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Abstract-The hepatocarcinogen 3’-methyl-4-dimethyl-aminoazobenzene (MDAB) 
suppresses the accumulation of tyrosine aminotransferase in cultured foetal hepatocytes. 
Experiments involving liver derived from foetuses of various ages reveals that a response 
is only obtained with rats older than 16-day gestation. It has been proposed that the lack 
of an effect in less mature hepatocytes is due to their inability to activate the carcinogen. 
Chemically synthesized analogues of MDAB which are considered likely to be activated 
forms of the procarcinogen are shown to be eflective in the less mature cells. This 
supports the proposal that these cells may be unreponsive because they are unable to 
activate MD‘4B. Tests with other carcinogens reveal that the hepatocarcinogen 
dimethylbenzanthracene is also effective in 19-day gestation hepatocytes. However, the 
non-he@atocarcinogens araserine and benz(a)pyrene are ineffective. Treatment with 
MDAB is shown not to alter the level of steroid receptor and reduce its translocation into 
the nucleus, suggesting that this is not the mechanism by which TAT is suppressed. The 
efiect of the tumour promoter phorbol-myristate acetate (PMA) administered together 
with MDAB was shown not to modify the response lo the carcinogen alone. 

INTRODUCTION 
1.r HAS previously been shown that foetal rat 
hepatocytes differentiate in culture and in the 
presence of dexamethasone accumulate 
tyrosine aminotransferase during culture [l]. 
The presence of the hepatocarcinogen, 3’- 
methyl-4-dimethyl-aminoazobenzene (MDAB), 
suppresses the increase in tyrosine amino- 
transferase [2]. This finding is consistent with 
the notion that blocked ontogeny is the under- 
lying basis of ontogeny [3-51. There are several 
ways to interpret the blockade of tyrosine 
aminotransferase accumulation. One which we 
favour is that hepatocytes which are about to 
acquire the capacity to synthesize the enzyme 
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fail to do so in the presence of the carcinogen. 
This diversion from their normal differen- 
tiation pathway, we propose, may be associated 
with the early event of initiation of the 
tumorigenic process. 

Many aspects of the suppression of tyrosine 
aminotransferase by MDAB remain to be 
clarified. Firstly, this effect was only observed 
with hepatocytes obtained from more mature 
foetuses (19-day gestation). The carcinogen was 
totally ineffective when added to cultures of 
hepatocytes derived from 15-day gestation 
foetuses [2]. In order to ascertain the stage of 
development when the hepatocytes become 
sensitive to the carcinogen, the effect of MDAB 
on cells from different aged foetuses was stu- 
died. Hepatocytes from foetuses aged 16-days 
gestation or older were responsive. 

A possible explanation for the apparent 
resistance of the less mature hepatocytes may 
be their inability to activate the procarcinogen. 
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In order to test this proposal, possible met- 
abolic activation products of MDAB were pre- 
pared by chemical means and added to cultures 
of 15day gestation hepatocytes. In addition, 
several related compounds were also tested, 
including two which from considerations of 
their chemical properties may be anticipated as 
a means of generating a potent alkylating 
agent, viz. a benzene diazonium ion, within the 
cell. The compound considered most likely to 
be a proximate form of MDAB, i.e. 3’-methyl-4- 
dimethyl-aminoazobenzene-4-N-oxide, was 
shown to be effective. 

It has been reported that MDAB will modify 
the function of the glucocorticoid receptor 167 
and reduce its uptake into the nucleus of 
hepatocytes. Since the level of tyrosine amino- 
transferase in cultured hepatocytes is very 
much dependent upon the level of glucocorti- 
coid added to the culture medium l73, it is 
possible that this is the underlying mechanism 
for the suppression of tyrosine aminotrans- 
ferase by MDAB. For this reason, the level of 
glucocorticoid receptor and its translocation 
into the nucleus of foetal hepatocytes in culture 
in the presence of MDAB is also included in 
this study. 

An investigation of the effect of a limited 
range of carcinogens was undertaken to 
determine whether the response is specific for 
hepatocarcinogens and not obtained when non- 
hepatic carcinogens are used. The results sug- 
gests that only hepatocarcinogens are effective. 
Finally, the effect of the tumour promoter 
phorbol-myristate acetate (PMA) on the MDAB 
suppression of tyrosine aminotransferase is 
examined. 

