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Component Analysis and Anti—Proliferative Effects of Ethanol Extracts of
Fruits, Leaves, and Stems from Elaeagnus umbellata in HepG2 Cells
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'Major in Food Science and Technology and
“Center for Traditional Microorganism Resources (TMR), Keimyung University

ABSTRACT The aim of this study was to evaluate the physicochemical properties and antioxidant and anti-pro-
liferative activities of different plant parts of Elaeagnus umbellata Thunb. extracted with ethanol (EtOH). EtOH extract
of stems presenting the highest content of polyphenols showed the strongest 1,1-diphenyl-2-picrylhydrazyl radical scav-
enging activity (ECs=54.04 pg/mL). The total content of free amino acids decreased in the order of leaves (6,179.12
mg/100 g)> stems (1,211.69 mg/100 g)> fruits EtOH extract (378.88 mg/100 g), and asparagine (1,907.57 mg/100
g), y-aminobutyric acid (300.17 mg/100 g), and proline (233.48 mg/100 g) were the major free amino acid in leaves,
stems, and fruits, respectively. Five phenolic compounds in each extract were measured by using liquid chromatog-
raphy-tandem mass spectrometry, and gallic acid (98.95 mg/100 g) and (+)-catechin (1,575.99 mg/100 g) were present
as major components in leaves and stems, respectively. EtOH extract of leaves showed the highest anti-proliferative
activity against HepG2 cells as measured by 3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyltetrazoliumbromide and lactate
dehydrogenase assay but had no effects on Chang liver cells.
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2 AT ALgE melFuE 9, F7), dre wARd

522 (Gyeongnam, Korea) S ZH-E A g1ol Al-&
sttt Az AEe Bl o, £7], U s w2
712 ®48t 70% ol €-&(Duksan, Ansan, Korea)Z 33
HhE &3l &% A8 Advantec(No. 5A, Tokyo,
Japan) 9 #AZ o33 F A EEHT)E o] &3] &G
U 4 dxste] 248 AlRE AME-SITH

EE2HsE &g =

B o, &7, o] SE29
(15)°] wet A3t 70% NeFE FEES FEEHE
A3 gl 1 mLE F38+e] 2%(w/v) NaxCOs £ 1 mLE
7Vsked 3E7F W3 & 50% Folin-Ciocalteu A 2F(Junsei
Chemical Co., Tokyo, Japan) 0.2 mLE& 7}3}o] WH-g-A] 7
750 nmoll A FFEE AT BT UL FRTE
gallic acid 0.1%(w/v)E A Z3 = FF5E7F 0, 20, 40,
60, 80, 100 pg/mL &do] HEZ ZA|staL o5 dAHHF
Hate] A9k 22 WP 750 nmelA 3
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Ha|LIR , £7(, S0 E2tE0|E &3 £H
By o £7], 9] St eols g
Moreno 5(16)2] ¥ wa} 4t AlZE 104 g

mLE %3} 10% aluminium nitrate®} 1 M potassium
acetateE 73 80% oletE 4.3 mLell &35l A&
ol A 40% HX3 F spectrophotometer(UVICON 922,
Kontron Instruments, Milan, Italy)S ©]-83}o] 415 nmel
A FREE S0 olw FelEico|= 2 querce-
ting o]-&3fto] A e FE FHOENH FFE Ttk

DPPH radical &7 &4
DPPH(1,1-diphenyl-2-picrylhydrazyl; Sigma-Aldrich
Co., St. Louis, MO, USA) vzl tigt 4~A 42
Blois(17)¢] #ol wet F7dakqleh Alss zh2te] gujjo
Hol R 5A4g 3149 0.8 mLe} o g !
mM DPPH £ 0.2 mLE 7}8le] 2294 3
% 517 nmelA FF=E SAHSAT. 4 A5 Feled
a7 A4S NEE AUFHA B2 Y] 535 1/
22 A7 o gk A 59 559 ECs #1o 2 HHEL
Widct ol gl &3 e] BluE fste] T o= buty-
lated hydroxy toluene(BHT), butylated hydroxy ani-
sole(BHA), H]Et¥l CE AM&-313lt).
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thiocyanate(PITCO)2 F=AlE& W& &v] A(140 mM
NaHAc, 0.1% triethanolamine(TEA), 6% CH3CN, pH 6.1)
of &3, e g F AR ARESISITE oW ARES 7
H-2 Waters Nova-Pak C18 4 pm(3.9%300mm), A% 7]
+ UV detector(HP Agilent 1100 HPLC, GMI, Ramsey,
MN, USA)E AH&3te] 254 nmoll A Z743819 a1, o] 5742
4] A9} &l B(60% CH;CN)E gradient Ho.2 &l o]
5% 1.0 mL/min, A& Y%= 10 uL, 2§ &% 46°CY

