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This study was done to investigate the effects of Korean mistletoe water extract and lectin on the apoptosis
and preneoplastic lesion in chemically induced rat hepatocarcinogenesis. To attain the above objectives, weanling
Sprague-Dawley male rats were fed modified AIN-76 diets containing 10% corn oil for 9 weeks. One week after

feeding starts, rats were intraperitoneally injected twice

with a dose of diethylnitrosamine (DEN, 50 mg/kg

body weight (BW). Rats were provided with 0.05% phenobarbital (PB) in drinking water from one week after
DEN treatment until the end of experiment. During the period of PB treatment, rats were injected with mistletoe
extract (100 ng/kg BW) and lectin (10 pg/kg BW) twice a week. At the end of 9th week, rats were sacrificed
and the formation of hepatic glutathione S-transferase placental form positive (GST-P") foci, apoptosis, DNA
fragmentation and apoptosis related proteins were determined respectively. The formation of GST-P’ foci

was significantly decreased by mistletoe extract or lectin
and DNA fragmentation in hepatic tissue by mistletoe ex
increased. These results suggest that Korean mistletoe ex
cinogenesis by increasing apoptosis.
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treatment. Although there was no effect on apoptosis
tract or lectin treatment, caspase-9 and fas-L were
tract and lectin have a potential to inhibit hepatocar—

estern blotting

oJgtoln], B3] T3 848 2
UTHB). A™ L NK cell#} cytotoxicity 2] #A-& F7HA1A =
A@L Z7A 7]y, ghalz] Z2 golullal g FA =] 9)e]
Az Az e 3 A3t AZ Y2 AR
22 A Fol AeA 0 2 2h8-8 4= o)) A E Y2 AT
gk dlel2 AAA 2 R 2gS B85 AA apoptosisE
A8k A 22 dei Al Bel-2, c-1AP2¢9} 22 ol 44
A& sAt Al E2] A E22He 933t apoptosisE =35}
2, DNA B78E Z71AA AN EE FolrtA gobe &
t}(12,13). Bcl-2= AEW vlEZxglo}s} Hjlste] apop-
tosisE -84 7]+ cytochrome C7} 455 %] £3}7] 3l =t
£-& 82 2 cytochrome Coll 2] 8l caspase-8¢|+} caspase-3,
caspase-9°] B4 3}5 o apoptosis S F-E 5= 2He-S 2}gts}
=7lo g deix gl Fast fas-L3 233224 apop-
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W apoptosis A% &H proliferating cell nuclear antigen
(PCNA), DNA fragmentation % apoptosis®} #ade] ¢l
wizl ol Bel-2, c-IAP2, caspase 9, caspase -3, fas L 3Fek&
A ake], Al Apabol o] bt A 7)Aol el deln
AL stglet.
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Fig. 1. Experimental design.

v DEN injection 50 mg/kg BW.
== (.05% PB in drinking water.
3 C: Control group.
M: Korean mistletoe 100 pg/kg BW injected group.
L Lectin 10 ng/kg BW injected group.
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AL W] SofolsFebad] #AAA T FRE AZA
F, 60°C oA Hetglg Fof 23 )bl el Gl A}
A

g2 7k tubeel] gol AAA AT F& FEAZ] F -80°C
Wx 6] B33} ho} western blot % DNA 246 A}-&-3}
Arth
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Fagelsts 53

GST-P’ foci: GST-P (glutathione S-transferase placental
form positive) focis= HFH el ABCH(17)2 o]-£3}o] AW
22 8A ] A8 AAEE o Hyg g e Axrt Byt 23
Sl =8 42719 xyleneA B 2 metA-g A A3ta, 100%,
959, 90%, 80%, 70%<] alcohol& 2}l 2 7] x| 4] g4 7]
F AAstsdct. 2A9] FAlel= cold PBSE AH-3h%l 32, 3%
H:0: 2 WA A peroxidaseZ blocking A7) ¥ =2 2a] 3133 o
2 a3 23] el oA gdE =547]7] 9138 001 M
citrate buffer(pH 6.0)el @7 & <Edl4 1027} 71edstaict

7tdel Bt 24 Sl Aol WA 3 Fak
4 A3 3087 - A 7)5L, GST-PaFA| (polyclonal Ab,
MBL, Japan)g -4 2417t 982131}k 2 F cold PBS
2 FA8tal o] &3k A|Ql biotinylated anti-mouse IgG(Re-
search Genetics)E 3027} BF-g4]7) 32, €} A] cold PBS 2 4]
3}o] avidin-biotin peroxidase complex(Research Genetics)
9} 304 u-EA A} LA A ek o 2 = DAB(Zymed) S AHS-3}
¢ 22, Mayers hematoxylin{Research Genetics).S. 2 th 2 )
£ AAsd.

