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Antioxidative Effects of Campanula takesimana Nakai Extract

Mi-Seon Kim, Kyoung-Hee Kim, and Hong—-Sun Yook'

Dept. Of Food and Nutrition, Chungnam national University, Daejeon 305-764, Korea

Abstract

The study analyzed the total polyphenolic contents, DPPH radical scavenging activities, ABTS radical scav-
enging activities, reducing power levels, SOD-like activities, and tyrosinase inhibition activities of fractions
from Campanula takesimana Nakai extract. Total polyphenolic content of the ethyl acetate fraction from
Campanula takesimana Nakai extract was the highest. The ethyl acetate fraction of Campanula takesimana Nakai
extract showed the lowest ICsy value (0.13 mg/mL) as well as greater than 98% ABTS radical scavenging activity,
which was similar to ascorbic acid. Further, reducing power was significantly higher in the ethyl acetate fraction.
The SOD-like activity of edible plant was 70.56% (n-butanol fraction) and 62.27% (ethyl acetate fraction) at
1 mg/mL. Tyrosinase inhibition activity of Campanula takesimana Nakai extract was reduced to 34.77% in the
n-butanol fraction and 30.85% in the ethyl acetate fraction at 5 mg/mL. These results suggest that the ethyl
acetate and n—butanol fractions of Campanula takesimana Nakai extract could be applicable as food additives

or cosmeceutical ingredients.
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Campanula takesimana Nakai
| — Extraction with 80% Ethanol
80% Ethanol extracts
| — nHexane/H-0

|

Aqueous phase
| — Chloroform

Chloroform fr. Aqueous phase

| — Ethyl acetate

| |

Ethyl acetate fr.  Aqueous phase

|

n-Butanol fr.

n-Hexane fr.

| — n-Butanol

Aqueous phase

Fig. 1. Procedure for the extraction and fractions of Campa-
nula takesimana Nakai by various solvents.

2 24A7 B 33 FES U, FEAL AHA
(Whatman No.4, Middlesex, UK)Z 0440}93\‘:}. odS 40
°C 82| A rotary vacuum evaporator(EYELA A-1000S,
Tokyo leakikai Co., Tokyo, Japan)E &wjS A AstaL 7+
-FFd 5 52 Ax3 4°C o)tz WAR IS EA A
ol AF&3FA T 80% AE-E FEES Fig. 13 29| se-
parating funnel®l] 23+ &vjd E &0 F p-hexane, chloro-

form, ethyl acetate @ n-butanol® A& F=3 & 7} 23
& rotary vacuum evaporatorZ ¢ - =3 o2 54
AZAA FE& Ao

= Zf|dl= gt

= 2] phosphomolybdic

A 1 mg/mL T2
methanol®l] €341 A]52 <Y 0.2 mLe} Folin-Ciocalteu’s
phenol reagent(Slgma St. Louis, MO, USA) 02 mLE #H7}
ste] &3k & 383 Ao A vhgAIZ) H 10% sodium
carbonate(NauCOg) £8 3 mLE 718t A 1A B
ot HFx|3le] A5 AS 765 nmollA FFEE =H3 YT
Gallic acid(Sigma)E ©]-8-3lo] T4

o
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DPPH radical 275 &4

4at 84L& 1,1-diphenyl-2-picrylhydrazyl(DPPH, Sig-
ma)E o]&3te] A8 gr)d AAF I (radical scaveng-
ing effect)E =7 3}= BloisH (28)2 &8319th 4 B8 &
S FEH(0.1, 03, 05,07, 1.0 mg/mL)Z A Z3F A& 0.2
mLel] 0.2 mM DPPH 0.6 mLZE 7}3}al vortex mixing 3
A2 A 1587 vEAIZ]l & BFFEAE o] 83t 517
mmol| X EFEE =33t DPPHY 344 93t E3= 7+
&5 AT FAE T AT S vl free

acid®} ¥Hg3led HAE Yetdle A E o]&3 Folin-
2}
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radical 2AES ZA3AT ol ICs(mg/mL)2 F
S A7PHA &2 2T gS 50% A= FE
9 T=E YelWon, 7|E9 d4ksAQl ascorbic acid

