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APSTRAGT: 2,3,7,8-Tctrachlorodibenzo-p-dioxin (TCDD) is a potent hepatocarcinogen in 
rodents. However, liver tumor incidence is increased by TCDD In female rats but not male 
rats. Our studies have investigated this finding by evaluating histological and 
biochemical parameters in a two-stage model for hepatocarcinogenesis in female rats using 
diechylnicrosomine (DEN) as the initiating agent and TCDD as the promoting agent. 
Increases in preneoplastic foci were detected in Intact rats and to a lesser extent in 
ovariectoraized rats. Tliis finding was consistent with the cell proliferation data which 
demonstrated that TCDD markedly increased the labelling index of hepatocytes only tn 
intact rats. These data suggest that ovarian hormones (probably estrogens) play a 
significant role in tho hepatocarcinogenic actions of TCDD. 

INTRODUCTION 

Chronic bioassays for the carcinogenicity of TCDD have revealed that TCDD is a 

potent hepatocarcinogen in female rats but not male rats (1,2). TCDD is considered a non 

genotoxic carcinogen since it does not form DNA adducts and is negative in short term 

tests for genetic toxicity (3). It is also generally accepted that TCDD is a tumor 

promoter in skin (h) and liver (5,6). There is compelling evidence in the scientific 

literature that the Ah receptor is required for the toxic and biochemical (including 

cytochrome P-i50 Induction) effects of TCDD (7). 

The studies reported here used a two-stage model for hepatocarcinogenesis in rats to 

evaluate che influence of ovarian hormones on liver tumor promotion by TCDD. Our 

experimental design included quantitation of preneoplastic foci, cell proliferation, TCDD 

liver concentrations and cytochrome P-450d. 

HETHODS 

Sprague-Dawley rats were ovariectomized (OVX) or sham-operated at 56 days of age. 

DEN (initiating agent) was administered i.p. in saline at a dose of 200 mg/kg at 70 days 

of age. Beginning at 77 days of age, rats were administered TCDD orally in corn oil once 
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cvfriy I.w.) wf;k!; .it. ,i do r . a f.tjui v.i ] IMIL t.o ] 00 iip,/kj',/<1ny. Inl.ict: and OVX rat.i cacli had four 

C.iuup:-. of i.-.t.u; S/C (coiU.rtjl:: rccr; i v i iif, :;;,liii(.' ,-in<l corn o i l ) . S/TCbl> (proinoLnd only), 

DKN/C CiiiiLi.iLod only) iuu i DEN/TCDD (J ni t;i .itcd and promot,cd). Thurc were nine r.-its |n.*r 

j^roup. R.iti; wfirc n.T(:rifice<l at. 71 weeks of uj/u (30 woek.'; of proinnt:ion) and livers 

fcrnovrMl. 

HiiLolo/'̂ ic.il evaluation was conducted according to guidelines of the National 

Toxicology Program (8). Camraa glutamyitranspcpidase (GGT) positive foci were detected as 

described previou.sly (9) and positive staining Indicated the presence of preneoplastic 

cells. Proneoplasilc cells were also dotecLod using a stain for placental glutathione 

transferase (PGT) (10). Preneoplastic foci were quantified in two ways; number of foci 

per cm^ and proportion of liver occupied by foci using stereological analysis (11). In 

the cell proiiferacion studies, osmotic pumps filled with 20 mg/ml bromodeoxyuridine 

(BRDU) were implanted seven days prior to sacrifice. Immunoliistochcmicnl methods allowed 

for dcccctlon of BRDU-label led hepatocyte nuclei undergoing roplicative DNA synthesis. 

Non-lcsioncd hepatocytes (1000 cells per rat) were scored and tho labelling index 

calculated. Liver TCDD concentrations were quantified as described prcviounly (12) using 

CC-MS. Cytochrome P-450d concentrations were quantified by radioimmunoassay and these 

values were verified by analysis of P-450d protein on Western blots (6). 

RESULTS AHD DISCUSSION 

In intact female rats, CGT positive foci were increased significantly in the 

DEN/TCDD livers. There were 6A.7 foci per cm^ in DEN/C rats compared to 387.5 in che 

DEN/TCDD group (Table 1). This finding was consistent with data on the percentage of liver 

occupied by CGT positive foci (data not shown). In contrast, only small increases in 

these parnractcrs were evident in OVX rats. Chemically - induced increases in nunber and 

size of enzyme-altered foci in rat liver are generally considered as a reliable predictor 

of hopatocarclnogonic potential of selected chemicals (13, 14). In our studies, we have 

shown that the presence of che ovaries produces a dramatic sensitization of the rat liver 

to TCDD • mediated increases in CCT positive foci. Similar effects were observed when PCT 

positive foci were used to quantify enzyrao-alcered foci (data not shown). 

There Is Increasing evidence that cell proliferation is important to the 
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carcinogenic actions of some chemicals (15). Cell prol i ferat ion appears to be espec ia l ly 

relevant for evaluation of tiiose chemicaLs which are non-genotoxic carcinogens. In our 

.•:tudiey we observed that TCDD produced large increases in ce l l p ro l i f e ra t ion in in tac t 

females whereas no effect v.ir. detected in OVX aniraals (Table 1). The increase was evident 

in both S/TCDD and DEN/TCDD groups. These findings 

Table I Summary of effects produced in a two stage model for hep.3tocarcinogenesis in 
intact OVX Rats 

CCT I focl/cm^ 
Intact 
OVX 

BRDU Ubelling Index 
Intact 
OVX 

TCDD conccntratlon(PPB) 
Intact 
OVX 

Cytochrome P-450d 
Intact 
OVX 

5.6 
0 

0.3" 
1.1 

. 29 
W 

S/C S/TCDD DEN/C DEN/TCDD 

5.0 44 .7 387 .5* 
0 30 .4 80 .7 

6.0* 0 . 8 7 . 3 * 
1.0 1.1 0 .7 

1 6 . 3 ' - 1 8 . 3 -
34.8 - 3 4 . 0 

256 51 320 
403 52 460 

'significantly different from OVX at least at p < 0.01. 
n - 9 

suggest that TCDD, in the presence of ovarian hormones (probably estrogens), induces cell 

proliferation which increases the probability of clonal expansion of genetically-altered 

hepatocytes. Therefore, the preneoplastic foci and cell turnover data are consistent. 

OVX rats have raorc adipose tissue than intact rats so one possible explanation for 

our findings was that pore TCDD was present in livers of intact rats. However, we found 

that liver TCDD concentrations were twice as groat in OVX rats. Therefore, ovarian-

mediated sensitivity to the hepatocarcinogenic actions of TCDD are underestimated in our 

studies. Cytochrome P-450d is induced in rat liver but not extrahepatic tissues and this 

effect is dependent on the Ah receptor (6). P-450d is especially effective In catalyzing 

catechol estrogen formation from I7B-cstradiol (6). This reaction is considered a 

possible mechanism for the metabolic activation of estrogens to DNA-damaglng metabolites 
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( 1 6 ) . Our I jn .Ung of a lO- fo ld i i i t luct ion of P-450d ir. c o n s i s t e n t wi th t he id<-a t h a t TCDD 

may s h i f t h e p a t i c c s t r o c e i i rai.-LahoLi^m to DNft-damaging pa thways . 

In .summary our d a t a ri;vf:,il thai . TCDD-ostrogen i n t e r a c t i o n . s may p l a y a dominan t r o l e 

in t he hcpa toc ; i r c inogr ; i i i c i t y of TCDD. 
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