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Abstract—Several  dimethylbenz(clacridines and  their  isomers  dimethyl-
benz[alacridines were studied for their capacity to induce malignant transfor-
mation in secondary hamster embryo cells. Transformation was evaluated by the ability
of transformed cells to provoke tumor formation in syngenic animals. 7,8-
Dimethylbenz[c)acridine, 7,10-dimethylbenz[clacridine, as well as a mixture of both,
caused malignant  transformation of hamster embryo cells, but not 7.9-
dimethylbenz[c\acridine. Cultures treated with 10,12-dimethylbenz[a]acridine and
9,12-dimethylbenz[alacridine did not become malignant and showed a decreased life-
span in vitro. Untreated control cells retained their original characteristics and when

injected in animals did not produce tumors throughout the whole experiment.

INTRODUCTION

Tue dimethylbenz[c]acridines are synthetic
compounds which were primarily prepared in
order to evaluate their tumorigenicity. They
are of interest to cancerologists since they may
be considered as analogues of the dimethyl-
benzanthracenes. Some of them have been
shown to be highly carcinogenic. Although
they are not present in the environment,
unlike the hydrocarbons they resemble, they
represent a type of potentially dangerous
compounds.

The sarcomatogenic [1], transforming [2]
and mutagenic [3] properties of 7,10-
dimethylbenz[c]acridine were established using
samples of the substance composed in
fact, of a mixture containing 853%, 7,10-
dimethylbenz[clacridine (7,10[c}) and 159,
7,8-dimethylbenz[c]acridine  (7,8[c])  [4].
Univocal synthesis of these two isomers yiel-
ded small quantifies of the pure substances
which enabled us to study in witro their re-
spective neoplastic transforming activities on
Syrian hamster embryo cells. In the same cell
system, we also studied the effects of 7.9-
dimethylbenz[c]acridine (7,9(c]), known to be
carcinogenic i wvivo [1], and of two
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other isomers, 9,12-dimethylbenz[a]acridine
(9,12[a]), and 10,12-dimethylbenz[a]acridine
(10,12[a]). It was shown by painting and sub-
cutaneous injection [1] that 9,12[a], like many
other methylbenz[a]acridines, is not carcino-
genic in mice. The biological properties of
10,12[a] have not yet been studied.

Cell cultures offer a simplified model system
for studying chemical carcinogenesis. A num-
ber of such model systems have been de-
scribed in recent years [5-8]. Most of them
involve the use of fibroblast cultures of either
early passage diploid strains or established
lines of various rodent cells. Among the cell
systems used secondary Syrian hamster em-
bryo cells have many advantages for studying
neoplastic transformation in vitro. They are
stable diploid, have a low incidence of spon-
taneous transformation, and can be induced
to undergo neoplastic changes by chemical
carcinogens [3, 6, 9, 10]. Like most fibroblast
systems, the secondary Syrian hamster cells
appear to have the required mixed function
oxidase enzymes to metabolize the polycyclic
aromatic hydrocarbons to the active forms
[11, 12]. Several recent observations do imply
that benzacridines are activated to carcino-
genic or mutagenic products in a fashion
similar to benz[a]anthracene and other aro-
matic hydrocarbons [13, 14].

" In the present work, we studied the neo-
plastic transformation induced by dimethylbenz-
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acridine treatment in secondary hamster em-
bryo cells and the effect of such treatment on
the life span of cell cultures.

MATERIALS AND METHODS

Chemicals \see Scheme)

7,8[c] and 7,10{c] were prepared according
to published techniques [4]. The compounds
7.9[c] (F=166"; thin layer chromatography

CH, CH, CH,
7.8(c) 7.9(c) 7,10(c)
SR Se
CH,
2 2
T LI

CH, N N

9,12(a) 10,12(a)

Scheme.  Chemical structure of dimethylbenzacridines used in this

study.

on silica plates, elution with benzene; R,
=0.50), 9,12[a] (F=146": thin laver chro-
matography on silica plates, elution with 99:1
chloroform-methanol; R, =0.58) and 10,12]a|
(F=141°; chromatography on silica gel. elu-
tion with ether; R,=0.87; clution with chlo-
roform: R,=0.17) were obtained using a mo-
dified version of Benthsen’s method [15] and
purified by chromatography on silica columns
eluted with benzene. The infra-red and nuc-
lear magnetic resonance spectra as well as
analysis of composition corresponded to the
structures assigned to the compounds.

