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Effect of Extraction Conditions on in vitro Antioxidant Activities
of Root Bark Extract from Ulmus pumila L.
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ABSTRACT This study investigated optimal extraction conditions for application of Ulmus pumila L. as a natural
antioxidant. U. pumila L. was extracted using ethanol (EtOH) at various concentrations (0, 40, and 80%) and extraction
times (1, 2, and 3 h) at 70°C and then evaluated for extraction yield, total phenolic contents, total flavonoid contents,
as well as antioxidant activities [2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) radical scavenging activity, reducing power, and oxygen radical absorbing capacity (ORAC)]. Antioxidant
activities were correlated with total phenolic and flavonoid contents. Of the solvent conditions, 80% EtOH extracts
for 3 h at 70°C showed the highest total phenolic and flavonoid contents with strong antioxidant activities, although
there were no significant time effects on DPPH and ABTS radical scavenging activities and reducing power. However,
ORAC values of all EtOH extracts remarkably increased in a time-dependent manner. In addition, 80% EtOH extract
for 3 h exhibited strong antioxidant effects on HDF and 3T3-L1 cells. Therefore, the antioxidant capacity of U. pumila
L., may due to phenolic and flavonoid contents, and extraction conditions were 80% EtOH for 3 h at 70°C. This
extract could be a good source for natural antioxidants.

Key words: Ulmus pumila L., DPPH, ABTS, ORAC, total phenolic content
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v 529 (Ulmus pumila L) Aok
20 mesh ©]3}2 £ 3 4°Cel B#

=
3]

FEE2 filter paper
(Whatman No. 3, Whatman, Maidstone, UK)Z &} 3}-3F &
3 A A-F FF7](Tokyo Rikakikai Co., Ltd., Shanghai,
China)E AF&-8ke] 60°CellA &=3k3laL, 52 x(llshin-
biobase Co., Ltd., Yangju, Korea) 3t th Z} F&E9]

FES AXTES Ve om fatste] Akl

NN

Folin—-Ciocalteu's phenol reagent, gallic acid, sodium
carbonate, aluminium nitrate, potassium acetate, so-—
dium hydroxide, DPPH, 6-hydroxy-2,5,7,8-tetrameth—
ylchroman-2-carboxylic acid(Trolox), 2,2'-azino-bis
(3—ethylbenzthiazoline—6-sulphonic acid)(ABTS), ace—
tic acid, 2,2'-azobis(2-methylpropionamidine) dihydro-
chloride(AAPH), potassium persulfate, potassium fer-
ricyanide, trichloroacetic acid, 2,4,6-tri(2-pyridyl)-s—
triazine(TPTZ), N-acetyl-L-cysteine(NAC) & Sigma-

g]

ksl &g 1173

Aldrich Co.(St. Louis, MO, USA)Z5-& F43}% 3L, flu-
orescein sodium salti= Junsei Co.(Tokyo, Japan)ol| Al T+
Aste] AT I F Aol *E(human dermal fi-
broblast)& e n AEF 8} Bioprocess Engi-
neering A A ZHE Fgol B A A Adin] g st
o] AR I(11), Phg-2 el AEAlE 3T3-L1 MlEF
+ American Type Culture Collection(ATCC, CL-173,
Manassas, VA, USA) S 2 F-E BEoktol ALt Al E
ko] AFg% Dulbecco's modified Eagle's medium
(DMEM), fetal bovine serum(FBS), penicillin—strepto-
mycin(P/S), phosphate-buffered saline(PBS) % trypsin—
ethylenediaminetetraacetic acid(EDTA)+ Gibco(Gaith-
ersburg, MD, USA)Z ¥ F9ste] AL-g351% ).

S|l YitdE 2

9] AUk S AOACH(12)o] W} 8 e
bz, =AW FE soxhlet FEW, 2T A 3k
< semi micro-Kjeldahl, 3]& &2 3jgHoz F4
shglal, 'shE ek v AR 100 g ToA
S, AW 9@ 2wl 39k ghs 100004 W gte= 3
ATt
£ Efgs & =4

