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Antioxidative Activity and Protection of Oxidative Chromosomal Damage by Vegetables,

Fruits Extract and Their Functional Liquid Formulation

Seung Cheol Lee, Chan Heo, Seung Hyun Lee, Hyun Pyo Kim and Moon Young Heo®
College of Pharmacy, Kangwon National University, Chunchon 200-701, Korea

Abstract — The ethanol extracts of mixed vegetables (Bioactive Vegetables, BV), mixed fruits (Bioactive Fruits, BF)
and their liquid formulation (Chungpae Plus®, CP) were evaluated for their antioxidative and antigenotoxic activities.
They were shown to possess the significant free radical scavenging effect against 1,1-diphenyl-2-picryl hydrazine
(DPPH) radical generation and were revealed to show the inhibitory effect of lipid peroxidation as measured by
malondialdehyde (MDA) formation although the potencies were not higher than those of vitamin C. They did not
possess any pro-oxidant effect on bleomycin-Fe(ITI) dependent DNA degradation, whereas vitamin C showed strong pro-
oxidant effect. Furthermore, oral administration of BV and BF inhibited micronucleated reticulocyte (MNRET) forma-
tion of mouse peripheral blood induced by KBrO, treatment in vivo. CP also showed significant inhibition under same
experimental condition. Therefore, the liquid formulation (CP) containing BV and BF may be a useful natural anti-
oxidative and antigenotoxic agent by scavenging free radicals, inhibition of lipid peroxidation and protecting chromosomal
damage.
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(Raphanus sativus), F3HAllium cepa), 2-°1(Cucumis sativus),
21 2| (Apium garveolens)s T3t EE MH & F 42|
i Azt AzE oplE 1:1:1:1:019) HEE 4lx
of7)oll FAENTTA) 2018} FAT 2005 718 2047 A2
A AE L o1t T FEFshe] G2 Ao A (Bioactive
Vegetables, BV)2 d3ith AZokAZHE 2 &2 of
22%(w/w)Sth. 38, 2% FTA AbHMalus pumilar), B
Pyrus communis), EE(Vitis vinifera), A AF Tr2(Citrus
awrantivmye MBI 1:1:1:19 v1&E Ax YA
Ye 3015 7¥skar A2l 2043 HA|sIGI). o] RS o Hstal
E3310] olzbMo] izl (Bioactive Fruits, BRYE 43t} A
A2 HE Q] F5E&E oF 6.7%w/w)IT.

Ol ¥ i FZE Fo| AAME ¥ S| M

228 29 total polyphenol< Slinkard and SingletonH,*
total flavonoid= 21F574 T2ZA2Ee] F FehRwol|E 7
2 o)) mizdt). Chlorophyll AEFH JF42THAEY T
d=4 AW mskom organic acide AF54 5 Wil
ZZ2F9] §71F AT AFH P waith, g Aok o)
HE SigmaAE ARSI

oixje| XM=

AEoPE A4 (Chungpae Plus®, CPy= olaigl 38 o=
Az on o 100°Ce] EelM Bsto] Agataitt. A
100 ml & 2L vh) &t}

ol &g E-FZE(BV) 17 mg
HAFFEF=EBF) 100 mg
SRS 45 mg
SFER| O AEFEE 50 mg
e 90 mg
vjgh C 100 mg
RedA s 10 mg
e 5mg
TAA 210 mg
TANIEE 65 mg
WsE5HE 8g
Ao 575¢g
R TAc 65 mg
A 821g
QR HIER 50 mg
=} E g 16 mg
FEGA ofAlA 16 mg
A 2]ek

2 Aol AR ICR AFE Gt EEEol Tukt
o} Zrduigty oFst|st FEARTA uloll Q= St s
Aol 23+1°C D AN E 551 7% 2107 7~109 &
SAZ & AR AbEE AR Y] vl pelletA bR E
Foon, 22 A 97 sk, 1212 h(I/D) cycded] =
AeM Agsisict.

