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Biological Activities of Hot Water Extracts from Euonymus alatus Leaf

Gu-Joong Kwon, Dae-Sung Choi', and Myeong-Hyeon Wang*
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'Jeongseon Agricultural Technology & Extension Center

Abstract This study was performed to investigate the biological activities of roasted (RE) and non-roasted (NRE) hot
water extract samples from Fuonymus alatus leaf by measuring DPPH radical scavenging, total polyphenol content,
hydroxyl radical scavenging, superoxide dismutase (SOD)-like activity, anti-inflammatory activity, and inhibitory effects on
o-amylase and a-glucosidase in vitro. The IC,, values for DPPH free radical scavenging activity of the NRE and RE hot
water extracts were 19.1 pg/mL and 21.9 pg/mL, respectively, and their total polyphenol contents were estimated as 9.6
mg/g for NRE and 10.6 mg/g for RE. Both NRE and RE scavenged the hydroxyl radical in a concentration-dependent
manner, but their activities were lower than that of BHA. It was also shown that SOD-like activity was dependent on NRE
and RE concentration, and the SOD-like activity of NRE was slightly higher than that of RE. The highest SOD-like
activity obtained from NRE was 20% at a concentration of 3 mg/mL. Neither NRE nor RE seemed to have an effect on
o-amylase and o-glucosidase inhibition. Finally, the hot water extracts of NRE and RE significantly decreased the
concentration of LPS-induced NO in RAW 264.7 cells, indicating anti-inflammatory activity.
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SEi|HE &8 53

R deFEE] FEENE TF sEA 2o
phosphomolybdic acid®} ¥H3-3l] FAL Jehfe 92E o)&
gt Folin-DenisH(13)2.2 &3 3l9th & A& 1mgd Folin
reagent 2mLS $< F 3E7F HX3 10% sodium carbonate
(10% Na,CO,) 2mLE F7kste] &8 F 30°CollA] 408 A=A
g H BEFETAE o83 760 nmollH FFEE 2 SuT
Tannic acidE ]88t EEFAL e § o] PIFFHo=
FH AE59 FEY9E g9 el

DPPH ZiC|E 275 &3

FEURY dFFEES 7 FEE(50, 100, 200, S00 pg/mL)
2 AxF AE 04mLol 02mM DPPH 04 mLE 7}8}3L vortex
mixing & 37°CollA] 3087 ¥k3-A17] & EFFEAES 0|83l
517 nmollA] F25E =33le] DPPHY 3L 938 E3% 7
a5 ARG, FAEtel Aele] L B|ask] free radical
2AREE AT o] W IC,(ugmL)ye F2EE F7IekA
B2 229 e 50% TAATE FE2EY T8 Uehle
™, 7]&2] gikakAIQ] a-tocopherol, ascorbic acid 2 BHT(buty-
lated hydroxytoluene)e WZTE ARE-3}e] Bl stgt).

Hydroxyl 2iC|g 275 &3

Fenton?t-8-02 A3 hydroxyl t]dol] 28 2-deoxyribose
o] A EE Gutteridge®] ol wel A SATH14). A FH
o] 0.1mM FeSO, * 7H,0 02mL, EDTA®<} 02mL, 10mM 2-
deoxyribose 0.2mL °| A1 02mL, 0.1 M phosphate buffer(pH
74) 12mL, 10mM H,0, 02mLE 718led 37°ColA 447} wke
Azl F 28% TCA (trichloroacetic acid) &% 1mLE 7}3F]
95°CelA 1027 T8 ¥ WA o EEFTAE o83
520nmeld E2wE 2489em A2 hydroxyl 22 &4
G ot Aol uwhet AT

Hydroxyl 2HZ2A8 (%) = (1-AEF7FF EF= /02T
EF45) 100

Superoxide dismutase(SOD) FARRMM =X

SOD FAFA 2788 Marklund®t Marklund(15)2] ¥ge) o
2} AlR 02mLel Tris - HCI buffer 3.0mL9 7.2 mM pyrogallol
02mLEg 718k 25°CHA 1087F X% % I N HCl 1 mL& g/
% AN & EBIE=AE o83 20molH ERES
233t dztode AE4d il geless A7Esd.
SOD FAMEA 248 va3} 22 2oz ALyt

SOD FAIEA (%) = {1 - 87T FBEMET F25)) x 100

a-Amylase X3l €4

PR 99FEE SOuLE 1.2 UmL pancreatin’ | 9] o-
amylase B4 250 Lo} ¥t 37°ColA 10827k preincubation
& F 05% starcch 500 uLE 7}ste] 37°CollAl 5%7F ¥He-A| AT}
ghg-Holl 48 mM DNS(3,5-dinitrosalicylic acid and 30% sodium
potassium tartrate in 0.5M NaOH) Z2AJeF 500uLE Y,
100°CollX] 1587 o] BN & 253 YA AT o] ke
Aol 3uje] BS r1ela F ket & EFFEAS 0|83
540 el A FEEE EA3 MESS AMEIET. o-Amylase
9] 4L 50% Adshs AsAY FEE IC, 02 AXstarh

a-Glucosidase Xaff &

R o d4FEE 50 ulLE 0.15U/mL o-glucosidase &
298 50 uL, 200mM KPB(pH 7.0) 50 pL¢} &35l 37°Cel|A
15%7F preincubationd ¥ 3mM pNPG(4-nitrophenyl-o-D-glu-
copyranoside) 100 uLE 7}3k] 37°ColA 1087F WHEAIAT 0.1
M Na,CO; 750 pLE WS AAAZ &, EBF=AE o83
o 405 nmelH EFEE 243 a-glucosidased] IC,;& A4k}
A},