o o

ABTS radical scavenging activity &

ABTS radical scavenging activity2] &% Pellegrin 5
(29)9] el ols) 43Tk &, 7 mM ABTS$} 140 mM
KoSo0g& 5 mLi88 uLE 470 o7& 3ol 14~16A17F W]
Al71 &, o] E absolute ethanol®} 1:88 HI&Z 499] 734 nm
oA e FFE ol 0.7+0.0027F H=E A3
ABTS solutions AH&-3FAth 500 pg/mL =] A58
50 uLe} ABTS solution 1 mLE 30% E<F 48 & 2587
incubation 3} 734 nmol X FZE=E A3} ol 4
o o3 As&S ALtstA

Radical scavenging:( s

activity (%) =

Reducing power =&

Reducing powere Oyaizu(30)2] Wil uet SA3+4
o == 7}z 2e)shed (0, 50, 200, 300, 400 pg/mL) A7t
3} +=E 1 mLol sodium phosphate buffer(0.25 mL, 200
mM, pH 6.6)¢} potassium ferricyanide(0.25 mL, Sigma)&
EFAZ L 283 EFES 50°Col A 208 52 incubation
A1zl & tricholoroacetic acid(0.25 mL, 10%, w/v)E 3 7}A]
71 & 108 F<F 3000 rpme. 2 YAEYE A|A A A(05
mL)ol| €o]25(0.5 mL)} 1% ferric chloride(0.1 mL, Sig-
ma)E F7IA1% 3, UV/Visible spectrophotometer(Shimadzu
UV-1800, Shimadzu Co., Kyoto, Japan)& AF&3ta] 700 nm
A TF=E A

Superoxide dismutase(SOD) A 2 &F

Marklund$} Marklund(31)2] WH 2] WS o] &3] Al
759 SOD A8 S S48t 5, A= 01 goll 50 mM
tris—cacodylic acid buffer(TCB, pH 8.2) 10 mLE 7}3+ &,
0.1 N NaOH¢} HCIZ pHE 822 243t th o] &9 09
mLell 20 mM pyrogallol(1,2,3-benzenetriol, Sigma, 10 mM
HCIE &7l2 3t A=) 0.1 mLE H71eHE 1 mL pipette®
33 E§sle] 28F 420 nmoll A F3% HEE SH39
—B
C
A: Absorbance at 420 nm determined with test sample
B: Absorbance at 475 nm determined with buffer instead

of pyrogallol
C: Absorbance at 475 nm determined with buffer instead

of test sample

SOD-like activity (%) —(1——

)% 100

Tyrosinase X{aff &H
NZZ F2E9) tyrosinase A3 AL Yagi 5(32)9
W o) whel 24 38E T 0.175 M Sodium phosphate buf-

fer(pH 6.8) 0.5 mLel] 10 mM L-DOPAE =<l 7@ (0.2
mLe} A58 0.1 mLE EF3 &9 mushroom ty-
rosinase(110 U/mL) 0.2 mL #7}3}e] 25°Coll A 287t wk-&-
A7 %, A4 E DOPA chromeS spectrophotometer] 475
nmol A FFEE =439 Tyrosinase A3l E4-& A
SENY H7bret BRIV FRE FAES HES(%)

2 UErpa.

-B
c )% 100

A: Absorbance at 475 nm determined with test sample

Tyrosinase inhibition ability (%):(1_

B: Absorbance at 475 nm determined with buffer instead
of enzyme
C: Absorbance at 475 nm determined with buffer instead

of test sample

SAHAzZ|

BE AL 33 o] viE AAlsigon, doxl A%E
2 SPSS 14.0(Statistical Package for Social, SPSS Inc.,
Chicago, I, USA) softwareZ o]&3te] 93 xto|7F 9
= &9 s A Duncan’s multiple range testE p<0.05
FEodA FoA FAES AASATH
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o
basis, %)< AlAFet Axl= Table 13
B FE2E Sl EEEY FE &2 water(74.53
96)> n-butanol(12.73%)> n-hexane(10.82%)> ethyl ace-
tate(1.26%)> chloroform(0.65%)2. 2 water &3 Ed| A 7}

