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Comparative anti-diabetic and antioxidant activity of peels from yellow and red onion cultivars

Su jin yang

Department of clinical nutrition, The Graduate School,

Pukyong National University

Abstract

The aim of the present study was to investigate comparative anti-diabetic activities of both water
and ethanol extracts derived from yellow and red onion (Allium cepa L.) peels via human
recombinant protein tyrosine phosphatase 1B (PTP1B), a-glucosidase and advanced glycation end-
products (AGEs) formation inhibitory assays, as well as antioxidant activities by evaluating the
ability of extracts to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS), respectively. In addition, total phenolic (TP) and
total flavonoid (TF) contents were measured to assess phytochemical characteristics. Higher TP and
TF contents derived from both yellow and red peel ethanol extracts (YE and RE) than both yellow

and red water peel extracts (YW and RW) were correlated to the corresponding higher antioxidant

effects in DPPH and ABTS scavenging assays as well as anti-diabetic effects in a-glucosidase and

AGEs formation assays. Between the two cultivars, yellow onion peel showed higher antioxidant
activity than red onion peel. Considering the anti-diabetic potential, RE, YE, RW, and YW exhibited
significant PTP1B inhibitory activities with corresponding ICs, values of 0.76 + 0.17, 0.86 = 0.04,

0.33+ 0.01, and 0.30 = 0.08 pg/mL, as compared with the positive control, ursolic acid with I1Csg



value of 3.40 + 0.34 pg/mL. In particular, water extracts were found to be more effective against
PTP1B inhibition than the ethanol extracts. On the other hand, yellow onion peel (YE and YW)
exhibited higher a-glucosidase inhibitory activities than red onion peel (RE and RW) with the ICs
values of 3.90 + 0.08, 5.44 + 0.06, 5.76 £ 0.03, and 8.99 + 0.56 pg/mL, respectively. Moreover,
ethanol extracts (RE and YE) exhibited higher AGEs formation inhibitory activity than water
extracts (RW and YW) with the respective ICsy values of 12.79 £ 0.22, 12.25 + 1.35,51.91 + 1.53,
and 25.17 + 1.75 pg/mL. Interestingly, yellow and red onion peel extracts exhibited higher anti-
diabetic activity than positive control in the respective assays. In conclusion, both yellow and red
onion peel revealed significant in vitro antioxidant and anti-diabetic potential. Therefore, these
results suggest that inhibitory activities of onion peel depends upon cultivar color and extraction

method which could be a promising strategy to prevent diabetes and diabetic complications.

Vi



Azl thek FH=2] o]l Frleta ok (P A473], 2009; 37H,
2006). 53], T tEAQ] A or ndg AA =AM AN
ofvzt Ad¥ 9 HIEH A% T AT v H3omo] FWF o]F
2 - AR Ao 2 dE A do] JiSle HIES =7FY kel A
#2]7F "o Adbolt}  (Pickup JC, Williams G. 2003). <+ 2xH
MAG =AY (International Diabetes Federation, IDF)2] =}geof| o]3d

2013 WS 7|=o =z A AA A A7 oF 83%%! ¢F 3 ¢ 8 Hwt o]

o8 F7tEelA v FEHA A AAAE] Has Adsie Ao=
FAE7|= st SEvel I dFAL (Korea National Health and
Nutrition Examination Surveys, KNHANES)A ¥} = o]&3% 2013 A} 5E7
o] wzw 304 o] 49l B FHES 11.9%(E A 13.6%, oAk
10.3%) & Hialxo] ofo] tigt AslE Awzletar glo] G o A5=
=Rl B 2 AT obd 4 glvh

Gu 24 9 sl A

-

2

Al 2 Aol d-EE 5 Fole

o

protein tyrosine phosphatase 1B (PTP1B)7} It} PTPIB & whufzeo] <lxbsls



El 24l 2725 QA7 S A A= protein tyrosine phosphatase (PTPs)©]t}.
PTP o= PTP-0, leukocyte antigen-related tyrosine phosphatase (LAR), SH2-domain
containing phophotyrosine phosphatase (SHP2) ol Si=tl, o|AES AE U
S oF AlxltiAtel o] Fagt 4&S sk, B3 JdEd Asdd x4
FEEh (Kwon et al., 2008). 2.3+ PTP ¢l PTP1B
2o APgAor Qavle] Afdse 4 e AxA S AFEH FHlA,
dade] AE Y Asdgds Atdste] dad AFAHS 7 2Et (Tonksetal,
2003; Ahmad et al., 1997; Byon et al., 1998; Goldstein et al., 1998). A4}t U] Q<
&2 (insulin receptor, IR)2] a-subunit o] 1&H o] ATSIH B-subunit & A3
W 9o A& protein tyrosine phosphatase 7} &/d3}% 31, IR o & tyrosine
71 QIAkEZE dojdtt sAlel Slad 84 =4 (IR substrates, IRS)%=
o1Ak3b7E oA WA  AE WE  glucose FH53  glycogen FAH T
oF7I A7) = AT AGAAZS 4352171t (Na et al., 2006; Bialy and Waldmann,
2005). t}=2] PTP1B 7} IR o 2t-&35lA =™, PTPIB & IR ¢} IRS @2 & &
AAks}ete], IR o AodEsS Adstal, AHAoR d&ad APLS E
A= Fo] FFEA Xstar dF T FFol F7iekAl #thk (Jeong et al.,
2011). 122 PTPIB ¢ &A= Al 2 & dxiel A=5E fd o&

