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Abstract

The aim of this study was to investigate functional food material for the antioxidant and biological activities of
untreated and steam-treated Corni fiuctus extracts in extraction solvents (through hot-water extraction, 50% ethanol
extraction, and 50% methanol extraction). The yield of UCH (hot-water extract of untreated Corni fiuctus) was
47.45% and it was higher than those of extracts (13.20-27.18%y) obtained by the other extraction methods. The
total phenolic and flavonoid contents were 12.23 g/100 g (SCE, 50% ethanol extract of steam-treated Corni fiuctus)
and 5.08 g/100 g (SCE), respectively, and the total sugar content was 71.32 g/100 g (SCH, hot-water extract of
steam-treated Corni fructus). The main organic acid components of the extracts were oxalic acid, citric acid, malic
acid, formic acid, and gallic acid. The DPPH and ABTS radical scavenging activities of SCE at 1,000 pg/mL
were 72.37% and 43.15%, respectively. The ferric-reducing antioxidant power of SCE at 1,000 1ig/mL was 689.49
M. The extracts were investigated for their function in L-132, RAW 264.7, HeLa, and MCF-7 cell lines. The
SCE performed better than the other extracts in terms of its protective effects against oxidative stress in L-132
cells and increased the production of NO. Further the SCE showed antitumor activities against HeLa and MCF-7
cancer cells. Therefore, the SCE extracts is a good functional food material for the prevention of woman disease.
Therefore, in our study, the SCE extracts is good functional food material for the prevention of oxidant, immunological,

and tumor related disease.
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AU (Cornus officinalis) = &2 53 &8t=
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’d-© 2= malic acid, tartaric acid, gallic acid, ursolic acid &
+71%4}+2} morroniside, loganin, sweroside, methylmorroniside
% iridoid Bl (11) 2 tellimagrandin 1, tellinagrandin 2,
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A F-(Corni fructus, WA+ 24 54 53238
Aol FdstRon, AdAAEE 203t Fae] Bt
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o B4 &, /Mg &
A 100T, 1X3F S53 s &

ZF711%7](OF-22,

Jeiotech, Seoul, Korea) = 50T, 6A17F AZ3I¥ T} F212]
@A) 2 S5 ARE A EH7I(NSG-1002SS,
Hanil, Sejong, Korea)Z 717} E43t th3 EFA(60
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Z)¥= g2 Folin-DenisH (22)°l Wl A& 1 mL
N Folin Ciocalteu reagent 1 mLE #7}elal 5F9]
E43e v 20% NaCOs 1 mLE F7Fetod 29 ghde]
A 3087 REEAIZL & 333 % A (Ultrospec  2100pro,
Biochrom Ltd., Cambridge, UK)E ©]-83}%] 725 nmol| 4]
FAEE ST F EY¥E 2 tannic acid
(Sigma-Aldrich Co.)& AHg-3le] 2P g EFEFA 0 2 HE
AlLbatsi T,

% ZgHwolt TS Jia 5(23)9 WS $435ko
=278tk A& 1 mLoll 5% NaNO, 0.15 mLE £33}
A2ollA 67t W AlZl T 10% AlCL 0.3 mLe} E3ato]
THA] A 2oflA] 587 98- Al7]12L 1 N NaOH 1 mLe} &3k
oS #3333 %= A (Ultrospec 2100pro, Biochrom Ltd.)E ©]
sto] 510 nmol| A S =S ST & SetE o=
&2 rutin(Sigma-Aldrich Co.)S AHg-3te] 2d3 5=
o ZHE A

