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Abstract

Phyllanthus emblica L. which belongs to the Euphorbiaceae plant widely
distributs in tropical and sub-tropical area and has been applied traditional medical
systems in China and India for long time. In this study, the fruits of Phyllanthus
emblica L. grown in Taiwan were extracted with six different solvents (95%
methanol, 95% ethanol, 50% methanol, 50% ethanol, boiling water and ethyl
acetate) and examined the functional ingredients, antioxidant activities and
hyperglycemic related factors inhibitory activities. Among them, both 50%
methanol and 50% ethanol extracts had the highest total phenolic, total flavonoids
and hydrolyzed tannin content; The 50% methanol extract showed the highest free
radical scavenging activity of DPPH and ABTS with 1Cso of 7.51 £ 0.08 and 3.43
+ 0.11 pg/mL, respectively. The ethyl acetate extract had highest superoxide anion
radical scavenging activity with ICsg 48.27 + 0.02 ug/mL. The lipid peroxidation
were not significantly different regardless of methanol and ethanol concentration.
The 50% methanol extract also had highest inhibitory activity of alpha-glucosidase
with ICs0 0.24 + 0.02 pg/mL. All extracts had the same AGEs formation inhibitory
activity up to 60% inhibition rate. The content of special functional compounds in
all extract varied with different solvents. f-Glucogallin had the highest content in
each extracts. In conclusion, both 50% methanol and 50% ethanol extracts had the

best antioxidant and hyperglycemic related factors inhibitory activity.

Keyword: Phyllanthus emblica L., solvent extracts, functional compounds,

antioxidant activities, hyperglycemic related factors
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¥ Ak (Diabetes) = X = 5 IR 4 E 3 - ik sl e Pz — o DIRE R R

WP R o A Gy P2 A FEY S 2 RE S F A E B IE BT e

wm;

T B bE S i fom b % B (IDE2017) 0 ¢ B i B iLend - )
Ve Ao o 3 o s ML 23RO A v B dL R hT @ E L (Reinehr, 2013)e
Wrm g asr s mpigg s A9 SAFREL - HLEERP B K AP
(Advanced glycation end products, AGEs) 1+ £ 4 & » 4 242 ? 2t F & Bk
BTHEMAF P R TEMGAREEORE A2 <

i AL 0% 5 33 A T4 fhi s (Chetyrkin er al., 2011) o

ek

SE N

#&1% (Reactive oxygen species, ROS) £ - ¥ E£ 5 % 13 & RlLA F >
zpd Amz2ad Ao gF Cwre? R E s 0 B2 DNA @ iR A
g L 45 3 (Lobo ef al., 2010; El-Bahr, 2013) - ¥ d £ et S4is* & 4
EFXIHREY DEAR A2 EFTORR £33 ROS i 4
(Ayalaeral.,2014)- % A 48 ¢ F i 224 it (8% 4 3 T frpr s ¢ Bz 1
HRdi o Aot CHELE L PARKE S REERLG R

Bhenhge B W pRES A B & A& ek it (Sindhi ez al., 2013) o

FEPY 2F3F S B F (Phytochemical)» ¢ 3 55 ~ a2 % C 2
AT E & ""}‘;KE FALE VR FREAMPE TR d A g ® (Ganesan
etal ,2017)c £ ¢ % [ 45t Mok F AR RS RE MR ¥ DE RS
MmO Rk A P AR g L (Rasouli ef al, 2017) - 44 +  (Phyllanthus
emblica L.) = AF R SRR AR 0 TGRS CERT e
W R YA H B ¢ P LG if] (Ahmaderal, 1998) ~ fip & (Estari
etal.,2012) ~ ¥4 & (Wangetal.,2017) ~ #v% i* (Liuetal.,2008)% FOHE IR
(D'Souza I et al., 2014) % %1 o e 4 b £ 485 F 2 $B3 4 ¢ B B2 o

& A 2 Ap B A P E e (Liu et al., 2008; Nampoothiri ef al., 2011) - &4+ + 53



1960 # i Fl gk i sh 3l » o AR 0 A 2 Tl 2 R Az R AR
EOLR T E FF AL AT R PR A O BEC RHI KRG S R
EELFER P HLEBGIAHFY 100 25 2 5 AFNTEE aHE T

% etal,2017) -

AFEFET SR RTRAL AR TR 0 I 3 AR

R

B FHEIE  FEIMERBRERIHBLEI LS DRF A I RIE

DPPH ~ ABTS ~ 42% 123+ % p o

Bt

AR IR B B ndrdliE 1
TEARSAEDAH I HIE CEEZEE S H o d R L iEr B
Fep & A APM > ik - 9 4R34 5 P-4 #f a-amylase ~ a-glucosidase % & ¥ i
HAFEREBAPR TS I G RS RSN S T R

HHBARAL ;R 2 BT
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4+ F (Phyllanthus emblica L.) % = %%+ (Euphorbeaceae.) ¥ ™ tx
(Phyllanthus) =hia 4= >+ A5 @ 4 ~ b 4 % ~ Emblica officinalis ~ & B fif %
(Indian gooseberry) = amla ¥ o f > R~ R ~ PR X £F 2 T4
FEFH O D ROBIEF R K- Tk (Ayurveda) e H T O e P AR
L i enig 4 (Perianayagam et al., 2005; Yang et al., 2014) - &4 47 7 %7
BT RGP BRI R PR FEME A A C % (Sarin
etal,2014) = P B4 252n % 4 5 % AFE 3 5 ¢ 0% - Bt (Khan, 2009)
TRES~102% > BHA ERARS 0 HTE GBS ";’—t?*if'%?f%#ﬁ@ s
R st A 204 2 EpI L2 nE T HEF L L2 £ (Variya
etal.,2016) % F 2/ S * T AR AP REERE B SARY A b

T4y F (8% 3 etal,2013)-

N
Fig 1. Fruit of Phyllanthus emblica L.
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1. #F7# 1% (Antimicrobial activity)
et T URE LT gk kEBF Y hd Hdk (Alkaloid) 2 H %
(Tannin) $+ = % {% [/ (Escherichia coli) * &% ¢ § ¥ 3 7 (Staphylococcus
aureus) % 3 #r#]1F * (Vijayalakshmi et al, 2007) o ¥ — 38 §]* 2§ #3 P 472
(Agar well diffusion method) ¥+ 82 f&r & & 4L 2 * fu H JifAic 4 7 3 % 4p
bt F L EEREBRS T T 24 %f']‘ (Bacillus subtilis)~ % 2 & ?ﬁ (Proteus

tulgaris)~ ] 57 * X & (Salmonella typhimurium) ~ ¥ %k 1% ] (Pseudomonas

aeruginosa) % Wit A fElmp 'y & 3 4 o] E L (Ahmad ef al., 1998) -

2. #’u:]}%i &4 (Anti-virus activity)

4

C

A l‘?n:}lisi (Human immunodeficiency virus, HIV) & & X & %& 3
Z g % ¥ (Acquired immunodeficiency syndrome, AIDS) =1 & &5 5]+ o 4
HF P BEB ST A HIV F g aEl > ea (2 md afp a2
(Estari et al., 2012) - 1,2,3,4,6-penta-O-galloyl-b-D-glucose (PGG) ¥ %%' d 28
AEEE R {5 g A g kg A AR :@ai (Influenza A virus, IAV) &h
B PGG ¥ d 4 F e £+ ¢ 43 (Liueral,2011) o ji4kH + {3308~
Fenficfd B 2 A H 9 (Sesquiterpenoid glycoside) ¥ 3 »xdrd] A 3|inR s
# H3N2~ %4 EV71 2 B 3% L+ (Hepatitis B virus, HBV) (Lv et al.,

2014; Lv et al., 2015) -
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Table 1. Functional compounds of Phyllanthus emblica L.

Compounds structure Reported functional activity
HO OH
HO [¢] . .
5 . Anti-virus (EI-Mekkawy et al., 1995)
Ho 5 ° o Anti-atherosclerotic (Duan et al., 2005)
HO
HO OH

1,6-Di-O-galloyl-B-d-glucose

"
e - o)
HOH,C . .
— Anti-inflammation (Carr et al., 2017)
HO OH

Ascorbic acid

HO, OH

Gastroprotective effects (W. Liu et al., 2017)
Anti-virus (Lin et al., 2013)
Anti-inflammation (Reddy et al., 2009)
Anti-diabetic (Gao et al., 2008)

Antioxidant (Manosroi et al., 2010)
Anti-inflammation (Manosroi et al., 2010)
Anti-diabetic (Lee ef al., 2010)

Chebulinic acid




O /szig:w Antiatherogenic effects (Duan ef al., 2005)
A Anti-diabetic activity (Benalla et al., 2010)

Corilagin

OH

Antioxidant (Priyadarsini et al., 2002)
Anti-neoplastic (Boukharta et al., 1992)
Anti-diabetic (Benalla et al., 2010)

Ellagic acid

(0) OH

Antioxidant (Zhang et al., 2004)
HO OH Anti-diabetic (Benalla ez al., 2010)

OH

Gallic acid

OH Antioxidant~ Antimicrobial ~ Anti-virus ~ Anti-
neoplastic ~ Anti-diabetic (Cheng et al.,2016)

Geraniin
OH
OH OH
0 Antioxidant (Zhang et al., 2004)
HO%o © B e
OH © Anti-diabetic (Puppala et al., 2012)
0
Glucogallin




Antioxidant ~ Antimicrobial ~ Anti-virus ~ Anti-
neoplastic ~ Anti-diabetic (Chen et al., 2013)