o
T A

I a-glucosidase = A% A §E U EAEE AFaALEA
(Mohamed et al., 2011), ol Eo] 2|3, ttdF e g38lE 9
GFFEL TeEsE Fxlete], Go] A = 3t} (Toshiyuki et

al., 2011). a-Glucosidase ©] #}-8°] F7lste] sl ELdo] F7ketAl =W,

t
ol
=
n



gy 271 ol mEy AJE|7F oF7]Ht) (Caspary, 1978). a-Glucosidase
AAAE 2% WA wistEe] 2sE AANA, 2T Y 43 o
S 7HE ¢Fs}Al 7] AL (Hillebrand et al., 1979; van de Laar FA et al., 2008), I1d 3o =
ANg &Y EHIE AAAZI=H &Aoot} (Sato et al, 1989). FH A o=

o]-& 7}53b o-glucosidase A4 3= acarbose, miglitol —22] i voglibose %©|

9o o5 A 2 3 YW xzsh=d AFEE I 9T} (van de Laar FA et
al., 2005)

Fhr WIS AEse HAeZE dF9 Uik Z¥ gz
Al o dud gsirh gk 7] AE7] (ketone group)ot FHE K7

(carbonyl group)= ©¥ld, A&, ik T ofu|x=r|e} HlEAF o=
Hk-S- (millard reaction)ol] 2]& A4 7] (schiffbase)”} &4 ¥ =] (SomanSetal.,
2010), ol 79 Aolar FAIZ AA dojdrh Ey wAdH udd

Aol e, AZEh FAgel AR ] keideln, BE e FE9

o

%7198 HE (Amadori products) = ARl T}, o] gt 27|GsMEES B,
=3, 24, A8l & AA g Ad A= HEEsHE  (advanced
glycation end products, AGEs)©] ¥t} (Bucala R et al., 1995). AGEs °| &3}
T, A =3} oldEA WA sS, dxdtoln AW T
of7|sl= Fa%k Uy A AFEol s ¥ ¥ ofe}t (Ahmed et al., 2005;
Takeuchi et al., 2008), &3} IAoA] Hb-& AkA F (reactive oxygen species,
ROS)e] A2 xA9 Atstd ~Eg st &48 o1d 4 ok &3

FdE AGEs 2 ddo] Aor I&EdE Folk LA i FH5,



0 @i gy wAAsbs sto] ofHlEA wWAstE, AlFE, Wets 59
AzZbe FugHES 23t (Bucala et al., 1995). AGEs 34 AAAE =

=3 Agtste]  wwiEate] wAbdeks gAlgivar el
ofn] :=-Foll (aminoguanidine)©] 2121} (Edelstein and Browmalee, 1992), ©]+
B A Aol SRS "o m 3 A ATelA SA o] A Eo
7ol FkE] 179 (Rahbar and Figarola, 2003), 3% 59 X8, o¥3&}17)
3k oFA] MEEA AGEs A JAA| o] Qs
Superoxide (*O), hydrogen peroxide (H,0,), hydroxyl radical (*OH), singlet oxygen
(0,), alkoxyl radical (RO*), peroxyl radical (ROO<) “12] 3L peroxylnitrite (ONOO")<}
22 reactive oxygen species (ROS) ™ reactive nitrogen species (RNA)T
macrophages 52 954 MEZEEH AAHEY o5 ROS ¢ RNA = A&,
o, Sk, Zeal DNA ¢ 22 58 55 TSk AR E4S =

4

AU A% R Qs 8aE A, o A 4F % wshe

rJ

Tk A slo] of7|Et} (Beckman et al., 1990; Vallyathan and Shi, 1997). 2] 3L ROS
2 RNS = cyclooxygenase ¢} lipooxygenase ©l| <]} arachidonic acid 914 54
A=) ko] gaFe 5, macrophages ol °|F H5 HA Tt free
radical ©] A ¥t} webA freeradicals & 2AE 5 J& IAEAVE G5 L

Abstd ~Eg sz Qe g oweta s

4»
32,
o
P
(o
it
N
=2

ot
B

AT} (Backhouse et al., 1994).
43 (Allium cepa L)E Wgztdl &= 2 dA 2RO HAAHo=
Aol A rln o oflmE gy of&¥ o], dENY i, 7%, s

R TG A= AREE ] St} (Sheo et al, 1993). Futo] thFdt A A S



el 58 A< flavonoid 7l Adolli= quercetin, quercitrin ZL2] 3L rutin
ol A=t 53], oA A e A kak= quercetin $EFo] Wi H&
Aoz 4 At} (Lakhanpal et al., 2007). <F3}e] quercetin 2 R A,
LDL 4bst oAl T YIS 7= Ze= deA dew, oy
quercetin = F3te] FAF HuheE AH FEOR AT o] molA, ot
5 F FFol= 001 %] FEFS Hole WA, dut HA= 65 %
AA e Ao Bare vp low, w3k A Foo= AolAdie 7hAH-Ql
35 (0.4~05 %)l Hl&] SF 25~32 %= g o S A= Zlow
UEFSTE (Bang et al., 1998). ibi= Ul Akl oF 10 w7t T Eo=E
ol gHal loH, HT FAFAY s F an[te] AN E HE FY
FAR &, AR BYE AAS 1 A 7EFEY dHE fEEHeE 45Ut
s7bstal o] 7k Al @Ast= g Byt Frlsta oy o)+
At R o) &HAY H7|HAL Q= AAo|th (Jeon et al.2012). WA gt