MATERIALS AND METHODS 
Chemicals 

L-[3,5-3H]-Tyrosine and [ 1,2-‘HI-dexa- 
methasone were obtained from the Radio- 
chemical Centre, Amersham, Bucks. Bioche- 
micals dimethylbenzanthracene and 
benz(a)pyrene were purchased from Sigma 
Chemical Co., St. Louis, MD. Collagenase was a 
product of Boehringer Mannheim, Federal 
Republic of Germany. Tokyo Kasei Kogyo, 
Japan supplied 3’-methyl-4-dimethyl-amino- 
azobenzene. 6-Aminochrysene (6-AC) and 2- 
methyl-4-dimethyl-aminoazobenzene (2- 
MDAB) were purchased from Aldrich Chem- 
ical Co., Milwaukee, WI. 3’-Methyl-4-dimethyl- 
aminoazobenzene-4-N-oxide (C) was prepared 

by m-chloroperbenzoic acid oxidation of 
MDAB, after the method of Craig and 
Purushothaman [8] as described by Kadlubar et 
al. [9]. The product was recrystallized thrice 

from hexane-acetone as orange plates, m.p. 
69-71°C (Kofler hot stage microscope, uncor- 
rected). I-(3-Methylphenyl)-3-methyl-3-phenyl- 
triazine (A) and I-(3-methylphenyl)-3-phenyl- 
triazine (E) were prepared by coupling the 
diazonium salt obtained from diazotization of 
3-methylaniline with either N-methy1aniline or 
aniline respectively in the presence of excess 
sodium acetate [lo]. The products were recrys- 
tallized from light petroleum as dark yellow 
prisms, m.p. 66-67”C and orange plates, m.p. 
87-89°C respectively. 3’-Methyl-4-methyl- 
aminoazobenzene (B) and 3’-methyl-4-amino- 
azobenzene (F) were prepared by rearrange- 
ment of the triazines (A and E respectively) in 
the presence of 3 molar equivalents of the 
appropriate amine and 0.7 molar equivalents of 
that amine hydrochloride [lo]. Recrystallization 
from light petroleum gave B as bronze needles, 
m.p. 113-114°C and F as light brown plates, 
m.p. 119-121°C. 4-Aminoazobenzene (D) was 
prepared as described by Vogel [ll] and 
obtained as light orange needles from carbon 
tetrachloride, m.p. 126°C. The structural for- 
mulae of compounds A-F which were syn- 
thesized are depicted in Fig. 1. 

Eagle’s Minimal Essential Medium (MEM) 
was obtained in powder form from Flow 
Laboratories, Annandale, New South Wales, 
Australia and Newborn Calf Serum from 
Commonwealth Serum Laboratories, Parkville, 
Victoria, Australia. Fungizone was obtained 
from Grand Island Biological Co., Grand 
Island, NY, U.S.A. Penicillin and streptomycin 
were supplied by Calbiochem-Behring (Aust), 
Pty. Ltd., Carlingford, New South Wales, AUS- 
tralia. 

Animals 
Wistar albino rats were used. Gestational age 

was determined from the time of detection of 
spermatozoa in the vaginal tract and is accurate 
to within 7 hr. 

Fig. 1. Structural formulae of chemically synthesized compounds 
related to MDAB. The chemical names of the compounds and 

their respective codes are outlined in Materials and Methods. 
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Culture medium Protein and DNA assay 
The basic culture medium was modified 

MEM supplemented with 10% foetal calf 
serum, glutamine (2.4 mM final concentration), 
Fungizone (2.8 pg/ml) and penicillinlstrep- 
tomycin (57 units/ml and 5700 pglml respec- 
tively). The culture medium was supplemented 
with 10 nM dexamethasone. This level of the 
steroid analogue has previously been shown to 
maximize the yield of enzyme. 

protein content of samples was determined 
using the dye-binding method of Bradford 
[12], incorporating the modification of Bearden 
[ 131 and using bovine serum albumin as a 
standard. DNA was assayed by a fluorometric 
procedure [l4] using highly polymerized calf 
thymus DNA as a standard. 