2707 ZA3AT}

gz =4

=4 8HgHE 9] LC-MS/MS #4-& Agilent Technol-
ogies(Palo Alto, CA, USA) model 1200 series HPLC%}
Agilent 6410 Triple Quad, tandem mass spectrometry
E o] &3} t}. ESI Wy o & o] 231819 1L, negative se-
lected ion monitoring(SIM) modeZ A}-&3}%t}. o] &3}
Z7 0 2= capillary temperature®} voltage?} 2+2F 350
°C, 4 kV¥ 2™ nebulizer pressures= 40 psig, nitrogen
flow ratex 12 L/min® 2 A A3}A ). 28-S Halo col-
umn(2.1xX150 mm, 2.7 ym, Advanced Materials Tech-
nology Co., Wilmington, DE, USA)& A}&3}¢] flow rate
0.2 mL/min ¥ injection volume 1 pL& AA3}3 31, o] %
A2 53 2ok Al 0.1% formic acid in D.W. B: 0.1%
formic acid in ACN-5~15% B; 5~10 min, 15~30% B;
10~15 min, 30~60% B; 15~20 min, 60~100% B; 20~
25 min, 100% B.

ETY2 7 MeOHE 28319 0.5~100 mg/mLE A
%38}91 2™ myricetin, kaempferol, gallic acid, (+)-cat-
echin ¥ chlorogenic acid®] £3894L2 1 mg/mLe &%
Z AgsTh AlRE u e 248 9)8te] EtOAc, BuOH,
83 Ho 05 o2 #3838t Hy0F 2 AAS & vz F
T8¢ FAA 2 mg/mL MeOHRE Al z3te] £A330tth.

HEd SOl WY 24
1

M= HHQF

2 Ao ARgg 1z FreEl G 1F M2EF Chang cell
7kt Al HepG2 cell 34l £ 3 (KCLB, Seoul,
Korea) 2. 255 &k om 10% fetal bovine serum
(FBS; Gibco BRL, Rockville, MD, USA)¥} 1% antibiotics
(penicillin/streptomycin)& % 7}k Dulbecco's modified
Eagle's medium(DMEM) #X](Gibco BRL)E ©]-&3}4 5%
CO27} A4 8+= 37°C incubatoroll A 2~33] Ath w23k
< A3kt

M=z Mz=g =3
HepG2 9! Chang M|Z AE&] tgh AR &S SH
3}7] $138l 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-
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tetrazoliumbromide(MTT; Amresco, Solon, OH, USA)
assay s AAISF Y. MTT assayw F|EZE=glole] &4
2~ _9__/]‘\_;@& UZH—,—Oﬂ La}/\u,] AB_H 7]11 o] MTTy]. Hﬁ_}ﬂ
o] Bk formazanl Z A= AHE o] &3 o
2, YA E formazan® FFE=E A7t $Adskar aolgl
= M¥EY FEE W3t} HepG2 AlEE 96 well plateo]]
5x10" cells/well2 ¥538}3L, 37°C, 5% CO2 incubator®]
A 24A17F St vtk AR E e == HepG2
celll 2~16A17F &<F AA 3R, 1 F 1 mM9] 5%

SRl Fo HIFsE 22 wiFekgint. o] AEje
HepG2 cello]l MTT stock solution(5 mg/mL, 10 uL/well)
S Aglske] 37°CollA 443k HHOE?TP dimethyl sulf-
oxide(DMSO) 100 uL.g &-83te] v&-& FAAI A v
TE F AT NE AAG ZF wellel 100 uLe] DMSOE
H7Vske] A% formazan crystalS £33 550 nm 3%
ol A ELISA reader(SPECTRA max 340PC, Molecular
Devices, Sunnyvale, CA, USA)Z &3 TS ZA 33},
A AEES A5 THEE dx27Y SFE digh ¥