AFHArEe FRgdel A BATES PAs Aze Jsd AF
aAzAe g8ol bsd A Aoz ARHu, ol HAAUL olguThe
Wol A olml7h ik, @ @A AAH AFRE B Ag L gl

g A7 diF-Eelen, Ao e Aedd A2 kst (Son et
al., 1998), xanthine oxidase #3l€/d (Raet al., 1998), & 3474 (Lee et al., 2010)
ol gk AFEo] e R o] gk A+ ANF-d Aol
B odTdAE Sy AN, 5 FRe dagadEs A7 B9 olleke
FE3191, 7t FEES U2 PTPIB HAIE4, a-glucosidase & #|&H4d =
A

Fetlch. =3 AGEs |74 <Al 4=

=

=4stel & P BHL v
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0. 23x8 2 Uy

1. A=
o Ao ALgE dubg A (Allium cepa L)S Aol A AulE Ao =

WAFAZA TS ARE AHGHAE, HERES PP

X

Ol

o

A A werE askglon ddde] Baskgith (NO. 201510).

2. AeF & 717]

2-1. AeF

Yeast a-glucosidase, acarbose, p-nitrophenyl phosphate (pNPP), p-nitrophenyl a-D-
glucopyranoside (pNPG), ethylene diamine tetra acetic acid (EDTA), bovine serum
albumin (BSA), aminoguanidine, D-(-)-fructose, D-(+)-glucose, quercetin, DL-
glyceraldehyde dimer, dimethyl sulfoxide (DMSO)+= Sigma Chemical Co. (St. Louis,
MO, USA)°lA 43It} Protein tyrosine phosphate 1B (PTP1B, human
recombinant)i= Biomol® International LP (Plymouth Meeting, PA, USA)l|A],
dithiothreitol (DTT) Bio-Rad Laboratories (Hercules, CA, USA)l A %13} Az,

sodium azide = Junsei Chemical Co. (Tokyo, Japan)oll A -1 3} T

2-2. 7171
TPC ¢} TFC =72 Ultrospec 2100pro UV/Visible spectrophotometer <} SWIFT I
applications software (Amersham Biosciences, Piscataway, NJ, U.S.A)E ©]-&3}o

=43} k. DPPH, ABTS radical 2~7 &4, protein tyrosine phosphatase 1B <] A



e

& 12131 o-glucosidase & Al &4 =% microplate reader spectrophotometer

(Molecular Devices, VERSA max, CA, USA)E A}&3}5lom, AGEs I4 <A

Ay

42 Spectrofluorometric detector (Bio-Tek Instruments, Inc., FLx 800 microplate

fluorescence reader, Winooski, VT. US.A)E ©]-&3}3it}.

Fab g A el £33 EtOH % 342 scheme 104 YeEbAth Ax% zA Q

H4 A (110g), FA FIFA (709)S EtOH¥ E2 33] o] 50C=E 5

ol FE3 T of}star 1 o] NS rotary vacuum evaporatorS- ©]-§3lo] F
th 2 A3 A oee FEE (RE), AN B FEE (RW), 4 o

< FE% (YE) 283 34 & F5E5E (YW)= 712} 1593, 23.25, 6.24 ~12]4L
3]

oji o2

A



Dried red onion peel (110 g) Dried red onion peel (110 g)

70% EtOH (5 L x 3 times) | Water (5 L x 3 times)
Red onion peel Red onion peel
EtOH extract (RE) Water extract (RW)
(1593 g) (23.25g)

Dried yellow onion peel (70 g  Dried yellow onion peel (70 g)

70% EtOH (5L x 3 times) Water (5 L x 3 times)
Yellow onion peel Yellow onion peel
EtOH extract (YE) Water extract (YW)
(6.24 g) (741 g)

Scheme 1. Extraction of Allium cepa L. onion peel



4. In vitro A3

4-1. 31k A

4-1-1. Total phenol contents (TPC) 3

FHPA FE2E F dlE FFS Folin-Denis HES 583t 438t
(Igbal and Bhanger, 2006). 1 mg/mL 5= 2 591 A|8 25 pL S A& ool FHala
Foline-Ciocaleaus’ phenol reagent 75 pL & 37}l &8k th& 583 A2 A
HES AT 7.5 % Na,CO; E£3H-8- 200 uL & 718kal /5= 700 b & &3
U3 A2olA 40 & &< 93 A 5 el FHEE 765 nm oA
Ultrospec 2100pro UV/Visible spectrophotometer <} SWIFT 11 applications software
(Amersham Biosciences, Piscataway, NJ, US.A)ES o|&3lo] A&}
TEAL gallic acid & °o]83st] A5t LS HoRE FHsto] I

ARFAoRRY 2280 & AE FFS THYL

FH

3]
AN

10



4-1-2. Total Flavonoid contents (TFC) 54

JaAd FEHEEY F ZPHMol= TS flavonoid 7} aluminium T}
complex = A3t £3] acid = # 7} flavonoid =2 Zoll A O-dihydroxyl,
3-hydroxyl, 4-keto 53 2 5A7|E Hfstal = flavonoid & EAsh:=