Steroid receptor assay 

Hepatocyte isolation 
Livers from 17 to 19-day foetal rats were 

chopped and incubated with collagenase in 
balanced salts solution as described by Yeoh et 
(11. [I]. Cells were harvested and washed twice 
in balanced salts solution by centrifugation at 
50 g for 2 min, then suspended in culture 
medium. Livers from 15 and 16-day gestation 
rats were removed aseptically then dispersed by 
aspiration using a wide bore Pasteur pipette. 

Culture conditions 
The cultures were maintained at 37°C in a 

water-saturated atmosphere of 5% CO,/95% 
air. The hepatocytes formed a monolayer, 
attached to the collagen substrate. Most of the 
haemopoietic cells remained in suspension and 
were discarded when the medium was replaced 
24 hr after inoculation. The residual haemo- 
poietic cells were completely removed by sub- 
sequent media replacement. Control cultures 
received 50 ~1 of propylene glycol. Car- 
cinogens were added in 50 ~1 of propylene 
glycol to a final concentration of 2.5 Fg/ml, 
except where indicated in the text. 

To determine the specific nuclear binding of 
glucocorticoid in the intact cell, cell cultures 
were incubated with 50 nM [“Hl-dex- 
amethasone in the presence and absence of 
5 PM non-radioactive steroid. After a I-hr in- 
cubation at 37°C the cultures were subjected to 
the following fractionation procedures, which 
were performed at 0-4°C. The cells were 
washed with ice-cold buffered salts solution, 
harvested using a Teflon policeman and then 
homogenized in 4 volumes of 0.05 M Tris-HCl, 
pH 7.6, containing 3 mM MgC12 and 10 nM 2- 
mercaptoethanol in a Potter-Elvehjem homo- 
genizer. The homogenate was adjusted to 
0.25 M sucrose, an aliquot taken for DNA 
estimation and the remainder centrifuged at 
1500 g for 10 min. The supernatant was used to 
obtain a cytosol fraction by further centri- 
fugation in a Beckman Airfuge. Specifically 
bound steroid was determined using the dex- 
tran-coated charcoal technique [ 151. 

Preparation of hepatocyte cytosol 
Cell cultures were washed with balanced salts 

solution before harvesting. The cells were then 
removed from the dishes with a Teflon scraper, 
suspended in balanced salts solution and col- 
lected by centrifugation at 1600 g for 2 min. 

For tyrosine aminotransferase assay, the 
pellet was suspended in 0.15 ml of 0.05 M 
KH,POg, pH 6.8, sonicated and a supernatant 
obtained by contrifugation in a Beckman Air- 
fuge at about 210 kPa (165,000g max) for 
12 min. 

Nuclei were purified from the pellet of the 
low-speed centrifugation of the cell homogenate. 
The pellet was suspended in 2 volumes of 0.05 M 
Tris-HC1, pH 7.6, containing 0.25 M sucrose and 
3 mM MgClP, and then diluted with 2.5 volumes 
of 0.05 M Tris-HCl, pH 7.6, containing 2.2 M 
sucrose and 3 mM CaC&. The resulting suspen- 
sion was centrifuged through a cushion of 2.15 M 
sucrose-calcium buffer at 73,000 g for 30 min. 
After washing the pellet with 0.05 M Tris-HCl, 
pH 4.6, containing 0.25 M sucrose and 
3 mM MgCIP, the nuclear fraction was resus- 
pended in this buffer and duplicate samples 
assayed for DNA and radioactivity. Specific 
binding represents the amount of radioactivity 
bound in the absence of unlabelled competitor 
less the amount bound in the presence of com- 
petitor [ 161. 

Results for both cytosol and nuclear binding 
are expressed as pmol steroid bound per 
mg DNA. 

Enzyme assays 
Tyrosine aminotransferase was assayed by a 

radiochemical method described previously [I]. 
The enzyme was assayed in fractions eluted 
from a CM-Sephadex column to which extracts 
from cultured hepatocytes were applied. 

RESULTS 
Cultures of foetal hepatocytes derived from 

15 and 19-day gestation rats accumulate the 
enzyme tyrosine aminotransferase if dex- 
amethasone (10 nM) is present in the medium 
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Fig. 2. Accumulation of tyrosine aminoh-ansferase in 15 and 
19-day foetal hepatocytes. Cultures were prepared and maintained 
as described in Materials and Methoak The medium was sup- 
plemented with 10nM dexamethasone. CelLc were haruesfed im- 
mediately after preparation (Day 0) and on each day after. 
Tyrosine aminotransferase activity is expressed as pmol/hr/mg 

protein. Error bars indicate f S. E. 

