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Abstract : This study was designed to evaluate the effect of cyclophosphamide(CY) on
diethylnitrosamine(DEN)-induced hepatic tumors in rats.

Thirty five male or female Sprague Dawley rats were continiously given water containing 0.
01% DEN for 10 weeks and then were given with CY 25mg/rat/day in water for 3, 5, 7 or 9
days.

The livers of rats were removed and fixed in 10% buffered neutral formalin.

The appearances of positive cells by immunohistochemical methods using proliferating cell
nuclear antigen (PCNA) antibody, pS3 antibody and apoptotic kit were investigated.

The livers of rats given with CY were grossly brilliant, red-brown color, flexible, and thin
border, and stainability of the liver cells were restored microscopically, and the vaccuolated and
degenerated regions were differentiated from restored regions. These restored findings also were
advanced in control group becouse of no DEN treatment but tended to be less avanced.

In immunohistochemistry, positive cells to PCNA antibody appeared more numerous in control
groups than that of CY treated groups. Appearance of positive cells in CY-treated group for 7
days and for 9 days were more numerous than those of CY-treated groups for 3 days and for 5
days, respectively. So these findings suggested that CY suppressed cell proliferations and effects
of these action were decreased with CY-treated days.

The numbers of positive cells to PCNA antibody were more prominent in hepatocellular car-
cinoma regions and cholangiocarcinoma regions, and then were ranked as order of large liver cell
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regions and normal liver cell regions.

Also the numbers of the positive cells by apoptotic kit tended to be higher in hepatocellular
carcinoma regions and cholangiocarcinoma regions but not uniformly in order in all regions and
were much less numbers than those of PCNA positive cells. So immunohistochemical methods
using PCNA antibody together than using apoptotic kit alone when anti-carcinogen experiments.

Rats with positive cells by p53 antibody were 11 of 15 rats(73.4%) in control groups and 12
of 18 rats(66.7%) in CY treated group, respectively. These positive cells appeared focally in early
vacuole-occurring regions and were very low in numbers.
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Sprague Dawley R=(70~909 %) +3 154+(195~250gm)
o} oFA 204:(185~220gm)A} 3548 AMSAY AFE 2
Ao] FHE AFEAAA A&EdA DEN AAA N-
nitrosodiethylamine(Sigma, USA)& €44 0.01% A 3
o FAY AFEA 105744 FF}L YA 2 gol
o] $5 3 gl¥ nitorosoamine ] #|Q! cytoxan(cyclophospha-
mide, 39| A2} 19 100mgkg(15F 25mg A )Y Table
13} Zho] 39z, 5UT, 793 € 99T FAE 23
Z PHEE YR EE FAL

Cytoxan®] oIy e Foj7|0Fgtel of 24 F<t
F5EFFE FEE F 259 cytoxan FAE WA A
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Table 1. Appearances of positive cells by PCNA antibody in livers of DEN-treated rats

Cytoxan-treated groups Contro! groups
% of positive cells % of positive cells
Groups Periods No':f normal large small cc Periods No.mof normal large small cc
m area cell cell area® r arca cell cell "
area area area area ol
10W** 0 day 3 6.3 104 139 18.1
10W-3D 3 dayskx 3 41 48 7.1 139 3 daystx 3 5.6 12.3 185 20.7
10W-5D 5 days 5 4.1 5.0 105 78 5 days 3 8.6 84 225 17.0
10W-7D 7 days 5 37 6.7 19.5 88 7 days 3 59 104 7.3 379
10W-9D 9 days 5 29 44 194 177 9 days 3 51 79 2145 15.6
Mean 37 52 14.1 121 3 79 124 217 273

CC area* : cholangiocarcinoma area.
10W** : Treatment for 10 weeks with diethylnitrosamine(DEN).

3 daysk : Treatments for 3 days with cytoxan after DEN-treatment as above.
3 daysyt : Non-treatment for 3 days with cytoxan after DEN-treatment as above.