2239 th (Chang et al., 2002). 5

o

aluminium chloride colorimetric "
mg/mL FE2 521 Al 100 pL & A3 ol #H 3kl 10 % Aluminium chloride
20uL & #H7bste] &313k th 1 M 2] Potassium acetate 20 uL £ 3 7}ttt 860
UL & SHFTE T8 s A20A 30 5 v A & AdEde

EHEE 415nm A Ultrospec 2100pro UV/Visible spectrophotometer £} SWIFT I

applications software (Amersham Biosciences, Piscataway, NJ, U.S.A)E ©] &3}

ZAsth EEEHE quercetin & o] &3t] ARS FUF WHoR
sl ¥ EEATFHoRNH FEEY F IPRxo:= P

11



4-1-3. DPPH radical 2A&A
DPPH radical A&~AWHg2 eksk kbl Hap oz A AR8F AL
Ao E3] phenol I} aromatic 3}3tEo A3 Al SA o] Wol Al8H =

"R ot} (Blois, 1958). U2 93¢l diphenylpicrylhydrazine & *}Alo] 744 a1

L

Kl

A= &4 A wiel] 520 nm oM A3 57 band S Hol= SAE 7HA

= 1

Atk 2yt phenol I o]l Fau HAAE Alwa Fe A oAl
H-3-3HA E™ Fol A 5B A X} hydrogen radical = Hrol phenoxy radical <
AAEA Dk olw 52 &4 band & AlEFA AL 943 Eale Hoh &

Ageid, 2 ol Hldste] Rl

DPPH o] A2 A4 QoA H1 FREE ghshd HEE wrgel Aol

—

Hepdo A wghor WHale FFEY fAAE SHFSEZH radical &7

Z} A3 9] DPPH radical ol tj3t 2A A =4S 7} =5 A|E5E MeOH 9

=91 7 160 pL ¥ H3ke] 15 x 104 M ©] DPPH-MeOH &% 40 pL ¢ #
it o] Whe Eels A2elA 30 F AT F microplate reader

spectrophotometer VERSA max (U.S.A)Z 520 nm oA FIF=E FA3SI
Radical 2275 ¥laslr] 913k 44 oS L-ascorbic acid & ARS8l th.
Radical & 50% A&A3t= AR EX% (ICs)T po/mL = YERNATH SHA =
33 W Agste A& ARE Htd o eI (Scheme 2).

12



MeOH solution (160 pL) of Sample at various concentrations

Methanolic solution 40 pL of DPPH (1.5 x 10“M)

!
Shaking vigorously (10-20 sec)

l

Standing at room temperature for 30 min
!

Measurement of optical density at 520 nm

Scheme 2. Measurement of DPPH radical scavenging activity

13



4-1-4. ABTS radical 2=A&A4

7 mM<] ABTS (2,2-azino-bis[3-ethylbenzothiazoline-6-sulfonicacid]; A9941, Sigma,
USA)} 2.45 mM potassium persulfates E3sle] A2 « hAollA 12~16 AI3F
A A Aol 734 nmoll A

-/
=5 20 pLol] ABTS &9 180 uLs

FoF WA35le] radicals HAAIFATE ABTS
F#%7F 070 £ 0.02 (mean £ S.E.M.)o] F|X = phosphate-buffered saline (pH
7402 s AgSAT FEE F
A7Fete] 10~20%3F T ASHAl Ao Aol 283F WAE 734 nmell A
EHEE =A5 A} (Reetal., 1999). ABTS radical 2 71% (ICs)> DPPH radical
2 E AT e ZE WhHoeR Fskglom, radicals 50 % A7 sk
A& FE (ICx)E pg/mLzE UERNSITE Radical 27%< wlasls] 913
thZ-& troloxS ARSI T}

14



4-2. ¥ R I9xu FBT A

4-2-1. I¥Fw A

4-2-1-1. Protein tyrosine phosphatase 1B ¢} A| &4

Protein tyrosine phosphatase 1B (PTP1B)2] A& S H 718t WH-S Naetal.
(2006)2] WS W3] 233t PTPIB (human, recombinant) A
BIOMOL international LP (USA)Z 5B U35ttt @49 2442 p-nitrophenyl
phosphate (pNPP)= 7] & ZA] A}-8-3lo] =73}t 96-well microtiter plate ©ll
HhS E9Ee] F FUE 100 uL 2 ok WA oY s sample 10 uL <}
PTP1B buffer [0.1 M NaCl, 1 mM EDTA, 1 mM DTT) 30 uL, &4 10 uyL & 37 C,
5~10 &3} preincubation A]Z1t}, Z12]a1 7] & (p-NPP) 50 pL & #7}sle] 37 C
15 7 incubation < A171 $ 10 M NaOH 10 uL & Yol whg-S &4 AZth

o] microplate reader spectrophostometer (molecular Devices, VERSA max, CA,

i
||\

USA)Z 405 nm oA S3=E SAHSI I ursolic acid & YA dixTo=

il

ARESEITE PTPIB oAl &4& ofefjo] 25 o]&3dte] 3 §, ICsx w2
ghakslSith (Scheme 3).

Inhibition (%) = {1 - (Asam 'Asam—C) /ACont} x 100

A EANERE ¥ Wl FUE
Aumc @ SAAEE Wil pNPP & 94 ZUS W9 S4%
Acont —f—xj/\]_@_% L_]X] %9}1’% ILHO E%E



Sample 10 pL + PTP1B buffer 30 uL + PTP1B enzyme 10 pL

!
Substrate (pNPP) 50 pL

l

37 T incubation for 15 min

!
10 M NaOH 10 pL

!

