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Effect of B-Carotene and Vitamin C on Chlorophyli-Induced Photooxidation
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Abstract

Skin is continously exposed to ultraviolet (UV) radiation, the major cause of skin disorders including skin
aging. Chlorophylls were well known as photosensitizer initiating subsequent chemical reactions such as
photooxidative deterioration of cellular structures. This experiment was designed to elucidate the effects of
B-carotene and ascorbic acid with chlorophylls on UVB-induced photooxidation in linoleic acid emulsion model
system and skin homogenate of ICR mouse. In linoleic acid emulsion model system, the addition of chlorophyll
and B-carotene accelerated the photooxidation, while high concentration of ascorbic acid prevented. The
combination of chlorophylls, 8—carotene and ascorbic acid, which concentrations are simplified from mustard
leaf kimchi, prevented UVB-induced photooxidation. Although single treatment of B-caretene accelerated
photooxidaiton, B—caretene acted as antioxidant in the combination with ascorbic acid. Similarly the addition
of individual chlorophylls and B-carotene accelerated the UVB-induced photooxidation in skin homogenate
of ICR mouse. 50 ppm of ascorbic acid did not show the any preventive effect, however 500 ppm of ascorbic
acid effectively prevented the oxidation. Photooxidation was prevented in the combination of chlorophylls and
B-carotene with 500 ppm of ascorbic acid and concentration rate of ascorbic acid plays an important role in

the prevention of UVB-induced photooxidation.
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2k 4 :ab F FrlE o] = AR fe] )] Aol ¢
3] dojvlx, F2 29, hematoporphyrin, S&ula} e
A 5EB-o 734 9l 7133 A] (photosensitizer) & &8 2] gl 2.
o o) Zo] Z}AHA T4 9 A A F-& Fdte] Faks s
73} A1 Z1cH5,6). B-7F2 8- fre] e 2] A& < A
& 4 9los(7), 84 AR Bl ekl C A9 4] Fatkst
ZHH AEL BRI 00 #3RAe ERRE T
gro)] 717 =& ubd (-7t Wl vlelq] Co 2 2]
2lol] vl otz ol gt FabshAd R §eF H FA R
wpe} FALEA o] Aols} vhelhd o2 Ho|x|ut 11 7]
zhe vl skt a] o). wpeld B AT e Z 22| 3
Abslol| v] %] = p-7} 28l 3} v]e}9l C2] & &-E linoleic acid
emulsion 5.9 A| 2 ®l 3} o) 22 A g o] §-3lo] ZA}
g3 o)e} tjBeo] Ao HE-E A Aol W
£ Abs gt

4]
-
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Ao ApgEel 229 a9 b, f-7FR e L vlepq]
C, thiobarbituric acid(TBA), 1,1,3,3-tetramethoxypropane
(TMP)& Sigmaoll4] T8} 29 linoleic acide Fluka
(Fluka Chemie AG, Buchs, Switzerland)ol| A 418}t
2 9 AFEL BEFoR ARSI

L

ol

Linoleic acid emulsion2| M=

294 B A Z229 5 F22E b, 712" 2
vlebsl Co] &A3E z48}7] Y3 Ad =LA linoleic
acid emulsiond AFsAch &gl LA 10%
linoleic acid 3 mL, 0.05 M <14t &< (pH 7.0) 6 mL, 5/
T 3mLe} 255 423 A 85 H71E F emulsion® o]
Z 15 mLe} FJEE QA ekzd o g 23 H 30, 60, 120,
18087t A4l BE FAbslsdrh.

ICR mouse T% f&Ade| H=xE

AF ¢k 25 g W2l AAF ICR mouse( 5 EAEH, o
e dg Ar] Ay 2 22 g 2o 29 E 23]
e R3Fz2E golue] 3 el a4 2 Aol Ha
A71% ¥ Kim™} Lee(9)9] uhofl v} =% 74
Atk F dAge] g F2 2L A AHE ohS 109
0.25 M sucrose£9 of] T2 AHe] ol A iris scissors®
sk} A2} A Aeir} H g gt o] H2A S o
A] glass homogenizer2 vl sl FAH N o2 vHE o}-g 4
Al E2](800x g, 208)% H 2 A4FNe E22E a, b ¥
B-7t=l, wlely)l CE 5 =& E3kste Hrpsisdct. o
petri disholl #5384 B2 &5 A5g WA
SFHYZ o] 4-3te] WA FIHA Akl BE 14
b A2 A7 AV T
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CHHe - FA - BAE