=22 | gAHEE

DPPH(1,1-Diphenyl-2-picryl hydrazily= %4} W radical& %
H5k3 Qe o]Ao] THE free radical=¥ Agsle] QHg Tt
complexZ 9H=t}. 60 umol DPPH 2 mioll DMSOel &34
BV, BF 9 CP9] &5 =8H 2 mkE 718k 5 #7F 410 30
A F 520 nmellA F780Ach

K& 2p sl x| &t

AANES A-Ats} AAaHE £743517] H3to] Fenton's
reagents o]838}o3 AlFSIATE SF5) 2% sodium dodecyl
sulfates 7Hsto] 2847131 0.79 mmol potassium chloride,
0.25 mmol Trizma (pH 7.4), 1 umol FeCl, §-0] HEE A
3] E3gAE THESIT) o] £ 4.83 miell Hy,0, 15 W, ethyi
linoleate 10 W& 715t & 2749 ¥59 NS 01 &
Z51gith, o] & o] 2 sample® 5 ml7t HEE ik
Eoldl 9h2-gMe yortex mixers 4] E35131 aluminum foil
2 A 1672 B2t 55°CollA kAR e Z42e] RE-g-8-o
ol 4% BHT ethanol solution 50 W & 85310 4135 FAA|
71 o &4bst S TBAYCR SAsgich

Pro-oxidant effect

Bleomycin-Fe(Ill) dependent DNA degradation®l] w|:3]& 5
£59 pro-oxidant 32 calf thymus DNA 100 pig/mioll
50 ug/m/ bleomycin, 0.025 mM FeCl;, 5mM MgCl,, 30 mM
KH,PO,-KOH buffer(pH 7.0) €&-&H2] 4.9 mell 1< 100 w
Z J}ha) 1A17F FoF 37°CollA] vokAlZl & 1%(w/v) TBA in
0.05 M NaOH 1 ml, 25%(v/v) HCl 1 m/¥ 7}8) vortexa}$ith.
o}E 100°ColM 1087 7Hdska W71 - BuOH 3 miX-&
748l EEo| FE3Iit o] g9 4F g H3l 532 nmell
A EFEE ALY

KBrO; F= AB1E AE|A0 ofst AsfMM0| CHEH M|S0t

Bl R AWME L o] gato] AL AXSAT F
AzEARE= 43 JellM superoxide anion, NO, H,0, 5-&
BN = AR ~Eds FEEZHR] KBrOsE ARSIt
uh9-Aof 4207F 3] A KBrO; 80 mgkgs H745ASTL
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FAlol BVel BFE 852 A7F50I8I90t. 24417 3 vpei
e e FAMEER Ay 2% 223 ves S vl
acridine orange® T &TolT o] "ozt = hulz
HAE G Hojk 242 o] e 1,00074) BAatA T
(reticulocyte, RET) % 484 7} 442 & (micronucleated
reticulocyte, MNRET)E @331t ©3-2 344 07 (blue
excitation, 488 nm & yellow filter, 515 nm){A] 1000< 2 313
th &, CP= 27 3¢t & tidl S8A1%1 5 2779] w9t 4
o F<t shFel sl FJul=EAE KBrO; 80 mgkgs 57
FAFSEAL 2472 Tl AFste] FUsHAl A1Bslon dizT
< CP djl & F3irh
SRR

ORfZldEES & Yo &

Table Iol BVe} BF Sl e+ 244250 %< veh
91t} Total polyphenokZ BV 3.52%, BF 0.96%°]31 2™ total
flavonoid= 212} 0.402%, 0.075%2.24 BV7} BFR.T} §&fo]
=3t} BV % chlolophyll> 0.406%, BF % organic acid=
L70%< VFERARIT

=Z2|2iC|HAHEE

Table II* BV, BE CP 9! vitamin C9] Zajgjt]z-aA2h¢-5
vERSIT BY, BE CP 25 AglEkelA fo/de] sl =g
H)Z2AZE-E vehjolon HelsTH ol BV7F BFE.
o} thx o] Esith CPE Ml S(1~10%)004 278 3
T 2ATIE RIS tEE ARG vitamin G 25 pg/
ml HETAME 94.7%2] e & S vEehigitt. DPPH
radical® - OH$} H)%3F A% 3=t BV, BE CP:= vitamin
Crrh= okapajut E3-EQow B sk vjwa 23 Tajeir
Zar7-go] Sl AoE LRt