Measurement of absorbance at 405 nm

Scheme 3. Measurement of protein tyrosine phosphatase 1B inhibition activity.

16



4-2-1-2. a-Glucosidase & AI&A

o-Glucosidase &4 AEAS 4317 Y&lA] Li et al. (2005)2] WS
FA kel A3 T 96-well microtiter plate o ¥H3 E3t&o] & HuE 160
ul 2 3k 229 well o] 10 % DMSO o ¢l o2 %9 sample 20
uL £} 100 mM phosphate buffer (pH6.8) 20 L & Y=t} 22131 421 0.2 unit/mL
a-glucosidase & 10 mM phosphate buffer (pH 6.8)°ll =] 20 uL & il 37 Col 4]
5 & &<t preincubation & A|ZIth. 1g]al 7[AE ARE-¥ 100 mM phosphate
buffer (pH 6.8)° =<1 25 mM p-nitrophenyl a -D-glucopyranoside (pNPG) 20 uL
Yo 5 37T 15~20 & incubation A|Z1th WHg-S FZAA]7]7] $13 0.2 M sodium
carbonate solution 80 YL & %=tk ©]%F 405 nm o4 microplate reader
spectrophotometer (Molecular Devices, VERSE max, CA, USA)ES Al&3lo] S3FEE
=43t o™  acarbose = U WERTFORE AEEATE  o-Glucosidase
AA g2 o] A& o] &3sto] JAES T3 F IC, #he= st
(Scheme 2).

Inhibition (%) = {1 - (ASam'ASam—C) /ACOr‘It} x 100

Asam SAANEE YAS w9 FH=
. . i}
Asmc | SEAAHEE Yal pNPG & EA4] &skS w9 &3 %
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Sample 20 pL + 100mM phosphate buffer 20 uL + a-glucosidase enzyme 20 pL
!

37 C preincubation for 5 min

!
2.5 mM pNPG 20 pL

!
37 C incubation for 15~20 min

!
0.2 M Na,CO3 80 L

l

Measurement of absorbance at 405 nm

Scheme 4. Measurement of a-glucosidase inhibitory activity
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4-2-2. 3% IFHF A

4-2-2-1. Advanced glycation endproducts 34 A|1&A
HEGsts F4 AAZHS Joe et al. (1996)] U

2183121t} 0.2 M glucose, 0.2 M fructose 2} bacteria 2] A4S 217] 913k 0.02 %

ftlo
(&
ofl
ol
2

=

sodium azide & 50 mM phosphate buffer o =<1 % 10 mg/mL bovine serum
albumin S % 7}3t}. AGEs reaction solution 950uL 3} 10 % DMSO o =<1 o
529 sample 50 pL = 41L& ¥, 37 ColA 7 A7t incubation 3t} o2t
4 T~ 7 I+ incubation 3T} o] spectrofluorometric detector (FLx800
microplate fluorescence reader, Bio-Tek Instrument, Inc., Winooski, USA)E ©]| &3}
350 nm (excitation wavelengths)2} 450 nm (emission wavelengths)ol] 4] HF-3-A A &- 2]
fluorescence intensity & = 7d5}3ITl. aminoguanidine hydrochloride & <F
o2 ARSI oM, AGEs FA AAES ol A& Fote] 7

AE3ANGAA S ol8sto] AR sl (Scheme 3).

oX,

Inhibition (%) = {1 - (ASam_ASam—C) /ACont} X100

Agm | SAAXNEE Y 37 CollA]l 797 incubation 3+ 34 =
Asimc: SAAEE Qi 4 CollA 7 47} incubation 3+ &34 =
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Reaction solution preparation

!
0.2 M glucose + 0.2 M fructose + 0.02 % sodium azide + BSA

!
Reaction solution 950 pL + Sample 50 pL

1
Incubation 37 C and 4 C during 7 days
I

Measurement at excitation wavelength at 350 nm and emission wavelength at 450 nm

Scheme 5. Measurement of AGEs formation inhibitory activity
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5. BAIAE

AEE Foto] dolxl BE Ade Fd+ET0A (meantSEM)E HHERA AT
7t ANEe] ool dig BAs wxo] mE A& FATH vas

]3] One-way ANOVA SPSS v. 18 (SPSS INC. , Chicago, USA)Z A}-&-3}c]
F3121, Duncan’s AH$- 78S AAJske] p<0.05 olstd wf FAH o=
g Ao et

p 8

f

Shis
1
ol

Ho
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m. 23 9 uz
1. &tsl &4

1-1. A3 24 Fug A9 Total phenol contents

0 xE 2FE gallic

o

2° Folin-Denis < $-&3lo] =439
A4Fsk itk RE, YE, RW, YW<S] TPC
GAE mg/go.2 YElxion, 1

5 o g

T s &

acids ©o]-83sto] 7zt F==5¢ TPC

fij

g2 77} 233.40, 335.14, 112.09, “L¥] 3l 14247
A= Figure 10 YERSIT F9EA FEEE TlA
wHU EE FEE9 ghol 29 o Euoen ARG Ao Fupyd

E2 e HERAT
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400

350

300

250

200

150

100

GA equivalent mg/sample g

50

Figure.