% 3 kS phenol-sulfuric acid W (24) S $-&35t
73tk Al 1 mLe} 5% phenol 1 mL 2 313}

5 mLE E3ste] 2087 wkg ARl 3, EFEEA
(Ultrospec 2100pro, Biochrom Ltd.)Z ©]-&3}o] 470 nmol|A]
FHEE ST F & T2 glucose(Sigma-Aldrich
Co)& AHEste] gt BFA o 2 HE ALttt
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(HPLC)E ©|-&3te] A skl o, f\lib ol 34
8t 10 mg/mL FE=2 A %3 TS 0.45 pm membrane
filter(Waters Co., Milford, MA, USA)Z o] 3}ste] £ &
A8 2 AFE-3FY T Alliance HPLC system 2695 (Waters
Co.)E ©]&-3}] photodiode array detector 2996 (Waters Co.)
2 BASH. BM8 ZH&  Shodex SUGAR
SH-1011(partivle size 6 ym, 8.0x300 mm, Showa Denko Co.,
Tokyo, Japan)Z Al&stion], BEAL Luls 20 mM
H,S0,& AHEsIath #48 Z2d 25+ 60T, 752 06
ml/min® 2 A3l om, A5 10 L FU3FL detector

37 210 nmol| A 233t 714 e g5 S
ol g3le] e FEIA OB Hgsgon RFEEAL

Sigma-Aldrich Co.Z2FE T43dte] ALE-315
DPPH radical &7&4 &34

DPPH radical &4 &7 1,1-diphenyl-2-pycrylhydrazyl
(DPPH)9] 3122 01& sto] &%t th?2). =, DPPH
reagent= DPPH 12 mg-< absolute ethanol 100 mLe]| &3l g
T S/ 100 mL H7lele] FREE 517 mmollA] oF 152
zZ7sle] A28tk A& 0.5 mLol| DPPH reagent 5 mLE
3ot ALolA 1583 REEAIXL & E3F A
(Ultrospec 2100pro, Biochrom Ltd.) 2 &3 =2 =43}
ofgfj e} o] AL

DPPH radical scavenging activity(%)=(1- (Sj )*100

S : absorbance of sample at 517 nm
C : absorbance of control at 517 nm

ABTS radical 27{&8M &3

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS) radical 224 &4 (25)2 7.4 mM ABTS(Sigma-
Aldrich Co.)¢} 2.45 mM potassium persulfates 25 &
E3hoto] A2l Aol A 24413 < WA Skl ABTS+
= FAAIZ F 732 nmeoll A F3= ghe] 0.70£0.027} = Al
phosphate buffer saline(PBS, pH 7.4)2. 2 3]A3}3]t}. 3]4
H &9 180 pLol A= 20 ILE E3tate] 3 2] 1023t
HH-S-A171 oh 3433 = (Ultraspec 2100pro, Biochrom
Ltd)Z o] &3] 732 nmol|A] FF =2 =3 6130tk ABTS
radical 227 FEE9 H7F A3 T Apo| & offot
2ol ME-g= Jehjolct

ABTS radical scavenging activity(%)=(1- 2 )x100

S : absorbance of sample at 732 nm
C : absorbance of control at 732 nm

23832 A257 A3E (2018)

Ferric reducing antioxidant power(FRAP) &3&

FRAP+= Benzie®} Strain®] " 26)ol whef tha-2 o]
=713} Tk FRAP reagent+= 25 mL acetate buffer(300 mM,
pH 3.6)5 37CollA 713 &, 40 mM HCIo| €3)3t 10
mM  2,4,6-tris(2-pyridyl)-s-triazine(TPTZ, Sigma-Aldrich
Co.) 2.5 mL9} 20 mM ferric chloride(FeCly) 2.5 mLE 3 7}3}
o} A|z3tA e} A& 30 pLell #|Z=¥ FRAP reagent 900
ILe} SF5 90 lLE ¥ F 37TColA 10387 wkgA17

5 #3434 = 7 (Ultraspec 2100pro, Biochrom Ltd.)E ©]-&
%}04 510 nmellA  FFE=ES SHSIT. FRAPE
FeSO,-7H,0(Sigma-Aldrich Co.)& 7 &3dl] 2Hd
Hezn AL,

o EF

MEZ= v 9 ME F4

Aol AHg-gE Tt H G A EF(1L-132), PF-2= 2]
A ZFRAW264.7), OJ{P X}%Wé o A ZF(HeLa) 2 <
ZF 5t Al EFMCE-7) A 2323 (KTCC, Seoul,
Korea)©l| 4] Prook‘?}aku} L-132 9 RAW264.7 A EZF=
DMEM ¥} 2] (Welgene Co., Daegu, Korea)S ©|-8-3}%] 21,
Hela %! MCF-7 M| RPMI 1640 vl A](Welgene Co)E
o]-&3}e] 10% fetal bovine serum(Gibco BRL Co., Grand
Island, NY, USA) % 2% penicillin-streptomycin(Gibco BRL
Co)= 3718k th2 37T, 5% CO, incubator(MCO-18 AIC,
Sanyo Eletric Biomedical Co., Ltd., Osaka, Japan)ol| 4] vl ¥
skt

