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Protective Effects of Lipophilic Extracts from Different Colored Paprikas on Inhibition
of H,0,-induced Gap Junctional Intercellular Communications
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Seoul 110-791, Republic of Korea

Abstract

This study analyzed phytochemicals, including various carotenoids, tocopherol and L-ascorbic acid, in green, yellow and
orange paprikas (GP, YP and OP) and measured the preventive effects of lipophilic extracts from different colored paprikas
on the blockage of gap junctional intercellular communication (GJIC), which is known as a cellular event associated with
tumor promotion. Main carotenoids were lutein and f-carotene in GP, lutein, f-carotene, capsanthin, violaxanthin, B-carotene
and capsorubin in YP, and lutein, f-carotene, cryptoxanthin and zeaxanthin in OP. Total carotenoid contents were 65.54+15.87
mg/100 g dw in OP, 11.98+0.69 mg/100 g dw in YP and 10.30+1.43 mg/100 g dw in GP. Tocopherol contents were highest
in GP compared with in YP and OP, whereas L-ascorbic acid contents were very high in all paprikas. We determined the
non-cytotoxic levels of paprika extracts by MTT assay, which showed less formation of reactive oxygen species (ROS) induced
by 500 pM H,O, for 1h. Finally, we showed that pretreatment of paprika extracts prevented inhibition of GJIC induced by
500 pM H;O; by the scrape-loading/dye-transfer technique. In conclusion, each colored paprika has unique phytochemicals and

showed a protective effect on inhibition of GJIC.
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33221 7K Capsicum annuum L.)= BIEFR] C} E, n|d] 2ol
FhshH, Baze] gt A wet theFet TR0 A8 A
Q1 ke o] =7t e o] Slo] Hde tiAE = = A
AFE 2 Qlti(Jeong et al 2006). ZE] 77T el
Y8 A 2 A Zkort, 1990 TR 7= T E5E
o2 JAsPEA 3z} $2E90] 2008 54175 Dol
A 2011 6,590%F S 2 M E A&t 2 (Jeong
et al 2008), F7}oll= A5 AEo g FEUky Qo) gl
A 4] Edl=o 3gjo] gzelzt Al sl ® 2
A SdiE S ¥ ohdel, ke AT thekst 2719
srzg7pt fE8EHA 1 850 S gdiEa dth

pze)7he Al whet vkt Sl 7FRE =l =Tt §
Fr¥o] ek hzelske] A AL Capsicum Eoll v EA) 5=
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capsanthin®} capsorubin®l] 2|3l =& =] 31(Camera & Monéger
1978, Minguez-Mosquera & Hornero-Méndezet 1994), =gH2l
£ zeaxanthin, cryptoxanthin, lutein 5ol 2|3l(Matus et al
1991), A& 32 B-carotene, zeaxanthin, violaxanthin, p
-cryptoxanthin ol ©J3l W& T Weller & Breithaupt 2003).
ol gl A o] jol= mhizelzt At whet 7)Aol Aol
7F 98 Aoz 7IgE 1 itk Carotenoids® 72202 3}
AEED fEgu gz Qe 24| &= A
FUHAizawa et al 2009). B-Carotene< = 747 2 <&

]

ZH(Craft & Wise 1994), lutein?} zeaxanthine =914 ik
<(Sedden et al 1994, Dwyer et al 2001), capsanthin< &

73} 2 A3 943 @3 Aizawa & Inakuma 2009, Aizawa
et al 2009) 5-°] Ei¥| 3 It} 53] capsanthin?} capsorubin
£ A=gaka(singlet oxygen) A EAdo] BHolU = 2(Mat-
sufuji et al 1998, Maoka et al 2004) =% 3}2 Q3| L& o]
F7Fla e UASETS dAste Y Ao