HO

OH
O OH OH
Mucic acid-2-O-gallate

Mucic acid-2-0O-gallate

Anti-neoplastic (Potawale S. E. et al., 2008)

Quercetin

Antioxidant (Manosroi et al., 2010)

Anti-inflammation (Manosroi et al., 2010)




3. L% % & 4 (Anti-mutagenicity activity)

Rao et al. (2016) 4 44 F -k B4 7 %5 0BG RR - TR B iR R
(Cyclophosphamide, CPM) fd2 18 > A FIR LA I A F o % V£ N E5%
(Ames test) 7 Cassia occidentalis 2 Emblica officinalis "k 3 ¥ ¥ 3§ 3 %
B1 (Aflatoxin B1, AFB1) % % i [a]*~ (benzo[a]-pyrene, B[a]P) 3k % % chir ]
o % dp U E officinalis & G L de ko FEEagn A Rk p HE P R
o f& (Ascorbic acid) ~ ¥ v & (Ellagic acid) % H % 2 i3 * % 2 (Sharma et

al., 2000) -

4. i3 it % (Antioxidant activity)

BT RR R G ep PR ERFAMEE TG R AR
Wt Ls iz €75 B (Liueral,2008) - # ¢ ¥ 4 3¢ geraniin, isocorilagin,
kaempferol, quercetin, quercetin-3-B-D-glucopyranoside % kaempferol-3--D-
glucopyranoside % = f& £ 5 24F g it F 2 g = » (Liuetal,2008) o 4
43k FHr gk # HepG2 § AT R A RRERT 0 e
sfE T o R By it pE R E 2 %2 4p B (Shivananjappa et al.,2012)-
70%7 fEépq F+ B4 E 5 2450 DPPH pd A~ A3 I3+ 2 i35 * 3 ‘}%‘
“,f‘ié'ﬁ’ TR EABAEF RS 2 AR L BRI TES LR %o

Tk A SR FF AR S 2 5 (Sahaeral, 2015) -

5. U X% P (Anti-inflammatory and anti-neoplastic activity)
Friad g AR eI ERIBACEIRAF b PR A CESE
Feoflp™ > A gF L F R Eanbrag i g gt Lok o 29
B XT3 A i WP b Lt hFF > 4k F L pF (Cyclooxygenase-2,
COX-2) ~ Evgim? % X 3¢ (Macrophage Inflammatory Protein-2, MIP2) ~
% 7+ %] & (Tumor necrosis factor alpha, TNF-a) % v !m %% /i 3 3%

(Interleukin family) (Nathan et al., 2010) - Zlm? > 5 > 44 F KX 5 7 F »cdr



#ld BF 3 (HO2) #Eehp d LA 4 (Charoenteeraboon et al., 2010) o o
BlalP A& KA 2% XF Kt o F REPFTREF O HHE L 57 MIP2,
TNF-0 2 IL-1B ehd-v Fot 2R E - & > TR g orid & v o %
(Wang et al., 2017) - 444 5+ ¢ & geraniin, quercetin-3-pf-D-glucopyranoside,
kaempferol-3-pB-D-glucopyranoside, isocorilagin, quercetin # kaempferol & $F 4
=) :fW;TUS'p wmr% (MCF-7) 2 s 2w ? (HELF) £ 3 5% 72| ehim®e 3 M4 » % =

A2 e 4 R p At B w g L E R (Liveral, 2012) o

6. "% » "5 (Hypolipidemic effect)
Fafas o n BABDIERGFF 2 - APFRS LY 5EAR DY
& Ff%  (Cholesterol, TC) ~ = &4 ¥ fig (Triglycerides, TG) % X % & "3 3¢ "%
7 A% (Low-density lipoprotein cholesterol, LDL-¢) > ¥ Mk & 13 % & 75 39
"% 7% (High-density lipoprotein cholesterol, HDL-c) = @ i ¢ LDL-c e7% #
tAgERpd AAL  BERFEF B AFRRERA c RRAY

P YT T MF ML 2B L F WA TC, TG 2 LDLc

1v=h' =%

z » ¥ 3% & HDL-c 597k T » ¥ 3% % IR {7 /0 % 3+ Simvastatin (3-hydroxy-

o

3-methylglutaryl-coenzyme-A reductase inhibitor) { *r P & (Huangefal.,2017)

7. ¥ B w12 (Anti-diabetic activity)

A T I?'B"%“,/f 1 FLV]E pd & iRE G o-amylase £ a-glucosidase
FAAE R % % chdr 4] 5 12 (Nampoothiri et al., 2011) - #7 3 7 gallic acid % ellagic
acid @ f& = 4 ¥ Fri| ¥ f% % % % 1L (Benalla ef al., 2010; Gunawan-Puteri et al.,
2012) - @ W F m MR § T, F ko FAEA % AP (Advanced
glycosylation end products, AGEs) » @ AGEs #t:% & A% Fopadp B & 2 g el
2 47 (Liveral,2011) @ STZ % $Mfim | QR %7 45 Fop v

B ¥ Meif? AGEs 77 # (Rao et al, 2005) -



SRR

# 7k (Diabetes mellitus,DM) & - f& 2+ F enii (7 1R 2o » S ¥ o
ﬁv;rsﬁih’r'siwgwgé_ﬁ;%ﬁa1«\17441§;ﬁ7i5é3é3,r§, & op o
FAOMRII AR ERT c P2 R YLD R FREF T
F 2 EP #0E 0 E3 2045 & 3 1) 6.29 g 4 (IDF, 2017) - #fp - A
RHEF AR TR R AR LEFEL Y o D ¥ S @ TR
SPFENE 0 3 % % w B3 % (Kharroubi ef al., 2015) - ¥ 88 & R F & Bk i
o AR Tk F PR R S R AR WO Bk o h BB A
Ao mslg s 2 4 pafr i ? & (Ketoacidosis) ~ 2R 2 F % B R R
(Nonketotic hyperosmolar coma) » @ & #p &>t B w By 8T > 4T AR AR
FHAeH SRR T RBE PEEEY 30 CRFow F AR PE BT (ADA,

2010) -

% PI#E s t4 ¢ (American Diabetes Association, ADA) ¢3p 2 4p 1 > #
%%' d pE it w § % (Glycated hemoglobin, A1C) ~ % " & # i& (Fasting plasma
glucose, FGP) ~ v PR & & # @l X (2 P):# (Oral glucose tolerance test, OGTT) %
"L o #E P13 (Random plasma glucose test, RPGT) # %74 F fe & 45 fpps
FREMARBOLSG (A2 2 42)-

R R
Table 2. Criteria for the diagnosis of diabetes (ADA, 2018)

EAiN 3 =
AIC = 6.5% i 8hint e
B WHO 25 i » & * 4p &+ 75
FPG = 126 mg/dL o WH ,#’*_ A 8
#oOR G FAEDY F AR
2-h PG = 200 mg/dL o it § NGSP iz 2 DCCT il £
during OGTT W2 FF P ETH
RPGT = 200mg/dL I I R A

FE-ARETRNFAPESBERT O REHRFENRESE -

10



L s b om e iR
Table 3. Criteria for the diagnosis of prediabetes (ADA, 2018)

Ay
A1C 5.7 ~6.4%

FPG 100 ~ 125 mg/dL

2-h PG during 75 g OGTT 140 ~ 199 mg/dL

* ]4‘ - IE 14 £ E"""Ei—‘p:\.} °

(= ) B s 05 1
. % - A& (Type I diabetes mellitus, TIDM)

PEERF P UL e Flp AR (Autoimmunity) @ ARELE &2
TFARELF 20 RPN O FICNAMLE K = HE
A A W R ¥ A I (Insulin-dependent diabetes mellitus) » + % A
T RGO EEY ,T*u%? o R § 0 E# m AR (Juvenile-onset diabetes)
N3 5%~ 10%5‘1%}%%:}}% ,&"ﬁ‘ B Al g R AR EF IS (Ae) F
e R AU p AR AR LIRS C BEE P L E (ADA, 2010) ©

2w o~ F - AR E R LTS

Table 4. Contributing factors in type 1 diabetes mellitus pathogenesis
(Paschou et al., 2017).

Contributing factors Example

HLA

Insulin-VNTR

CTLA-4

Other genetic associations (PTPN22, AIRE...)