A3 =/3-2 MIT assay & ©]-&-3t] S35 o, vl <
H AEFE 1x10° celljwell?] F=Z 7 3l0] 96-well
platecl] 100 uLA H7}ebar 2447 S<t vjoket & A 2$
izl w9 AR S FEEE Ae]d tha 24413t Bt
wjkstdt. wiek ¥ PBS &) 120 methyl
thiazol-2-YL-2,5-diphenyl tetrazolium bromide(MTT 5
mg/mL, Sigma-Aldrich Co.) £ Z} wellol] 10 yL¥ 7}
ska 4A)3F ERF v ste] MITZ L Sl = =5 slQith o] 5
e & BF A ABAL dimethyl sulfoxide(DMSO, Jensei
Chemical Co., Tokyo, Japan) 100 ULE Z} wellol] 3 7}5}o]
1057t HE-3-A| A formazan 27 S 833t T3 microplate
reader(UVM-340, Asys Co., Biochrom, Cambridge, UK)Z
o] &3t E¥ = I 540 nmollA| A3 T

MzHSFn &3

L-132 Al X E o] 83 AIXET B3= Hwang(27).°4 iy
HE 83l St mldd L1132 Al ZE 1x10°
celljwell®] FE=Z 2% 8F0] 96-well plateel] 100 pL”YA‘. A7}
el 2447 B ST ol F A2 vjA wa 2
HQOZ(Duksan pure chemicals Co., Ansan, Korea) 1.25 mM¥}
AEE sEEE A3 tha 6217t B3t v st vl <k
% PBS &FE&-of =21 methyl thiazol-2-YL-2,5-diphenyl
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tetrazolium bromide(MTI' 5 mg/mL, Sigma-Aldrich Co.) ¥
NS 7ZF welldl] 10 uLA A 7bska 2417F F<tb vl okato]
MTT7} S =5 Si3ith o] F S 25 Al7AskaL
dimethyl sulfox1de(DMSO Jensei Chemical Co.) 100 yLE
Z} wellell 71ste] 1023t ¥H-8-A1A formazan 272 8-
3l T}3 microplate reader(UVM-340, Asys Co.)E ©|-&35}]
EF4= 974 540 nmol A =380k

Nitric oxide MMz =X

RAW264.7 A|EZ 5x10* cellwell®] FL& 27 3}o]
96-well platecl] 212} 100 pLA 7 718te] 24417 Bt vl <k
sk, =4 A& ¥ lipopolysaccharide(LPS 0.1 pg/mL,
Sigma-Aldrich Co.)E *}2]3lo] 2447t F<t v kel
Hjeko] 45H F ATd 50 pLol FHFC] Griess Al<F
(Sigma-Aldrich Co.) 50 LS &% ste] 108&3F ¥F-8-A]7] 3L
microplate reader(UVM-340, Asys Co.)E ©]-8-3}l%] 540 nm

A FFEE SR en, NO HBAFE sodium
nitrite(Sigma-Aldrich Co.)9] T=¥ ZF34S o] 83ld
Al beksi T,

AME Mg Xaigy £

A X A5 A3 -2 MTT assay & ©]-8-3le] S7 3}
om vjgE A EFE 2x10* celljwelld] =2 27 3}
o] 96-well plateol] 100 uLA 718} 24417t B¢t vljoks
I o] % A= v wk g /\];‘:l‘é TR AP v
24X17F FRt v kst vk & PBS ¢E& e =<l
methyl thiazol-2-YL-2,5-diphenyl tetrazolium bromide(MTT
5 mg/mL, Sigma-Aldrich Co.) €95 Z} welle] 10 pL#
/el 4413 B4 WRled MTT/} 915 5 Sjsick
o|F e NE BF A Akl dimethyl sulfoxide(DMSO,
Jensei Chemical Co.) 100 pLE 2t wellol & 7}ske] 1083t
HHS-AlA  formazan 23S &3t ThS  microplate
reader(UVM-340, Asys Co.)& ©| &35t &3 = 37 540
nmo| A %3k