&2 JER AT

Lactate dehydrogenase(LDH) leakage 2HN| 1}
Azl Al &l whet Al el SR8k 54081
LDH7} &€t old tigh AA] 2345 SATSZH A
F AEE] g AR FEFS W71 4 vk LDH leak-
age oAl A& dotr 7] $lte] Lima 5(18)9] W<
o]g3}o] LDH assay kit(BioVision, Milpitas, CA USA)<
o]-g-slo] =A3} ). vl % HepG2 cellS 96 wellol] 2X
10" cells/well2 33 ¥ CO, incubatorol Al 16~244]3F
ofH] vjFet v, FEEE ﬁ“ﬂ A =& Aol A eatd]
4AZF Sk vjokEtd Tt 1 & 250X gl A 10E-7F YA

g 3 T 45N 100 ulLEs ME plateoﬂ —Zrﬁ}l re-
action mixture 100 pL= 2z} wellol] ¥ £33 & oAi

el Al 308 B¢t ¥ES-AIZITh ELISA reader(SPECTRA
max 340 PC, Molecular Devices, Sunnyvale, CA, USA)
& AFE3Fe] 490 nm FFd A FHEE SA4SSIH

EAIXz]
A3 Ave i (mean)=EFAXKSD)ZE VeI &
AA o)A Student's t-test % o]&3slo] 1F kel zfo]

2]
£ FAAER F XK0.05 FelA Feods HAS T

= = =
gatst Sut
WU 7} Rele] SEeldn 9 TehwolE 4
& 248 A3k Table 13 o] FZelv FPole 2
zpo]7F gll e } 7] s FE=AM 7P =4 dEkst
©1{(829.62 mg/g), TR0l E= ¥, 71, E1) dE&

s

. 9k o}

Table 1. Contents of polyphenol and flavonoid of E. umbellata

extracts (Unit: mg/g)
Sample Polyphenol content Flavonoid content
Leaves 803.22+10.00 28.84+0.35
Stems 829.62+18.61 15.054+0.21
Fruits 761.18+68.29 2.64+0.20

Data represent mean+SD of three independent experiment.

Table 2. DPPH radical scavenging activity of E. umbellata ex-

tracts (Unit: pg/mL)
Sample DPPH radical scavenging activity (ECso)
Leaves 93.53+7.11
Stems 54.04+1.84
Fruits 539.62+33.29

Data represent mean+SD of three independent experiment.

7-]’74’ 28.84, 15.05, 2.64 mg/goi L}E}
5 ZF 2919 gel g AAsS 5%
shegol 7Hd B £7] deE —’Fégoﬂfﬂ
ECso #t< YERU o] 50%4 gozs LA
g A8 FE7F 7P Bes st (Table 2).
B gozd A2AS(ECs b2 UH(539 62 pg/mL), &
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2 252.46 mg/gl.® FEEYE 4 &

A& Barskglon, o] Kim 5(19)°] ®algh S1e
fo] =ZgHE 32 2.8 mg/gRth EA =2
Ut s T% ®Belse] DPPH 2o &7
gEoNA 7 A vER B3 BEs ¢
F AAEA ] &§ THsAdo] BAETHO).
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HEaus o, 7], @l Age FE2E9] 8 obvx
b AEE SA48] Aste] s % F PITC(phenyl-
isothiocyanate) 2 %A 3}slo] HPLCZ 2A3819t}h 1
A3 Irjoll 4= proline(233.48 mg/100 g)¢] ko] 714
=3l 1t}S- 0 2 GABA, tryptophan, glutamine, alanine
o] gol o, QoA = asparagine(1,907.57 mg/100 g),
GABA, alanine, proline, valine®] <=0o]%la 7] +=
GABA(300.17 mg/100 g), proline, asparagine, alanine2]

o2 UEPGTE T3 Bt ol ofjehg 559 F4
7] o}ul=at &ake 6,179.12 meg/100 go 2 Au)(378.88
mg/100 g) ¥ Z7](1,211.69 mg/100 g) & FZE1

E} ﬁ}}‘:}(Table 3)

