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Abstract. In a previous study we have shown that dehydroepiandrosterone (DHEA) 
inhibits hepatocyte DNA synthesis after short-term administration and induces 
hepatocellular carcinomas after long-term administration in the rat. It is not known 
whether DHEA is also capable of inhibiting replicative and mitogen-induced DNA 
synthesis. In the present study, we have evaluated the effect of DHEA on DNA 
synthesis in the rat liver after partial hepatectomy and mitogen administration. After 
partial hepatectomy, DHEA significantly inhibited DNA synthesis at 20, 26, 32 and 
38 h. Similarly, combined administration of ciprofibrate, a peroxisome proliferator 
and mitogen, and DHEA also resulted in significant hepatocyte DNA synthesis. 
However, DHEA did not affect liver enlargement caused by ciprofibrate. This 
experimental system will serve as useful tool to evaluate the role of cell proliferation 
in carcinogenesis. 

Dehydroepiandrosterone (DHEA), a steroid hormone secreted by the adrenal cortex, has 
been shown to exert protectivc effect against several pathological processes including carcino- 
genesis in  experimental animals (Schwartz et al. 1988, Nestler 1995). Although DHEA was 
proved to be anticarcinogenic in several tissues (Schwartz & Pashko 1995), it has been shown 
to induce tumours in the rat liver (Rao el ul. 1992b, Hayashi et al. 1994). Hepatocarcinogenic 
effect of DHEA was considered to be mediated through peroxisome proliferation and the 
resulting oxidative stress (Rao et al. 1992a). Interestingly, DHEA was shown to inhibit 
hepatocyte proliferation after dietary administration for 2 weeks. Based on these findings it 
was suggested that cell proliferation is not an essential factor in DHEA-induced 
hepatocarcinogenesis. 

Under physiological conditions, in adult animals, hepatocytes rarely divide. However, 
hepatocytes can be easily stimulated to proliferate either after cell loss (compensatory 
hyperplasia) o r  after mitogen administration (direct hyperplasia). It is not known whether 
DHEA inhibits cell proliferation only under physiological conditions or after partial 
hepatectomy (PH) and mitogen administration. The present experiment is designed to 
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examine the effect of DHEA on cell proliferation induced by PH and administration of 
ciprofibrate, a peroxisome proliferator and mitogen. 

MATERIALS A N D  M E T H O D S  

Male F-344 rats weighing 80-90 g were purchased from Charles River Laboratories 
(Wilmington, MA), and housed in groups of four in plastic cages on San-i-cell bedding in an 
air-conditioned room with a 12 h dark and light cycle. Rats were fed Purina rat chow and had 
free access to water. After a week of acclimatization in the laboratory rats were divided into 
different groups. 

DHEA acetate was purchased from Sigma chemical company (St Louis, MO). Ciprofibrate 
was a gift from Sterling-Winthrop Research Institute (Rensselaer, NY). Tritiated thymidine 
[“HIdT, specific activity 46 Ci/mmole was purchased from Research products international 
corporation (Mount Prospect, IL). 

To evaluate the effect of DHEA on compensatory hyperplasia, 32 rats were divided into 
two equal groups of 16 each. One group was fed chow containing 0.45% DHEA for 7 days 
and then all rats were subjected to partial hepatectomy according to the procedure of 
Higgins & Anderson (1931), in which approximately 65% of the liver was removed. The 
second group of rats were fed normal chow (without DHEA) and subjected to PH. All the 
rats were given a single intraperitoneal injection of [’HIdT (1 pCi/g body weight) 1 h before 
sacrifice. Rats were sacrificed in groups of four at 20, 26, 32 and 38 h after surgery. 

To evaluate the effect of DHEA on mitogen-induced DNA synthesis, 16 rats were divided 
into four equal groups of four each. Group 1 and 2 were fed chow containing 0.025% 
ciprofibrate and 0.45% DHEA for 4 and 7 days, respectively. Groups 3 and 4 were fed diet 
containing only ciprofibrate (4 days) and normal chow, respectively. One h before sacrifice all 
rats were given a single intraperitoneal injection of [?H]dT as described above. 

Hepatocyte labelling indices 
Portions of liver from all animals were fixed in 10% neutral buffered formalin and processed 
for light microscopy. Five-micron thick paraffin sections were routinely stained with 
haematoxylin and eosin (H & E) stain. In addition, deparaffinized 5 pm-thick sections were 
coated with Kodak NTB2 nuclear emulsion (Eastman Kodak Company, Rochester, NY) and 
incubated at 4°C in complete darkness. After 2 weeks slides were developed, fixed and 
stained with H & E. Two thousand hepatocytes were counted from each animal to obtain the 
labelling index. 

RESULTS 

DHEA effect on hepatocyte DNA synthesis after PH 
As expected, after pH the hepatocyte labelling index was highest at 20 h (35%), followed by 
a gradual decrease up to 32 h and a slight increase at 38 h (Table 1). Administration of 
DHEA in the diet for 7 days followed by PH resulted in a significant decrease in hepatocyte 
labelling indices at all time intervals examined. At 20 h after PH the labelling index in 
DHEA treated rats was 7.8%, as compared to 35% in PH alonc group. 

DHEA effect on ciprofibrate-induced DNA synthesis 
Body and liver weights and hepatocyte labelling indices data are presented in Table 2. Body 
weights in all groups were comparable. Liver weight in rats given ciprofibrate alone or 

0199-7- Blackwell Science Ltd, Cell Proliferution, 30, 1-5. 



