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A test system for detecting cytotoxic effects of bioactive substances based on human fibro-
blast culture is proposed. The effects of acrylamide, streptomycin, cycloheximide, sodium
dodecyl sulfate, sanguiritrine, and ethanol were evaluated by organic stain binding. Typical
dose-effect relationships were detected for all substances except cycloheximide. The proposed
test system can be used for screening of bioactive substances in preclinical trials.
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The need for a standard protocol of preclinical and cli-
nical trials of bioactive substances (BAS) proposed for
the use as drugs or food additives (foodstuffs) is ob-
vious [1,4,5,7]. Mammalian and particularly human
cell cultures can play an important role in preclinical
studies. Such models are now used for evaluating drug
effects on metabolic processes and cell growth, for de-
tecting side effects, and evaluating optimal doses for
humans [6,8-12]. We investigated the possibility of
evaluating the cytotoxic effects of BAS in a test sys-
tem based on cultured postnatal diploid human fibro-
blasts.

MATERIALS AND METHODS

Cultures of postnatal diploid human fibroblasts IMG
1540 and IMG 1398, prepared as described previous-
ly [2], were used for creating the test system.

The cells were cultured in DMEM (PanEco) sup-
plemented with 5% cattle serum and 5% human cord
blood serum (PanEco) in Carrel’s glass flasks, plastic
disposable flasks (Costar), or in 96-well plates (Nunc).
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Methylene blue vital stain [3] and Giemsa stain [4]
(Merck) were used.

The following BAS were analyzed: streptomycin,
cycloheximide (Merck), acrylamide (LKB), sanguir-
itrine, sodium dodecyl sulfate (Serva), and ethanol.
Sagviritrine preparation containing sanguiritrine and
chelerythrine in the form of sulfomethylates with qua-
ternary nitrogen atom was obtained at the Center of
Biomedical Technologies. Other Russian-made reagents
were of chemically pure and extrapure grades.

For detecting the relationship between cell num-
ber per well and the intensity of methylene blue stain-
ing, the cells seeded at different density in 96-well
plates were incubated for 24 h at 37°C, vitally stained
with methylene blue (25 pl per each well) for 1 h,
washed with water, and dried on air. Optical density
was measured at 594 nm on an EFOS 9305 electro-
photometer.

For evaluating the effects of BAS on proliferative
activity of human fibroblasts, the agents were added
to cells growing in 96-well plates, and after 4 days the
cultures were stained with methylene blue as described
above. The morphology of growing cells was exam-
ined under an MBI-3 microscope (LOMO) adapted as
inverted microscope with a special attachment.
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Fig. 2. Cell survival as a function of drug dose. Methylene blue staining. Ordinate: optical density, % of control (without treatment) a) acrylamide
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before use. The cells were incubated with the stain for
3 h at 37°C, after which the stain was removed, wells
were washed twice with Hanks’ solution and incuba-
ted with 100 pl eluting solution (0.1 M NaH,PO,:
C,H,OH, 1:1) for 15 min at 18-20°C and at constant
stirring. Optical density of eluting solution was mea-
sured on an EFOS 9305 photometer at 620 nm.

RESULTS

Standard cultures of postnatal diploid human fibro-
blasts IMG 1540 and IMG 1398 used in our study
were characterized by oriented growth with the forma-
tion of confluent monolayer for at least 30 passages.
Under standard conditions the density of cultured cells
reached 10° cells/cm’ after 14 days. Microscopy showed
typical fibroblast-like spindle cells, not apparently dif-
fering from other normal human fibroblasts stored at
Cell Bank of Medical Genetics Research Center. All
experiments were performed on these cells within 10-
30 passages.

The intensity of methylene blue and Giemsa stain-
ing was directly proportionate to the number of cells
in wells (Fig. 1, a, b). After detecting this relationship,
we evaluated the biological effects of BAS. When dif-
ferent doses of acrylamide, streptomycin, cyclohexim-
ide, sodium dodecyl sulfate, sanguiritrine, and ethanol
were added, typical dose-effect curves were plotted for
all drugs except cycloheximide (Fig. 2), which al-
lowed us to estimate LD, for these agents (e. g. about
2 pg/ml for sanguiritrine, mean of 10 experiments).
Similar results were obtained in experiments with Gi-
emsa staining.

Biological effects of streptomycin, acrylamide,
sodium dodecyl sulfate, and ethanol were qualitative-
Iy similar, while studies of cycloheximide revealed a
principally different biphasic relationship (Fig. 2, b):
about 20% cells in the culture remained viable even
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at high concentrations of the antibiotic, which may be
explained by so-called polyribosome “freezing”.

Microscopy showed that at sanguiritrine concen-
tration above 4 pg/ml the number of dead cells, on
which green sediment of the drug precipitated, drasti-
cally increased. Therefore, morphological analysis of
cell culture after exposure to BAS is an obligatory ele-
ment of this test system.

Hence, the proposed test system can be used for
evaluating the cytotoxic effects of BAS acting via dif-
ferent mechanisms, from direct damage to DNA and
polyribosome complex blockade to membranotropic
and denaturing effects.
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