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Abstract

This study is concerned with assessment of diethylnitrosamine (DEN 0.01%) induced
liver cell carcinogenesis by measurement of changes preceding the development of
neoplasms. Therefore, it was undertaken to investigate changes of liver—specific
enzyme activities in Sprague—Dawley (SD) rats by ad /lbitum feeding of DEN. And
also, the changes of hepatic morphology in SD rats were detected by haematoxylin—
eosin stain and immunohistochemistry (PCNA). 5—Fluorouracil (5—=FU) is one of the
most widely used anticancer agents for digestive cancers including hepatocellular
carcinoma, and is known to affect the cell cycle and induce apoptosis of cancer cells.
In the present study, SD rats were given drinking water containing 0.01% diethylnitro—
samine (DEN) for 8 weeks. Minor behavioral change, brittleness of hair and decreased
amount of water and diet intake were observed in rats 4 weeks after DEN
administration.
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The body and liver weights were significantly (p < 0.05) decreased in rats 11 weeks
after DEN administration. The liver weight ratio to body weight was rather stable and
not significantly decreased in the all treatment groups. The liver specific enzyme
activities (AST, ALT, y —GTP) were significantly increased in all treatment groups
compared to control group (p<0.05). Variable size of liver tumor and hepatomegaly
were observed in rats treated with DEN after 10 weeks. Numerous vacuoles were
seen on the midzonal and or peripheral areas of hepatic lobules. The large and
polymorphological hepatocytes with eosinophilic cytoplasm or densely basophilic
mitotic nucleoli were seen. Several proliferative small round cells were seen on vacuo—
lated and necrotic areas in peripheral hepatic lobules or portal areas. PCNA—positive
cells were seen on the vacuolated portal areas and peripheral areas of hepatic lobules
in the areas of small round cells. We examined functional and morphological changes
of livers by 5—FU treatments on DEN-—treated rat. The DEN—treated rats compared
to 5—FU-—treated rats after DEN treatment for 8 weeks. The serum total protein and
triglyceride were significantly (p < 0.05) decreased, and the liver enzyme activities of
AST and ALT were significantly (p <0.05) increased. After 8 weeks, in the non—5—
FU—treated group, the size of liver tumor were varied and hepatomegaly were
observed, hepatocellular vacuolization, necrosis and steatosis were observed on the
midzonal and peripheral areas of hepatic lobules. The large and polymorphological
hepatocytes were seen, the interlobular connective tissues were proliferated. PCNA
positive cells were seen in the portal areas and peripheral areas of hepatic lobules in
the non—5—FU-treated group. In hepatocytes, condensation of nuclear chromatin and
vacuolization were observed, shape of the nuclei were irregular, the degraded nuclei
and organelles were observed. The livers of rats in the b—FU treatment group were
seen grossly brilliant, red—brown color, and the vacuolated and degenerated regions,
hyperplastic nodules were not nearly observed. In the electron microscope, the cyto—
plasm of the hepatocytes contained a large number of mitochondria, rough endo—
plasmic reticulum, developed organelles surrounding nuclei. The above findings suggest
that 5—FU will be effective as anti—liver tumor drug.
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5-FU-treated group

Control group (Non-5-FU-treated)

st 5-FU IP —
ond 5-FU IP 7
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< 0 week (60 days) sampling (blood, liver) —»
“ 1 week (67 days) sampling (blood, liver) ~>

“ 3 weeks (81 days) sampling (blood, liver)™

#‘_ 6 weeks (102 days) sampling(blood, liver) *¢

slaughter

Fig 1. Experimental design I of 5-FU-treated group and non-5-FU-treated group
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Fig 2. Experimental design I of 5—FU—treated group and non—5—FU-treated group
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Table 1. Changes of body— and liver—weights in DEN administrated and control rats

Duration DEN treatment Control”
of B. W (g) L. W (2 B. W (g) L. W (2
treatment
(weeks) Female Male Female Male Female Male Female Male
0* 180+5.3 281+%5.2 - - 185+5.3 283+6.4 - -
4 215%+14.3 308=£9.2 - -~ 256*£5.2 401*11.0 - -
8 261%=7.4 355+14.3 21.314.7 235+1.8 295%£5.3 413%6.7 8.3%+0.2 13.3+0.9
16 295+5.3 413%£8.2 25.56£8.8 35.9+x6.4 334*5.2 464=%8.4 11.4£0.6 15.0£0.3

* Control : No treatment during 8 weeks,

L. W : Liver weight,

B. W : Body weight (Mean*SEM)

- 352 -



sotw| (DEN) S04 rate] 2kt RgAelol 7ISeie o Sefsiy wislet sot

H|(6-FU) M2l&m Al

Table 2. Rates of body— and liver—weights in DEN administrated and control rats

Duration of

B.W/L W (%)

treatment DEN treatment Control”
(weeks) Female Male Female Male
8 8.1F+0.5 6.6x0.6 2804 3.2£0.5
16 8.670.8 8.7x0.9 3.4%£0.7 3.2%0.6
™ Control : No treatment during 8 weeks,