The chemicals were dissolved 1n acctone.
The final concentration of the solvent in the
culture medium did not exceed 0.5¢,.

Cell cultures

Primary cultures were prepared by trypsin
dissociation of minced fresh Syrian hamster
embryo tissue, taken between the 12th and
14th days of gestation. In all experiments, the
same pool of embryos was used as the source
of target cells. Hamster cells were grown in
Eagle’s MEM medium, supplemented with
glutamine, non-essential amino acids (Grand
Island Biological Co., Bio-Cult, Glasgow,
Scotland), 3%, fetal calf serum and 5%, new-
born calf serum (Flow Laboratories, U.K.),
buffered with 20mM Hepes (Calbiochem,
California, U.S.A.). Antibiotics were added to
the medium to the final concentrations as

follows: penicillin G 100 units/mi: and strepto-
mycin 100 pug/ml (Specia, France). Cells were
cultured in  75cm?  Falcon plastic flasks
{Falcon Plastics, Oxnard, California, U.S.A."

Transformation assay

The medium of semiconfluent secondary
cultures was replaced by a medium containing
various dimethylbenzacridines at different
concentrations chosen according to the results
of the toxicity tests {see below). The cells were
treated with the chemicals for 24 hr. Then,
the cells were re-fed with a chemical-free
medium, incubated and regularly observed for
morphological alterations. Control cultures,
fed for 24 hr with a medium containing 0.5
acctone, were handled as the chemically trea-
ted cultures.

During the first months of culture, the
growth rates of both the untreated and chemi-
cally treated cells were very low and subcul-
tures were made by splitting them at ratio
1:2. After morphological transformation, the
growth rate increased and the transformed
cells were ‘subcultured at a ratio of 1:4 to
1:10, every 3-4 weeks.

The wreated and untreated cells were reg-
ularly tested  for  their ability to produce
tumors in syngenic animals. To do this, cells
[rom 7- w lU-day-old cultures were trypsin-
ized. counted, and | x 10° cells were injected
(in a volume of 0.05ml of PBS) into 2- to 3-
weck-old Syrian hamsters bred in the labo-
ratory of Dr.  Chouroulinkov  (CNRS,
Villejuif, France). The animals were exam-
ined weekly and observed for at least 56
months. A cell culture was considered malig-
nantly transformed if 10° viable cells injected
subcutaneously into animals led to a progressive,

infiltrative  growth. On  histopathological
examination all tumors proved to be
fibrosarcomas.

Toxicity assays

We evaluated the toxicity of the various
compounds by measuring the growth inhi-
bition of treated cell cultures. Two-day-old
secondary cells, seeded at a density of 2 x 107
cells per Falcon flask (surface 25 cm?), were
exposed to various dimethylbenzacridines at
concentrations from 0.3 to 25 ug/ml for 24 hr.
The medium was then replaced by fresh
dimethylbenzacridine free medium, and the
cells were incubated at 37°C. Previous experi-
ments showed that ratio of number of cells in
treated and untreated cultures remained sta-
ble between 3 and 14 days after the treatment. In
the experiments described here the cells were
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incubated, after the treatment, for 7 days; the
cells were then trypsinized and counted using
a Coulter electronic counter model ZBI
(Coultronic, France S.A.) in treated over
those in untreated cultures (Table 2). The
mean number of cells was evaluated by the
ratio of cell number.

Agar suspension assay

The techniques used were similar to those
ol Macpherson and Montagnier [16]. Trypsin-
dispersed cells (1 x 10° to 2.5 x 10%) were sus-
pended in 1.5ml growth medium containing
0.33%, agar (Difco Laboratories) and seeded
in a 25 cm? Falcon flask over a basal layer of
0.5%, agar. Cells were incubated for appro-
ximately 3 weeks at 37°C and then scored for
the presence of colonies.