Genetic factors

Epigenetic factors -*

Viruses (rubella, enteroviruses)
Environmental factors  Diet (cow’s milk, cereals, o-3 fatty acid, vit. D)

Gut microbiota

Immune tolerance (central, peripheral, Tregs)

Immunologic factors ] )
Humoral immunity (GAD65, TA-2, TAA, ZnT8)

* Specific pathogenesis remains unclear

11



2. % = Al¥ o (Type 11 diabetes mellitus, T2DM)

E ¥ Fk )]’;‘5,9 TS g % & iE A 7}%}7\}?5 (Non-insulin-dependent
DM) & & = 4 A1 (Adult-onset DM) > & 5 ¥ A HE R AR 0 AT
90% ~ 95% & & v 4F o WK § IS Bk (=) - B A Fr
WA QIR F b #fPfF'Jﬂ*ﬁ%ﬁe?J Mg 4 R %G FIRg ¥ -
ARESE Plwre 30 b § R4 L AT A Rk v o Ao 7] hA R

2 (RO P%E ZAR)FHRBMAL FT heig miz = > Tk 3 Lo
» % § % 4% Z (Prentki et al., 2006; Azevedo et al., 2008) = i & FEp Hc &
wR P O FAEEEE R me s e e e iaimie > i B o kIR
9% (Olokobaeral.,2012) o & 5E#E g § Fl s B @ ~ JBE &2 B2 0% 5 a7
#4035 B FA ¢+ (Ripsin ef al, 2009)  4o% < * F AR 0 B3 AR R
T2DM i 5§ i 50% (Kahn, 1994) < & 57 2 & 0 Bg o050 4o b AR R & s 5 0
P S end E N g - BB R 0 bl A &2 B o iF (Hu er al,
2001) « MEF R AT P o WALl ¢ P EM K EBTE 0 TEE FOERR

% = A W e A T iz % 2 (Reinehr, 2013) -

Diabetes genes

 B-cell dysfunction | <— X gokines
Pancreas Inflammation
Hyperglycaemia

Free fatty acids
Other facters

i—' Insulin resnstance
Lipolysis Glucose Glucose

production uptake

~. ‘~
Fat —— Muscle
Liver

W=~ % - 3R pRL Ry
Fig 2. Pathophysiology of type II diabetes (Kahn, 1994)
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3. 44k A #E ff (Gestational diabetes mellitus, GDM)

GDM : &REPH T % - AR LB D5 Ve IR w {5 BB E AR
BOBEH 2% ~ 5% o - B AREBERFAT-F o B{c? LEREF B
(Hyperglycemia and Adverse Pregnancy Outcomes, HAPO) g & 4p 41 > # 2 {r
PR A UHEIRE Ok R 0 §RLF R AOL BET B A 3 BT 4o o $T
#8Ma 3 GDM § $RAEFR A T LI PE R AR B RL T - AR

@@wmﬁoﬁﬁﬁﬁ’@ﬂﬁ%&iw@?ﬁg@aﬁa’@ﬂ@*%¢

AR A A EFR ERFIELFL R ML g - TR FUKFERER
FoRS o AP AT R GIF L 2 O Rk i X2
(Gilmartin et al., 2008) o - #iE ik &R E 24 ~28 k% A {5 6~ 12 TR (T ik

B R it TR I R MR (R

3 ~ dEdA] ¥ PR T i ¥
Table 5. Screening for and diagnosis of GDM (ADA, 2018)

=g

)o

Wi

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

The OGTT should be performed in the morning after an overnight fast of at least § h.
The diagnosis of GDM is made when any of the following plasma glucose values are
met or exceeded:

» FPG = 92 mg/dl (5.1 mmol/L)

> 1h 180 mg/dl (10.0 mmol/L)

>
»2h = 153 mg/dl (8.5 mmol/L)

4. 2 #F & 38 (Other specific types of DM)
R FRIN5 L wp FIZBARHEIUDRAE (7)) g 82 &
5 RS R L D AR e blhe B e # il 84 1 (Maturity
onset diabetes of the young, MODY) ~ % § & 1% % i B 4% fns b & ia% H’}‘tfi P
RoaEE s B A RAE R LML R R 2 ORI M

& J£ & (Baynes, 2015) -
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AN S ST
Table 6. Etiologic Classification of other specific types Diabetes Mellitus

(Baynes, 2015)

A5

7 71

B imre # iy if B4k ks

»
>

;20 ¥4 ¢ 4 > HNF-4a (MODY1)

- TH R F F BT (MODY2)
;12 4% ¢ # > HNF-a (MODY3)

13 %% ¢ 4 > IPF-1 (MODY4)

»
>

»
>

S

ks DNA
3 A TR

L A i

AL R R

A g 3 (Leprechaunism)
. Rabson-Mendenhall % & &
G el i 3

3 ’«‘;j‘l\ NG 4. gl g d
ok A /U%Hﬂ]\fi}}% . Bi’qﬂ;j"fr ",ﬁ%/ﬁ,l} 5 5. m BRI
R 6. g AT 1 14 9% s 5
BB <O 5.9 it
N S f;;i&ﬁ j%%%%,
B2 AL
“‘%’ 8% e
. Vacor 6. Diazoxide
. Pentamidine 7.8 %+ ’;f}l% 1R _3E
R EREE & 1 o e 8. Thiazides
CHEL R R 9. Dilantin
SRR R 10. o + 3£ %

B *

RN =X N
. B mre :]}%:?i

SAp R

. F 48k 1% ¥ (stiff-man syndrome)
RE LA o

B AR B

B R R R 6.
R g 7.
PTG e 8.
. Wolfram Jjg & # 9.
. Friedreich ~ & # % 3

gl

;T iﬁf X ;ﬁi—‘&{—:)i
¥ E R

¥

R E YRR R
%
10. F 5 46 -= g 15 #
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(=) #& Ffofa i

%)T\%m,r;%m N AT A LB 2 m,}tﬂaﬁn ;N ,?L&*ﬂiﬁv{ffljw

PALBAYRERAS LA - TIDM & ¥ 2 d I 6% 5 7 KA s 4%

#4154 g ch3 4 (Hachanaeral.,2018) » TIDM & 4 iF i % 3 w2 i3 by
HE

P BRIFLM R AR IMN R EEARTP LRI S

2iEE k41 E A WAL F A (Mottaliberal., 2017) - 4+ 3 T2DM

FREY A ES NA R R P o g AEAi YRR} T

SRR B > @ F & E L AEE S S 2t (ROder et al., 2016)

B P i d et L AR LI L = 2 AN s B 4
S HFARHNL FAaR MR T B

B ERG R o RPN RS A e BB

FAFH S EFTER RGBT T RS RRH T A% N E L

# KR (Firdous, 2014) -

o= TR WL B E
Table 7. Hypoglycemic injection (Marin-Pefalver et al., 2016)

A 3 # e s 4 il i v
) Albiglutide
LIRS EY" <8 prlS y e
A Dulaglutide Eie g P GLP-1 fv* > wRo ~ HgE R
1R _»L A 4 ,
Exenatide RS A AR L N L B L R g
(GLP-1 receptor . : ~ & -
‘ Lixisenatide WEZE - B oo
agonist) . .
Liraglutide
Rapid-acting insulin
W f i :
5 ',% Long-acting 1ns.u11n R
(Insulin) Ultra-long-acting
insulin

Ei;% ""’_K;}‘\pr R ’qu} bil‘%% #&2 ’;‘)éi " %*;a

= R AR e NP 1Y Lo, PN

v o 5 4 Pramlintide FEP RIrF| RS F B B~ FLIF o
T g -
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£N TR G BE

Table 8. Oral hypoglycemic agents (Marin-Pefialver et al., 2016)

m F 1% 48 4] 7 (v
& ~ R i
B | FORDERR AT GC e B L e bR
(Biguanide) Metformin "5 FACEB BT EH @R 447

L LR

W@ o TR
G2 bp% -

R R

Glyburide
A W Y (ﬁmm@e
) Gliclazide
(Insulin ; A
Glimepiride
secretagogues)

% % FAE G

£ AL B tmre +oih ATP
AR AT i aE 0GR §
F AR M ES D REL
L

i A A
o R E S
ErA v @ iR
B wm ¥ A
BREERAR B A

W B4 2 [ g

inhibitor)

Repaglinide »
3 iE* o
Nateglinide
T4 2> § i 4 s W 3 2 b
A ¥ ErE | Rosiglitazone &t X 88 (PPAR) REEs©“E ~ B E A A o0 4
(Insulin sensitizer) Pioglitazone Pa VR R OFREGVE | RATR M BRI G o
FgE B e R A o
o-§ F A% pE e FrHlFE Y a-F AR /.
. Ac.arbhose SoEA 25 HpE 4 E &30 gﬁ%q-’;‘lﬁj"?]
: Miglitol Lt TS ¥ B~ RF
(a-glucosidase Y HIE B A xki BR= pl R R SR BA A S
oglibose B BEHE R F e
inhibitors) p 5B & 4B R o '
Sitaglipti A :
V'llc;1 N ip 1n #ri] DPP-4 T 7 % i %5 i
= PR R PR e A ;a??n % 5% (GLP-1,GIP)- & »t & P % g4 7 45 )
axagliptin . S
(DPP-4 inhibitor) HASY B0 FENER G AR MA Y
Linagliptin R
m I~ S E °
Alogliptin y 2
-3 5B EE
E Fev 2 e A Dapagliflozin PRl TRH Y F R ST FIRBA R
(Sodium glucose Canagliflozin FOUOLRTFERR A RS S R IRER
co-transporter-2 Empagliflozin B o AR R o %

16



(Z) * M s 2
LUK T 8 S SR A

ROk AR Rl & KR WP A MO S PER S PR
BT ARG A e (W) - Adr R e o g

TR L BB LB R > F L 5% T2DM 47 2 o

(1) a-#& % f* (a-Amylase)
a-Amylase (E.C.3.2.1.1.) & - ¥ kg o-l4-4 F & (a-14-
Glycosidic linkage) s > 4|24 » &35 ~ 5 d % jic4 ,E‘_%& LR 3

#-5 @Y 5 %@ (Souzaetal,2010) e

HOH,C 0
07 HOH,C ;
OH ™SO0 HOH.C
e OH ~O HOH,C
HO 0
(0]
HO™ oR~o0
Amylose
a-Amylase
HOH2C
HO O
OH O HO
OH ~OH
a-Maltose
% a-Glucosidase
HOH,C
HO
HO OH ~OH
a-Glucose

= R fEEE R TR HCS
Fig 3. Glycolytic enzyme action pattern (Gudipati et al., 2005)
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(2) o-F § # 4 ¥ (a-Glucosidase)
a-Glucosidase (E.C.3.2.1.20.) 5 *t > A% > @ ¥ 73/ B R B %P 5]

