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Abstract. The high template in vitro activity of native DNA from cancerous mammalian
and plant tissues, compared to DNA from healthy tissues, enabled us to select substances
which selectively inhibit cancer DNA synthesis. Among them, alstonine, serpentine, semper-
virine and flavopereirine, all alkaloids which belong to the B-carboline class, distinguish can-
cer DNA from healthy tissue DNA and inhibit DNA in vitro synthesis when native DNA
from different cancerous tissues or cells is used as template. They have practically no effect on
DNA from healthy tissues. The inhibitory effect of alkaloids is due to their capacity to form an
‘alkaloid-cancer DNA’ complex which has been characterized by use of the Sephadex col-
umn. Evidence is presented showing that these alkaloids inhibit the initiation of DNA syn-
thesis but not chain elongation. The stimulating action caused by carcinogens during cancer
DNA in vitro synthesis may be prevented and reversed by alkaloids. Furthermore, the stim-
ulating action of steroids during in vitro synthesis of hormone target tissue DNA might be
neutralized by alkaloids. However, at relatively high doses, steroids reversibly compete with
alkaloids for binding sites on breast cancer DNA. This is not observed with DNA from
nonhormone target tissues.

Introduction

The search for naturally occurring or
chemically synthesized substances which
have a high affinity for DNAs from euka-
ryotic and prokaryotic cells has been carried
out on a large scale [12, 14]. Some of these
substances bind to bases of DNA, others
intercalate between two chains of DNA.
Their interaction with DNA results in prefer-

ential inhibition either of the transcription of
DNA into RNA or in the inhibition of DNA
replication [16, 18]. Several drugs used in
cancer therapy have such properties and yet
act as mutagens (as do carcinogens) toward
normal cells [8, 9], but are toxic toward can-
cerous and normal cells.

We have already shown that DNA from
cancerous and healthy mammalian and plant
cells exhibit potentially different template ac-
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Fig. 1. Chemical structure of alstonine, serpentine,
sempervirine and flavopereirine.

tivities in vitro. Thus, in a biochemical assay
system (Oncotest) {1, 2, 4], it was possible to
demonstrate that carcinogens strongly and
preferentially stimulate the in vitro synthesis
of DNA from cancerous cells. They stimulate
synthesis of DNA from normal cells only
slightly. Steroids also significantly stimulate
cancer DNA in vitro synthesis provided that
the DNA comes from cancer steroid target
tissue (breast cancer for example). The differ-
ential behavior of cancer and normal DNA as
template is due to relatively destabilized ar-
eas of cancer DNA which lead to the appear-
ance of single-stranded chains and offer more
binding sites to those substances. Some of
them selectively bind to this type of DNA
and consequently prevent DNA replication.
By submitting different commercially
available drugs and plant extracts to the On-
cotest, we became particularly interested in
extracts of Rauwolfia plants (Apocynaceac).
While certain alkaloids of this plant (reser-
pine, ajmaline) behave like carcinogens, i.e.

strongly and selectively stimulate the synthe-
sis of DNA from cancerous tissues; others,
such as alstonine and serpentine, selectively
inhibit the in vitro synthesis of DNAs iso-
lated from various cancerous cells.

We describe here several properties of al-
stonine and serpentine as well as of semper-
virine and flavopereirine. These alkaloids be-
long to the B-carboline class containing a
quaternary nitrogen (fig. I). Their specific in-
bibiting effect in cancer DNA synthesis
forms the core of this research.

Materials and Methods

Deoxyribonucleoside-5'-triphosphates (d-XTP),
Poly A, Poly G, Poly C and Poly U (Miles Labora-
toires, USA); 3H-thymidine-5'-triphosphate (TTP),
specific activity 17.5 Ci/mol (Amersham, England);
pancreatic DNase and RNase A and T, (Worthington
Inc., USA); testosterone and estradiol (gift of Dr. Ray,
Institut  Pasteur); dl-ethionine (Calbiochemicals,
USAY); 7,12-dimethylbenz(a)anthracene (DMBA); Nu-
tritional Biochemicals, USA). Alstonine and serpen-
tine were respectively isolated from Rauwolfia vomito-
ria and serpentina (5).

Sempervirine was purchased from Roth-Sochiel,
France. Flavopereirine, synthesized compound was a
gift from Prof. J. Poisson, Faculté de Pharmacie,
Chatenay-Malabry, France.