335.14
233.40
142.47
112.09 I
T T T
RE RW YE YW
extract extract extract extract

. Total phenol contents of the peel of Allium cepa

23



1-2. 47} 24 FHARe] Total flavono

3}
=

F
=22 quercetins
St RE, YE, RW, YW TFC %=
E mg/go. = e er, o1 A
FoA ERT A
A of] A

E} 2

=

=

-

A4}

o]

24

aluminium chloride colorimetric

o) g3t}

id contents

[e)
WS
=y

7 FEEE

o
4

TFCE
7}7} 181.86, 214.42, 31.96, 1|1
Figure 2¢l ERAT Fatg 2
Eohn



250 -

o 214.42
[-*]
= 200 1 181.86
a
Eﬁ 150 - 142.09
-
=
=
2 100 -
-
=
[-F]
&)
S 30 31 96
0
extract extract exrract extract

Figure 2. Total flavonoid contents of the peel of Allium cepa
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1-3. 33 4 kug Ao DPPH radical 2AEA

A A g Ao eI & FEES DPPH A7 E4E
Z43te] 50 % DPPH radical 2~AZA4S UERHE ICy, #F (ug/mh)o=
Uetiglen, 2 A= Table 10 YERIY 2k F5&9] 5248 47T
(%) Figure 3o UEIATH A dixvo2e il ditsiAz gy
&4 A= L-ascorbic acidE AM®ste] 1 @A 37 W]ustQlth RE, YE,
RW, YWE] ICs, 32 Z}7Z} 10.60 +0.18, 4.50 + 0.06, 9.86 + 1.40, 18] 1L 6.77 + 1.27
Hg/mLO. 2 = DPPH radical 274 A4S YEl o™ o<l L-ascorbic
acid®] ICs #t-> 1.27 £ 0.01 pg/mL= YEFRTE 2HA Hoh SRA) QFubg Z of A]
aAgdo]l =%oH, 2N FRPEY s FEE0 = FEEEY =&
2GS Bt =8 49 g4 FEE9 s%7F 1.28ug/mL, 6.4 pg/mL
g3 32 pg/mLE S7Ee] me sk e

J & >~
e = AT

l‘ N

Mo aA%e olde

o
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Inhibition( %)

120 -

O 1.28 ug/mL(RE,RW,YE,YW), 0.32 ng/mL(L-Ascorbic acid)
m 6.4 pg/mL(RE,RW,YE,YW), 1.6 ng/mL(L-Ascorbic acid)
100 4 @ 32ug/mL(RE,RW,YE,YW), 8 ug/mL(L-Ascorbic acid)
*# xH s
a0
60
40 -
20 +
o

RE

extract

RW

EXiract

W

EXtract

L-Ascorbic acid

Figure 3. DPPH radical scavenging activity of the peel of Allium cepa
“P<0.05 compared with the 1.28ug/mL concentration of each onion peel extract or
0.32ug/mL concentration of L-Ascorbic acid. “P<0.05 compared with the 6.4

ug/mL concentration of each onion peel extract or 1.6ug/mL concentration of L-

Ascorbic acid.
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1-4. 337 A okupbg Aol ABTS radical 2AEA

FA A FRg Ao g3 = FFo ek ABTS radical 4271 24
SAsi o Ay Table 10 YEY 2 559 v5E &71%5 ()2
Figure 40 YEeEAT. U4 2o 2= troloxS AEste] 2 A4S §H7
H] 18} TH RE, YE,RW, YW2] ICsy %k ZH2} 7.00+0.20,6.64 +0.03,29.04 +0.11,
29]3l 12.08+0.23 pg/mLO. = %S ABTSradical 27 &Alo] Yo thx
21 troxol2] ICsy %k 2.76 + 0.05 pg/mL= LFERSETE A4 W) gAl QFulg
Aol A aAGAgo] wkon, dekd F5E0] & FEEY 29 o & &
NS BTk B3k 49 4d FE2E9 s5=7F 2 pg/ml, 10 pg/mL L] AL
50 pg/mLz S7hghel wel s= EHORE 4~ T FolHS #EHE - 3l

o =
Att.

lo

==

HU
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Inhibition (%)

O 2pg/mL
120 - m 10 pg/mL

50 ng/mL
100
80 -
##
60
40 - *
20 A
0
EW
extract extract extract

Figure 4. ABTS radical scavenging activity of the peel of Allium cepa

“P<0.05 compared with the 2ug/mL concentration of each onion peel extract and
trolox. "P<0.05 compared with the 10 pg/mL concentration of each onion peel
extract and trolox.
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Table 1. DPPH and ABTS radical scavenging activities of the peel of Allium cepa

DPPH @ ABTS "
Samples
ICs0 (Mean + SEM) ICso (Mean + SEM)
RE extract 10.60 = 0.18 700 + 0.20
RW extract 986 *+ 1.40 29.04 + 011
YE extract 450 * 0.06 6.64 + 0.03
YW extract 6.77 = 1.27 1208 * 0.23
L-Ascorbic acid © 1.27 + 0.01
Trolox ¢ 276 + 0.05

35 The 50 % inhibitory concentration (ICs) values (ug/mL) were calculated from a
log dose inhibition curve and expressed as mean + S.E.M of triplicate experiments. ©

dpositive control.
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2. P37 3 F3m AT 24

2-1. ¥ A

2-1-1. PTP1B JA| &4

sl 2} okubg A o] o eke )t B FEEo| tigk PTPIB AEAS =
A3to] 50 % PTPIB A &S YEIUE ICs 7t (ug/mL) o2 YElion =1

