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SUMMARY

This study was carried out to isolate the possible anti-tumor
promoters from the peels of citrus fruits(Citrus natsudaidai Hayata).

The active constituents from the citrus peels were isolated by the
two ways, one with chloroform and HPLC, the other with column
chromatography and HPLC. The activity of anti-tumor promoters were
estimated as inhibitors of tumor bromoter, 12- O -tetradecanoyl phorbol -
13-acetate(TPA)-induced Epstein-Barr virus(EBV) activation in Raji
cells,

The fractionations obtained with chloroform and HPLC showed 17
peaks, four of which exibited significant inhibitory effects(71~77%)
on EBV activation, The other fractionations obtained with column
chromatography and HPLC showed 7 peaks, which also exhibited
significant inhibitory effects(70~80%) on EBV activation, These
results indicate that some constituents isolated here from the citrus

peels might have the inhibitory activity of tumor promotion.
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e W) ety Y 2 FATAZA, Woe) 2ol ojsjd, BRA
RS2 QR ot wgEo] 8wol Wetm Stk BRY WA FolA

1
5] A} go
1

¢

53 | A4x| 3= vl go] 2 Zog dsiA UtHFRE 5 1998).

AE BE Fole ULELE LA At Zo] Q& wid, oo UNE
& H3E Uddedd 212 d8A d& 2= dUch(Vattenberg, 1985 Sir,
1992).

Caroteneo] JH¥ XA ofafjul [azte] opaj(gujy, BHEIZa,
cauliflover &)& wid 23t ol A ZHelx| gd=cth= Zo] n23}
3 opstuinlollq uy [AE @@} o] o B A A Ry
(1982)ol = AF3ta Qlct

Felvete] A4 fAlR dEolA B AluRa} ko] WA dB
A Blagt JuzAlIAE UERD ulel o] FAAlE ¥R opl g nj
d dshd sl apZdel AU Yol UWA ZolErtm Rt o]E
v} 54ALt 2 2}go] wYA ofajo] glria st Folth(akira §
1996: Samuel, 1993: Yang 5 1992).

oj2} ol HZ AN A ofaiFoll o WA oA AT gtk Abio] o
HAAHAM HEHOZ olF FHslals A7 Bus] WP olrh(Sheela
S 1994: Pool-Zobel 5 1997: William % 1993: Takuji 5 1994: Luigi &
1997; Winfred, 1991: Gilbert % 1994: Jin 5 1998: Hiroshi % 1992
Akira & 1993; Wolterbeek %5 1994: Micaiaki & 1992: Peto 5 1981).

B M2 (k) she 2B L 2RHAIR o] FojAtia A o
cHohahg el ety 1991).

A 1 ©Al= initiator2 B9t UUEA g Holdd ol o3y 4



Xo] FAAIL +5 bl AAE g SdH0E Yoy yyos
a2l Yola7t FARE A (initiation)TAo|Tt. A 2 THAL o] A
X7} ThA] promotergtil Ee|9 H3EUo ojs) ¥ g W ot}
A JYst= 23327 23 (promotion) A o]t}

Initiation 2t-8& UL HEE RJloje F9lo] BAME T J]E} 2}
8OoE UFol AAlgo] o]E up FHAelol iz AHch a2y
promoter?] RhEx}Fo|L} Jle} g oz HAME Alefo] Wl doju}
d FF3] 2713 & AFstE 7| 2E 7R Qi)

LIt A 2 DAE AH dojdris AL moused o] 83 Ao 2w
53 QlcHFig. 1). %< initiator = promoter THEO S wlAIS} x|
2o (Fig. 19] (a), (b)), initiator EX ¥ promoter§ d&3 o8 T F
st Fogol WA "HrhFig. 19 (c)). ZU o|& ()08 3o
promoters VL3O 2 I3} Fof initiatorS TESH FS W)z
U=tHFig. 18] (d)). E¥ initiator§ X33 YR/ Fo
promoterS AHHOZT T XA | Roj Fofo] WAYTHFig. 12] (e)).
o] AR initiator 2H8o] Mo 7|=Elo] AUx|H F AT Aejz A
ol gltix Bzty 4 9ty & initiation 2HE E7}dH (irrever-
sible) 2}3Ad] %3}, promotion 2}FL 7} A (reversible) =}Ao|m, Al
27} U= I7IA £ promoter] F7|Zto] AN ALH zgo] @ PHCN-

& ujdich  meld st 3l promotion THAGIA QS xjvhy
ot 42 AHolthFig. 19 (f)).