THAEE AR R AP B 93 S u Bt 4 (Z Liueral, 2017) -

CONEEE LS ES R R LR S A
DA GBI EE I F e A Rl § RS e e A

E—ﬁ«ﬂ oo

AR ETE Sk

TR R S PR SR ey T LT
R R R TR e el RS S S
T R Y T R R T e

3 T FEE A4 2 (Glycogenolysis) T i {7 4 B AT 24 (Gluconeogenesis) @ #-3 §

BTG R BH e LaEskEr (Roder et al., 2016) °

blood glucose '

\ Normal blood glucose concentration:
4~6mM

i Glycogenolysis
blood glucose

i Gluconeogenesis

Fle ~ i fh g )
Fig 4. The mechanism of blood glucose homeostasis (Roder et al., 2016).
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B ¥ TIRE

BOFREP RSB EHEIE ERE  wre o R AT hT S Bifea

)

A2 LR PFEFL 42 55 (Reactive oxygen species, ROS) (]
Ty aERBIPMEFEDE L BT A BEREEG RF P S B
RALY OFERER RS A BT PEIRRE G b~ H e b9 Fgeps C
(Protein kinase C, PKC) &% 4k fmPe p 2 4 gL & % &2 H (Advanced
glycation end products, AGEs) » ' i 415 ¢ i3 = mPe f i @ 72 p B ch i
(Kaneto efal.,2010) - A = 547 + Bfsar RA A BEFEET LT LS

Oy " A3% s A it w fE4% Fops 8 3 o & B /29 & JhEg (Brownlee, 2005) -

Generate H' gradient Collapse H' gradient
| |

Succinate

Fumarate

NAD'

BlI ~RRMP T3 Bf4ad 225 3+ iR
Fig 5. Hyperglycemia-induced production of superoxide anion by the

mitochondrial electron transport chain (Brownlee, 2005).
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(-)pd ABFEs
éﬁ&{‘ﬁﬁf—.?‘fﬁi\;—ll}'/FZG\‘!ﬂ'R&a-m#g_—a-\};‘374. LA s T

ARG AH S e ERITRHY TS o R p LA R

mAZHE-FTIHLFREAFIDp D A LRFHRE G S D A

BERE AAARRAR S chp d X (Aruoma, 2003) ©

ROSRIE - #5533 Fplbar+ 2 g9 wggahpd Az d e
& F enzipd & (#4)(El-Bahr,2013)° 3% % B 3R 2 s b F 4 B > B A7 2
hF F et § BB wm e ? HDNAS F-6 F ook £ 4 2 7 (Loboeral.,
2010) e ROS ek B+ & 5 N iR{LZ ¢hiRft» LREN P 7 4 h¥ i ko p b
PR S e N R B LA P F PR AR A
%4 NE 11 nbg‘f,fn%‘rmfg% #F 7 i id F WP ROS 3 4 (Ayala et al.,

2014) -

7 30mM 22 SmM §E A Bl A e B kR B ATA 4 S ROS §
¥ 4 Mk R hT & (Brownlee, 2005) Bl % 77 ‘w2 £ PR AT B o BB R A
To g A2 EESROS @ iE I ROS X € AL v B PEAT P ZLER R AR
it ¥ & (Non-enzymatic glycation reaction) » E{+ 5% T #2 (7 ROS 7 € < 1§
P A ggp g BRI LA A4 % R4 (Lapolla ef al., 2005;

Kaneto et al., 2010) °

A4~ FEF A
Table 9. Classification of ROS (El-Bahr, 2013).

Radicals Nonradicals
Hydroxyl -OH Singlet oxygen 0,
Alkoxyl RO Hydrogen peroxide H20;
Peroxyl ROO- Hydroperoxide ROOH
Superoxide Oz
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Glucose

'

Glucose + protein —>

Schiff Amadori Advanced glycation
base products end products (AGEs)

Glycation reaction enhance
=

Cytoplasm

B~ Bk B GEMRET F ity 25 @if4aa 2 ROS
Fig 6. Hyperglycemia promotes saccharification and ROS production in

the electron transport chain in mitochondria (Kaneto et al., 2010).

21



(C)BAEAF &
o Hp b it % A& £ (Advanced glycation end products, AGEs) 37 = i d

A ME F B TR A ) F & (Maillard reaction) » 2 ® & 5 = BFF

(B )59 g aieagygprlds 2,2 2 £ aF 2 # (Schiffbase):

& Amadori £ #75 = AT AP - Amadori A5 A ¥ MR E F I iTH

RACES BEEXGERKF IR A
o @ AGEs § & #-v Fidd% - pik

s R edlaEA o REpEF e £ 2 5 (Lapolla et

FfES R R ez
* B 5 ¥ kM H 7 AGEs (Singh et al., 2014)

B0 Fenwt a0 4
F1gdpd > AGEs s A i“ F A2 » e P § A4 Oy

A

al., 2005) * 4
@ { f ¥ 41 (Nakashima et al., 2012) »

Early stage
{3"?" O OH Pty OH TP O
P N\ Seer | Sees H Ha |l
' H o H H ,
Protein Sugar Schiff base Amadori product
Late stage Intermediate J,-
stage 0 0
B, [ || ||
SeEn M — C—
b_& H X HsC C—CH HC—CH
Methylglyoxal Glyoxal
Late stage
Nl B R OHH o O
[ HooIl

|
HOH,C—C—C—C -C—CH

£ v
G Z

- 2
6 3-Deoxyglucosone

Cross-linking products

Dicarbonyl compounds

L Advanced glycation end products )

SR Z R EF BT L

F1g 7. Formation of advanced glycation end products in three stages

(Lapolla et al., 2005; Singh et al., 2014).
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(=

) B s

FF MDA AERFT RPN T AL 7 BRI~

FAe ey ek B e A Ap e C-HeER AT 0 i H { 5 Ak4h

£

s
2
i
d
3

a

—+
e

(Repetto et al., 2012) -

WP E it 5 - fapd A4 & (Free radical chain reaction) » % B 5 &

77 = B3R Ao (Initiation stage) ~ @ 4 & & ¥ (Propagation stage) £

i+ ¥ (Termination stage) » 4-Bl ™~ o d A d f ~ &R S 5ot & BT §

AR A A2 MRS Y s T d A (R AT TR D ety TR
A FF 2,35 FEF tpd Ak ROO ) EF & oty
B> A2 {74 R ~ROO-% * fTi g it & (ROOH) » & % R p d Fh4p
Er 2220 d RAF - - LRLEFF o RENF L EAHF

3l & % 3% (Ayalaet al., 2014) -

Initiation RH /\_/\_/\_/

RH+As —— R-+AH

Propagation i /\_ /\_ N/ ’

NN

Re+0, —> ROO*
ROO*+ RH —»> ROOH + Re

Termination

0,

E Note : :
' RH is unsaturated fatty acid : /\‘ /\_/\_/

! Re, ROO- is free radicals grnrtated by the reactlond

Re+Re —— RR

ROQO+ +R+ —— ROOR /\‘ /\—/\_/

ROO-
l/ He

ROO+* + ROO* — ROOR + Oz 0,

ROOH

O,H
B~ >~ FEs 4 E
Fig 8. Reaction of lipid peroxidation (Gutteridge, 1995; Repetto et al.,
2012)
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T o~ & 1L,ff.;}¢-u" v iT#

F f“ B4 (Oxidative stress) ¥ £ 7 F L &g L T grd ApF IR % »

Xy

TR mEaH i AR FREFAARDAEL R M LML
BRI R 2 uﬂ_?)&]ﬁgﬁ;_ o | it ggéﬁAggi;;I;ﬁ v g (b eniE A 4

o AF MW R ARG 0 8RR LA B OF L o FF AR T

BFPEMERT TR EE 9 T oAUk &4 o DNA £ 51§ i gL n

Z w4 F (Tiwari, 2001; Sindhi ez al., 2013) -

= -~

AR A 0 (RS F R RERF F R RBRLE 6
¥F i tig A2 MG ThFEEE > FIXFEG AR B
(Lushchak, 2014) o 14 b ichd B » Fuf A ¥ 7 UA 5 2572 A 55— &
B iEFE Y& 0 & 7 AZF (-4 8t fF (Superoxide dismutase, SOD) ~ i § - &
fi* (Catalase, CAT) % Z %+ *x (Glutathione, GSH) > # # “,/]E AR F] R BT
AAEMEE R i M EFg VA bldciad 2 Crad 2 EN
Bi22pus SR TR V& SHA Y RERLE A

g $ o dofy BEF » B0 fiv i DNA 2 4 f% % (Sindhi et al., 2013) -

FrUILE CHRMEE RS VA SRR AR E4F 4 &) (Carocho et

al.,2013) -

PLEE e ZAEF M PE s 2R PRiE § 1t 47 f*  (Glutathione peroxidase,
GSH-Px) ~ % it & fis ~ 2%+ *~X8 R f*= (Glutathione reductase, GR) % ¥ %
H-6-mrfi " 2 f*r (Glucose-6-phosphate-dehydrogenase, G6PD) o H i® % # 4] 4e
Bl1 »SOD £ #- L AR 2744 IR FTERP A PRMETFEF L &
(H205) » £ #5d CAT 2 GSH-Px #-3# # 1 5 @4 ek » @ GR 2 G6PD pI &

foFH#-F B GSSG 2 NADP'# % 5 GSH 2 NADPH» # & % &t £ =t
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fe% }p % 5@ 5% (Carocho ef al., 2013) o

o, —9D . 0, 2 GSH NADP'

F NV

GSH-Px G6PD

T / \ / \ /
2 H,0 GSSG NADPH

M R IR R !
F1g 9. Reaction of enzymatic antioxidant (Tandogan et al., 2006)

() 2eps % h4nd i A

L s

HRFASHPEAT P A& Xhp AP ILF CH 2 B A SHEE TR

thieg i H e

¢

1. p e Fs i & (Endogenous antioxidants)
(1) g2 25
GSH & d f5iepe ~ L sk iepl 2 4 Mpl ot e & 2 v F A (Non-
proteinthiol) > &% # GSH 5 GSH-Px i*% =7 F+ #:6% “aBRh 5k @ p
$2) S gk rz gt 4+ (GSSG) 0 GSH £ GSSG & &+ 4+ I £ 4 & ehf 1

B %t (Redox couple) (Aguilar et al., 2016) °

(2) a-#= % f& (o-Lipoic acid, LA)
LA}g‘_‘nLgﬁ: F._}H:Fﬁ’x’m1i PlFE b eniTr e H A & oo F_

LA @r oy CH > v BRE CaER s I B R

!

