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ExperientIiA 33/1

Inhijbition of DNA synthesis in BHK fibroblasts treated in vitro with potassium dichromate

A. G. Levis, M. ButtigNoL and L. VETTORATO

Institute of Animal Biology, University of Padova, Via Lovedan 10, I-35100 Padova (Italy), 21 April 1976

Summary. Treatment of hamster fibroblasts with potassium dichromate in vitro stimulates tritiated thymidine uptake
into the intracellular nucleotide pool. This effect is due to the oxidizing action of hexavalent chromium on the plasma
membrane. Dichromate induces also an inhibition of DNA replication, which is due to the interaction of reduced
trivalent chromium with specific biological ligands on the DNA molecule.

Environmental contaminants containing metal com-
pounds have been shown to be carcinogenic! and muta-
genic®3 in different biological systems. As for chromium
compounds, they significantly increase lung tumor in-
cidence in exposed workers#% 5, are carcinogenic in experi-
mental animals5:¢, induce chromosome aberrations in
Vicia faba cells?, point mutations in bacteria® 89 and
yeasts1® and cell transformation in hamster fibroblasts
in vitro!!, and are able to interact with purified nucleic
acids modifying their physico-chemical and biological
properties1®. These effects have been tentatively at-
tributed to the hexavalent or to the trivalent chromium
oxidation state?3 5 12-14,

In order to study chromium effects on nucleic acid and
protein synthesis in a hamster fibroblast cell line, we
chose potassium dichromate, an hexavalent chromium
compound, which is a strong oxidizing agent and has
also a great tendency, when reduced to the trivalent
state by several cell metabolites, to form coordination
complexes which may involve a variety of biological
ligands, among which are nucleic acids?!3,

Matevial and methods. Exponential cultures of a ham-
ster fibroblast line (BHK), grown as monelayers in
Eagle’'s basal medium supplemented with 109, calf
serum, were treated for from 1 to 4 h with potassium
dichromate (K,Cr,0,, Mallinckroot 6770) in complete
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Tig. 1. DNA content in untreated BHK cell cultures (*), and in cultures exposed for 1-4 h to different concentrations of K,Cr,0;:
10 M,1h (7), 2h (2), 4h (3); 1075 M, 1 h {4), 2h (5), 4h(6); 100* M, 1h(7), 2h(8), 4h (9); 10 M,1h (10),2h (77),4 h {72).
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growth medium. At the end of the treatment, the K,Cr,O,-
containing medium was replaced with normal growth
medium and the cultures were incubated for one hour
with S3H-dT (thymidine-6-H3; Amersham; 2C/mM;
1 pC/ml) at different intervals after K,Cr,0, exposure.
The intracellular nucleotide pool and the DNA were
extracted with perchloric acid?®. Radioactivity was
determined by a Packard Tri-Carb 2425 scintillation
counter and DNA was measured by UV absorption at
268 nm using a Hitachi Perkin-Elmer 124 spectropho-
tometer. The ratios between radioactivity counts and
DNA amounts are referred to as specific activities. In
the treated cultures, specific activities are expressed as
percentages of control values.

Results and discussion. By determining the DNA con-
tent in BHK cell cultures treated with K,Cr,0O, for from
1 to 4 h, it can be noticed that 10-% M and 10-% M con-
centrations have little or no effect on DNA synthesis
(Figure 1). On the other hand, a significant DNA syn-
thesis inhibition, proportionate to the duration of treat-
ment, is observed when cultures are exposed to 10-¢ M
K,Cr,0,. With still higher doses (10-3 M), a complete

Specialia

83

1 A. Furst and R. T. Haro, Progr. Exp. Tumor Res. 72, 102 (1969).

2 E. C. MiLLerR and J. A. MILLER, in Chemical Mutagens, vol. 1
(Ed. A. Holmaender; Plenum Press, New York 1971), p. 83.

3 H. N1sHI0KA, Mutation Res. 37, 185 (1975).

¢ E. BRowniNG, in Towicity of Industrial Metals (Butterwords,
London 1969), p. 119.