FEE Yok A= 33)3 18P A FA G BT

(e}
o [e]
AP E water FEE| 7I1F & FEF S YEH

Table 1. Yield of each fractions extracted from Campanula
takesimana Nakai

Fraction Yield (%, w/w)
80% Ethanol” 35.18
Fractions of 80% ethanol extract”
n-Hexane 10.82
Chloroform 0.65
Ethyl acetate 1.26
n~Butanol 12.73
Water 74.53

11 "Yield(%)=weight of solid extract/ weight of dry sample x 100
Yield(%6) = weight of solid fraction/ weight of 80% ethanol ex—
tract x 100.
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Table 2. Total polyphenol contents of various solvent frac—
tions from 80% ethanol extract of Campanula takesimana
Nakai

Table 3. DPPH radical scavenging activity and ABTS radical
scavenging activity of various solvent fractions from 80%
ethanol extract of Campanula takesimana Nakai

Solvent Polyphenol contents (mg/g GAEY)
80% Ethanol 129.27+0.857%
n-Hexane 130.98+0.18°
Chloroform 156.79+0.56"

Ethyl acetate 276.26+2.00°
n-Butanol 158.45+0.51"

Water 107.34+0.18°

DGAE: gallic acid equivalents.

YValues are mean+SD (n=3).

YValues with different letters within a same column (a-f) differ
significant (p<0.05).

& Zojhlzs g

gutF o g AEAE ] i3 B HEA 35
AJEZAZ AAFY e AR E#A 3o gallic acidE
EFEA0Z o] A3 BEFHOBZRE 2T
s S FAFSIe] Table 201 YR Atk

AxEY F ZY0E 32 80% e FEEA

129.27, mhexane 130.98, chloroform 156.79, ethyl acetate
276.26, n-butanol 158.45, water 107.34 mg/gS. 2 ethyl
acetate> n—-butanol =chloroform> n-hexane> 80% etha-
nol> water B8 E& 22 Yeh #HE33E0] F+Z ethyl
acetate =& th&F EATS AT £ UL

Lee 5(35)2 £5E4F AHA79] 80% Wl&he FEElA
A 9 12069 pg/mg, =A74F 9 13022 pg/mg, TN
<k 9 66.48 pg/mgel F s S e

B389 Lee 5(36)F Lee 5(37)0] A E3E3 A2
71 B2 d=gEol 3l

3 E = ethyl acetate &8 &

T Baste] B A9 HE31gE o] FE ethyl acetate
g 4o, Choi 5

(38)& &9 ZEldE e U‘&Ol AR 10.2 mg/g,

3% 4.7 mg/g, 3% 7.0 mg/gelet RustygY. uet

A 9o A7 A4S R o, £ AT AT B

s FEFE HAE AR UrE}"LE]'

DPPH radical 71+
71Ed & 4% g4siA )l ascorbic acidE ¥
TOF 3l HxF FEE £YEHY It 44 o

ZA3}= Table 33 2t} DPPH radical 2AZA S 13 5%

o] W& ksl &3 Wt FH o2 HE AHEE 50% A
7= 52 IChe 2 Yeh it A% 22 DPPH radical
2AGRE %Q Z ol A ethyl acetate £ Zo] =& &

AL e A, A thEZ2<] ascorbic acidbE 7913

el #olE YeRN A 29kth n-butanolZ chloroform £ 8

o,

ot BN

&, nhexane® 80% o2 EFENE F2x17} 1/}E}1/]—
A Fkow water £EEL AAF BIES M B

242 Jenaick

NZRE 4§ B F§

>

=2

u

He

i

u

AYAE F

1

DPPH radical ABTS radical

Solvent scavenging scavenging

activity (mg/mL)" activity (%)
809% Ethanol 1.0840.017 23.8240.36°
n-Hexane 1.06+0.01" 14.46+0.09"
Chloroform 0.55+0.01° 63.2740.22¢
Ethyl acetate 0.1320.00" 98.96+0.15
n-Butanol 0.34+0.00° 66.37+0.35°
Water 4.64+0.32° 6.82+0.17%
Ascorbic acid 0.03£0.00¢ 99.42+0.15°

D Amount required for 50% reduction of hydrogen donating

activity.