KR st g2t

Table 1Tl BV, BE CP @ vitamin C9] A& apitalel A a-g
< Yehdiich BY, BE CP 257 HElEsZolA F24d0] le
A Al AAR-S vehigion Aels=Helel BVet BF

Table I - The contents of biological active compounds in BV and BF

Compound? BV (%, w/w) BF (%, w/w)
Total polyphenol 3.52 0.96
Total flavonoid 0.40 0.08
Chlorophyll 041 N.A.
Organic acid N.A. 1.70

®Mean of three analysis, N.A.; not available.
BV : bioactive vegetables, the ethanol extract of mixed vegetables.
BF : bioactive fruits, the ethanol extract of mixed fruits.
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Table II - Free radical scavenging activities of BY, BF and CP

A 1
520 nm
Concentration Mean+SD Inhibition (%)

BV 0 ug/ml 0.286+0.002 -
25 pg/ml 0.234+0.005%* 18.1
50 pg/ml 0.181+0.000%* 36.7
100 pg/ml 0.131+£0.001%* 54.1
200 pg/ml 0.132+0.001** 53.8
300 pg/mi 0.122+0.002%* 57.3

BF 0 ug/ml 0.262+0.003 -
25 pg/ml 0.256+0.011 22
50 ug/ml 0.238+0.001%* 9.1
100 pg/m/ 0.222+0.003** 15.2
200 ug/ml 0.189+0.002*%* 27.8
300 pg/ml 0.153+0.002** 39.6

CP 0% (v/w) 0.295+0.024 -
1% (v/w) 0.257+0.003* 12.8
2% (v/w) 0.204+0.002** 30.8
5% (v/w) 0.143+0.012** 51.5
7% (v/w) 0.142+0.010** 51.8
10% (v/w) 0.093£0.013** 67.4

Vit-C 0 ug/ml 0.228+0.009 -
25 ng/mi 0.012+0.001** 94.7

=3, Significantly different from control group (Student's t-test)
*p<0.05, ** P<0.01.

29 Inhibition={OD control-OD(sample-blank)/OD control X 100.
BV : bioactive vegetables, the ethanol extract of mixed vegetables.
BF : bioactive fruits, the ethanol extract of mixed fruits.

CP : Chungpae plus®, the liquid formulation containing BV and BE

Table III — Inhibitory effects of lipid peroxidation of BV, BF and CP

1

A535 nm
Concentration Mean=SD Inhibition (%)?
BV 0 ug/mf 0.442+0.041 -
25 ug/mi 0.408+0.013 7.6
50 pg/m/ 0.376£0.069 149
100 pg/ml 0.276+0.011** 37.5
300 pg/ml 0.231x£0.000** 479
500 pg/ml 0.203+0.024** 54.0
1000 pg/m/ 0.146+0.014** 66.9
BF 0 pg/mi 0.410+0.013 -
25 pug/ml 0.414+0.013 0
50 pg/ml 0.376+0.069 8.2
100 pg/ml 0.287+0.120%* 30.0
300 ug/mi 0.140+0.011%* 65.8
500 pg/ml 0.152+0.026** 62.9
1000 pg/m/ 0.109+0.014** 734
Cp 0% 0.408+0.021 -
5% 0.396+0.008 3.6
7% 0.331+0.026* 18.8
10% 0.287+0.031%* 29.6
Vit-C 0 ug/ml 0.379+0.014 -
100 ug/m! 0.242+£0.007** 36.1

In=3, Significantly different from control group (Student's t-test)
*p<0.05, **P<0.01.

29, Inhibition=[OD control-OD(sample-blank))/OD control X 100.

BV : bioactive vegetables, the ethanol extract of mixed vegetables.

BF : bioactive fruits, the ethanol extract of mixed fruits.

CP : Chungpae plus®, the liquid formulation containing BV and BE
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= g4do] HI5g Holiu) CPE A5 E(1~10%)04 #<)
A g S JERIYIC) A E ARSE vitamin G 100
ng/ml HEEeIME 361%2] 2 B4S vehie] BV 9 BF
9} v&=¢k Holqdh B AL ethyl linoleates AF8-3}o]
Fenton reaction°]l 23l A48 - OHY| X|dzpitslargef oist
AAaTE FAshs 2 02A Vet 3= Hol BY, BE CP

€ EgEdols 7k vlud A AAIstedA g3t
e Aoz wIEdct.