71t 3L 9}
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A3 7591 Gap junction- Al| 32| J—ZH OH% Ed A B
22 0124 H A AlEZe] &g B4 oS B3l Ax
S FAshe JE8e o, A Ja B3t 24
B Loewenstein 1981, Kang et al 2000). WeFA gap junction
o] &4, Mo Aol Aot IASHA Gap junc-
tional intercellular communication(GJIC)7} 7344 a2, A <}
Zo| v Aoz AErE S84 Aok Kumar & Gilula
1996, Saez et al 1989). Ffo|u} FAitalrio) e ¢S
Fete B2 19 AIEQ] WB-F344 Al XA GIICS
AqAette AT A3y} v BaE A tkKang ef al 2000,
Cho et al 2002). 121} 2 Fo| A Fefishs thakdt & A
B2 54 244 98l fr=d GIICY JAE dishke &3
7F 9t} 289 FEE9| cisplatin®- 2 =% GIJIC A Oﬂ
w2 o]0 RRE H7Zt F HEE HEs= G347} 9
S5 B0 3L(Choi et al 2013), 719X F-ef gt quercetin
(Lee et al 2010), &}R1oA F2Sl= resveratrol(Kim et al 2009),
XA fEl sl pterostilbene (Kim et al 2009) &2 At
shrdne] o3l FEE GICY] A& oAWste 37t e
< HaHAch

T AdME stzelvte] 543}, mea, FgaItE
gete] 7h=E| ol =, ESHE, olnsauite] S S
gokaL, i FYE FE F WB-F344 133 Al el o
FAZ B4E vEEE Hud F sl o) fi
¥ AlEe] ROS Aol ti oAl a3te Sk, 4 Pd
vze] 7t FE=o] ﬂ*&ﬂ#ﬁﬂl o] A€ GIcel g%

o mA=

1. T2 R Alf

22| 7l= SAIHGP, var. Chelsea), :=AIHYP, var.
Chelsea), SFEMIHOP, var. Boogi)E (F) 52 (Gimje,
Jeonbuk) O ZH-E| A|Fio} ARG-EEl o, AlH, H]7}A K-
9 AA, AHBTE), T2 x5t A8 T, Carotenoids
o] FAof] ARS-E|= capsorubin, violaxanthin, capsanthin, lutein,
zeaxanthin, B-cryptoxanthin, p-carotene ChromaDex Inc.(CA,
USA)Z5H, a-, y-tocopherol, L-ascorbic acid+= Sigma Co. (St.
Louis, MO, USA)ol|A] 9]31%ith HPLC& oM EYEZ 7}
HEHE, olHE2 Burdick & Jackson(SK Chemicals, Ulsan,
Korea)ollA] F9)3te] 218815121, S/ Simplicity Water
Purification System(Millipore Corporation, Billerica, MA, USA)
< o]83] 182 mQ o E HAE RS AMESISITE L ¢
k2 duk AJkS Sigma Co.olA Fdste] ALg-FITh

2. Phytochemicals =41

e} HOMAO} furk i erEE

1) FI2E|CO0|= £

7h2EolE #4S fla ZA7te] w42 dxd gzt
A& 2 gol 200 mLe] o E 0 & 20T o)A 24]7F Bt o]
g wj7hA] 23 & HAEE sl ghze]gte] oMlE =
A 10 mLE #3t] 10 mLe] HWE&2} 30% KOH/Methanol
£ 2 mLE E§3te] 30Tl shsst WAs ) v
Eglecy # 20 mLol| /45 7I5kaL, diethylether 20 mLE
HA7FeE £ 10% HSPHEF 10 mLE A7kt 59 %
Jato] ESh= diethylethers 357811, 33]0] A4 3423k
diethylether 58-S &35}9lt} 2052 & 2l s 3122 A
Aslal Rolxl AlE= DMSO° Fo] ARSIt 7F2E] 0]
= 4L JascorlJasco, Tyoko, Japan)®] n&YAAZvIE
) 9(HPLC)E At o, 4] 2712 Table 13 2t}

Ni

ol HFx| 3o dlchloroethane =& —‘rﬂ 0]'
t} A5 —t— FEE 2% Na,SO,Z F718ke] A AskaL, 24t
3] Wekgo] Fo] 10 mLE &3tk ERAE &
_9_

