-
ESIMSE % 814 & £ 4 A¥F % > d b WHnt 8Ty & ¥
P& a97% > B By S E HE@ME AREY
3icH ¥4 ol Ty BT P o §BER L o S b
T EF A A IS B R 5 H % Trolox (F G R4 5
DPPHzEZ > 7 7 A ¥ ehig i 52 (Biliaetal., 2008) - 41 * 42
Apes > e kR 570% gt 2140 (g/mL) Az #5500

W BB B70°C > AR prfF204 48 0 5 B4 5 B > 4% % B3 o7 48

et

BELE St A feded AT pd RS Y S

e

;%L 1953

g

% 4§ i“ 12 (BIANetal,, 2013) - 455 X ¥ B b L fE A o

=+
T~

-

%Y CDPPH-~ &% t%H ~- 3 t 5 pd A% 7 &g%‘mlﬁ-uﬁgg’?

A 432 Fg 1 E M (Shimetal., 2010) -



5. (RAF{T#

MBI RS s e & PRGEFE RIS < B FE K
i 3 GOT (glutamic oxaloacetic transaminase, #%7% 2 fk 3 fis pk i 7%
A& f*) % GPT (glutamic pyruvic transaminase, 4=\ ps ik fs #& i<
AEE) A iE . a < KL A FRE 2 TR E § 23
o BT Rl REBEFMHIR S ASEHME LTS 2 (1.00/kg
bw.) & f il e Rl REFRBFHE L P F 2 R MR Y
T8 T REEHRAIEY GPx - CAT2 SOD % yud itz % 2 8
fhoo FlptAk s < BUE HLE OKE DT R F R A TR T g G
BE A T E R VA FEFE TR AR 0 R

2_»x % (M > 2009) o

6. I EpEM 1T *

I < Blr JRS ME FH 4 E S 8 (hastatoside) % 3
WEH (verbenalin) 8 58 "t & 47 » 3 IR * hastatoside %
erbenalin 5 ~ &3 v 7 2L PoiE PR B PR N PERT > B9 | PF R
FHpj€_23.00 1 08.00 -] pF A w3 4c 7 819 % 4295 - % F hastatoside
% verbenalin & & % ¥ it § E 3 in B AR 0 A AT { Fi&-

FRigE g ooxy B aA g p 2 ME o 2 & >4 (Makinoetal.,



2009) -
7. FrgicH

WEME KEPY hy e gt &4 2 aDHD/K12/PROb
< B R e feHCT-116 4 3% SUl o e (5 72/ PR 1S 2
IC50 8 & ¥ M>*20ug/ mL » £ #r4|H e i * (Encalada et al., 2015) - ,
B BLE X P50 a0 B E PR HepG-2 e eiE 4 g HepG-2 fm e
/%= ¥ B ¥ % % Caspase-3 - Caspase-9 - Apaf-13-v fiz,"# Survivin -
BOfF 0 @ AR B B 34 H e B = ¥ it 22 3 3 Caspase-3 - Caspase-9 -
GOEEAREEN G (2 8 0 2017) c BB HLE HBH T A E R D AR
L R IAR 72 BB T % g o e e TR ] 5 N R R 0t £ ek
B 3 4o iR B X o B 72h ~ 40mg/miF £ edrd] P A o Frd) S
65% ; i3t imPe R PLE R BT IR F ) A G2IME) 2 P S 0 B HL
FEPP 4 4 R L g ARG e 3 50§ AR R iR (3R E 0 2004) -
MGCB80-3 ’m?# 520umol/L % #AFiF it Flisoverbascoside /&2 is »
mie A EW B JIEEE TR BHEREL 2 K F
57.8% - L% % % % PP isoverbascoside jedZhimPe 5 %RV BT E
AR P AR S o BRI R TR R
BHL A we koo MRS R FRF R - WP X Ry VA

5 8L ¢ enisoverbascoside % 1 MGC80-3 ‘m*s ek A& e > £ 5

-8-



P OAE g WA L % (2% > 1995) « HL-60 im* ‘= Sumol/L #| & th
isoverbascoside A2 is » w2 R EFXIr o 4 Edrd|FE 1345

% ° ¥HL-60 me cngh Hoo v (7% frimie & 1+ B % »c % (Wang et

al.,1999)



RSB
(-) REFSHI2 A

B2 ~ & ¥5 & 8.3 (Aloysia triphylla)
Fig. 2 Aloysia triphylla.
RIFSOE(F2) 5 SO 3 &2 5 A s > i ¥ 530~

80cm o % bW AL K AT AGTFAS o FH A 0 P2 T EF]A 0 K

oo SHIFEN R WG 2 RS - R TR
RANFMER S BEEFE YA BTGl R E
moohR G L TEAKR LS H SRR RS SES 172
E’f’)/]\%%OFEFGNSE ’%EF?Nllg oi ﬂ}d’é\ﬂ?’}\‘i,

Boe AP~ TER R T e iR R e ekt (0

-10-



£) F MR EA o (B EFE 2012

(=) R¥HFE Y2 B8t

RIFS I & @it 55 B fei o £ 0 24 > f0k
o R OTIRRM R SRS R R R ¥ B s
NIRRT 2T RS AR DIEY S F R R b AR
PRAR > TG FAER 0 XD NS o 2 f 3 7 i o (B b

£ » 2012)

() RFIHE 22 BER
1. Fug o~ 4ig5 5%

& Ak Wistar + BUi& ¥ 8 L% -k 354~ (1000mg/kg) 2t 1) pF > Adx
TR o % Rl F R T ARFS M RS ek 4
g T 2ege (10mg/kg) Ap% 0 B 4P % 4 ¥ (Veisi et

., 2016) - FOWMEY M- FE B P (L& 45
BCH) BEFE A Rk (DSS) F ¥+ (%5 L2y

e s (Felgines et al., 2014) -

2. F] ~ A
BB B 5P A48 ¢h 8% pH 5.0 $0.019% s P 4T 4% A&

-11-



FREAEY > 2 AP REHRES ) R0.01%‘%FES MY Z4 > ] &
§¢ 2 da R AR E e R AR % °F 1< (Ohno et al., 2003) - 10%2 8 5.5
HE MRS RE AP AE 257 FEHE B BELeE
ek 2 & 1: A8 FFr4 0 F2 2 & (Wilkinson & Cavanagh, 2005)
RS MM < S FodnpEi Ry kR RE () &
F3Ep o AR FRDL L FEFTE S L0.05%(Linetal., 2016) o #-
200pL & & 4 § § IR FR TR A N Rfh 638 F & £20-30g-) B A

o TR T RFEME O EEPTR LT o B8 | R

3. FuE LT
18 5 WL 7k 5 40 :FHPLC-DAD-ESI-MS%® 7.1 4 & i & %
EFP F2pae | o @b i 8% L Bi- 3 (verbascoside) » & ¥

Fe97% 0 BER TGP R E C SR E ST AR

whe TN

eSS R R E §EWERTLFos FEERTAS > LS
TR AE MEM S TS EE RSP E ¥ Trolox ' 5 R85
IDPPH: &S > 7+ 7 B ¥ chdid (L 54 (Biliaetal., 2008) - & #7 5 #L

FEPREER D o 3R Y Fuf Uik Ak ekps (GSH) it

-12 -



<

e 2 J“F% P X 3§ 1 R 2 92 (Carrera-Quintanar et al., 2012) o
FEOWMEIAA 2 fF s T BRSPS 3F T HFRAS BRGNS
FRFHAADPPHE o AGrr S 2 g s o 2ok U RES
HLE P RS Bde 2 Fii i 5B i (Choupani et al., 2014) - 8 7 5 L
FEPHAFR S T RES | %S 9205 (3 g ¢ fimt 2
F Yo T ScdRg (B E ek Pka § 1 fF(glutathione
peroxidase)f-zx # 4 *~ & J fi=(glutathione reductase) 3+ |2 (Lorena
Funesetal., 2011) - & 5 5 ¥L% ¥ fig % B~4» = DPPHp d 257 inf R
(2,2'-diphenyl-1-picrylhydrazyl) ~ ORAC:#% (oxgen radical
absorbance capacity ) - 45:B R * #F% (FRAP) frdgs it 1543 p

d A LK/T‘ PEk o A kg Fendg i 514 (Georgiey et al., 2011) o

AHE RS B %R le e 1R(Caco-2)3 R IS MY R X5 0 B 5

F_&

A om Caco-2:77% 75 5 4+ [l & 46.95%~59.71% » ¥ Caco-2:im¥z F # i
i fesub G1Ep » 3R e $him 2 B2~ GLEP B (7. LR N DA AR
#Caco-24_w /&= B (HfrE > 2010) - 5 ¥LE ¢ 2 8 ¥ E(3,7-
= P £R-2,6-% = Gi-1-fE) v s g w5 ¢ chcaspase-3 i R

JE 0 16 B e 4w %= (Dudai et al., 2005) - & #5 5 83 £ 5B

-13-



B &AW (NCI-HA60) » * MTTR 202 2 & * H# P9 Hic
e DR B A 24 PR (S > IC500d £ prlE R R G 1~
50ug/ mL » & ¥ rjg vz gz Y R A d 2 T L BB NCI-HA60 J dm

¢ 2_ %= (Vanajothi et al., 2012) -

5. #r il B piT #

BRFSOY? B MY F7 0 KB EFMA S FE ] K2 =
faHwfig 0 X2 A 45 1HF (ROS) 1RAR gk imPe SR M T
12 2 AMPjcis 30 s (AMPK) e »2ig (> &8 % + 2 PPAR-0
MRNAZ T1 2 BF % 7 ® By infk & fe comRNAZ 7. 0 & 5.8 33 7
2. 5 BLE H 5 p reskw Mg Kk (Herranz-Lopez et al., 2015) = 1§ 47 5 it

¥ 5 P4 (500mg /%) 0 & FE MBMMHEE 2+ BRE ok

4

B~ o Bk X PRk Fg R B AT 2k A R o R 4k (Boix-
Castejon et al., 2016)
6. Ll g IT*

RS MY 2 K554 & % 4 4 (carboxybenzene):f 2 /| &
I BRI L 33k ¢ (Elevated plus-maze » EPM) 4 g i85 1
2T W LPpERGERE Y RIFRFY 2L Bk ERF AR

DFLE o~ R L Z g BL3e (% (Razavi etal., 2017) o 18 ¥ 5 #LE



o VEREFH S Ao d L FRBEE NI A > T
FOURERIRSE RS LR e i o h ek d B R R

£ % (Junior et al., 2015) -

7. A AT

& 5.5 83 ¢ = & citrodora(i@ 7 1) 7 14 & F "% 1<H202 (100
9% > 0.00Img/ ml) feB-Jik#s #k d=v (X50% > 0.0lmg/ml) ¥ % 2
A g A e cng b T8 H3 AChE(e fetdkfigfis)F el (8% o
citrodora(## #5 1%) & 7 # 5 £ 2 i® * (Abuhamdah & Mohammed,
2014) - 8 #% B BLE ¢ s A £ 1537 (verbascoside) ¥ 48 ¢ ¢ fip it
i fin 75 (AChE) fo= fit"adkfiafis (BChe) 2§ #r4{i 1 » &7 o)

24 el R 1F % (Georgiey et al., 2011)

-15-



N

19105 frd § A TN Bop AR A FE LR

!

E o AR 104 3 e 7 A.3% i Ao B (7 s 2 A 1190 sest
i, 2016) o A A A AR PFEA O 0 v R AR T A Y
BEHREE > Y R AR L O R Fa05% 1 o
MR RN N E - RARIN LN B SR - RN - el L ol A R
L R P oy F pE(Sahetal., 2016) Jf%fjl),%é,—‘gf K,ért € F18 =
B 34 v FpETe (8% (glycation)?; 2 pEit Fv FF pd A A4
o ¥ - SR seny A %185 LA 4 pd A (Jagdale etal.,
2016) > B % p @ AT g FAR M R ) i AT B R
FfE g it sldesg e Fop ~ BRI ALY £ (Diano & Horvath,
2010) » p o FaB i dp G Tl 0 R TR RE S E 0 5B
T £ % op (Jefferson et al., 2008) « 1 FF F o4 b gk B pE (T ¥
FRAMIY > FRLTER RIS T EREFANER
P i oo

1395 2016 # % R4 7k 2 ¢ (American Diabetes Association,

ADA)# T2 > ¥ jgd 1737 3R T e B AR

-16 -



1. @it % ¢ % (glycated hemoglobin, AIC)
kSRR ? L 2 (HDALC) e 40t > 7 itk i
W3 - FlZ B0 e R

Z - - ﬁ%‘.@ v & %
Table 1 glycated hemoglobin , AIC

L 4 /| #+5.79

(Association, 2017)
WhomT | 5.7%3164%

VR 6,504 11 2. % e #EiE (fasting

plasma glucose, FPG)

GRRIGEF ZAL P8 PRERFIES W § AF R R -

EINY T

Table 2 fasting plasma glucose, FPG

s % el
gk /]->+100mg / dl
W s w0 3P 100mg / dl x 125mg / dI
W 126mg / dlrz *

(Association, 2017)
3. ¥ & gt 25 (oral glucose tolerance Test, OGTT)

RS ELS > AT AR R {8 cha o] PRNORE LAY

¢ g



2z~ § AR LR
Table 3 oral glucose tolerance Test, OGTT

S 8 vIRY A E FE% (OGTT)
¥ /| %+140mg / dI

W o e 140mg / dl 2 199mg / dI

¥ Pk 200mg / dlrz

(Association, 2017)

(- )*% § % (Insulin)

b 2 E - B0 Wicd o d SRR R Bl A B oS
£ 55808 fi % o %R b A B HEd ANBA iFrrdar g o L R
A G 1146211 "o fh fik - Bahij 15630 B ik it » 4 267851 B ek
faie= o 3¢ A7 (Cys) -B7 (Cys) ~ A20 (Cys) -B19 (Cys) = B
Lok g pa? engifha) A i FakE > R A BA Az koo gt HA
487 A6 (Cys) 27A11 (Cys) 2 B4 5 fe— B aidE o 4 a5y 5
AR £ o s RS Il BT 0 O AR R
Rep f? P FHBECLFE RN ZEERLBEF IR
B o FIM W% & ARy ¢ ET T AN £ R 2 &4

(Mayer et al., 2007) -
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1.3 6 % (7%
h R E GRS & (RR p’%:{"ﬂ_‘f)&féiml E’%{'ﬁ;‘%,_};{gﬂ;
R o T E e 2 BEAT P R R AR E R F LR

A& ¢ 2 — (Strachan, 2003)

(1) & prag & 3
o F o UE 2 B SR R E (o o TR e
LR TG R M AREIE R o B G o HET MR E TR
o e R P ER T LR s Sk 2 3 Itk o
FoFapt Rk E 2 Sl Y ERLBE 3 5 FRETHE
B RUREAUL P Bl alAe AR S B 2T h e AP e (75
EEOF B T ERF LR T AR F o # o ¥ (de

Bodo & Altzuler, 1956) -

(2 &7

L B R MGEAFRE L 2 PR hREL o RS EE IR me pT g o
b 2Tt T o ginimiza L & 8D B Rl o L ARIGEY
g R LR R i SRR
Moo PR B o W AR H W 2 g 0 BRI R Y s

PF o 0% G B B v R R o R D R R enA R o Sh B R Ak S

-19-



2= ﬂ{;ﬁ?%ﬂﬁf&é&f}\'?’b ) Eg]sjag,\ﬁ;igfgg vom P B o e Py AR B
SRR F I A N A TREF CEARA L IR 7 A e

TOER R 0 2 IkG AR S ALY 4 o (Saltiel & Kahn, 2001)

(3)+4 & Fv B2 NP

hhE - Do R R R o gy Feng o - 2
G Frdl Fd Fens o Fla § fIBtA L o R Y Kk iR oo
FeaiEr > Qg ok e Rmd ko TP 02 K

koL 4 F 72 745 ek 2 — - (Rasmussen et al., 2006)