SR 0 F foci®] 5 BB, dAEH
A Yol & 24 stol, whslulz
T F BAlo o] &3ttt GST-PEA&1: 20008
o AHE-3F A, focis AR A7} H A2 57 o4t 5
2 71&S At EA3qioh

PCNA: PCNA(Proliferating cell nuclear antigen)®] <344
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W2 bl A7 g GST-P foci¢h FU 8t o 2a}k 2] uh-g-
CNA 3l (monoclonal Ab, Santa-Cruz, USA)Z vl3re] A}
&3hsith PCNA a4l9] )4 w82 1:4000.8 3} 5, A
o At dujg o2 faste] ofAduk-go) wie A2 1e)
W on o] 13k Aoz oMy 78 ofx o
c}. PCNA labelling index(LI)= A Z 1,000705 oA 4 22]
5 NP2 bl

Apoptosis: 7+32] A H Aol ] apoptosis= TACS 2 TdT-
DAB apoptosis detection kit(Trevigen, USA)E A}-8-8lo] =
At & el st A8 AR 228 proteinase K
2 A Ae2lste] DNAE x=&A17) % 37°C incubatorol ]
&A1 7} 59F TdT dNTP mix®} ¥H-8-A] 7] 52, DABE. %41 A #
dolF ez JAR-F-5 Bl g o) 23 WL nuclease
& Alelste] A=l DNAZF QA2 E sjgdon, A2
4 A2 methyl greend A3t}

DNA fragmentation: 5% JEAA 23d 7¢ 101]/1-]
DNA F%% kit(QIAGEN, USA)E Al-&35le] DNAS 3}
2, 1.5% agarose gelell loading#]] DNA fragmentatlonﬁ
FHastelel

Apoptosis T3 o)A i"a‘ : Apoptosisel] #e1 ¥ whadzl
2] ek western blot®¥ & AM4-5te] ZA 39} 7k2 AL
Bz abbol| 4 F-A| ZF F 400 uL9] lysis buffer(150 mM NaCl,
1% NP40, 0.5% deoxycholic acid, 0.1% sodium dodecyl
salfate, 50 mM Tris, 1tablet/10 mL protease inhibitor)el] g

A5 $lellAl 1A17H5]E wh ] ghe}, o] 2 12,000 rpmoll 4] 2042
Zb 441 #elste] pufferdlell Folols whlale od9d 1 BCA
protein assay kitg o]4-3le] chulAl-g- Aetsloc)

Zt7} o] el A& 50 pgo] = Al £3+81o] SDS sample buffer
(4% SDS, 20% glycerol, 0.2% bromophenol blue, 2.8% 2 -mer-
captoethanol, 125 mM Tris-HC! pH 6.8)2} 43o] 12%u) 15%
°] SDS-PAGE gelell 7] g3le] b al-2 Relstqlt). Gel
& H71H 22 nitrocellulose membraned] &7 t}g o] =
immunoblotel] }-&3}¢ic),

Nitrocellulose”d2] 8] Eo)& 1 %% uL7] $3] membrane
& 5% BAEF7} 52 TBST0.5 M NaCl, 20 mM Tris-
HCI pH 7.2, 0.29% Tween20)Z 30—«:71} blocking A 7] 3. TBS
(0.5 M NaCl, 20 mM Tris-HCl pH 7.2)2 2087} M o] & g
A2 A E 1 mg/mLe BSA7} E°] 9l TBSTel| 2 pg/mL
o] FEZ 3438t 4°CellA 12417 ub-3- A A e} o Apgpa) 2
+= Bel-2, ¢-IAP2, caspase-9, caspase-3, fas-L{Santa Cruz,
USA)E AH&3lsdel

Membranes TBSTE 10#4 3 He{F 1 o3} A&
1:5009] v]-&= 2%2 A 257} /5 TBSTel 343t 1
A ZF HES-A]7) the TBSTE 1084 3, TBSE 147 H o]
Fch ECL4941: 12 4o membraneg W34 3] & X-
ray filmell x%3}%] band3 a¢}

Band®] density= CCD 7}dl|g} 2 o]v]|= & ¢

gl

BAS 2500

%249

] Tina 2.10& o] g8t 9] WA density S =" stsich.

SAHAME|

Aol & FEFN dule] Fof utEA Foid o}
£ 29E ®r] 98k A¥AIE 2-way analysis of vari-
ance(ANOVA) 2 #-438le] ¢ =0.05 %4l 4] Duncan’s mul-
tiple range testoll 2] 3]} AL A ag}oa;;} 2E A3 7 31}
9] &A A2l Statistical Analysis System(SAS) program
£ o] 833l

959] A7) 7t % 7 o] AFE7He BE FollA] H44A
ro] EAH Q) A F o] = 1}

=2

A) %7k A eH Table 1). 7] A% AF2.2 ol A
A 7 A o4 A Folo] olale] folb 0z 2}
& 7022 vehukck(Table 1), et A$4lo] & 232
i AR Folt AP 2 Fokel WHE 2ohsiA
estet.
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Fig. 2. Growth curve of rats treated with DEN and mistletoe
extract or lectin.