Kim 5(19)& Exg5 9 f2] o}r =ik serine
3} alanine®] o] 7Hg Ehon 1tk aspartic acid,
cysteine, methionine®] =0 & Hisle] B Ao W4
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Table 3. Free amino acids contents of E. umbellata extracts LC-MS/MSE o|2%t T=59| Hi=M sletE9o &M
1 1 I~ =3 o] ==z o e
Free amino acids Concentration (mg/100 g). By 3‘7],‘ Aujjo]] g% flavonol ¥ phenol
Leaves Stems Fruits AE B gk sk Byl glo) TR 4(28)d 8

Cysteine 24.04 17.01 0.00 ox Aom oy YRS Hy _
Aspartic acid 2282 0.00 0.00 T /\———' a.ﬁ A Ba= 3Fo] muyricetin, kaemp
Glutamic acid 156.67 0.00 0.00 ferol, gallic acid, (+)-catechin ¥ chlorogenic acid9] ¥t
Asparagine 1,907.57 160.05 6.11 FS 4o 8N S v o w BT B FuF
Jene o ne o 7t ete 2522 LC—MS/MSE e BAF A

utamine . . . -

13 o] == =
Glycine 26.26 206 0.00 Table 49} 22t} & olebE F=5 &= kaempferol©] 81.85
Histidine 9.89 3.91 4.77 mg/100 g, gallic acid7} 98 95 mg/100 gol ¥l AU
Arginine 0.00 0.00 0.00 o, £7] ek =59 4§ catechin®] 1,575.99 mg/
Threonine 92.17 7.29 0.00 o . .
7

Alanine 13643 132.76 1143 100 g, kaeompiecl)'ol ];;3.99mmg/100 g@galhc acﬁ L9201£)
y-Amino-n-butyric 809.40 300.17 20.22 mg/100 g9 = o2 AR A dvf oe& FE=

acid (GABA) M= FH &4 T myricetin 2 kaempferolito] 7|2
?r(’lm,e ?gzgg 292'33 2?3;‘2 AEHAe™ BE FEEA chlorogenic acide AEY

rosine ) . )
Valine 379.90 40.70 3.67 7| &%kt Fordham (6)& Helgiby drfel lycopene
Methionine 0.00 7.25 0.00 greFol 15~54 mg/100 gol™, °]i= lycopene®] F8 &+
Isoleucine 0.00 0.00 0.00 do=z 2 a2 EnE(3 mg/100 g)ol vl 53] &
Leucine 20631 22.15 2.56 e
Phenylalanine 186.58 26.60 6.57 = ?E} LE}O Mjo}“u_}io ] .
Tryptophan 154.54 12.24 16.78 AEA sheS Al g e 22k tARbE RA o

Lysine 174.40 19.07 0.00 It 7lse e 84 ARoE Z deA e,
Total 6,179.12  1,211.69 378.88 & 34 s g3, A= 2e T g2 A5} Z_]-_Q_
ARE A 2Hg 5ol SF AlEe] A B E3kE Al

i
r

P dule] fo] ohvcat 2 2 Aok Y= A0E A & Fol P wmso} 9rk29,30). AT we

vhebg U B9 84l sl Hxm nuss B AT

el obrlieabe: A%o] qlolA] wde] G4, WA 4 ARNE wgem nesure /)54 waln AEaA

o, AADRA 7% Bol 2 4U% W B 7] = BEa) QAL B 94 AR P ARARS
9 AAH R FRd Aart gl

TE S, B AT Ay Byt Ao} Qo way
)

= g% Aoz Yehd alanine ¥ serine ©utel]