Origins of DNAs. Freshly removed healthy and
cancerous human tissues from the mammary gland,
lung, ovary and neurocarcinoma were kindly supplied
by competent surgeons. Rat spleen and hepatoma
were also used. KB cells cultured in vitro were sup-
plied by Dr. C. Bonissol, Hépital Necker, Paris.
Gently broken tissues were treated several times, first
with phenol and then with chloroform in the presence
of lauryl sulfate and buffer containing hydroxychi-
nolin (2%). The RNA contaminant was eliminated by
incubating with RNase A and/or T; (RNase A:
20 pg/ml; RNase T;: 10 units/ml) for 30 min at 36 °C
in a 1 X SSC solution (0.15 M NaCl and 0.015M
sodium citrate). RNase was then removed by several
chloroform treatments, each followed by centrifuga-
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tion (5,000 g for 10 min). DNA was precipitated with
2 vol of 96 % alcohol, dissolved in 2 X SSC solution
and then dialyzed against 2 X SSC for 24 h at 4°C.
The amount of DNA was determined by UV absor-
bance at 260 nm (260/280 = 2.1). Purified DNAs were
stored at —20°C. Before use, they were dialyzed
against distilled water for 2 h at 4 °C in order to elim-
inate salts which might interfere with DNA synthesis
in the presence of the compounds due to be screened.
The hyperchromic effect on incubation with NaOH is
35-52% for DNASs used. In alkaline sucrose gradient
the material forms a homogeneous peak ranging be-
tween 36 and 50 S and a small one of 2.5-4.2 S. De-
natured DNA was prepared by heat (water bath) at
100 °C for 5 min, followed by rapid cooling in an ace-
tone dry-ice bath.

Isolation of DNA-Dependent DNA Polymerase.
DNA polymerase was purified from E. coli T3000
extracts [3). The purified enzyme 2807260 ratio should
range between 1.5 and 1.7. Conditions for DNA syn-
thesis have been described elsewhere [1, 2). The syn-
thesis of DNA was determined by measuring the
amount of acid-precipitable radioactive product. It
was performed in the absence and presence of each
alkaloid, using DNA as template, DNA isolated from
healthy and cancerous tissues or cells.

Formation and Isolation of the ‘Alcaloid-DNA’
Complex. 100 pg of each purified breast cancer or
healthy DNA dissolved in the Tris-HCl buffer solu-
tion (100 umol, pH 7.50) were incubated with 40 pg of
serpentine previously dissolved in an aqueous solu-
tion (pH adjusted to 7.5; final volume 0.5 ml). After

15 min of incubation at room temperature, the mix-
ture was filtered on G-25 Sephadex fine column (30 X
1 cm) previously equilibrated with Tris-HCl buffer
(0.0t M, pH 7.5). The column was eluted with the
same buffer. 2-ml fractions were collected and UV
absorbance measured at 260 nm.

Results

The first observation, to the effect that the
amount of radioactive (acid precipitable)
DNA synthesized on DNA template isolated
from cancer tissues is always higher than that
synthesized in the presence of DNA from
healthy cells (fig. 3A), indicated the existence
of different receptive properties in the two
DNA templates. The very considerable dif-
ference of template activity has already been
demonstrated in the presence of carcinogens
and steroids, which strongly enhance cancer
DNA in vitro synthesis 1, 2]. Here we show
that, in contrast to carcinogens, each of the
four alkaloids strongly inhibits the in vitro
synthesis of DNA from breast cancer and has
a slight inhibiting effect on DNA isolated
from corresponding healthy tissue (fig. 2, 3).
DNAs from several cancer and healthy tis-
sues or cells cultured in vitro behave as do
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Fig. 3. Breast DNA, and breast cancer DNA in in
vitro synthesis. Inhibition of cancer DNA synthesis.
Conditions for DNA synthesis, see text. Breast DNA
and breast cancer DNA (0.5 pg) were used as tem-
plates. A = Breast cancer DNA: o = breast DNA. Be =
Breast cancer DNA; 0 = breast cancer DNA + alkaloid
(serpentine 80 pg) added at time 0; o = breast cancer
DNA + alkaloid (serpentine 80 pg) added at the Sth
min of incubation.

DNAs from breast cancer and healthy tissues
when incubated in the presence of each of the
four alkaloids (table II, III; fig. 4). DNA syn-
thesis requires the presence of all four deoxy-
ribonucleoside-5’-triphosphates and does not
take place in the presence of DNase (ta-
ble I).