A= Table 20 YERTH 2t 559 =¥ A& (%) Figure 59 e}
YAtk A diFZa 023 ursolicacidE AEste] 1 48 3 Bl wskth
RE, YE,RW, YW2] ICsy #= 717} 0.76+0.17,0.86+0.04,0.33+0.01, 22| 3L 0.30

+0.08 ug/mLo. 2 T ==7-<] ursolic acid (ICsy = 3.40 £ 0.34 pg/mL) ¥.t} 433] =

& PTPIB A S Btk 53], F T79 4y de & FEEo] o
223 wlasla 2-3v] & oA AL molow g Ao A4

2
=

=z
=

mﬁ‘l I

Ao TR zto)z A w3 dwg Ao F%71 04 pg/mL, 2
ug/mb, 10 pg/mL= Z7hghel] wep GG FEE0] T gEH R A

dl&o] wobde ¥FE & Atk
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O 0.4 ug/mL

120 1 m 2 pg/mL
10 pg/mL
100 -
E:r' SD 4
=]
=
=
= 60 -
=
e
40
20 -
'} T 1
YW Ursolic acid
extract extract

Figure 5. PTP1B inhibitory activity of the peel of Allium cepa

“P<0.05 compared with the 0.4pg/mL concentration of each onion peel extract
and ursolic acid. "P<0.05 compared with the 2ug/mL concentration of each
onion peel extract and ursolic acid.
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2-1-2. a-Glucosidase & A &4

sty 2R okul 7 A o] o kg3t & FEEo| thdk a-glucosidase A EHA]
S 543} a-glucosidaseE 50 % A= A5 FEE YET ICy
(ug/mL)e. 2 vepdon 1 Ay Table 20 ekt 24 FE5E9 e
A& (%) Figure 60 YERASITE A tiEat O 2= acarboseS Al Ea)o]
1 A4S A v etk RE, YE, RW, YW2] a-glucosidase #3fl ZAdol t &F
ICsy b= 77} 5.76 + 0.03, 3.90 + 0.08, 8.99 + 0.56, 1|3l 5.44 + 0.06 pg/mLS. =
) =21 acarbose (ICso=70.17 +4.96 pg/mL) <} Bl S| A A st A8 45 1
ATt 53], dEE FEEC] & FEEET O 158 5% A3 A4S B
Row ARy A Fug A Asf Aol Eokth I P &
%7} 2 pg/mL, 10 pg/mL, 50 pg/mL= Z7Fgke] wil 5% oJEH o7 A&

Folde B T & gk
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O 2 pg/mL(RE,RW,YE,YW), 62.5 pg/mL(Acarbose)

120 1 @ 10 ug/mL(RE,RW, YE,YW), 125 pg/mL(Acarbose)
50 pg/mL(RE,RW,YE,YW), 250 pg/mL(Acarbose)
100 ki i i
= 80
=
=
= 60
=
=
)
40 4
20 4
[I T T T T
RE RW YE YW Acarbose
extract extract extract extract

Figure 6. a.-Glucosidase inhibitory activity of the peel of Allium cepa

“P<0.05 compared with the 2ug/mL concentration of onion peel extract or 62.5
Hg/mL concentration of acarbose. “P<0.05 compared with the 10ug/mL

concentration of each onion peel extract or 125ug/mL concentration of acarbose.

34



Table 2. Protein tyrosine phosphatase 1B and a-glucosidase inhibitory activities of

the peel of Allium cepa

PTP1B ? a-Glucosidase °
Samples
ICs (Mean + SEM) ICs (Mean + SEM)

RE extract 0.76 = 0.17 576 * 0.03
RW extract 033 = 0.01 899 + 0.56
YE extract 0.86 = 0.04 390 + 0.08
YW extract 0.30 + 0.08 544 + 0.06

Ursolic acid ¢ 340 + 0.34
Acarbose ¢ 70.17 + 496

3D The 50% inhibitory concentration (ICso) values (uL/mL) were calculated from a
log dose inhibition curve and expressed as mean + S.E.M of triplicate experiments. ¢

Positive control.
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2-2. Y3 S A4
2-2-1. AGEs 84 oA &4

AL 2pA g A e] ey & FFo] uigh AGEs I AL S
SAsto] 50% AGEs J7d AALAdS YERE ICs #F (ug/mL) o2 YERIS
W 1 A3 Table 3o YERHTH 7 FEEY s JAIE (%) Figure 7

of Yebith UA dixT o ®3E aminoguanidines AElsle] 1 A4S 37

l

o~

Al EFA Th AGEs 84 oAl A olA RE, YE, RW, YW ICs 32 747} 12.79
+0.22,12.25+ 1.35,51.91 + 1.53, 18] 3l 2517 + 1.75 pg/mL &2 JEFI thZx
<1 aminoguanidine (ICso = 58.47 + 0.17 pg/mL) ¥} ¥ 3PS wf BE A|RoA =
< AGEs 374 oAl @48 7HA+ o2 Yeywrh 53], dus FE5E9|
E FEEEY O 2~ 2 oA 24S BIon & FEEAAE Ao

off
H
N

A G A HTy oF 28 H2 oA S-S Bl E3 Fupy A
4pg/mL, 20 pg/mL, 100 pg/mL = F7Fstel] wet i 5 &4

o] ¥olde A T 5 Atk
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o 4 pg/mL(RE,RW,YE,YW), 25 pg/mL(Aminoguanidine)