= Zg 9 =L Folin-Ciocalteu®] WS W35t

43 tH13). 2t A& 1 mLell 2% sodium carbonate &
ol 1 mL2} 10% Folin—Ciocalteu's reagent 1 mLE <5}
o] 9FAol A 1A]ZF WA] 3 microplate reader(Molecular
Devices, Sunnyvale, CA, USA)Z 750 nmollA S3 ==
SAs). & 29 9HE g2 gallic acidg o] &3 %
B4 ¥FEIH(y=16.47x+0.014, R*=0.993) 0. 2 3§
Z2)dE 3% (mg GAE/g sample)S A4FsFl o

i el
o

itk
e K

Ot

SoEL0|E &F

% ZEH o= 8FS Moreno 5(14)2] ol ulgh
7z} AJ& 0.5 mLell 95% EtOH 1.5 mL, 10% aluminum ni-
trate 0.1 mL % 1.0 M potassium acetate 0.1 mL, =/
2.8 mLE #7Fste] 303t WE3-A1Z] 9 microplate reader
(Molecular Devices)2] 415 nmolA §F =& ZA 5}t
% ZEH o= %2 cateching o] &3le] ¥FEZ Y
FFFA(y=1.879x+0.035, R*=0.995) 0. 256 F =g}
Hxol: &&(mg CE/g sample)S AT

DPPH ZiC|Z ANS

DPPH &}tz 275 A= el ditst B4 3} Af2
tZE] DPPH A ¢Fo] wh-g-3fo] Apfrefr] o] Ak o] 2}
Ao A ekl o7 ghalE = & o83t} DPPH #h
7 27152 Stagos (159 WHS WEsI Z4330)
Ethanolg AH&3le] 4314171 0.4 mM DPPH £ 0.8 mL
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of A& 0.2 mLE £33 F 108 59 daolA] vhgA 7l
% microplate reader?] 517 nmol A FF%E ¢S A3
%tk DPPH 21t 2 2758 thgol 4€ o] g3je] 74ka)
pass

DPPH ‘—E]'E]Z:_} :( _ AExperiment_ABlank )><100

i7% '6‘(%) AConLrol
AExperiment: }\] ALV:L 1—:1% ABlank SOL}\] T %%E
AControl: EH}—E_ —g"%]—];—

ABTS 2iC|Z AHsS

ABTS #9Z 2452 ABTS A %F¥} potassium per—
sulfate®] ¥kl 93] A ¥ ABTS Afretr]Zto] A5 9
Saksl AR o8] HEAow AR A4S o] &3 1
Holth ABTS 2tz 27452 Re 5(16)9 oz 54
3Rk 7 mM ABTS €913} 2.45 mM potassium persul—
fateE %g—o]_oq Hl.s ]—\;]—6‘]— AFE] 2 16/\] 7F Zo} }\Lgoﬂ/q
w8 A]A ABTS Oko] S AN = % gko] 0.70+
0.027} =& —r—roﬂ‘?}%g 01%0}04 }—7‘%0}95\‘4. A= 10
uLs+ 900 11qu A E ABTS &4S HA7lal 65 ok
Hk-S- A7 microplate reader?] 750 nmollA SF =S SH

3FATE ABTS 2tz A7 %2 of#l9] A& o] 83t ALt
b=
- ASample
ABTS &tz 271% =(1- %100
Control
ASample: /\]E—% —E—%E, AControl: EHEE_ ——g‘%}—
=
982 ferric-ferricyanide(Fe®" )7} d2ts}l 244 24
o 93t ferrous(Fe” )2 5= 5898 A e
2 Oyaizu(17)8] WHS HYst] F451%Th AlE 0.1

mL, 0.2 M sodium phosphate buffer 0.5 mL, 1% potas—
sium ferricyanide 0.5 mLE &&3}o] 50°Col|A] 20&3t
WS- Al Th ¥HS & 10% trichloroacetic acid 0.5 mLE
golFE v 12,000 rpmell Al 10% &<t 94w 3t A
4 0.5 mLe 75 0.5 mL 12]31 0.1% iron(Ill) chlor-
ide 0.1 mLE #7}38le] A2l A 10&E3F 3-8 $ mirco-
plate reader 655 nmolA FFE=E FAH o

ORAC assay

Oxygen radical absorbing CapaC1ty(ORAC)L. Egales
244 Edo] Atz chame debete] qbe S vet

= s SAHSE ACR(18), 39 FEE2 ORAC
assay Ou 5(19)¢] WS tﬁsﬂo}oq A8 39 75 mM
phosphate buffero] <3 F=5&S £3]A]7]12, 53 mM
9] fluorescein 150 uLE& A7} ¥, 37°CellA 151t 714 gh
The 144 mM AAPH 25 uL& #7}1shlch. 833833 A