BadsEol 2 A7 Ffo Ugtr| T B} By civhA wete] o

& HI AT Vo2 olN AFA 2xtAL FHES AHAN o3
7t ARHt Rotx F7it}

3T oMU AUFIL YellE U] B3pE Zabshs oy
initiation Z}Be] A& FPsh= o] Yol o] gH: otk U
Atetel B9 el 7l A7bx) o 712H5 <t initiatoro] 93 Bl



A RPZes Y FRMEE AUA =He 9t Wiz Az¥ch o
710l A"l A promoter7t H 4= ol EAo] Auo] AL og Fof
2o ¢t ° JHsd2 ol wolAA Hrh 2@EE dddue] B
ol promotion A& AAY £ U EAL ol AL nj$ 23}
Tha & 4 glth. whebq & Ad¥old = A8 promotion ] BAHE
Y 5 A& WYE ol &3 Harh

ol® E3o] ¢t promotion A A o RE rhli=tlE mouse T
o AR ZAY 4 9tk I ool tiate] Al 3T 8
317] whEoll to] why] Aol WastA Hcrh o] AAYL et virus
2] 3}uQl Epstein-Barr virus(EBV)o] Zt3t =x}e] B-QI ¥l (Raji AIX)
§ AH&3t= Zojch

° B-4¥}= promoterd] &AW} YE3IW EBV(Tukei 5 1978: Louise
S 1995: Harald & 1970: Jean % 1975: Allan 5 1992; Wolfgang =
1991: Ming & 1994)7} 3] ¥5& A2 27|38 (early antigen)o]
et Eel = TS APt Flo| dalA Qrh. o] 27| o]
EX= 23} promotion g Atojol= v ¢ S ABB/AI Qln, 2]
Y FE ¥YC2HH promotion FE HAHS AFY 4 Qrix Ly o
th

weta o] Yol X= promotiong JA|S= E-E 7181 promoteroi]
2 27184 f=7 dAH"Hctn BAzsa Qlch

olet 2 thy] AFYor WS M opajyl o] promotion A
¥4& 7R3 gtk Zo] R IAE T QltHTakao 5 1995: Yoshimasa %

0¥ o

°

1996: Akira & 1993; Hajime 5 1992: Akira & 1992).

AEFe AFE 599 F2E olFE UEAAFLISIYERY,
2000), W2 Y E3o] Ty U Aoz A (L
71, 1998; %, 1997: Yoshiaki & 1997: S ¥ A HRPIFATA, 1997:
y, 1992), et g ¥E 5 3 Jped dhuoltHTakuji 5 1998 Takuji



S 1997 Takuji % 1994: Yingna 5 1997).

HEYEFoNAM UddAet AN 27k U R terpened,
flavonff, coumarin®, psoralen® So] Qit}(Akira 5 1997).

Hasegawa 5(1994)3} Lam $(1994)2 7ZtE =¥ 9 limonoid7} 3¢A 27}
A&E Y|, in vitroolA ¢, S, ¥R, FHUFY ME FAS
A= Aes B Istdct

Akira 5(1995)2 Zta(citrus hystrix) oA £e]3] ® glyceroglyco-
lipid7} 7333t promotion JAHEY& Uellcis Busigc},

A2 FREE A o sixlg de¥Ee Uehdeh 3R4E
ol ¥FEE 7t AL ANARE dFoni(Nobuyuki 5 1981:
Jeongmok 5 1995: ZI, 1999: Nobuji % 1987), B-R3HEZE d-limonened
e fUdE JAYct= B QrhJill 5 1992; Pamela 5 1991:
Michael &5 1994: Toshihiro % 1996).

olg Zo] AFyol= &Y VY EL] WY WEo J5E AE
a2 Ee 7158 1Y FH2EA o|f JHXI} AT, iR E -to]
ol&dH ¥ d¥ 49 Ay ¥ r)

o2t £ dFeNe }uFol BRG] SR /= dE shF
(Citrus natsudaidai Hayata)oll Z}Qtslo] z}wmlolld Eela] i Qo] wot
promotion A H/dolgh= & oo A2 AN ZHFe A Az
22 o] & M8 S ©AMlALt
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Figure 1. Two-stage carcinogenesis on mouse skin(j@&Ex &

—, 1989)

(@) 59 ¥& 72 moused ¥ dimethylbenz[ a Janthracene(DMBA, ol g4 2
A, initiator) S =X 87 ¢ initiatortto. 2 H Ko offd WEE dojuhx] o
=3

(b) 12- O -tetradecanoylphorbol-13-acetate(TPA, croton oil®] 3% d= XNz
promoter?] E A Z)7he F 23] o|¥ A& Moz EIXHE FTUYL A7|7
%=,

(c) initiatorE 13] =¥&1 ¢ F 15Y Fof 22 F 9o promoters AL Moz
Ht2 3 Yo Fofo] 77| A &g}

d X9 €M J#)2o2 s WA promoters: A& MO 2 ¥ Xo] ula 3, o
oAl initiator& EEXHE FYL A7 o)

(e) initiatorE 123 =¥3 1 Y377 Fof promoterE V&M 02 T ¥sH 3 2o
F %ol AL,

(f) initiator =¥ %9 promoter® @£ ¢l #8o| vrsw m Kol FFL A}

A e,
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A 1 3. Chloroform F&of 2J3t V4]

0. 4= @ 9y

1. 48Nz

1) A&

19983 949 12 MHXEA] BlHo|A 2M2|q }F(Citrus natsudaidai
Hayata)& AH&3igch.  stEaufolM stFel Afale U2y SAYE gy
B2} golol whel AHE3) 3 Ao F7437]9] stFE& Melsdc)

2) Cell

Africa®] BurkittZF Y212 He @ojzl B ¥} (human B-1ymphoblastoid
cell, "Raji cell"o]el3 )= UL ARAR £WETEE 4(KRETH
PIRZE # L B(Murakami Akira)2tA}2 e #Zutgic}.