SHAz|

T E 243¥47}= IBM SPSS Statistics(19.0, IBM Corp.,
Armonk, NY, USA)E ©]-&3+ HAHE(ANOVA) S A A 8}
Aol 2t = HEakel 594 (p<0.05)2 Duncan’s multiple
range tests AA|St] 3T

A7 o 1
4R FEE9 OISZF—PH Eé

FAE W 5% ehe FE5E, F
] x o % E'15:}‘%‘:'1: Table 1T+ XELE]'

FETES TAY AT FEFEEdA 474528 =S
&S YR, ol Abrfredl 84 Ao T
o] B2 Ao Yeiylth E3t F& AeRET F3E
AERe] FEol B =4 Uit AL S5 33 Sl
Ao 1EEo| G2 Aoz AhETh AR ol
ExHo e Az 248 221 YAMHER phenolic
hydroxyl7] & 7}A] 2L )t} ] Qs @A gl 7]e} #A}
ETJr Azbste 4de AYa glon, kst gate] 7%
S ZE=th28). & Z2Edls g9 55 AR 50% ol
Z2ZEoA 1223 g/100 gO& 7P e S Vel
Qi FHY AeH FEEEYG 52 3 o% HerlSl=
d], o]+ Kim 5(29)°] E13t 2HR-o] F Zevs &%
(323 g/100 g)K.t} oF 24H) o]/ =A] et F ZEHE
ol e x Zolys gy do] == ARG 50%
N ErE FZEA] 508 g/100 g2 N = g urE}
Ren, T i FEEEY =%
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Table 1. The yield, total phenolic, total flavonoid, and total sugar
contents of extracts from non-steaming and steaming cornif fructus

Samples” Yield Total polyphenol Total flavonoid ~ Total sugar
P (Dry basis, %) (TA?, g100 @ (Rutin, g/100 g) (Glucose, /100 g)

UCH  4745:022°  856:027T° 3374011 6113128
SCH  27.18+0.19° 11.00£0.20° 450+0.08°  71.32¢147
UCE 1687006 8.900.26° 3844007° 6477195
SCE 1320+0.11° 12.23+0.05° 508:021°  66.02+1.24
UCM  2527+024° 7.71+0.38¢ 330£0.14¢  63.18+1.57"
SCM  15.33+0.04° 10.54+0.59° 433:005°  65.072.62°

YUCH, hot-water extract of untreated Cormi fructus, SCH, hot-water extract of
steam-treated Corni fructus, UCE, 50% ethanol extract of untreated Corni fructus,
SCE, 50% ethanol extract of steam-treated Cormi fructus, UCM, 50% methanol extract
of untreated Corni' fuctus, SCM, 50% methanol extract of steam-treated Corni fructus.

ITA, tannic acid.

IMeanstSD (n=3) with different letters (a-f) above bars are significant differences
by Duncan’s multiple range test (p<0.05).

MR FEES -rr7|** EE;

T8l TAE 9 S5 Af #5259 f71
2F ek Table 254 2tk A 714 02 gallic
acid, malic acid 2 tartaric acid(11)7} ©]n] €24 lom,
B AFo| A& oxalic acid, citric acid, malic acid, formic
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acid 2 gallic acid’} AZ&= ). 2 Fol| A oxalic acid %
citric acide 27} 7.07-16.30 g/100 g ¥ 6.94-15.95 g/100

g0 2 7P} =o RS Yehiglon, 24 2L B3
01tnc a01d, malic acid 2 formic acide 7+43 01-25;\21/]-, oxalic
acid & gallic acid’} SVt ol 55 TH o= Q13
fructose”} 23] =] o S—methyl ﬁnﬁlral HMF 2 furfural 52}
F71Mke 2 EelEel(32), T4 Aol € fr1hh &
01 7k Ao m HeH 59] gallic acide &7}
AE Alem A Qo] S5 Aol kg ol FAlE
ARt - Ao R AdHEnth k3 S5 S F
3 AAAA ‘rr7]"WF FheFo] AHassto] AEaA] 28 HellA
A= A Ao e Ak Bekaisinh