5 1. A. R. C. Monographs on the Evaluation of Carcinogenic Risk of
Chemicals to Man, vol. 2 (Int. Agency Res. Cancer, Lyon 1973),
p. 100.

8 G. Marroni, Excerpta Med. int. Congr. Ser. 322, 1 (1974).

7 E. GLAss, Z. Bot. 44, 1 (1936).

8 S. Venrrr and L. S. LeEvy, Nature, Lond. 250, 493 (1974).

® M. Tamaro, E. Baxrr, S. Venrurint and C. MoNTI-BRAGADIN,
XVII Congr. It. Microbiol. Soc., (1976), p. 411.

10 S, Bonarrti, M. MEINT and A. ABBONDANDOLO, Mutation Res.
38, 147 (1976).

11 A, FRADKIN, A. JanoFF, B. P. LaneE and M. Kuscu~NEr, Cancer
Res. 35, 1058 (1975).

12 7. W. Hurr, K. S. SasTrY, M. P. Gorpon and W. E. C. WACKER,
Biochemistry 3, 501 (1964).

13 W. MERTZ, Physiol. Rev. 49, 163 (1969).

14 R, SCHOENTAL, Br. J. Cancer 32, 403 (1975).

15 A. G. Levis, M. BurtieNoL, Brit. J. Cancer, in press.

% %
B v |C
A Lol ® 001
% ._//l
O °
o /f’ A
P 50
NPTy S
100, )
ey ST T
0 T T 04— N .;
Lé /I
§ O peem == . o e —————
— 100--%, . ..a 100~ G T .
2 'w——/ o- T T o=k ~=--0
= 100—L 1 et e |
= \O._“—.’ ...... A el e e
‘g 01— T 0T T i 0~ T T )
£ 20 200 200
g 0’7&3 a B3 — I CS
Q. ..‘ - . . A
%) s |

100~

K2Cr207

0
By
A
e O%m e e
e
T T T O T ——]
12 4 8 24h 12 4 8 24h

Time after treatment

Fig. 2. KyCr,0, effect on 3H-dT uptake into the intracellular pool and on DNA synthesis in BHK cell cultures. The cultures were
treated with 1073 M (1), 107* M (2), 1075 M (3) and 107% M (4) K,Cr,O, for 1 h (filled circles), 2 h (empty circles) and 4 h (filled
triangles). After labelling with 3H-dT at different times after K,Cr,O, exposure, the specific activities of *H-d7T in the nucleotide
pool (A) and of DNA (B) were determined. DNA specific activities were normalized as specified in the text in order to obtain the actual

rates of DNA synthesis (C).
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block of DNA synthesis, as well as a delayed cell death,
is revealed by the progressive decrease of DNA content.

These effects of K,Cr,0, on DNA synthesis in BHK
cultures are confirmed by the values for ®H-dT incor-
poration into DNA only after 10-% 34 and 10~¢ M treat-
ments, while the intermediate doses, which have been
shown either to inhibit DNA synthesis (10-* M) or to
leave it unaffected (10-% M), lead to a considerable in-
crease of DNA specific activities (Figure 2B). The dis-
crepancy between the two sets of data can be overcome
by taking into account the fact that K,Cr,O, also inter-
feres with ®H-dT uptake into the intracellular pool, that
is stimulating it when used at concentrations higher than
10-% M (Figure 2A). DNA specific activity changes are
therefore induced (Figure 2B) which do not directly
depend on the actual DNA synthesis rates.