L. W ! Liver weight,

A FoATe] 8FHTAME 7.4£0.6%01H,
16FHoE= 8.710.8%% S YA =
7FeFA e (p < 0.05).
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84 —TLOHH‘_ 127.371 56.30 22 713 =4
S7HE . 10787 ©]¥9 DEN Fol7e
Uha ZASGIAIRE ZF FYE Atold WskeE &
ARSZ Fo3t atol7b ST (Table 3).
Table 3. Changes of AST(GOT) activity

in DEN administrated rats

Duration of

treatment No. of Activity (IU/mb)
(weeks) rats used
0 10 49.96 £ 22.17
8 12 127.37 £ 56.30™
10 11 105.58 £ 19.73"
16 12 107.60 = 39.26™

™" Significantly (p < 0.05) different within
column.

ALT EMX[(IU/me) : Table 4% o] DEN
S A& FAS 8FH FANA UERT 33.40=F
12.45 Xt} ALT &AZAX7F 8FFH A
88.73+t32.5322 ZF7IE5, wetA Fo
10579, 167" A% fostA F7HE A
(p<0.05).

B. W : Body weight (Mean*SEM)

Table 4. Changes of ALT(GPT) activity
in DEN administrated rats
Duration of

treatment No. of Activity (IU/ml
(weeks) rats used
0 10 33.40 £ 12.45
8 12 88.73 £ 32.53™
10 11 97.39 = 39.22™
16 12 106.67 * 42.48"

™ Significantly (p < 0.05) different within
column.

7-GTP 84X : Table 58 o] y—-GTP
EAEAA U/ E =79 37. 24i19.22°ﬂ
HlaiA  dekAl Folwe] 8 :rLﬂl*il?*H
87.67+21.51% Yeht} 7t FHE %*é Ae

A FAEAOY(p<0.05), 7 FHIFE 7t
F5ig zto] glo] AT FFEOE FAHIU

Table 5. Changes of y —GTP activity
in DEN administrated rats

Duration of No. of

treatment Activity (IU/ml)
(weeks) rats used
0 10 37.24£19.22
8 12 87.67+t21.51"
10 11 04.78+28.52™
16 12 102.99+32.94™
" Significantly (p < 0.05) different within
column.
DEN E0{El F|O|M 5-FU F0iAlQ ZtgA
x| HEHEAM FHAIHE)
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Fig 7. Right is liver of
DEN-—treated rat for 3
weeks. Left is DEN
non— treatment (control)
for 8 weeks.
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Fig 8. Left is liver of DEN—treated rat for 8 weeks. Right is DEN treatment for 8
weeks and then 5—FU treatment and then liver of survived rat for 8 weeks.
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9 53 DNA #7419 Z$ DNA 54
4ol dF= € =+ Ak

DEN® FoiA kool 534 23 3
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Fig 9. The large and polymorphological hepatocytes with granular eosinophilic cytoplasm
and densely basophilic mitotic nucleoli or proliferative small round cells are seen
areas on the peripheral area in the rat liver treated with DEN for 10 weeks. H-E
stain, X500 (Left). Several proliferative small round cells arrows on the vacuolated
and necrotic areas and dense nuclei of hepatocytes with mitotic figures are seen in a
hepatic lobule of the rat liver treated with DEN for 12 weeks. H-E stain, X200 (Right).
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Fig 10. Appearance of PCNA positive
cells (arrows) on the peripheral
areas (upper) and on the midzonal
areas (lower) of hepatic lobules
the DEN administration for &
weeks and then survived—rat for 8

weeks (x 200).

Fig 11. Comparlson of EM photography of rat hepato—
cyte on the DEN administration for 8 weeks and then 8
weeks after 5—FU treatment, the left hepatocyte (DEN—
treated) was vacuolated loose cytoplasm, the nucleus
and organelles were degraded. The cytoplasm of right
hepatocyte (5—FU—treated) contained a large number of
mitochondria, rough endoplasmic reticulum, developed
organelles surrounding nucleus (x 7,800).