A7)E - 929 - 0 FA] - o] Aa)- AF - o]l - o] S 7

= 37°CE 4 ¥, excitation 37 485 nm$} emission
97 530 nmol| A 9087 SA435A k. FFEHA ZE Trolox
E AEgl e, AR 39 FEE9 under the
curve(AUC)E SA8tal uM TE/mgo 2 %788t

M| HH ¥
B AfolMEE AFdE A wEl 96-well plate 2
6-well plated] Z+7F 1x10° cells/well =2 seeding 3t
5, FBS(10%) 3 P/S(1%)E 373 As= =T DMEM
(89%)°l A wieFatdtt. o)W 23] 80% ol &hs 3A3T 5
EE9 aHE #ES] ko] AT = ofF A e
A2 3kA] Fkow, FAYETOEE NACE A 23t
3T3-L1 ABAE 23 3} T 29 F2EC 93
ME U ROS A= wistE #&sdn) 3T3-L1 A2
= ATCCEHH Egiol AHE-3F3iH 3T3-11 XWHWL
= 24-well plateoﬂ 7t7t 1x10° seeding & 5 BS(10%)
2 P/SA%)E FHd sxE Xk DMEM(BI%)A
100% Conﬂuence = w714 CO, incubatoroll A 1l &3}
o 2¢d & AWAE F3F5 EZ(10 pg/mL insulin, 1
uM DEX, 0.5 mM IBMX)¥} FBS(10%) ¥ P/S(1%)E 3+
¢ DMEMO 2 HAGAEE ALAER B3 3kt
A A 3 F-3Hday 0) A] DMEMoI -3 80% ol gk 3A4]
25 100, 200 pg/mLe] == A sF5laL, ol u
Froy FEEY a3E vasty] st ST =
o gt koo, FduETd = PAksAA
NAC(5 mM)E A&l ste] vlwatoich. AWA 2] #3l= &
st = 45 Ae $ 2dvit A&EA o2 10 ug/mL
insulin, 1% P/S, 10% FBS7} &% wix]dl 2+2te] A8 &
A e o3, 89 w2t F3A7IM ARFAF L ROSY
S AT

O]

XTT assayE 0|88t MZ =dE}

5 Aol et 3T3-L1 AA A ] gk 9]
FEE AE SAHIIE= XTTI2,3-bis (2-methoxy—-4-
nitro—-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide
inner salt] assay kit2 o]&3}o] SA3IATE AE= 2
A 1x10° cells =2 96-well plateo] seeding 31
100, 200 pg/mLe] T3 80% ¥ A FEES A
g5l 24417t E<F wSst . XTT reagent 1 mLe}F
PMS reagent 20 pLE £33} working solutionS ZA|
3k, CO; incubatorol| Al 4A]1ZF &<t vl Yet % microplate
readerE ©]8-3}o] 450 nm &F%= #tolA 690 nme %
T s A9 gtom Ax 545 AAETH20,21).

AEtH AE A oSt MEZ &4 H

AebA 2B adld o3 AlE EY BT ;c.f_h“
XTT assayE W& sto] SATH WA I8 AfrolAx
£ 96-well plated] seeding 33 3 80% o B2 3A]
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gen peroxideE 3A|ZF &<t Al A 2]}t
W 3 wx & AAsEL 7 welle]l XTT working solution©]
20% E3HE wiAE 200 plA H7bskivh XTT7F 37k
96-well platex COy incubatorol] A 4A]7F &¢F vk$-31 &
microplate readerZ ©]-83t] 450 nm &% gkollAl 690
nme EFE S M A3 o AE &4 BT g3E

100, 200 pg/ml X2 A g)star 2417k S
fst7] $138ke] 1 mM hydro-
Hj kol

3} ~EyiE

Iz
=3

Axrehelet,
NBT assayE 0|88t ROS &2 §:g
Bl Ao wE 2 HAE ] ROS A TS =Hs17] 9]

3l WA 24-well plateoll vk 2 E3}% 3T3-L1 AE2
kS A A3 & HtE PBS(pH 7.4)E o]&3le] 23
MA&FaL, 0.2% NBT reagent 0.2 mLE A7}l COs in-
cubator ¢tellA 90&7F ¥H-3AIZ1 F 100% acetic acidE

o] &3} dark blue formazanS EF &&FA|FHH 1 F
microplate readerE ©|-83}¢] 550 nmollA SFEE =7
skttt
SHEM