Results in table II illustrate that alstonine
inhibits both the in vitro synthesis of native
double-stranded cancer DNA and that of
denatured DNA (see Methods). In slightly
sensitive healthy cells, DNA becomes more
sensitive once denatured by heat. This indi-
cates the very important role of single strands
in DNA regarding its binding capacity to-
ward these alkaloids. This corroborates ob-
servations made using carcinogens [1], that is
to say that native cancer DNA is less stabi-
lized compared to DNA of healthy cells. This
confirms that DNA is the target for alkaloids

Fig. 4. Effect of sempervirine on cancer DNA in in
vitro synthesis in the presence of testosterone, di-
ethionine or 7,12 DMBA. Incubation conditions, see
text. A Lung cancer DNA (0.25 pg) was used as tem-
plate under two conditions: 1 (&——=) complete me-
dium + ethionine (60 pg) at time 0 (control); 2 (e----6)
complete medium + ethionine (60 pg) at time 0 and
sempervirine (25 pg) at the 5th min of incubation; 3
and 4, breast cancer DNA (0.25 pg) was used as tem-
plate; 3 (o----0), complete medium + testosterone
(40 pg) at time 0 ; 4 (0-——-0) complete medium +
testosterone (40 pug) at time 0 and sempervirine (25 ug)
at the 5th min of incubation (p < 0.001, value signif-
icance in comparison to control, for all points except
for 10 min, p < 0.01). B Breast cancer DNA (0.25 ug)
was used as template. @&——e = Complete medium +
7,12 DMBA (60 pg) at time 0 (control); e----e = com-
plete medium + 7,12 DMBA (60 pg) at time O and
sempervirine (25 pg) at the 5th min of incubation (p <
0.001, value significance in comparison to control).

and that the two types of DNA respond dif-
ferently. The activity of DNA-dependent
DNA polymerase is not modified by alka-
loids.

Alkaloids Inhibit the Initiation of Cancer

DNA Synthesis

We have investigated the effects of each of
the four alkaloids on the synthesis in vitro of
DNA using as template cancer or healthy tis-
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Table I. Effect of sempervirine on breast cancer
DNA in vitro synthesis under various conditions

Compounds used JH-TTP % in-
incorporated  hibi-
cpm in 20 tion
min at 36 °C

Complete medium 3,015 = 48 -

- d-ATP, d-CTP, d-GTP 373 £ 24 87
+ DNase, 1 pg 243 £ 16 91
+ sempervirine, 0.24 pumol 268 + 23 9]
+ ethionine, 0.12 pmol 638 £ 15 78
+ ethionine, 0.24 pmol 635 £ 21. 78
+ ethionine, 0.48 pmol 589 +22 80
+DNA, 1 pg 989 + 29 64
+ enzyme, 180 pg 663 £ 30 78

For incubation conditions, sce text. Breast cancer
DNA (0.25 pg) was used as template. p < 0.001, value
significance of comparison to control (complete me-
dium) of four independent experiments. Background
(DNA omitted) varying between 145 and 175 cpm
was not subtracted.

sue DNAs. Alkaloids were added either at
time O of the reaction or once the reaction
had been started. When serpentine for in-
stance is introduced before DNA synthesis
has started, it strongly inhibits the reaction;
but if introduced during DNA synthesis (ar-
row on fig. 3B), the alkaloid at the concentra-
tion used has practically no inhibitory effect.
The same results were obtained with each of
the four alkaloids. It should be emphasized
that approximately four times less semper-
virine and flavopereirine is needed to ob-
serve about the same level of inhibition as
that observed in the presence of serpentine or
alstonine. The inhibition of DNA synthesis
was not overcome by a dose of the enzyme
three times higher than that initially used.
DNA added in excess (four times the initial
amount) overcomes the inhibition to a cer-
tain extent (table I). This suggests that the
excess alkaloid present binds to newly added

Table I1. Effect of sempervirine on native and denatured DNA in vitro synthesis (cancerous and normal

DNA)

Compounds, pmol

3H-TTP incorporaied, cpm, in 10 min at 36 °C

rat hepatoma DNA

rat spleen DNA

native % in- denatured % in- native % in- denma- % in-
DNA hibi- DNA hibi- DNA hibi-  tured  hibi-
tion tion tion DNA  tion
Complete medium 2,519 £ 57 - 2433 £ 21 - 2,102 + 34 - 2,064 -
+ sempervirine 0.04 1,354 £ 22 46 1,241 + 23 48 1,954 + 20 7 1,716 16
+ sempervirine 0.08 933 £ 25 62 1,029 + 29 60 1,797 + 31 14 1,612 21
+ sempervirine 0.16 410 + 14 83 446 + 22 81 1,769 + 23 16 1,426 38