4822 & & 2& %9 polyethylenglycol} ethanol
of Az Y& ¥ rled 19 F4Y 25mge| cytoxano]
10ml =9 FXB §HEA st 3L 27 &5
EE 3¢} o} F etherZ vl 3o 7] &8} 4% NBPZ
BHRIARL AL AAsd SUHoz BEIn
10% 4 E2ddoz HuAdAo. ol FA9
DENE 105714 R A% ¥ cytoxang F93}x] F+= of
ZFL A% 397, 59, 793 € 994 AFAT
TO2 TR 3FY wjA et o F2 gos b
A& A 1FFAL

ol A< paraffin WS HED FHEH 2o
hematoxylin-eosin 9 4-& AX3te] LYE ¢ Yejst
AYRA Fo WA S Y FH o2 BEIHY
31 Y¥ 549 paraffin WL Table 13} o] A HA
of o] g3tgrt. B F Mo A 13} &A= PCNA antibody
(Oncogene Science, USA), pS3 oncoprotein®] monoclonal anti-
body(Oncogene Science, USA)E 2}2} 100812 3]4 3}
o] 2319 2x FAHE &= Vetastein ABC kit(Vector Lab,
USA)E A}4§ ¥ 3.3 -diaminobenzidine tetrahydrochoride
(DAB)E A}4310] MM EE @ ¥ hematoxylin® & tjZ
g 3ol Moz TS JEE FHNSAX
2 2532 microreticleo] FX € FFA0 F3AM &
A3

Apoptosis®] WM L= In situ apoptosis detection

E
=2

kit(Oncor, USA)9] Tunel H 9] Aol wtz}l 239 panaffin
HHE proteinase K2 ]38l Terminal deoxynucleic
transferase (TAT)Z. ¥+-&-A17] ¥ Anti-digoxigenin-perxidase &
A3 2 443 & DABE dMste 99 gy o] @
i

i

d=o] DENE 107 5¢ 54 o3 o) F gA] A&
A cytoxand 3G A 99t FAFE T 2 df
ga oA, Hejzety 3 AqzAYgHoE ¢
23

£¢A o2+ DENE 1055¢ 598 T 33
EHo] HyAoln Feo] glu BL ZH EE Y
ol ¥F ol TN AS3A 1A cytoxan
£ 5o L 3YARE L BRo] BYY FHT
Ao H 4ol JNUT FHFY HEe §A B
AT (Fig 2).
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Ao a e 245U I AR E AR
o 43 AXZY Y3 £ 293¢ AE=2 JIg
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ARzxA 5ol 45U

DENE 103:%¢ 54 F cytoxand Fo344] ¢z 3¢
oA 997t AFHA L R E (o3 dET)ME A Y
ol ZRULE AP A= A APLe=
3 EEo] dAgo] JEHT YA HHAY dRR Y
FoEA FE3} AL o A G0 24F
I o F 2ARS Aol Fo] YEhG R It

DENE 1055¢ 5% cytoxand 3974 993
FAzdME Y 24X e AA JASAY B
t iz JEHE A7 Yehlo] FAL B 3 Eo)
AYs e £4971 o FEHAE A go)HhFig 3). HEH
EAY BE 29 AEEY 9440 3AE, AT
st 49 7|9 Feje] FYHIA A faZe] Yehd
Htdd AR E ¥4 dta AYRHG o FEs
Heidh a8y A9FETE 2289 339 gad
ALY 95, G427 &0 2E2AYY 24 5 T
743 A7o] o] AP Y7 FAFig 3). & FF
B FdME Axde 4440 o 2A Yehgd
oj2{¢ W= DEN R4 Fdd) 943 g7 v 0%
A&3tn F&BA YEY cytoxan £ A4HEY
FHAE Y BAREE & F AU (Fig 4).