LCE AHg-3ter, B4 =72 Table 13 2Tt

3) olATEEM BEA
olrzEHAF B8 98] A1EFH(KFDA 2003)0]

U=
e Fsisit. shze]gt Al 25 g7 4% wERRIE
(v/v) 50 mLE &35t 4TCollA] 123 B9t £33 & 914]
£-2]3le] 0.45 um PVDF syringe filter(Whatman International
Ltd., Maidstone, UK)& ©]#}5}o] HPLC £4& A 8= A&
agieh. o=z 2HAL 42 HPLCE AHE3Il e, 24
Z71& Table 12} 2tk

3. In Vitro &¢t5ts 9 GJIC &d

1) Mz B R AR ZH|

£ Aol AFE-3F M= WB-F344 rat liver epithelial
cellifﬂ AMEtista ol st R FE Al gitol ARSIt Al

D-media(GIBCO, Gaithersbueg, MD, USA)E A}-8-3}

5% (3027} FTFEE 37C9 AlE 8%7](SANYO, Tokyo,
Japan)ol|A] j °ok’6PS«’iU‘r.

M E A& o] €3+ GP, YP, OP %52 phytochemicals
PR AT 32 F IR RIS BN S FEES o8

s

2) MZ SM AlY
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Table 1. HPLC conditions for analysis of carotenoids, toco-
pherol and L-ascorbic acid in paprika(Capsicum annuum L.)

Carotenoids analysis

XTerra RP C18 column(250%4.6 mm, 5

Column pm; Waters, Milford, MA, USA)

A; 15% H,O/CH;0H, v/v

Mobile ph
obile phase B; 50% CH;COCH,/CH;0H, viv

at 0 min 100% A; at 20 min 55% A;
Gradient program at 26 min 100% A; at 33 min 0% A;

at 42 min 100% A; at 45 min 100% A
Flow rate 1.5 mL/min
UV Wavelength 450 nm
Oven temperature 35 C

Injection volume 20 pL

Tocopherol analysis

YMC-Pack ODS-AM(4.6x250 mm, 5 pm;

Col
olumn YMC Co., Kyoto, Japan)

Mobile phase 100% CH;OH

Flow rate 1.2 mL/min
UV Wavelength 292 nm
Oven temperature 25 C

Injection volume 20 pL

L-Ascorbic acid analysis

YMC-Pack Polyamine II(4.6x250 mm, 5

1
Column um; YMC Co., Kyoto, Japan)

Mobile phase 40 mM CH;CN : 50 nM NH4H,PO, =
7:3, viv

Flow rate 1.0 mL/min

UV wavelength 254 nm

Oven temperature 40 C

Injection volume 20 pL

AEE=A 23S 9sto] 1x10° cel/mLe] F%E= WB-F344
AEE 31@6}@1 24A13F F<t CO, wid7]olA ek &
GP, YP, OP 3Z5o] 719 w2 wssiich 0.1~2,000
ug/mL LIS GP, YP, OP FE&5 F7Iste] 24413t Bt
Hj ket T, wjfo] Bk Al3Ee] AEES MTT assay©ll 4"5‘}
o] 243} th. MTT(Sigma Co)A 2k 5 mgmLe] =
ZA| %, 20 pLiwell 2 53t THA] 37CellA] 4A|3F vl st
ATt MTTE A A A formazans DMSOE ©] &3}

o] &3JA]17] & microplate reader(Molecular devices, Sunnyvale,

27} GIIC A5 361

CA, USA)E o] &3a}o] 540 nmol|A 9] FH=E =331
o Agel AE SAE harsl AEgel B MEEeH
2 Jepisich