T RL LR ¥ F (k¥ (Packerefal., 1995) o LA ¥ 8 M 3 4R34 WAy

TiEg o] Bog? ang % g4 a7 & (Nickander et al., 1996)

(3) # f= Q (Coenzyme Q, CoQ)

WAFQ 5 AHPrE- chp LB Fm &5 BT AT AT
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e MR O 0 B fRendng LR X Fla R LG R T
MFLF PR FRERES o P AT HIR - CoQ £ F S FenF i o 4ok
R R R dF A R R R 2 R RS e 2
FiF M REr k% DNA 3v F 2 #5 % (Bentinger et al., 2007; Aguilar et

al., 2016) -

(4) 4% 3-v (Ferritin)

kv - EBEFORY B od 24 B R LA IR
Roe AR voF A Loz Bt mie 2 PP hiEF .
Widv 23F 5w B R bldefld S DNA s PipE T A
(i o Fd ~9eioFov )2 & A FEE S (Theil, 2010) o = H 48 ¢ i S F &
(Fenton’s reaction) #f 4r ROS ez & » @ 4 v 7 T4 = 48 w R p il -

U EEE g 4 (Imam et al., 2017) e

(5) 7k & (Uric acid)

e s RESHPAES ASen? BFAS - J TN KEPTET Y
IRRIR L BT FOR R R RRRE 2 ek iRy P EILNG
4% L TR B R SRR R T R h F R S RAEF
G R R kR &R ARk IR Y G A MR T (Sautiner

al., 2008; Aguilar et al., 2016) °

2. kRt Fis it & (Exogenous antioxidants)
DR REAE CAE D A b R AR £ o £ %
LR L ERROSHAE Ao ?ﬁ;%ﬁfd CENE: 325 T e s o BT
AP RN p ¢ A& 3 & (Bouayederal,2010) - ¥ Rehf @t & C 4 &

S EEE Y K Ll E
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(1) =4 2% C (Vitamin C)
a2 % Cx fLs ke i (Ascorbic acid) » 4830 % E4 #8x Zﬁ{‘ PERER

shig C8 > Mo E Fl o Bk A WA EER T VE L we i R

ROS s #2422 CV iTi o % (One-electron donor) » i’ “,/]E. ROS =
B (E > A iR e ohiudk e fo p d A& (Ascorbate free radical, AFR) &
% & fi¥k o f& (Dehydroascorbic acid, DHA) » 4@ -+ & i i ,%%’ 4 NADH &
NADPH iz #f }+:8 R ps » #-H Rk 5 Fdk o & (Harrison, 2012; Grosso ef al.,
2013)c 4 FenE > FREp a2 FC T REEMNA G EA L BT G A Bl
2 CFa gitieEs 224 ROS> @ & 4 jng it ehs 5z (Duarte ef al., 2005) °
AEEHp L et 7 CMMF RS Lo RN (L

gulonolactone oxidase) » #7174 & JB & % R g 5% ¢ B8 (Telang, 2013) -

OH OH OH
d 0 CIHCH20H o) éHCHzOH
_/ H . © H
HO o 3 0
Ascorbic acid Ascorbate free radical Dehydroascorbic acid

B+ ~a22%2Cohg tRRF &
Fig 10. Redox of vitamin C (Duarte et al., 2005)

(2) =4 % E (Vitamin E)

7 H % 2 T % (Tocopherol): & g i |7 'k sud 1 R ahfgia b & » ¥
DR e EE oA AR AR AN (B ) AN R o
B-~y-+08-2 7 p5 (Tocopherol) fr# ¥ = % fiz (Tocotrienol) » 1 & ¥ it 5 [ ¥F
B ehiE s 1t (Rizvietal,2014) - y-2 TR 469 3 8% % > 8 a2 T
Pl A s oFd B d o P RER A e LR F I Er s dok iyl

r

BBtk 2 4 FR/RE (Keeneral,2016) -

27



Type R, R,

(04 CH'; CH';

Tocopherol
B CH; H
CH, Y H CH;
S H H

CHj

CHs Tocotrienol

M- 4 TEAATmEg
Fig 11. The structures of a tocopherol and tocotrienol (Rizvi et al., 2014).
(3) % p= (Polyphenols)
P A et i 5 (Phytochemical) » # fgid ~ K% ~ 24 ~ Hf 2
FE? B RS BRI FMBIE o X S87 (FLaF B REES R
R R s o T E k A THNIEIE 6 S AR AR B4R P A
Jpd K2 LBEEFF g T (Ganesaneral.,2017)- &8 * § 7 5 gt

A

o BE AR S ?f;}?@ v R w—sg;);;}% L D 1 /Jr%fjl}?am’s?}?a-ﬁ

-

(Rasouli et al., 2017) -

43P TG SRS R RE 2 AR M LE e B
CFEIFLEY R AR RRISE EXMIARE G E o K- H it
RELf -yt EH g E2 Ba e L0 w07 b3 B3 4
AP HER KRR 2 BARTE LR BBk S 5P X

S ER IR FE T RPN R O
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- HptE

R
(=) =R
P Rt S- 24y 5 (Phyllanthus emblica L) % § M-p v & 5 & %
Vil T
(C)9%BERE AR (FAHESDE D)

L8 ae = 2 p]

Lo S g
Folin & Ciocalteu’s phenol reagent F9252 Sigma-Aldrich (USA)
Sodium carbonate anhydrous (Na>xCO3) No. 949 Duasn (Korea)
Gallic acid = 98% 48630 Honeywell (USA)
Aluminum nitrate, 9-hydrate
(AI(NO3)s -9H-0) 0528-01  J.T.Baker (USA)
Potassium acetate (CH3COOK) 2912-01 J.T.Baker (USA)
Quercetin Q4951 Sigma-Aldrich (USA)
Potassium iodate (KIO3) A1616222 Alfa aesar (USA)
Tannin acid 16201 Sigma-Aldrich (USA)

2. 43 VB AT

& & KoL B
2,2-Diphenyl-1-picrylhydrazyl (DPPH) D9132 Sigma-Aldrich (USA)
2,2’-Azino-bis(3-ethylbenzothiazoline-6- . .
sulfonic acid) diammonium salt (ABTS?) A18SS Sigma-Aldrich (USA)
Potassium Persulfate (K2S,0s) 3238-01  J.T.Baker (USA)
Butylated hydroxyanisole (BHA) B1253 Sigma-Aldrich (USA)
Potassium phosphate, dibasic (K:HPOj4) 3252-01 J.T.Baker (USA)
Potassium phosphate, monobasic 324601 1.T.Baker (USA)

(KH2POy4)




Nitrotetrazolium blue chloride (NBT) N6639 Sigma-Aldrich (USA)
2-Naphthyl phosphate disodium salt . .
(NADH) N6005 Sigma-Aldrich (USA)
Phenazine methosulfate (PMS) P9625 Sigma-Aldrich (USA)
Linoleic acid L1376 Sigma-Aldrich (USA)
Polyoxyethylene-20 L-81 Bio basic (Canada)
Ammonium thiocyanate (NH4SCN) A7149 Sigma-Aldrich (USA)
Iron(III) chloride, anhydrous 12357 Alfa aesar (USA)
L-Ascorbic acid (Vit. C) 33034 Sigma-Aldrich (USA)
Hydrochloric acid (HCI) . iR
3. 0 A AR B dr ] E

&t Sa¥h BB
a-Amylase from porcine pancreas A6255 Sigma-Aldrich (USA)
Starch from potato S2004 Sigma-Aldrich (USA)
3,5-Dinitrosalicylic acid (DNS) D0550 Sigma-Aldrich (USA)
Potassium sodium tartrate tetrahydrate S2377 Sigma-Aldrich (USA)
Sodium hydroxide (NaOH) 30620 Honeywell (USA)
a-Glucosidase from Saccharomyces G0660 Sigma-Aldrich (USA)
4-Nitrophenyl a-D-glucuronide (p-NPQG) N1377 Sigma-Aldrich (USA)
Acarbose A8980 Sigma-Aldrich (USA)
Bovine serum albumin (BSA) 30063-481 Gibco (USA)
D-Glucose G5767 Sigma-Aldrich (USA)
Trichloroacetic acid (TCA) T6399 Sigma-Aldrich (USA)
A minoguanidine hydrochloride 396494 Sigma-Aldrich (USA)

4. HPLC

e 5 R
Methyl alcohol (HPLC) 3041-48  MACRON (USA)
Acetonitrile (HPLC) 9152-80  J.T.Baker (USA)
Formic acid 94318 Honeywell (USA)
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Ellagic acid = 95% E2250 Sigma-Aldrich (USA)
B-Glucogallin = 97% QB-1422  Combi-Blocks (USA)
Geraniin = 95% AK114505 Ark Pharm (USA)
Kaempferol = 90% KO0133 Sigma-Aldrich (USA)
Chebulinic acid A1092B  ChromaDex (USA)
Benzoic acid = 98.5% B9300 Sigma-Aldrich (USA)