Az 384 Wof o3 PCNA $4)9] FAuH¢
ARG ZAbe BEAA A7 713 Hol Yo
2 AAEE A% AT B4, dyg3e AT B,
AU THE 29, G8Y 59 322 & Y4
X7t @ol B BH¥E PR 2 U 9=
AE 59 BE F9 AXE ¥ PCNA FAJute
HX9 2U&E ALY v} Table 13} go] AAHo2
© HZF0] cytoxan F9F B} £$tT cytoxan FoJ P
FAME Fox7) 39A 9 SR E #L Holy 7UA
S 9UAE BT} H& HOR cytoxand AEY FEE
A3t Fo47)12k0) F7HEEE GAZ4o] HojR.
QE2TAAE Aol AAE £& o & HolSTH(Fg
5. FHERE A% TAXE 24, 28Y HHdA
2 Hgo] 2R 29 YT DAE B, 3R
Folsth

Apoptosis FJ U MEE PONA SA4LEHES 1)
€0 & AYRY HAXE F 99 2H BHdM &
< Agolg oy §EA dX A FhL AAHoR
PCNA JAWHEAX ¥t} 0 vl ge] 453 2o ¥
A Ed3Ade FE5E 22019 1A PCNA %

AREME 22}e] Y go] 87591 tHFig 6).

pS3 FH AR YEIY 58 A vl Y2
155 Fo] FuE FHE HF(TI4%)A L o] Y
HA fe FrE 4570266%) A Cytoxan Folg e
1855 o) S FFE 1243(66.7%) A2 YELIA ¢
T FFE 6FE33%%)E ANH LR Fad g 28
< &2 "ol 28y pS3 FA o @ FAHuEA
X9 ¥ T3 Wyl 7] NFHE T3] g3
A BIHoE FA5Y AN AT BEHU
T3 IR o Agd $AY $9o) A¥d ¥
HolX e RAHA FAHFig 7). ©|2 Hol p53 FAut
A4 EE DENe| og zigtolq S8 &o] Wk oy-
toxano] ¥ FHFL Fo2 o] & 2A} L 7HY T

T @

Cytoxand] 9J % %<3 zZA 3 gdastel st
T 21 vhE FolE F Ao B AN E 31y
A72e FE4 SHZR0E gyio] YT Hde
$A Hyem 2GR g E AEAY G440 7Y
A A G440 HA AYee} s Qo 27)
7t degdlA #Y3t Y B P43 da
AAN-9s TestEe Agde W Aeojr) gL
Y3 s APl 2 dae 3y
F2E AR 9%, d2B9 2 FERAY F
A 5 e wge o AYHA

Ztell A PCNA GAEE A X 9] ¥4 #3de 4
Yo A Ng et al & Abghol A 2.22:-4.95%, Tamano ef al *
£ uh$20A 1.44+0.44%, Jamess} Muskhelishvili®=
u}-$- 20 A 0.021~0.039% ${tha 34 -1 ¥)go] Wk}

ol ato] gl Zhol A= Adachi ef al* & AL@3te] A
Ao A 12.2~83.9% ¢ i, Deugnier et al 72 ALge] 7he]
preneoplastic focidl X 75% H 3 o|F LA ETHE gAte
2 Qe dE 4+21% 4ot a FH T, Ng ef al®=
carcinomac] A 1~894%Z M7} W1 HFL 3334263
%2 4FFR 7FA7F Ahi 8 DEN Fojoo)
ME Tamano ef al = §& 23% 5 preneoplastic focit
24.4+5.2%, adenomat 37.6+3.6%, carcinomas 44.7+5.7%
Aotz o AFAQ BelA 2ok TGN NS
AE v &L PN 28 ¢ F A

£ ZA M 4 BAX 294 cytoxan F9A
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AZEL BT 37%, Y2 L 19%2 919 F4AA
Hug v &R 453 Eof cytoxan FATFNHE H
BTAAE 747 FHol #E4E ¢ F YN T cytoxan §
dqFIME L2PHF FAE 29 14.1%, TEYL 4
12.1%2 Tamano et al™¢] ¥ 29} o] & Hojr}.

