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ABSTRACT

The cytotoxic changes induced by the addition of hexavalent chromium as potassium dichromate
to the growth media of chick embryo cell monolayers were studied. The extent of toxic changes was
directly dependent on the concentration of chromium. Chromium at 5 ppm level produced
observable cytotoxic changes in the cell monolayers. The tissue culture lethal dose 50% (TCLD )
was found to be in the range of 10 ppm. Severe necrotic changes were observed at 20 ppm. A gradual
reduction in population of cells was noted commensurate with concentration of chromium salt

from 5-20 ppm.

INTRODUCTION

T ISSUE cultures have been commonly used inthe
past as a conveneint in vitro system for the study
of virus infectivity 152 study of mechanisms of diseases
and infectivity in cells? in veterinary medicine? in
nutritional! and deficiency studies’ oncogenesis® and
for the study of toxicity of compounds to assess the
minimum dose required to inhibit growth?.

Chromates have also been found to possess moder-
ate mutagenic activity in bacteria®?® and yeast!0 and
are capable of inducing abnormal morphological
transformation!!s/2 and chromosomal damage!3,'4 in
cultured mammalhan cells.

In the present work, an attempt has been made to
check the possible lethal effect of hexavalent chro-
mium 1n chick embryo cell monolayers.

MATERIALS AND METHODS

Preparation of cell culture: The general methods of
preparation of cell culture have been described ear-
lier!5-17. The method described here ts a bnief outline of

the process followed 1n the present work.

Ten-day old embryonating chicken eggs were used
to prepare whole embryo cell cultures. The experimen-
tal procedures were designed to ensure bacteriological
sterility, The eggs after disinfecting with alcohol were
cracked and the inner shell incmbrane and chorioal-
lantoic memberane cut and the embryo removed. The
yolk sac¢ was severed from the body. After collecting a
few embryos, they were washed in Hanks balanced
salt solution (HBSS) pH 7.0, 37°C. Head, feet and
viscera were detached from the embryo and the body
was cut to small pieces and trypsimised with 0.2%
trypsin in Earle’s balanced salt solution (EBSS) pH
8.0-8.4,37° C. About 200 ml of this solution were used
for every § embryos. Trypsinization was continued for
30 min at 37° C with intermittent agitation after which
the cell suspension was filtered through two layers of
cheese cloth and then centrifuged ina 15 m] graduated

centrifuge tube for S min at 1000 rpm. The supernatant
fluid was decanted and centrnifugation was repeated
after resuspending in 10 ml of fresh HBSS containing
5% deactivated sheep serum to arrest the further
action of residual trypsin.

After a cell count using a cytometer the cells were
suspended 1n a predetermuined volume of Hanks’
growth medium with 10% sheep serum ™o contain
approximately | X 107 cells/ ml. The cell suspension in
the nutrient media was then distributed into bottles
and 1n latent tubes at 7 ml and .3 mlrespectively. The

cell cultures were incubated at 37° C. The cells sedi-
ment, adhere to the glass surface and form monolayer
1slands in 24 hr. These were found suitable for use in
the present studies. Cultures allowed to grow for
longer periods as 48 hr, turned confluent and pro-
duced necrotic areas, hence 24 hr cultures were found
more suitable.

Inoculum: Potassium dichromate (K, Cr,05), the
hexavalent salt of chromium was used to test 1ts toxi-
city on chick embryo cell monolayers. Different con-
centrations namely 2.5, 5, 10, 20, and 30 ppm of
chromium as solution of potassium dichromate in
EBSS were used to find out tissue culture {ethal dose
50% end point (TCLD ) level. The amount of chro-
mium used in these solutions does not inany way alter
the osmolarity of the medium.

Treatment of monolayers with chromium: At the
end of 24 hr of incubation of the cell culture, the
Hanks growth medium pH of which has turned con-
siderably acidic due to growth and metabolism of cells
was discarded and replaced with Earle’s maintenance
medium without the serum containing the predeter-
mined dose of chromium as described earlier. At the
end of 24 hr of inoculation, the cell monolayers were
observed for cytotoxic effects.