3) Ao}
12- O-tetradecanoylphorbol-13-acetate(TPA):= Sigma Chemical Co.
(U.S.A.)ollA, RPMI 1640 ®ix]+= GibcoBRL(Grand Island, N.Y., U.S.A.)oj
A, Fetal Bovine Serum(FBS)i= JRH Biosiences(U.S.A.)ollA F¢3tdr}.
12} ¥AIQl High-titer early antigen(EA)-positive serat AQlSQlia}
(EHIEMEE)S] HYo2A 479 #E Bi(Murakami Akira) 2hatol A4
A gk}, 22} #AJQl Fluorescein isothiocyanate[FITC)-1abelled
anti-human IgG Dako Co. Ltd. (Glostrup, Denmark)olA F¢l3}gi=v,



0.2% NaNs& 373t phosphate-buffered saline(PBS)E 30uj LIESE PRS-
stglth.  Thin layer chromatography 242 $]3} Kieselgel 60 Fas=
Merck Co. Ltd.(Darmstadt, Germany)ollA] sttt Talx 7|ele] RE

Aobe B3 Abgsialt.



2. MY

1) Chloroform F&of 2J3F g E e Ha

AT 2o 243(5kg)E 7HRo] Ko} HEAXY AZUFALA(LA
F stdle] Azf)olAd FMC In-line Citrus Juice Extractor(FMC
Corporation Chicago, IL, U.S.A.)& cold-press¥t ¥ 328 A8T A&
stHTt. &, cold-press3t AZZoA 50mE 2|3} Chloroform(CHCl3)
200me & 7}3ta1 aubstA A 327t 3223 ¥ rotary evaporator® FALI R 3
(30T o]3})3tdch

%% A|8%& High-performance liquid chromatography(HPLC)& o] &3}
o ¥4 Zelg A=t A Mz 24 AL (Table 1>3} g
o, oA7lolA @ojx ztzte] peakoll ThS|A (Table 2>9} T ZXAS T x|
2p #Astdct.

E¥ 2}7te] peakofl tidled Thin layer chromatography(TLC)E EA3}e
t}. M7/lYE n-hexane:ethyl acetate(5:1)& Al&3sldon, AL
chromatogran®] ¥¢l2, 2] 5 (Ultra lum, Inc.)dloflA] ¥bd Ay ¥ R,
& Axtsiect



Table 1. The operating conditions of 1st HPLC for CHCI;

extracts

Items - - bbnditions
Column size 21.5 mID X 30.0 cmL
Column type TSKgel ODS-80Twm
Column temperature room temp.
Mobile phase 90% MeOH in H-0
Flow rate 6.0mé/min
Detection UVasin
Injection volume 10040

14.00kg/cm’

Pressure

* HPLC : Tosoh Corp., Japan (ETC SC-8010)

Table 2. The operating conditions of 2nd HPLC for CHCl;

extracts

Items Conditions

Column size 4.6 mID X 150 cmL
Column type TSKgel ODS-80Twm
Column temperature room temp.

Mobile phase 9% MeOH in H-0
Flow rate 1mé/min

Detection UVastm

Injection volume 10p0

Pressure 146.00kg/cm*

* HPLC : Tosoh Corp., Japan (ETC SC-8010)

_9_



2) EBV-EA § 5 oA ¥4 AA

(1) 23& AT A2F wj

T2E E2e wddA BEE B A5t Raji cell T3} 2
2 ulxE Alg3led wiarsigith. =, RPMI 1640 10.4g(1£-8), NaHCOs
2.0g, Penicillin 62.5mg, Streptomycin 100mg& 33 c}S 2842
al magnetic stirrer® WHISIHA &3)A] ¥ FBS 110 E 7}l 23
22 FRTE 718l 142 319t}).  membrane filter(0.2m)E o 23ty
31, uix]9] pHi= IN HCIE A&3l 6.8~7.42 {AA|Hc).  MXE uwjots}
7180l wix]e] 2o ¥-E UASHTHCO, incubator, 37T, 5% C0p;, 133

).

(2) HES A4

Bt MESE FH5) AAsto] MEujorel 5048 YA R B Yo
Trypan blue @A} 504E 7134 vortexdt ¥ o]R & A2H(20~50u8)2] 3}
o EtOHZ AlF3} & Birker Tirk¥ Al$3te] Fa) Yol dn|@o s A43}
ATHEA2: X10).  AfBuolx 3742 Hog Sei4el 7|27 (lm
X1mm, 42d])le] FESAHEE(FEAN) D APH M ES4(Trypan blue® ¥Ho
2 4" )& Assidch. vl ¥ HE AETUEW) U ME AZE
(V)& ool 23] F3tdct.  712FYUe] BIFMES(ASY 479
BL)E X2 31 712 1Y ML 0. 1mo|EE

W=2xX X 10" (7)/me)

M
V(%) = ——————— X 100
(M +N)

(M= Z12FHU] FEAET YA,
No Z127Yue] AbEMES UA)