Cytoxand] S|@ Ao M E Rag v gloy
€ ZAME ANAHOE Q&2 Bo Yol FFAE
o o] JAHL Y&E ¢+ AL E 2IHH
204 RAF AT G449 43 E, FAAE
o A 59 AF0E Hol cytoxn FATLE HEFY
ol A2E & IR Y + ANTH

Apoptosis®] FAUHEHEE AL ¢4, AAe 7
Y54, 4322 59 239 A ¥ 3Hremodeling)d}=
HAo A Lol ME HEF PP L2 apoptosis7}
FAHEEANES S oAU o Ud FFAE
F£& A7 € Aold. AAZ YA & apoptosisE
g a2y A2 F ML apoptosis7t Yotz
i B FHAR AYHOE Yoy =rt F4
gt 2 B2 Wof apoptosisE HEY + e FAA
Z%9] Zo| dEjd FYXR 714 ddo] E R
g s’

Z kx| 8.9 apoptosisE =% o= cyclophosphamide,
HHAHA, alcohol F& o] &3t ALY ¥ Qlth. 2 42
Mills et al*= DEN 5o A= o} A perillyl alcohol& F
3 u} apoptosis7} F713te] 7He] F¥eo] FAFsTL
3193 Stephens et al *& w}9-2 7hM ¥4} A apoptosis
7} dojutes THAE v &2 06% 1oy HHAF M (radiation)
A X o) 2.5Gy o] T 20%, 25Gy o] FE °F 0% %
7Fekth 893 apoptosis FAuHEH XY HuAE
Meyn ef al ®& radiation®] 10Gyo] =29 o 4-6 A3}
A A1 64ARAE 4 FEo] AL FATT Auletta
et al = W Yo PGF 228 F4 % v} 2%0) A 6%2 F7}
HAtta g

Meyn et al P apoptosisy #-493 WA o] A ¢Hadeno-
carcinoma)o A} A %o th¥ cyclophosphamide 200mg/Kg
€ FAF 10~18A3F Atolo) 7HE Eka 2F WolA
o 3-59 F74X] AL£H Y3 25mg/Kg F Ao = apop-
tosis7} fr 934 £ 1 100mgKg FHAE Bt o] ¥
ktha 3o} o|ghgo] Rz o}t FHAZ wh}
ato| 7+ B 3tet.

Negoescu et al & 284 02 #91E apoptosis cells

Zo)| Al acetone A X A& 55% who] 18] A Y 57}A)
T 20% °|37} Tuneld 22 FAHRTR 3t HYY
o)X BAHE vlgo] AAF G YU I & ¢+
L=

Tunel'go] &% B8 W Mustonen ef al 2 §4
9 fr=¢¢] 4 (hyperplasias)3} sclerosing adenoseso] 4|
242} 0.15%9} 0.07%, %4 carcinomat 0.76%, Stephens
et al® & 25Gy2 A F 04N vh¢ A G
A 5%, 7Hstol Al 0.6% STk 352, Soini ef al P& A}
@9 dYAHEY adenomad) ME 0.01%(0.00~0.07%), <t
A B YA FFo)ME 0.42%(0.00~1.75%) QA3 8 o}
Zueg o 4 97, Auletta ef al = PGF 208 £j3}
Ao dad 48 FANM 6% fokz it 2
Hu AR AR 29 AR A& 2~5% A 20~
30%7H A e B F v Qo

¥ ZAMAM & Tunel Ho} FANEHAEY £ ¥
B34 Aolg AAEs = 2@} o PONA &
A AEs} B 24 233% BT B¢
B4 EHA =& FFolgiTh

p53& 4 179] short armol] 8= FAAZE G1
checkpoint& 233t W HAH QA M X7} §7|12 Eo7}
FA%E A& 9Alsts FH9A Aot a8y
pS38 EHW| Y2 A XS promoter7t Ho| FU&
F2E F U3 AFARANE Fo] UF Hol #2E
F oy 2AMFAEY FEA TN B2 8
ﬂ q_ll,13,15~20,33.

p539] FAuhe-L A FF9 50-60%"7, ALt v
Stel9) 47.5%", Age} f 3o 49%7, BE F%9
57.5%", ALge] sigt 407 %) 28704 2AHUD D
3% k. Mosnier et al ¥ 243} FA HFEddMe
33 Fol| A & oo Mgt @HEH T YF(carcinoma)d o
HE 704% dolX FFEJAGL 83, Colecchia et
al*& A ZE NG doH JehiA gt 8
o FAHE o9 FAZo]7t BT

¥ DENg 5o ¢ rate] oo A& cytoxan F-of Fof| A
E 185F 124(66.7%), HR AN E 155Fd 115(734
%) E%TH

p538] YAEEE Yehle FFY o FolA p53 &
AUHE A X7} e E vlgo] B8l E Yang er al e
AHe] F%olA 0.1~93.2%(8F 42.7+29.4%), Gabbert
et al & A Yol 15% FThT B 1 H)go)
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Wot&& BR3P vl QT Barbareschi ef al " ALY 3
FARA FgolA ps3e] ul&& PCNA F4uH$ A X9
o &3 #A7 gl T 3.