RESULTS

To determine the concentrations of different
dimethylbenzacridines usable for malignant
transformation assays, we measured the cytotox-
icity of the compounds in the same experim-
ental conditions as the ones used for transfor-
mation assays. The cytotoxicity in mass cul-
tures was measured as a reduction of growth
or total population in the chemically treated
groups over untreated ones. In our experi-
mental system this method is all the more usetul
as the plating efficiency of secondary Syrian
hamster cells is very low. The surviving frac-
tion. was determined seven days after a 24-hr
exposure to 0.5-25 ug/ml of 7,8[c], 7,10[c],
7,9[c] and 10,12[a]. At equal concentrations
of the compounds there were no appreciable
differences in the toxicity on hamster embryo
cells. In Fig. 1, we report the survival ob-
tained after treatment with the compounds at
concentrations used in the transformation ex-
periments. It is seen that treatment at con-
centrations of 2, 6 and 10 ug/ml of these com-
pounds result in surviving fractions between
0.3 and 0.9. These results were in accordance
with results obtained in earlier experiments
concerning the toxicity of the mixture of
7,8[c] and 7,10[c] and that of the 9,12{a] on
secondary hamster embryo cells. These obser-
vations lead us to use the concentrations of
2, 6 and 10 pg/ml of all dimethylbenzacridines
in the experiments described below.

The in wvitro life span of treated and un-
treated cells is reported in Fig. 2. The un-
treated control cells, which could be main-
tained in culture during the whole experi-
ment, have already reached 20 generations
with a stable growth rate. Under the same
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Fig. 1. Effect of dimethylbenzacridine treatment on the sur-
vival of hamster embryo cells. The survival fraction was
evaluated 7 days afler treatment and calculated as

Number of treated cells

Number of untreated cells’

The number of cells in untreated cultures after 7 days reached
on average 1.2 x 10° cells/flask.

experimental conditions, the growth potential
of the cells treated with 2 pug/ml of 9,12[a]
and 10,12[a] could not be maintained and the
cells survived only 10-12 cell generations. Cell
cultures treated with higher doses of these
compounds declined more rapidly (after 3-6
generations). With the exception of 7,8[c]-
treated cultures, we observed a rapid decrease
of the growth rate in all the cell cultures
treated with 10 pg/ml of all the other com-
pounds. These latter cells did not survive
more than 6-8 generations. In most of the cell
cultures treated with dimethylbenz[c]acridines
at concentrations of 2 and 6 ug/ml (as well as
these treated with 10 ug/ml of 78[c]), we
observed an increased rate of cell multipli-
cation. These cells have now reached 25-30
generations.

Untreated control cells maintained under
the same culture conditions as the treated
ones retained their original morphology and
growth pattern, and did not cause tumors in
young hamsters when grafted (1 x 10° cells/an-
imal) (Table 1). Although cultures treated
with 2 ug/ml of 9,12[a] have reached 10-12
generations, their growth rate was very low,
and a number of cells sufficient for grafting
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Fig. 2. Effect of dimethylbenzacridine treatment on the cellular [ife-span.

could be harvested only in the case of cells
treated with 10,12]a]. These grafts were neg-
ative (Table 1). In previous experiments [17]
cells originating from another pool of hamster
embryo and exposed to 2pug/ml of 9,12(a)
survived i witro for 17 generations; when
grafted, they behaved as untreated cells.

In Table 2, we report the results con-

Table 1. Transplantability — of  untreated  and
10,12[a}*-treated hamster embryo cells
Number
of cell

Cells generations Transplantability®
Untreated 2-5 0/3

7-10 0/8

15 0/5

18 0/7
Treated with
10,12[a] 36 0/6
(2 ug/ml) 8 0/4

*Non-carcinogenic in mice.

tCells (1 x 10%) were grafted subcutancously in hamster.
The animals were observed 130-180 davs after
grafting.

cerning  the  tumor-producing  capacity
of’ cells treated with different
dimethylbenz|clacridines. The cultures trea-
ted initially with 6 pg/ml of 7,8[c] manifested
malignancy from the 12th cell generation,
whereas those treated with 2 ug/ml produced
sarcomas 1n animals several generations later.