For incubation conditions see text. Rat hepatoma DNA (0.25 ug) and spleen DNA (0.5 pg) were used as
templates. Significance of comparison to control (complete medium): p < 0.001 for rat hepatoma native and
denatured DNA; p < 0.001 for spleen native and denatured DNA (data from three independent experi-

ments).
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Fig. 5. Steroids may overcome breast cancer DNA
synthesis inhibited by serpentine. Incubation condi-
tions, see text. Breast cancer DNA (0.5 pg) was used as

template. 1 () = complete medium; 4 (0) = complete
medium + serpentine (80 pg) at time 0; 2 (0) = com-
plete medium + serpentine (80 pg) at time 0 and estra-
diol (50 pg) at the 5th min of incubation; 3 (O) = com-
plete medium + serpentine (80 pg) at time O + testos-
terone (50 pg) at the 5th min of incubation.

Fig. 6. ‘Cancer DNA-serpentine’ complex in in vi-
tro formation. For conditions, see Materials and
Methods. A e = Breast DNA; o = breast DNA + ser-
pentine. B @ = Breast cancer DNA; o = breast cancer
DNA + serpentine.

Table M. Effects of sempervirine and steroids on cancer DNA in vitro synthesis

Compounds, pmol

3H-TTP incorporated, cpm, in 10 min at 36 °C

Breast cancer DNA KB cells DNA
p* % in- % in-
hibition hibition
Complete medium 2,310 = 50 - - 2,246 -
+ sempervirine, 0.15 413 + 19 <0.001 83 476 80
+ estradiol, 0.16 1,901 = 58 <0.0] 17 436 81
+ estrone, 0.16 2,190 = 70 <0.5 <0.9 6 412 82
+ progesterone, 0.16 1,970 £ 53 <0.01 14 367 84
+ testosterone, 0.16 2,345 + 82 <0.5 <09 0 373 83

. Breast cancer DNA (0.25 pg) and KB cells (0.25 pg) were used as template. Steroids were first dissolved in
0.2 mi alcohol, 96°, and then diluted with distilled water. Enzyme was added as last component. p?, p, value
significance of comparison to control (complete medium) of four experiments.
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DNA. These data show that the activity of
DNA template is affected by the alkaloid
while that of DNA polymerase is not.

Carcinogens, known to increase the num-
ber of initiation sites in DNA of cancerous
cells [19], also strongly enhance cancer DNA
in vitro synthesis and induce local cancer
DNA strand separation [1]. On this basis one
might expect that alkaloids which also selec-
tively recognize cancer DNA will inhibit the
synthesis having been enhanced by carcino-
gens. In fact, sempervirine or serpentine
(fig. 3), which in the absence of carcinogens
(ethionine or DMBA) inhibits only the initia-
tion of cancer DNA replication, prevents
DNA synthesis which has already started in
the presence of a carcinogen (fig. 4A, B).
Thus -alkaloids appear to bind faster to liber-
ated cancer DNA initiation sites than does
DNA polymerase, and consequently inhibit
DNA synthesis. d/-Ethionine (carcinogen)
present in the incubation mixture at time O
does not stimulate cancer DNA synthesis in
the presence of sempervirine (table I).

Steroids also induce the separation of the
strands of cancer DNA isolated from steroid
target tissue, breast cancer for instance, and
liberate the initiation sites for DNA replica-
tion [1]. At given concentrations, steroids
allow alkaloids to prevent cancer DNA syn-
thesis which has already started (fig. 4A).
However, at high concentrations, they com-
pete with alkaloids for template when the
DNA originates from steroid target tissues
(fig. 5) and not, for instance, with DNA from
KB cells (table III).

‘Alkaloid Cancer DNA’ Complex

Formation

The strong inhibition that each alkaloid
exerts on the in vitro synthesis of DNA from
cancerous tissues and the only slight inhibi-

tion on that of DNA from healthy tissues
prove that alkaloids have a preferential affin-
ity for DNA from cancerous cells. In fact,
breast cancer DNA binds a relatively large
amount of serpentine, while DNA from the
corresponding healthy tissues binds little, if
any (fig. 6). This may explain why alkaloids
preferentially inhibit the synthesis of DNA
from cancer tissues but not that of DNA from
healthy tissues. It should be noted that alka-
loids also have a high affinity for RNA frag-
ments rich in G and A nucleotides or for
ribopolymers of the A, G or AG type. In con-
trast, they do not bind to poly C or poly U or
free nucleotides (results not presented here).
Thus, it seems quite possible that cancer cell
DNA possess some ‘accessible AG sites’ in
the destabilized DNA which are conse-
quently capable of reacting with alkaloids.

