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Studies on Early Detection of the Chemical
Hepatocarcinogenesis in Newborn Rats

Min-Youl Chang, Hyoung-Chin Kim and Yong-Soon Lee
College of Veterinary Medicine, Seoul National University, Suwon 441-744

ABSTRACT--This study was performed for searching for non-hepatectomy medium-term bioas-
say model by using newborn female rats.

Newborn female Sprague-Dawley rats (1 day old) were given an intraperitoneal injection of
150 mg/kg of diethylnitrosamine (DENA). After three weeks, all rats were weaned and divided
into three groups. Group 1 were fed on diets containing 0.01% 2-acetylaminofluorene (2-AAF)
as a promoter for three weeks. Group 2 were given 0.05% phenobarbital (PB) in drinking water
as a promoter for 8 weeks. Group 3 was control group. The autopsy was carried out at 4
weeks and 8 weeks after weaning. Prencoplastic lesions were indentified with immunohistochemi-
cal staining for glutathione S-transferase placental form (GST-P).

In liver weight to body weight ratios, group 2 showed significant difference from group 3
(p<0.001) at 4 weeks after weaning. Group 1 and group 2 showed significant difference from
group 3 at 8 weeks after weaning (p<(0.01, p<{0.001), respectively. In quantitative analysis
for GST-P positive lesion area by using Image Analyzer, group 1 and group 2 represented
significant difference in comparison with group 3 at early 4 weeks after weaning (p<{0.01,
p<0.05), respectively. Also, there were significant difference at 8 weeks after weaning (p<{0.01,
p<<0.05), respectively. So, it is capable of detecting the hepatocarcinogenicity in short period
by using newborn rats without hepatectomy. Therefore, from the results mentioned above, it
is considered that the newborn rat model is useful for medium-term bioassay.

Keywords[Jnon-hepatectomy model, newborn rat model, female Sprague-Dawley rats, glutathione
S-transferase placental form (GST-P).
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71 A|17}3 B v go] A8 g wel, A u]E-E
HoFgt BA0Z in vitro AP Wl A¥
(Ames’ test SOS-chromosome test 5) 2.2 4 H
o2 uqbg e AMet glouh Ay YAAY
Ao u|ahed AZgo] i $JoFA (false positive)
go] Fol A Aol ofeigo] Wokd FIAL
Apgho 2 dhell o] &5 3 glA| ek whetA in vitro
Ay A7) AP wFdRE ¥ 7 e
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2thA| o] & (two-step theory) 2265960 o] 7] 2 3}e]] 2
8 7% (progression) & A HHAEE FA4UThH=
thebAl bobst =8-(multistage carcinogenesis) 9]
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o] 7| ubE|giTh 8BRS 7 Ze M & Ito F0]
g uhge Algr)zke] (83, AVl AAA
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deke AWl satEde] Ut 55 AYst
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% %314 (promoter) 4] 2-acetylaminofluorene(2-
AAF) & Atgel| 002% ¥l Aol F% F
ste] 2% ojs] AgNA(DENA Fo) 35 Fof
7be] 2/38 AA M 542 34 kP o] o 7H9
BuAdow AT e 2RI} e of
ke el sl 4 U

apd 200 < A1A%E(newborn | neonatal) %}
odo}7|(infant) o] EE-L o] 43 Aol AR
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AP} Aol AE o) 43 Age] Wo] HaH
%4.16,40,51.32)

International Agency for Research on Cancer
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3o setEAe] et F2 e e
o]g-3te] ZMgick? gHH Sato 5(1984)°] A=)
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(GST-P)o] 4% Ashdwel XA/ & 5
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uholbd A ¥ A3 EE RHSE Bast
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& AHrEe] Foiskadch
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Fig. 1. Experimental design. DENA, a single applica-
tion of diethylnitrosamine (150 mg/kg body
weight) by i.p.; S( ), numbers in parenthesis
mean sacrificed animals; ##8%, basal diet co-
ntaining 2-acetylaminofluorene (2-AAF) at 0.
01%; mmm, drinking water containing pheno-
barbital in drinking water at 0.05%; (1017,
basal diet.