AeM B ZAL

Farste] f 25 8 2H9JA B light(5+4 FSX24T12,
39 280~320 nm)7} A" &) A FAL7] (National bio-
logical corporation, Ohio, USA)E- ¢]-£3}<] x}£]Al BE &
Alslgdet. x5 2eldt AlzrF £3g5 914 linoleic acid
emulsion % ¥] %72 N petri dishell F3 20 cm?] ¥0]
AN A A 7k& 2elsle] xpefAl Bell Z A F Tk o] bR
£ 18.3 UW/ecm*(UV radiometer, UM-10, Minolta Co., Japan)
Atk

Thiobarbituric acid method(TBA®)

=) A 2} 2+5}E-Ql malondialdehyde(MDA)S] &=k-8- TBA
W5 o] &3t Z43}gdr}. Linoleic acid emulsion®] 7-¢-
Buege$} Aust(10)9] Hb o] whe} 0.5 mL2] A &l 20% tri-
chloroacetic acid 0.5 mL%} 0.67% TBA 0.25 mL& &3Hg
F 98~100°Cell A 1087k 7k 3kd et vh-g-d & 48] A7
% 3000 rpmell A 1087 AA4lEesta 45 -& #He 532
nmoll A F33 %5 ZA skl

o 3-FA H ol A MDA e Ohkawa S (11)2] W ell
w2t A8 0.2 mLe} 8.1% sodium dodecyl sulfate(SDS) 0.2
mL, 50% NaOH=Z pH 352 B A3} 209 acetic acid 1.5 mL,
0.8% TBA 1.5 mL ¥ /5 0.8 mLE ¥l 95~98°CellA]
6027k uk-5- Al Fth RE A A d] A8 F FH5 1 mLe}
n-butanol:pyridine(15:1, v/v) 5 mL-& ¥ 37 vortex3te] 4,000
rpmell Al HA g & Fejd {89 5E #35e] 532
nmell A FHE5 S4stdct olw ZFEEHEE 1,133

tetramethoxypropane(TMP) & Al-&&}¢1t}.

2w
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Ferric thiocyanate method(FTCH)

Ferric thiocyanate® ol 213 2H4Es}A = 9] 542 Mitsuda
5(12)2] W el we} linoleic acid emulsion 0.1 mL, 75%
o B8 4.7 mL, 30% ammonium thiocyanate 0.1 mL, 3.5%
HClell 2314171 0.02 M ferrous chloride 0.1 mL-& £33}
F A3 3% 5 500 nmellA FF=E S5k

SH e

A AT P FEFAAE FA8ke] 2, SPSS program

£ o] 8-3}9] One-way ANOVAR &3 5 «=0.059 +

Fol A o 271 Vel 9 Tukey test® 2+ 7742 9
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Linoleic acid emulsionoll 27|12l 222E, p-71Z &l
U HEHQ] Co} 2Htstol| ojx|e A&

F22d, p-7k2d 2 vlER Crt A A Bl o8 fr &
== F45le] o] wj gt 4 3-& v 2] =%] £ linoleic acid emul-
sion &l A|~el o2 FAlstolrt ofu] A Azl &4
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4 9l 271X A" & thiobarbituric acid(TBA)Y 3}
ferric thiocyanate(FTC)¥ & AF-&3tgi e}, A3t x] & it
SHE-S HEAELER A = o2 d H3tE F )
1}al malondiadehyde®] 3§ 43} 7o) TBAH oIt}
(13). FTCH & A1 A 4ts} 27] A 5-<ke] FAikshg ek
Z2A43}7] $18) g o= i o2 XA A4S E o 9
8] ferrous”} ferric ion2.2 At3}= s 23ld ferric ionel
thiocyanate?} 5§ A& 3443b4 o]F 500 nmef| A zrH 3}

A &A% 4 Aok,

Linoleic acid emulsion®l| %%
A A AL AFE FEl e g
hyde(MDA)3 &g TBA¥ 2.2 A
eBlglch 25 AT A 2 B FAFAI 7ol B & 8ho]
MDA A4 %] F7hstiz 2223 ast b9 A/te 2
ol vl AAAAEE AT = AR e ot
Fxol Aol A = gkt p-7bRAle A$ 2FE=(E0
pom)ol| A A" #Aabstrt 28 A FhEglom A s e
Az A A B AP 2A1 270 =t 2ol B s MDA A4
o] AAF iz ALz eyt vk wjeial Co AH¢ 50
ppmell 4 XA #Aaksrt &b o 2 A= 9125 10 ppm}
1 ppm®] FEoNA 2 A4 B AL 1A 74 A = 2T 1
t} MDA AA4de) Ao FAatstg dAste E37) o)