BE AYLS 3TRoR S48 HALtusaAE o
Eliith. A8 Aae] SAA o2 one-way ANOVA
TS 3o, HA fFelak HAWLSD)el o) Ha 1+
FFolatE £X0.05 79 500lA Tukey's test2 F4S
A7sreleh. A8 FAEALS SAS 9.3(SAS Institute
Inc., Cary, NC, USA) X 2135 o] &35}3t}.
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A8 A3 Table 1o YERHSL
100 g(dry weight basis) Fol& ¥ 12.7%,
%, 2SN 5.2%, A4 0.6%, Tr8h= 72.5
FHTElOl AT ol B E A= FAAS 2T ¢
B (FE 5.7%, 3% 15.7%, 29 NA 5.7%, A

A
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.0
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Table 1. Proximate composition of U. pumila L. (%)

Proximate composition Ulmus pumila L.

Moisture 12.7+0.1%
Ash 9.0+0.8
Protein 5.240.0
Lipid 0.6+0.1
Carbohydrate” 72.5

Y100-sum of moisture, crude ash, crude protein, and crude fat
contents.
PAll values are meantSD of triple determinations.

EE S RE

0.5%, B-3tE 72.4%) 2
B 6.2%, 235 10.9%, Zt

o :qu g] o]u]./ﬂ T,__(_/]:

A 6.7%, =AY 0.7%, ©5
[e)

sk 75.5%)(22) T Hlaetls W i Bl 23R
S ozt AbolE Bolov ek =AW eslE o
T FAET) o9t e A e YIRS
< =5 AR A(ESRA, 71520, AHAT] F)
of wet 2 FfrEo] e Ao HRlth
FO|o FEXUHO ME FE-E, 5 E2Hs Y E
gt L 0|E &t

FrE vde Sz AR FE3t] 854
&2 Table 20 YRS fr9]e] 82 AAH o2
19 4~27.3%% JEFFOH, 80% &2 147 32519

S u 19.4%% 71 ki, 0% ol ehg 3AZF FEoA
27 3%Z 7V A vebytth o83 A= 100% WE-S

2 ALAM FE2F F299 F2E(15.2%)9), 70% ol g
< 60°CelA 3AIZE FE3 FEE(12.0%) ¥ 0% e
80°Cell Al 3A1ZE F&3 f19] FEE(12.7%) TR =
Al GERRATH23). o]/4de] Aol BiZo] {139 FEE9
FEL FEE, FE2E 2 FEA w2 e
e RS 4 F Atk

239 259 F Z2g9E g2 215.7~363.5 mg/g
sampleZ YEIo™, 0% o g FEENA 71 94 F

=

ZE9E &2(215.7~218.4 mg/g sample)S B3, 80%
Nere LM 7H4 & F Z 9 $9K312.3~363.5
mg/g sample)S BGTHTable 2). o]# 3 A3+ Kim 5

Table 2. Extraction yield, total phenolic, and flavonoid contents of U. pumila L. extracts

Extraction yield

Total phenohc content

Total flavonoids content

. .
EtOH Con. (%) Time (h) (%) (mg GAE' /g) (mg CEz)/g)
1 26.3 218.4+11.1% 174.3+13.8¢

0 2 25.6 215.749.1¢ 179.0+5.0°
3 27.3 217.6+18.8° 184.3x12.6

1 243 259.5+5.9° 254.0+8.4°

40 2 234 272.6%19.1° 265.8+7.2¢

3 27.2 270.4+17.7° 268.8+5.1¢

1 19.4 312.3+10.6° 306.6+6.3°
80 2 20.2 326.7+6.2° 318.4+12.1°
3 20.1 363.546.9° 363.3+27.6"

YGAE: gallic acid equivalent. ICE: catechin equivalent. Value are mean+SD (n=3). :