100 1 g 20 pg/mML(RE,RW,YE,YW), 50 pg/mL(Aminoguanidine)

] B 100 ug/LnL(RE,RW,YE,YW), 100 ug/mL(i\minoguanidine)
#

7
i

Inhibition (%)

T -1
YW Aminoguanidine
extract

RW
extract

Figure 7. AGEs formation inhibitory activity of the peel of Allium cepa

“P<0.05 compared with the 4ug/mL concentration of onion peel extract or 25pug/mL
concentration of Aminoguanidine. “#P<0.05 compared with the 20pg/mL
concentration of each onion peel extract or 50pg/mL concentration of

Aminoguanidine.
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Table 3. AGEs formation inhibitory activities of the peel of Allium cepa

AGEs?
Samples
ICsp (Mean + SEM)
RE extract 12.79 £ 0.22
RW extract 5191 + 153
YE extract 1225 + 1.35
YW extract 2517 = 1.75
Aminoguanidine® 58.47 + 0.17

2The 50% inhibitory concentration (ICsp) values (uL/mL) were calculated from a log
dose inhibition curve and expressed as mean + S.E.M of triplicate experiments. °
Positive control.
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V. 28 2 Q9

wEeh BARHAE o535 vt ALrT 3 gEo] ATske
AEd 2 Ao wER Qlste] wgAgke]l W Eo] Hak Frlshal
Atk AEFH, 2EHZE, S5 59 Q%lo] AstE AEYHAE ofAlA
oF, s, dxstolm Al w3t T AT 1 5 RS
TP uErlA] e 1087 7FY gt A EAAY dEo R HAwlie) 4o
A& AstAl7Iar o)mH] A ZFe] F8 Q8%lo] ¥ Qrh. FEyEr =R
AbgeRl T 5YE ARAStaL low GmHom Qg AbAteE H2
1047 200 % wootRa A AAFSE= AFEAd T 1091 oluel

%
ofl
ot
q

colo B oA ME stz dA4S Elstr] 984 TPC, TFC,
DPPH radical 2724, ABTS radical 2A&4 2A¥S F3s191, J9=
445 gQlstrl fl@l PTP1B, a-glucosidase, AGEs F4 A &3S

sl

1. RE, YE, RW, YWS] TPC #k& 717} 233.40, 335.14, 112.09, 18] 3L 142.47 GAE
mg/g, TFC % 747} 181.86, 214.42, 31.96, ~L@]il 142.09 QCE mg/g=
Helgon, & FEEHT JdBE FEE°] © %S TPCe TFC #s
7kRch 58], YEZE vE FEEEY HusiA S TPCet TFC #hs
HolFEdnt. daksl 29 A3} DPPHradical 271242 RE, YE,RW, YW2] ICs
#kol Z+7; 10.60+0.18,4.50+ 0.06,9.86 £ 1.40, 1] 1L 6.77+ 127 ug/mLO. 2 &
27 248 vEdlen tixaQl ascorbic acid®] 1Cs, #k<> 1.27 + 0.01 pg/mL=
el Th ABTS radical 2718432 RE, YE, RW, YW2] ICs #k0] 212} 7.00+0.20,
6.64 + 0.03, 29.04 + 0.11, 1¥]3L 1208 + 0.23 ug/mLO & & 2AZGHS

l
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el o %<l troxole] ICs #ES 2.76 + 0.05 pg/mL= LFEFRETE 34ks)
S dotiEe flo AHAFAES AFjolx AA HTy A kupg Aol A
LAl ESkoH, oErs FEEC B FEHU 22 AAYHS
Tl ol FQITh o193 A ¥ TPCY TFCE 7Ho @M YEZL

=
e Fe=sd HaEA AEs w2 #HE Ares Boe o=

2. PTP1B A &4 A& oA RE, YE, RW, YWS] ICs, 3t Z+Z} 0.76 + 0.17,
0.86 +0.04,0.33+0.01, 223 0.30 + 0.08 pg/mL &= th=x"<!1 ursolic acid (ICs
= 340 + 0.34 ug/mL)Ht} 33| ¥ PTPIB JAZALS HAT E3], F

glucosidase A3l &2l A RE, YE, RW, YW2] ICs, #k2 717} 5.76 + 0.03,
3.90 + 0.08, 8.99 + 0.56, 12| 3 5.44 + 0.06 pg/mL o= =<l

70.17 + 4.96 ug/mL) <} Bl a)A Ade As) 4L BoTh FA gut GAo)
A gt AAETY < E3oH, dus FEEC] &

o
YA
FEEEUY oF 159 %3 A 24= Bl

acarbose (ICsq =

o A A

LA =

oL

i

3. AGEs &4 A4 &A4dA] RE, YE, RW, YWY ICs 3t 7+7; 1279 + 0.22

12.25 + 1.35, 5191 + 153, 12]3 2517 + 1.75 pg/mL o= et o) Z7Ql
aminoguanidine (ICsy = 58.47 + 0.17 pug/mL)¥} vl S v BE A|RoA =2
AGEs 34 94 &4& 7IAe Aoz et 59, odgs FE55E9 &
SEHRT oF 2~ F2 Al A4S EJon = FEEAAE A

=
Fup Aol A o dRY ¥ 2 AGEs A @S B3t

0 _W.
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