- 10 -



(3) A=Y F4AA

°f ZZolA 1718 Agole 5x10° F=e] MEs} Wasich  wjokgt
ME7E X(BZHES) X10°7)/ne0] ATt 81, 718 nsfe] AJzeb ¢
789} control& AIBY ZH$ 5x10°X(n+c)/XX10° = 5(n+c)/Xo] 31,
S(n+c)/Xmee] MEujo}d2 v} flaskZHE 15mEo] YAEBOE &
7 thE, ¥4Ee(1,500rpm, 5%)31cf wixle] ¥ AApHo g AMAsn
A2 iR (n+c)mlE 7}8}] ZAYC}E 24 holes cell vello] A&
control 24 MEwiPd 1mtE sz, uUnjx] ujdelos
n-butyrate(n-BA) 6X(n+c-1)ut, TPA 10X (n+c-1) L& 7}8}o], oA E] 2
F5%X7t 22} 3uM, S0nMo| H =& Hc}

Z}2}e] cell wellol= AJ88% 5448 YU, induction controlofj:= 2]
B& thdlo] A A (90% MeOH)E 5144 YATE Thol A2 L4

< cell well2} induction controlef $]¢] v A (n-butyrate®} TPAE Y
< PN E 242 1ney 710 The, WF ¢FulE 32U MM 7T, 5%
Q0 incubatorujoll Al 48A1ZF wiRict. ZW ¥ wjorede] MEWEL} AR
BEES FA AL

(culture)

No. 1. Culture control :@ culture
OO0 00 O] mmison
i 2 2 : : s No. 2. Induction control

sample-dissolving solvent, 5uf + culture

Q0000
QQOO00OO0
000000

medium containing n-BA and TPA,
1me.

No. 3-24 :
medium containing n-BA and TPA,
1me.

sample, 54¢ + culture

Figure 1. Handling procedure in 24 holes cell well

-11 -



(4) INPIYALY

EURLE thE7] A3 kol AUelM ME YEE 50xol4te] g WAl
+2/(1,500rpm, 5&)3t YA & £ W] AAY ¥ vortex® muhy
t}. °]Z& nmicropipette® 2 slide glass®jo] 10 Hojxg] 1
descicatorofl A 15&3t AXAIZACE. 223l acetoneC @ 1027 AR ¥
ALolA AzAIZch  o7lol 12} UME 7} ¥ 37T, 4083 5% C0
incubatorol Wi}t ¥ PBSE 10837 Ve MINIATh. cThol 22 S
7%t $iot e zZAojM wjRY F PBSE 1087 AEMM3jc)
glycerol:PBS(1:1)& slide glassofl 4014 Hoj®=a] 3 cover glass& 2|9 A
¥EYo| B (Olympus Co., Japan)o 2 WHUTh 1719 EHoly MEE
50078 o} Al4=3te] B r}siedct.

B7hgEL induction controlME ZI/|YYRKEEUNE sHeme)
FE&(X%)& ofele} o] For},

BEL U3 e s
X = X 100
A2

23 B2 YYo= AEE UL W FEL(Y)E T R, X Q
Y& o]&8tf EBV-EA 5 HHM&(Zx)& olele} o] F3ldrt.

(X -Y)
Zz——m— X 100
X

-12 -



N

m. dz2 9 2%

1. #YYEo B2

Sld 2t3E PMC In-line Citrus Juice Extractor® cold-presss}ed ¢o]
8 SEEEF((HC3) 22 F3319 (Table DR HPLC EA3}
Azt= <Fig. 2>} gl

gl

F-TI
~10 - Ih):.;
"
400 -
1 F- 1
2
260 -
] ~
T
P R
Y S .
| ro e O
0 o NS A
- - - . . - : = 5
.08 16.0 20.0

Figure 2. HPLC separation of CHCl; extracts from C.
natsudaidai Hayata
* CHCL; extracts were chromatographed on a TSKgel ODS-80Twm(21.5anID \ 30.0

cml) using methanol-water(9:1, v/v) at the flow rate of 61¢/min(see the materials

and methods for detailed information).

_13_



HPLC chromatogram’}ollA] 177] peak7} UE}}Om, 2z} peak?] retention
time(ta)> 4.90, 6.51, 7.57, 7.92, 11.03, 11.73, 12.07, 12.62, 13.58,
14.44, 15.00, 15.22, 17.57, 18.37, 19.72, 20.43, 22.10 ojoitt. o] 17
7} peak¥ Area %7} &2 Ul 70| peak(tz=12.62, 13.58, 14.44, 15.00, o]
st 242y F-1, F-1I, F-NI, F-IVel ol chsiy g HE o8 #ag
#18to] (Table 2>ofl MAIH ZZolA 2§z} HPLC BN A|E8c}). 2 Az
£ <Fig. 3~6>0] Le}yich

12} EMolA F-1, F-1I, F-II, F-IV& retention timed 2z}z} 12,62,
13.58, 14.44, 15.00 oJi=|qt, z4x} £4 Aoy 2zt 2.31, 2.30,
2.22, 2.212 23the] AL vyt A Zeholl byt

ol2} o] 12HEM 2} AYaEA Ao A retention times] xjo] A}g3
column size2} flow rateo] ©gtr] wjRojat Bztxnd, L} 2hapEA A
8] Area %= Z}Z} 100%Q) 222 Hol, F-1~ F-N: gl ¥ojgta 23
Hrc}

- 14 -



[Miry
(-]
®
©

1

0.00 i.00 2.08 3.80 4 80

Figure 3. Re-chromatography of F- I shown in Fig. 2

* F-1 fraction obtained in Fig. 2 was re-chromatographed on a TSKgel
ODS-80Tm(4.6anID X 15.0cmL) using methanol-water(9:1, v/v) at the flow rate of 1

mé/min(see the materials and methods for detailed information).