353 Fof o]fAA AT FEEE sch

A 122 o)t FAlol 357Fak 4T A
271 %7 (promoter) 8 2-acetylaminofluorene(2-
AAF, Sigam)& Atgel 001%7} =% Alsmof &
gate] Fodslgdon], A 278 old2k FAl U+
Zholwb Al Zx18-Ael phenobarbital(PB, Tokyo
KASED-2 &<l 0.05%=7 3l4sle] A¥ F8
A 7R Fodslgiet. 12]al A 37-S HET 2R o]
%9+ 54\ Basal dietwt Foisheich

e olf F 4F(AEAA F TF) H 8F
(AFAA F 1156 247 6utely EGshe] =
Apstsich
Zt 2Ae] £HAYPEE FH BE T F
9 Ao, AF5E S F BHE ke
HEaty, o) FAS st ATl HE 7He
FAE AAbsaick
2t HolZx pE—7te oS WS delA
2~3mm FA 2 2+x32& A Fs}e] 10% phosphate
Hell wAFE F, dubAQl paraf-
fin A¥W& A5, hematoxylin % eosin H4&
sled Wil sl ejy $-EeldH vl
Joll 4] 2tz 28 MFH 3t PobAlE(cold acetone)
o 243l 6ym FAL paraffin A¥E WHEL,
A A F A (mar-
ker enzyme)Q! glutathione S-transferase(GST-P)
oc}k! tdw]o]] i3 :Eoi};zl §}5_—]-14 ogx_qg ~5—].oi 9_13:]':“))
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Fig. 2. Mean body weight changes.

7ta} 3pAFR-A7)(Color Image Analyzer, Q520, Ca-
mbridge) & ol-&3&led 27 2 mme]Ate] GST-P <
A owm e el WAl s Aabsiadch™

My ZE| BlefE HM—7t 22U GST-P AH
o] 2x 8 #elslr] #18) avindin biotin peroxi-
dase complex(ABC)®-& 0]-2-3}e} 93 4& s}dch™
Rabbit-anti-GST-P  antibody(12} 3a))& ol
Al gha o st e 2R E| Feuotes, 0.01M
phosphate bufferred saline(PBS) & &A1& 10u)
3]4%F ¥ bovine serum albumine} 1%7} HXZ
7ysle] JAR A A A-4-gkeic). Biotin-labe-
led goat anti-rabbit IgG(23 &))<} Avidine-Bio-
tin-Peroxidase Complex(Vectastain Elite ABC Kkit,
PK 6101)+ Vector Laboratoriesell 4] <&l A}-&-
slojc). Paraffin 22 A M2 xyleneoll 4] paraffin-&
oy, FEIIFEe] wAlA JEFAE AA,
moisture chamberoll A} B]5o] W3-8 ZFo}7]) 93
A4k goat (1.5 34; 001M PBS, pH74)
© 2 blocking A%z, rabbit anti-GST-P antibody
(1: 6000 34)), biotin labeled goat anti-rabbit IgG
(1: 4000 3]4}), avidin biotin peroxidase complex
(ABC) & Zr7} moisture chamberol] 4] 8Fg-A]7] &,
H;0: 0.02% diaminobenzidine(DAB; 02M Tris
buffer, pH 7.6) | incubationA]# 2 Hukg-g <o
7] % hematoxylin.o 2 o214 (counterstain) a1e]
Fetddul Ao g gaskadch

xtg o] EHXE—A Y A A= two-tailled t-testE
ol g-sfe] thxgkat wim, FAzicich % 5o o
sto] 238 5%, 1% % 0.1%2] FF4 f4e
AA s
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Table 1. Final body weights and Liver/B.W. Ratios at 4 weeks after weaning in female rats injected with DENA

1 day after birth

Group Final liver weight (g) Final B.W. (g) Liver/B.W. ratio (%)
Group 1 7.78+ 1.56 150.43+ 14.89 512+ 0.55
Group 2 10.97+ 1.52%* 160.57+ 14.52 6.81+ 045 ***
Group 3 7.90+ 0.77 165.50+ 10.94 4,77+ 0.22

Each value is the mean* S.D. Group 1 and group 2 showed significant difference from group 3 (**p<{0.01,

*+#5<0.001); B.W. means body weight.

Table 2. Final body weights and Liver/B.W. Ratios at 8 weeks after weaning in female rats injected with DENA

1 day after birth

Group Final liver weight (g Final BW. (g Liver/B.W. ratio (%)
Group 1 10.44+0.83 213.00% 15.95 490+ 0.29**
Group 2 12.19+ 0.32* 213.71+ 1094 5.71£ 0.27***
Group 3 970+ 1.25 22486+ 24.85 431+ 0.22

Each value is the meant S.D. Group 1 and group 2 showed significant difference from group 3 (*p<C0.05,

**p<0.01, ***p<0.001); B.W. means body weight.

FEEL I k-

HBH—2-AAFE Fo9% A 17 ol 58
Wz vE folde A AFgart Be
ov, PBE 53 A 272 txdH viwste] A
FHzle)] f24o] gileh(Fig. 2).