3) Reactive Oxygen Species(ROS) &H

6 well A3 vi<F HAloll WB-F344 A|EZE 1x10° cell/mLe]
LR ggste] 37C9] CO, wid7]odA] Al Ato]7} 2k 3]
fratd wj7hx] s sk AxE 540 fle T Hele
GP, YP, OP FZE2 2|3 &, 500 yM H,0,5 EgtAY
E3elA] g2 7oA 1A17E B2t v ket ths- ROS] o
&k 2’ 7°-dichlorofluorecin diacetate(DCF-DA)E 10 pM©] &
Al H7Vsle] 303t 37C] €O, ¥lgF7IellA wiFsisitt. 30
# ¥ Locke's buffer(154 mM NaCl, 5.6 mM KCI, 3.6 mM
NaHCO;, 2.3 mM CaCl,, 5.6 mM D-glucose, 5 mM HEPES,
pH 7.4)2 vj#|o] do} 21+ DCF-DAE 33] A& 3lo] A7
gt = Al W Akst 3= B3l A/dE DCFe] & 3(Ex:
485 nm; Em: 538 nm)= =33l th

4) GJIc &4

Ad w7} 325(GP, YP, OP)©] WB-F344 7133
M3Ze] GIICH| vA| = E3E Hrsl7] 913l, scrape loading/
dye transfer(SL/DT) WS AL&313th GIIC 2732 9l5k]
AZE 1x10° cellmLe] =2 FHF3ted 37C<] CO, vl Y7]
ol A A Ate]7} b3 2k wizhA] wlj ekt 10, 25 p
gmLe] GP, 10, 50 ug/mLe] YP, 5, 10 pg/ mL2] OP A &5
A2 gk 5 500 M H,00 5 EFFeHA U 8HA] 222 27104 1
A1ZE Bt vl gt B2 0.05% lucifer yellow CH(Sigma Co.)
£ H7)ela, surgical-steel-blade scrapers ©]-8-3te] 3719
scrape lines THEATH AF37defoll A 3E3F A2 WX|A]7]
3 4% neutral formalin 2 mLS A7Fsle] A EE 23AZ] o
< inverted fluorescent microscope(Olympus 1x71, Japan).2.
lucifer yellow”} scrape line S 2HE 202 0|53 AglE
“’]_:;él ]—/\/\

4. A HMel
Ado] A #2412 Statistical Analysis System(The SAS
system for windows ver. 8)= ©]-83l] AT HA+HTL
a2 VelQlem, 72+ o] fox AL B B 3
a=0.001 <F5=°llA] Duncan®] TH5 Blagol] ojs}o] 7473?0 Ak

o

#n o o

1. A4a “ﬂé ol=z|7} 7l Phytochemicals &2k
2 2]7}9] phytochemicalsE 43t A3}+= Table
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29} Ptk

GP, YP, OP9] 7}2E|-ol= A4S vlugt A}, Ad
2 HAE9 JIEExo|== GPA lutein, B-carotene, cryp-
toxanthin, violaxanthin, YPoI|A] lutein, p-carotene, capsanthin,
violaxanthin, B-carotene, capsorubin, OPl|A] lutein, p-carotene,
B-cryptoxanthin, zeaxanthin 5-°] YElSTE Thaze]7} A48
% IS vl ws] 2H OPE 65.54+15.87 mg/100g dw, YPE
11.9820.69 mg/100g dw, GPE 10.30+1.43 mg/100g dw= OP
oA FtEE o= Feko] w9 =A YEhdth 53] Gt
YPE TUT FFTOR &4 A Foll A AGe] Mirt
A7 Yehr] Az Ao Koo, dhiko] mimjate] HA
ARl Ao e AA] Kot wdd oz e A
o= HIth