?Values are mean=SD (n=3).

9Values with different letters within a same column (a—g) dif-
fer significant (p<0.05).

AB9)2} A= (40)= ethyl acetate E& oA 714 & DPPH
radical 244 HYte= AT Aol dx5t9 o4,

14'%(33) n-hexane ¥ 38, 0474;7_] 01(41)_9_ a-butanol %

ar HJ—OPE At ]Eiﬂ ?’Jé‘}ﬂ"é«] o*% ’51%"
9 o5 = e
Hol| uta} A3+ x}o] 7} 1/}1:}1 Hﬂﬂi
AT AR T AsTEel M =4 S8
acetate ¥ &4 DPPH radical iﬂ %Vé
Hol, 7 3% % °l
A o S R g A /‘él,:_ §7}§5_‘:1r\_ Seo %‘(43)9] Hie}
frAtst A

ABTS radical scavenging activity

H2E 259 294 05 mg/mL 559 ABTS v
Z A A4S H71E A7 Table 30 UebA ule} 2o)
AZxZ29 ABTS &2 &7A AL ethyl acetate> n-bu-
tanol> chloroform> 80% ethanol> n-hexane> water =2
2, ethyl acetate £ &4 9896%=E 71F =2 IS
Hof gxk3l 2791 ascorbic acid(99.42%) &3 ¥l w
Al B A 59| ethyl acetate & Ao] FHH X% &g
< & & U Choi 544)9] b5, B2, 54, &
&, @4 A% 5 1459 A FE2E0] 50 mg/mL F 5 A]
90% ©]+2] ABTS radical 2452 YEM A B3k
A vlwe g B Ao A8 HExF 9 ethyl acetate
TYE 0] 5L AT F A

Reducing power

NzF FEEY £¥EL01,03,05, 0.7, 1.0 mg/mLe]
LA Felol oM Feol2o 2ol 8 & =43}
o0, o] 700 nmol Ao FFE o2 Jepfich 89
gol 255 xad szl BasEE Fast Ao 2
2AYSE B %ﬂ < Uitk Hzge) e
= TR} E71) we) FAE FA7
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——80% Ethanol
—&- n-Hexane
—&— Chloroform
- Ethyl acetate
2 [ -e—n-Butanol
- Water

0.1 0.3 0.5 0.7 1
Concentration (mg/mL)

Fig. 2. Reducing power of various solvent fractions from
80% ethanol extract of Campanula takesimana Nakai.

FoF oz F719S YehAth(Fig. 2). H2% F259)
B3 E F ethyl acetate #8Eo| 2552 714 £ §4=
FHE YeERRITh Kim 545)L s 558 2 &3
Zo] 93 g =43 A7 1.0 mg/mLolA ethyl acetate
B3 FFE FX7} 2602 71 E=A JEheH, 80%

1 :()_%_‘ o
o gkg FZEE 2.37, n-butanol 1.74, n-hexane 0.76, water
0.56, chloroform 0.38 <£2. 2 &34 % X2 et
B3R oM, Lee 5(46)2 ARIE vetE, olghE, oA
E(1,000 pg/mL)el A 242t 0.275, 0.233, 0.1019] &%
€ et Bt ath wetM HAxF FE2E9Y
= ethyl acetate 8 E o] =751 ethyl acetate
Hoe 22 F35 FXE JEAAT AnE F

o WsHE Mud Ee Bd=e Yo

r\‘lm
o,

Superoxide dismutase(SOD) FAF &4

A E B2 w3A s B A e Ao
A dE SOD AL pyrogallolol] ™3k 254
B £

FES 1 mg/mLe =2 S 27 HAxF5L2 80%
B2 FZEo] 16.75%, mhexane 38.42%, chloroform
57.88%, ethyl acetate 62.27%, n-butanol 70.56%, water
15.82% 2 YElg o #8EF nbutanol #EENA 717
EL& SOD A 235 Ye oy, tiz72 ascorhic
acid®] ZAJol vl8] skt 80% o ere FEE3} water &

=2
3} Bh&-& ol &3te] S HTable 4). 4xF =
i=]
o

}Oﬂﬂﬂ

Table 4. Superoxide dismutase (SOD) like activities of vari—
ous extracts from Campanula takesimana Nakai

Solvent SOD like activity (%)
80% Ethanol 16.75+1.82"%
n-Hexane 38.42+0.26°
Chloroform 57.88+0.38°
Ethyl acetate 62.27+0.14°
n-Butanol 70.56+0.43"
Water 15.82+1.78"
Ascorbic acid 99.95+0.06"

})Values are mean+SD (n=3).
PValues with different letters within a same column (a—f) differ
significant (p<0.05).

