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Tl M e vl (flex paraguariensis) 25E 50% AehE FEE&, o|dolMEHo|E E3 & 9 olFg
AZ3RI o5 FEE/EYE tsl Fd4itslss Hrsith FE2E 9 232 8
7+ 32.0, 4.48 2 0.82%Z UEldt). 1,1-Phenyl-2-picrylhydrazyl (DPPH) itz A @%-&
Bz &A1 S47 Fuls FHE o83 F TS FUIEATE 50% dEE FEE, oY
E3E 9 ol & R EY g 2ABA (FSCsp) & 22+ 8.83, 5.84 E 6.05 ug/mLoIUTh
2 2= F4EE(0SChp) 2 BE FEE0] vl &7 o2 A8 L—ascorbic acid (1.72
mL) 3 FARGE dHbsls S UEl oW, 50% o8k FEE2] 49 0SCs02 1.03 ug/mLE EA40] 713 2
2 PG EYh 10,2 58 AE &40 e BE 53 APolA BE FZEL 10 ug/mL 4] H]
279 (+)— @ —tocopherol®} FojZ o2 Z A BE B4 (r5) S YERIUT. E3] o}ZE R &
2 10 2 50 ug/mL =AM AEZ BE 77} (+)— o —tocopherol BT} ¢ 58y} ZA) Velsdth o|"o}
AJe|o]E B3} o= 39 tyrosinasedl tig Ad| Ex= vj9A 2 47 GERT FASIATE o]
o] AFEL vHH FEE0] 4itst H s SIAF A5EA §8 /el Aes AlARTH
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Abstract: In the present study, 50% ethanol extract, the ethyl acetate and aglycone fraction were prepared from mate
(Ilex paraguariensis) and their antioxidative ability was evaluated. The yields of extract and fractions were 32.0, 4.48
and 0.82% per dried powder, respectively. Free radical scavenging activities were performed by 1,1-diphenyl- 2-picrylhy-
drazyl (DPPH) assay and total antioxidant capacity was estimated using luminol-dependent chemiluminescence assay.
Free radical scavenging activities (FSCsy) of 50 % ethanol extract, ethyl acetate fraction and aglycone fraction were
8.83, 5.84 and 6.05 ug/mL, respectively. Their total antioxidant capacities (OSCsy) were similar to that of L-ascorbic
acid (1.72 ug/mL), known as a prominent water soluble antioxidant, in all extracts and 50% ethanol extract (1.03 ug/mL)
was the most effective. The cellular protective effects on the 'O,-induced cellular damage of erythrocytes were evaluated
and the results showed that all extracts were significantly higher than (+)- @ -tocopherol at 10 ug/mL. Especially, the
T 50 value of aglycone fraction was 5 times higher than (+)- @ -tocopherol at 10 pg/mL and 50 ug/mL. The inhibitory
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effects of the ethyl acetate and aglycone fractions on tyrosinase were similar to arbutin, known as the whitening agent
in cosmetics. These results suggest that the extracts of mate have the applicability as antioxidant and anti-aging cosme-

ceutical ingredients.

Keywords: llex paraguariensis, antioxidant activity, DPPH, cellular protective effect
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HH= FA Akaet HEskar Aol B AelAdl
LZ50o] #AskAaF(reactive oxygen species, ROS)2.
2 =g 959 Ftsta] &4 S AEsiA 5
7VetAl Tk ROST T3 A E 30](0, ) 3]
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ohld 248 B g0l Zebala depaele] AlL
Ak 2 A2 wAT, Blo}E2A Az A
o, Fehd RS 530, DNA AFstel de A
A AERES] o] dojut) Ao|= e ztA, _Zl’
24 4 7)v] - F27) o8 EAXYAE 9Hx