Nitric oxide(NO) MM =3

NO &AL g0 M E HEZF2] Raw 26474 X5
ANMEZ o] 831e] Murakami 52| W) oJs] 2439 TH(16).
Raw 26474122 10%2] FBS7} 4% RPMI 1640 mediaclA]
A gEtd . NO 2AEHE 243171 8t Raw 264.74)
EE 96 welld] welld 1x10° cellsS £33 2 AIEE 10y
mL ¥ 100pgmle] F=rt HEE AEG welld] 718k
37°C, 48417 B2t 5% CO,9 7|27 vttt AEel
3 27 EE 10 pg/mLe] LPS(lipopolysaccharide)s 125}
243 f=3 AEg ARSI Mg £, A 100uLE 3]
48}31 o 7)9 Z59] Griess solutionS H718le] 1587 91113k
the A ole] BT E microplate readers ARESS] 520 nm %
550nme] FFE=E Ak AE7t YA NOE F st
A5t sodium nitrateS ARSI BEZAAE A3

MTT assay®i 2/st MEZSE ZHH

Mitocondrial dehydrogenase activity?] index® WENE MTT
colorimetric reduction assay® Fasle] FEEo] AXE A&
a R 93 SAI}AUTH17). Raw 264.7 AIZE microplate®]
NO 43} 728 2708 FFslod 24X7F B Fst ¥, 10 pg/mL
2100 pgmlel FE7F HEE AFZE FIEIAT vl By
W oAl Smg/mLe MTTE%(Sigma Chemicals, St. Louis,
MO, USA) 100 uL.E FH7}3taL 37°Cel Al 3417 A2 o
DMSO 150 uL& 7 Adeloll A 1087 JRAIA A2l &
o7k MAE 835 &2A7 T microplate readers AHE-3}
540nm 2 595 nmollAM FHEE S AESHEELS LPS
EAg o g Az vER Alksld AE AEEE UE
Wit
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Table 1. Extraction yield and total polyphenol content of hot
water extract from E. alatus leaf

Total polyphenol
0,
Sample Yield (%) content (mg TAE/g)”
No roasted E. alatus 16.8 10.6+0.82
Roasted E. alatus 17.8 9.6+£0.7

UTAE standards for tannic acid equivalents.
BValues are means + S.D.

Table 2. DPPH free radical scavenging activities of hot water
extract obtained from E. alatus leaf

Sample 1C,, (ng/mL)

No roasted E. alatus 19.1+0.8

Roasted E. alatus 21.9+1.0

Ascorbic acid 3.5+01

a-Tocopherol 159+23

BHA 6.1+£06
All values are means + S.D.
HEA8 e A5 E55EE 580 Uk B2 AL HeAY
T A B9 HeABEA B AE FEEF] Afold 7|9l

£ Aoz AzEn.

SEoHE 2

Hed 22 4EA g8 ExHo I 23 tlAREEY
shtEA teddl TEe BAFE 7t o] 52 phenolic hydroxyl
£ 7E7] w2e] e 2 AdEAER AT AdE 7
H, dslas) 5o AP 71T 7ETH19,20). KR
EFFEE a3t EuEE] LS Tble 191 vehd AN,
LA 3] ¥ AE 106 mgg, H2AEE AR 96 mgg B
HeAE SR e A8/} va =4 velgth HexjdA g
dghake] 14.1%2 B8l on, ghde) 98%7) 7HE| 372 Al
2 BIFAGQD. T3 Z3e] Zus a2 1438-1936%
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DPPHol| <ist gttt &Y

