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Enhancement of Antioxidation Effect of Platycodon grandiflorum
with Vitamin C on the DLPC Liposomes

Bo-Young Kang, Mihyang Kim and Song-Ja Bae'
Dept. of Food and Nutrition, Silla University, Busan 617-736, Korea

Abstract

The effect of antioxidant activity of Platycodon grandiflorum (PG) on the liposomal phospholipid membrane
was investigated by spectrophotometry. Membrane oxidation causes damage to the membrane fluidity and
permeability. It brings further destruction to the sustenance of biological homeostasis. In addition, it is related
to several diseases, aging and carcinogenesis. The sample PG was extracted and fractionated to five different
types; butanol (PGMB), ethylacetate (PGMEA), ethylether (PGMEE), hexane (PGMH) and methanol (PGMM).
The oxidation indices of PGMEA and PGMEE fractions in oxidized dilinoleoylphosphatidylcholine (DLPC)
liposomes had stronger antioxidant activities than that of & -tocopherol and were similar to antioxidant activities
compared with butylated hydroxy toluene (BHT), a well-known potent antioxidant, in oxidized DLPC liposomes.
The oxidation indices of PGMM extract, PGMB and PGMH fractions exhibited weak antioxidant activity com—
pared with @ -tocopherol in oxidized DLPC liposomes. The oxidation indiex of PGMEE fractions added with
vitamin C showed even strong antioxidant activity in the oxidized DLPC liposomes. The oxidation activity
of BHT with vitamin C also proved to be stronger than BHT without vitamin C. Therefore vitamin C evidently
helps to improve the effect of antioxidant in DLPC liposomes. These results indicate that potentially bioactive
substances in PGMEE fraction has a function as potent antioxidant against phospholipid membrane oxidation.
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o

h}l’
By
K3
>
20 o2 X,

FE
omn

o] AW F8 A7)
I &AL o8 FF72 9A
WA 2 A= ek (1-3). A
F TAAE A AL B3} Ak g4k 9}
free radicalell & &) FAksiub-g-o] A= o] ub-S-
Aoz APHAH4-7). 12 22 free radicalell &gt 7‘]
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WA o2 AE 2E 229 B4 298] 3 dA4)
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A 3THE9).

Z2X|(Platycodon grandiflorum A. DC, PG)E 22Z%
(Campanulaceae)ol| 43} thd 4 2224 g4 9ot
(10). ek a7 7} Qlvhs Zelkx] & dhefg-2.= de] o] &
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Hol growi(11), #Tolle AR A2 1 SnfEke] HA
ksl ol FAolth kol = i, A, HEAdd,
A& ef, 4, 253 F71, 713, A7), A2A 2 AZ el A
AZA F43H 2ola 9l 57 Sell= A3} Qlkx
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DLPC Liposome®ll 1A= Ze}x] 5489 ulgtul C Hrjol o8 a3y A5a5 507

< AHF shetw wekl C2 EebA) 4 3382 slale]
EebA] & Eol o uletl Co) ALs} A Ao} o) B
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PRFEPow 2t ulw Eshech
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Platycodon grandifiorum A. DC(PG)+ 20000 59 #-4}F
g FALE A&l A 4] 8ted vl L- a —dilinoleoylphospha—
tidylcholine(DLPC), « ~tocopherol®} butylated hydroxy tol-
uene(BHT), vitamin C& SigmaA}(St. Louis, Mo, USA) A
EF& T3k A-319.29, benzoyl peroxide:= Polysciences
Inc.(Warrington, PA)E 48] 7l 3le] AL43lgich 2 9 o
T-oll AHSE Lol g Aok EF mE dFE ALEssi

ANgeol & 4 2=

A 822 A" =2k X (Platycodon grandiflorum A. DC)
FA, A 2 g5 A A A A F ARAHA
Baksl st Az A B2 70~80°Coll Al methanol® 33]
B3te] 13 o)l 44744 Zld sbFete] 253 F, 3@]*4 ]
57|12 2 5531 methanol & AAE 3 54 Ax
3}od methanol 52 (PGM)E A ¥ ol A}‘-Q-?T]"’ﬂ‘:}'