A AT mEw, grevte SYd FEolvss &
Axd wet §8 AR Wbyt 34 YehdtHKim er al
2011). A3} = JLZEw=o]= Fol| A capsanthin®] 713 &
o] gfr=le] glo] F2Ao0 2 Yehe v, mage A4
ot D] 7h2E o] = FolA luteino] FH-5lH, E22E
ASt B7} 3 HfrEo] glo] w0 m W ET o] ¢} o]
gz 7teA 7190shs FtRExolE 24 3 o] Ao
= Aol wet QA n|X= Aol = Aol7) S Aoz
At €

gzg)7lel & FtRE 0= oo EFAHE B olrqE
B o]l =5 Ao R ViEa glo] A EE vwgk A

o

Aol

HOoFA o} RATHEETE

3}, o-EFHE TS OP7) 21.46£1.54 mg/100g dw, YP7}
15.3140.75 mg/100g dw, GP7} 7.81+1.86 mg/100g dw= OP
o o-EFTF o] FlotA E%al, y-EH ES GPoA]
35.56+3.16 mg/100g dwi= 7} 1 3teko] =gkom OpolA
B HEHA it} wbd) ol am e v Al FHEES GP(832.74+
18.59 mg/100g dw)9}t H] a4 OP(1,594.20+21.96 mg/100g
dw)<} YP(1,482.10+68.99 mg/100g dw)ellA A HAE= ATt
HZ y-EFHE0] - ERHEF Bluste] A azsio] ¢
A2 EFa, ooy At Soll tigh A EAt =
o= A5 A (Campbell et al 2003, Kontush et al 1999)7}
o Hasa glo], Ad mhazelgte] A3 7F A7 3l
718t AR wlS =2 o E AlRHh

2. WB-F344 7hatm| M=o Chst M= =4

WB-F344 Ao tfaf A sfaze]rte] =4do] gle
TE A4 Aste] MTTHS ]85t Al A5 oA
= =33 tHFig 1). WB-F344 Aol GP, YP, OP
WS FEERE AR|ste] FPHEaH vwste], AlE A5
°] 80% ©lat7} HlE TEE AIE 540 Uehd ez B
wj(Hwang et al 2005), GP<] 7-%- 500 pg/mL, YP2] 73-F- 200
pg/mL, OP2] 749 25 pg/mL % ©]’dellA normal 3 &
AR o R Foldt 2lo]S Hlow, GPE 100 ygmL, YPE
100 pg/mL, OPE 10 pg/mL ©]3te] FxollA] Ftxel7t %
ol 93k A2 =40 fle A= Ysuith

My ot off

Table 2. Qualitative and quantitative analysis of carotenoids, tocopherol, L-ascorbic acid in different colored paprika"?

(unit : mg/100 g d.w.)

GpY YP OP
Capsorubin NDY 0.17+0.05 ND
Violaxanthin 0.07+0.02° 0.30+0.14% ND
Capsanthin ND 2.37+0.10 ND
) Lutein 5.25+1.78" 5.71£0.93° 58.14+16.10°
Carotenoids
Zeaxanthin ND 0.02+0.01° 0.08+0.02%
B-Cryptoxanthin 0.70+0.47* 0.16+0.09° 0.45+0.06™
B-Carotene 4.28+0.25° 4.51+0.24° 6.88+0.29°
Total 10.30+1.43° 11.98+0.69° 65.54+15.87°
a-Tocopherol 7.81£1.86° 15.31£0.75° 21.46+1.54°
Tocopherol y-Tocopherol 35.56+3.16" 0.48+0.12° ND
Total 43.37+4.08° 15.79+0.75° 21.46+1.54°

L-Ascorbic acid

832.74+18.59¢

1,482.10+£68.99 1,594.20+£21.96"

D Each value was expressed as the meantS.D of triplicate assays.
? Different letters in the same row indicate significant differences (P<0.05).

» GP: green paprika; YP: yellow papika, OP: orange paprika
Y ND: indicates not detected.
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Fig 1. Cytotoxic effects of (A) GP, (B) YP and (C) OP g - _
on WB-F344 cells(p<0.001). £
.‘E 80 -
_ 8
3. 0,2 7T ROS ddof thet mt=2|7t F&5= g8 %
of ofx| &1t g w1
H0,= Al X 1] ROS AL Z31ahs tEAQ IE719 * 20
Az o A 27 J/Pﬁ(promotlon phase)ll Td3l= Zo o0 4 .
2 &84 AtHUpham et al 1997). WB-F344 A 3Ze| T3t monme somml o "
Hzoz‘g] ROS /\g/ﬂ_g_ 010}17] _?,"ISH 500 U‘M Hzoz,% j_]7]_6—’|_ OP concentration (pg/mL)
o] ROS A%< 243 A3k= Fig 29} 2tk 500 pM H,0, © e