%%} linoleic acid emulsion 2.5 A 2= o] A} FTCH ¢l
o LSt A T 24 Aot AlH BRA A
Zrol| vl 9| 8kod linoleic acid®] At37t 7189 & & 9= 9l ok

i3 A RES e
o] A% malondialde-
23 2

(a) 14

12 +

10

MDA (M)

0 0.5 1 15 2 25 3
UVB irradiation time (hr)

—e—con —&—chla-50 -.-m---chia-10
—i3—chla-1 —a&—chib-50 -.-aA---chlb-10
—a———chib-1

Pl AE p-7t2 s} vienl Cof 3% 101

23 a9} b= A4 Bl 28 F4lz s
gl #ofdidi old FroEHor A4d9
Ab3HE HA A7)+ A o2 YEpyt 58] 50 ppmd] FEZ
g a9} b«] HA7be & —TLoﬂ ] 2u o] AbEHE 7H4 5t
Ao 2224 adt b M AR AFENEANE
UehE Ao 1031’/} 5% (50 ppm)d B-7H=H A7t
Al 2ol vl #AabstY 2= FrFetd 2 10 ppmst 1
ppm H7HA] dE2TEH RFARE T o) 9h 2 wiEkl Cof
HArbe v EA o g A4 Bel| 97k 3AabEE o A8}
A3 50 ppm FEAAE o2 A mEe vl A 5T
st e g vehd Aot
AaFe) TN FR2PL AE de) Fxxe] 9]
= Ad 54 Haea HE AEe d5A S8k

Ak 78 A FepllE X E7) S0 % B w e

(Fig. 2). =3 Z=&

744314 71

rlr rL

Aol Mg as, Ad A%y AR AR, 2¥A4L, 25
o] 22 A, AL 5o Al vl AR
AZogx gz ol 85w 9lvh(15). EEEEE FAle] X
w5 Abel] ol 4 &= free radical scavenger®. A+-§-8}o] x)ubd
of A} FALS} 55 WA Y B oje} 3 SdWeld W &
Aol vk ®arl 9loh(16,17). 2y ZF22Y 9 o
FEA S 1o &) Aol 73 A 2 2F-4-8e] triplet oxy-
gen(®0y) 2. 2 ¥-E singlet oxygen('02)E AAFH18). Sin-

glet oxygen BE A ML o) FZ jhell 923 w49}
RES-Ste] SAREES A A7 o] HAFHE L ElH
Frelzlel &3k A 9 #aksE FAAY 53] 2222

MDA (uM)

0 05 1 15 2 25 3
UVB irradiation time (hr)

~—e&—con —&—ca-50 ---B---ca-10
~—8—ca-1 —&—vtC50 ---A---VtC-10
—a— vt C1

Fig. 1. Effect of chlorophylls, B-carotene, and ascorbic acid in the UVB radiated linoleic acid emulsion as measured by

the TBA method.
Values are mean*SD (n=3).

In the caption, chl a, chl b, ca, and vt C mean chlorophyll a, chlorophyll b, B-carotene and ascorbic acid respectively. 50, 10, and 1

mean a final concentration (ppm) in the emulsion.
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Fig. 2. Effect of chlorophylls, B—carotene, and ascorbic acid in the UVB radiated linoleic acid emulsion as measured by

the FTC method.
Values are mean*SD (n=3).

In the caption, chl a, chi b, ca, and vt C mean chlorophyll a, chlorophyll b, B-carotene and ascorbic acid respectively. 50, 10 and 1

mean a final concentration (ppm) in the emulsion.

2 pH®] #]3}4] pheophorbideZ} A == A Aol A 235
ZAH 2 AEE FA5e] FAE VehdcH(19). £ o3l
A E Z22HL linoleic acid emulsion 2= A] Al o)A} 2}
214 Bell 9|3 A AAE S EAAZ s FEIF EE5E
A7) 7148k = S vepde] ol 2 s e] Aete}
A= skt

ole]gl F4tstE o A|3t7] el Akt A 7} AMS-E 4 Q)
S} B E FANE A7} FASE AR e A3 el =
AL oluch & G4l 2] 444 ¢l BHAY BHT== sin-
glet oxygens 2713l o] "olx 7|E2] Fatdlel o
g 3HAEEEH S Vel A] = oH20). 22{v} ascorbic acid,
ascorbyl palmitate, carotenoids$} tocopherols® 22 34k
A e FaksE At 82 ¥HU8.21-22).