0] % %% v}4| n-hexane(PGMH), methanol(PGMM),
ethylacetate(PGMEA), ethylether(PGMEE) % n-butanol
(PGMB)Z 7+ #4474 Eejste] zbzt B8 A 22 AL&
st

aly

°I’~] r—r-'r"

QIXIE liposome M=

£3¥3} ¢lx)A L- ¢ -dilinoleoylphosphatidylcholine(DLPC)
& A3 #3 ¥ methanol/chloroform(1:1) &3 &9 &
g3l AR A-E g3 A7) F AR ke 1= (10 pg mL ™)
ol E2}#] g-uH 32 E-(PG fractions, 2 g mL ™), @ ~toco-
pherol(2 ng mL ') ¥ BHT(2 pg mL g 47 7} 3 N,
gasstoll A Al 3h-& Feirpa] 4o & def Bl gk ¢l
A A Heo &—‘4 o] gk gz ATt 3
gol AAle] & ojaboll Al oF 147} Fot 3t
Bich °]E%‘7ﬂ THE Q1A A Az uhe] oA
(phosphate buffer, pH 7.4)2 7}3F 3 A}A] o]
30&7}F HbA 3l 2 vortex & o) -&3ted vhA] 3027 50 o
Z24hg 33 WhE A Ajste] 2 liposome(multilamellar
vesicles: MLVs)S A Z3}l9 ). o] liposomedll benzoyl per—
oxide(7 ug mL )& 77} 3 7}shed 37°C vl o7l el A A1zh4
AAHEE M 44 7F Bk W ste] Abgstith

ZEIX|FEE0| B|Et2] C A7} 28229 liposome M=

B¥3} QIx]A L- ¢ -dilinoleoylphosphatidylcholine(DLPC)
AdA S #3F 3 methanol/chloroform(l:1) £3% & &
ALg-8le] L3 Al

2 & A=k A4 10 ug mL e 2

PG fraction(2 pg mL™), a@-tocopherol(2 ng mL™)3 4
BHT(2 ug mL )% #Astz Azt F) vletal C 2 ng
mL & 7ht F N; gasstel A AP RE E27bAA S0 E
e R-AE A ke A HEL U utEc} o] ¢k o} =] Al ut
2L AF 28 Yol 1xA DLPCH A4A °] 2% o4t
}5 ] ;(]21
Az ate| Ao AE8 0—'1‘(13hosphate buffer pH 7.4)%&
7}sta, DLPCS) AbAlo] £ o] Abell 4] 307} Hb=] 814 vor-
texZ o]-&-3lo] 3027t EE] of 22 33 WhE Al A 8o
A& o] AF2-F c}E = liposome(multilamellar vesicles : ML~
V)& Az} ). o liposomes)] AH8H A4l benzoyl perox-
ide 7 ng mL™'g 77t A 7}sted 37°C v o] ol A] 141 7H-4-E
o) Al Zbelc} 44 7F ok WA E A AR =5 A E o

2x3} q1x]& <l DLPC liposome®l] 4+3}Al benzoyl
peroxideZ ¢l 914 2.2 7}81 :Jr/\b}g-g— AR T AL
3A717) A FF =t AbsA 7] 3 A E AadstE e 45}
Aeg FRres st & 48t A A 1f Fed
ol 202 nms} 4b3 F FasAA F4Q 234 nmel A1 9
v}(234 nm/202 nm)E 4+3}
a2 Bkt Abs A 52
DLPC liposome2} At3HA] 4= oF 441 7Hg-<F kA 3} 4] =

A Zkeiet 33 ~53) % A W3S st 1 PFgE F
stel o v E3 = 7H-S Spectrophotometer Uvikon 860(USA)
& AHg3te] EA ksl
27 o 7%

Fig. 12 4k3} 217} 39 q14]4 liposome 72§33 =4
S vepdl 7l e, AbshA] S (oxidation index)= 4ksh A A A
I8 F502 202 nmelMe] FEEE JIFELR s
Table 1-& 223} &4 L- ¢ —dilinoleoylphosphatidylcholine
(DLPC) liposome®ll Platycodon grandiflorum A. DC(PG) Z+
B3 Eg 7lata 4k3A17) F, DLPC liposomed]] X &= &
2hx) B8] 50| izt A RS A A SR Bl ug AR A
A5 7pe F AR AAbsE o] ]l 234 nmell A 9]
F4=oke) v]E vhebdl Ze]eh(20). S DLPC liposome®l]