(Fig. 2). The level of enzyme activity is lower in 
the less mature hepatocytes. On day 1 of cul- 
ture the level is barely detectable in 15-day 
gestation liver cultures. Hepatocytes prepared 
from foetuses of varying gestational age were 
exposed to MDAB for three days in culture 
and then assayed for tyrosine aminotrans- 
ferase. The results (Table 1) show that livers 
derived from 15 and 16-day gestation foetuses 
did not respond, whereas hepatocytes from 
older foetuses were affected and displayed 
significantly reduced levels of the enzyme when 
compared with controls. 

Fifteen-day gestation hepatocytes were 
exposed to extracts prepared from (i) 14day 
gestation liver cultures which were exposed to 
MDAB in vitro, (ii) the liver of adult rats main- 
tained on a diet of 0.06% MDAB for two weeks 
and (iii) the S9 fraction of microsomes derived 

Table 1. Effect of MDAB on hepatocytes derived from 

foetuses of various ages 

Gestational age Tyrosine aminotransferase activity 
(days) Control MDAB 

15 666 + 120 736k67 (6) 
16 990 2 59 823 1?: 107 (3) 
17 1044 f 136 276kll (3) 
18 2125* 187 704281 (3) 
19 1986”212 714+34 (3) 

Cultures were exposed to 2.5 pg MDAB/ml administered in 
50 pi of propylene glycol at the time of plating. Controls 
received 50 ~1 of the solvent. Both cultures were maintained 
in the presence of 10 nM dexamethasone. Cells were har- 
vested and tyrosine aminotransferase assayed on the third 
day of culture. Enzyme activity is expressed as pmol/hr/mg 
protein. Results are presented as the means k SE. Number 
of cultures are indicated in parentheses. 

from rats given phenobarbitol and incubated 
with MDAB. In all cases no diminution of 
tyrosine aminotransferase was observed. 

Several compounds (B, C, D and F) closely 
related to MDAB and two diazoamino com- 
pounds (A and E) were synthesized as des- 
cribed in Materials and Methods (for structural 
formulae see Fig. 1). By analogy with the pro- 
posed pathway for metabolic activation of N- 
methyl-4-aminoazobenzene [9], it is possible that 
some of these may be metabolic intermediates in 
the pathway of MDAB activation to its ultimate 
carcinogenic form. The results of experiments 
using these compounds are summarized in Table 
2. In 14day hepatocytes, B and C proved to be as 
effective as the parent compound MDAB, while 
in contrast, F was only marginally effective and D 
totally ineffective. The diazoamino compound E 
was also ineffective, but interestingly, the N- 
methyl analogue A proved toxic and cell death 
occurred after 3 days exposure. 

Compounds B and C were subsequently tes- 
ted on the less mature hepatocytes. On these 
cells, B marginally diminished tyrosine amino- 
transferase activity (30%) but C produced a 
level of inhibition of 72% (Table 3), which is 
about the level seen with the parent compound 
in tests with 19-day gestation hepatocytes. 

The total glucocorticoid receptor activity and 
its distribution between the cytoplasm and the 
nucleus in hepatocytes exposed to MDAB was 
determined. The results (Table 4) indicate that 
there is no marked difference between the 
values in controls and MDAB-treated cultures. 

Table 2. Effect of compounds structurally related to 
MDAB on tyrosine aminotransferase activity in 19-day 

gestation hefiatocytes 

Compound code Enzyme activity Percentage 
inhibition 

Control 
MDAB 
A 
B 
C 
D 
E 
F 

1265 f 215 (4) 0 
408+27 (3) 68 

478 *;15 (4) 62 
374+97 (4) 70 

1185 k 256 (3) 6 
1286 f 273 (2) 0 
842 k 266 (3) 33 

Cultures were exposed to 2.5 pg/ml of each compound 
administered in 50 ~1 of propylene glycol at the time of 
plating. Controls received 50 ~1 of the solvent. All cultures 
were maintained in the presence of 10 nM dexamethasone. 
Cells were harvested and tyrosine aminotransferase assayed 
on the third day of culture. Enzyme activity is expressed as 
kmol/hr/mg protein. Results are presented as the means 
SE. 
*Toxic. 
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Table 3. Efiect of compounds structurally related lo 