HE7] SN FAATE YEGA st

Lim 5479 =3 8 2ES dide 2 SOD fAHE
S ZAEE 23 ol Y 22.90%, ek 1650%, HHl 15.00%,
OB % 753%E JEPIThE Bae} nlwdtH, A% 29 80%
Nee FEE water Y ES AT 02 FYE A
$ vlaA 2 SOD FAMEAE S YER S, An Lee

(48)9] AAIAL B FEEH JdEE FEE0] 12% 7T
SOD fAHEAS Jetdths 23¢) Blustd, 4259
mbutanol¥ ethyl acetate £ EL 7|&Eo| HudH o8 =
o] AAZRT ¥laA 5L SOD AR S §<—°—U‘], Ak
3 At =2 A AYo g o] 8o] /e Aoz wud
o}.

Tyrosinase X3l &H4

AZE 80% s FE2E3 1 BEE9 tyrosinase A
3 A AL 01,05 1, 5 mg/mLe] =52 33P0,
AT FEEL BYE BT sE27F 2ol wet 93
© 2 F7be . Fig. 3914 H4%% 9 nbutanol #+EE2
22.36~34.77%, ethyl acetate ¥38 &2 17.34~30.85% 2 A]

BYEE f9808 %2 tyrosinase A8 A4S YEFAS
© ™, chloroform #3 &2 596~1937%%E £ & F 2
g4s veElidoh

Choi 5(49)2 methanol &% 1 mg/mLe] F=o|A v}
2H96%), A (54%), 7Hx(52%)9] AHEAS HustgT)
Park¥ Chang(50)& =etg]HA, FEolMAl, dAHA &
SAHA #5528 water = E(1 mg/mL)dlA 7—}7—1 40.2,
515, 67.3, 48.0%2] =& tyrosinase A3 A4S BRI, 4
oA EZEL cthyl acetate ¥ E(1 mg/mL)ol /\1 782
%9 =2 A3 EHE BYTE B HwdEd A2EY
tyrosinase A 3]&4do] Wt} 22t} 1,000 ug/mLe] %
ol A R4 15%, 2k 28%, Ak 25%, 18] al AkeRe- 11%
o] A& &S YAt Choi $(49)S B ust o). ol gk
&5 EME FEI VIFEUR] F719 o FEEAAE &
7} 4.05%9F 11.94%¢) A s &75 JebAThE Lee(51)9] B

3o} A9 olgre, & FEEo] 217} 27.61%, 12.96%(1,000

70

—+—80% Ethanol
60 | -®n-Hexane

—&— Chloroform
50  —< Ethylacetate

—- n-butanol
40 + —® Water
30 | /
2 | //’/
10
0

0.1 0.5 1 5

Concentration (mg/mL)

Fig. 3. Tyrosinase inhibition of various solvent fractions
from 80% ethanol extract of Campanula takesimana Nakai.
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ug/mL)E}i Lee 5(52)9 A#4E vlwstd, AxE &9
=L tyrosinase A3&S YER O IR AFe] &
At 715 AFl o] 8713 AEALA A

dr.

=

[o rE il
oE

ﬂ%
2 A}

l:rll

o of
L |
B AqpE= A i%(Campanu]a takesimana Nakai)2] 3 2]

7] 913 71 A8 E 932} in vitro

35.18% o, o] oﬂ EHO}Oq £u
&0 7453%= M =%
ethyl acetate, chloroform $=°]1t}. X
59 & ZZdE 32 ethyl acetate - EA 276.26
mg/gl. 2 7F =7 YEbsth DPPH radical £2AE4 S
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