Telx| e} 7k B35 dAeks 713)aL benzoyl peroxide®
A A7 & xebr] 238 F9| itz = E butylated hy-

droxy toluene(BHT)3} « -tocopherol-& 7}3F 74-$-2] At
3 F3pe} wlarate] 1417F FX-E 4X7H74A] 9] AbskA| 5
AAE 2 v el Boteh 4 A7 FFEqA 2

r

ri s

2= A FE 7 A $aL AR A1Z] DLPC liposome
o B8 5FF2 relx| L 23 ES S A 2T

wolown o] Axtel o8] xelx] 7 E¥ 3] DLPC liposome
of M =)= §Aks A9-E & 5 vk = ok E 3HAE A 9
A8l =& w|dlr) 93y @ —tocopherol®} BHTE 713}
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Table 1. The oxidation indices of Platycodon grandiflorum A. DC fractions, @ -tocopherol and BHT on the benzoyl peroxide-
catalyzed -DLPC liposomes

Oxidation index (234 nm/202 nm)

N %

Liposomes 1 hr 2 br 3 hr Ahr

DLPC 0.658+0.03” 0.735%0.12 0.751£0.09 0.778+0.05
DLPC+PGMB 0576%0.05 0.649%0.03 0.690+0.06 0.754%0.08
DLPC+PGMEA 0.493+0.05 0502%+0.08 0517+0.04 0.528+0.09
DLPC+PGMEE 0.484%0.09 0.497%0.02 0.494+0.06 0.505%0.02
DLPC+PGMH 0.596+0.02 0.6210.01 0.670£0.07 0.712+0.04
DLPC+PGMM 0.583+0.01 0.633=0.08 0.678%0.11 0.728%0.10
DLPC+BHT 0.470%0.02 0.483%0.02 0.489+0.07 0.497%0.06
DLPC+ « -tocopherol 0528%+0.04 0.540%0.05 0587£0.08 0.655+0.05

PDLPC: L- « -dilinoleoylphosphatidylcholine.

PG: Platycodon grandiflorum A. DC.

PGMB: Platycodon grandiflorum A. DC buthanol extract.
PGMEA: Platycodon grandiflorum A. DC ethylacetate extract.
PGMEE: Platycodon grandiflorum A. DC ethylether extract.
PGMH: Platycodon grandiflorum A. DC hexane extract.

PGMM: Platycodon grandiflorum A. DC methanol fractionate.
BHT: butylated hydroxy toluene.

PAll values are means=SD of at least three separate experiments.

1.0 E(PGMEA)2 0.493, ethylether ¥ E(PGMEE)-2 0.484,

hexane 232 (PGMH)2] 7%+ 0596019 2 methanol &

i —A 2 2 (PGMM)< 713+ 7-$-¢] 4k A] 4+ 0.583°1%ic}. BHT

''''' B = 7}8}3 Ar34A)7] DLPC liposome®] 7-$ 71 Abshx] 47}

08~ i T g 047001213 @ ~tocopherol®] 7-$-& 05280141t} o] A2-&
]