‘ells exposed previously to 10 ug/ml of the
same compound, although exhibiting mor-
phological changes generally associated with
ncoplastic transtormation (increase in satu-
ration density, lower serum  requirement,
egrowth in semi-solid medium) (Table 3) did
not produce tumors when 1mplanted in
animals, cven after 23 cell generations.

The cells treated with 2 ug/ml of 7,10[c]
become malignant after 15 cell generations.
However, the latent period for the appearance
of tumors after injection of these cells was
longer (72 days) that that for cells treated
with 2 or 6 ug/ml of 7.8[c]. Cultures exposed
previously to 6 pg/ml of 7,10[c] were acciden-
tally lost at the 15th generation.

We have previously reported that cells trea-
ted with 2 uyg/ml of the mixture (85°; 7,10[c]
and 159, 7,8[c]) displayed malignancy after
6-7 cell generations [2]. In this work, we
report the tumor-producing ability of cells
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Table 2.

Transplantability of dimethylbenz[clacridine-ireated hamster embryo cells

Number
of cell

Cells cultures treated

Average time of
tumor appearance

previously with generation Tumorigenicity* (days)
, 6-12 0/8 -
2 ug/ml 18 9/9 48
7-8 0/5 —
7,8[c] 6 ug/ml 12 3/5 62
24 5/5 21
48 0/12 —
10 pug/ml 15 0/7 —
22-23 0/9 —
4 0/6 —
7,10[c] 2 pug/ml 12-14 0/20 —
15 5/ 77
20 6/6 72
Mixture 7,8(c)+7,10(c) 5-8 0/12 —
6 ug/ml 10 5/ 38
26 8/8 21
6 0/5 —
2 pg/ml 9 0/6 —
13 0/3 —
7.9[c]
6-9 0/5 —
6 ug/ml 2 0/5 —

*Cells (1 x 10%) were grafted subcutaneously in hamster. The animals were observed

150-180 days after grafting.

tCells treated with 2 ug/ml produce tumors in animals after 6-7 cell generations [2].

previously treated with 6 ug/ml of the same
mixture (859, 7,10[c] and 15%, 7,8[c]). The
acquisition of malignancy by hamster cells
treated with 6 ug/ml of the mixture was obser-
ved earlier (i.e. after 10 cell generations) than
when the cells were treated with each of the
constituents of the mixture.

In contrast to the above reported results on
the transforming capacity of the two
dimethylbenz[c]acridines as well as the mix-

Table 3.

ture of the two, we could not detect in our
experimental system any transforming ac-
tivity of 7,9[c]. Cells exposed to 2 and 6 ug/ml
of this compound, derived from the same pool
of hamster embryos and maintained in the
same culture conditions as all the other trea-
ted cultures, have not yet displayed any sign
of malignant or morphological transtormation
even after 22 generations for cells treated with

6 ug/ml (Table 2).

Growth properties of untreated and 7,8(c)-treated hamster embryo cells and their tumorigenicity

Saturation Saturation density in
Cells* treated density Doubling  medium containing only ~ Growth in Tumorigeni-
previously with  (cells x 10*/cm?)  time (hr) 2%, serum (cells X 10*/cm?)  soft agar city
— 1.8 46 0.4 x 10* — —
2 pg/ml 6.4 42 2.5 x 10* ++ +
7,8[c] 6 ug/ml 9.8 22 Not tested + +
10 pg/ml 8.4 16 3.6 x 10* + -
7,8[c] +7,10[c]
6 pug/ml 14.5 19 9 x 10* + ++

*17th cell generation.
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DISCUSSION

Only a few studies on the transforming and
mutagenic activity of benzacridines have been
performed {2, 3, 18, 19], even though they
form a homogeneous class of compounds, the
carcinogenic properties of which have been
systematically studied i vivo, and for which
structure—activity  correlations have been
sought [14, 20].