MDAB on lyrosine aminotransferase activity in 15-day 
gestation hepatocytes 

Table 5. Effect of carcinogens on tyrosine aminotrans- 
ferase accumulalion in 19-day gestation hepatocytes 

Compound code Enzyme activity Percentage 
inhibition 

Control 456 + 131 (5) 0 
B 323 ? 142 (5) 29 
C 129-r-28 f5) 72 

Cultures were exposed to 2.5 pg/ml of each compound 
administered in 50 ~1 of propylene glycol at the time of 
plating. Controls received 50 ~1 of the solvent. All cultures 
were maintained in the presence of 10 nM dexamethasone. 
Cells were harvested and tyrosine aminotransferase assayed 
on the third day of culture. Enzyme activity is expressed as 
~mol/hr/mg protein. Results are presented as the means 
S.E. 

A limited range of carcinogens, some of 
which are hepatocarcinogens and others not 
generally believed to have the liver as a prime 
target, were tested on 19-day gestation hepato- 
cytes. The data (Table 5) indicates that a res- 
ponse is obtained with the known hepatocar- 
cinogens, i.e. MDAB, the 2’ analogue of MDAB 
and dimethylbenzanthracene (DMBA). The 
other compounds, 6-aminochrysene, azaserine 
and benz(a)pyrene, do not suppress the level of 
tyrosine aminotransferase. 

To determine whether PMA is capable of 
modifying the response of 19-day gestation 
hepatocytes to MDAB, cultures were exposed 
simultaneously to both agents for three days. 
The results of this experiment shown in Table 
6 suggests that the tumour promoter has no 
effect on this system. 

Table 4. Steroid-receptor levels in 19-day ges- 
tation hepatocytes exposed to MDAB 

Fraction 

Cytoplasmic 
Nuclear 

Receptor concentration 
Control MDAB 

I .54 + 0.22 2.35 4 0.82 
0.99 + 0.30 1 .Ol -t 0.23 

Total 2.53 f 0.51 3.35 2 1.05 

Hepatocytes from 19-day gestation foetal rats were 
cultured for 72 hr in the absence or presence of 
2.5 fig MDAB/ml. The cell cultures were then 
incubated for a further hour at 37°C with 50 nM 
[“HI-dexamethasone in the presence or absence of 
a IOO-fold excess of unlabelled steroid. The cells 
were harvested, cytosol and nuclear fractions pre- 
pared and specific binding of dexamethasone 
estimated as described in Materials and Methods. 
The data is expressed as pmol steroid bound/mg 
DNA and the results are the means *SE. of 4 
experiments. 

Carcinogen Hepatocarcinogen Percentage 
inhibition 

MDAB Yes 72 
DMBA Yes 78 
P-MDAB Yes 75 
6-AC > 2 
Azaserine No -3 
Benz(a)pvrene No 5 

Cultures were exposed to 2.5 pg/ml of each carcinogen 
administered in 50 /.LI of propylene glycol at the time of 
plating. Controls received 50 /.LI of the solvent. Cells were 
harvested and tyrosine aminotransferase assayed on the 
third day of culture. Enzyme activity is expressed as 
pmol/hr/mg protein. Results are presented as the means 
2S.E. 

DISCUSSION 
Under normal conditions, the enzyme 

tyrosine aminotransferase is not detectable in 
the liver of 15 and 19-day gestation foetal rats. 
However, when hepatocytes from these rats are 
cultured in the presence of dexamethasone, the 
enzyme accumulates. Under the conditions of 
assay, on day 1 the level of activity is either 
barely detectable or not detectable in 15-day 
gestation liver. This may be due to the precise 
age of the animals used to prepare the cultures. 
In contrast, there is significant activity in 19- 
day gestation hepatocytes maintained in culture 
under identical conditions (Fig. 1). Enzyme 
continues to accumulate in both sets of cultures 
for 6 days [2]. 