B A T2 B4 AZHE 279 AE
A 33 A¥9 DAEAGMTY AQE2 Yt
BN e FFFA FAU AR E= 2YY
2 WY BAXES RHdAE YEYA gt

i £

A&eAd e A= DENE 001% SA $59)
7hte] WFAA Fojdtal igto] THEE da §¢
A cyclophosphamide®] A A cytoxand F 3o 3
239 B dE 2A%HoE #FGH E 299
Ho2 FAMES apoptosis7 Yojuhe A X ps3 §
N IR H T 28E AT

FUH2E 2T H cytoxan FAZE 3IYA
E e 47 394 2424 RA @84l
AL WL oA B 2Rz = BAEE A
FTAE AY GH440] HESAE 240 dEpna 2
AXE Fd WATEE A7} dojuke FHsE o
THEEH7] AR 53 AgE2 WY Aolst

U 3% P AN ol @ 273L gz
T B} cytoxan R ZolME B & F&9)

HAZAREH WolM PCNA FAutgHEe &
&L dxF | cytoxan FF B} E3k cytoxan F
A2 FAZY] 3GAY sYAE $& Holy 7449
9UE B} & WO cytoxand AEY E4L 9
At FABFrt FHESE qAR L) A
B2 g2FdME Ade] ARE 78 &L Holg.

2AERE 2958 TAT 39, 2B 2HdA
2 ugo] %I 19 PYRF TAE 29, ZAR Y
&ol At

Apoptosis FAEHEMEE PONA S48 SH Y ¥
&0 ¥& 2% TAX 299 FUY 24 =
< Aol ot 1 Hlgo] 453 Wol §uAY xH
Z3o) = PONA YA A XY 2AL9 Y] FA 49
a739%t

pS3 FARRFMEI Yl 2 FE 15534 115
(73.4%) Q1L cytoxan Fo L 1855 0] 124(66.7%)
AAHLE FFo A 2HL ¥ Holy Fyue
AEE T3 Y0l 27] ARHE RGN §F24
o2 F249 AXdAH AR}

Legends for figures

Fig 1. A few of greyish-white foci or nodules of tumors and blunter border are seen at livers of rats treated with diethylnitrosamine

(DEN) for 10 weeks(control group).

Fig 2. Less number of greyish-white foci or nodules of tumors and sharper border than those of control group are seen at livers of rats
treated with cyclophosphamide(CY) for 9 days after DEN-treatment for 10 weeks.

Fig 3. Proliferated interlobular connective tissue and cholangiocarcinoma are seen at a liver of a rat treated with CY for 6 days after

DEN-treatment for 10 weeks. H-E stain, Bar = 165pm.,

Fig 4. Higher magnification of Fig 3. Cholangiocarcinoma are seen. Some hepatocytes are larger or smaller than normal hepatocytes in

size. H-E. Bar = 42)m,

Fig 5. Numerous PCNA positive cells(proliferative cells) in area of small-sized hepatocytes are seen at a liver of a rat treated with CY
for 6 days after DEN-treatment for 10 weeks. Immunostain. Bar = 84pm,

Fig 6. Many apoptotic positive cells from proliferated connective tissue cells, interlobular ductual epithelial cells and hepatocytes are
seen at a liver of a rat treated with CY for 6 days after DEN-treatment for 10 weeks. TUNEL methods. Bar = 84pm.

Fig 7. Some apoptotic hepatocytes are seen at the liver of a rat treated with CY for 3 days after DEN-treatment for 10 weeks. TUNEL

method. Bar = 42mmm.

Fig 8. p53 positive cells are seen focallly at the peripheral area of a hepatic lobule of a rat treated with DEN for 10 weeks. Im-

munosatin. Bar = 145pm.
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