7} 7H&EshE THs-
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AERA =S 9|40l F7gol wheh A2l
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of o3t F-3lo} ujRAS e et B HA F7}
stal ok FestE A AA7]aL A 0 2 HE] 95
& ®3317] 13l ROSE AlA OPE Zﬂ o 9 Fagk
Aoz k= ok 53], - OH ¥ '0,2 WA
o] 71 & AL AEM A Zﬂ‘ﬁ Fenton WH-§- % 3%
7 935 Tl oA A, 25 Mz AA
okl S EgAZ Bk opy e} AR TR A

oA Z o A matrix metalloproteinase-1 (MMP-1) &&
SolE #dt= Ao HiEH o wekA olE
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FEEY JH e} AHd ATE, dE =9, AT
ROS (H;0,, 0,7, - OH )7} A== AlA o=
ROSel| thgt Fa4tsls 7k o) Fes) 37 of A
7 23 B4R 10,02 FEE HE £
gt B 83} 5 AE FFolA dakshyg st &
Aol gk A7+ A9 gle Aot wea 2 A+
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ZHr gz &~ Ad o AHE-3F 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) radical?} 3}8bd=g Aol ARE-3H
luminol3} ethylenediaminetetraacetic aicd (EDTA), H,O,
Jea v EZE ARE-E (4)- a-tocopherol ¥} L-as-
corbic acid= Sigma-Aldrich (Korea)oll A T3t
w3k gpehdkg Ao ARE-3E FeCls * 6H,0+ Junsei
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olAE|O|E & Z+F fule AR B AleFE ARSSH
At} UV-VIS spectrophotometer= Varian (Australia), 3}
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.5 mM EDTA 40 uL, 5 mM FeCl; *
6H,0 10 uL, 35 mM F1]& 80 uLE Y1l EFHAI711
5 min 5%t F2A A 1 ¥ Fenton ¥Hg-S 53 &
Aakag AL 28l 150 mM H,0, 40 uL S 37}t
Nem, 25 min FF G A= SHSAS W
Z(control)> F=E il F/HTE FUlEHA, F
A& (blank) FeCls * 6H,02} H,0, th4l & d
7}stact gt o s =49 e v
Al &o Atetl o, St a7 B
Al &el 50%7F ==d A3 AEL FE(reactive
oxygen species scavenging activity, OSCsy, ug/mL)= 3t
718kt

Ihibition (%) =
{ (control 2] CPM— experiment2] CPM) } % 100
(control &l CPM— blank2] CPM)
2.4. Photohemolysistis 0|25t MZES §1 &8

241, HES SEH HE

Aol AHEH E7] AT SEied(E7 =
shdTolA FAg S ol E | A4S E7|25EH
o]l ¥ % heparino] F7HE Aol ¥ol 4 To
WAool B 8kl 12 h ool A3 o]8-3tith.
o]E 3,000 rpm o2 5 min B¢ YA EsI HHT
oF dAS Esta, e d¥FE= 0.9% saline
phosphate buffer (pH 7.4, Na,HPO, + 12H,O 9.6 mM,
NaH,PO; - 2H,0 1.6 mM)E 33] HHE351e] A 2519
B AR2 AE 3 12 h ool st A A
29 AT g9 700 nmol A O.D. 3ol 0.67} =
=8 AxHAoH, ojnf AAF £ ¢ 15 x 10
cellssmLZ A4t

242 O F=2 ¥ 2829 48 9H g0t
1.5 x 107 cellsymL &7 dg 3

AEHNo. 9820)°ll & F, FEE 89S F

242}y 50 ul® A7Vt Tr 4ol A 30 min X} pre-in-

oigtsla-Esks] A, A 4149 A 4 F, 2015

~o] 219l - wivke) - oted - wd

cubationA| 21 &, FS7AIQ rose bengal (13 M) 0.5

£ 7hetal AeHEEo® AFE B3 F 14 min 30
sec & F AL SIATE BBl Bad FRAE
WEE A Z3g 50 em x 20 em x 25 em 27]2] A=A}
ol 20 W FFee AAskL, FFSOEHE 5 em
Ao A8 degdo] ©H3l sfoldlx~ AFA-S PG
T Fjo] HEE HjEe & ZARIAT FERA}
FiE-S(post-incubation) A|Ztol] wE Ao
HFAHEE A ZFHSZ 700 nmolAe] FF=
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n
o
il o