AA el free radicale AF, @A T3 Agsied A
35 dod)e EZolH, fiee radicale AAT ¢ Y& AAE
of gt Ax7t #dslel o]lFA4A X Utk 53] DPPH(LI-
diphenyi-2-picrylhydrazyl) radical 2AH-& &4kt B2 AxZ
Aoz Q3 WIE FE L WIS oWIF o U
of Aol g o5 Yl A=E AER sl Fiats
< SAske Wolvh23). T HEAF9) kA ke E
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Fig. 1. The hydroxyl radical scavenging activities of hot water
extracts in Euonymus alatus leaf. BHA at the concentration of 100
pg/mL was used as the positive control. NRE: No roasted E. alatus
leaf, RE: Roasted E. alatus leaf. All values are means + S.D.
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Hydroxyl 2}t]Ze @4j4ta gt FoM seze=r 743
Aol AW, 712 A 5 e HUHE, B3] super-
oxide anion(0, )& A YHSE FE3te] AHPT EA
g Azbek S-S ZESTh Hydroxyl 21z 448732 Fenton
reaction®] &3] AAE hydroxyl BFH)Z-S deoxyribose® 303t
2 o] w AAHE MDA(malondialdehyde)¥& SAHTLEAN 315
E9] hydroxyl BtiZ 274% & Z8%0 Fig. 12 syl
BFFE Bl et hydroxyl HHZ 2ASE YERA Aeolth
279 BHAE 100 ug/mLoAlA 93% H=9] =& hydroxyl 2t
Z AA5E RAFYn. ST E55F 89 it hydroxyl
UL 2452 BT A5 HEAEEA &2 NE, 2
T F5¢] Z7)9 wl hydroxyl radicale] #adhe A4S B
Fo FEEA A EAE Ve 3 mgmle] F=olA H
LA A @S AEIT hydroxyl BHZ AAFe] TP =&
35%% BoFEITH Y79l BHA 8] @& hydroxyl ez
2A%E BRoE YRy E5FEEL JEHRAR] BHAY
£ 2y &5 3FEo| ofd 2FEFE07] Wil v Ao

2 A7

SOD {AIEN =X

SOD+x superoxide(0,)5 3 dEle] 442 FdAIlo2H
superoxide”} #o3te 7HE AWolu k3t AAT F e &
Zolm, SOD fAIEAEZIL G4 ohJAY SODS} FAKH o
&S I AR BFE F2 phytochemicalol] £31H ) superoxide
9] W34S AJAISTL superoxideZFE] AAE RIds HAoE
BHIH7 9low, o] AT TN A5E Fojg Holslil &=
goAe) g2 /U 4 9& AeE By Juk26). s
79l 4FEEd tig SOD AAM A= Fig 200 WERH
ot AAAoZ SOD FAHRALS B dFEIe FYL o
2o}, sPRY eFEE4 UF U721 ascorbic acid®]
7S, 3mgmLAA 52%2] SOD FAMEAS Hel &, HEA
28] k& AlZE7T 20%, HeAEE AR 18%E BeA et
2] ¢ke A Z7} Thh =& SOD SAIEAEAE BAFAUT

a-Amylase@l a-glucosidase X3 &4

shavEQY] dFFEEE0 e o-amylasedt a-glucosidase
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49 JERATE. Acabose= a-amylase®t a-glucosidaseo]] o3k A3
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Fig. 2. Pyrogallol antioxidation activity of hot water extracts in
E. alatus leaf. NR: No roasted E. alatus leaf, RE: Roasted E. alatus
leaf. All values are means £+ S.D.
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Fig. 3. Inhibitory effects of E. alatus leaf on a-amylase. Acabose
at the concentration of 0.1 pg/mL was used as the positive
control. NR: No roasted E. alatus leaf, RE: Roasted E. alatus leaf.
All values are means = S.D.

AZA AHEL Y= FFoEN F2 4% A|Z) Hup] &
AshE maltase®] S AANT e Ao eI Yrk27,28).
=72l acabose= 0.1 pg/mLe] LA 98% B=e As) &
A5 BT 0.001-0.1 mgmL Alo]d] EZeA Hex w3k
ANEI} 23-24%, HSAERA] 2 AEI} 21-22% FES] 84}
3 o-amylase A3 84L& HAFUT 2@ 0.1 mgmlL )39
ILFEAME 23] o-amylased] 3 Asj@Ao) TAES 3
A3ATE oA E AR 4FEE] AFTIAME o-
amylaseE A3ste] TeFda 7L DFHe EE A AAIY
Iy W dE9RE B6E 234978 ¢ 4 99t o-
Amylase A3il= 27 QA2 AlE7F Wexalslx] @e A
o va) ok FL AHE BAFAY. FHE ABIF 0.1 mg
mLé] F=o)X a-amylase= 25% F=3vh 23U a-glucosidase
o g AL thh v AHE RojFT Qo] o) O
g E4o] A9 gle Ro= Azt

Nitric oxide(NO) M2 £H % MTT assayd| 23t M=
=4 44

Nitric oxide= A U4l NO Synthase(NOS)EHe &40 &
2H8-& T3l L-araginineZHE AAYHE wgAo] ek Ahat
tzolth. No= Azl a4l ggxdst A4-Y w7z
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Fig. 4. Inhibitory effects of E. alatus leaf on o-glucosidase.
Acabose at the concentration of 0.1 pg/mL was used as the
positive control. NRE: No roasted E. alatus leaf, RE: Roasted E.
alatus leaf. All values are means + S.D.
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Fig. 5. Inhibition of nitrite production by E. alatus leaf extracts.
NRE: No roasted E. alatus leaf, RE: Roasted E. alatus leaf. All
values are means + S.D.
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Fig. 6. Cell viability was measured by MTT assay. NRE: No
roasted E. alatus leaf, RE: Roasted E. alatus leaf. All values are
means + S.D.
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