Dehydroepiandrosterone inhibits DNA synthesis 3 

Table 1. Effect of DHEA on hepatocyte DNA synthesis induced by partial hepatectoniy" 

Time after PH 
(h) 

Labelling index (%) 
control group (no DHEA) 

Labelling index (7%) 
DHEA treated 

20 35.5 k4.6"' 7.8 5 2.4 
26 13.0 *3.0h 6.4 f 1.5 
32 9.7 * I #  5.6* 1.8 
38 16.1 * 1.Q 8.9f l .9  

"DHEA was fed in diet beginning 1 week before PH and continued until rats were sacrificed. "P ~ 0 . 0 5  
to 0.001. 'MeanfSEM of four rats. 

ciprofibrate and DHEA increased by 37% and 46% after 4 days and 50% and 61% after 7 
days, respectively. Interestingly, however, the hepatocyte labelling index in rats given ciprofi- 
brate alone was significantly higher than in rats given ciprofibrate and DHEA. After 4 and 7 
days of combined treatment the labelling index was 44% and 77% less, respectively, than in 
rats given ciprofibrate alone. 

D l S C U S S I O N  

The results of this study clearly demonstrate that DHEA inhibits hepatocyte DNA synthesis 
after both PH and ciprofibrate administration. After PH administration DNA synthesis was 
at a maximum at 20 h followed by gradual decrease until 32 h and a slight increase at 38 h (a 
second wave). These findings are similar to  those observed by others (Grisham 1968, Bucher 
et a/. 1964). DHEA administration resulted in 4.5-fold decrease in labelling index at 20 h and 
1.7- to twofold decrease at other time points examined. The mechanism by which DHEA 
inhibits DNA synthesis after PH is not clear. It has been shown that replicative DNA 
synthesis is dependent on activation and interaction of several factors such as hormones, 
growth factors, cytokines and transcription factors (Bucher 1995, Fausto et al. 1995). It is not 
clear, at present, whether DHEA prevents priming of hepatocytes or interferes with growth 
factors. 

Ciprofibrate, a potent peroxisome prolifcrator, like other members of peroxisome prolif- 
erators cause hepatomegaly, hepatic peroxisome proliferation along with induction of several 
cytosolic and peroxisome-associated enzymes (Rao & Reddy 1991, Moody 1994). Hepatome- 
galy is secondary to both hyperplasia and hypertrophy of hepatocytes (Reddy &L Lalwani 
1983). Results of the present study showed that there was a significant reduction in hepato- 
cyte labelling index in animals treated with ciprofibrate and DHEA, when compared to rats 
treated with ciprofibrate alone. However, in both groups the liver weight was comparable and 
was 37% to 61% higher than in controls. These findings indicate that although liver cell 

Table 2. Effect of DHEA on ciprofibrate induced DNA synthesis" 

Treatment Body weight Liver weighti100 g bwt Labelling index (%) 

Control 132 f 3.Y 5.4 k0.l 0.30 f 0.03'' 
Ciprofibratc for 4 days 128 & 2.7 7.9 k0.2 0.00 * 0.05' 

Ciprofibrate for 7 days 129 f 1.0 8.1 f 0.3 1.32 f 0.24' 
Ciprofibrate + DHEA for 7 days 117+ 1.3 8.7f0.2 0.30 50.06 

Ciprofibrate + DHEA for 4 days 106 k 1 .o 7.4 f 0.2 0.34 f 0.03 

"Ciprofibrate (0.025%) and DHEA (0.45%) were given in diet. "Mean+ SEM of four rats. 'P<O.O5. 
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hyperplasia was inhibited, liver cell hypertrophy was not affected. We and others have 
previously demonstrated that DHEA is a peroxisome proliferator but an inhibitor of liver cell 
proliferation (Frenkel et al. 1990, Rao et al. 1992a,b). The mechanism by which DHEA 
inhibits liver cell proliferation is not clear. It has been shown that mitogen-induced liver cell 
hyperplasia, in general, is dependent on activation of tumour necrosis factor (TNF-a) and not 
other growth factors or cytokines as in compensatory hyperplasia (Shinozuka et al. 1994, 
Ledda-Columbano et al. 1994). Interestingly, it appears, that peroxisome proliferator 
BR931-induced cell proliferation is not dependent on activation of TNF-c( (Ohmura et al. 
1995). We have not investigated expression of TNF-a or other growth factors in this study. 

Cell proliferation is considered to play a major role in the development of tumours, as cell 
proliferation increases chances of converting DNA damage into mutations (Ames & Gold 
1990). However, this general principle may not be applicable to all systems. For example, 
tumour incidence is not high in small intestine where cell proliferation rate is very high and 
continuous. In the liver it has been clearly demonstrated that replicative DNA synthesis is 
conducive to the initiation and promotional phases of carcinogenesis; whereas, mitogen- 
induced liver-cell hyperplasia is ineffective in these phases of carcinogenesis (Farber 1991). 
In peroxisome proliferator induced hepatocarcinogenesis, the role of cell proliferation in 
tumour development remains controversial (Rao & Reddy 1997). 

The experimental model described here should serve as a useful tool to fully evaluate the 
role of cell proliferation in carcinogenesis in general and peroxisome proliferator induced 
hepatocarcinogenesis in particular. In the peroxisome proliferator hepatocarcinogenesis 
model, DHEA provides a unique opportunity to dissociate cell proliferation and peroxisome 
proliferation and examine their roles in carcinogenesis. 
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