C: not treated, M: Korean mistletoe 100 ng/kg BW injection, L: lectin
10 ng/kg BW injection, D: DEN 50 mg/kg BW injection.
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Table 1. Effect of mistletoe extract and lectin on body weight,
liver weight and relative liver weight of rats treated with DEN

Group" Body weight Liver weight Relative liver
™ (@) (g) weight (96)
C (12 3503+21.3™  98+08™ 280£0.17°
M (120 353.7+133 96%05" 2.72+0.10°
L (12) 3512+233 97+1.0° 275+0.17°
CD (15 3624+ 92 144413 3.97+0.34*
MD (15) 35594171 138413 3.871+0.31
LD (15 3659+186 138+1.1* 378023

YC=not treated, M=Korean mistletoe 100 pg/kg BW injection,
L=lectin 10 ng/kg BW injection, D=DEN 50 mg/kg BW injec
tion, N=number of animals.

“Values are mean* SD.

“Means with different superscripts within a column are sig-
nificantly different at p<0.001 by Duncan’s multiple range test.
NS=not sngmflcantly different.

Aol B FEE Y HElo oty
A 7heke] B GST F sitE ol GST-P focis A4+
= Vehda] et o), 2halE o] AigkA) Wiwl el

3353”’} anti~GST rabbit & A& A}-&-3}
= i~1‘ S ﬁ—?"—? 22 AAg 4 Qloh gela] GST-P

2 ARRAEG A B R F o] 74
E Ao A c}‘é o] 585 A2 AL-F 5 gl
(17).

E A4 GST-P foci MAAEE &4 A wgkE
S Foisln] o8 TollM s A3 ebbal gk on Wetks
A Fojfo e BE A Aol fociS TS FAE S AR
of, 18] o AAre] B & Folvt dlgl £ A foci®] 742k

| b B Fodgh ol vlaA] AR R o
= vleldth(Fig. 3).
Al (15 Aot YAtz Floly,

J

At Agate] & 3&%5 o7 Fodo] mE Hole ¥
A Foff Al e= el R] ebkeh vt Adsied p(15)e w2y

gatalk AfAake] B FEEF 4w f’]z—"%'r'v—c)] Z+z}+ 100
pg/kg BW3 10 ng/kg BWY W} & 5% £979 foct 715
Ao gha e} dEl Foiinct L ATE e
2ol el Aol Alo] & Rolz|ut ol Aoz oA d A

Foci number

10 oc @M oL

o — -

\\X\

+DEN

% W 49 Foisl Ay

weio) A 9l Apoptosisel} ®lxE 933 785

ol B 358 5

ohueld, A3he FUH B G4 A%

7439 AR A o A E3E el T8 ARl AR
< oAl 3 A 4 sk

2 FEE Y gl MzEA A=

PCNA+= DNA polymerase-62] B2 st o 2 3ulslA|
2 b M Z A Z7}slz, B3] S phase B4 AR 3] 27}

e Aeg deA glev 2 apoptosiset MEF7]ete]
TA 2 PCNA gk A7t @siA A= gl

E AT PCNAE LU ER S| BE FolA f-o1F
o2 Z7igglon, Ag-Ael ¥ & E0 ddl FoiA] 1
27} AXo} B S P oo FaH e
A28 vepydrh(Fig. 4).

ol 3t A A Apde] & FEEOIY dde] UetE
Ao} Fofo) &l s delvhe AZEY dAlA A
2dE o AR ARG 5 UH AAEHE 2R, o)A ]
AgAro]l B FETolt drle] ek AA4-& HAgsle
el Zide] & & 9lf ZeR Alsgel a=hv A
DAANAL B85 HalAe AxF7EE Guae) o 4
TE 2Asle 35 A7) B g Ao P4

4{)1'

£ 58 ¥ Yelof apoptosis 7 7Hs4
2 A= aL"uLywu""ﬂ'q FrtEE o g oA gl
apoptosis7} A-$Ale] B 228 9 dwe) siekatarion

4 oC gM L

PCNA LI (%)

Fig. 4. Effect of mistletoe extract and lectin on hepatic PCNA
expression of rats treated with DEN.