Z22go] X3 A E A o= carotenoids ¥ HlEE C

AA AL Boll 23 &L b= vetwl A A7 e]7]
= 3} 53] B~ 2 e8] ebul A &4 o] 8ol & ghakE A
7%, MR 7)5-& 7HA ], et k3R] Soll T8
g Aed #A4E 7R 2 ok RaE 3 9l vh23). B-7H R
Q2 g o2y A el 52] 7 DNAS 2
23} NOz-+2 DNA w2k A3} nitric oxide—F-2H
Eqdwo]o] W3 nE 2SS % Trh(24). 2 B-7F
2] a3t 249 75 Ad =31% A= 3 gl
A QAo A p-7LEENL] A H 7 FAA] A= 23]

<l

Z71A17 4= 9lew] of& nitrogen ox-
=& FAA HoA B-stE o] th=
Al 288k A2 AJ7E o31cH(25). Anderson?t Ander-
son(26)-2 =3 -7} = 9] 414 (100 [U/kg diet)= methyl
mercuric chloridedll 2% CBA mouse?] 7}, 413}, ¥ o] 4]
R A A3 S F7 A ek B 78F95 3, Lomnitsky 5(27)
= 500 mg B-7I2Hl/kg diet®] Aol F = # o il A
MDAZE Z7H 7 k3 X338k v} gich B-7L =89 pro-
oxidant A3+= F 7R 712t o 2 Aol ¢ qled 7
t}3} -7 2 8l peroxyl radical®] A 3} B-7} = €l autoxida-
tion®] 7}<&-3} o Folth(28), ¥ AFdMx p-7t=ElE 1

FEN A FAsE SAshe Aoz it
p-stzast G AeAel oF 2AsT Sl 84

gratkstAl ol vlebnl C+= £33 ¢l 34kghA|olt), Ascorbate
9} Arsb=l el ascorbyl radical T reduction potential
o] U wela AU tlE elo)Zdov) AbsA e} 47
1H-$-3 4= 9l o (29). Ascorbate”} @ —tocopherol radical 25
B] a-tocopherolE& AAAZci= AL 2 odelx] gloo
(30), B-7} 2 €12 radical cation2 47 8}=4d] F8.3F A%
< g}(31). Linoleic acid emulsions )83 2 A ¥ oA &
w522 ARg-E o7 nieky]l CE MDAY A5t =) A 24t
=2 AAE dAslE Aoz el

Linoleic acid emulsion A|AB[O|M E22T, B-3I2
gl ¥ HEHD Co] =Fo] Fatstol ajxl= HE

Linoleic acid emulsion Al 2"l o4 S22 9.8 2 obeix]

n:
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< 7% FAkstel W7 A FE v A=A 5 24 A6
£2249 a9 b, 7128 =& 27 50 ppm, 25 ppm,
50 ppmo2 A sk, wlebel €2 FE= 108 & 500
ppm 22 IAAZ] F o] 58 £33 YA E = MDA ek
& A st thTable 1). o] F=+= o2 AP @) ANA Z7}
7H¢ el 2R A Fell FFF de F22E adhh,
p-7t=d = vkl Co Fxn S A A vehd Flo]
ot 2229 a%t b 221 p-7t2 S ZEEE o b-7F
29 9507 A3t S A vurh At A H
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FUF = A0 FTCH ol 3 2| A 74t}
ast b, p-7H = A-& A A 7}
Hletnl C= A Al 24} 241 2071A]

vheh 9l 2k (p<0.05) EAFAIZE 347t

324 w2
A AE
g 2B

© A AL o3 Al =
(32). 22232 linoleic acid®

st = Gl A ol -2 E 94
S 4del o3 AR HasE fE

3

E37) doizxl Ao = VepdtH(Table 2). F2823
-7t ] A A AALE A B3 vehA] @9k
Zz 291 vjgn Co FFA 2A 1A A7 =
FargtgAdo] ebgt v (p<0.05) 1 o] Felle T3
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Table 1. Effect of mixed antioxidants on the UVB radiated linoleic acid emulsion as measured by the TBA method