Since the intracellular pool becomes saturated with
3H-dT in a much shorter time than our incubation
time %, the DNA specific activities have been normalized
by dividing their original values by the corresponding
SH-dT specific activities. Such normalized values (Fig-
ure 2C) therefore express the actual rates of 3H-dT in-
corporation into DNA and represent the net levels of the
DNA synthesis after K,Cr,O, treatment. By this proce-
dure, it becomes evident that the DNA synthesis inhibi-
tion induced by protassium dichromate is almost com-
plete and irreversible when cells are exposed to 10-3 M
concentrations, while on the other hand it is more or less
pronounced and reversible, according to the duration of
treatment, when 10-% M concentrations are used. This
effect on DNA duplication can be attributed to the action
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of reduced trivalent chromium, as this represents the
only chromium oxidation state present inside the cell
even after treatment with hexavalent chromium com-
pounds!3:1?, Moreover, DNA synthesis inhibition is the
primary chromium effect on cell macromolecular syn-
theses, since higher K,Cr,O, doses or longer exposures
are required to reduce RNA and protein syntheses to
comparable levels1s.

The present results point out that potassium dichro-
mate also independently affects *H-dT incorporation
into the intracellular pool, increasing its uptake across
the plasma membrane and thereby producing higher
3H-dT specific activities. This effect is not observed
after treatment with trivalent chromium compoundsl?
and is most probably related to the oxidizing action of
hexavalent chromium on the plasma membrane, which
leads to coordination complexes directly involving cell
ligands. As in the present experimental conditions potas-
sium dichromate does not inhibit endogenous nucleotide
synthesis, unlabelled thymidine concentration in the
intracellular pool thus remaining unchanged!s, the ob-
served increase in 3H-dT specific activity seems to be
due to an actual stimulation of the mechanisms respon-
sible for nucleoside transport across the plasma mem-
brane 18,

1 P, V. HauscHKA, in Methods in Cell Biology, vol. 7 (Ed. D. M,
Prescott; Academic Press, New York 1973), p. 361.

17 G. TaMINoO, Atti Ass. Genet. It., in press.

18 This work was supported by a grant from the National Research
Council of Italy. '

Effect of photoperiod on early changes in the neonatal rat pineal gland

W. K. TrakUuLRUNGsI and V. L, YEAGER!?
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Summary. It is concluded that photoperiod has little direct effect on the mitotic activity or morphological development
of the pineal parenchymal cell of the rat in the early postnatal period.

If rats are blinded, development of gonads is impeded
in intact animals but not in pinealectomized animals2.
This indicates that pineal function is influenced by the
presence or absence of light. At birth, the rat pineal is
not complete in its development, since mitotic activity
of parenchymal cells is still occurring?®, parenchymal cells
have not reached their full size* and do not have their
full complement of enzymes®-?. The following experiment
was performed to determine whether or not conditions
of lighting could influence some of the anatomical aspects
of pineal gland maturation in the immediate postnatal
period in the rat.

Materials and methods. Newborn albino rats and their
mothers were exposed to one of 3 lighting conditions:
normal (12 h of light; 12 h of dark); continuous light
(24 h of light) or dark (1 h of light; 23 h of dark), All
rooms were air conditioned (25-26°C) and food and
water were provided ad libitum. Tritiated thymidine
was injected intraperitoneally at a dosage of 0.5 pC/g
body weight on day 1, 7, 14 or 21. Rats were killed 6 h,
7 or 14 days after injection. At euthanasia the pineal
gland was fixed in Bouin-Hollande fixative for 24 h
and then processed for paraffin sectioning at 5 microns.
The sections were dipped in Kodak NTB2 liquid emulsion
for autoradiography, exposed for 6-8 weeks, developed
and then stained in hematoxylin.

Over 6000 cells from sections through the middle of
each pineal gland were studied to determine the percent-
age of parenchymal cells labeled with tritium and the
percentage of parenchymal, neuroglial, endothelial and
ependymal cells present. By counting the number of
parenchymal cells in 10 ocular grid fields and using the
percentage of parenchymal cells present, a rough estimate
of the average parenchymal cell size was determined.
Results were tested for significance using unpaired
Student’s z-test and correlation coefficients.

Resulls. Rat pups kept in the dark showed the best
weight gain and by day 14 were significantly {p < 0.01)
heavier than pups from the other groups. Pups kept in
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