Figure 4. Re-chromatography of F-1I shown in Fig. 2
* F-1I fraction obtained in Fig. 2 was re-chromatographed under the same

condition as shown in Fig. 3.

_15..



N
N
B8.56 o~
>
=
0.00
— T ————— r——
B. o9 1.060 2.00 J.006 4.06
FTTMF

Figure 5. Re-chromatography of F-I shown in F ig. 2
* F-II fraction obtained in Fig. 2 was re-chromatographed under the same

condition as shown in Fig. 3.

8.50

N

1 “

~N

S
T A.d40
v 1 T v T T
6.¢9 {.08 2.09 3.68 4,00
[TIME]

Figure 6. Re-chromatography of F-IV shown in Fig. 2
* F-IV fraction obtained in Fig. 2 was re-chromatographed under the same

condition as shown in Fig. 3.

- 16 -



F-1 ~ F-V U7k d&oll tht TIC B4 Azt Fig. 7ol Uepd
=2

F_HI F_IV
F-1 F-1
' o o O 0
Rf=0.62 _
solvent Rf=0.5 RfF=0.47 Rf=0.57

Figure 7. TLC chromatograms of F- I ~F-IV shown in Fig.
2

* solvent : n-hexane:ethyl acetate=5:1

F-1~F-V¢ TLC Re3k 22} 0.5, 0.47, 0.62, 0.570]Qic}.

8718 HPLC ZoIME ui7}x] d£o] tha MdEojztm 23E gy,
TLCo 2tz ehad wbEo g Uehd L o]& y7tx] dEo] 7z} vy A
zolehe A& s ot

Akira 5(1997)2 32 ¥ & ZETEXE(CHCI:) LS 3% ¥ HPLC &
*{(column: zBondasphere Cis, 3.9mmIDX15cml, mobile phase: 75% MeOH in
KO, flow rate:1.0mé/min, detection:320mm)& E3] ul 712 ¥ g4
tho ol ARe] EYol tisly o sixle] M (AAM £, HoM =2
B YA 3E, A¥ 24)& ol838lo 22 psoralenA|Ql isoimperato-

rin2}  5[(3, 7-dimethyl-6-epoxy-2-octenyl )oxylpsoralen,  coumarin#]el
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auraptene?} epoxyauraptene® g E A3}

2 Aol Aol FH 4719 Yol ¢lolA THH 4719 HE 5
2o AFE & £ drh. ¥F o8 /XY E49H& o8l FTIY
azt oAzlct

2. EBV-FA R %X &84 Y

Al&2] EBV-EA = Ao ti¥t BEE XAsII|o UdA AR MRo
Y S48 ZARRE A3} Table 30 AA Yt MEUEE 5x10°
N/meB ol AL, ME BEELS 70%0]4 UE}UICH

o] A¥ojx= promoterZA TPAE A}R3}H O}, Teleocidine B-43
promoter2 AHE¥ THE A (7124714, 1997) oA MEUEE 5X10°7)/
mE E A} B3R, ME P2 L2 9% FEE E AYHECE 52
BEES Uepilct

Table 3. Cell density and cell viability

Cell density(W, 7/ut) Cell viability(V, %)

Culture control 535x10° 785
Induction control 515X 1¢° 74.7
F-1 505%1¢° 79.2
F-1I 510x1Q° 81.3
F-m 505X 10° 80.1

F-NV 4.95x 10° 79.7

_18-



F-1~F-IV 429 EBV-EA 5 A ¥ & 3517 sl AP U3
A AdYel A= Fig. 83 Fig. Dol Uehfch

Fig. 8>ollA Hoj= uie} Zo] FF A ME&: EBV-FAZ} REH AHXE
§ UL AN MRFolM ¥HE I HMEE Al EBV-EA = oA
&5 T A= <Fig. Dol Leplct,

F-1~F-V ul7}2] d&3FolAd Al "ol 71 &2 2 F-V 48
(7T7%)o] X3, It} F-11(73%), F-N(72%), F-1(71%)& 22 UElytch

AME2] BPIIES orjett E A7 A= AL oy dolAnt
AE5E 100m/meol A 70%0]4F2] A &o] BEH A9E I A8 e
"go] Exlzte Aoz HF3la h(Ftelg|A], 1997).

metd, 2 AEY AZME F-1~F-IV Y7z 42 BF 70%0] 42
AA &L Holn glomz Meido] QU Roeg AR}

floll A AF¥ v} A= Akira F(1997)0] €2 47 EYof iyt EBV-EA
FE 4A ¥4 AAoMe AEEEe vl dAHYHol FUon,
AR 100 uM s ol 4718 £¥ 2F 90% =9 M3 el &
AHEolM e 705 £olA3, ol Akira 5(1997)9] Zztrc} ulgkx|nt, Ao
ol ti27] diEel W2 AR AR FE7t tiEd sdshe=x] Hys}
A o + Qdrch