Amino [nsulin
Glucose acids receptor

[ Glucose 7

[Erigiyceride® — LFFA
[Glycolysis/oxidation]

Bl= ~ %5 &2 B3 -

Fig. 3 The regulation of metabolism by insulin.
(Saltiel & Kahn, 2001)
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2.5 § % fnve R & 2 BB IE

%
A
e
e
b
5
3
<

IR
=
o
*
-+

LR Y Blam e &k 4 B 2 (Matschinsky,
1990) - %% § # ,‘f’gr} w R EiEE > B mre b gL &% B (Insulin
receptors, IR)% & » H 2 &2 (6> ¥ p FiE At B H ~ >
FE U BARL 1 IRA B2 250k & sl AL ) B (insulin receptor
substrates, IRS) 2% » % IRS-1% IRS-2gkps i pF » & £ PI3-Kinase =«
H ~p85i-v 2% £& » ¢ PIBKE& = PIP3 » 3 ¥ fx# ™ 5Akt (Protein
kinase B,PKB) » aPKC (a-typical protein kinase C) 5.1t » & & T 7| -
WP RIS E AL F B DAk B F B RBT B T 2
v Feng S s BRAEEVEEenE & Rl AT AT4 5 F (Saltiel and

Kahn, 2001) -

-21-



.‘
!1' ]_f ' ( Insulin/IGF-1

Glucose

receptors

‘ . |
a
peeeee®edd
ARRBAANIHAN fl
) J’ : “ : l(‘ \‘|‘ " “' rl‘l’

Glucose ok LR
wransport | P IRS.3__-PSHE

<— Akl aPKC -(pe—

AR TR VN

MAP kinase
1

pr0=* Pf1 §SK3 ¥
Ay Y D%" growth General gene
tiatl pressi
Glucose metabolism RSIENEEE, - on
Glycogen/lipid/protein synthesis
Specific gene expression

-22-



3% § & rEuft

% E % rgﬁﬁrf,@% A b imie s vop dm e foiy v hm e
FEEY > ATl e TR F L ZFERA R E 2 AL
Bl o tefnbpimie N o WL PR R FARSWRTE K 0 B
i b Z Pafig vk fEdeid o ARG L KPP T R oA
BAFwmrE o R EBEA TR AR R B ER
B oo h Rl B FRAeR R L R o £ 5 RR% 2

Wk~ R B T2 B R CHEE £ G ® o (Weyer et al., 2001)

(= 9 Ficpi 2 4R

- A¥E F g ( Type | diabetes mellitus )

- f8 A 48 4 % 7 g (autoimmune disease) o p #8 & 7 7 A
KR LR TR LR L I R R
o ¥k g & LB dm¥e (pancreatic beta cells) i® 1) sz 8 & A&
T e BRI T D G R ESPE L R o BT F - AR &
o FREAASLLAREEI b o AR PPER 1 F RE
ARSI LRI ERER menE I R F] o R AR ¢}ﬁsﬁﬂj i:
1% (genetic factors) 4=k 3 F]Z (environmental factors) i 4 )ﬁa% i

’ﬁl’ﬁé@ﬁ’!o“‘*"ﬂ-}%f}}%mﬁ HA A2 friREfgand & 4 >

-23-



S LR R R R T B TSR R L

M i ¢ AR % o (Eisenbarth, 2005)

2.% = A% s (Type | diabetes mellitus )

40 Fepsatps 055 G RFE R R o N % 2 AR F E o
%= AR FE A § F 7L (obesity), & . & (hypertension),§ = %
(high levels of blood lipids) % 7 5 o FIIR i ¥ & 45 4 7 3 g
= AR R E ke BT A o 5 F R H il ¥ A
AL Rk % 0 R F A DR A 4 7 0§ £ e (insulin
resistance) L %P e # 5y 4 (B cell dysfunction) » #7i2 > £ 48 %
G AR R LG F o B 2 AlEACT G S e ORA S 3 i
FoARE RO R R RFH 2T e il
¢ 457 Jk % (fatigue), & (nausea) s % fk (frequent urination) ~ % &
(unusual thirst) ~ & (weightloss) ~ 44 = *% (blurred vision) ~ % % g
Z (frequent infections)f= 4 v ﬁ;‘{i'ﬁ-«‘}}-‘g‘.‘] (slow healing of wounds or

sores) - (Edelman, 1998)

3. 44 AI#E o (Gestational diabetes mellitus » GDM )

GARZ D MR EATE R AE R A Ao A H2-3R 24 o ¥

-24-



Fatrd e Al oLk (CFRER) AR ER ER
PEZ R E o PR NS S F T o R ASTE i E L €@ 5 M
B oo AIMAPRFLFNIL AL FR BT AT

Feg kR - L L BB Honhf 3 LAY 2 0 %

Rind

Behien RO AR 2EFTY 0 B L EER DL Y B
Bl 235 RBERE o P @ G e maniida 1 o @
ERARE T IR o SR A o R e T

$HE 4R 24~28 % etk s - BHIKP S RIS TS
JPE S vORTSQE FARIR RS 0 RIET O CIRBEEL 2 PP
BEE o TR - A BT ATE T AR 2 DL IR AR A

A SR IR O R iR

Table. 4 Screening for and diagnosis of gestational diabetes mellitus

FPG(Z " s 48 16) 92mg/dI(5.1mmol/L)

PRAE 15 1ho 48 & 180mg/d1(10.0mmol/L)

P 15 2 1B 153mg/dI(8.5mmol/L)

(American Diabetes Association, ADA, 2017)
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4.8 @ B A8 AR (Other specific types of diabetes mellitus )

Ry TERBAREE & Tng 2R &1 (Insulin
Administration ) ; ¢ #73 & B > § 0L PR ET w24 bk
FRBRERA RO D Blder 5% G F (F* JL Fl4k (genetic
defects in insulin action) ~ Bim & 74 i X Fl4% K=(genetic defects of B-
cell) ~ P 4 i (Endocrinopathies) ~ ¢4 it 3% 5§ 5. o5 (diseases of the
exocrine pancreas) ~ % 1= & i & %% (drug-or chemical-induced) ~ g %
(infections ) ~ ® % A & & 19%@};5 e H 1 1§ i@ E % 3 (other genetic
syndromes sometimesassociated with diabetes) ~ 7 & % 2/ ;% end. & 4

i ﬁﬁvﬁ%ﬁwﬁa(uncommon forms of immune-mediated diabetes) & 51 4=

¥ FiJp o (Association, 2014)

(2 R : o3 lde 2 B4

W 7 F g Boldear S AR AR A L A
RS Sl VO ENE T A R VS ER S F A
T) ABRREEES T AR ARE RS o (AR )

B L & e B B 2 R
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AN Ve ER EL

Table 5 The major complication of Diabetes

{E BT 33 ® % « /R (Hypertension)
® i< n & (Hypoglucoremia)
® & "% A i (Artersclerosis)

® [z Jr(Sepsis)

A R RE R ® i Fi s 14 i (Diabetic
Cystopathy)

® AR R B %
(DiabeticOculopathy)

® H vk % (Diabetic

Neuropathy)
o5 A2 B 5 ® Tk iF + (RenalFailure)
® % % (NephroticSyndrome)
® it fic + Ji (Ketoacidosis)
® 3 AER BRI Sk
JE (Ketoacidotic Coma)
® tpk 3 Jx(Latic Acidosis)
A ® &7 (Bed Scores)

® ik =k (Cellulitis)
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® 4/ A K o % (Diabetic
Dermopathy)

(Chang-Chen et al., 2008)

FoA N MR A

Table 6 Complications of Diabetes Acute Illness

EEE SR

ﬁiéﬁj&

31

¥ s b ik o
diabetic ketoacidosis(DKA)

Tk KB A AR S R

kSR KFeE R s A R
P2 PSS B R R R o
e s R RS PR i

oo -

B RSB ER AR

hyperglycemic hyperosmolar
nonketotic coma(HHNK)

S S HEF A F S B

PR SIS LK B
Wm G M R S R~
H L H B pAote Y b~ o

HEfTRZLE o

M
hypoglycemia

IS SRR AR LR L

R AR E R R
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R AR R S R A

mEREY S BAEK ISR

;g o
FURPL o PR R S g RS RAR s M
lactic acidosis e,

(Chang-Chen et al., 2008)

EREN %J%fj\)ﬁafflrilz’%ﬁiliﬂ* °

Table 7 Complications of diabetes chronic disease

AR

W P AR e B % fepd=dp > E Rk PRART F IR
diabetic retinopathy £ ORI Z B AR
i HARFEE - T3 % 0P &

fSARA BB o A I A

};]’Jo
%@%ui?%% %@@@ﬁ%ﬂi%ﬁﬂé%

diabetic macroangiopathy P RAERY B L b A ER
! d ’ Z <

EiaR QLR R I SN SN e
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W d & 77T sk %HTLE\?JXE’_

% oom sl moE o

BT T
diabetic nephropathy

THY FEITR UL
TR AR L F 6T

FIFEE o FRTpA

3

GRS ESRD A AL

A
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diabetic dermopathy

VAR § i 4l T
Moo R ampE s B AR
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FEAORAKSLER IR

B A HEERER R

(Chang-Chen et al., 2008)

(= )# B 2 ik (treatment of diabetes)

ABENSFK DNV L LEBER KO EL LR A ER
%%%&viﬂ{%é%%ﬁﬁ%ﬁ@ﬁiﬁkhuﬁﬁ°§@%
o= e g ForE T AMPK(AMP-activated protein kinase)
pathway 22 » #&_i# GLUT4(Glucose transporter 4)#% & ‘w84 m > i8_
it 7 & o Jg(Fryeretal., 2002) - @ 2 » AMPK pathway ¥ 3¢ i@ <
- S0 % 5 & K lpchm e ST enis | 3 2 dp ke o Bt g8

¥ AR Y AR o tt s P j - BEAICAR - T R
e ek o KB EGLUTA # 1w o KR H FHE» ww o
AE LR R 0 AR P g R A AL A ARGl
IR w e % F IR o s gt B A2 in R B
fel i &G 100G AR o 20 R L EER o 3L Ehn

.‘}%‘ o
%

154 5 & i5%

B % g% £ 1 @sih | & (regular insulin) ~ ¢ 2k g
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% (NPH insulin) ~ ~ #87% & 2 (human insulin) ~ 7 2% & % (pork
insulin) ~ 2 A% £ % (beef insulin) ~ insulin lispro human ~ pre-mixed

insulin -

2.7 JREEFr 5y
(1)m: o 2isg % 47 (Sulphonylureas » SU)

SU™ w B &2 84 5 MGRIEHIL E B2 A0 > 3w 4esp
B 4 B DA g 2 F o F P e SU i
2R E BB o A RS BE AL B (Bl-Type 1
DM) RISUjpk 2313 4 prene SUN ¥ #rd]% & alw e & 82 ks
% (glucagons) > s> MFpE2- fF 41 > 3 2ets g E e s (Larsen et

al., 2001) - SU7Z e &% 5egdt iv% (1% 8 & 2 Frd| B A~

N

) oW TR BRI 2 M ¢ dE LA L R 2 AT
RR oSUT E i+ L 2 2 ® (receptor) 2 3 & 18% 2 2 &
fo ie% » 7nw F|H g5 pEZ R0 g ¥ non-esterified fatty acid
(NEFA > 2brg it rompe ) JER @ B 4ot | 2 2. 338 1% (Nauck
etal., 1993) - SU {jci% § fmve o b § %2 8 1 4B w3

F- #SUEX ® (140kDa) » v ¥ i ZATP-izdg i M4map 3 3

F_*

oy eh- ALY - e e far T dg ) o - LSU
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BSU X BRLEUE > 18 T3y | MP > i B lwie

PR 0 ez D Lk Fla fTB O et 2 TS

Wi | o ATEES P lwre th R MmN o B4 T w2 4T AR > B

2% E F 2 3pkAa B B e ¢b(Krauter etal., 2001) -

Table 8 Sulphonylureas, SU

#1 i £ P
i i e o= S Dimelor-
(Acetohexamide ) A G /O Lilly
\ﬂ/©r i
O
?OE AT UK Orinase-
O
(Tolbutamide) O\\S/p J_L Upjohn
H H
3R e 00 0 Dia}binese
(Carbutamide) \\S’/ J_L -Pfizer
\rq PJ’/\\\///
H H
Cl
¥ 70 e iR 00 O Glurenorm-
(Gliquidone) o S\N)LN/E j Boehringer
0 N HoH Mannheim
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¥ 7 A 4 Diamicron-
(Gliclazide) 0,0 j\ /ﬁ Servier
S\ /N
N N
H H
ikl ks 60 O Minidiab-
(Glipizide) 4 )L_/E:;]menmm
0 N N :
/\HJ\ /\/@ H H Glibenese-
N| = H Pfizer
/K¢
7] AP o Euglucon-
i i 00 .
(Glibenclamide) - Wl /O Boehringer
o O N7 N .
/v©/ H H Mannheim
ﬁ Daonil-
Hoechst
cl

(2) B

@ 2 1 (Biguanides, BG)

BG % guanidine 2 j74 $= (= igguanidine & + 2 #-NH2 = i#

_ﬂ,i),g—,;f,a

/,()’ ﬁ #

RS S

PoABRR ALY REiES
P o DA C e F

% ai\g{%t%‘f@”ﬁt%@s;iﬁﬂ L—flj’i% s e ¥

wAAES RS E @

E\}fﬁ"}s,u\’i‘r’;\ﬁ—‘r—\ 3,37‘]:4};‘;7\

Bk (AL PR #

3 9BG 7

adrd] 848

j =8 oBG &7 ¢ fIgi%y 2
L}%%i@y%?ws};i
S S HMET S m L5 2
VRS 2 RE A R
m A 4 5tk (lactic acid) -

FmiEe o Fe A (65 gl )
FHdNELFT L 5 F AR

dﬁ&g’;i%% Qﬁ iT
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% Gd BAFH bo 0 T dea 0 g

1T Bwmbe ko 2

=
a0
<K
5

g

2 Y > @4k §F R B (Miller etal., 2013)

14 R E
Table 9 Biguanides, BG

¥t i BANT
- "R NH  NH Glucophage-Lipha
(Metformin) Glycoran-p * 7%
\N)J\N)J\NHQ Melbin- i %
| H

F o A ACICLTD
(Phenformin) ©\/\ )N[' Jll_'

N N NH,

H H
T AR NH NH Bigunal-p #=
(Buformin) Krebon-= p #

(3)*% § % H# #<&|(Insulin sensitizer)

a

K& 2 R (T L AR % £ ) peroxisome proliferators

activated receptor(PPAR)-gamma =X B2 _E 1 > Flm 4edp T % E &
{EH 5 B fmvE ;ﬁ“:ﬁ"a‘%sﬁﬁﬁl}é GLUTL1 2 GLUT4 3§+ » #-5 %
WA e N R P B T RRE R R 2 B 8 d 4 e R

PR dkfLie » dmre o ¥ ¢b s lipoprotein lipase HiE s 4 Fla BLE =
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Fet b Pq it e BTy A F P AL ey 7§ PPAR-gamma
TZD v #i#Ev @ "% Mp 4% (endothelin) eng =2 28 o p 4L %
j\éxg—i%si\,%—%gﬁf’f? s FJpAE LA L TR ,?SrrTZD?’}é%,-Q:

M E F IR IR % o (Murakami et al., 1998)

(4) o- 7 F wEpedr 4]

TR E P AR (TR L P4 s sRa-amylase % % 2 o-
glucosidase » Flm Fr4|p kit & F o iig 2 A fE2 Bofe 0 3 dei'E
MATS AR E L RIRR o RO BIRAL (2 Bk o 4 R etE
M o T a2 PR R 0 (F] A F2%A ) o o@ 2 H
B * 2 ealdrMa gt BRlEY SR R m FEJg - Acarbose
$3ldeB I 2 GPT L3 shap b4 2 > $ 73 Bid 30 WA S
e A B b e AR A R T H BT A g5ldetd R
oo e TRERAM ) &L F TR - L Ko B F o
BB CRFE M A AR ERA R RACK 5 B

acarbose ¢ F#ri 19 i P 2 A4 Rz o (Schmidtet al., 1977)
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R R it