ohile A7t 88 Ao PAE JZaRE Ay
7] 50%7F & H= AR 7 & T8k Blalsksd
o} EFE 75°] 29.88 min ©F 93 W9 + 0.7
min | E 2E HS9 A3 A AAAo] A5 5HA
Uebstth. 3 S2A 2 ARE-H rose bengal S H7FskaL
BEARE BHA & 7379} rose bengals 3 71eHA| %
AL FEARE S A, 2 RS 120 min 744 7
o] §do] YojubA itk BE AFL 33) WES}o
st At

2.5. Mushroom Tyrosinase X3l &AM =%
Tyrosinase= Hahd A o] s FEAZ ty-
rosinase®] A &AL vl LS A= wlg
Z 83t} L-Tyrosine (0.3 mg/mL) 1.0 mL, potassium
phosphate buffer (0.1 M, pH 6.8) 1.8 mL, A& 0.1 mL,
2 tyrosinase &(1,250 unit/mL) 0.1 mL &3+ ¥ 37

TolA 10 min B+ 2 vjFst o2, v EFES
dEeFxof Yol Hk3-S EZAA 7)1, 475 nmoll A &%
& SA3AT L-Tyrosines H7F5HA &2 A&

3AI 3 (blank) 0.2 st E48A A& Altsi At
g9 7]+ 0.1 mL tyrosinase®] &S 50 % 74
A7)t B3 A8 F5(ICs, pug/mL)E E7]3}
At
2.6. Elastase Xoff &M =3

Rl 53] 5 AAoe AL B FAd4kA
o] ©]3 matrix metalloproteinases (MMPs: collagenase,
elastase &) ST Mz vjEE 0 4 dRe



vlel| (llex paraguariensis) FE=/%85E

37t F dRj1eE HFEI itk weEkA MMPse
Al B FH-L 97 w3t A Hlol| oA Hi-¢-
%23t} Tris HCI (pH 8.0) 0.13 Mol elastase 7122l
N-succinyl-(Ala)3p -nitroanilide 1.0 mM©] £31% buffer
867 uLoll =4 AZ&N 67 uL-S F71ske] 25 TollA
2 min &<} pre-incubation ¢+ ¥ 17l elastase -8
(0.0025 unitmL)< 67 uL 75t 25 T 8730l A
10 min 5<% F20 IS & 410 AN FFE=E =3
SFATE tiZT(control)> AlE Al AlE A0 =2 A}
£8 8= 67 uL F7}EFATE Blanks N-succin-
yl-(Ala)3p-nitroanilide”} &3 ¢+58<4 th4l 0.13 M
Tris HCI buffer 867 uLE 7138t oM, $5= 4@
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3.1. DPPH A|HE 0|88t X7 2iC|z A7 &4

Lol E St =84 U Z( O TS
AtolE ol gHZH0, )% #2 gHZ Fo] 3
ot gozde &5 AAE 7HA A o] Au|ATE =
3 EHYS HEHE g8 243 =2 iR
A Yol A AR 4SS doA ME Y
g 45 doitt gz Ak g A
AFAksl= 3131 E 714538 A7 T8 Yo E
gelzith gz dAE vl SdEoEH =&
Hkg-Ado] AdE 4 ot mEkA gy SddAZ
AE TFAHS Apgol gt &4 ATEAA
B384 Qe Fa3 qtsl &4 F 3}
. oleld ksl Al Y S E e g AA &
AE T I F Aok vHE| FEE 2 EEEY
oz 2A 2 DPPH &}t Z& o] 83t 73t
ST} Figure 12 tlH|2] 50% ollgh-g& FEE3 odo}
HHolE B8 &, of=ZE|E B8E I8a 784 &
A A 2 AHZ (4)- a -tocopherol?] EHH]Z &2 A
& S8E S43 Aotk oz A2AEL 50%2
FZ-e 2AsN= A59] F5(FSCs, ug/mL)E YE}
Wit