+ AU3 Zo] EBV-EA fE oAl ¥ AP L o83l FHY #4F A
E2] ¢t promotion A ¥AHE R, Takao 5(1995)2 Cayaponia
tayuya(Cucurbitaceae)ollA] LE|¥F AJF0] 70%0]d2] MHEPELEE HIO
M, olF F 1371 dEollA] 87%0]4}e] EBV-EA = JAI&E Uehls 2
o7 RBIstdch  Akira 5(1993)2 efZoA A &sh= A EF 45F0] 70%
ol’ge] MEREEE UehiH, o]&F 31FolA 70x0]}e] EBV-EA =
A&, Un{z] 31F0] 30%0]de] ¥t VP A= Ao R Isigct
Akira 5(1995)2 Citrus hystrix2] Qofx Ez2|3t HBo] A§E % 5S5uM
ol A 70x0]d2] MEFEL2} 90%0] g2l EBV-EA = JAEE /X Ao
2 B39 om, Yoshimasa 5(1996)2 Neptunia oleracea?] ojA e

Rt o] SuMollA T0xo|Ake] MEMEZLE, 50~60%2] EBV-FA &% A
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&8 7R Aoz Byt

2 AM¥olA 312 Ful2RE Ee¥ AL F-1~F-NVo HEREES
70%0] 3ol Q1 3, EBV-EA R = AT 71~77%2, 919 A7 AEoA9}
PRI 2 ol #dol & AR UEly] wifol, Yo o9} HJH
B A7t o Asjojo} AT I LANEM Y o8I ES &
Tl Adzts of ).
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* EBV-EA induced cells show bright fluorescence

Figure 8. Fluorescence microsc
induced cells, (X 200)

Figure 9. Cell viability and EBV-EA inhibitory activity of F-
- 21 -

I ~F-IV shown in Fig. 2



V. & ¢}

3l (Citrus natsudaidai Hayata) Z2}mjola Heajs)f 0 AEe uiot
promotion A & UolR 7] 9|sjA EBV-EA S5 o Y AEe 4
Bstodct.

32 2u]= PMC In line Citrus Juice Extractor® cold-pressd}od Ao
Xl && chloroform(CHCl3) 2.8 23 ¥ 12} HPLC 4] (column: 2] . 5emID
X30.0cml, mobile phase:90% MeOH in H:0, flow rate:6. Omé/min,
detection:Woim)& AEstAEt], 2 A3}, 1770 peak(ta=d. 90, 6.51,
7.57, 7.92, 11.03, 11.73, 12,07, 12.62, 13.58, 14.44, 15.00, 15.22,
17.57, 18.37, 19.72, 20.43, 22.10)7} Uebidtt. o] 2 Area %7} Heo
4712 48 (=12, 62, 13.58, 14.44, 15.00)E 22} HPLC =4 (column: 4, 6mm
IDX15,0cml., mobile phase:90% MeOH in H0, flow rate: 1mé/min,
detection:UVasim )3t A2} 2}2} Y peak® UEILIOM, area & 100%21
RO Hol wl YEoR MR rHt=2.31, 2.30, 2.22, 2.27: area
%=100).

F-1T~F-IV8] TLC EAojA], ReZt2 212} 0.5, 0.47, 0.62, 0.570]21o
W, TLCAol zbzh thd wbdulbg WAy wEo] tiy BELE HUs}
At

F-I~F-Ve| EBV-EA §5 4] ¥42 Raji cell® ol8olo] BARBY
AMOZ MAYCE  F-1~F-Vo MEgZge 70%0]}(74~81%)& 2 g
28, F-1~F-NV u7}2] 4EZolM EBV-EA S5 o) Yol 7t w2
R F-IV(77%)d Eoldd, thSol F-11(73%), F-TI(72%), F-1(71%)&
LElstct _

ol d¥ollA st z}moly Hajs) W HE -] ~F-V¢| EBV-EA /% o
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A 2 Z. Column chromatographyo] 2|3}

" g8 2

¥E

O. 4d4%

1 Bol-lﬂ

1. 48Nz

1) A&
AMEs A1 A L 19 1)} Y RS ARestac)

2) Cell

Cell2 A 1 & II. 1] 2)8} SUE RS AFL3}AT).

Alere A 1 & 1. 19 3)3 FU RS A&l
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2. A¥uy

1) Column chromatographyol &]3} A H e Ha)

A 1% 1. 2. 1)2lA cold-press2 @ojz AZZo)A 20meS o 2}s}
o column chromatography-®& AlEE A}£3}2it).  wakogel C-200°2 3
% glass column(60X2em)E AHE3ldin], RUIEE  n-hexane:ethyl
acetated <Table 1>} 2 H|&Z Fe|wiy Ez| A =sdr}

Table 1. Elute composition of stepwise gradient

chromatography of cold-pressed juice from citrus peels

n-hexane : ethyl acetate elute volume(mt)

1) 7525 300
2) 70 1 30 100
3) 65 : 35 100
4) 60 : 40 100

5) 50 : 30 500

glass columojlq] Q¥ £2]¥L fraction collector(Toyo Kagaku
Sangyo Co., Japan)§& o]-&3lo] $33}4r}.