Pro-oxidant S}
Table IVellA vrebd ZiX% BY, BE CP& Aels%olA pro-
oxidant &5 719] YERHA] ¢kgkort vitamin C2 7A-g-oll=

Table IV — Pro-oxidant effects of BV, BF and CP on bleomycin-
Fe(Ill) dependent DNA degradation

. A532 nml
Concentration
Mean+SD
Negative 0.003+0.001
BV 25 pug/ml 0.007 £0.000%*
50 pg/m/ 0.010£0.001**
100 pg/ml 0.014+0.001**
BF 25 pug/m/ 0.067+0.001**
50 pg/mi 0.0090.000%*
100 pg/ml 0.013+0.001
CP 5% 0.003+0.003
7% 0.005+0.004
10% 0.013+0.004*
Vit-C 25 ug/ml 0.482 +£0.009**
50 ug/mi 0.944+0.028**
100 pg/m/ 1.315+0.017**

1h=3, Significantly different from control group (Student's t-test)
*p<0.05, ¥**P<0.01.

BV : bioactive vegetables, the ethanol extract of mixed vegetables.
BF : bioactive fruits, the ethanol extract of mixed fruits.

CP : Chungpae plus®, the liquid formulation containing BV and BE

Table V - Anticlasogenicity of BV and BF on KBrO4-induced micro-
nucleated reticulocyte (MNRET) in mouse peripheral

blood
Treat ! Dose MNRET/1000 RET? Inhibition
featmen (mg/kg) (mean+SE) (%)
Negative - 1.0+0.5 -
KBro, 80 23.6+1.6 -
KBrO;+BV 80+100 15.8+2.4* 33.0
804500 11.5+0.6%* 513
KBrO,+BF  80+100 18.6+1.2* 211
804500 15.3+£1.4%* 35.2

In=6, KBrO, (80 mg/kg) was injected i.p. and then immediately
test compound was administered p.o. for 4 days, once a day.
Peripheral blood was taken at 24 hours after final treatment.
%Significantly different from control group (Student's t-test)
*p<0.05, ** P<0.01.

BV : bioactive vegetables, the ethanol extract of mixed vegetables.
BF : bioactive fruits, the ethanol extract of mixed fruits.

Table VI - Anticlasogenicity of CP on KBrOs-induced micronu-
cleated reticulocyte in mouse peripheral blood

Treatment! MNRET/1000RET I hibition
Individual value Mean+SE (%)
25, 25, 22, 23, 23, 17,
KBrO;+water 19, 18, 18, 25 215*1.0 -
14, 18, 16, 15, 20, 20, "™
KBrO;+CP 19 16, 17, 13 16.8+0.7 21.8

ln=10, Mouse was fed with water for control group or CP
instead of water for treatment group for two weeks each. KBrO4
(60 mg/kg) was injected ip. for four days, once a day, and
peripheral blood was taken at 24 hours after final KBrO,
treatment.

%Significantly different from control group (Student's t-test)
*1<0.05, **P<0.01.

CP : Chungpae plus®, the liquid formulation containing BV znd BE

AefsEoM feido] Q= %S pro-oxidant S VERAITE

KBrO; ft= 518 AspAo) o5 Ao Ciet xS}

KBrOell 23t BV} BFS] 4] &2dol] o3t 4339 o
#1843 Table Vell UERISITE BVS} BF= 100, 500 mg/kg®l
SolwholM o4 e AAEEE veRigl e BV B,
100 mg/kgoiAl 33.0%, 500 mg/kgolA 51.3%2 AALA-E 1}
elfigith. BFY) 7A-9-l= 100 mgkgolA 21.1%, 500 mg/kgol
Al 35.2%8] AAEES UERISITE BVZF BFRT o8] o]
Chd £2 Holich CPY Aol 257k Fololi] 58 &
8 2Rt 21.8%2] 944 e AAadr) vkt
("able VI).