Table 10 a-glucosidase inhibiter (AGI)

Fro B 3R
Pk | o o HO HO Glucobay-Bayer
OH
HO N (0] 0]
oH H OH OH OH

F ¥ 7 i oH OH Glyset-Bayer
(Miglitol) /ﬁi

HO M

HO
OH

(Schmidt et al., 1977)

(Z )% o 22 pE fap2 % (Diabetes and glycolysis enzymes)

A RREB-PEAR (S 0 €0 U Rp2 vER ORNRA U2 o-BE fE (a-
amylase) & f# = & F g | eOBERE ~ BPER WM 0§ B BT 5§
¢ g d ] RS dmbe LA s iha-§ 5 45 e (a-glucosidase)-k f#
SR RETIETR Y R L SRS T ETEE Y e

JI* FEH RIFBT L RE Y P B B2

N

2
i v

ke
E-)

oG o BrIAA] T PEFRFEZ PrA BT UG AR G FPEA R ik
Ho B LA F IR

1. a-J% 4 f= (o-amylase)

oA T LA (TR 1 E e (o d)u ey e

KfE o PRk A LS BRAESY § bR4h o T dAdR R H ¥
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e EDBISRRGh RS RS S FAEE A B ST
i e d FofE(maltose) > @ % T REL £ - % d a—glucosidase 4
3 o o-As BF LT KRR § R AR L T o X LS R
it Jix 4> p= (Aquino et al., 2003 ; Vaseekaran et al., 2010) -
2.0-% F ¥+ P+ (o-glucosidase)

BB AR PR LR KRS F B § B AR EE T i
K fRo-14 ¥R EE 0 X Vi K fRe-16 MBHAE 0 RFEA D 2305
FEHE LEGAAM G 2R mie koA p AR g AR

F2RE R EW|AY - (Frandsenetal., 1998 ; Shobana et
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T~ BaBEENY 2 M

wHEE L L FRAR S § BTGP pd At A2
%ﬁ?“ﬁﬁ*’§&i$i%%ﬁﬁ’iﬁﬁim%ﬂﬁﬁﬁﬁ
(mitochondria)if /& # = superoxidet£ g+ > ¢ FERPinre f T ALH M
A EC TR B3 SRR 2 s R
Fow R F RO ® oL M FE O A RO 3 e shpolyoli AT
a# i enpE it 3 4R A 47 (AGE: advanced glycation end-product) 4~
B, ~ 39 B g C(protein Kinase C)eru it fo#if 4e crhexosamineit
Zinte & oo @ igw iF FRABRR ® o B R IR B8 00 ER
—superoxidets g+ » € Frillmiz N F FopE S RSP
glyceraldehyde-3-phosphate dehydrogenase= 1+ (GAPDHfE %) » & %
i 5 AR 2 wARSF g b s e o ROp B S 03
% (Du et al., 2003) °
(-)pd AZEES
1.pd A&

pdAEFF - BEBARKT I DRI ~ A3 ~ S 8TF 0 F
HABE 2 2 fET M 0 EfrMp chime e A 2 § R b R
B

Hwmrz 44 2 i E32HEDNA g 2T RPEH5F

P

—i

Befe o pd AR INEHMPAITRAIHTE S > Blde L PRI AERS
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PR (Eh FF Bk TE AL A Ao E G Fj\}%*l Tﬁé
SEE EEFE NR - ENER ST KR LI £

LI R25 flges g~ Ehpd AA 2 o (Freeman &
Crapo, 1982)
2.5 1%

F o ORMP B S eriTA NEER MR § 8
CERE R S IR SRR
(=)pd ZAHZ 41 5

LT

Table 11 The type of free radicals

xS 43

et v & AP RAEE RE—HE B
(superoxide anion radical > O2) | e F A Htbf@E a A & 4 -
% f Ak & AaRAhRBAND B BARHEE £
(hydrogen peroxide) A T AR B H A b4y Bk be R

FALR FEMMmAE A > BALAEE
IR e 8 A% R A
Li@ﬁﬂﬁ@,ﬁfﬁi;m%ﬁ"% %%%‘%Ffﬁ’ m

BAGEHHE -
2 N-R-F BN REH AL LEERRR
(hydroxyl radical) R %8 At 2 e KA AR 4 K a4t 4

frEk . AAA b A G
Ryt 0 g BRI R A
By REeFo R M BR 0 R AR 698 AL
"% 4
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BREL
(singlet oxygen)

FHILARSD BB HHE @ -

BEAAChEE
(lipid hydroperoxide )

BHEAMEREZIAGEY Bk
2 &%ﬁ"‘ﬁw}i@ BEHEME - At &
TRENE Rtz TR -

—ffb R B dE
(nitric odixe, -NO)

48t 48 8% b — AL 8.4 AR B (nitric
oxide synthase © NOSs)Ff £ & °» A%
FARHEFHAE NERA>HE
Z o B ARASAAEERRLE
MEBEF A -

BB AT
(peroxynitrous acid, ONOO")

B — AL A(NOY A2 ALE 8T
(superoxide, O )R JE & 7, » & —#E7&
PR R ~HIR A AREN B K R
HANMRBEREHREFEXS

(Freeman & Crapo, 1982)

(2)8 4 AEIB TR S BB

iR T A

o0 B - 5 BR kL (pyruvate)sB o= 3t pe(lactate) m B e 3 AFER

4 pyruvatefeNADH > & NADH? & #6 i4

i

¥ % B F A7 2 (Gluconeogenesis) 2. % B > ¥ = kB LGB M R AURR 1T L

T3 B

TCA “Fkm A2 kA
AR AP 4 X NADH foFADH2 7 5d § 5

4w ok

YRARX B2 - o @ pyruvate fiE » R AERY T iR - 9 (5

$ i B¢ ~ NADH {-FADH2 » @ izt

+ ~Z 3

B saeiEAE R A

R—ATP $ § o @ kg + @ikead v BArd A7

& %% ~ cytochrome ¢ {rubiquinone *#t% = > NADH 4-FADH2 » %]

L R

Wifell > ¢

<+ £ % 4 ubiquinone &L 3 AEE
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AEMI FEFAY 22T HF pd A (superoxide) » 7 F B s L

1§ 43753k o hiit e

(=)

& d cytochrome c ~ f%% 48 & %21V
oo AR IR M2 A T A SRATP £ S
UCP (uncoupling protein) &% 12 & 4 i £ KRATP fefiic o @ &
BARRA Y > Fd TS TR T LN L P ygm =L
Bifsnad pE2 4 £ W chsb i 5 @ @coenzyme Q (ubiquinone) z

T RTINS

?w

Ptk &gy

* AR B S M 4pd A (superoxide @ O2-) e de o s EE R
WA BT o ke poeng b iR TCA N3t a A 2 i § hT S
f—,*i—),i?.;—‘F"f NADH {-FADH2 pF= > § ¥ 4v < P By 24 > & {7

AR ES Y pd AeFg 2 L5 oo (Williamson et al., 1993)

H* H*
H+
ATP

/ R uce

/v

|

‘e
Fy [\ L J

NAD* NADH / HEAT
H,0 0, ATP ADP+Pi

Ble sk sEp T3 Bidaz (T B4R o

Fig4 ~ The action of electron transport chain in grain body.
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1. 3 +v epolyol i .
Whop b f B me N S g B M 5 polyol S A S WL

L BHE g ¢ sorbitol

=1l
F_&
=

$ ¥ p% (sorbitol) » - ¥ & NADPH > o
B b T BERE AN A 0 AL LSBT (g
dA > Ly LS 2 —"ﬂz A2 p%—:)ﬁs %73 M o (Chungetal., 2003)
2. H 4venimre P OpE Y 4 4R (A - (AGES)

FE AL F T uasd glyoxal(pg i H4m s #HA ) 0 &
Hd #3535 & Amadori £ 2 ¢ dihydroxyacetone phosphate 2
glyceraldehyde-3-phosphate 2 f#methylglyoxal @ # 2 3-
deoxyglucosone » @ iZd 5 Spdr H ¥ fefeim?e P 2 Fen HA S pET H

ERLET RS o N S = T S Bor

AGE
Glucose receptor

Glucose
¥ —
Matrix plasma

| proteins

AGE

:&'c“csoo.to! !:::’ faceptor

Transcription

Integrins
Growth factors

and cytokines

BNA ANMAAAVANNS

Macrophage/
mesangial cell

Endothelial cell

BT ~ AGES % Sgfri¢ & fm® 3f 1§ ch= f82 54 o

Fig 5. AGEs precursors cause three ways of cell damage.
(Bierhaus et al., 1998)
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3. Protein kinase C (PKC) i

Bk R Y F B RP ¥4 Fdihydroxyacetone
phosphate:® & 2 = glycerol-3-phosphateis - & ¥ DAG(H i = fig)4
Pl R R F R PPKCHPF & Sitps 0 P S me ) B

AR F o (Koya & King, 1998)

Glycolysis

Glucose Agonist
G6P Phosphocholine
l
FeP | Phospholipase O | PIP,
FOP | Phospholipase C |

de novo pathway

GAP —» DHAP —> G3P —> LysoPA ——»Phosvha"d'c

l /\/\l/\

Acyl - CoA CoA Acyl- CoA CoA
[ oaa | Py

¥

| PKC activation |

Pyruvate

Lactate

(Koya & King, 1998)
B>~ B #EAHFPKC B4 -

Fig 6. Activation mechanism of hyperglycemia-induced protein kinase C
(PKC).
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4. 3 4v 1 hexosamine i BBHT R

¥ 5 ¥ prfaiEfzA 2 cfructose-6-phosphate » ¥ A
GFAT (glutamine fructose-6-phosphate amidotransferase) i&_i* = & 3
= glucosamine-6-phosphate > @ # f*¥ UDP-GIcNACc% 3| OGT# #5 fis ¢
% » 4 N-acetylglucosamine (GICNAC) fr3-v B+ 2 gieph
(threonine) % sivepk (serine) 4532 v FE(proteoglycan){r

0-i& #4% 3-v (O-linked glycoprotein) » I 2 flme Fip 3l42— % 7| &

FlE R - A @ S Fjop e E 2 o (Buse, 2006)
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AR A D W AEEY 0 by ABREARY C ATFAFEITL D
¥R SR PARBITL R R HLERE
§ERH PN F LTk s TR I ¥ ooz 2 DNA -~ fmve
e FEORSRE S RXLAET AR Ay f%?%};{ﬂ
RN S PR WS L TR Sy o

VE TR AR 2 o B s 60 B 0 o (Frei, 1994)

fBELs - BEMEE - 28 - 553

w 4 C;:] ). VRN

CRF- Yok

F:S.:] 8 B 5 RO A )
ff’f’

8185
B=g - %49% - ﬁ g

@ B R

ARz
4 E AL &

Yy
L3 ;
T wﬁ%i
LA~ B~ &AL

Bl- ~FHRIEAFMET 2 Hp @ k5o
Fig 7. Reactive oxygen species on organism damage and defense system.
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(- )4n§ R 2 Hg

o

1. X PRz g 1 &

4o 4 5 R (tocopherols) ~ #uk & & ( L-ascorbic acid ) ~ % & fik
(flavonoids ) ~ ¥ % % #=2 4 (chlorophyll derivatives ) ~ g+ & § %
(carotenoids ) % f=#g i & 4= (phenolic compounds) % (% -+ =) -

A NI S P IR EA 2

Table 12. Natural source of antioxidants

Antioxidants Some food source and activity

Carotenoids Parsley, carrots, winter squash, sweet potatoes,
yams, cantaloupe, apricots, spinach, kale,
turnip greens, citrus fruit. Antioxidants and cell
differentiation agents (cancer cell
non-differentiated)

Catechins Green tea, berries. Antioxidants, linked to
lower rates of gastro-intestinal cancer,
mechanism not understood.

Flavonoids Most [ruits and vegetables, including
parsley, carrots, citrus fruits, broccoli,
cabbage, cucumbers, squash, yams,
lomatoes, eggplant, peppers, soy products,
berries. Block receptor sites for certain
hormoncs that promole cancers. Phenolic
compounds possessing antioxidant actions.

Lycopene Tomatoes. Red grapefruit.

Monoterpenes Parsley, carrots, broccoli, cabbage, cucumbers,
squash, yams, tomatoes, eggplant, peppers,
mint. basil, ¢itrus fruit. Some antioxidant
properties; inhibit cholesterol production in
tumors; aid protective enzyme activity.

Phenolic acids Parsley, carrots, broccoli, cabbage,
tomatoes, eggplant, peppers, cilrus fruits,
whole grains, berries. Some antioxidant
properties; inhibit formation of mitrosamine,
a carcinogen, and affect enzyme aclivity.

Spice and plant extracts Antioxidant activities gave heen
demonstrated in extracts from rosemary,
oregano, clove, pepper, ginger, olive, birch
bark, nutmeg, red onions, garlic, oats, Chia
seeds, etc.

Various tropical fruits  Papaya, mango, passion fruit and equsi seeds
may contain antioxidant nutrients and are
therefore recommended.

Vitamin C Fruits and vegetables.

Vitamin E Sunflower, seed oils, almonds, hazelnuts,
eggs, margarine, cheese, butter, dairy
products, wholegrain breakfast cereal,
wholemeal bread, dark green vegetahles.

-47 -




(1)}2a4 % C -3k p& > ascorbic acid
BLRBBPE > AT A e BT TS S P\°‘&4%CE
EFR2frR3BA 3 ABEA  THREFTIAIATS > FELRA
= L 4 U fé (semidehydroascorbic acid ) (Beyer, 1994) - @ #
B RET L 5 d NADPHE 52 3 7<:B & & 4 #2§ it %14 (Jacob &
Burri, 1996) - ## P & ¢ FORE PR RE S 0 FURL L6 2

Fock o Fa AARE Lfer w4 LA g4 o (Halliwell, 1995)

\ HO AscH ' HO ASC'-
HO < 0, .0 H* HO 3 0 0
10 OH pK= '0.86 o\

RH

Bl fuol fgad il -

Fig 8. Antioxidant mechanism of ascorbic acid.
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(2).a4 2E-4 7 f% > tocopherol

Mt FEL DR BB L Buadtat 2, AP LG
AL (aBry ) > BARRY AGE S AR F A
dRASTHFS TR §RFRImAT Y LI RIBBL T
A RERF Ao Tpd AT RRF 5o I F e
WwF CFRE - hp d A@EYF R o (Fang et al.,2002) - iE F i
pd RAVARA TR T T ELAFHN L 0 fﬁ%" B R g
Boehg L2 A AR iyt e F Y A T e T L miz ¢ 2 DNA

< 7| % % (Topinka et al.,1989) -

(3)#z+* ¥ § % (carotenoids)

BE - Ry 2ALT FE0ET > TREFTI > #pd AP
Jooo MED| P FEE Y F eoded](Aruoma, 1998) o KEeF B § & -
jonone Tk b drikz Pt AN R LR > FE R
i w g R R AR S ﬂ/%”fﬂ - TR 12 & B2 3

(Sahlinetal., 2004) -
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biEEE p-i7-8-HEEE

A by
BlE  YiecmpemEr
NW M ’
W“ R BRIRIER

IxXE%

1 HUDC\\\\\\\

A

¢S ERES BEEaE o

DERNEJERTEE S TR

Table 9. Common structure of carotenoid.