-d,. . . .
Significant differences among various samples.
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24)o] B w2 ke FEE F 70% oS FE2E ABTS 2oz
oA e F EeulE ¥FS Yebd AT FARFA Fig. 1014 =

a2 Jeong¥ Kim(23) ¥ Kim 5(7)°] Hardk {23 0% &S FE50] 34.7%= 7} ) L}E}MJ% 80%

70% Neke FEE9 F ZHdE = 17.9, 7.1 mg/ oghs F=EE0] 55.7%=% 71 =& DPPH &tz &A%

g sample) L.t} =4 YElETh O A= vuE Y < Btk AN 7 smo] o gt

43 FEE9 F ZYdE I3 Seo 5(24)0] B H w3t W DPPH vz 2A%
A9 F ZElus &%(548.0 mg/g sample) L.th= orolt}, thE At 95l Kim 5(26)& 7H%E o] 838}

m}O r 10
flo 4NI
fly g
[N}
wW
>
N

= =
o ghe nolth @ 423 F229 F Fehnwels g %i A3} F2 A0 whE P 89S AT
sheF2 174.3~363.3 mg/g sample® YEF O™, 0% ol € Ly, E A3 Ay} §AEH e =7} =7)3k] wh
= FEEY F SdE ol TS & s gEET 2} gaks} %“é o] Z7FI AL FEAIHE Aiksl e A
e 174.3~184.3 mg/g sampleS ETh ZE} 40%, Al Ggke m )R] ot HH {1ty FEE9 ABTS gt
80% N&e& FE2E9 F R wolE =42 254.0~ Z 2ATE 0% ANets FEENA 27.8%9] 2 Uz
268.8, 306.6~363.3 mg/g sample)~ Z Zo9E e 2ATE BAOHY 80% &S FEEAAE 76.3%9] =
frAbet Al YRS, e 21“%% T EPtR ot < ABTS &tz &75S Bk Egt ABTS gz A7
© Kim $(25)°] Wa1g @7k, 3, Qlite] & Behiiol % 94 DPPH el 2 &A% SA18HA S A7kl nhe
= 38E(44.0, 15.2, 5.9 mg/g Sample)EE} A YEbg T oz A7 %9 W3lE Bolx &ttt FExAd wE
Webd B AT A% o) FE80 Fhsel A F E fod £58Y B99e 0% dwe FEBAA A G
g W Zopuols e §oive] RE:uhy W ue S FAH(EFYE 049F B3loH, 80% Nes FE=l
G AARA(QES, 4%, B IR Dol £ 4% A A Be BAAGFHE 07D w3l EF FEAN
S WE R Y, F ZEdE ¥ SfRwolE & off w2 gAkst &9 zbol= A YERA gttt o E
b AHAY AuAL 2 AT Bl we] AT @ P4 B4 DPPH L ABTS 22 2755 w5
Atk FE BT §29 FEE9 ORACE 0% ol gHe 1A%
FEE14 1,331 uM TE/mgg E.olt}7} 0% o gk& 3A]7F
RTIO FE=9| itat gd FEEME 2,557 uM TE/mg .2 Z7hski ), 3 80
ity FEEY diks g4 PPH &tz &A% % NEE 1A FEEL 0% NS A FE5F 2 40%
£ 80 9
> A ; B - 1h
:‘é g 100 - g:
8 60 g
g) g) 80 r
S bbb =
f = c
2 40t ccc g 60
© ©
b @
= 2 40t c
3] S c
4 I%l % '%I
S S 20+
I [72]
o =
a [
o 0% 40% < ° 0%
1o 5000
E c 2h D i
8 08 1 3 h 4000 - e 3 h
= =) a
o 06¢ E 3000 c o
5 e ez = d d
8 04 S 2000 : ;
e 7 Q r
2 g .
ERFE 1000 |
°
[+]
o
0.0

0

0% 0% 40% 80%

Fig. 1. Antioxidant activities of various extracts from U. pumila L. DPPH radical scavenging activity (A), ABTS radical scavenging
activity (B), reducing power (C), and oxygen radical absorbing capacity (ORAC) (D). Each samples used at a concentration of
100 pg/mL. ““Significant differences among different EtOH concentration and extraction times.
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TE/mg2 = ORAC7} 57183t & Aol A 3 f<
9 80% A EH-2 3A7F &5 ORACE Feeney(27)2] =
Fold BuE A aF ORAC A2 3,000~5,000
ORAC shith weks ool A f2Y FEE
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Table 3. Correlation analysis (R?) between the content of anti-

oxidant compounds and antioxidant activities (DPPH, ABTS,

FRAP, reducing power, and ORAC) of U. pumila L.
Antioxidant
compoundsl)

TP
TF

Reducing
power

0.961"
0.988"

DPPH ABTS ORAC

0.813"
0.826"

0.946"
0.978"

0.976"
0.967"

])TP total phenol content; TF, total flavonoid content.
Slgmﬁcantly different at = P<0.01.
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