AbslA stressol] tislel K3 8798 2 chemopreventive
agentsE AE37] fJ8lo] 559 oERY FEF obfwE
X525 (Bioactive Vegetables, BV)} 45¢] 3| 2HE| &9
A BB F2E-(Bioactive Fruits, BF) 2 0]5-& hi-sto]
x)Z8 A E(Chungpae Plus®, CPY& 7T fe)7] &4
Y7 XA S-S At A1@4 3 BV BF=
73 587) 2A4%58E Ad o2 ¢#3d vitamin C BT}
SO FEOEAQ B A AASE RT3t A
Zl st QG A Hol T vitamin Co} BlwE 7Ht &2 g
2heled e veRigich Bvst BF7F 88 CPT Al s ToflA]
-4 e ZEEZAARY T AAIPEII AR S 2o
FUt,

ghA, vitamin C, E9} 22 SABIAIES Aol pro-oxidant
Zhg-8 Vel 540 k2 B Ao E vitamin G= pro-
oddant 242 w9 = YERS2 Y BV, BE CPE-< pro-
oxidant 282 71¢] YERA] ¢kttt webs BY, BE CPE&
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vitamin C&}= ©2] pro-oxidant Z-go| gli= FAIsA|ZAM 2] &
L7150 2 RAER I

Reactive oxygen specis(ROS)ell £]3} oxidative DNA damage
o7} w=3t9) BAo] 7t o]5L point mutationo)t
deletionS ¥ 83+ 9| E nuclear DNACIA Yo 7]H
mitochodrial DNA®IA] 2] oxidative damages =3}A 3ol A] 2]
A AL PoAN Bl F2o] Uojdrt?® DNAS
ol AL AEAE o1 o] AL AFALE oA
carcinogenesisZ.2] 34 2}5-8 AoIAL St

upebr] 4tels DNAS/G-S Fot wete] A dlelA dofut
= By GAlA] EA5-2 FAEAl] dist AREAES
2] 7ix], F3 9 ZHTA A S-S B3 A o o
AR 274, DNA W34 EdE59] 2hd, DNA EA4 DNA
B243 2L 7)|A0F Ealo JAH &4 9 o8 o
& & Qe Zow yldEw ok wEiA dakelgdol Sl &
EoAA2] WAL Al AEH A gt At A o
, 53] ol = &¥}Hel chemopreventive agent’t € =
1=
BV, BE CP 5 ZAEEL - OH & FEVIES 2732 A
Azl Azgo 2 A3l AEd 2 o gt B2 3k
Stk S mR-A ASAJR | oste] KBrO,9 22 74 gh
ROS &3l &3k A FFolx ] &3¢l dsix= BY,
BE CP & ZAEE2 JAadE & vehlisitt. KBrOs= Al
Z O, % ROS, lipid peroxidation, 8-hydroxyguanosineS
BT e BAZA Bkl gl Aotk BVSl BF:
100, 500 mg/kg FolelX o Sl HAEHE vehglon,
CP2] Aol 257 Bt EuAl S84170 TolA #2231 o
AEHE eI & Aol vitamin CE HZ2E2E2A
AMg3HA] kAR Sai Foll 2lahd #F el KBrOyell f=¢
280] vitamin Coll 98] HAH S-S Busty Yok ma)
A, BV, BE CP & ZAEE2 Al A&l digk oA
25 VERE Z0E YR

BVS} BFQ) o]z ditsls s ads s &
of Zejsllzo] o TAEAN] Wi HoR wdEch BY
¢} BFllx= total polyphenolZ41 2z} 3.52%, 0.96%=A] &=
o] =11 total flavonoidZ A& 22+ 0.40%, 0.075% 4 &= &
skar Qo 7] EEE =AM R v, 7, 4, 20], A
o} Z& okAet At wiel L FHoli= quercetin,
kaempferol Wl AIEC] v T e AaFofe
hesperetin, naringenin ¥J=],1® Z %ol resveratrol® 5 &
A3k E4o) FRE e Aoz &4 9lch o]t
polyphenolF-2} flavonoid 3}EH-E-50] Al W oxidative stress
2 a7t EHR gl

odZ Qokshd BV, BF ¥ CP 5 ZAJEES flavonoids H]

[
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