FLAE dAEY FEE dAst oAl A #29] 1FE AAse HAL Qth
X5 gydte LS dvh 28ER A 19573 Heiderberger®7} 5-FUE A& &
E o= A== Fosex L Tl AT F, 4040l Ad 259744 5-FU 7]
A9 38 HAE SHstE AR &9 59 F4 2 FEAEY ARE FHOoE )
E 2%t 4 HAE e Atz & ZHol gtk o] FeAE dE 2 HE 99
S o 24, B Hol® &g Fol7] Y3t o7 w2 A¥%E Jehdv ZHde B8
F50] shstaris Ay oR%E FE w3y glon] REzargo] Hol

setoWle A& #F4e AHE A VI AREE U ol AAA] WHelAd 2
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WA o7 5-FUE cell cycle—23&4
AN EFE 59 XB8A7 FH¢
Hu 5-FUE &A% U DNA $4& A3
st SEHd AEAE, 5-FUY BAA Fo
A 5-FdUMP% &4AZE 343} st thy-—
midylate synthase(TS)9 &4 ZAgs|o]
12429 7eg JAEt 5-FUS &% &
BE dozich T FIRADLV)Y WEE
Ao EMTX) & 5-FUe Agste] angs
F7AANZ, o] 52 s A (bio—
chemical modulator) 4 A WA 5-
FUY 7158 24471 715s 21 vk
ZHole Foirt pHIEAAE Z2 &%
2 U9 AAHRow @A Ego] FHE
BTE5-FU AAZA 197049 tegafur,
19809 ) camofur, UFT7} 7=}, 9]
AEL 5-FU Hi 45 Agsts 344
74 gt FYx2 ol 5-FUS 1ek
E fAEAT GAEE SAzIEA A
ARl MEE &A1 wiEel AR

- -2 il O 7
gt 5-FUS =42 RNA%S 33
DNAZA A= <

stol wudol REstol

540 FHRTHY. ¥age okFe Tolg

24 ] ‘%OP 2 7HA HJtQ{
g3 o9 (serum protein) < A2 7+
AE F WV " olg A Fol albumin,
fibrinogen, prothrombino] oA A g =
2z é‘ﬂ/\] Gk 2 AFAE Fo o
2 o]l oM E Fadrh

@*c} ¢l rat® serum total protein (g/
9] HFAE 4.7-8.124, 5-FU %9
IFL 12 FoJA 6.20£0.12, 23k FolA
5.9%+0.01& <k proteinA 7t $Hgkoy
5-FU 7o & 35 o|%E+& 6.7720.16%
qRor IREHY AT Serum total

protein ¥+ 5-FU9 1A Fo & 15, 35

0 rate] Ziet ZiAENS| TiSeiN 3 HEfeby Hale 2ty

HA|(5-FU) XMz|snt Al

9} 650 #2132 Aolzk 1 (p<0.05).

ALTE THAIEY cytosololst &A=z 7+
Ago] FolFolrt, A rate] ALT &4
(IU/me) 9] FFAE= 17.5730.20/4, 5-FU
Eol IFL 5-FU 1x FoA] 80.33%
1.86, 23} Fo{A] 76.33£1.332F DENWH
Fo3t dx 2R Y o oy (p<0.05),
5-FU %o & 359 53.0£1.162F Yo}
2 7] A#&ske] 65 40.33+ 2.032.% 1}
Elwtth (p<0.05).

ASTE 7+ A3, 3°, 2% Az nEZ
Zgole]| EAFE & 1 olg A7|9 4
gor BF 7L 4 SIAT viral hepatitis
v} drug hepatltlsoﬂlﬂ*‘f et o] 104H)
ol d7tA] o EA FFdtr = st

A7 rate] AST 44 (IU/m) &) HA|
= 457802 %, ALTS vI7IXE 5-FU
o] 1FolM 5-FU 1x Fo4] 113.0*
2.80, 2z BolAl 107.0%£2.658 UAFA
A5 EH Q7 5-FU o] F 33 48.0+*
1.532.2 A3 dtolr] 65 35.3+2.60
o2 FAH.

ASTS} ALTE A9 dAs gidoer 4
s H Faste A%oE JEhsion, AST
9] AR 5-FU Fo o|FHE §9% A
o] (p<0.05) 7} YEFET.

]19,20) U] 7]_21 )3)8 -d-r]oﬂ A}ME}E}/\
= EO%o}O% TDAE &4 FEAA 83
Wy ASTO} ALTSY 7+ &4 A7 ZA
Z=71gg g3l w} ohﬂr

TG+ glycerol® fatty acid®9 esterd
o7 AzA 7he JuAlgor AHAFH
o}, o) ol9 triglyceride® ZFe A VLDLEH
2 §9HD Fo] duAder 2EY
lipoprotein lipase®| 2}8} glycerol®} fatty
acidZ 7hrwsiEo] EFol w %EJ e A
= e AAdEd, 3k A3ke] A9 VLDLY
% 4 AAE 83 9 TGY %’—Eﬂ ZAENE)
o TGE AdlelA ouAe] 45 54, &
ZIvh 229 JH A sl ol&Hh TG
AT A ZAEFHAY AR F
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Carcinogen?! diethynitrosamine (DEN)
o] o8] £ArH rat® 7l anticarcinogeng!
5—fluorouracil (5—FU)°] ©lx&= IFS &
oli7] Y& YAHow ARE 8FH &
7 ratg 85 ¢ &5 0.01% DENE ¥
3 & 5-FUE 15 FSE 2
Ageta 4

1. DENS 5% 658 o]%9 HofMe <
7ke] AEE A
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