(Unit: pM)
c ds? UVB irradiation time (hr)
ompounds 0 1 5 3

Control 0.013=0.0107* 1.441%0.198" 3.467+0.087" 9.805£0.883™
Chlorophyll a (Chl a) 0.343+0.114> 1.272%0.098" 3.975+0.082" 10.604 %0.044%
Chlorophyll b (Chl b) 0.238 £0.063™ 1.348+0.198" 4.337+0.534° 10.562+0.036™
B-Carotene (Car) 0.692+0.050° 2.479%0.134° 5.346+0.223" 11.714%0.120°
Ascorbic acid (Vt C) 0.217%0.162™ 0.877+0.063° 2.407+0.203° 8.759+1.3567
Chl a+Chl b+Car 0.499+0.053™ 1.495+0.058° 3.551 0.069° 9.141+0.044™
Chl a+Chl b+Vt C 0.1420.026™ 0.869%0.001° 2.176£0.210° 7557%0.106°
Chl a+Chl b+Car+Vt C 0.579=0.091° 1.36520.074° 2575+0.158° 8.296 1+ 0.656°

‘“Concentration of samples are chlorophyll a 50 ppm, chlorophyll b 25 ppm, B-carotene 50 ppm, or ascorbic acid 500 ppm, respectively.

Data are mean=SD (n=3).

PValues with same letter (a~d) in the same column are not significantly different (p<0.05), between samples.

Table 2. Effect of mixed antioxidants on the UVB radiated linoleic acid emulsion as measured by the FTC method

(Unit: Abs at 500 nm)

UVB irradiation time (hr)

1

Compounds 0 1 5 3

Control 0.268 +0.008°™ 0.815£0.012° 1.175+0.018° 1.562+0.023°
Chlarophyll a (Chl a) 0.330+0.008™ 1.160+0.042° 1.693+0.069° 2.294+0.019°
Chiorophyll b (Chl b) 0.345*0.020™ 1.001£0.019° 1.500+0.035° 1.952+0.013°
B-Carotene (Car) 0.392+0.055° 0.991£0.022° 1.472+£0.051% 1.906£0.025
Ascorbic acid (Vt C) 0.106+0.023° 0.361+0.043 0.662+0.083° 2,487 +0.048"
Chl a+Chl b+Car 0.395+0.049° 1.224+0.021° 1.962 +0.002% 2.493+0.077°
Chl a+Chl b+Vt C 0.0860.008° 0.529+0.095° 1.287+0.058™ 2.334+0.059°
Chl a+Chl b+Car+Vt C 0.114+0.020° 0.504 +0.024" 1.349+0.050% 2.419+0.187°

PConcentration of samples are chlorophyll a 50 ppm, chlorophyll b 25 ppm, B-carotene 50 ppm, or ascorbic acid 500 ppm, respectively.

?Data are meantSD (n=3).

¥Values with same letter (a~g) in the same column are not significantly different (p<0.05), between samples.
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Table 3. Effect of chlorophylls, B—carotene and ascorbic acid on UVB-induced photooxidation in the ICR mouse skin homo-

genate (unit: nmole MDA/mg protein)
c as? UVB irradiation time (hr)
ompounds 0 1 2 3

Control 1.682+0.381 7% 1.389+0.952° 14.014+1.003° 14.035+0.880°
Chlorophyll a (Chl a) 1.931+0576" 2.326%1.514° 12.862+2.231% 14.639+1.388°
Chlorophyll b (Chl b) 3635+1734° 2.623+0.366° 14.246+0.525° 13.0790.854
B-Carotene (Car) 1.489£0.117° 3.022+0.558° 19.366£3.005° 13.742+1.648
Ascorbic acid (Vt C-50) 0.917+0.156° 2.263+0.528° 15.195+2.432% 14.075+1.929°
Ascorbic acid (V¢ C-500) 1.087£0.173° 0.901 £0.223° 2.144%0.142° 7.448+0.719°
Chl a+Chl b+Car 2.286+0.201% 9.003=0.902™ 12.180+0.813* 14.952+1.215°
Chl a+Chl b+Vt C-50 2.005+0.203% 10.219+0.617% 14.953+0.930° 14.453+0.946°
Chl a+Chl b+Vt C-500 1.672%0.156® 1.920%0.185° 8.307+0.383° 80331 1.220°
Chl a+Chl b+Car+Vt C-50 2.714+0.4662° 11.710+0.536° 15.541 £ 1.240% 13.818+0.676°
Chl a+Chl b+Car+Vt C-500 1.883£0.976% 7.402+1547° 9.211+0.795% 9.506+0.513"

YConcentration of samples are chlorophyll a 50 ppm, chlorophyll b 25 ppm, B-carotene 50 ppm, ascorbic acid 50 or 500 ppm,

respectively.
Data are mean*tSD (n=3).

¥Values with same letter (a~e) in the same column are not significantly different (p<0.05), between samples.
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