Values are mean. Different alphabets above the bar indicate sig—
nificant difference by Duncan’s multiple range test at p<0.05.
Abbreviations are the same as Fig. 2.
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Fig. 3. Effect of mistletoe extract and lectin on hepatic GST-"P foci number and area of rats treated with DEN.
Values are mean. Different alphabets above the bar indicate significant difference by Duncan’s multiple range test at p<0.05.

Abbreviations are the same as Fig. 2
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A& A2 3k322) v}k W 2 apoptosisel] H&
AYE AA g}

A apoptosis A 2] £42] DNA fragmentations &4
3t7] 9184 7=} 2] DNAE agarose geloll 4] loading A] A £
A3} apoptosis®] %712l DNA ladder& o] A% Fel
g5 BTk ol AY A B A4 4" 27)
Zb kgt m o A= DNA ladder7} viehd wtd 223 ok
apoptosisZ} dolUA] kg8 AlxlslE 7o)

E2folz 2A A4 2281814 © 2 apoptosisd A& A
Al At oA, BE oA SA Y dAAAE ebiigict
9 nuclease® A2 ¥ of43 2 Mol e RE A F )4
FAd o] AMATAE et ) o] 24l Lafolm 2 A Abel 4]
2] apoptosis 44 A WAt A FA7L glon, o]
] apoptosis A E2] 57} A A 27| fEoR &
e},

Z2)u} apoptosis® FAEE Aoz gzl @ shA] o
Ao B AT E western blot22 243 A g Balg v
H, AAe] £ =551} dglo] 7he] wholshA o 4] A 22
apoptosisel] o1 A= 32 ud 5 glehs 7psAle] el
3} Fig. 5).

ApoptosisE F7HI71AG A A7l e A e w5
FEAY FAR Zhshe A4S ehill A 5y, A$aboe)
& FE2E0 dle] Foir) ol5e) Zv) mE ol %
1A AL velygth A, Bel-29 IAPE

Adte Ao de3l Al o] F 7iA] whafd e vl
HEA Tl osle] Frl=En olefdt Frhe AgAbe] B
FEEolv A" Foid ol froew ZrtatA 7}
AE A ¢kopct. ubd, apopt051s A5 gt gl
pase-9, fas-L2] 735 Ut-52 Folof o3 Zr}s e =
7t ASAe B FE2E Y *51 gl FoAl o o F7idS
i 5 9t

Apoptosis+= B Z A ol A2 F A A3)7] Y8 55 es
dojub= Y wolrlH oz Yarabeloll A Behs Wty
2} Eo:]g} 7o} 1) A 444 F 9 A 71=A) o) 2719 Ae o A
HAl oAl = v, B el e} o] Wl 28 Fodslo]

E"’]‘ "‘}EH ol A = Bel-2, IAP2} 2+ apoptosis 2] A
o] Whddo] Z7tso] gho] WA= Zo 2 X PH B
5‘5 '3‘7]-'5}7‘" Hr} aseg 9gEd EGAjde
7ol t-8-317] 918 apoptosis £% A 7 Hbel-g
A1717] 21t apoptosis o] A Hu) Al o] ulgle] 3 Zy)xg)

1 ot eivt A9Abe] B & Fou dule] oo o5
apoptosis oA Thil A o] vbal A %ol - 8-S )R] 9,
apoptosis &3] whudal o] ulgl =
tosis7} Ag-Ate] & FEE 2 ¥Rl 7 ek
711 743 S :

a2 2 AYPANE 8] 29, DNA fragmentation

o} apoptosis B4 &3 A& Wt EA Fo IR

apoptosis

) Ol'
L t ﬂl[o

B AR - R AU ) m“"‘
o ng fr & oo ot

%74

o

(A)

Bcl-2 T —— i o D SN T . RS QU

IAP2 T T e e e S ety e

caspase-~3 o G R Gl el ey *w

caspase-9

FAS-L

B

oc

Band density (%)
-9

AP

Fig. 5. Western blots (A) and guantitation of each band (B) of
apoptosis related proteins.
Abbreviations are the same as Fig. 2.

Fke] AR 0 2 qlaf] Ada whelo] FEE Aleo] mR o A
A7} F oz vhehd Xé =] apoptosisZ} WebA] &
2 0.2 ALZ =1} apoptosis ¥ thel Al 23 A 7} apoptosisZ}H
Agabe] F &5 4 dE9 7& et @lxﬂﬂ-&«l 7114%
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7 bk A & g 2 7] 2] 39 apoptosishe]
HH A& AR 3F ) o] & 98 80~ g A =R ol %
% 373 Sprague-DawleyZF$ T+F4F Apato] & 358
(100 ng/kg BW), dl®le] £3(10 ng/kg BW)9} DEN &=
o] of 3ol w}e} 6?_14 o] Mt o 159 F3E
F 23] 870 FoAspslch & AH47)7He 9F7bel A, 544

> N
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