(4)#% »: 4 #x-glutathione - GSH

GSHE_d L weweps (cysteine) ~ #5%%ft (glutamicacid) % 4
it (glycine) =t eh= 3Pk Shme p ZEHE Faviis TR
AT A S s F 2 e > ) B ARY RS F B g (b

% %u(Slivka et al., 1987) -
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(5) ? p~ #g-polyphenols

SR A AL AR R R o

80007 5 poapit e AR > BT 5 BRAR > 7 iAW

FETURES EYEEEE NI CRTY Y A
T LA Sy E o ¢ 454 p (flavonoids) ~ f5 ¢ (phenolic
acids) % ¥4 (tannins) :

a. # % pr (flavonoids )

HU2BRighas i 65 5 A8 T EY LM Ah T+

5t g ok %

GRS S RS A

Fig 10. Structure of flavonoids.

-51-



TN Y R L}

Table 13. Types of flavonoids

837 57 44 5

FLRACTE 41

)& A 4£C A2,3 double bond - 4-
oxofu, /2% #/ 3-0H -

*B 3 E-0H #4% - A 3 AC ACT LH-
OH » LB btE455% -

(LA  lutein>apigenin>chrysin

)b A ACH2, 3 double bond - 4-
oxoful # 3-0H -

* B 3 E-OH #&% » A 3 ACH ACT £&H
—OH » FuaALME AT -

* fL A bt * quercetin>myricetin>
morin>>kaempferol

* HL A A * taxifolin > naringenin
> hesperitin >hesperidin=>
naringin#wOH &% B BB EA M -

* L a4btt 7 lavonols & flavanones

R %87 (isoflavones )

* genistin - daidzein & = -
RILBALME £ - £ R E S P bR iR D

* orthodihydroxyl &4#&# o

9
OH

w88 (flavanols)

* gb R &S 45 B #C 3R A i o shheterocyelic
3o EABE B @ kB T I L - Itk
Mz BAn ) -OH &9flavones # flavonols
é o

* HL A B © catechin—gallate>catechin

*butein ' phloretin - phloridzin &= -

kP E AR T B B LA tE b4
% lichalcone A °

* B4 M4 5L 8. /eE - dihydrochal cone >
chalcone

* LA /bt ¢ cyanidin>cyanidine-3-B-D-
glucoside

*Cyanidin 4flavylium cation &9%#; X 4F
fevrh St dfE (pH2>pH4>pHT7) - B
RS ER AL

*Cyanidin=dephindin>malvidin>
pelargonidin

< % &7 8% (flavanonols)

* pLa b a4 f lavanones » #8200 &9 %L 8
B B AR A B AR -

*taxifolin > fustin B= -
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b.fz # (phenolic acids )
# e (cinnamicacid) ~ ¥ ¥ /& (benzoicacid) 3 papi2 & +
Mo T REATRR KRR EY B YRS Qﬁ;“)%“,%fl Y

45 4 adEz i a4 (Kimetal., 2006) ¢

COCH = |”f*““~”’COOH
Hﬁg\‘/ HOTS
CoH

P -conmaric acid caffcic acid
COCH
| S Z0oH
HO ™ OH
CH, CH
ferulic acid protocatechuic acid

100 i )
= N
HI—. 9\—3’ o™ s

-
i)

hydrohenzoin sinapine

B+ -~ F L B
Fig 11. Common of phenolic acid structures.
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cEF (H % > tannins)

—HRT ARG EE R o AF R 2L VIUERETS
BApd Ao Tweglpd AA2 oA AME Y REDGT
(Riedletal., 2002) - 8 %+ £ % #&&Fe® ~Fed 2 it 4 > Hoépa,8 2

MEP VRIS A A2 5T o (Yapo-Kichoetal.,

2007)

HO

COOH i o
HO N
COOH Z o OH
HO o] OH
\ o
OH
HO OH ~ - HO OH o
0 (o] OH
OH 2 OH
OH HO
o
HO'
. - - = A = 3
R aS i K+ A a+H B

HEAR

Bt~ F LE B2 B

Fig 12. Common of tannin structure.
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PR 27 AEAT ¥FBHT) 7 A543 ¥(BHA) > =~
34 PRTBHQ ~ 12 & 3 @43 fig (propyl gallate » PG)izw #6 4 1 & & 2

iy i A4k 2 WFDAY: & & * (Carocho & Ferreira, 2013) 2 5 4407

OH
OH
ClcH,), (CH s)sC C[CH;);
OCH;
CH:
H-buty]l hydroxyl di, +-buty]l hydroxyl
anisole (BHA) tolucne
OH OH
C(CH:)a HO OH
H COO(CH;); CH;
tertiary butyl hydroquinone propyl gallate
{TBHQ) (PG)

R R N AL

Fig 13. Structures of main synthetic antioxidants.
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(= )4ed 1 H T 4]

1A o A4 45l

AT R Ff CaAH)RE) d AR)FS - BRpd A £
LAAF IR o

exX:AH+ R-——RH+A"

B.p ¢ f&%—i‘ﬁ:}%é{ LEEREAd RS
eX:R-+A- —> RA
RO-+A- — ROA

ROO-+A:- — ROOA

OH O O O
+RO0O « —ROOH+ i; — Q - ¢
H OH OH OH

CH3 CHg CHa CH3
/ AN 7

N . .
N—@—N D)0, ﬁ—@—N (D®) +ROO,®
/ N / N

CH, CH;, CH, CH,
PUFREE S — % TR I H AT

Bl w o~ o A ] -

Fig 14. the mechanism of free radical capture agent.
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2. A EA

Bk BT B R AR A d A AR i 4
MO+ 4+ RH — Mn* +H* +R-

Fe?* +ROOH — Fe3* +RO-+OH-

Fe$* +ROOH — Fe?* +ROO-+H*

ERELAR AL F EFLE (VM e B iRE 2 & RS ok 2 48
3L AR Y A PR T F e bR M

(citricacid) ~ EDTA 2 F@ift @ (polyphosphate) %35, £ f #¢

w

H F Ak § 270 & A (singlet oxygen quencher)

f=
i

ZF 7 g AR i Tl ik = s § (triplet oxygen 0 302

La- Ly v AL A
}kﬂgl Ao od H a ﬁ;ﬂ

=

>
¥

4
=

5 j — kR | (photosensitizer ) 4
T S T2 P25 SRR ¢k AR
(ground state ) #% = % &% it (excited state) - % e i iE v A
P e S B AR R F R le e T 2 HOoR e §
(102) » pH % 5 &4 fod &7 o7 tefoig ppe b hifst s A

BEEF o AT A - LY BT A B0 BT

( B-carotene) % > ¥ ez ki R A - g o £ % H R §
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LUEE LTS SRS LR SRS Ty TR

)

++ (Kellogg and Fridovich, 1975; Bando et al., 2004 ) -

4.4p 3 H

RA T E S AEHZFTF LR L EF 00 L F
Bt i PIFRARR Y -E- &P T < fiz o g
ez apgdlo - g PR BPEAcR T S o R FE - B

i ~ JF)F Ee(tartaric acid) e
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(Z)4eg &P iy i 2 B iR

R F e glAe- @R BT LB o B 5 A
Hapferig Bty 2 % R AR L F A aldep d Ao E o |
FrRRe PRI T AP RIEAL LS 2 pd K FANT
g R Ak s B E g R BEPFFI D A2 d 2 T iR
EAMY ZBY R AR XA DR 2 o
WP F A RF A GBI
A= 4 & P (initiation of autoxidation)

FoR E-EE BHIEIARFZ R A S
g iapepd (R

RH  3ina ER- +H+

i 44 3% 578 & & ¥ (propagation of autoxidation)

Faippep d AR eG4 F RGBT €55 A iFs itpd K
(ROO) miEs “pd AEgRATFRPE  a L RAL TR
AR) rERRE AL L Fhpd Ao

—»R: +0;, —— ROO:
ROO:- +RH —— RDDH+II1-+
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aF & Ji P (termination of autoxidation)

EIEEE &R -CE N S8 ST

FRE A URERA

R++R+ —— R-R
R++RO0O: —— ROOR
ROO + + RO0O + —— ROOR + O;

L £

“F B 2 P e

Table 14. Disorders associated with lipid oxidation (LO).

Disease or disorder

Oxidative mechanisms

Atherosclerosis

Cataract

Diabetes

Diarrhea and respiratory
inflammations

Aging
Hemolysis and anemia
Partial losses of essential

vilamins and nutrients

Necrosis and/or apoplosis
Mutagenicity, genetic

damage and cancer

Induced by intracytoplasmic macrophage accumuolation of cholesterol oxides from
oxidized foods and biological sources

Diet rich in fat and deficient in antioxidants ( tocopherol and ascorbic acid )
Oxidation of carbohydrates and lipids from a diet rich of these nutrients
Perosides irritate gastrointestinal mucosae. There is occupational risk of lung
disease in food services

Ingestion of a diet rich in fat and deficient in antioxidants , since childhood, can
increase cellular aging

Diet rich in PUFAs predisposes erythrocytes to cell membrane disruption,
resulting in hemolysis and, as a consequence, in anemia

ROS and products of LO induce loss of lipossoluble vitaming ( A, carotenoids and
E) , of vitamin C and of essential fatty acids. Peroxides and LO end products
block intestinal absorption of many nutrients { thiamine, pantothenate, riboflavin,
ascorbale, vitamin Byg, vitamin A, tocopherols, lysine and sulfured peptides )
Cell death is provoked by peroxides, malonaldehyde and 4-hydroxynonenal
Peroxides, malonaldehyde and 4-hydroxynonenal and other aldehydes are

clastogenic agents that damage genetic material, incraaging cancer risk

(Frankel, 2014)
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()X MEEE4is Pk

F CPEZAAMEY G SR T I F LR RS
R$FFAMY 2 pd Ao TR KR BT E S S R
JTHIR2EIZPF Ty PR A Y AV LR 2
RS WA ARMEIEMF 25 T cabh ¥ L ki
4o7F
1.SOD{rCAT#pf P24 & s

SODf: % 7 ri#4g % 1243 (02 - )i 5 & M| 2.H,0, » CAT

FE RO ERE R 2 AF B F frok e

RAR T
02~ SOD( 42 4.4 LB

N /

H202

H.0

g]—]- ?'r > SOD?‘—"CAT#W% L ﬁj—% /J "fu o

Fig 15. Antioxidant systems of SOD and CAT enzyme.
(Djordjevic et al., 2004)

-61-



3. GPxing i it 2 kb

gk ek (GSH)M g5 4 4 § 14 iR (GPX)7& 1+ 15 » d o4 2%
(GSH) ¢ #-H20o 8 5 % 23 4422 § fork > @ # o4 75(GSH) ¥ ¥
§ by 0 Al 'R(GSSC) A ek il R pr(GR) LIS T

~ ¢ BR ek iEF FF(GPX) 0 Fla F R

GPx( 4 B+ 18 EU B ) momsp S5t H AR CGSH)

|

0 /v 0:
\

1 H:0

A MR gemeH ik (GSSG)

# Bt BRE R g (GR)

fB] - pri}rﬁﬁ 'Lﬁﬂ-% A

Fig 16. Antioxidant systems of GPx enzyme.
(Sarma & Mugesh, 2005)
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c IR =Rl I gl - 3P ]

- 3 Rh

#%ﬁj(:f];‘a(diabetes mellitus, DM)E_& * = & -+ + 5 F|2. — » & #iT
RN Y EEER B TS 2 X LT I VAR L N
W@ K4 5 BT (T (glycation) ) S EE T Bv A P R A2
o ¥ - R FHEs §FAF A4 pd A(Jagdaleetal,
2016) > i % f d f € WR G o X SIEF M AL F BT
oo sz v F o BOREIRA  E 0 2 B RE F R H g
er57v = i F](Diano & Horvath, 2010) o ]t 4o B 4F o 45 T A 3p 17
Wm2 B ENER TR - A S o v L s vi80 2 EH X5

. Set= ), L T % o = 77 » 2 K= v ~ A 4
LomHP BEHRGAFFESRIE R0 F oA d B

=1
ok}

TH G A RARE F A P2 BEE BE RS RATS A ke

PRIy ER

i

AFTRYORE LB LMW 2 FSA T 2 RiF
BT RE S Faa EArR it 2 S T e i AR (R
o~ SR PR 2 £~ SRy 1t 4 S DPPHR o Aipip #)2 PR A

o BB #2205 4 (a-amylasefra-glucosidasef® & drd] 5 1) » & Hp ¥

Foa vy 2 RIFSHE B L BS W { B BF S
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S RERER

|Aloysia triphylla(2kg) | Verbena officinalis L. (2kg)
L ]
Ground > Extracted with hot water
and under ultra sound
v
| A.water extract | V. water extract
¥ ¥
v Total phenolic ,Total flavonoid content | Separated by
v’ Teac,, DPPH scavenging activity XAD-7column

| v a-amylase , a-glucosidase inhibition |

Separated by
XAD-7column

H:0 100 80 60 40 0 MeOH 50 H:0 100 80 60 40 O MeOH 50
MeOH 0 20 40 60 100 Actone 50 MeOH 0 20 40 60 100 Actone 50
Fraction | Il IV 'V VI Fraction | Il 1l IV Vv
* v Total phenolic , Total flavonoid content ¢
Fraction IV v’ Teac, DPPH scavenging activity Fraction Il
Separated by v a-amylase , a-glucosidase inhibition Separated by
thel*tods column

thel* ods column

H:0 100 80 60 50 30 O H:0 100 80 60 50 30 O
MeOH 0 20 40 50 70 100 MeOH 0 20 40 50 70 100
Fraction v v Fraction I mwv v
v Total phenolic , Total flavonoid content [+
Fraction I+l v'Teac,, DPPH scavenging activity

v a-amylase , a-glucosidase inhibition

Fraction I+l

4

HPLC separated
¥
isolated components
+
!H-NMR , LC/MS/MS

Bl - - RIFSEE 2B 8IS0 2 ARG e
Fig 17. Separation and identication of antioxidative and glycosidase

inhibitory components from Aloysia triphylla and Verbena
officinalis L. water extracts.
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B~ e i
- R AR
(= )tk & Rk
~F Bt 2 4 5 8L (Aloysia triphylla) 2 2 & 5 .5 #3
(Verbena officinalis L.)» wW|ptp & 3% = - ¥ & (7112 Z K5 B

4 A% ~ v

i

o e BRBERG s A FIE0ER A L2 T o
(— ) R ﬁ%é?k; %w?]