In this report, we present results concerning
the neoplastic transforming activity of several
dimethylbenzacridines on secondary Syrian
hamster embryo cells. As criteria of neoplastic
transformation we used the tumor-producing
capacity of cells when implanted in syngenic
hosts. In such an experimental system, we
observed previously [2], and this study con-
firms it, that the carcinogenic mixture of 83¢,
7,10[c] and 15°, 7.8[c] has a high trans-
forming activity. The present results demon-
strate that both constituents of this mixture,
the pure substances 7,8[c] and 7,10(c]|, induce
malignant cell transformation. Cells previously
treated with these compounds were able to
produce tumors in animals, 12-18 cell gene-
rations after the trcatment (Table 2};
whereas, untreated control cells did not
produce tumors in animals throughout the
experiment (Table 1).

Under the same experimental conditions,
hamster embryo cell exposed to 7,9[c] showed
neither signs of malignant transformation nor
morphological transformation. Only the fact
that the 7.9{c|-treated cells could be main-
tained in culture for a prolonged period may
indicate a possible initiation of a transtorming
process.

It is interesting to note that 7.9|c], like the
mixture (85°, 7,10[c] and 15°, 7.8[c]), is
tumorigenic in mice [1], and is able to
transform rat cells infected with Rauscher
leukemia virus [19] and two established cell
lines: BHK 21 (baby hamster kidney cells)
and WI 38 (human lung cells) [3]. The
differences between the cell systems and/or
transformation criteria used may not be suf-
ficient to account for the discrepancy between
our results on 7.9(c]| transforming activity and
those cited above.

The concentrations of all dimethylbenzac-
ridines used in our transformation experiments
were chosen so that the toxicity effects on
secondary cells would be similar. It is possible
that those of 7,9[c] were not optimal for the
expression of the carcinogenic potential of this
compound, and that the concentrations of 2
and 6ug/ml are already excessive in this
respect.  Indeed, experiments reported by

Freeman e al. in a rat cell system |[19]
showed that treatment with 1 ug/ml of 7,9[c]
give more and better defined foci than with
5 pug/ml; 10 ug/ml given negative results; and
50 and 100 ug/ml were toxic.

In addition it is interesting to note the
effects of dimethylbenzacridine treatment on
the in wvitro cellular life-span. It is now gen-
crally accepted that diploid mammahan cells
have a limited ability to replicate i witro,
which may reflect senescence at the cellular
level [21-24]. Starting with a primary culture
of cells from a pool of Syrian hamster embryo,
cells multiply at a constant rate for several
generations. Afterwards, two possibilities exist
for normal untreated cells: a rapid decline or
a series of evolutionary changes expressing
various new properties leading often to spon-
taneous malignant transformation. In order to
have a negative control for transformation
assays, the normal untreated hamster cells
should maintain their original growth pattern
and morphology as long as possible. The data
above suggest that Syrian hamster embryo
cells cultured at a low growth rate can reach
18-20 cell generations without important chan-
ges in their original patterns.

Concerning the effect of a carcinogenic
treatment on the i vitro life-span of diploid
mammalian cells, Huberman et al. reported
that the treatment of hamster embryo cells
with the carcinogen dimethylnitrosamine re-
sults in an increase in cell multiplication and
in cellular life-span [25]. From the present
experiments it appears that the treatment
with dimethylbenz[c]acridines also increases
both the capacity of cell multiplication and
the cellular life-span, even in the case of doses
of carcinogen for which no malignant trans-
formation was demonstrated here (for exam-
ple,  7.8[c] (10 ug/ml)-treated cells and
7.9(c] (6 ug/ml)-treated cells).

In contrast, we observed that the in wvitro
treatment with 9,12{a], the i wiwo non-
carcinogenic property of which has been al-
ready established, and also with 10,12[a] de-
creases the rate of cell multiplication and the
cellilar life span, even with doses which do
not produce important cytotoxicity. The latter
observations can be related to those described
by Lima et al. [26] showing that a reduction
in life-span and premature senescence can be
induced in diploid cells iz vitro by exposure of
carly passage cultures to low dose ratc
irradiation.
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