Conclusion and Discussion

We have shown previously that DNAs
from various cancer tissues are destabilized,
i.e. contain a large amount of single-stranded
areas compared to DNAs from healthy tis-
sues. A correlation between in vitro DNA
synthesis, DNA-strand separation and multi-
plication of cancer cells was demonstrated
(1]. Molecules with an affinity for DNAs (for
instance carcinogens, steroids, antimitotic
drugs, etc.) induce further in vitro destabili-
zation of cancer DNAs, which is a very
receptive template for the binding of differ-
ent molecules. The alkaloids used here ex-
hibit strong and selective affinity for DNA
from cancer tissues but little affinity for DNA
from healthy tissues. Unlike carcinogens, an-
timitotic drugs and steroids (for hormone tar-
get tissues), none of the four alkaloids en-
hance cancer DNA in vitro synthesis. In fact
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they specifically inhibit it and have practi-
cally no effect on DNA from healthy tissues.
We have shown here that these alkaloids act
by inhibiting the initiation of cancer DNA
synthesis and not of chain elongation. If the
same experiments are performed in the pres-
ence of a carcinogen which, by inducing
DNA-strand separation in some areas, pro-
vides more initiation sites, the alkaloids, at
appropriate concentrations, may then pre-
vent cancer DNA replication at any moment.
Steroids which are nonmutagenic substances
induce the appearance of cancerous tissues in
the mammary gland of mice {11, 13], stimu-
late the in vitro multiplication of breast can-
cer cells [10, 17), enhance breast cancer DNA
in vitro synthesis and separate the chains of
the DNAs isolated from breast cancer tissues
[1]. During this last process, alkaloids bind to
newly liberated initiation sites and cause in-
hibition of DNA synthesis even if it has
already started. However, it should be
stressed that steroids at given concentrations
may overcome the inhibition of cancer DNA
synthesis caused by alkaloids. This reversible
competition between steroids and alkaloids
for binding sites on breast cancer DNA is not
observed when DNAs from non-hormone
target tissues are used. This observation indi-
cates that some small-size molecules present
on the DNA of steroid target tissues interact
with hormones.

Alkaloids inhibit DNA in vitro synthesis
in a large variety of cancer tissues. On this
basis, one is inclined to postulate that DNAs
from different cancerous tissues, although
purified, contain a certain amount of mole-
cules, peptides, amino acids, small size RNA,
etc., the nature and amount of which proba-
bly differ from those of healthy DNAs. This
is quite possible, since analysis of DNA and
m-RNA from cancer and healthy tissues did

not reveal any difference at the level of nu-
cleotide sequences [14, 19].

Cancer DNAS interact in vitro with alka-
loids, producing a ‘DNA-alkaloid complex’,
which has been isolated. The DNA-alkaloid
complex is also produced when DNAs from
different cancer tissues are incubated with
each of the four alkaloids (results not shown
here). The binding of alkaloids to DNAs
from healthy tissues is hardly measurable un-
der the same experimental conditions. These
results explain the specific inhibition of can-
cer DNA synthesis by alkaloids. It seems
very probable that alkaloids intercalate be-
tween the strands of destabilized cancer
DNAs and have little affinity for the stabi-
lized structure of healthy cell DNA. This is
strengthened by the observation that there is
competition between alkaloids and psoralen,
an intercalating agent (unpublished results).

The fact that alkaloids prevent and neu-
tralize the stimulating effect of carcinogens or
steroids (DNA from breast cancer) suggests
that they may play an important role in pre-
venting the effects of carcinogens or steroids
on cell DNA. The slight inhibitory action of
alkaloids on DNAs from healthy tissues or
cells suggests that DNA in these cells does
not have a destabilized structure, i.e. con-
tains far less single-stranded areas than can-
cer DNA.

Data on the effects of alkaloids on can-
cerous and normal cells cultured in vivo and
on the evolution of experimental animal can-
cers will shortly be described.

References

1 Beljanski, M.: Oncotest: a DNA assay system for
the screening of carcinogenic substances. IRCS
med. Sci. 7: 476 (1979).