13 & AR B % 5 R L R %

& R
Potassium phosphate, monobasic (KH2POy) J.T.Baker (USA)

Disodium hydrogenphosphate, anhydrous (Na;HPO,)  J.T.Baker (USA)

Sodium carbonate (Na,CO3) Sigma-Aldrich (USA)

p-Nitrophenyl-a-D-galactopyranoside (pNPG) Sigma-Aldrich(USA)

a-glucosidase from bakers yeast Sigma-Aldrich (USA)
Sodium chloride (NaCl) Sigma-Aldrich (USA)
Starch b A B EHR €A

Sodium hydroxide (NaOH) ETRLE Ju R, S-S
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Potassium sodium tartrate (KNaC4H406 - 4H20) b AR 6 AL

3,5-Dinitrosalicylic acid (DNS) Sigma-Aldrich (USA)
a-amylase from Aspergillus oryzae Sigma-Aldrich (USA)
Bovine serum albumin (BSA) Gibco (USA)

2373 (VR 2 RE

e R Té

Gallic acid Sigma-Aldrich (USA)

Folin-Ciocalteu’s phenol reagent Sigma-Aldrich (USA)

Sodium carbonate (Na2CO:s) I =
Quercetin Sigma-Aldrich (USA)

Aluminium nitrate (Al(NO3)3- 9H20 Merck(Germany)
Potassium acetate (CHsCOOK) Riedel-de Haén

Butyl hydroxyl anisole (BHA) Sigma-Aldrich (USA)

2,2-Diphenyl-1-picryl-hydrazyl (DPPH) b A BRI €A
a-tocopherol Sigma-Aldrich(USA)

6-Hydroxy-2,5,7,8-teramethyl-2-2carboxylic acid Sigma-Aldrich (USA)
(trolox)
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2,2-Anzino-bis-(3-ethylbenzothiazoline-6-sulfonic Sigma-Aldrich (USA)
acid (ABTYS)

Peroxidase from horseradish (146 units/mg solid) Sigma-Aldrich(USA)

Hydrogen peroxide (H202) Riedel-de Haén (Seelze, Germany)

CRCRER AN BRI LR iy |

e R Té

Methanol (1 #.%) Fopiea

Methanol (HPLC) i

Ethanol i
Trifluoroacetic acid(4 47 .%) Sigma-Aldrich ( USA)
(Z)FREREXA

1oogm S Rzt k478 1

& R

XAD-7 4 (20-60 mesh) Sigma-Aldrich (St. Louis,MO,USA)

ODSk 47 - 32 #|Cosmosil 75 C1s-OPN  Nacalia Tesque Inc(Kyoto,Japan)
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2. % = BB »ik4p & 17 &R (HPLC)

e v
o

/% P & 17 & (L-7100)
% - {BAEE ) & 7 B (L-7450A)

B 1 12 8 7 4 AL E (D-7000)
Hitachi HPLC-2000

Hitachi (Japan)

Hitachi (Japan)

systemHitachi (Japan)

3. % 2 g A 19

e v
o

Develosil ODS-5 (250x4.6 mm) 4 37 |

Develosil ODS-5 (250x20 mm)+| % &

Nomura Chemicals (Japan)

Nomura Chemicals (Japan)

N
ud
=

IR

-3;;,

N

e v
o

i YR R Ok 5518 (EyelaN-1)
(p AR ERt R
T A ke k ik (50ConC)

% 2% 4 47 %k (Multiskan Go)

Rikkakikai (Tokyo, Japan)
EE L E R
Varian

Thermo
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=~ RE&E
(- )EF>HR &

A W] RR F7 5 B3I (Aloysia triphlla) 4 % 48 5 L3 (Verbena
officinalis L.) & 2000gf| * Bk #8 = s & > T 10§ A 2 #K
(20m1/200mg):& 7 5B~ » #4535 & 1/ P » £ A& A F B304
8 BFDF B FREHFEIE LW Ll fe ki o

B X G AT

Aloysia triphylla(2kg) Verbena officinalis L. (2kg)
I I

Ground
!

Extracted with hot water
and under ultra sound

v
Rotary Evaporation

|
v ¥

Aloysia triphylla water extract Verbena officinalis L. water extract

Bl ™ s RS 25 M FkE2 8% 04E-

Fig 18. preparation of hot water extracts from Aloysia triphlla and
Verbena officinalis L..
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(= )& s 7 & = (Total phenolic compounds)
32 : Folin-Ciocalteu’s phenol reagent £2 =5 it & 2. OH Z &

B AA@EI Rt o d FIREIES > LALTIEIMT LG

% B Julkunen-Titto (1985)z_ = ;2 » B~50uLtk 5% 7 ik & 2.2
8 & fk(gallic acid) &% % s 4v >~ ImL H20% 500uL Folin-Ciocalteu’s
phenol reagent > 4& % 32 3 & 4o » 2, 5mL 20% Na2COs > R friz 3 53¢
FRETEREFE 20 A48 kR RIFRPIAEL 735nm T 2%
KiE o ¥R LT 7 4v Folin-Ciocalteu’s phenol reagent 2_ &% ¢ 1+

Z0¥RE - GWITEEY MR- ) 0 M E p¥2 gallicacid F

Il

» 11 mg gallic acid equivalent/g 4 & 83 & ] 5 5 ¥ & &~ & %

(=) B3 % pr 7 =0 2 (Total Flavonoid content)
RIL: Akl E TR AT A REA SR

BEF o R E415nmT B f B ARk E o F Rk BARG o R &7

% B8 A& (1996) {46 (2003) % 2 = j% » #250uL 5% 4 kR 2

el & (quercetin) 52 & > 4e » 10%A 248 2 IM Brpide £ 50uL -
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FAerldmL 23R R EIES >N FTETE BRI LS4 Ak
R FHRBIAEA4L5NM T 2Bk o § bR A R Ao Bl fh B2 R
B FZ 0 R o WITHE D S(HeS ) 0 M F 4P ¥ 2 quercetin

% £ ° Zmg quercetin equivalent/g 4% 5 ¥LE 2 R{FH WL " 4 P &

T °

(z)DPPH g d A7 i 4 iRl

% P& Shimada et al.(1992) 7= /2 jp|2_» DPPH § d & fsb
okiERiy P ERETF SN o F 5 pd ASDPPHY FRA R
AE L - RS S VA > gLt &5 E517nM T G Bk R E 0 4
»EFLE LR 2 R o g P g GDPPH-
(2, 2-diphenyl-1-picylhydrazyl free radical) » & H A;= - B 2Lp d L
DPPH(R]= ) » @ & = ¥ 3DPPH (2, 2-diphenyl-1-picylhydrazyl) ¢
B R > wmkiEs M R pEY e k@ T2
s T ;i'uJ%ﬁéir%;%",ﬁ% DPPH p d Az 5t ? 333 o kBT g
AR K iki*«iﬁt"/TtDPPH pod Rz avdAxE o £ 2l fDPPH

B k2 i 4 s
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(Anhoxvdant)

%Q_g \\ Q,._..

2,2-Diphenyl-1-picrylhydrazyl 2,2-Diphenyl-1-picrythydrazyl
free radical (DPPH«) (DPPH)

Bl 4 ~DPPHp d ik 8% 2 F st

Fig 19. Reaction of scavenging activity-on DPPH radicals.

() %Iz it 5 4 Pl = (Trolox equivalent antioxidant capacity, TEAC)

Ja 32 : horseradish peroxidase # 2 iglit H2O2 2 ABTS F 25 =
ABTS+» H 2 R eahfEsd pd AF 7 » a4 E734nm T 2 4 &
Bk E o F R G ad Lar 4w S PABTS+ o R E kR
TR g R BN RARSELIF Pt g% e BE Bt

H02 + ABTS oS 210 + ABTS-

%P Miller(1993)% Arnao % 4 (1996) z_ = ;£ » # 2,2’-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) - peroxidase ¥2
H202 R £353 » @ &% K 3ER A % 5 100uM ~ 4.4 unit/mL £

50uM > $30°CT @k £ il o] B> HA L fE R hES S ABTS >
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fv~250pL Feee(mo/mL) > R E353 > SRR T R Rl10A 40 e
kok B2 L 734nm T 2wk (E o 2R E pp gt i e ok

EH TR o T O SETR E 2 mE e k T

(=) o-amylase #r4]1% % ]2

% Ali (2006) % I (2009) % * z_ = jx T 4r i 4F » % DNS Z
Fi 4 2 b R AR R LR £ R 2 T
BRea 4 mEEE BRI =) BEEKRPIZREERERE S
0.Img/mL > B~ 40puL 4c » 160pL 2 &+ -k*c 1.5mL 3~ g 5 ¢ o
T {4 » o-amylase = B 0.5%(W/V)2 kA5 7% ik 400l o L Ae »
200uL (AU/mL)fE £ » % 25CF F i 3 Adhis» p R &40 Br
d1 200uL 4e » #7eh 15mL-dgw F ¢ e x 330 531IM R R de
4R ez B A CKAPRL § ¢ 0% (3,5-dinitrosalicylic acid, DNS)
100uL » A kiz 85°C T4 156 & 458 » £ 4 »900ul & Z3 -Kip|
H A& 540nm T ek sk E o
FrdlF 28 2 N e o
Fra] 5 (%0)=[1-(F S jers sk E-F F sk @)/ 4] e sk @]x100%

A FokeEE A T+E B
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B. #r#le: prR+A T+ i

C. # # 2. Buffer+ A F+% 24~

CHO COOH
u%x‘m HO\ .29 ll:(‘OIl HO -0

| ,
T L LRIV -
glucose DNS gluconic acid 3-amino-Snitro-salicyclic acid

RN S S SRS T

Fig 20. The coloration reaction of glucose.

(=) o-glucosidase #r+ i®* jp] 2_

% Shim(2003) 2 +£(2008) & * 2_ = ;2 Ty Sv i3 &F > #-37#& iP
2 ¥ 5k B A gl (0.1mg/mL) - B~ 100ul i Bl &80 20ul 2
o-glucosidase f% % /& (1U/mL)*1.5mL s g F ¢ 2 52 4 >
380uL 0.53mM X & 4-nitrophenyl-a-D-glucopyranoside (p-NPG)i%
R0 3 37°CT F R 20 & 4Efs 0 4v ~ 500ul (0.1M) Na2COs “u 4 iR
Lo REEAEAGE AR o A kKRR A 400nm T e

kg oA frdlep 0.1M eghph s e (pH6.8)B  F B > #

B r g FBpam kil WF 4 X545 afid & p-NPG
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v LB R R

Frd) & (%)=[1-(F 2 ek E-4 F ek @)/ 4] ek ok 5]x100%
A FokE: BEERHAT+E P4
B. #r#lle: BEA+AT+Y [}

C. # # 2. Buffert A F+% B 4r

(M) BEFS L~ 455 B KT 1 2 BEIEREE fobl 2 A2 F B 2
g i

BB Y BB I 2 R5PP o JI* FEfEEEF Frd] (F% 2
BRET o F - XAXAD-TERATRES WIS e R4 2 455 H
Fr-2%ifiig TR (R E A pz 8 By
fi 4 ~DPPHA f Ajhrfac #Ofi > 2o AT ke e bl B i3
7% 1+ (a-amylase ~ a-glucosidase) > @ &% = = ODS# +r A& 1718 ¥5 5 HL
R R S SR R o o IARC e G T e R
MEAREE > Z* A F2 5 - fod - RARol 41 F iR
AT REFEFES A2 412 WE - RFSME CBEHT %
PR ERUES St S EUS TR R ENTE 2 ] ) I

7T °
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Aloysia triphylla(2kg) Verbena officinalis L. (2kg)

¥ ¥
Separated by v’ Total phenolic ,Total flavonoid content | Separated by
XAD-7column | v Teac , DPPH scavenging activity XAD-7column
| v a-amylase , a-glucosidase inhibition |
H:0 100 80 60 40 0 MeOH 50 H:0 100 80 60 40 0 MeOH 50
MeOH 0 20 40 60 100 Actone 50 MeOH 0 20 40 60 100 Actone 50
Fraction I Il IV _V Vi Fraction | Il Il IV vV
* v Total phenolic , Total flavonoid content [*
Fraction IV v’ Teac , DPPH scavenging activity Fraction Il
Separated by v  a-amylase , a-glucosidase inhibition Separated by
thelst ods column|

| thel**ods column
H.O 100 80 60 50 30 0O H.O 100 80 60 50 30 O
MeOH 0 20 40 50 70 100 MeOH 0 20 40 50 70 100
Fraction Lun.m v v Fraction I m v v
v’ Total phenolic , Total flavonoid content |+
v’ Teac,, DPPH scavenging activity

v a-amylase , a-glucosidase inhibition

—

Fraction I+l

Fraction I+ll

* HPLC separated
¥

isolated components
{

H-NMR, LC/MS/MS

»

DR S LSy T £ s S SRR Ry Je S FIR
XA 2 A B LSRR o
Fig 21. The isolation of antioxidant and glycosidase inhibitory

components from water extract of Aloysia triphylla and Verbena
officinalis L.
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1. BEFSBLEY ~ B8 8T LEH XAD-T7 edp g k47

i % XAD-T #3033 # 41(500x 40 mm) » £ 4 W#-E 5 g
UM 2 BERRAE 2 FrdlA 2 REES B - 483 Bk 5 4 Rt 2
P REAEIF AR B RRELREEK DT BG/V)=
100:0~80:20~60:40~0:100~p A : ® @(v/v)=50:50 2
BERA S PRI E 250mL B BE o B T ke
ok RFF R 0 BRI E 280mm Z Bk B BELIFRIEF R A

TR EE T 2 DRSg Ldng R PEfRRE F drAIE I

2.Cosmosil 75 C1s-OPNi% 4p # 4L & 17

% * Cosmosil 75 C1s-OPN %} 48 “w 3 %: gk 33 ¢ 13 (500%24 mm) >
LB R BRI E L RS WY F a4 IV 485 Y %
AN > 2 35 ki e 1 458 A > 12 i3 Cosmosil 75
Cis-OPNi% 4p & ./ 47 » H v S g2 2 5 H oK © 7 fR(v/v)=100 :
0-80:20~60:40-50:50-~30:70~0:2100z_ 78 &3 & > & ik
E 200mL L e B H o Bk AT oD ke kR kIR 0 0
Rl L 335NM Z Bk BT FALITRIE T R A 0 @ I RinF
AR BEfRRE A ITAIRIE R E B A RSED L B o LR R
6 BARRT LY IPREAR R PERRRE R PSR AR S Y
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FBSHE R~ w Aok b i FPE R P RS R I

P R i AR R AT AT RIS T A g

(1) B »xi%4p & 47 4 472 (high performance liquid chromatography,
HPLC)

Bb RS PR s BEER RS SR G A R AT
* RO AR R AT REFT R A 0 AT A B TR AR 1T F 4 HiE
@ g REFEEER G AT RN LIRS
RESWMERA N 1-1~15-2-1-24 £ 9B %A% L Uik it

ES

R BT AR AT E AT E AR NI2B A A A o B RS B

|

%0t 1-1~1-5+2-1~2-3 £ 8B R A 4L AP R IEESIH F 2

AR A AT EAR T Bk A AR ANOMR AR SR 0 MR KIS F A AR R AT A
B @2 21 AR AR R F R

B AT AR R 7 0E 1 Acifde T
L& 4731 % »cir Ap & A1

¥ +o @ Develosil ODS-HG-5

(250x4.6 mm > p A Nomura = #')

4R HO P MeOH © = 4 pgfie (viviv) =49.9:50: 0.1

ot 0 0.8 mL/min

22
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WP 1 335 Nnm(4& ¥ 5 HLE ) ~ 280 nm(4% 5 HLE )

2.9 % Al B i Ap K 49

# 1L : Develosil ODS-HG-5

(250x20 mm » p A~Nomura = &)

¥k 1 H0 MeOH : = & fr e (viviv) =49.9:50: 0.1
o i 0.8 mL/min

P 0 335 nm(4& 5.5 B3 )~ 280 nm(48 5 ¥ )

() J%tp k47 # = 32 (Liquid chromatography tandem-mass
spectrometry, LC-MS/MS)

(1) HPLC# * Hitachi HPLC-2000 system » i 4p & 17 ¥ 1L % YMC-Pack
ODS-AM(100% 2.0 mmID. s S-3-um 12nm; Kyoto - Japan) > UV-Vis
diode array detector(DAD) it & # 4 # ek < 7%.200-550 nm » % & &
£ 5265 ~285-~365~520nm > #FH4piiik 5 0.2mL/min > JistE A
Sub s B 47E & 535°C> # &4 5 0 A Bk 5 7 0.5 % formic acid

2 k%R B A% 5 7205% formic acid 275 % acetonitrile - * & #-
B4cT :0min5%B; 10min10% B ; 12 min 12% B ; 35min 16%
B; 40min20% B ; 45min 25% B ; 60 min 40% B ; 65 min 55%

B 70min60% B ; 75min80% B ; 80min80% B ; 85 min
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100%B ; 90 min5% B ; 110min5% B o & =t & 47 % & L& 12 A2 4
¥ & L §730 min °

Q) FFH AT RIFE AT L3RR AT P BT # L S (HPLC-
tandem MS)d LCQDeca XP Max (Thermo Fisher Scientific)- % ¥ 7 ¢
+ E(lonTrap - IT) & 5% T *5 B 74tk (electrospray ionization » ESI)
A e @R A ER AN T IEAERIR o el - § 4+ (positive
and negative ion mode) T iE 5 RRH A 47 o g BT 0 R F F 5
(nitrogen gas) i T i > a5 5 3 & % 48 (sheath gas) 60arb ~ 4 &%
# % (auxiliary gas) 50arb ; @ £ g ;f & (capillary temperature) =
280°C - H &pix i+ A I 33 58 F D 53R T B (source voltage) =
45kv ~ £ k¢ 7 B (capillary voltage) & 46 v ~ tube lens & /& % 55
Vi Ra AR ST LR R R L35kvs L wmE RRL 42
v ~tubelens % &5 —45v o & MS/MS 2 MSnF 3~ 47¢ > R ig *

