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PHENOBARBITAL AND SOME OTHER LIVER TUMOR PROMOTERS STIMULATE DNA
SYNTHESIS IN CULTURED RAT HEPATOCYTES*
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Hepatocytes isolated from normal adult rats were maintained at
sub-confluent density in a defined medium in primary culture. In control
cultures with added epidermal growth factor and low concentrations of
dexamethasone, the rate of DNA synthesis was initially low but increased
after about 30 hours in culture. Addition of the xenobiotic 1iver tumor
promoters phenobarbital, a-hexachlorocyclohexane or p,p'-dichlorodiphenyl-
trichloroethane to cultures after cell attachment caused concentration-
dependent stimulation of DNA synthesis measured after 2 days in culture.
While dexamethasone (30 nM) alone had 1ittle effect on hepatocyte DNA
synthesis, the stimulatory effects of the xenobiotics required the
permissive presence of the steroid. o 1985 acadenic Press, Inc.

Phenobarbital (PB) and some other xenobiotics including the
environmental pollutants a-hexachlorocyclohexane (HCH) and
p,p'-dichlorophenyltrichloroethane (DDT) are considered to be promoters of
1iver carcinogenesis (1,2). When administered after exposure to an
initiating carcinogen, they increase the number and size of putative
preneoplastic Tesions in the 1iver {e.g. 3-5) and increase the subsequent
appearance of liver tumors (e.g. 6-8). The mechanism(s) by which PB and
other non-cytotoxic xenobiotics promote is unknown. Since xenobiotics cause
at least transient stimulation of DNA synthesis in normal liver (e.g.
2,5,6,9) and stimulate growth of preneoplastic hepatocytes (5), enhancement
of 1iver cell growth may be a least one component of promoter action (2,5)

although alternate mechanisms have been suggested (e.g. 7,10,11), Based on
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Abbreviations: DDT, p,p'-dichlorodiphenyltrichloroethane; EGF, epidermal
growth factor; HCH, a-hexachlorocyclohexane; PB, sodium phenobarbital.
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previous work which established that significant levels of DNA replication
and in some cases, mitosis, can be achieved in primary monolayer cultures of
adult rat hepatocytes (e.g. 12-16), this study examined the effects of
xenobiotic liver tumor promoters on hepatocyte DNA synthesis under the

fully-defined and readily-manipulated conditions of cell culture.

MATERIALS AND METHODS

Animals and materials - Male wistar rats (Porton strain) weighing 200-300 g,
given access to laboratory chow and water ad libitum were used for
preparation of hepatocytes. The sources and formulations of media were as
previously described (17). EGF was generously provided by Professor A.W.
Murray, School of Biological Sciences, Flinders University of South
Australia, or for some experiments purchased from Collarobative Research
Inc. (Lexington, MA.). HCH and DDT were from Serva Feinbiochemica
(Heidelberg, FRG) and phenobarbitone sodium (PB) from Prosanna Laboratories
(Sydney, Australia). Other biochemicals were from Sigma (St. Louis, M0.),

Hepatocyte isolation and culture - Hepatocytes were isolated by a two-step
collagenase perfusion procedure followed by Tow-speed centrifugations as in
(18). Procedures for plating and maintaining hepatocytes in culture were as
in (19) except that cells were dispensed 1n§o 90 mm collagen-coated culture
dishes at a density of approx 4000 cells/cm”. After 3 h for cell attachment
the "standard culture medium" contained modified waymouth medium as in (17)
without insulin but with added EGF (30 ng/ml) and dexamethasone (30 nM)
unless otherwise specified. Test compounds were added with the
post-attachment medium change and readded to cultures with subsequent daily
medium changes. The vehicle for drug additions (dimethylsulphoxide, 0.2%)
had no effect on hepatocyte DNA synthesis.

Measurements of DNA synthesis and DNA - For measurements of [3H]thymidine
incorporation into DNA the medium was cganged to fresh "standard culture
medium" containing 0.08 uCi/ml [methyl-"H]thymidine (20 Ci/mmol, New England
Nuclear, §oston MA.). Cultures were incubated for a further 6 h: over this
period, ["H]thymidine incorporation into DNA was shown to be approximately
1inear with respect to time. DNA was extracted from extensively-washed
monol ayers by a modification of the procedgre in (12) as follows.

Monolayers were incubated for 30 min at 37  with 3 M KOH (4 ml) then
carefully mixed witg 2 ml 15% trichloroacetic acid containing 6 M HCI.

After standing at 4~ (usually overnight) the mixture was centrifuged at 3000
g, the pellet resuspended in 1 ml 0.5 M perchloric acid and DNA extracted by
hsating at 80~ for 15 min. After centrifugation for 10 min at 3000 g,
[PH]thymidine in an aliquot of supernatant was determined by scintillation
counting and DNA content of the supernatant measured colorimetrically using
Burton's diphenylamine reagent (20). 1In general the results shown in each
Figure or Table were obtained with a single hepatocyte preparation. In
every case, comparable results were obtained in replicate experiments with
independent cell preparations.