=

9

FAbsks 9 el ZAUo] = A5l 44 395

[
-] [=]

Free radical scavenging activity
(FSCsp, pg/mL)
[=)]

50% EtOH EtOAc Aglycone  a-Tocopherol

Figure 1. Free radical scavenging ability of mate extract/

fractions. Data is indicated as the concentration required for
50% scavenging of free radical. 50% EtOH: 50% ethanol
extract, EtOAc: ethyl acetate fraction, Aglycone: aglycone
fraction. a: statistical significance with « -tocopherol (control),
b: statistical significance with 50% ethanol extract (p < 0.05).

50% oNere FEE, ddolAElo]E £F W o=
g 299 gz LA 77 883, 5.84 ¥
6.05 ugmLE UEPSTE odolAEo|E £ 9l of=
g2 B89 g 2AEH] 50% AEE FEE
o] dART A UEROH, o] Hlu tiERTOE
AF&-3F (+)- @ -tocopherol (8.98 ug/mL)ETHE f2] 4 o
2 Z Ao == A KFigure 1). LA HO|E
8 7 o= ElE YA gHZ AAZGA el A
Uehd 212 olg 28 fd EgRxolze] &
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FHIE Ha1 o]o] vie FE|E WA A HHA
(420 ~ 450 nm)sl= EAZE VA= EEEHA, &
o| A& Fe''-EDTA/H,0, AlS 1%6}04 *é*%—% i
AN 713l o)A o3 FH|=
53 A5 44 AA FEE
t}. o]= thekdt ROS7} Hdst= w02 7 Ay}
T o E HHsith vHERE 42 F
—4 ROS &7 4L 50%2] SAMAE
FE(0SCs0)ZA] Figure 201 YEFH AT vHEH2] 50%
oﬂ%% FEEL F34H5(0SCx)0l 1.03 ugmLE
o olA ol E B&(147 ug/mL) L ol=E| & BRI E
(141 pgmL) B} ¢k & A4S e o=
gz &A %Hﬂrh ztol 7t k. vHE| FEE EE
EIEEL ZF AEH3 84 d4HsAIQ] L-ascorbic
acid .t} 2 fz}tﬂ%—% HS&X]EP ol &l Zpol=
ERNA] oottt E3] 50% olghe FEE-S odolAlH|
o]E %Q%_ﬂ} S o 2401 i}o]f—L Eo]uﬂ 7]_73} = %I-AL
35S eI, wEhA 50% ANeke FEE500 78
/\ /\L§]_;q]7]_ N—q]x%gi gg;o] 5]—0 Qq % 710
2 Ats ")

=

33 0,22 R Algh Mol mtujof thet MZES

k=L
B3 WS G4 T E = WAYE S o)
yUzZ AA U F3572A(porphyrin =+ riboflavin) &2
2o wEol o) FsiEA Hkeg-S Tl theFst
FAMEES AAAIA B 0, B35

(photosesitization)2] TR EZ LdHAY 713 W4
o] & %W*ME Azzatol] I Fahed QIAE gl Al
TRREEY AsAs-gS At Az 1ty
oL Hl:i_ £4E op7lsHA "tk & Aol A= E7] A
YTE o] 83t 0,02 HES] HERS FHE Il
st Al stk FSAIZA rose-bengal S AHE-5HA
0,8 WA 7|2, AEF Mxe] 88 HEE 53 o]
& AT
MEZESENS Aie ARE 5, 10, 25, 50 ug/mL
o F== AYsts wl, 4771 50% &8 ==
A= AT 15022 YEFH A S ™(Table 1), A Al
B2 YA go 2T E °F 299 minolA 50%2] A
7t e A0 R ZAEHUT o] g 2olA
olFEE B EL 10 ugmL XA 196.2 min, 25