Cell count and slide preparation:.

Cell count: Cells from control bottles and those
treated with chromium were scratped with a rubber
policeman after decanting the media and gentle wash-
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Figure 1a. Chick Embryo cell monolayer, normal (><1000), Ib. Chick embryo cell monolayer, normal
(3<5000), 2a. Cytotoxic effect of 10 ppm chromium in chick embryo cell monolayer (£21000), b. Cytotoxic
effect at 10 ppm chromium in chick embryo cell monolayer (X1000), 3a. Cytotoxic effect of 20 ppm
chromium in chick embryo cell monolayer (><X1000), b. Cytotoxic effect at 20 ppm chromium in chick

embryo cell monolayer (><5000).

ing of the monolayer to remove cell cast. The cells
resuspended in Earle’s growth medium were sedi-
mented by centrifuging at 1000 rpm for {0 min. The
cell pack was made up to a known volume and counted
in a cytometer.

Slide preparation: The monolayers from bottles
were scrially dehydrated in ascending grades of alcos;
hol and covered with a thin layer of collodion solution
and allowed to dry. The collodion film thus formed
with the adherent monolayer were lifted and mountd
on slides. The collodion film was washed off using a
mixture of ether and alcohol (50:50) leaving the mon-

olayer intact on the slide. These monolayers and those
formed on cover slips in latent tubes were stained with
Ehrlich haematoxylin and Eosin, serially dehydrated
in ascending grades of alcohol, taken to xylol and
mountd in DPX mountant,

RESULTS AND DISCUSSION

Hexavalent chromium as potassium dichromate
was found to be toxic to the chick embryo {ibroblast
cultures in the concentrations used. The extent of
toxic changes was directly dependent on the increasing
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concentrations of chromium. The cytotoxic effect
observed at 2.5 ppm concentration was minimal.
The tissue culture lethal dose 50 {TCLD ,,) was found
ta be in the region of 10 ppm of chromium. The
cytotoxic effect observed could be descnbed as fol-
lows: At 2.5 ppm scattered islands of cells were found
to have lost their charactristic confluence, separated
into individual cells, some shrunk and necrosed. The
same changes were more pronounced at 5 ppm. At 10
ppm the growth of the cell monolayer has been consid-
erably attenuated. Single isolated cells had lost their
characteristic spindle shape and extended into longer
filaments. The nuclei of the cells having cytotoxic
effect were somewhat hyperchromic as revealed by H
and E stain. Some of the cells showed rounding which
is usually an effect also revealed in viral
cytopathogemcity!®,

Figures 12 (low power) and Ib (high power) show
the normal cell monolayers and figures 2a and 2bshow
the typical cytopathic effect as revealed at 10 ppm
concentration. Figures 3a and 3b show the cytotoxic
effect produced at 20 ppm level. It is seen from these
figures that the cells have undergone rounding and
bear extenstve necrotic foct. The distribution of cells is
found to be scanty and there was considerable increase
in cell debris in this concentration.

Cell count: In order to correlate the cytotoxic
changes with vanation 1n cell population, cell counts
at 10 and 20 ppm were compared with controls. The
change in reduction n cell population was gradual
with increasing concentration of chromium. The aver-
age of ten cell counts made were 150 X 103 tor control,
120 X 103 for S ppm, 75 X 103 for 10 ppm and 40 X¢ 103
for 20 ppm.

The use of cell culture monolayers as a handy in
vitro system for study of toxicity isnot new. Tsuda and
Kato!? have used hamster embryonic cellsto study the
chromosomal aberrations caused by potassium di-
chromate. The cytotoxic effects described here clearly
show that cell culture monolayers could serve as a very
efficient, quick and direct method of determining
toxic influences of not only chromium but other ele-
ments as well. The use of tissue culture monolayers
offer several advantages in that besides direct visual
observations the results could also be quantified by
study of cell population index. The cell monolayers
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can also be lifted from bottles by using collodion or
obtained as cover slips 1n latent tubes in order to
provide permanent records after proper staining and
mounting.
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