Zte] SAH|—AFN g o] FAu]e] glejA
olf F 4FH(75) FAsE A 2-AAFE F4F
A1 gz veld fode gt EA4
e, PBE Fo4 Al 278 dizTol vle &
AA(p<0.001) 3UA E(cHTable 1. 28]z 85
HM(115) Fs)E A= A 179 427 25 o
Z7el wlsiA] HFe gt zkel FAwprp
94 (p<<0.01, p<0.001) <A ==K Table 2).
Kot W &t #HolFH A HEEHA
DENAS $o% F 2-AAFS Foidt A 125 PBE
Tl Al 23N A o) f F 8F(11F)A YA £
A3 2% 7R e 249 W] FA AAFo)
FAH 23 AR 1) HARE FEE)
A3 AMHeg FAY 7+2 B E3] PBE
Folgt FollMe s F3del o ok o
DENAgHS T3 A 3Tl e §3tdos 34

Aol Ao BA=A g}

BE FoA 3el¥l GST-P 34 (GST-P po-

sitive lesions) 9] #adn]|Agd £H4e F9j9) P4
TrxA D FAL TR YPes Ade] =z
theksiA vheber 7k Adlel] Abals] e Ao
@25 c(Fig 3,5,7). WUl AX 59 gu4
ofzke] A = 397|Adeldlen, 53] PBE
Foigh oM BAE W Ee] FrERA gol
FHA =gl ok (Fig 5). 414 gL thokgt =227]9
ALER A=l e, do] #Hrise v
ouf, Axo] wle] A FEA HEE Holk AL
U ek(Fig. 9).

=g I 3he FA4AE BFY T ANeH,
-2 ZatAdelgleon, F99] dAzAe HHA
7} Tedakx) ekqkel. el o9} GST-Pol oid
wodzal shaba M Felo A % 2A3}
#gasA T2 5 9K (Fig.4,6,8).
melduol 2 ME—2 APFe 2F 23] lom?
% ZAw el fob WA (mm?) 2 Table 33 7t}

ool wife] glejs DENA Fof £ %3
A 2A 2-AAF9} PBE $3% ) 173 4 29 &5
olf F 4F(7TF) AN 22t {214 (p<0.01, p<0.
05)°] A= 2, olF ¥ 8F(11F) Mol = 7z}
2173 (p<0.01, p<0.05)°) A= ch Ao
ol gleixe o)f F 4FAd A 173 Al 2F
25 7z frejAde] bk (p<0.01, p<0.05) A
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Fig. 3. Preneoplastic lesion induced with DENA as Fig. 4. GST-P positive lesion induced with DENA as

an initiator and promoted by a diet containing an initiator and promoted by a diet containing
2-AAF for 3 weeks in newborn rat (at 8 weeks 2-AAF for 3 weeks in newborn rat (at 8 weeks
after weaning). H & E, X 40. after weaning). Serial section to that of Fig.

1. ABC staining, X40.

6

Fig. 5. Preneoplastic lesion induced with DENA as Fig. 6. GST-P positive lesion induced with DENA as

an initiator and promoted by 0.05% PB for an initiator and promoted by 0.05% PB for
8 weeks in newborn rat (at 8 weeks after wea- 8 weeks in newborn rat (at 8 weeks after wea-
ning). H & E, Xx40. ning). Serial section to that of Fig. 3. ABC

staining, X 40.
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Fig. 7. Preneoplastic lésion induced with DENA as
an initiator in newborn rat (at 8 weeks after
weaning). H & E, x40.

HAAA gt olf F 8F(11FP) Aol Al 2ol Hnt
Hago v {294 (p<0.01)0] AA AU

A 1T A 27 Hghywiel HAg vlas)
u A 27 vlad FA Jepgted, ole 414
= F 4Flo] PBY FAl a7 vizbsirhe A
oFAlsta glch

A 1ol A ol F 4FR(TF) el F-24E Bal
Hodwwe] $71 olf F 8FA(115) ] #odE
HojA] o= 72 "WRiEe] A2 §FE A H
B o] 7o) 7'1%"&‘43’— 2 £ glom ubel A 27L&
Ao e ox Sty dAdE ARSS o 7
slet

3ata Al 2g oF WAL AT &l
wpe} 7k A e] xlo] g ol 9led f ¢ (ini-
tiation) 3 =2l (promotion) 3}4& A to] utAd
Flohe 2T)A| 0] 2227365960 3] wlokgulk o]Zof of
o2 APHe L8 BAe 28 H4 (progression)
0}1:]-,15> ae sl ok
I #Ae] g A, ZCMI

Aggr A fuh E3, 19

O

f

Fig. 8. GST-P positive lesion induced with DENA as
an initiator in newborn rat (at weeks after
weaning). Serial section to that of Fig. 5. ABC
staining, X 40.