% # (helium) 3= ¢ § e fe § 88 (collision gas) » 5 3# ¥ pa #* 7]
(mass scan range) % m/z 100~1000 - H i it £ (normalized
collision energy) #= 3K ¥ 35~45% (1345 % b = &) o #73 Jc § 3] :h

iy v Xealibur #8838 (7 24 47 o
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(=) B gL BRET
IH-2 "C-f gz 2 35 (1H-2 15C-NMR) %3 ip] % 4t 4o

#-iA v 2 4% A methanol-ds ¢ > 2 VXR-300/51 A %8 & 3= 5k 3

& (*H-NMR r300MHz > “C-NMR m75MHz) Bl % > & HH
‘NMR 2 "C-NMR %3 o k2247120 4 7 i* & =# (chemical
shift) » & 12 TMS( tetramethylsilane )sv 4 v $ A &8l > s 4 7 H 514
(singlet) » d # -7 g% (doublet) ».t o1 = % (triplet) > q % -7
> A% (quartet) - b & ¢ B A (broad) o m % 7 5 £ &g
(multiplet ) ; Fprig (4 «b-7 L k%2 MS Faisd - Lips e

L3RR B

(£ =) stadts
FREETELIEIRISGL T4 0 uTEE £ RRER L
(Mean+SD) # 7+ » i 4 * Statistical Analysis System (SAS) 8.1
2 st gclie 7% R s 7 (ANOVA) 22 Duncan’s multiple range

test ~47 > Rl F AL R ARR o
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Z~%B%8tHm
“RESBY 2B M LEF2 A5
MR8 BLE 2 455 BLY £ 200094 % 1100°C4 43 -k ¥ 5 B

(200mg—20ml) » & = 1] FE£ 453 » & £ 1% 4z R 55304 452

ey
\“ﬂ
E
o
ks

—_\\
LS
-

:’;}F—"va B 0 Rk 1};14@57’#’7% » A * oz

PF% O FPHRIFIBEBEWT A S A Fhok LT

i

i

=5

21T RIES BT R ARG HE K F 2 A

Table 15. Yields of the water extracted from Aloysia triphylla and
Verbena officinalis

Fraction weight(g) yeild(%)
Verbena officinalis 234.65 11.73
Aloysia triphylla 277.58 13.87

Sample wet weight: 20009

- CRESETASGINE kEFABGE

§oY gy R RERE R L SR f G FARE
i (Castelluccio et al., 1995 ; Kalt et al., 1999) » Folin-Ciocalteu’s
assay » — AR A * R B AE Y & 4 7 2 > Folin-Ciocalteu’s
phenol reagent ¥ &2z s it &4 54 F e OH A ie¥ > A4 d § %
Fenk ¢ F R (Julkunen-Titto, 1985) - & F 2% 14 gallicacid i® 7 % &

S0 3 EAp%t gallicacid 2 4 # o RS ML 5 WM kE
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EERBEL P RAY  KFHRER(RL2) EoREES HUK
EHd A s BAE R MBS B .

RFESBXZHBIHLLZFH 20 8imzE

+ ft (flavonoids) > e i & 4 2 554 B » 3 &03F § i

vk kR KRR AP T AMGIE R T BRI B SRR

LS

i L4 (B S A 5 1996 ; 48 > 2003) - ¥ S 4 quercetin 1T 4
T 35 AP $E quercetin 2 B o MR 4F 8 BLEE 4B 5 BLE R
oo R FRFEMACEF FRAT O KFRESF(E L) HAR

BEHOKE R A R 2 R ES NS By o

2L RESEE BEMET LRSI R M T B R

Table 16. Comparison of total polyphenols and total flavonoids contents
in Aloysia triphylla and Verbena officinalis L.

Total phenolic content  Total flavonoid

content
Aloysia triphylla 150.21+0.35a 21.77+0.45a
Verbena officinalis L. 64.5+1.07b 3.92+0.65b

*Total phenolic content : mg gallic acid equivalent g Verbena officinalis L. or Aloysia triphylla extract

*Total flavonoid content : mg quercetin equivalent,”g Verbena officinalis L. or Aloysia triphylla extract
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T~ RIFES B RS BE 2 DPPHp d Rifrgat
AR PR AES B 2485 MR K5 42 DPPHp o ;g;ﬁ'u,f i3
RS R AT RAES Ik E 2 DPPH B Adng 2

Bt o 3R FE93.27% (Fl= + =) -

100% -
80% -

60%

40%

DPPH scavenging activity(%)

20%

0% -

Aloysia triphylla Verbena officinalis L.

Bl= =~ RAFS ELE S Bk 42 DPPH jod g i
A
Fig 22. Scavenging activity of radical water extract from Aloysia
triphylla and Verbena officinalis on DPPH . Bars represent
meanst SD, n=3. Means with different letters are significant
different (p<0.05) by Duncan’s multiple range test.
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I RESHEYBEE MY AR R
AR HRBRIFS WY ZBI WY LI 2 ABTS+ ¢ pd At

Tk ie® o faipli % BT R17 S HLE K E il "4 ABTS-+ 4 f

d 2 AE kb o Hfp S £9120% (RS - 2) -

100% -
S
;‘E 80% -
g
2 60% -
=
8  40% -
(7))
|_
2
20% -
0% A .

Aloysia triphylla Verbena officinalis L.

Bl -2 RIFS T 2B ME kT H 2 ABTSHA d Az
4 2 bl i o
Fig 23. Scavenging activity of water extract level from Aloysia triphylla
or Verbena officinalis on ABTS-+ radical. Bars represent meanst
SD, n=3. Means with different letters are significant different
(p<0.05) by Duncan’s multiple range test.
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C RIS BT SES M HPERER PR
*R BT Y B fEfE £ ¢ 35 o-amylase % o-glucosidase =
oo REFS BLE 25 WI K e a-amylase fEE el A 47 0
FHEE(F- L o)A RFIHT HBINT 2 HFLE S A
a-glucosidase p%2 frdla 47 > F oSS (B L v )Pl &1 & 55

TF R PR R S S w5 87.22% fr 62.58%

m Aloysia triphylla Verbena officinalis L.
100% -

A

80% -
- B
2 60% - I
S a
€ 40% - a

20% A

0% - .

a-amylase a- glucosudase

Bl= L m ~ &5 B 245 8E k354 a-amylasez
a-glucosidase 2. Fr| 5 b i o
Fig 24. a-amylase and a-glucosidase inhibitory activity of water extract
from Aloysia triphylla and Verbena officinalis. Bars represent
meansz SD, n=3. Means with different letters are significant
different (p<0.05) by Duncan’s multiple range test.
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CRESBIRT 2 FrRIBAER AR AL Sl

fu
() RIFSHET2 XAD-7 %08 1k H

BEJEEZHBIWMEFAUE PRV AL L LB RFHR
M —‘g ik ke 280nM B 3 Bt SOfTiE 0 fE Peip s Bk B A 5
e RIFS BIE 2 485 BLE2 Rdp g ke T2 R E o
#- XAD-7 3 > 7 3 41(500 x 40 mm)ie 7 ;2 Ap g Lk 17 > #
BEE kA Ek D P E(vV)=100:0-80:20+60:40~0: 100 -
Bk P AR(ViV)=D50 : 50 2 iR & | > phde i E 250mL Lo B
B f K R-T L okmok kR 0 BRSO A Rk
£ 335NmM Z Bk B E A IERE A RS RIFSHE X 6 B
TAN-VD(Blz L3) BAFdo(R L") #RIFIME 6 BFA
FrigFidng -4 2 DPPH.p o Zhirpat 4 E4ny 1 iieip 0 T
FREfRRE A Pr 1T PR SREILE IV RIRZ PEfEREF Pral A R
Bk RESHTSIVEAF 2 ERRE & L5 A5 R

Lit- H Ao (= 22 =2 2 )
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H20 100 80 60 40 0 MeOH 50

MeOH 0 20 40 60 100 Actone 50
Fraction I II III IV V VI

N IT (Il IV v VI

Absorbance at 280nm

|\ S -

1234567 8 9101112131415161718192021222324252627282930313233343536373839404142434445

Fraction No.(each fraction 250ml)

Bl- -7 - RIFSLEKFH 2 XAD-7 408 1k 178 -

Fig 25. The XAD-7 column chromatogram of eluted fractions from
water extract of Aloysia triphylla.

2L SREIME KE S XAD-7 Rkttt P RBAZ AT

Table 17. Yields of fractions eluted from water extract of Aloysia

triphylla
Fraction Weight(g) Yield(%)

I 26.73 9.63
1 9.14 3.29
Il 4.84 1.74
v 6.45 2.32
\% 3.42 1.23
VI 0.69 0.24

Sample weight : 277.58 ¢
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100% -

80% A

A
B
60% -
C
C
40% A
D
20% A
0% . . .
®’IV 1’V &

E
§ VI

ABTS scavenging activity(%)

i
w11 #®II1 i

=

B+ s RIFSBE LEH 5 XAD-7 i ¥ ks & 0 #
[ ¥ T L e
Fig 26. Trolox equivalent antioxidant capacity(TEAC)of the XAD-7
chromatography eluted fractions from water extract of Aloysia
triphylla. by the TEAC method. Bars represent meanst 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
B
80% -
0 C: c: (:
60% -
40% - D
20% I
O% T T T
BRIV AV

DPPH scavenging activity(%)

®1 BRI RN R RV |

Blo = RIES Bk 5 h 5 XAD-7 AR A0 AL g 17 & o B
% %~ 2. DPPH p d ﬁky‘%‘éf g ? e
Fig 27. DPPH radical scavenging activity of eluted fractions from water
extract of Aloysia triphylla. by XAD-7 chromatography. Bars
represent meansz SD, n=3. Means with different letters are
significant different (p<0.05) by Duncan’s multiple range test.
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® g-amylase a-glucosidase

100% - A
80% -
° B I
T
S C
= 60% - 1
o]
:
=
40% -
20% - a a
b b I I b b
0% - T ' T T T . T .
®1 B0 ®IL BRIV BV &V

o -~ s REFIELE k55 XAD-7 jedpd A 47 2 P & T 4
2. o-amylase % ‘a-glucosidase Fr+|:s 4 o
Fig 28. a-amylase and a-glucosidase inhibitory activity of eluted fractions
from water extract of Aloysia citrodora by XAD-7
chromatography. Bars represent meanst 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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(= )R #H B Y % 4 (IV)2 Cosmosil 75 C1e-OPN % 4p ¥ 1% 7
doke bt RS AR A (V)P R B A RIE L L ST
Rk kR RIFR 0 k& 335nm B B S SoTiE o RiE B
335nm LR ARE LA AT B WRIA R o RHREES Y %A (IV)E
Mg R B~ ol Cosmosil 75 Cis-OPN 2 S8 L7 # 1 L 30 ot
3% ¥ 41.(600x24.5mm) it {7 % ~ =x Cosmosil 75 C1s-OPN ;% 47 & 41k
$7 0 HR R iE R %A Eok T T a(Vv)=100:0 ~ 8020 ~ 60 : 40 -
50:50-30:70~0:100 258 &3 # » w4 e & 200mL 54z B
H v o Ok ehanew ke Gk R4FR 0 Mipj £ 335nm z
EXEH R TREARL » TRRFSHELFLAAV)E- 5 B3+ %
AR AA) 0 B F A F (L ) o HRAES B R A (V)2
5 B+ F A EFRIE W4 I AR 4l EY wR(R= -2

S) BEEA O RESHEEREAIVIZFIEA 12 I 54 fidis

)

oz 12 11 F %45 L& HF1* HPLC & dps it 15 ¥

TR
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H20 100 80 60 50 30 O
MeOH 0 20 40 50 70 100
Fraction I II 1III IV V

: I I1 IIT | IV |V

Absorbance at 335nm

i N |

01234567 8 9101112131415161718192021 222324252627 28 293031 323334353637383940414243 44454647 48 495051 52 53 54 55 56 57 58 59 60
Fraction No.(each fraction 250ml)

Bl= L4 ~ ®%5 Y F A4 (1V)2 Cosmosil 75 C1s-OPN % 4n ¢ 1
& 7R -
Fig 29. The Cosmosil 75 C1s-OPN chromatogram of eluted sub fractions
from fraction (V) of Aloysia citrodora.

o~ s RAFS B F A 4 ()55  Cosmosil 75 C13-OPN i 4p & 47 15
LR IFERASZAF
Table 18 Yields of eluted sub fractions from fraction (111) of Aloysia
citrodora by Cosmosil 75 C1s-OPN chromatography

Fraction Weight(g) Yield(%)
I 1.57 24.43
I 2.09 32.39
i 0.50 1.77
v 0.36 5.72
\% 0.03 0.46

Sample weight : 6.45 g
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100% -

A A

80%
B
60% -
D

40% C
20% I|
0% T T T T 1

B BRIl . BV

& 11

ABTS scavenging activity(%)

Bl= -+ - ®#HSEX w44 (IV)SE Cosmosil 75 C18-OPN % 4p ¢ 414
Fris 2 HIF T B FF L 4o
Fig 30. Trolox equivalent antioxidant capacity(TEAC) of the Cosmosil 75
C18-OPN eluted subfractions from fraction (1) of Aloysia
citrodora. Bars represent meanst 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 A
80%
60%
40%
20%
0% . .
% # 1

B= -+ - - RSB %4 (V)5 Cosmosil 75 C1s-OPN ;% 4p ¥
BATE =+ %~ 2 DPPH pd ghifgkicd -
Fig 31. DPPH radical scavenging activity of the Cosmosil 75 C1s-OPN

DPPH scavenging activity(%)

B
B
| | C
®IV B’V

& I

eluted subfractions from fraction (1) of Aloysia citrodora. Bars
represent meansx SD, n=3. Means with different letters are
significant different (p<0.05) by Duncan’s multiple range test.
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® g-glucosidase a-amylase

100% A

>

80% -

60% -

Inhibition

40%

20%

_U

0%
& I

Bzt~ RIS BT ® 4 P (V)% Cosmosil 75 C1s-OPN 7% 4p # 41
R8s &3+ % 4 2 a-amylase 2 a-glucosidase Fr+1 %
,tJ:_ o
Fig 32. a-amylase and a-glucosidase inhibitory activities of the Cosmosil
75 C18-OPN eluted subfractions from fraction (1V) of Aloysia
citrodora. Bars represent meanst 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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() &d Cosmosil 75 C18-OPN x40 ¢ A4 72 RIF S BF &
I~z HPLC A4 % % &

#-+ it %538 Cosmosil 75 C18-OPN e 4p ¥ £ 71 5 5 WLy £
LRI BRL S £ G0 Y DT e SRR S R I | B B
TR b aR-T Lk ok R RHF R 0 F1E AL E3350m £ B+
SolTiE 0 i B 335nm G RARE L RAT B2 BRIA R o gy
BELE I~ BAF o gd 045um 2 W65 A R s ie 7 HPLC A
170 XA TR B AR R AT R F S L e HriE 2 5 H0 ¢
MeOH : = & gt (viviv) =449 : 551 0.1 i 0.8 ml/min - 7]
AE G 33Bms BEEAGEZ Te~= L7 o danBEG o
T FRFIME | o4 el gt 5 BEA
o &1-1- 8121813 14~ RIS5(B=L2) ®FIHELII
LEA A4 BEA O R2-1I 822 82-3 #2-4(Bl= L) T

F e (FHPLCZ A g it o

-97-



1-1

oD |
0:55 g 1-2
ool F RIES WL ODSHAH | 74
E N # 1 : Develosil ODS-5 ( 250x4.6 mm )
=3 i 325%  H20 : MeOH : TFA (ViVIV)
02’* =44.9 : 55:0.1
o:si snig 0 0.8 mL/min
J oo T4 # I E : 3350m
I
ER T
O.CD: 1 ool o]

%5

T T T T T T T T T T T T T T T T T T
o 5 10 5 > D > D 5 =y 5 &

g \ﬁ 1 g 1

FedationTnee (o)
B= -+ = - ® %5 #8I Cosmosil 75 C18-OPN= 7 & | 2 =~ 4774 HPLC H -
Fig 33. Analytical HPLC chromatogram of subfraction | of water extract of

Aloysia citrodora.