Table 2. Organic acid contents of extracts from non-steaming and
steaming corni fructus

Organic acid (g/100 g)
Oxalic acid  Citric acid Malic acid Formic acid Gallic acid
UCH  11.22+185% 1595:0.30° 4.09:030% 2.17:0.01° 1.97:0.04°
SCH 1630027 10413068 2284005 2.01:0.04" 2.93+0.06"
UCE  707:042° 1299:024° 528+031° 2.51:046" 1320.05°
SCE  13212073"  6.94:020° 4.38+005" 2.16£0.02° 3.58+0.19"
UCM  1L14030° 1326£020° 5.35:0.02° 197:0.04° 1.7120.00°
SCM  13.49:042° 10.82:0.07° 3.98:0.17° 186£0.02° 3.00:0.44°

DUCH, hot-water extract of untreated Cormi fuctus, SCH, hot-water extract of
steam-treated Corni fructus, UCE, 50% ethanol extract of untreated Cormi fructus,
SCE, 50% ethanol extract of steam-treated Corni fructus, UCM, 50% methanol extract
of untreated Corni' fructus, SCM, 50% methanol extract of steam-treated Corni' fructus.

IMeanstSD (n=3) with different letters (a-d) above bars are significant differences
by Duncan’s multiple range test (p<0.05).

Samples”

AeF FEE| Ttz Y
FE=&uloll W T2 8 S5 AR F5=2 DPPH

radical &7 &4, ABTS radical 22784 % FRAP &4 &
Fig. 17} 2t} ok&-dujo] 3its) 24 5 desifdEss
¢k JAksl S 7= Ao ® HauEo] glon, o
= free radical®] SFY 35 AlZ 4 )= phenol ring?l] -/]ff}
Aoz HurEolx] 9th33). DPPH 2 ABTS radical &7
e 55 ’?}—r‘n— 50% ¥ FZE=(1,000 pg/mL)°ll A
27y 71237% 2 43.15% 2 =& 2492 Yehldch Radlcal
2AGAE 50% ollE-E, 50% HEkE B A TEE
2 Aol A Uetton, BE FE8dA = l@
= B3l o] Svls ]'Mm = RISt Choo 5(34)9]
ATl A em|Rbe] S5 Slro] BlE|ste] DPPH 3 ABTS
radical 27 &/Jo] S71eHS H 1319 1L, Yang 5(35)<]
AFoA = it S5 T A83o EW H=3eE
o] o] Wslatm o] w}a} B §]r = STkt
Hasle] & AFA e}t fARE A3 e =

[e]

20

Srfjol wE TP B S Ak —%%%9] FRAP &g 2

= =1

rl

53132 A)254

A33 (2018)

A)

120

0100 pg/mL
100  a

B250pg/ml =500 pg/mL

21,000 pg/mL

)

60 e

DPPH radical scavenging activity (%

Ascorbic acid UCH SCH UCE SCE UcM SCM

(250 pg/mL)
B
120
_ O100pg/ml @250pg/ml.  E500pg/ml  @1,000 pz/ml
g a
< 10 -
-;'E‘
=
=
2 8ot
Bn
B
3
% 60
% 10 | : -
Kl . d d
” f i ! g hig
: . i
E 20 i g it ij B et 1
0

Ascorbic acidUCH SCH TUCE SCE UCM  SCM
(250 pg/mL)

©

1,400

D100 pg/mL

a

0250 pg/ml.  E500pg/ml 1000 pg/ml

1.200

800
be

be

FRAP (M)

400 -

Ascorbic acidUCH SCH UCE SCE UCM  SCM
(250 ng/mL)

Fig. 1. DPPH radical scavenging activity (A), ABTS radical
scavenging activity (B), and FRAP (ferric reducing antioxidant
power) activity of extracts form untreated and steam-treated cormi
fructus.