Fig. 9. Magnification of cells within the preneoplastic
lesion induced with DENA as an initiator and
promoted by 0.05% PB for 8 weeks in new-
born rats (at 8 weeks after weaning). Most
cell was eosinophilic. H & E X 200.

S A 2 fwsa e Al A LR

2 Solul §4x Fasiel B

ae WA sl wrh A HAew, wlad g
1.
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Table 3. Total area of glutathione S-transferase placental form (GST-P) positive lesions at 4 and 8 weeks
after weaning in female rats injected with DENA 1 day after birth

Total area (mm?/cm? of GST-P positive lesions

Group Treatment 4 weeks(6)y 8 weeks(6)y

No/cm? area (mm?/cm?) No/cm? area (mm?%cm?

1 DENA—2-AAF 17.60** 2.10** 17.00 4.66**
+4.19 *0.56 + 342 + 149

2 DENA—PB 13.50* 2.70* 29.00** 5.03*
+4.43 +1.21 +7.19 + 220

3 DENA 7.17 1.01 15.80 2.00
+211 +0.28 + 267 +0.42

Each value is the meant S.D. Group 1 and group 2 showed significant difference from group 3 (*p<C0.05,
**p<(0.01). * Numbers in parenthesis mean sacrificed animal numbers.

ke A 2 fkge] ¥& AR ¥iEHm
Uk W AL 71 7|7 Ao
f-A 2ol 2Hg-3bR] ofal fbdA] of g7 HolA
o] Wg T UM WHolNEFEe] sz
FAEE s HAdold, Ale 7, 3"
AEFo) PHEGOR AeHoR We Yk
H)7 e A ) g whghe}

o B2l ote) fuh-EAlE(initiators) & A7) 50|
o] Zsidle HAo] glon !V ulE {ubgale
A E2EAY sltels 206 s BE oo}
¥ 24 ofo] WA R} 3L, 3 71X 2] 14 7] o7
A7)l 2hg-sted sh S HA1A]7)7] w) ol 506D
Aol shidel| HA A HEE = #4H 8
ql2 213 5(promoter) o] 22 A ZHEIc}963) o}
2HA o] AHEA A9jeld gHEEAER} 22
AEE ®E 7IZhgel HEsiAl HYshe yho)
s7En 9ok

P Zroll A shebA B o8 furd 2t
shedwiol z7)wsle] X { A 4 (marker enzyme) R
] y-glutamy! transpeptidase(y-GT) ¥ glutathione
S-transferase placental form(GST-P)o] & otai=]
Aed, o) ALe WHEA o Hojxos
HAJo] FEEchHMBH0 B35 GST-PE 7oA &)
E3t8o] Fos= glutathione S-transferase
group®] 3§ AA2A, A4 P= e Ao
Y 5 ded, shEh kA o8 foue o)
A sk (preneoplastic lesions) o] A& Bo]H o
3 levelo] F7hsw] B4 sty wiqlealg &

= HwHE YAE) Helle A9 2 levelol
F7HE A vkt wdh o) Hae A7) AMAY
Aol o] A Fgo] Fold¥ Y FholA ety
ekl 2%k Mok s HojHql A HE
_{l\j_ %7}541 alq_.59-61.44,30,25,45,43) L:}a}&i % o‘i_'g_o"
A= GTS-PE Ak 2| F A 4T ol &ala, 7
Hgt wolEAeln] #3149l 2-acetylaminofluorene
(2-AAF)*® 3} ofjt FAlAo|n] Yo7 b
f4A17]12] 28k phenobarbital(PB) & ¢ 3}ed
g FAA A A kg 2R A M Wb -E A
A 5 gl AYubEE 3ux 5ok = PBe
tated qZbelA whSRche A4 FR H=EW
AHERE A, w2 A g 71775 ol GST-P ¥4
WiHel WAg o] 43 uety e o) g &3
Aol gt A M BF b5 &
sl2dcH(Table 3).