0z 22 BFSWITODSHAF 1l %A
S # 1 : Develosil ODS-5 ( 250x4.6 mm )
o # 4%  H20 : MeOH : TFA (VIVIV)
E =44.9 : 55: 0.1
oI5 .
E ;i 0 0.8 mL/min
-3 ot
0D iR 335nm
oG- 52
7 =
- B % =
o T : — 1

7\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
o 5 0 5 D 5 D 35 D S D 5 &

FetonToe ()
Bl= -+ -~ ®#%5 HE Cosmosil 75 C18-OPN+ & ~ |l 2.~ 474] HPLC ®] -
Fig 34. Analytical HPLC chromatogram of subfraction Il of water extract of

Aloysia citrodora.
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() REFSHME 1-1~15 ~ 2-1-2-4 %A $2 HPLC 2452 g &
BRIFSEE LA B o TP AT R ke ok k3 RAF
¥p 0 F1H Ak B 335nm E F B X sfciE o &iE B 335nm 5 HPLC
2RI E o Mrr R A S 0.45um 2B R ER (S 0 BT A
173] HPLC A 4% » #3% i # 2 HoO : MeOH @ = & fgfie (viviv) =
44.9 : 55 : 0.1 > ;7w 0.8 ml/min > W Pl E % 335nm > & % Ao
Bl=+-~FBle -7 RFY i &% Ji* e dipidL
E o i 535mb/min 2 WA F ik ip it REFA S £ R
TeE BB AR A R AE 2 R A 0 T RE LG K
PR TR ES Y 1-1-15 ~ 2-1-2-4 F R A4 5140
an F AP o REBTNEZ LI ~Fle L = oo e FHPLCZ

A B o
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E a
. . RESHY 11 74
E # 41 © Develosil ODS-5 ( 250x4.6 mm)
20~ #3354 ¢ H:0 : MeOH : TFA (VIVIV)
E =44.9 : 55: 0.1
15—
g i 0.8 mL/min
i 10— R 335 nm
st 4
E SoN= = S|
Qo T T . T ! T !
L L L L L L L L B L L L B L AL B B B
o 5 10 s p~ ] b= D
Fetion e (o)

Bl=+7  REFIFEETF %A 1-1 2 ~474] HPLC B -
Fig 35. Analytical HPLC chromatogram of subfraction 1-1 of Aloysia citrodora.

5 d RFESHY 12 %4
255 B Eﬂ # 1+ © Develosil ODS-5 ( 250x4.6 mm )
E 4% 4 1 H.0 © MeOH : TFA (VIVIV)
20— =449 : 55:0.1
E 753 1 0.8 mL/min
15—
E R 1335 nm
i 1.0—:
O.Sé
E = ST == =
OD ; | : 1 1 , 1
I B B L B I L B I B L B B L L L L B B B B
(@] 5 10 s 2 = D
FRietion e (o)

Bzt ~RBESHEF % AP 1-2 2 2473 HPLC B -
Fig 36. Analytical HPLC chromatogram of subfraction 1-2 of Aloysia citrodora.
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7 N RESET 13 B4

o6 " # 4L : Develosil ODS-5 ( 250x4.6 mm)

os # # A 1 H:0 : MeOH : TFA (ViVIv)
; =449 : 55:0.1

o4
E it 0 0.8 mL/min

>3 % %% : 335 nm

] 0z

5 =

o1 ) £23
] = 59 55 &8
L B B B B B B B B B B L IR IR A
o 5 10 s p~ 3} b D

FeatonThe ()
Bl=t- " RIFSFEET S FL2H 1-3 24473 HPLC B °
Fig 37. Analytical HPLC chromatogram of subfraction 1-3 of Aloysia citrodora.

=5 RESHY 14 %A
# 12 : Develosil ODS-5 ( 250x4.6 mm)
= ¥ A 1 H:0 : MeOH : TFA (Vviviv)
=449 :55:0.1

ik 0.8 mL/min
R 1335 nm

o
B

H\\\8\\HMH\\GHHM\HMH

&

8

R L L L L R L A B R A LAy R AR R LR R ARy
o 2 4 6 8 10 .~ 14 16 B D

Bz RIFFEEFFLPF 14 2 24773 HPLC B -
Fig 38. Analytical HPLC chromatogram of subfraction 1-4 of Aloysia citrodora.
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h
= RIFSFWY 15 %4
O5 ?ﬁ_
E Develosil ODS-5
04
E ( 250x4.6 mm)
03 il T I
E H20 : MeOH : TFA (viviv)
i =3 =44.9 : 55:0.1
o1 9 iwi 1 0.8 mL/min
g sp] BB :
3 e || swmm R .3,35 nm
00— T f et : t | , |
| R R L L R R R R R R RN RN R R RN AR R
o 2 4 6 8 D T 1\ B B D

Riertion e ()
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Fig 39. Analytical HPLC chromatogram of subfraction 1-5 of Aloysia citrodora.

RFLEY 21 %4
# 1 : Develosil ODS-5 ( 250x4.6 mm)

25 2

#*F A 1 H0 1 MeOH : TFA (VvivIv)
20 =449 :55:0.1

et 0 0.8 mL/min

Pl ® 1335 nm

oY
b

\\\\\8\\\\\\\\\\6\\\\\\\\\\\H\

8

FeletionThee (o)
Ble L« RIFSHTF EAP 2-1 2 2453 HPLC B -
Fig 40. Analytical HPLC chromatogram of subfraction 2-1 of Aloysia citrodora.
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am ] =44.9 1 55:0.1
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I O_'D—E
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o 2 aq (Y 8 10 o~ 1a Y =B 2

FelationThnee (i)
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Fig 41. Analytical HPLC chromatogram of subfraction 2-2 of Aloysia citrodora.

RESEY 23 B4

B % 41 : Develosil ODS-5 ( 250x4.6 mm )
A H0 1 MeOH : TFA (VIVIiv)
=44.9 1 55:0.1

i 0.8 mL/min
W R B 0 335 nm

:

:

FationThe (i)

Ble - - RIFSFEEFFLPF 2-3 2424773 HPLC B -
Fig 42. Analytical HPLC chromatogram of subfraction 2-3 of Aloysia citrodora.
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0GB | - xi% ¢ H0 : MeOH : TFA (Viviv)
7 =449 1 55: 0.1

1w £ 0.8 mL/min
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et e (o)

Ble = s RIFSEE S %L P 2-4 24373 HPLC B »
Fig 43. Analytical HPLC chromatogram of subfraction 2-4 of Aloysia citrodora.
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; =44.9 : 55:0.1
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i ] R 335 nm
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Fig 44. Analytical HPLC chromatogram of isolated component 1 of Aloysia triphylla.
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Fig 45. Analytical HPLC chromatogram of isolated component 2 of Aloysia triphylla.
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Fig 46. Analytical HPLC chromatogram of isolated component 3 of Aloysia triphylla.
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Fig 47. Analytical HPLC chromatogram of isolated component 4 of Aloysia triphylla.
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=20 (250x4.6 mm )
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Fig 48. Analytical HPLC chromatogram of isolated component 5 of Aloysia citrodora.
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Fig 49. Analytical HPLC chromatogram of isolated component 6 of Aloysia citrodora.
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Absorbance at 280nm

I1

MeOH 0

H20 100 80 60 40 0 MeOH 50

20 40 60 100 Actone 50

Fraction I II III IV V VI
I11 IV V

123456 7 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Fraction No.(each fraction 250ml)

BT 485 B k52 XAD-7 jedp ¥ 1A 178 -

Fig 50. The XAD-7 column chromatogram of eluted fractions from
water extract of Verbena officinalis.

L4 BB WE RS XAD-7 ARk 1516 L PR E A 2 A K

Table 19. Yields of fractions eluted from water extract of \Verbena

officinalis
Fraction Weight(g) Yield(%)
I 11.78 5.02
1 4.35 1.85
i 5.06 2.15
vV 1.83 0.78
\% 2.00 0.85

Sample weight : 234.65 ¢

-110-




100% 1~

S 80% -
=
% A
S 60% -
2
S
S
= 40% -
R
wn
=
< 20% - B B
O% T T T T -
| | AN IV YV

BT - 485 MR R 5 XAD-T e piofiT & & w
ANEEE T LR e
Fig 51. Trolox equivalent antioxidant capacity(TEAC)of eluted fractions
from water extract of Verbena officinalis by the XAD-7
chromatography. by the TEAC method. Bars represent means+
SD, n=3. Means with different letters are significant different
(p<0.05) by Duncan’s multiple range test.
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Fig 52. DPPH radical scavenging activity of eluted fractions from water
extract of Verbena officinalis. by XAD-7 chromatography. Bars
represent meanst SD, n=3. Means with different letters are
significant different (p<0.05) by Duncan’s multiple range test.
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B a-amylase a-glucosidase
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Zz_ o-amylase % a-glucosidase Fr|i5 14 o
Fig 53. a-amylase and a-glucosidase inhibitory activity of eluted fractions
from water extract of Verbena officinalis by XAD-7
chromatography. Bars represent meanst 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 54. The Cosmosil 75 C18-OPN chromatogram of eluted fractions
from fraction (111) of Verbena officinalis.

= 2 S4B Y % A $ ()55 Cosmosil 75 Cis-OPN % 4p & 47 12
LG RAZAF

Table 20. Yields of eluted sub fractions from fraction (I11) of Verbena
officinalis by Cosmosil 75 C1s-OPN chromatography

Fraction Weight(g) Yield(%)
I 0.94 18.65
I 1.45 28.61
i 0.27 5.35
v 0.17 3.54
\% 0.04 0.78

Sample weight:5.06g
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ABTS scavenging activity(%)
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TR R ZBIE VA o
Fig 55. Trolox equivalent antioxidant capacity(TEAC) of eluted
subfractions from fraction (1V) of Verbena officinalis by the
Cosmosil 75 C18-OPN chromatogram. Bars represent means+
SD,n=3. Mens with different letters are significant different
(p<0.05) by Duncan’s multiple range test.
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Fig 56. DPPH radical scavenging activity of eluted subfractions from

fraction (111) of Verbena officinalis. by the Cosmosil 75 C1s-OPN

chromatogram. Bars represent meanst SD, n=3. Means with

different letters are significant different (p<0.05) by Duncan’s

multiple range test.
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Fig 57. a-amylase and a-glucosidase inhibitory activities of

eluted subfractions from fraction (111) of Verbena officinalis. by
the Cosmosil 75 C1s-OPN chromatogram. 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 58. Analytical HPLC chromatogram of fraction | of water extract of

Verbe

s B G BB

na officinalis.
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Fig 59. Analytical HPLC chromatogram of fraction Il of water extract of

Verbe

na officinalis.
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Fig 60. Analytical HPLC chromatogram of subfraction 1-1 of Verbena officinalis.

d

on ] e BEWL 12 %A
] % 4 : Develosil ODS-5 (250x4.6 mm )

o6 A D H0 1 MeOH : TFA (VIviv)
; = =44.9 : 55:0.1

04, seik 0 0.8 mL/min

0z
E =

T ‘ ‘ R
L A R R A A A M A AR R A Ean) AR AR R
o 2 a4 (S 8 10 i~ 14a s B 2

FeetionThne (o)

B~ - ~#B58YF+ %A 1-2 2 #1473 HPLC B -
Fig 61. Analytical HPLC chromatogram of subfraction 1-2 of Verbena officinalis.
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Fig 62. Analytical HPLC chromatogram of subfraction 1-3 of Verbena officinalis.
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Fig 63. Analytical HPLC chromatogram of subfraction 1-4 of Verbena officinalis.
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Fig 64. Analytical HPLC chromatogram of subfraction 1-5 of Verbena officinalis.
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Fig 65. Analytical HPLC chromatogram of subfraction 2-1 of Verbena officinalis.
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Fig 66. Analytical HPLC chromatogram of subfraction 2-2 of Verbena officinalis.
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Fig 67. Analytical HPLC chromatogram of subfraction 2-3 of Verbena officinalis.
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Fig 68. Analytical HPLC chromatogram of isolated component 1 of Verbena

officinalis.
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Fig 69. Analytical HPLC chromatogram of isolated component 2 of Verbena

officinalis.
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Fig 70. Analytical HPLC chromatogram of isolated component 3 of Verbena

officinalis.
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Fig 71. Analytical HPLC chromatogram of isolated component 4 of Verbena

officinalis.
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Fig 72. Analytical HPLC chromatogram of isolated component 5 of Verbena

officinalis.
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Fig 73. Analytical HPLC chromatogram of isolated component 6 of Verbena

officinalis.
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1 ~RIFES I 2 LC/MS/MS £ 45 2 %#{.g_""i

(1) HPLC ¢ * Hitachi HPLC-2000 system - % 4p & 47 ¥ 41 = YMC-Pack
ODS-AM(100x 2.0 mmID. » S-3-um 12nm ; Kyoto > Japan) > UV-Vis
diode array detector(DAD) & & 4 45 & [F]3X % .200-550 nm » T & i
£ % 265~285~365~520nm > #H4pinik 5 0.2 mL/min s AR G
Spe B4R R 35°C> BEdp s A BiR s 70.5%Formicacid 2
kA% B % s 7 0.5% Formic acid 275 % acetonitrile - i* & #-
B4 0min5% B 5 10 min 10% B ; 12 min 12% B ; 35min 16%
B: 40min20% B ; 45 min 25% B ; 60 min 40% B ; 65 min 55%
B 70min60% B ; 75 min80% B ; 80 min 80% B ;. 85 min
100%B ; 90 min 5% B ; 110min 5% B o & =t & 7% # 4L Az 4
¥ & T #¥30 min o

QFFHAs T RIERAT D BRRIA TR L L (HPLC-
tandem MS)d LCQDeca XP Max (Thermo Fisher Scientific)- % ¥ 7 &t
+ M (iontrap » IT) % % 5 L2534k (electrospray ionization » ESI)
SR o @ A A EX AT FEFER 0 Al f 4T (positive
and negative ion mode) T i& 7 B A 4T o i AT 0 R * F 5
(nitrogen gas) & {7+ i > 1512 5 A & 5 48 (sheath gas) 60arb ~ 4 24

# %8 (auxiliary gas ) 50arb ; @ £ g & (capillary temperature)
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280°C » H &rix i+ A 33 #5871 SdR T R (source voltage) =
45kv ~ £ ' 7 B (capillary voltage) = 46V ~ tube lens T /& % 55
ViR A BT SRR T R S35k L mE TRE 42
v ~tubelens & & % —45v . 2MS/MS % MSnE ¢~ 45 ¢ > B *

% # (helium) »~ g p4 @ 3 iFgifi § #8(collision gas) » 3 # o 4 )
(mass scan range) 5 m/z 100~1000 - H zidg it € (normalized

collision energy) #= % % = 35~45% (135 7 Ip = &) o #7F Jc § 3] :h

#cdp 1 Xealibur $it88 8 (7 T A 47 o Ao E

fo o RIFSHE 2 2%

Table 21. 2nd mass spectra of Aloysia triphylla.