3™ 2 fractiono] th3jr= ERF T A (Kontron Co., Switzerland)S
o]-&3to] mh 320moll A Optical density(o]3} 0.D. )& ZAstdr}.

column chromatography?] Z2} @ojX 2} peakell thsto] Al 1 Az} Ho
e s TIC #4E st
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2) HPLCol] 2]%} Re-chromatography
Column chromatography® Z2]H 2z} E¥of t)sled HPLC B4 & sl
HPLC 24 ZZAL& (Table 2)>¢} Zr}.

Table 2. The operating conditions of HPLC analysis

Items Conditions

Column size 250mnL X 4.1unID
Column type Versapack Cig
Mobile phase 75% MeOH in H0
Flow rate 1.0m¢/min
Detection UVs20m

Injection volume 108

* HPLC : Spectra-Physics Co., U.S.A. (spectrasystem).

2) EBV-EA #x oA ¥4 #AA

(1) 23 A AxF uQ
ABE AT AEF e A1 F 1. 2. 2)8 (1)3} 22 g 1%
stalct.

(2) MES AS
MESE A1 Z I 2. 2)8 (2)9 22 WHog A

4
ok

tch
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(3) A2 F4AA
Age 54AAR= A1 F 1. 2. 2)8 (3)2 g whHe ALstgrt,

(4) ZHPFFYANLE

DHPZUALELS A 1 F 1. 2. 2)9 (4)8} 2 wios A=Y
=2
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m Az 9 a2

1. Y489 #2

3ld 213§ cold-pressdlo] @oj AE& column chromatographyd}tel
Tl <Fig. I1>& column chromatography?] Zz}& Ueld Zeld], 7719
peak(o]3} ztzt F'-1, F'-1I, F'-U, F'-IV, F'-V, F’'-VI, F’-VIo|a} &)
7t ettt

1.0 ¢
Optical density
(320nm 0.5 |
OO AB BN 06 1636 AL G000 0 AR n

1 21 41 61 81 101 121 141 161

Tube number

Figure 1. Column chromatography of cold-pressed juice from

citrus peels
* Cold-pressed juice was chromatographed on glass column(filled with Wakogel
C-200) at the flow rate of 1m¢/min. Each fraction was collected 5mé/test tube.
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°l& F'- I ~F'-VIoll o3t TLC ¥4 A} <Fig. 2>3} Y},

F-IV F-v F-vi

F-VI
o o o
el ol Rf=0.84
Pl Rf=0.78 Rf=0.79 :

t o Rf=0.68

solvent Rf=0.31 o
Rf=0.13
Rf=0.13

Figure 2. TLC chromatograms of F'-1 ~ F'-VI shown in
Fig. 1

* solvent : n-hexane:ethyl acetate=5:1

F'-1~F'-Vi¥ Rt 22z} 0.31, 0.13, 0.13, 0.78, 0.79, 0.68, 0.84
Qon, z}z} iy wbdukg ¥Asigct. uwlebd 7709 dEo| tiaA Kol
gtz 3 Hch

A 1 & <Fig. 2>ollA chloroforn® & 3Z3& A 1770¢] peak7} UE}
st o710A chloroforng AMgs] olote wis 770e] AdEuto] LiE}
WAl edokth Al 1 A Fig. 29 A8} ojrleMe] AE vay o,
ME th&E = peakZt o ZAR|o] thsiNE o A A7 Wit}
3 Bz}

#18] 770¢] peak(F'-1 ~F'-VI)ZollAl 370¢] peak(F'-1, F’'-1I, F'-IV)



S Ad=I3te], WPLCE ol &3ted 2al BH g AW A Fig 3~50f
LiEtwich

154 HS

Figure 3. Re-chromatography of F'- I shown in Fig. 1
* F'-1 fraction obtained in Fig. 1 was re-chromatographed on a Versapack
Cis(4.1mmID X 250m0L) using methanol-water(7.5:2.5, v/v) at the flow rate of 1lmf

/min(see the materials and methods for detailed information).
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101

e s Ve &' '

Figure 4. Re-chromatography of F'-11 shown in Fig. 1

* F'-11 fraction obtained in Fig. 1 was re-chromatographed under the same
condition as shown in Fig. 3.

20

mAU
3

o

Figure 5. Re-chromatography of F'-IV shown in Fig. 1

* F'-IV fraction obtained in Fig. 1 was re-chromatographed under the same

condition as shown in Fig. 3.
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F'-1, F'-119 retention timed R% 2E8oioln, E3 31L}e] peak T
Uehd A3} Tice) AtE dhsled Psid iy gBolaln mwhdL)
324} F'-IV2 re-chromatography Zz} 282tf, 4%r), 8EThe] 3709] peak
2 Ueht 3708 3ol Yol At Fzo] Hxgt £ o] peaki =
£ njgolod, 94 TLC BHoIAE Uehyxl ejotdl 2oz dAZIC

2. EBV-EA 7= 2N #Y 2

Al &2 EBV-EA § Aol thyt BHE ZASIIo] %M A|RQ) A Eoj
tht 54 FE ZARF A= (Table 3o AAMC) AHEUEL 5%10°
N/meBEolg, HME FELL 65~77%2 UElyt). B8 A F'-)] o
F'-MIE M7PiA wiget o] HE 2L tlE AEY 4T YZENT)
Th& wolr},