o]l A% $HF-¥ tryptophan, phenylalanine, leucine, 7ok M S Aloix| &HM

valine &2 &UHS Folats o 4 A rh20,2D). BEFUE 9 7] 2 Ao 70% e FEES F
w3k Qo] Y53 A ¥ asparagined ¢FE o} EH(0.1~1,000 pg/mL)& 24A17F HoF X sk & A4 7+
248 HAaA7IH22) AN das drihaio § oF M3EQl HepG29] F49A4] A= ] A= g AES
Ae F38 sF o a7t Hold Aew A ArH23). A= Fig. 17 2t} @9 & FE5E9 45 0.1~250
ohd, RE|FUT BE FoolA FEoR = i Ao png/mLe] FIFAAE GME FAGA| 7T vlwd v el
% U prolines: Fepale] o8R0 mA 524 7| wou, FEE F=7F 500, 1,000 pg/mLoAA = 7H2)
A ds 2 2§ A3 A 88 98-S o= Ao=w 42.4 2 76.7%2 A EHZ JeERNAT A dES F&
g Adom, GABAE Hdo EA8k= vidy] ofm] it E9 4§+ 250, 500, 1,000 pg/mmw 83.5, 92.1 &
o2ZH ¥ JYAE FEsto] ¥ V)5 &AdsH24), IAA 93.2%2 A a5, 7] olegE FEE2 756, 75.8 ¥
ARG FAZA A F3 g3H25), 1+ 75 MA(26), 83.9%% % oEH o2 fofgt GAE F2AdA Ut
A aI27) Fol ¥ AHA 7154 AE &AR 7Y TR A o]HH A £7] e FEES AR oAl
He 232 2 48A dok x %@Qqﬂﬂ 295 ®Bglon, 4 dgtE F&E7 1,000

Table 4. Phenolic compounds in E. umbellata extracts

Concentration (mg/100 g)

Sample

Gallic acid (+)-Catechin Myricetin Kaempferol
Leaves 98.95 ND <LOQ 81.85
Stems 9.00 1,575.99 ND 43.99
Fruits ND ND <LOQ <LOQ

ND: Not detected. LOQ: Limit of quantitation.
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Fig. 1. Effects of E. umbellata extracts on HepG2 cells pro-
liferation. (A) Leaves, (B) Stems, (C) Fruits. Values represent
mean£SD of three independent experiments performed in tripli-
cate. "P<0.05 versus control, = P<0.001 versus control.
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, E7], EulY o2 A a7t vErRTh S Al
&2 A A Y2 625 = LDHY @48 &4 43 Fig.

29} 2ol BE FEEINA & 4%@2i LDH fr%°]
Z7F3k o1, 1,000 pg/mLe] dujf, ol = =7 A Triton
X-100 A gl=* tiv] 27k 32.2, 48.9 2 49.2%7F fr&= o]
MTT assayo°l ©|& Ax AEEo g A3 dA|st=
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Fig. 2. Effects of E. umbellata extracts on LDH leakage in
HepG2 cells. (A) Leaves, (B) Stems, (C) Fruits. Values represent
mean+SD of three independent experiments performed in tripli-
cate. "P<0.05 versus control, P<0.01 versus control,  P<0.001
versus control.

)

érﬁ

O}olguii,

A AGAA &7t Ve ek

B2 100 ng/mL7HA 9] EEo| A= £
EbubA] @49kal 1,000 pg/mLol A 58.6%9)
SFAIE(93.9%) e} Bl aLEke] Eado]
b 4= AATHFig. 3). olefgh A7

=
—%%%91 *1]4 =4 A ;<§_J+7P Xé*o‘

N,
O o2

RS N
e

o
o +

2L Koo
2L
I M oox ox Moo

L2 oo
2 o

oo 3L
il

o
)

2
2 in!
flo ?0(1) @ fo i o
23;‘ o 2
>
o MY o.g 2,
. HI
:
e
ox
mlo
L
o
T
g
I
o
4o,
_L
e

o

fol

ox,

I

=3
l 3o

= 2 i
job]
=
0
ol
-
L o

{N«&rﬂﬁﬂiﬁmr'ﬁﬁ,mﬁ
K
T
ke
f
kl
o

o oo
oo o

lo @
=
i)
o2
=
5

HL-60 cell ¥ #H<F A3 A549 cell



A 140
+
s EaBEEES
E H
=
el
>
)
o
Cont. 0.1 1 10 100 1000
Concentration (ug/mL)
B 140

M

Cell viability (%)

HH

Cont. 0.1 1 10 100 1000
Concentration (ug/mL)

140

()

N
N
o

-
o
o

‘P ) + 1

Cell viability (%)
3 3

EN
o

N
o

o

Cont. 0.1 1 10 100 1000
Concentration (pg/mL)

Fig. 3. Effects of E. umbellata extracts on Chang cells pro-
liferation. (A) Leaves, (B) Stems, (C) Fruits. Values represent
meantSD of three independent experiments performed in tripli-
cate. ~ P<0.01 versus control.
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