RESULTS AND DISCUSSION
Fig. 1 shows the results of measuring the rate of [3H]thymidine

incorporation into hepatocyte DNA after various times in culture. 1In
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Fig. 1. Effect of HCH on DNA synthesis in hepatocyte monolayers after
various times in culture. Hepatocytes were isolated, allowed to attach to
dé'shes, then maintained with or without HCH, 30 uM as in 'METHODS'.
["H]Thymidine was added at the times shown and incorporation into DNA
zgazured after a further 6 h incubation. Values are means:S.D from 4
ishes.

control cultures (with EGF and dexamethasone) the rate was initially low but
after about 30 h in culture, rose progressively during the period studied
(up to 4 d in culture). HCH significantly stimulated the rate of
[3H]thymidine incorporation at most time points between 1 and 3 days in
culture (p < 0.001 for all times except 40 h) although after 4 days, the
rate of DNA synthesis was similar in cultures with or without HCH.
[3H]Thym1dine incorporation after 2 or 3 days in culture in the presence or
absence of HCH was inhibited by > 85% if 10 mM hydroxyurea was added to
cultures 2 h prior to, and during exposure to [3H]thymidine, suggesting that
observed incorporation represented predominantly replicative DNA synthesis.
Autoradiographic studies (not shown) established that in the period 46-70 h
in culture, nuclei of 30-50% of the cells in monolayers were labelled with
[3H]thymid1ne. In general, the Tabelled cells had typical hepatocyte
morphology.

Thus under culture conditions (relatively low cell density, with EGF)

where significant levels of DNA synthesis were seen in controls, HCH
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enhanced the initial rise in synthetic rate. The transience of stimulation
may reflect at least in part, limitations of the culture system. Under the
relatively simple conditions used (collagen substratum, serum-free medium
with limited hormone supplements) there may have been 1ittle completed cell
division as discussed by others (14,16).

Fig. 2 shows the concentration-dependence of effects of HCH, PB and DDT
on DNA synthesis in hepatocytes measured after 46 h in culture., DNA
synthesis was increase up to 85%, 50% and 30% above the relevant control
values with 30 uM HCH, 30 uM DDT and 2 mM PB respectively. Armato et al.
(23) recently reported that a variety of tumor promoters including PB, DDT

and Y-HCH at 10710 M

, stimulated DNA synthesis in neonatal hepatocyte
cultures. In the present study, much higher drug concentrations were
required, consistent with levels required for induction of

vy-glutamyl transpeptidase (19,24) or monooxygenase activity (24) in adult

hepatocyte cultures,
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Fig. 2. Concentration-dependence of the stimulation of hepatocyte DNA
synthesis by xenobiotics., After attachment, hepatocytes were maintained
with daily additions of xenobiotics to the concentration shown. After a
tgta] 46 h in culture, fresh medium (without xenobiotics) containing
[PH]thymidine was added and incorporation into DNA measured as in 'METHODS'.
Hepatocytes from 2 separate preparations were used (dashed and solid lines).
Higher levels of incorporation in these cultures reflect lowere cell density
than in Fig. 1. Values are means:S.D from 4 dishes.
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Table I Effect of dexamethasone on stimulation of DNA synthesis in
hepatocytes by xenobiotics. The procedures for hepatocyte culture were as
in 'METHODS' except that the medium contained 1 mM ornithine in place of
arginine; and dexamethasone was omitted except as shown., After 46 h in
culture (txenobiotics after attachment), DNA synthesis was measured as in
'METHODS'. Values are means:S.D from 4 dishes.

[3H]Thymid1ne incorporated
(dpm/ug DNA/6 h)(x 107%)

Additions None + Dexamethasone 30 nM
None 2.25+0.17 2.36+0.18
DDT, 30 WM 2.6040,55 4,350,172
HCH, 30 WM 2.29£0.26 3.89:0,412

3Significantly greater than dexamethasone alone, (p < 0.001),

Table 1 shows effects of dexamethasone on DNA synthesis. For these
studies a selective modification of the "“standard culture medium" was used
to minimize out-growth of fibroblasts (21) which could occur more readily in
the absence of dexamethasone (22). The rate of DNA synthesis after 46 h in
culture was similar in monolayers maintained with or without dexamethasone
but stimulation by HCH or DDT required the permissive presence of the
steroid. This resembles the glucocorticoid requirement for induction of
hepatocyte y-glutamyltranspeptidase (19,24) and monooxygenases (25) by
xenobiotics in culture.

The ability to observe a clear and reproducible stimulation of DNA
synthesis by xenobiotics in vitro suggests that hepatocyte primary cultures
will be useful in studying the nature and mechanism of the effects of

xenobiotic tumor promoters on at least some aspects of hepatocyte growth,
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