A71oA ZE|R YR F'-1~F'-VIe] MEAZL(65~77%) | 1 o]
Al chloroforn$ &2 Ha|3t A& F-] ~F-IV& MEMZ8(74~81%)EC}

the wglth.
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Table 3. Cell density and cell viability

Cell density(W, 71/mt)  Cell viability(V, %)

Culture Control 515X10° 70.8
Induction control 525x10° 66.6
F'-1 530X 10° 65.0
F'-TI 585X 10° 71.3
F'-M 505 10° 76.2
F'-IV 525x10° 714
F'-V 4.90x10° 714
F'-VI 530x10° 68.8

F'-vi 495x10° 69.6

F'-1~ F'-VI %429 EBV-EA §5 a4 ¥4 A7 sl 2
BUA H¥e AzE <Fig. 653 Fig. 7ol Yehjdct.

Fig. 6> EBV-FA R= ME7} ¥3g =3 o 2odoln, A H2F
oA oMY FRE =3 e HMES A4l BV-EA 5 JH&L 73
A3} Fig. Y 2k

F'-1~ F'-VI 7712] 423 oAM = oA 84o] 713 £ AL F'-VI
4&(80.7%)0] 23, 1 Th F'-1(80.5%), F'-11(76.3%), F'-I(75%), F'-
IV(73.4%), F'-V(72.1%), F’'-VI(70.7%)&2 2 JE}ytc],

weta, A 1 Fe] AAME 70%0] & UEPAAIRE A7 E F'- T ~
F'-VI 43712 42 25 70%0]42] A& Mol Qlomg e Alg
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o] &2 Zog AR

Akira §(1997)2 3t ¥ & cold-pressdld silca gel® 213}
column chromatography(n-hexane: ethyl acetate, stepwise method)E 24
3tal LA 2} HPLC(column: uBondasphere Cis, 19mmIDX150mml) & EA 3}
Az} FH 2709} peakE Y3, o]HL auraptene>} umbelliferone® g %
Bl  olE9 EBV-EA 85 A& (%) 100 uMoll A aurapteneS 89%%
B B8E Uehd Whd, umbelliferone 20%% mj$ oF3t ¥ S Lpehy
=3

2 HYolA @ peakE2 o 70~80%H £2| A2 (VA)S el
<, o|Z22 auraptene?] tz} w3} stx]at umbelliferone} u}z3}
H g2 3E& el Qlct,

A 1 oA doj(chloroform® 2 &% 712]) 17740¢] peak7} & 2 &
olX @ofz(chloroforn EAlg) 7708] peak®} H]ZY w| AT s =
peak7} ol ZQIz| L= S| mExNE, gtog o AN AFYU W}

olcia Atz sch,

_34_



Figure 6. Fluorescence microscopic appearance of EBV-EA

induced cells, (X200)

* EBV-EA induced cells show bright fluorescence.

B Cell viability(%)

SInhibition of EBV activation(%)

100 r

Figure 7. Cell viability and EBV-EA inhibitory activity of

F'-1 ~F'-Vll shown in Fig. 1
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V2 (Citrus natsudaidaj Hayata) z}» & cold-press3jA] dojzl IES
column chromatography2} HPLC 9 TLCE H2|sld EBV-EA FE o ¥y
HE & +¥stdch

AZF 20mlE Column chromatography & o] &3}e] g AEdtd =y, o
A2t 7708 peak(F'- I ~F'-VI)7} Ue}yte).

FloD~F Vol chstel #) 1 32} S99 Wyo2 Tc 24 A3 Ryl
= 2170 0.31, 0.13, 0.13, 0.78, 0.79, 0.68, 0.84910nf, tiql widntg

F'-I~F'-VI & F'-1, F'-II, F'-IVoj thdted HPLC(column, 250mml X
4. 1mmID: mobile phase, 75% MeOH in H,0; detection, UVigm: flow rate, 1
mé/min)oll 2% §3} chromatographyS stet] - A3, F'-1, F'-Il=
3hte] peak& UEIEI, retention timee 2Etidch. F-IVE A 7y
peak7t EILEO M, retention timed 28t 4y, s¥cigdc. 2%
peak®]9] F 7§ peakt FAapolojA gha £8E AT TLC 2o E Y
Ehubx] Qfotel Re g Azt

A 123} U YHos SuFAY EBY-FA S5 A= 3 AAoA,
F'-T~F'-VI&] MEMZ8L 65~77%2 Ueh, A 1 %] F-[ ~F-Ive)
MEBZE(74~81%) B} th4 We Azls LE 1=

EY F'-1~F'-VI¢ EBV-EA 4% 8L, F'-VI7} 80.7%2 7}% %9}
Al L ThEol F'-1(80.5%), F'-11(76.3%), F’-IN(75%), F'-IV(73.4%),
F'-V(72.1%), F'-VI(70.7%) %08 Ue}yr). 7)ol A, EBV-EA 85 o
&2 70~80%2, A 1 2] chlorofornd:2oj o3 B3 YR F-[ ~F-V
o EBV-EA RE A#M&(71~77%)} vl 28 o) H¥ Zhe Yehich
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