! Z3g}s] 59 PGMEE®} PGMEA 23 &% 7}&+ DLPC lip-
osomes] 7% AER) 27} 247} 0.434 2 049322 AL HA
Vet 1 o] 23} ¢ -tocopherol 7HEH 799 05288 ¢}
A & AEa| 5 Vehgglew, 7Hg 34EsA o BHT
o) Ak S 04707 A Y v] %7 54 FAkst £3r) et
[ U} 28|22 T2hx] 2] ethylethers} ethylacetate—- 4o
[ o L o} 738 34k TAlo] EAFL S L EATEE
galg 5= glgich ¥4 PGMB, PGMHS} PGMM—E.—EJ,
713 73 $-ol = PGMEE$} PGMEA] vl A & =lefst 3
3} 2371 Jdehgo), Aubd o 2 7h AbER| s Al 7o
42 234 Zrbslda o A2 AR R ¥R
o} (Fig. 2).
Table 2% =2}x)9] 7+ £ E F 7P 4% 3434
7121 PGMEE #3838 A=3 F vleld]l CE A% 5=
2 Arislel S o vletnl C kg b 34ty
Wavelength (nm) & vl 7é £3% A3ol} = PGMEE 2 ug mL ™o H]
Fig. 1. The representative UV spectra of DLPC liposome (A), C1ug mL'& 7}3ted 1:059) Bl &2 g F v|etql Co A
oxidized DLPC liposome (B), and oxidized liposomes incor- 5 81:1,1:2,1:10,1:30 ¥ 1:509] B &2 57 }"‘]7:]
porated with the oyl cther fraction of Platycodon grandi-  wjetq) o) aqrshe] A4 a2E vl A Esheleh 2 A%
A gk vebnl o u)7b1:05 % 1:2 B[ &2 3V 392
Aot vn AEg A3 Ass) A E = 2] 147 A% A A SR} 1019 A$ 2 AR SrE gk dbd Al R
Al8| AbEA| = Uk 02 oo n, A zhe] A d4-E At o} vjepel C A7ke] v] S 1:10,1:30 2 1:509] vl&= Z7t
A= 234 w3lsledct. & DLPC liposomeite] Ak} A A A AS vleEkl CY o] VLR 1F FAdstaea
A& 1217 A 7A] 0658019029, Z812] 4] butanol +3 2 2079 A FH FHE ZH o wE g B 7}
E-5 7F 2 $-(PGMB) 4F8}=| 1= 0.576, ethylacetate #3 2 288 43R ) st o ng, o] Al g AR
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Table 2. The oxidation indices of ethyl ether fraction of Platycodon grandiflorum A. DC with various concentration of vitamin

C on the benzoyl peroxide-catalyzed DLPC liposomes

. 1 Oxidation index (234 nm/202 nm)

Liposomes 1 hr 2 hr 3 hr 4 hr

DLPC+ Vit C? (1:0.5) 0.715+0.12¥ 0.738£0.07 0.765£0.03 0.779+0.09
DLPC +PGMEE + Vit C (1:0.5) 0.420+0.06 0.429%0.03 0.448+0.10 0.472+0.09
DLPC+Vit C (1:1) 0.71840.09 0.742+0.07 0.758£0.08 0.781+0.02
DLPC+PGMEE+Vit C (1:1) 0.414%0.03 0.424%0.06 0.436+0.06 0.450%0.07
DLPC+Vit C (1:2) 0.723£0.08 0.738+0.05 0.760 £0.07 0.768+0.09
DLPC+PGMEE -+ Vit C (1:2) 0.426+0.04 0.438£0.06 0.458+0.04 0.464=0.06
DLPC+Vit C (1:10) 0.780+0.02 0.789+0.02 0.836£0.06 0.851 +0.08
DLPC+PGMEE+ Vit C (1:10) 0.56410.06 0.561£0.01 0.612+0.08 0.646£0.05
DLPC+ Vit Cl (1:30) 0.801%0.11 0.857%0.08 0.863%0.11 0.904%0.02
DLPC+PGMEE+ Vit C (1:30) 0.783%0.06 0.88310.07 0.934+0.04 1.020+0.04
DLPC+Vit C (1:50) 0.899+0.09 0.924+0.06 1.021+0.08 1.208+0.11
DLPC+PGMEE+ Vit C (1:50) 0.815+0.08 0.853+0.07 0.943+0.06 1.030+0.09

YSee the legend of Table 1.
?Vitamin C.

YAll values are means+SD of at least three separate experiments.
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Fig. 2. The antioxidant effects of PG fractions, BHT and

a -tocopherol on the benzoyl peroxide catalyzed DLPC
liposomes.