The accumulation of enzyme in IS-day but 

Table 6. Effect of PMA on MDAB suppression of lyrosine 
aminotransferase 

Tyrosine aminotransferase activity 

Control 1 I61 + 43 (3) 
PMA 1173 + 34 (3) 
MDAB 596 * 68 (3) 
PMA + MDAB 729 f 17 (3) 

Cultures were exposed to 1.25 pg MDAB/ml administered in 
50 ~1 of propylene glycol, and where appropriate PMA 
(0.25 pg/mI final concentration) was added twice each day 
from the time of plating. Controls received 50 ~1 of the 
solvent. Cells were harvested and tyrosine aminotransferase 
assayed on the third day of culture. Enzyme activity is 
expressed as pmol/hr/mg protein. Results are presented as 
the means t SE. Number of determinations in each group is 
indicated in brackets. 

EJC Vol. 18. No I I--c; 



G. Yeoh et al. 

not 15-day gestation liver was shown to. be 
suppressed by the presence of the hepatocar- 
cinogen MDAB in the medium [2]. The reason 
for this differential response is not clear. Since 
MDAB, like methylaminoazobenzene [9], is a 
procarcinogen and requires activation before 
it can exert its effect, it is possible that 15-day 
gestation hepatocytes were unresponsive 
because of an inability to carry out the step(s) 
necessary for activation. 

In order to establish at which point during 
development hepatocytes became responsive to 
MDAB, livers from foetuses of various ages 
were cultured and exposed to the hepatocar- 
cinogen in vitro. The most immature cells to 
show a response in terms of a diminution of 
tyrosine aminotransferase accumulation were 
17-day gestation hepatocytes (Table 1). It is 
concluded that at this age the hepatocytes have 
acquired sufficient enzyme(s) involved in the 
metabolic activation of MDAB to become sus- 
ceptible. This result is consistent with the 
generally low or undetectable levels of hepatic 
microsomal mono-oxygenases which have been 
reported in foetal rat liver by Guenther and 
Mannering [ 171. 

If 15-day gestation hepatocytes are un- 
responsive to MDAB because of an inability to 
activate the hepatocarcinogen, then it should 
be possible to elicit an effect by exposing the 
cells to activated forms of MDAB. Two ap- 
proaches were used to test this. Firstly, extracts 
prepared from cells exposed to MDAB were 
added to 15-day gestation hepatocytes in cul- 
ture. The extracts were prepared from (i) cul- 
tures of 19-day gestation hepatocytes exposed 
to MDAB in vitro, (ii) the liver of adult rats 
maintained on a diet of 0.06% MDAB for two 
weeks and (iii) the S9 microsomal fraction of 
the liver taken from rats treated with pheno- 
barbital then incubated in vitro with MDAB. In 
no instance could any effect be demonstrated. 
Several explanations can be forwarded to ac- 
count for the failure of these experiments. 
However, the most likely one is that the 
activated form of MDAB, assuming it was 
formed using the above systems, was either 
present at insufficient levels or unavailable 
(possibly due to binding to other cellular 
macromolecules) to exert its effect on the cells 
in culture. 

The second approach was to test synthetically 
prepared compounds which are likely to be 
metabolic activation products of MDAB. In 
light of the two proposed pathways, P-450- 
dependent and P-450-independent, for the 
activation of N-methyl-4-aminoazobenzene [9] 
the compounds B, C and F were synthesized 

and tested. Closely related compounds A, D 
and E were also tested, for although there is no 
evidence that they are intermediates in the 
metabolism of MDAB, it was considered that 
they would serve as controls for non-specific 
toxic effects. In the 19-day gestation hepato- 
cytes, B and C were as active as MDAB whilst F 
showed only mild activity. Interestingly, the 
closely related compound D, which varies from 
F only in the substitution in the remote aroma- 
tic ring, was essentially inactive. This is also in 
agreement with previous results from hepato- 
carcinogenicity testing of this compound [lo]. 
Considering the relative inactivity of F in the 
test system, it is unlikely that di-l\r-demethyl- 
ation of MDAB is involved in the activation 
process. 