& *2]3} control T normal T2} Bl w8t} (7] E%k=100%)
131.89+15.95%2] ROS AAdo] F76h= A2 YElyT] A
g 9tz a)7) &5 ROS AA IA duEads Hrtst
7] 918l GP, YP, OP7} WB-F344 Ao E40] Ql& 552
p& 3l GP9} YPE 5-100 pg/mL *HE]olA], OP= 0.1-10 p
g/mL HellA A2 Fsth H0,= A4E ROS A
A A A=E =3 23, GP A% 25 ug/mLe] =0

Fig. 2. Inhibitory effect of (A) GP, (B) YP and (C) OP
on H;O; induced cellular ROS formation in WB-F344 cells.
Values are means number of communicating cells was signi-
ficantly higher than that in the H,O, only treatment(p<0.001).

2] 92.48+4.31%, YP2] 73%- 50 ug/mLe]
%, OP2] 737, 10 pg/mL2

FIEof|A] 99.58+3.18
Fol A 96.45£2.05% 2 YERY,
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control A 500 pM H,0,2 57}8 ROS A4S normal
T(100%) 2 H]$23F 20 2 o iske E35 el Ao s
gl Atk Kim ef al(2011)S A gz 7)e] AAhE A
A B Atsls Hla Aol A bz zke] A el ulet
7hEE ol =] AE g BXUF tEn, O 9k g 2jo]
7b eitta gk w3 shzelgle] A gE ABTSS DPPH
radical 227 24 54 23}, =27} #2229 w27 7t
el whet radical 271 24 S7kete A4S Uit
Sttt =3 AP vhze)7lell A H0,7F @4 H s
Fitsls& 543 Matsufuji er al(2007)] 17014 24
I e spEe)ghr) Hlsel el Rl en, A ghe| vk
T AGe] sz 7kE g fitslhso] Avia Haskgl e

& 7tEE o= B ExuE & Ak ik Alshe
Hmote] FdE Wk A3k, ZRAFRY) 7 0954390 &
o] BHAAS Yehl 7t2E ol =9} ESdE S I
zej7ke] Fitsteat o] FHAAE RItka Baskth
£ Aol Hy0,00 thdt ROS A4 olldell Slof o7} th&
F A stxegtEY H A FEelsE 2 &3ty
Ehd o] 5 OP9] 7}2E|0lE, ESHE, ofAaz 2 H k]
grgFo] GPSE YPET} frolshAl 7] mjEo s Algdr)

%

o

—

i

A

B)

©

Ao} sokAlo} ki

4. H,0,2 FE= GJIC X0l CHst Tt=2|7t ===
ol HS =1}

AJ23¥ ROS7F A W 213423 gap junction2] 215
of GE& WA Axe] MY S 7 o=, ol e 2
AAY 4= glo] apho] 7153l (Cerutti PA 1985). 12|12
A =70 glom, Itstaaao] ©fg ROS A7 <Al
|
3

flo 2

rof g
2

A= GP, YP, OP9] %= H9]ol|A GICS| WslE 7}t
Atk GIICe] &4 H7HE 98l SLDTH= o] &3ttt
ol e mEy Ayl w2 o R EEjHos A

& 7kl EE AE Aol 2 ARl 55 wHEo
AZ] sy ] A solle A 71AA o
B9l Lucifer yellow”} gap junctions 3l o] AEZZ A
ol dM H=Z Hriske WPHoltHEL-Fouly er al 1987).
WB-F344 A%l GP, YP, OPZ 77t 2 g3l &
500 uM H,0,°1 €)% GIIC oA At ays ol Aal=
Fig. 37} 2ou, GJICe] Y&t Nx4E A4 SH3 47
= Fig. 49} 2t} ROS &4 YR 500 uM H,0,= GJIC
=7 A3}, normal 7°| 100 %< wj 100 pM H,0,2 2]t
control oA AT 49.13£7.20% HAadte A= Yelydt)
(p<0.01). A7 vhze]7} FEE0] H0,0 ek GIIC oW