Reported values are means£SD (n=3).
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EE &8 £ oigt v]ety] Cof s4Akstd 4553 PGMEE
FEEe T Tx vlElwl CE 713 213} BHTS o -
tocopherolell & &32] vletul C& Ar}sled itsty a3}
E d|® HE3Z A= Table 33 2t} DLPC liposomed|
vietnl C F3& 7hsla 1A A § S AR e

A AEE e

o

shA k.
Z&k2] PGM-

07182 Ab3A| 7} o} E9kort, PGMEE®] vletsl C&
A7V A S0l 04142 - o, 22 2719 BHT
o] A2 A3bA] 7} 0.4060] 4 3L, @ -tocopherol®] 7 $-oll &=
050701 iet 2 Aol A7R njebdl C H7HA 9] AbsA] 4
<} vlebul C& 718hA] e¥gt-S w9} AkskA]4=(Table D)E ¥
o8& o DLPCYHY] A -5 A 9lslas 27 A7t
olA vlelul C Hrbel| o gatst A IE FH o
2 2 gladv}. ey} DLPC liposome®he] 7 -$-¢ll= v etsl
C H7p7} Agix] el = M2 F S 32 dka& Stk
Z DLPCRuH] liposomeol pH 7.491 el Abgh&g-o0-& 7151 2
A 272 9359 Blgl O/ AbstE| n2 sy 234 1 Akst
A 57y Z748k e 7HsAlel sivkar ®BAck gk, DLPC
liposomes]] PGMEE £33 &3} njelql C& &% 78l S
ol = A B AFERIF Bapo] o gaksiE el v STt
o8& B AHe B #eld 4 gldeh = ule=l CE A7t
& PGMEE®] 7, BHT S| AF3}A| 9} v] =8k A 35 vfet
g Ao 2 yol EelA 9 ethylether ¥3 Z9)) o} 743t 3}
Abst 53 BAlo] 9las o 5 9,13111‘4, BlERe]l Co] A7t
Qlgt atst Al A5 F5 5 ok A A o3
Z#A2-2 ¥ DLPC liposome®] Hlﬁ}‘ﬂ C dA=s 713k 3
4A 7}y A 7R &) AFskA] == 0.7810] 9.2 PGMEE®] 7
0450019322, BHT®) 7% 0.431 ¥« -tocopherol®] 7%
3R] 5= 066602 vhehd 4417 A 3} Foll k. 3R] £
B8 7habA] @b ool vl AubA o2 AbsiA| ot
o} ulelnl C Hrbell o Gt AcaIE F3o] &
Aok
o] A2l ZAtel 253 DLPC liposomesl] =241 2] ethyl-
ether -8 Z¢l PGMEE #8 &% 78t AbshAl Al 49, o
ubA o g g ofef %l 7Fgt kst <) BHT«] 314—}94- H] =
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Table 3. The oxidation indices of the ethyl ether fraction of Platycodon grandiflorum A. DC, BHT and « -tocopherol with

vitamin C on the benzoyl peroxide-catalyzed DLPC liposomes

Oxidation index (234 nm/202 nm)

Liposomes”

1 hr 2 hr 3 hr 4 hr
DLPC+Vit C? 0.718+0.09° 0.742£0.07 0.758+0.08 0.781+0.02
DLPC +PGMEE+ Vit C 0.414+0.03 0.424£0.06 0.436+£0.06 0.450+0.07
DLPC+BHT+Vit C 0.406+0.04 0.401+0.03 0.414+0.08 0.431%0.06
DLPC+ a -tocopherol + Vit C 0.507+0.04 0.554%0.04 0.601+0.10 0.66610.09

USee the legend of Table 1.
Vitamin C.

YAl values are means=SD of at least three separate experiments.

g 5 Agon ASH DTS o AF 59 43} 4
24 249 $H% A AL S 2350 WA A% AT

Fl sk

B A¥es £x3 A2 DLPC liposome| XA
(Platycodon grandifiorum A. DC, PG)2] £vd 235 o
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ks A4S vl At 2eA] $9E EE F
ethylether ¥-3 &<l PGMEES$} ethylacetate ¥ & &9l PG-
MEAE a -tocopherol®} 725 B} 848 1 AL A7} o}
T 2o oe g FastE S 24 4 qglon, A
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3 ofz] AW S Uqle] & Bt ol MlET A4S U
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FHAEFAAY T4 WS gz AAFHA 53] A F
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