In subsequent experiments compounds B 
and C were added to the 15-day hepatocyte 
cultures. A marginal decrease in tyrosine 
aminotransferase activity was obtained with B 
and a significant depression was observed with 
C. The effect observed with C, i.e. 72% sup- 
pression (Table 3), compares favourably with 
the effect of the parent compound in 19-day 
gestation hepatocytes and suggests that any 
subsequent transformations required to form 
the ultimate carcinogen can now be readily 
effected by the cells. At the present time it is a 
moot point whether compound C undergoes 
simple derivatization or requires N-demethyl- 
ation to achieve this end, and work to resolve 
this question is now proceeding. It should also 
be noted that on some occasions when C was 
used the yield of cells was decreased. Whether 
this reflects a decreased plating efficiency or is 
due to a loss of cells which rounded up and 
were lost during medium replacement is un- 
clear. The presence of haemopoietic cells in the 
initial inoculum makes it impossible to define 
the cause of cell loss. Nevertheless, of the cells 
which were harvested the specific activity of 
aspartate aminotransferase and phosphoenol- 
pyruvate carboxykinase were shown to be the 
same as in controls. The rate of albumin 
production, expressed on a per cell basis, also 
remained unchanged. This evidence suggests 
that the effect of C is specific and it is con- 
cluded that the observed insensitivity of 15-day 
gestation hepatocytes is due to their inability to 
activate the carcinogen. 

Compound A was found to be toxic. The 
reason for this is unclear; it may be due to its 
potential alkylating activity, which could render 
most cellular macromolecules non-functional. 

To define the rate-limiting step it is necessary 
to assay for the individual enzymes as well as to 
use a range of activated intermediates includ- 
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ing the proposed sulphated ultimate carcino- 
genic form of MDAB [18]. 

It was previously shown that the activity of 
tyrosine aminotransferase in cultured foetal 
hepatocytes is extremely sensitive to the level of 
glucocorticoid in the medium [7]. The current 
model of steroid action in rat liver involves 
entry of the steroid into the cell, its binding to a 
specific receptor, an activation step and the 
transfer of the steroid-receptor complex into 
the nucleus (for review see Cake and Litwack 
[lq]). The steroid-receptor complex then in- 
creases the level of tyrosine aminotransferase 
transcription [20,21]. Kensler et al. [6] reported 
that hepatocarcinogen administration to rats in 
vivo results in a diminished binding efficiency 
of the steroid-receptor complex to rat liver 
nuclei. The suppression of tyrosine amiontrans- 
ferase activity, observed previously [2] and in 
this study, may be indirectly due to an effect of 
the carcinogen on the binding efficiency of the 
steroid-receptor complex to the nucleus. It was 
therefore necessary to measure the level of 
receptor and its translocation into the nucleus 
in cells exposed to MDAB in vitro. The result 
of this experiment (Table 5) shows that neither 
the total amount of receptor nor its distribution 
between the cytosol and the nucleus is 
significantly altered by exposure of the cells to 
MDAB. Therefore these results eliminate the 
possibility of an indirect effect of the car- 
cinogen on the expression of the tyrosine 
aminotransferase gene. 

Phorbol-myristate acetate (PMA) has been 
shown to influence gene expression in a variety 
of cultured cells [22-241. It does not appear to 
inhibit the accumulation of tyrosine amino- 
transferase in cultured hepatocytes 1251. 
Nevertheless 

_ _ - 
it was considered worthwhile to 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

see if it could modify the response of hepato- 
cytes to MDAB. The results of this study (Table 
6) show that there is no enhancement of the 
suppression of tyrosine aminotransferase by 
MDAB when cells are exposed to both MDAB 
and PMA simultaneously. It appears that PMA 
will affect only certain cell types and that liver 
cells are not among these. 

It was of interest to learn whether the effect 
of MDAB on tyrosine aminotransferase ac- 
cumulation was specific for hepatocarcinogens 
or whether all carcinogens were capable of 
eliciting this response. Preliminary experiments 
using carcinogens which were readily available 
commercially revealed that the 2-analogue of 
MDAB was effective, as was dimethylben- 
zanthracene. Both these compounds are known 
to be hepatocarcinogenic. In contrast, azaserine 
and benz(a)pyrene, which are not generally 
considered to be hepatocarcinogens, were 
ineffective. The carcinogen 6-aminochrysene, 
for which there is both evidence for and 
against being a hepatocarcinogen [26], is 
without effect. So thus far it appears that liver 
carcinogens are effective; however, it would 
require a broader survey of carcinogens before 
this system could be said to be specific for 
hepatocarcinogens. For the present, its poten- 
tial as a screening agent for suspect hepatocar- 
cinogens remains. In addition, the differential 
response between mature and less mature 
hepatocytes could be used to ascertain whether 
certain carcinogens require activation before 
they become effective. 
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