2 AgelA 22E7EF ¥l PB= Ames' test
o4 Wollel M A ¢kgrom, tir) wbgtA
Ao saline Fof ¥ ALHoz Fojiw
e FAZHEE fdslix] o8& wbd DENA o
F Foell= 231878 Hoivin b PRe)
ZET ] Al e B =] Hu ok 154
% B6C3F1 v}$-2o] DENAEZ Hosln o}§-9}
Aol PBE FoIdk Az} $Avnps2ofas e}
A A7} Ao GAlukgLo M iy 23
37} oledvhes Bav) Qiok™ Rl 15989
HAule-A g o] 43 PBe| FoA71E dels) 2 A
Yol = PBe FoA7|ell fAIgo] 4] Ae
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Boioka gheh wiw QoA AHanE ¥l 15
ol2d e} B6C3F1 vh--2:0]l DENAE 4~85F4 F-oi%

ol PBE Fojstal FopdAe]l FASdctn
3k 12 F(species) & Feld A 1597
uf DENAS 25 #o] Fofsjg Zat B6C3F1 vt
S A ETE Bl Wk C3H vholl 4

£ F0E%E wgicka ek olsh o] PBe|
WerEal Esksh AAAel W YAV FHI7)
o)

wokAut $)e] AFANE B uf o} fuEale
F-of )78} Fabo], el A(sex)oll whE =pole]
71eigicka B4 qlch ghH BTol glojm A}
ool 2]t PBe} A7y} Zefilckes Xt A e
FARRY 7o) o] wigbsicba shedch weEbA 2
ATl 4= A bl SD =8 o]8sle] Ads]
oo, 1} A#s} Peraino Ve T3l Add
o] k7l g =r} PBef| R S-S o + UMK Ta-
ble 3).

PB2] Rz ZhollA] o]EA diAtE:e] a
744 2 2] vldi(hepatocyte hypertropy), DNA §H4d 2]
27}, SER(smooth endoplasmic reticulum) 2] 54|
& HdA ks ghopTeR et ol gk, Q1]
Z13}H4, cytochrome P-450 isoenzyme,*® glutathione
conjugation ¥ EH Fo] Frigtvla otk oleigt
BUELE E AP BdFE PB Fo Fol d2dH
sl zbe] FAZE FAdUA A ebdel
Ak olfrt € & alvh =3 PB A M2V
A otA 7kA E(preneoplastic hepatocyte) ol 4] 55
DNA A3 A EZA)E Z7RA7129 AAF 7R 2
A& T Ao T 3| EE 74 A T Fell =
Alg S5t 24 oF Aol diFt 2AEHE By
b &l & PBi= MY A E WY cell attri-
tiong A7, HAAI DAERY HERE o
Asie], MEZAE F7HAA A 27E F
e 2AAANE Jehdgn e w3k
Hermann £2.& PB9] §937} clear cell & 343}
S92 39 AlEE A A F 3, vt FEEE
A& FaishA PFHEEE s, Mo
371% Z7HA1A etel tiste] HAEAE ety
shgde}. oj2gt olBEL Aol HeE PB
Foftollaie] GST-P ofd wWwiZel 9 wzg]
Zvkel =3 Holxr giri(Table 3).

AP EES o] 43 Ut AlF-2 Toth 5(1968)

o] d&FE M} ol FEol wizhsitia X3t o)
e '?‘7]’ 9\10_]%}49337039) Peraino ’0‘33)0 Al ,‘g
A7 AW =) DENA, benzo[alpyrene(BAP), benzo
[elpyrene(BEP) 5o Al & Foi3t F off9t
FAlell PBE Foidte] offr & 4FR(75) ol v-GT
°°V"’)\E Hlol .o 7{]"’*3}] 2 ZAx 71—2_3‘11‘5]- slela] Q)
DENAE Foi3h o] BAPE 73} T8t} g
79 A 4rE BT, BEPS Fo3 FolAE= °]-rr
F 8F(115) o wlofatA y-GT dd4s ¥dd
Rsisic) & AMS-E= whabA] 9] Jfebel o}e} ‘1 Y-
GT ofd 4o wasE e Ao} 58 o 4 3low,
AP g o] &5F 7hek Y mde] F449 7
HEt kAo A& F435A ol4d 4 qrjn
slede}. 3k Cater 598 Al ¥u}-$ ~of dimethylnit-
rosamine{DMNA) 2 % °4‘€} F o]f2tk FAl PBE
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