Rt(min) [M-H]" MS/MS(%) Identification

13.89 637 381(11),357(8),351(100),327(4),285(42) Luteolin-7-diglucuronide
20.45 621 487(15),426(2),365(2),351(100),311(3),269(4) Apigenin-7-diglucuronide
24.97 639 621(100),529(4),487(6),459(1),323(3) R-hydroxy-isoverbascoside
26.55 651 517(6),413(7),395(7),371(2),351(100),341(11),299(1)  Chrysoeriol-7-diglucuronide
34.01 623 461(100) Verbascoside isomer

37.41 623 461(100) Verbascoside

4283 637 491(8),475(6),461(100),265(5) Eukovoside

4758 651 505(51),475(100),337(8),265(30),193(25) Martinoside

(Quirantes-Pinéa,R., Funesb,L., Micolb, V., Segura-Carreteroa,A., and Fernandez-
Gutiérreza, A. (2009). High-performance liquid chromatography with diode array
detection coupled to electrospray time-of-flight and ion-trap tandem mass spectrometry
to identify phenolic compounds from a lemon verbena extract. Journal of
Chromatography A, 1216: 5391-5397.)
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LRSI ER S BT S ET
BIFS I K EB P & i e i 5 5 A u 4] * UV, 'H-NMR 2
LC-MS-MSi& 7 st > T4 MR e prdrd 16/ % ¢ prig gt
£ 4 (phenyl ethanoid glycosides) - 4 %] = isoverbascoside(1) ~
verbascoside (2) ~ eukovoside (3) -~ eukovoside isomer (4) ~ ferulic

acid(b) # caffeic acid(6) -

(- ) @i $ F 1 (isoverbascoside)2. % H-F 2

0
N o)
0

HO HO%O OH

OH

H3C ')
HO
HO  OH

UV A max (MeOH) nm: 290, 330
Formula : C29H36015

MS: 623 (M-H) *
MS/MS(%):461(100)
W1 260 THANMR (8 g8 dod = - = 9557 o
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2oLtz B L2 2221H ~F =8 (ppm, D20+methanol-d4)
Table 22 *H-NMR spectrum for the isolated component 1 and 2

moiety Carbon position  1(isoverbascoside)H(J)  2(verbascoside)*H(J)
Aglycone 1

2 6.73(d,2.1) 6.69(d,2)

3

4

5 6.71(d,7.5) 6.83(d,8)

6 6.64(dd,2.4,7.8) 6.62(dd,2,8)

7 2.77(m), 2.77(ddd,3.5,7,14),

2.75(m) 2.77(ddd,3,7,14)
8 3.72(m),3.76(m) 3.75(ddd,6.5,7,8),
4.03(ddd,3,6.5,8)

Glucose 1 4.43(d,8.1) 4.43(d,8)

2 3.39(m) 3.39-3.81(dd,7.5,9.5)

3 3.39-3.81 (t,9.3)

4 4.92(dd,7.5,9.5)

5 3.39-3.81(m)

6 3.90(m) 3.39-3.81(m)

3.39-3.81(d, 10)

Caffeic 1
acid 2

3 7.09(d,2.1) 7.10(d,2)

4

5 6.82(d,8.1) 6.73(d,8)

6 7.01(dd,2.1,8.1) 7.02(dd,2,8)

7 7.59(d,15.9) 7.59(d,16)

8 6.30(d,15.9) 6.31(d,16)

9
Rhamnose 1 5.05(s) 5.07(d,2)

2 3.37(m) 3.35(dd,2,3)

3

4

5 3.91(m) 3.93(m)

6 0.99(d,6) 0.99(d,6)
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ity Rl FIRG ¢ Bk 0 d UV-visible£3# (Bl~+1)A
max (MeOH) 245, 290, 335 nm » £ % it 4+ 5 2 = $: A+ ¥ %K band
% B bandrsF ez ¥ o f 'H-NMREH (B~ L= » 2L =)o
Mo 2 mApiTen 3 o e 4R 2 glucosyl A @ G ¢
5 #% 1+ phenyl ethanoxyl, rhamnosyl % caffeoyl % A ® > & 4 'H-NMR
5 LC/MS/MS € 3% fiz 47 &2 < }gk b ¥+(Gomez-Aguirre et al., 2012 ; % >
2012) » Fx_ M i 4= 2 o caffeoyl 3B 7 & 4% teglucosyl C-4(&
J4.92z_ 7§+ ) o m E 3% 7 C-6 risoverbascoside -

Cardinali A et al. (2012)#= % % 3r.isoverbascoside £ 247 chyuy it
eI -SRI R be 3 8 &¥7 o Tang % 4(2008) MTT
% 0 ¥831 % I )k & enisoverbascoside -] ELF Bk R R Kk nve 3
78 R 38 o % 5 BT isoverbascoside ¥ TR aE ] BUEE R Skt ve e
78 > isoverbascoside A 16pmol/L k& T B2 imie TS X i pF o F
BE D BpFRMmie iz - e § %EFT » 74 A 55 %
MGc80-3 % 4 £ % i3 = MGc80-3 w*z $kernk i (Chenetal.,
2002) - MGc80-3 m*z 520 umol/L #<# i Flisoverbascoside /tZ
&0 et B o Mpdckp xR o 4 R aE57.8% - ¥
B H¥MGCB80-3 M enE £ A Fdc G MRS ELS LT (%

% »1995) o F#% HL-60 *w#z 33 5umol/L #| & hisoverbascoside s
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®is o wie 2 BB F XD 0 A L FrF] 5L 5134.5% (Wang et

al.,1999)

350

Vavelength (nm)
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Fig 75 'H-NMR spectrum of the isolated component 1 from water extract of Aloysia triphylla.
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(=) ¥ F 2 (verbascoside)2 B H &2

H,C o
HO
OH
O
HO

HO  OH

UV A max (MeOH) nm: 245,290,335
Formula : C29H36015

MS: 623 (M-H]) *
MS/MS%:461(100)
B 2 B d ehB A o UV-visible k3 (8~ L

=) A max (MeOH) 245, 290, 335 nm » = #: & -+ ¥ 3k K band% B band
e d o 'TH-NMREZHE (B A L N > £ 2L o) A Resig
PR - BFRABXZ BNz B+ A, 06,62 (1H, dd, J=2,8
Hz), 6.69(1H, d,J=2 Hz) ; 6.83(1H, d, J=8 Hz) % 6.73 (1H, d, J=8) , 7.02
(1H, d d, J=2 ,8Hz) , 7.59 (7.06, d d, J=2 Hz) , ¥ *}6.28 (1H, d, J=16 Hz)
% 7.59 (1H, d,J=16 Hz) R % caffeoyl Z Btrans-form 4t «H- B 5
G B BHEE A A §4.37 (1H, d, J=8), 5.19 (1H, d, J=2)

4 5] % glucosyl 2 rhamnosyl H-1 0 =+ 3t > 63.39- 6 4.921] &
glucosyl 2 rhamnosyl 710 & =+ j4 3 > 6 1.098] 5 rhamnosyl + ® 3k <
Bk # ¢ glycosyl H-4en 5+ i 2 jE 5 3.5 shiftF] 6 4.92 > 4
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%ﬁmeWE@’iéﬁwwmiwmwm%ﬁﬁﬁﬁéﬁw%
(Gomez-Aguirre etal., 2012 ; % » 2012) » i 4= F7 2 enlg
#-¥_% verbascoside -

Verbascoside & ¥ ¢ fHafit &4 > EFME I B L4 2 - > FF
% 4 iverbascoside & ' AE cRE R PR R B ) SLE BN
doenied (¢ PRk P fE Y AT 2008) 0 ¥ b 5 dp
verbascoside % 16pumol/Lk & £ fmPe F]+ = A ie* pEo ¥ 1 E &
R BUF AR ORAE K e enBi e 0 @ B 8 mre Tl 4 PP ORE e
f i®* (Tang etal., 2008) - % %8 *b & 2% ¢ % 3R ¢} 4cverbascosiders 7
£ el ) R E 2 A 4 (Campoetal., 2012) - # & £ 3 77 IR

verbascoside & 2 4% ¢ifg -4 (Cardinali A et al., 2012) -

:
g
e
g
I
=]
3

350
Wavelength (nm)

Bl- L2 s REFSHIKFFH S 2 28 —7 Lskko

Fig 76 UV-visible spectrum of the isolated component 1 from water

extract of Aloysia triphylla.
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Fig 77 *H-NMR spectrum for of isolated component 2 from water extract of Aloysia triphlla.
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(2) ¥ F 3 (eukovoside) 2 B H &

o) JOH
H,C
0
N o%o OH
H3CO Q OH V\CEOH
OH o
HO
HO  OH

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

Formula : C3oH3sO16

MS: 637 (M-H) *

MS/MS(%):491(8),475(6),461(100),265(5)
'H-NMR(400MHz, D,O+methanol-d4): &

1.09 (rha CHs, d, J=6.3 Hz), 2.77 (agl H-7, m), 3.83 (fer OCHs, 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)

BivPE3 9 Ak o UV-visible 3% (R ~ - 4 ) A max: 245,
290,325nmEg 7+ ¥ ¥+ K band % B band =4 e 4z ¥ > 'H-NMR(B) 4
ST ESMCESE L fo 2 r L apiT o vE- 5 2B ARG -
phenyl OCH3(63.83) » F]ut 4Rl # 4= £u glucosyl A B 5 @ < o
#C-1>C-3°C-4 =% F izt phenylethanoxy - rhamnosyl # feruloyl
e eukovoside.
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] eukovoside =i EEAEN RS A SREF G (CCI)
oo pegh (MIA) S %2 *h % L H A 55 0 2% &7 eukovoside
oo

L5 ¥ 2 Fui F % FuiAc2 % H(Benedetta Isacchi et al., 2011) - -]

£ v JR eukovoside z_ f& 5 ¥ H Bl H o :ch » ZFILHEMDAA 4 T

AT st

(AT

Ab=orbance

350
Wavelength [nm)

Bl -~ s RIFSHEI RS0 3 25 —7 Rkkig o

Fig 78 UV-visible spectrum of the isolated component 3 from water
extract of Aloysia triphylla.
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Fig 79 *H-NMR spectrum of the isolated component 3 from water extract of Aloysia triphlla.
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(=) # i3 F 4 (eukovoside isomer) 2 B &%

0
A O
H3CO Ho%o
OH 0 OH
1
HO

HO  OH

OH

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

Formula : C3oHsgOu6
MW: 638 (M] *

'H -NMR(300MHz, D,O+methanol-d4): &

1.09 (rha CHs, d, J=6.3 Hz), 2.77 (agl H-7, m), 3.83 (fer OCHgs, 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)

it 8 45 4 UV-visible % 3% (B4 -+ - ) A max (MeOH)
245,290, 335 nm > & 57 ¥ %K bandz B band i s jo o B 'H-
NMR(RI4 + = )k 7 » 7 el 3]'H -NMR 8 3.88L 20 » 245
% phenyl OCHs ¢nff 5 » Wit 4= 4 &2 - 4 3 22'H-NMR%
FHFMHT R - Ko rj&,mj R TS GRS P 4 iy

% eukovoside isomer o
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Fig 81 *H-NMR spectrum of the isolated component 4 from water extract of Aloysia triphlla.
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() i 5 (ferulic acid)2 S &FT

O

H4CO N oh

HO

UV A max (MeOH) nm: 245,290,325
Formula : C10H1004
MW: 194
'H -NMR(400MHz, D20+methanol-da): &
3.78(3Hz,s,fer OCH3),6.28(1H,d,J=16HZ,fer H-
8),7.06(1H,d,J=2Hz,f,ferH-2),6.97(1H,d,J=2 ~ 8Hz ferH-
5),6.82(1H,d,J=8Hz, fer H-6),7.55(1H,d,J=16HZ fer H-7)
Wit 8 55 d “UV-visible %:#(Bl4 + = ) A max (MeOH)

245, 290, 335 nm » & -+ ¥ %K band* B band 4 ez ¥ o d H -
NMRE# T (B4 - e )@ s 5 F 5 4% ferulic acid -
ferulicacid v &g ¥ "¢ 4| * g h{oif s &4 pd LA 4 > 3F
X ERPRE Y 2§ R BT A S 2 B R
% 51§ 4 5 (ROS)(D.AllanButterfielda et al., 2002) = 41 # # j f5 -
12-+ v = fg-13-2 fefia (TPAAS ¥ 84 L A 2 IR 7|5 § IR %

Hpy A 4 g imre > 77 Bgor ferulicacid v sidrd| Mg m e 2
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A 2 (Mou-Tuan Huang et al., 1998) -
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Fig 83 tH-NMR spectrum of the isolated component 5 from water extract of Aloysia triphylla.
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() P F 6 (caffeic acid)2 SH-&F

O
HO

HO

UV A max (MeOH) nm: 245,290,325
Formula : CoHgO4

MW: 180

'H -NMR(400MHz, D20+methanol-da): &

7.54(1H,d J=16Hz,H-7),7.08(1H,d,J=2,0Hz), 7.01(1H,d.d, 5=2,8Hz),
6.83(H,d,J=8Hz,H-5),6.30(H,d,J=16Hz,H-8),

it 8 60 4 UV-visible %:#(Bl4 + 7 ) A max (MeOH)
245,290, 335 nm » & 1 ¥ %K band % B band =4 fierx deF 0 £ d H -
NMR:E#F (R4 =) BitHH 6 4*1‘;&”@;%#{&; caffeic
acid o

Caffeic acid ¥+>+48 7h 2 4§ “ 2% ABTSp d A *% 5 ~ DPPH
Bl RS A BRI PR B C R RS
BRa 4 ~AQF BT A &'}%%ﬁrﬁﬁéi?k JEREI SIS 22

2_$F v &4 o (Glgin, 2005) o 41 * ik fg-12--+ w Y2 fg-13-2 fk
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A (TPA)A | L& 4L A3 BETFIS 6§ foRsprs & 3 Bme
7 3 Bgor caffeic acid # § »xir| i w2 2. & 4 (Mou-Tuan Huang

etal., 1998) -
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Fig 85 *H-NMR spectrum of the isolated component 6 from water extract of Aloysia triphylla.
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Lo VBB I HMSFLSEET

2B IFS MY HPLC 2% g2 H-NMR Bz > 7 455

£ 4 (phenyl ethanoid glycosides) - 4 %] = isoverbascoside(1) ~
verbascoside (2) ~ eukovoside (3) -~ eukovoside isomer (4) ~ ferulic

acid(b) # caffeic acid(6) -

(=) % % F L(isoverbascoside)2 % &2
ol
o N
HO Ho/%&/c
OH 0 OH
H3C$2j
HO

HO  OH

OH

UV A max (MeOH) nm: 290, 330
Formula : C29H36015

MS: 623 (M-H) *
MS/MS(%):461(100)
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Fig 87 *H-NMR spectrum of the isolated component 1 from water extract of Verbena officinalis.
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Fig 91 *H-NMR spectrum of the isolated component 3 from water extract of Verbena officinalis.
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extract of Verbena officinalis.
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Fig 97 *H-NMR spectrum of the isolated component 6 from water extract of Verbena officinali
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Table 23 Yields of five isolated components from n-butanol extract of
Verbena officinalis L

Isolated components 7 £(mg) A 5 (%)
isoverbascoside 145.53 0.0033

verbascoside 6047.00 0.139

eukovoside 48.29 0.0011

eukovoside isomer 19.03 0.0004
B-hydroxyverbascoside 100.47 0.0023

sample dry weight: 4250.41g
(= » 2012)

Lot r s BB B KED B S A

Table 24 Yields of six isolated components from water extract of aloysia
triphylla

Isolated components z £ (mg) #& & (%)
isoverbascoside 2777.64 0.13888
verbascoside 616.05 0.0308

eukovoside 2547.12 0.12735
eukovoside isomer 142.81 0.00714
ferulic acid 1167.62 0.05838
caffeic acid 56.31 0.0028

sample dry weight:2000.00g
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Table 25 Yields of six isolated components from water extract of
Verbena officinalis

Isolated components 7z £ (mg) A % (%)
isoverbascoside 652.46 0.03262
verbascoside 2005.27 0.10026
eukovoside 445.24 0.02226
eukovoside isomer 336.00 0.0168

ferulic acid 70.12 0.0035

caffeic acid 319.20 0.01596

sample dry weight:2000.00g
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