(Z)FR&RE

1. 24 ki ¥

= % Kingmech = @ FD2-6P %

i

4

2. B ¥

SR B 4G T

e FUECY g

13 4 Kinematica AG 2 & PT-3000 %)

4. Vortex Mixer

% B Thermolyne =

5. g

= /4 Hitachi = # Himac CF-15R 7|

6. 7Bk Sate

= & RT-08 3

# 37600 Maxi Mix II 3]

k% 5L BUCHI 2 @ REIIL 4 ;

kg4 3L BUCHI 2 2 461 7] ;

B 7 ¥4 p & Tokyo Rikakikai

o & A-3S 73]

MR VAT -KiE 1Y ¢ & & Firstek Scientific = & B403L %

7.4 b oA kA sk kR

% B Varian 2 # 50 Conc &



8. ELISA reader

% B Thermo Fisher Scientific == # MRX II %]

9. & kA k kg

% B Thermo Fisher Scientific = #

PN

10. % »zi% 4p & 47 % (HPLC)

# 4= ¢ # ® Phenomenex 2 # Luna® 5um C18 % #= (4.6mm x 250mm)
Pump : P # Shimadzu =

= ¢ LC-10AT &

kg - AL @ P E ¢ p A Shimadzu = @ SPD-M20A 3]
At op ?fh“f;? %% 1 2 R Waters 2 @ DG2 7

T AL ¢ p 4 Shimadzu =

)

# Class-VP chromatography data system
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95% methanol  boiling water
95% ethanol ethyl acetate
50% methanol

50% ethanol

L. extract

|

Eiffect of different extraction solvents

[Preparation of phyllanthus emblica

Total phenolic content
Total flavonoid content

on functional components '
Hydrolysable tannin content

|

Eiffect of different extraction solvents

— 2 J

DPPH radical scavenging activity

ABTS radical scavenging activity
Superoxide anion radical scavenging activity
Lipid peroxidation inhibitory activity

on antioxidant activities

!

Effect of different extraction solvents
on diabetes-related inhibitory activity

!

[ Specific functional components

N\ MR

a-Amylase inhibitory activity
a-Glucosidase inhibitory activity
AGEs formation inhibitory activity

NI SR 8 W

determination of different solvent HPLC
extracts

CIESENE B3

Fig 12. Experimental architecture

(Z) 43 %38 A 0E
BT EF (f FAEA BT R RR) A kERER T L R B

BWESR > BT ELETOP KR A FBEF-200CKkHE H o

(Z)4H 572 kaaEe2 W4

4 F 12 95%7 FE -~ 95%¢2 B~ 50%F BE ~ 50%2C fg > ¢ fh e fig & AR E
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B> # T 487

S A

\\\Xr

4 F

N
e

(2016) 2. 5B~ i » f24) Sg & B éF 2 4 F
Aoder 20mL B A > REET F R BT HAIL Imin o BI5FRT 4°Crk
¢ # % Smin> 2 & & 10,000 rpm ~ 4°Cehik & T Hrow Smin Iz bR o

PCHR PRI R K A~ AT 20 mL R A EAFIOF ~ F R 2 dpo o BE T

=

iR
i@&oﬁ%ﬁj%ﬁﬁ@ﬁ%@ﬁi%ﬁﬁ(%?A@mm®MJAEE

90 mm g ) RBREAFE > BB AR 0 B MM REP F S

fo o TEAY I RAEES

# -k 3B~ 24 Charoenteeraboon et al. (2010) 2. = 2 > 44 F 4 Rk & -k 12
1210t BR & 88 > B R P A RF a3V ad® Lhy A Frisdd 5 i
2 ARE TRIREAFICELE T LAY FARE RS R -20°Ckf Y B

* o

(m ) e 2= ARl
1. % f~ 3 £ ~ #7 (Total phenolic content) 4 5
- 433 % Folin-Ciocalteu’s reagent 22 fis 4 it & ¥ ® F & F ehiz 2 (-OH)
F s 3@ ¢ caMo(VD) & 5 Mo(V): 352 ¢ 5 (PMoW11040)* (Huang

etal,2005) > ** 735nm T F RS BGEE 0 R EE R EE A Tt o

\\\Xr

%+ Sachan ef al. (2011) 2. j# * H a2 & > | mg/mL 5 B~4 2 7 F k
BRI S 3 (Gallic acid) B~ 0.05 mL & 1 mL deionized water (DDW)
% 0.5 mL 50% Folin-Ciocalteu’s reagent & &£353 > £ 4v » 2.5 mL = 20%
NaxCO3 » ** 38 ~ LR R Y F B 20 min > #-F B #EH 02 mL 3 96 34 4
® 12 ELISAreader ip| 2 /4 & 735nm T ek kg o ¥ b iz 5 4 » 50% Folin-
Ciocalteu’s reagent =higZ% (T 5 2 v R 2 > 3 FEAREE S5k Bk Bl
BWARES & (- ) HEZESH Y AEHNRS IR E 0 B % 1 mg gallic

acid equivalent/g extract % 7+ °
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2. ®¥ ¥ fr 2 £ (Total flavonoid content) 4 #7
AT (AP 2 5a 3 erfe A % C-3/C-5 22 A & §_A/B ¥ 3k b 4p AR e
A A A FAE T F ¢ 45 &4 (Bhaigyabatieral,2014) > 2k & 4150m 3 & =

mkiE o Ak EARFATRSY S EARS -

3+A|‘
Bl = ~ R a ez EREF B
Fig 13. Reaction of total flavonoid content determination (Frederice et al.,
2010).

%% Hsuetal (2007) 2z = £ ¥ ff 4 1245 > 2mg/mL 5 B4 2 7 kB %
% = Hd % (Quercetin) &P 0.5mL > 4c » 0.1 mL 10% AI(NOs)s ~ 0.1 mL 1M
CH3COOK % 4.3 mL 80% ethanol » ;R {353 {53 2 F ~ LR EE Y F 1 40
mine ¥ Bz = #H 02 mL F BRI 963-4% » T RIEAE 415 nm T e»
Sk o A7 e 10% AINOs)s ek 05 % 0 SR » 2 3 F kA B OF 52
2ok B BRI M (e ) P BRI A F R B

mg quercetin equivalent/g extract % 71 ©
3.’k 24 % 7 € (Hydrolysable tannin content) 4 47

KiRHE B gy (KIOs) 875 F o2t 2 ¢ ¢ B 4% (Hartzfeld

etal.,2002) > ** A & 550nm F A AR kB o Bk EE 7 E A oo

w

%%+ Fernandes et al. (2015) 2 = j& ¥ w2 (Fi3 &F > B~ 0.2 mL ¥ B4 A R

8 ® & (Tannicacid) ¥ » ¢ ¢ ¢ > 4e » ImL2.5%KIO; > Rfr32]3 {5 F
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P BRA 2 X Rl > s kBRI EAE 550 nm gk kB o
DDW % 25%KIOs thie w5 26 ¥t 3 kR HE Bz kimigil
YR () HREARFZESY pHE 2R Y £ % % 2 mgtannic acid

equivalent/g extract % 7+ o

0
Cls OH
+ KIO; — > A > B
OH red yellow
Amax—=350

OH
Bltw » kjEE® RS B
Fig 14. Reaction of hydrolysable tannin determination (Hartzfeld et al.,

2002).

(T ) Fz VB4
1. DPPH p ¢ 2 7% /%1% (DPPH radical scavenging activity)
DPPH % - 8% % ¢ fd & 5170m ™ 4 4k & 5
L3 4s tEERE gk F R 2R R ZAF I 0 DPPH (Huang ef al,

2005) » F s Rk @AR M 5 A 7 ik 5B 3 A%4F 0 DPPH p o fl_x‘}%“,f‘i‘é'ﬁ. °

N02 NOZ
O,N NO, _+ Antioxidant - O,N NO,
N- NH
O A
DPPH

-7 ~DPPH p ¢ E’;‘}%“f X e ab )/ S
Fig 15. Reaction of scavenging activity on DPPH radical (Teixeira et al.,

2013).
%% Fernandes et al. (2015) # % & Shimada ef al. (1992) 2. = j# i& {7 B
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% 0 0~200 pg/mL =% 53 0.1 mL 2 0.9 mL 0.2 mM DPPH ? [ 3 % & frio
3 %Y F 30 min s > B4 02 mL F B d 9634 ¢ plE k£ 517
nm ARk E o 1 R R e R iF L A o TS R e
(%) » T35 73 &R & *# 50% DPPH § £ 472 ek B (Half maximal

inhibitory concentration, ICsg) °

A —A
DPPH ‘;%‘. x% & (%) — blank sample % 100
Ablank

Aplank = 7 0 ¥R EZEE

Asample =fk&HF e kiE

2. ABTS p d 2; i“/]% 1 (ABTS radical scavenging activity)
% W an e W ABTS> % 1 2 % ¢ o0 ABTS - » #if P H vV BT 5
#-H %R L& d 9 ABTS? (Huang et al., 2005) » & £ 734 nm ex 3k (& 4% i< >

F SR AR ABTS § 0 A4 ER -

i * Wangetal (2015) 2 = 24> L7k ABTS § d %737 # 7mM
ABTS™# 2.45mMK>S:0s $ 884 R & > > 5 ~ 2B ¢ & i 16h {4 > R 7
Ara 8% 07 24 o 0~ 200 pg/mL 4 25 50 uL & 950 pL ABTS 7 i % &
23 5 AFETF B 6min #4200 uL 3] 96 3L % ¢ Rl E A E 734 nm T