Selective Inhibition of in vitro Synthesis of Cancer DNA by Alkaloids of B-Carboline Class 87

2 Beljanski, M.; Beljanski, M.S.: Strong susceptibil-
ity of DNAs from cancerous tissues to carcinogens
(Oncotest) (submitted for publication).

3 Beljanski, M.; Beljanski, M.S.: RNA-bound re-
verse transcriptase in Escherichia coli and ‘in vitro®
synthesis of a complementary DNA. Biochem.
Genet. 12: 163-180 (1974).

4 Beljanski, M.; Bourgarel, P.; Beljanski, M.S.: Cor-
relation between ‘in vitro’ DNA synthesis, DNA
strand separation and in vivo multiplication of
cancer cells. Expl Cell Biol. 49: 220-231 (1981).

5 Beljanski, M.; Bugiel, J.: Brevet d'invention,
No. 7807155, France 1978.

6 Beljanski, M.; Le GofT, L.; Faivre-Amiot, A.: Pre-
ventive and curative anticancer drug. Application
to crown-gall tumors. Acta horticulturae (in press,
1981).

7 Beljanski, M.; Le GofT, L.; Beljanski, M.: In vitro
screening of carcinogens using DNA of His~ mu-
tant of Salmonella typhimurium (submitted for
publication).

8 Benedict, W.F.; Banerjee, A.; Gardner, A.; Jones,
P.A.: Induction of morphological transformation
in mouse C3H/10TV/2 clone 8 cells and chromo-
somal damage in hamster A(T,)CI-3 cells by can-
cer chemotherapeutic agents. Cancer Res. 37:
2203-2209 (1977).

9 Benedict, W.F.; Backer, M.S.; Haroun, L.; Choi,
E.; Ames, B.N.: Mutagenicity of cancer chemo-
therapeutic agents in the Salmonella/microsome
test. Cancer Res. 37: 2209-2213 (1977).

10 Furth, J; Kim, V.: Biological foundation of cancer
control by hormones; in Harris, Biological ap-
proaches to cancer chemotherapy, pp.259-276
(Academic Press, New York 1961).

11 Gardner, W.V.; Dougherty, T.F.; Williams, W.L.:
Lymphoid tumors in mice receiving steroid hor-
mones. Cancer Res. 4: 73-87 (1944).

12 Goldberg, I.H.; Friedman, P.A.: Antibiotics and
nucleic acids. A. Rev. Biochem. 40: 775-810
(1971).

13 Lacassagne, A.: Hormonal pathogenesis of adeno-
carcinoma of the breast. Am. J. Cancer 27: 212~
228 (1936).

14 Le Pecq, J.B.: Chimiothérapie anti-cancéreuse;
dans Actualités scientifiques et industrielles,
p. 1388 (Hermann, Paris 1978).

15 Moyzis, R K.; Grady, D.L,; Li, D.W_; Mirvis, S.A
Ts’o, P.O.P.: Extensive homology of nuclear ribo-
nucleic acid and polysomal (adenylic acid) messen-
ger ribonucleic acid between normal and neoplas-
tically transformed cells. Biochemistry, N.Y. 19:
821-831 (1980).

16 Miiller, W.E.G.: Chromomycin, olivomycin and
bleomycin inhibitors of DNA and RNA polymer-
ases; in Sarin, Gallo, Inhibitors of DNA and RNA
polymerases, vol. 103, pp.207-224 (Pergamon
Press, Oxford 1980).

17 Noble, R.L.: Tumors and hormones; in Pinkus,
Thimann, Astwood, The hormones: physiol,
chemistry and applications, vol. 5, pp. 259-265
(Academic Press, New York 1964).

18 Sobell, H.M.: The stereochemistry of actinomycin
binding to DNA and its implications in molecular
biology; in Davidson, Cohn, Progress in nucleic
acids research and molecular biology, vol. 13,
pp. 153-190 (Academic Press, New York 1973);
see also Sarin, Gallo, Inhibitors of DNA and RNA
polymerases (Pergamon Press, Oxford 1980).

19 Walters, R.A.; Tobey, R.A.; Hildebrand, C.E.: Hy-
droxyurea does not prevent synchronized G, Chi-
nese hamster cells from entering the DNA syn-
thetic period. Biochem. biophys. Res. Commum.
69: 212-217 (1976).

Received: June 26, 1981
Accepted: July 14, 1981

M. Beljanski, Laboratoire de Pharmacodynamie,
Faculté de Pharmacie,
F-92290 Chatenay-Malabry (France)