UCH, hot-water extract of untreated Corni fuctus, SCH, hot-water extract of steam-treated
Corni' fructus, UCE, 50% ethanol extract of untreated Cormr fructus, SCE, 50% ethanol
extract of steam-treated Cornr fructus, UCM, 50% methanol extract of untreated Corni
fructus, SCM, 50% methanol extract of steam-treated Corni' fructus.

MeanstSD (n=3) with different letters (a-m) above bars are significant differences by
Duncan’s multiple range test (p<0.05).
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251,000 pg/mL)elA
YeRNSItE F&405 2

E3) Ao Zrela S-S

AAE =2

Ta AHERY 50%

ol
689.49 IMO. 2 =2 S
3t 4 FE2EL S5 F%
golsto] ole)gt Azb= 9Hd DPPH 2 ABTS radical 47]
g0 Aot fAbslth o= tEA QL ks il
H =8 §HEo| S5 T s Srtsle] atsl g
Eold Aoz A}L%E}(%).

o e
o
=
RSy

o
=

[

—_

& A8 9 5 A
FQ1 L132 Al 3ol et Al 54
4*: Hg 29} 2} FE8ulol] wE FA B S5
FZE2 100, 250, 500, 2 1,000 pg/mL=Z xmo}

o] Q1%
NERS
Ak

»E I
e

_4

o
T
o,

0100 pgml D250 pg/ml @500 pg/ml ©1,000 pg/mL

Doy ggefley; cigy; bted,  cdggbey;  cdedody;

i
'IIE'ZE = i

Relative viahility (% contrel)

control UCH SCH UCE SCE UCM SCM

B)

120

U100 pgml D250 pgml  B500 pgml  B1,000 pg/ml

eefd

Relative viability (%% control)

comtrol H:0: UCH SCH UCE SCE UCM  SCM
(125 mM)

Fig. 2. Cell viability (A) and protective effects on cell viability
against H,0, (1.25 mM) induced oxidative damagein (B) in L-132
cell line of extracts from untreated and steam-treated corni fructus.

UCH, hot-water extract of untreated Cormi fuctus, SCH, hot-water extract of steam-treated
Corni' fructus, UCE, 50% ethanol extract of untreated Cormr' fructus, SCE, 50% ethanol

extract of steam-treated Cornr fructus, UCM, 50% methanol extract of untreated Corni

fructus, SCM, 50% methanol extract of steam-treated Corni fructus.
MeanstSD (n=3) with different letters (a-n) above bars are significantly different by
Duncan’s multiple range test (p<0.05).
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Fig. 3. Cell viability (A) and nitric oxide production (B) in
RAW264.7 cell line of extracts from untreated and steam-treated
corni fructis.

UCH, hot-water extract of untreated Corni' fuctis, SCH, hot-water extract of steam-treated
Corni' fructus, UCE, 50% ethanol extract of untreated Cormr fructus, SCE, 50% ethanol
extract of steam-treated Cornr fructus, UCM, 50% methanol extract of untreated Corni
fructus, SCM, 50% methanol extract of steam-treated Corni' frucnis.

MeanstSD (n=3) with different letters (a-l) above bars are significantly different by
Duncan’s multiple range test (p<0.05).
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Fig. 4. Inhibition rate (MTT assay) in HelLa cell line (A) and
MCF-7 cell line (B) of extracts from untreated and steam-treated
corni fructus.

UCH, hot-water extract of untreated Corni fuctus, SCH, hot-water extract of steam-treated
Corni' fructus, UCE, 50% ethanol extract of untreated Cormr fructus, SCE, 50% ethanol
extract of steam-treated Cornr fructus, UCM, 50% methanol extract of untreated Corni
fructus, SCM, 50% methanol extract of steam-treated Corni' fructus.

MeanstSD (n=3) with different letters (a-0) above bars are significantly different by
Duncan’s multiple range test (p<0.05).
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