BKE o 56 s k@R AR EH ABTS A d AFg S (%) B

? otk & 1Cso o

S SOy
_O3S\©: N_< D/ + Antioxidant ;033 S _ ,N=< :O/
N+ CoHs K80y \C[r\?_N Czl—i,:
CHs C,Hs
ABTS™- ABTS*
(blue) (colorless)

B+ ~ ABTS i i L F st
Fig 16. Reaction of scavenging activity on ABTS radical (Huang et al.,
2005).
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3.42% a4+ p d % %42 (Superoxide anion radical scavenging
activity)
f1* PMS § f* NADH & % 425 a3 pd & (-Or)> £ £ NBT % & 7
* k& 560nm F o < Bk B it 54+ (Shareeferal.,2014) > vk E A% >

LR Y SRR S T

O, ON
— E E +40,
O/K H,CO OCH,3 /\\Q

Formazan
Amax=560

W= ~A2% 4+ pd A& NBT & & F &5t
Fig 17. Reaction of NBT with superoxide anion radical(Deng et al., 2017)
%% Ramani ef al. (2013) 2. % 2 > 0 ~ 3 mg/mL % 5 0.1 mL ¥# | mL
156 uM NBT 4r 1 mL468 uM NADH * & © 3% % ¢ ;2 4ci54 > 2 0.1 mL 60 uM
PMS B 4ok & B4 % Smin S ## 200 uL ) 96 34 4 ¢ > jp| € 560 nm
Tk E o fI* G &Y BT AR BRI BRET DFEF (%)
AL RS kR SR R 1Cso
4. 7q F i F i fr4]iE 4 (Lipid peroxidation inhibitory activity)
N R * ELF fedBi2 (Ferric thiocyanate method) 7R € fy ki e 5 it %
P gl e T L AL DT BF P R FeF it A FeT Fet'

€L BMmTERF B2 aupn§ R4 & (Mihaljevic e al., 1996) > ¢
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AE 500nm § B B GEE 0 F BN AeT
ROOH + Fe?* — RO + OH" I Fe¥'
Fe*" ;. 6 NH,SCN —> Fe(SCN);* + 6 NH,'

%% Siddhuraju et al. (2007)2. > j# » F B4 & BHA (& #4]%2) &P 0.5
mL > & & 4 » 2 mL 0.2 M phosphate buffer (PBS ; pH 7.0) % 2.5 mL linoleic
acid emulsion (0.2804 g 7 Jpr 74 fi£ ~ 0.2804 g tween-20 i3 ** 50 mL 0.02 M PBS) >
RAcm3 08 » 37°CEEREH/Y - B2 54 201mL s BixE 47mL
75% ¢ g ~0.1mL30% #+% pé"=%2 0.1mLO0.02M % “4R &353 > F &3
min 14104 4 Lk BRI A E 500 nm ok B o 2 0.2 MPBS iF4 20 s

BERFET L F (%) T3 E I R R&ESDICs

(2) B T s 0 B ) 8
1. a-Amylase #r 7% 1+ (a-amylase inhibitory activity)
o-Amylase #-Hk Fs K fE{S 0 ¢ WA B AN AR S50 ik
Mhk i T ¢ #5 ¢ v 3.5 dinitrosalicylic acid (DNS) # & % = ¢ & 3-
amino-5-nitrosalicylic acid » ** /4 & 540 3 # = &k & (Dangkulwanich et al.,

2018) o wx sk fE B2 gm ]S A B L o

CHO COOH
H——OH O5N COOH H——OH O.N COOH
HO——H HO——H
H—oH OH ~— = H—on * OH
H——OH NO, H——OH NH,
CH,OH CH,OH
Glucose 3,5-dinitrosalicylic acid gluconic acid ~ 3-amino-5-nitrosalicylic acid
(DNS)
vellow reddish brown

B+ ~ ~DNS &R R#EF &> 4250
Fig 18. Reaction of DNS with reducing sugars (Dangkulwanich et al.,
2018).
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=

%% Mogale et al. (2011)3 Zaharudin ef al. (2018)2. = ;2 ¥ 9% @aig :x o F
% >+ pH 6.8 1 phosphate buffer solution (PBS) ¥ & {7 » $ & % £ #| ¥ 12 PBS
EEFE o P 100 pL 7 Pk R F B4 r Lo @ g 0 4o~ 100 pL a-amylase
(5unit/mL> ;2> PBS # ) *>* 38 & & 10min- 4c » 100 uL 4% % (1%) >
% 37°C-kig F & 10 min > B {8 4r » 200 uL DNS &4 (1% DNS %2 12% F
Fagndhia > 04M & §F 14377 ) & 95°CKiF I Smin v 4 Fris RIE &
£ 540 nm vk (@ o 12 Acarbose T E EopAlE B G - ISR - A W Ak

J?am%‘?*” R A DN BRI (%) e

a-Amylase #ri] F (%) = (Acontrot = Aptant) = (Asampte — Asample biant) % 100
(Acontrol e Ablank)
Acontror = ¥ & (PBS + ﬁj"% + Jix ¥ + DNS)
Apranie = ¥o#1% B 2 (PBS + i % + /& + PBS)
Asample = ¥ &7 % = (sample + f# % + 5k # + DNS)

Asample blank = = &% F & (sample+ £ % + k¥ + PBS)

2. a-Glucosidase #r 4|7 1+ (a-glucosidase inhibitory activity)
4-Nitrophenyl a-D-glucuronide (p-NPG) ¥ 4% a-glucosidase -k % = § % #%

Rt AT A AT ALK 400nm § % % ko B EH IR R

HE e kb o

CH,OH CH,OH
[e]

OH OH

o-glucosidase
o o} NO, > oH t Ho No2
OH
p-NPG D- Glucose p-Nitrophenol

(yellow)
B+ 14 ~ a-Glucosidase Fr#| & P 2 R 2
Fig 19. Principle ofa-glucosidase inhibitory activity (Qurrat ul et al.,
2017).

E

%% Chenetal. (2018) 2 = i » % %+ pH6.8 cnPBS ¥ &7 » 4§ 5%
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Hy o PBS B (7fiel o3 9634 P 4o r S50 uL F R R BP0 BL{S 4o~
50 pL a-glucosidase (0.1 unit/mL) ~ 50 uL PBS (0.1 M, pH 6.8)% 20 uL p-NPG
(10 mM) > %+ 37°Cx % 487 & & 20 min » 4 » 130 pL NaxCOs3 (0.67 M) # 1+
F J& » ¢ * ELISAreader jp| # ;4 £ 400nm T % & (@ - Acarbose ¥ & & #7+1

oo TR NGB g F (%) o

a-Glucosidase #r 4] % (%)

A —A — (A4 —A
Z ( control blank) ( sample sample blank) % 100

(Acontrol ¥ Ablank)
Acontror = 12412 (PBS + i % + p-NPG)

Apiank = 241 % # 2 (PBS + f¥ % + PBS)
Asampre = 1% &7 % & (sample + ¥ % + p-NPG)

Asample blank = th & 4 # k= (sample + ff % + PBS)

3. 30 FHEA I #r4]iE 2 (AGEs formation inhibitory activity)
2 i j v (Bovine serum albumin, BSA) & § 45 A £ 7 3 F 57+ 8
¥~ % AP (AGEs) (Grzegorczyk-Karolak er al., 2016) - 1% = # fip pik

(Trichloroacetic acid, TAC) #-#7% F-v F sk (s » £ 1 * AGEs g kF {2

g

RIEZE 0 K E AR L T AR S S AR

\\\Xr
<l

Matsuura ef al. (2002) 2z = % » ¥ %>t pH 7.4 5 PBS ® i& 7 » 4§ 5

2 SR f#15 % 1 PBS & 7 48 © 20 pL 0.1 mg/mL ¥ B4+ & 400 uL BSA (1

E

mg/mL) % 80 puL 1.25 M glucose R 4r3z3 > 3t 60 °Crd® 48 h o B~ 100 uL ¥
&% 7 #v 100 uL 20% TCA # % 3min > 12 10,000 rpm ~ 4 °Ci% i+ 7 #t.< 4 min
AR B T 0 Ak b ts v pH 10 Sh PBS B R im0 £ I H kA kb
Bitipl £ 370/440nm T e kg R o 2T A 2N B S R0 AR )

P E
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) _ (Acontrol - Ablank) - (Asample - Asample blank) % 100

o i Fr A F (%
N (Acontrol - Ablank)
Acontror = 3241 2 (PBS + BSA + glucose)

Apiank = ¥ #1% # % (PBS + BSA + PBS)
Agample = T 57 B %2 (sample + BSA + glucose)

Asample piank = & &% # 2 (sample + BSA + PBS)

(= ) HPLC % 47

AR % %% Yang et al. (2012)c03 F Fug iz o @ % g C18 B 4L
(4.6mm x 250mm) > 14 0.1% formic acid (A) % acetonitrile/methanol (4:1 ; B)
RS ETAERSS A EFHR P E o hiE 1.0 mL/ min > L& E 20 pL v #
RiE#E4od 4 o 1% SPD-020A #f R] ¥ Ak & 190 ~ 800 nm 4~ 47 ° t R 1% &
& 7 chebulinic acid, corilagin, ellagic acid, gallic acid, f-glucogallin, geraniin,

kaempferol, quercetin 2 p & % % benzoic acid (*ff4xz ~ 4 )