Fig. 3. Effect of (A) GP, (B) YP and (C) OP on the H,0;-induced inhibition of gap-junction intercellular communication
(GJIC) in WB-F344 cells. GJIC was assessed using the scrape loading-dye transfer method under and inverted fluorescence
microscope (100x). [A] Fluorescent images of scrape-loaded cells treated GP. Cells were treated with (a) control cell, (b) H,O,
500 pM, (c) H,O, 500 uM plus GP 10 pg/mL, (d) H,O, 500 uM plus GP 25 pg/mL. [B] Fluorescent images of scrape-loaded
cells treated YP. Cells were treated with (a) control cell, (b) HO, 500 uM, (c) H,O, 500 yM plus YP 10 pg/mL, (d) H,O,
500 uM plus YP 50 pg/mL. (C) Fluorescent images of scrape-loaded cells treated OP. Cells were treated with (a) control
cell, (b) H,O, 500 pM, (c) H,O, 500 uM plus OP 5 pg/mL, (d) H,O, 500 uM plus OP 10 pg/mL.
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Fig. 4. Data quantified from normalizing communicated
cell number from a different plate treated with (A) GP, (B)
YP and (C) OP. Meang number of communicating cells was
significantly higher than that of only H,O, treated cells(p<
0.001).

AgE wZe)gte] GIIC %A% 365

&3 A3 A3} Gl 7%, 10 pg/mLe} 25 pg/mLe] =0
A Z¥7} 68.77+5.61%2} 91.04+5.36% WHE 3 EE o YP
°] 73%- 10 pg/mL2} 50 pg/mLe] FX=ollA ZH2} 79.93+5.14 %
9} 93.04+4.89% WHE 3| &%= &4% gelg 4 UQdeh wEgh
OPIA] 5 pg/mLet 10 pg/mL EEoNA] 212} 78.0942.17%%}
90.39+3.07% W 3l &EEE A I & Uk 53] 25
ug/mLe] GP2} 50 ug/mLe] YPS} 10 pg/mLe] OPel|AE =i
GJIC §=°] normal T =22 ovtE AL 213 4= 9)
Atk Gap junctione ©]2, B, opu]:zAl, a4k H]E] Fo
AR S QIR e Al 2ol AFHA 02 o] FAT = AlERL =

7 o]Fe] TR gap junctions Ee AE It 24 o5
A Ate] 23 24 9 A3k 98 W ol Al Ee]
A 2 23ke 2dshs xR ZelA AUrkKumar & Gilula
1996). whepr] FRiksleang A2fste] oAlE GICe] vz
7} FE52] Aol 28 s EAriE AL AE 3t Aety
A %ol 35S on|gitt TR L A" GIIC
o] 3|5 F w7} ghaze)7t A gl whet 2polzF et Ao
ol ghzejzte] Adel wht $HiElo] 1= phytochemicals®]
T} gl A7t 7] WjE o= AR ETh Surh(2003)
AT e Oflﬂi FFEEEC] IEA AF AR
i HanEm glom, o5 tiAlR e s 7L 9l
= H|dER] phytochemicalsell 4] 7]Q18t= o= Kl
ST & Ao E gzt A4 whet the FRe
7}2E o) =7} HrE o] glom, ERuE o] & Aol 7t
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slriz &9 G IC IE Frdz JgS nFl A=
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29 o 2E
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(o=
shgg B4

xanthin, B-carotene, capsorubin, OPl|+&=
-cryptoxanthin, zeaxanthin 5| -2 Z o2 YeElton
SHF2 OP 65.54+15.87 mg/100g dw, YP 11.98+0.69 mg/100g
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of wj-+ A Uetsth o-EXHE FFe OP7F 7P £3k
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366 A A -
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