thaalAEsks| A, A 4198 Al 4 3, 2015

SOl ¢l - wiLke) - Floked - wid

=
w

(OSCg Hg/mL)
-

ROS scavenging activity
o
wu

50% EtOH EtOAc L-Ascorbic

acid

Aglycone

Figure 2. ROS scavenging ability of mate extract/fractions
(total antioxidant capacity). Data is indicated as the
concentration required for 50% scavenging of ROS. 50% EtOH:
50% ethanol extract, EtOAc: ethyl acetate fraction, Aglycone:
aglycone fraction. a: statistical significance with ethyl acetate
fraction (p < 0.05).

ugml FEOA 624.5 minO. 2 ¢ =O NTHE F
HJE e 2z &4 243 S5k 4A

24 Aol vlgl 50% ollehE FZFE(25 ug/mL, 43.3
min)Z} AEHolAEH | E B3 E(25 ug/mL, 57.0 min)3}
2 ZolE HYth BE FEELS Y2 F5(10 pgml)
oA ¥la. EZR! (+)- a-tocopherol¥} F2]& Aol &
Holw 3 &35 Yeifilen, olad|& &8&
£ (+)- @ -tocopherol U= oF 5ufju} B 2 A|E B35
< YEH ATH(Figure 3).

AEzere AdE FEECRE st e
o, WAl & AeEel AAE oledE 2=
& Alxzutel o] YEIF AR Golste] AlautelA doj
U gdezd Aas-S Aoz kil o

o

2y
S OB HE xS §8F0E HSE 4 QS
Ao 2 FAEM o3 A= olZEE &80l (h)-
@ -tocopherol BT = 5H) &

B % % ok @ opee] A8 FEEA eht

£ nEEAA AT BB B0 ot BasE AP

2 vhe] FEEAINE et v 228 AT
o

FEolAel Fitsteo] A8Ad FEAQ]
-tocopherol H.T}FE -5} 11 ofZ ] w9 vt
TOAE I &) u) AA SAZFoA

FEO] Al EE 3-8 7Aool wlg- 2 Ao
AtsHTh
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FAbsks 9 el ZAUo] = A5l 44 397

Table 1. Relative Cellular Protective Effects of Mate Extracts and (+)- @ -Tocopherol on Rose-bengal Sensitized Photohemolysis of

Rabbit Erythrocytes

T 5o (half time of hemolysis")

Concentration (ug/mL) 5 10 25 50
40. 49. 43. 9.9
50% EtOH 0.6 9.5 3.3 3
(= 0.3) = L7) £ 0.5) (= 0.6)
9. . . 2
EtOAc 39.6 55.0 57.0 36
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Figure 3. Relative cellular protective effects of mate extract/
fractions at 10 ug/mL. 50% EtOH : 50% ethanol extract, EtOAc:

ethyl acetate fraction, Aglycone: aglycone fraction. a:

statistical significance with @ -tocopherol (control), b:

statistical significance with aglycone fraction. c: statistical
significance with ethyl acetate fraction (p < 0.05).
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3.5. Elastase XNalf &AM
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Figure 4. Inhibitory activities of extract/fractions obtained
from I paraguariensis and reference on tyrosinase. 50%
EtOH: 50% ethanol extract, EtOAc: ethyl acetate fraction,
Aglycone: aglycone fraction. a: statistical significance with
arbutin (control), b: statistical significance with 50% ethanol
extract (p < 0.05).
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Figure 5. Inhibitory activities of extract/fractions obtained
from I paraguariensis and reference on elastase. 50% EtOH:
50% ethanol extract, Aglycone: aglycone fraction. a: statistical
significance with oleanolic acid (control) (p < 0.05).
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