# -+ ~HPLC #- & ig &
Table 10. Condition of HPLC gradient elution.

R (time) B (%)
0 0
5 0
15 5
20 10
25 15
30 20
45 25
55 60
60 0
65 0
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(,\ ) A &
S
AT 2 RRES PN THEER % L (mean+SD) £ 7 - x 12 SPSS

V21 (Statistical Package for Social Science) # %2 * Duncan’s multiple range test

A B L B BF A 47K 8 p<0.05 -
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- A RABERAYIFIHEZ F PR

AF G R TR S Bl ey 3 R R A1 95%9 FR ~95%2 fiF ~ 50%°
f ~50%2 i~ Fok 2 e e iAW EP T R FNBAT ZRL AL o K
B Fdedk L - o o e fq A S G 2.26% (w/iw) 0 BEEF MO H W T fER A
AT (25% ~3T%) SRt ez Ly FERTERPM > LS A
Fechfp e ¥ o 7 dRfLehi £ R G 2 g M g dg T E
RIS 2 g X P E PR AP P (Vermaetal,2018) o Flpt #-ig - ¥ 4441 5

Bede g 2 Ho0r g A AR TR

SN RARERAYIHBREIL R AT

P ST & L R B S o L ]
f©#4 % A 4 hZ R (Altemimi ef al., 2017) o SRR T R
§ 0 £ kb ok % 0§ L3 (Bhaigyabati er al, 2014) - Bl * 5 7 F
BAREPAH FIHAR I EORE 2P 5% madi s B FFTER
FB-$ > % 400.71 mg GAE/gextract » 95% " Rk 2. > @ ¢ fhe fig F B g 5

154.92 mg GAE/g extract °

FRE LS - o SRR HA S 0 © A K 6000 A7

e

eF & ik I & 4 (Bhaigyabati et al., 2014) - A% 3 & * quercetin % 5 % &
HELZPBF? RGEEMpHER - AR - VER REEM I EL
BIMEAE G D50%2 f8 (17.27 mg QE/g extract ) >50%" f% (15.80 mg QE/g
extract ) > -k (10.71 mg QE/g extract) >95% " /¢ & (4.42 ~ 5.27 mg QE/g
extract)> ¢ fk ¢ fig (2.83 mg QE/g extract) © Verma et al. (2018) @& * -k 2 % F
ERTHBCEBHERMTAZAY IEFEIBNETHZE A3 0.71~10.34

mg QE/g weight 2. & » F 45 11 50%2 3 5 5 i 5 Pk > 2 AT B %
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2o R RRAE AR A S DR
Table 11. Effect of different solvent on yield. Data expressed as means of
triplicate = SD. Means with different letters were significantly different at

p <0.05.

Solvent Yield (%)
95%MeOH 3427+ 125"
95%EtOH 25.05+1.134
50%MeOH 37.34+2.82%
50%EtOH 37.43 +1.81°2
Boiling Water 31.56 £ 0.31 ¢
Ethyl acetate 226+0.14 ¢
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=

S

1
=
._|

[
S
<

Total phenolic content
(mg GAE/g extract)

e\°

qé\o Qﬁ %Q

Bl- L 2R8I IeYd T HAR 7 0P E
Fig 20. Effect of different solvent on total phenolic content. Data
expressed as means of triplicate £+ SD. Means with different letters were

significantly different at p < 0.05.

46



201

.
191
1

Total flavonoid content
(mg QE/g extract)
=

Bl= - 3 RRHEAY S HAEIM T EORT

o 2]

Fig 21. Effect of different solvent on total flavonoid content. Data

expressed as means of triplicate £ SD. Means with different letters were
significantly different at p < 0.05.
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o L HE B ? RAE k2 R 4K e Do e al. (2014) d4p ko 03 A
shie £ F R AR R AR A ORB R F R TR ok B %KY 7ok
e fE (75%% 50%) chiBeie7nm bl gt k7 B2 ¢ ;o Agarwal et al. (2012)
LA EPPY AR R AREE R R SHM D AP RS

DA B R R AEEM I RS AR R AR - ERNE R

kiAE R L BT LR BROF AT RS E T RERT @ity

d 3 pkE eIy Bl ol @ (F ) A SR FHREFEK

N

AV I Apd R m A5 57 )ik (Mueller-Harvey, 2001; Hartzfeld et al.,
2002)c 2 R HEBS P KRE R T (R L) SRRz €80

Pk E_50%"7 /¢ i3 2§ B hE B2k (091 2 0.93 mg TAE/g extract)’ 95%

-

B /e fg=t 2. (0.59 2 0.61 mg TAE/gextract)> -k 5 5 = (0.25 mg TAE/g extract)
¢ e fig ™5 0.12 mg TAE/g extract  Yang et al. (2014) # 7t KjzH % % 4+
FEFCARMIBH LS ERNEFH - BEHES AT A

i g Hdp MR G AEPREZ R R

Z AR RMERAAY T HRF R
ST TS 5 ARE 4 At L E L (Vieitoeral,,2018) 0 &7 § 1l
* pod t/ K’Zf/ M P g g (B B e i A 5 E By (s

,bl_/,,\ ﬁ °

() F F B AR H AR LR
DPPH s g2 % d matpd A AN T I @S AL chpgpd i H3T5R
EPfrinfig it E 4 (Teixeira et al., 2013) - 2Bl = =9 ¥ 8 m > 50%7 fiz

PP [Cso 5 7.51 ug/mL > &g F v H @ 7

&=
<4
S
N
s
4
_\_._.

“ (8.16 ~ 14.95
pg/mL) > B § % ¢ DPPH % 1 » 2 & 741 BHA % 842 (ICs0 =

6.75 ng/mL) 2% 17 o
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1.0 a

§% —

° 2

E £ 0.81

g B b b

S5 061 o

£

§w0.4'

£ £ ¢

} 0.2- . d
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Bl Ltz 2 R3HFTEAHFIHLRER &R

Fig 22. Effect of different solvent on hydrolysable tannin content. Data
expressed as means of triplicate £ SD. Means with different letters were
significantly different at p < 0.05.
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DPPH radical scavenging
IC5¢ (ng/mL)

Fig 23. Effect of different solvent on DPPH free radical scavenging
activity. Data expressed as means of triplicate = SD. Means with different

M=+ =73 k3 A543 % DPPH f d & %51

letters were significantly different at p < 0.05.
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ABTS BT kBaHES pd A FEELD 50%7 /¢ @E G &
ABTS p d i ek » ICso A B 3 3.43 + 0.11 2 3.59 + 026 pg/mL > & &
4l BHA 71Cs0 2.97 + 0.08 pg/mL iz § ¥ L £ » H & jFrpinttiz i 5
95%%® /o fig ~ K E 2 ¢ fhe fn 5 P-4 (Bl= -+ 2 ) Chaphalkar et al. (2017)
70%e fRE B4 3 A4 0 2 ABTS pd & ICso 5 329.20 pg/mL » % ** &

B T e 3 % R BRI BA R LA P ABTS § d Ak
RFGAT P RGP SAPHRSNERT  Rirg AL AP
25

B pod ki

BAYL  EalAsEomin M & # g ehi & R 712~ (Brownlee, 2005) K = +

sHpd o e PF Y4 (Liveral,2008) - 42§ |

A SRR otk ERCE Sl B St o o e L
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letters were significantly different at p < 0.05.
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Table 12. Effect of different solvent on functional compounds content. Compounds concentration = mg/g extract. Data expressed

as means of triplicate £ SD. Means with different letters were significantly different at p < 0.05.

Solvents 95% MeOH 95% EtOH 50% MeOH 50% EtOH Boiling water Ethyl acetate
B-Glucogallin 65.26 £ 1.87°  100.83 + 5.34° 93.79 + 4.21° 93.51 + 1.60° 66.41 + 1.58° 163.77 + 17.62°
Gallic acid 9.89 + 0.58¢ 1.17 +0.17¢ 8.32 + 0.60° 1.51 + 0.04¢ 28.87 + 1.66° 11.69 + 1.58°

Corilagin 9.11 £0.71° 10.13 + 0.61¢ 14.93 + 0.28° 15.91 + 0.69" 30.61 +0.78° N.D.
Geraniin 10.40 + 0.40° 9.49 + 0.37¢ 15.12 £ 0.38° 15.16 + 0.36" 23.96 + 0.49? N.D.
Chebulinic acid 11.96 + 0.49° 14.34 + 0.93° 12.13 + 1.45° 12.07 + 1.30° 8.42 + 0.05° N.D.
Ellagic acid 5.01 £0.29¢ 6.60 £ 0.04° 6.57 + 0.33° 7.01 +0.35° 9.09 + 0.66* N.D.
Quercetin N.D. N.D. N.D. N.D. N.D. N.D.
Kaempforol N.D. N.D. N.D. N.D. N.D. N.D.
Total 111.62 142.55 150.85 145.17 167.36 175.46
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a-Amylase a-Glucodisase
Solvents/standard inhibitory activity inhibitory activity
ICso (ng/mL) ICs0 (ng/mL)
95% MeOH 21.61 £1.01 0.35+0.03°
95% EtOH 19.66 + 0.89 0.33+0.03°
50% MeOH N.D. 0.24 £0.02°
50% EtOH N.D. 0.29 +0.01 *
Water N.D. 0.74 £0.06 ©
Ethyl acetate 22.31 +1.81 0.79+0.07 ¢
Acarbose 10.72 £ 0.62 278.23 £8.18

M s B KRR B AR SR IR R B e
Appendix 10. Effect of different solvent on glycolytic enzymes inhibitory
activity. Data expressed as means of triplicate + SD. Means with different

letters over a column were significantly different at p < 0.05.
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