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Abstract

The cytotoxicity of the selected systemic and intravitreally dosed drugs tamoxifen, toremifene, chloroquine, S-fluorouracil, gen-
tamicin and ganciclovir was studied in retinal pigment epithelium (RPE) in vitro. The cytotoxicity was assayed in the human RPE
cell line D407 and the pig RPE cell culture using the WST-1 test, which is an assay of cell proliferation and viability. The effects of
experimental conditions on the WST-1 test (cell density, serum content in the culture medium, the exposure time) were evaluated.
The ECs, values in tamoxifen-treated D407 cells ranged between 6.7 and 8.9 pmol/l, and in pig RPE cells between 10.1 and 12.2
umol/l, depending on the cell density used. The corresponding values for toremifene were 7.4 to 11.1 pmol/l in D407 cells and 10.0
to 11.6 pmol/l in pig RPE cells. In chloroquine-treated cells, the ECsq values were 110.0 pmol/1 for D407 cells and 58.4 pmol/l for
pig RPE cells. Gentamicin and ganciclovir did not show any toxicity in micromolar concentrations. The exposure time was a sig-
nificant factor, especially when the drug did not induce cell death, but was antiproliferative (5-fluorouracil). Serum protected the
cells from the toxic effects of the drugs. Both cell cultures were most sensitive to tamoxifen and toremifene, and next to chloroquine.
The drug toxicities obtained in the present study were quite similar in both cell tyupes; that is, the pig RPE cells and the human D
407 cell line, despite the differences in, for example, the growth rate and melanin contents of the cell types. Owing to the homeo-
static functions important for the whole neuroretina, RPE is an interesting in vitro model for the evaluation of retinal toxicity, but,
in addition to the WST-1 test, more specific tests and markers based on the homeostatic functions of the RPE are needed. © 2002
Published by Elsevier Science Ltd.
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1. Introduction Tamoxifen has been shown to cause changes in the

neural retina and retinal pigment epithelium (RPE)

The administration of systemic drugs and intravi-
treally dosed drugs can produce adverse side-effects on
the retina. Tamoxifen and toremifene are anti-estrogen
drugs used in the treatment of human breast cancer.

Abbreviations: DMEM, Dulbecco’s modified Eagle’s medium;
FCS, fetal calf serum; RPE, retinal pigment epithelium.
* Corresponding author. Tel.: +358-3-215-6672; fax: +358-3-215-
6170.
E-mail address: hanna.tahti@uta.fi (H. Téhti).

(Pavlidis et al., 1992; Chern and Danis, 1993). Tor-
emifene, which is structurally very close to tamoxifen,
has shown no oculotoxic effects in vivo (Williams and
Jeffrey, 1997). Chloroquine is an antirheumatic drug
and also used in the treatment of malaria. It has been
shown to accumulate in the retina and to degenerate
photoreceptors after chronic exposure (Rosenthal et al.,
1978). 5-Fluorouracil is used for inhibiting the growth
of epiretinal membranes in the management of pro-
liferative vitreoretinopathy. It has shown corneal and
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retinal toxicity depending on the dosage and the fre-
quency of intra-ocular injection (Stern et al., 1983;
Harstrick et al., 1998). Gentamicin is used in the treat-
ment of bacterial endophthalmitis but may cause retinal
disturbances that can limit the visual result (Olson et al.,
1983). Ganciclovir is used in the treatment of cytome-
galovirus retinitis in AIDS patients, but high-dose
intravitreal ganciclovir may cause retinal toxicity (Saran
and Maguire, 1994).

RPE is an important outer cell layer in the retina
maintaining the retinal homeostatic functions (Méen-
péé et al., 1997; Toimela et al., 1998; Mannerstrém et
al., 2001). It is the outer blood-retinal barrier, and is
specialised in different transport functions. It removes
the outer parts of receptor cells with a continuous active
phagocytosis process. Cultured RPE cells maintain the
homeostatic functions, for example phagocytosis (Man-
nerstréom et al., 2001). The homeostatic functions of
RPE are important for the whole neuroretina, and thus
this cell type is a promising in vitro model for the eva-
luation of retinal toxicity.

In the present study, the toxicity of tamoxifen, tor-
emifene, chloroquine, 5-fluorouracil, gentamicin and
ganciclovir for RPE cells was studied in vitro. The
toxicity of these drugs was compared in human RPE
cell line D407 and pig RPE cell culture using the WST-1
test, which is an assay of cell proliferation and viability.
The effects of cell density, serum content in the medium
and incubation time on the cytotoxicity were also stud-
ied.

2. Materials and Methods
2.1. Materials

Tamoxifen, toremifene, chloroquine, 5-fluorouracil,
gentamicin and ganciclovir were a gift from Orion
Pharma (Turku, Finland). Dulbecco’s modified Eagle’s
medium (DMEM), fetal calf serum (FCS) and anti-
biotic—antimycotic solution (penicillin G sodium, strep-
tomycin sulfate, amphotericin B) were purchased from
Gibco (Paisley, UK). Culture flasks and 96-well plates
were from Nunc (Roskilde, Denmark). The WST-1 {4-
[3-(4-lodophenyl)-2-(4-nitrophenyl)-2 H-5-tetrazolio]-1,3-
benzene disulfonate} test was based on commercially
available cell proliferation reagent WST-1 obtained
from Boehringer (Mannheim, Germany).

2.2. Cell cultures

The pig RPE cell culture was established as previously
described by Maienpdd et al. (1997). Pig eyes were
obtained from a local slaughterhouse. During transport
they were kept in ice-cold saline containing 1% anti-
biotic-antimycotic solution, and used within 3-4 h after

death. The eyes were opened aseptically by a circumfer-
ential incision just behind the ora serrata, and then the
vitreous body and neuroretina were discarded from the
eyecups. The RPE cells were isolated by incubating the
eyecups filled with 0.25% trypsin buffer for 2 h. The
cells were collected and plated at densities of 4-6x10%/
em? in 75 cm? culture flasks. 20-30 pig eyes were used to
start one RPE culture. The cells were cultured in
DMEM and supplied with 20% FCS and 1% anti-
biotic-antimycotic solution in an incubator containing a
humidified athmosphere with 5% CO, at 37 °C. Half of
the medium was replaced after 24 h and then twice a
week with DMEM containing 10% FCS. The cells
reached confluency after 1 week and were subcultured.
After two passages, the cells were plated into 96-well
plates either 5x10% cells/cm? or 1.3x10° cells/cm? in
DMEM supplied with 10% FCS and 1% antibiotic—
antimycotic solution. The cells were grown for 24 h
before drug exposure. The human RPE cell line D407
was a generous gift from Dr. Hunt (University of South
Carolina, USA). The D407 cells were plated into 96-well
plates at the density of 1x10% 3.3x10* or 5x10* cells/
cm? in DMEM, supplied with 3% FCS and 1% anti-
biotic—antimycotic solution. The cells were grown for 24
h before drug exposure.

2.3. Drug exposure

Before the experiment, the culture medium of the 96-
well plates was changed into DMEM containing either
0, 3 or 10% FCS, and preincubated for 20 min. The
cells were exposed to different concentrations of
tamoxifen (1-25 pm), toremifene (1-25 um), chloroquine
(1-1000 pm), gentamicin (0-90 mm), S-fluorouracil (0
5000 pm) and ganciclovir (0-40 mm) in a total volume of
100 pl. Chloroquine and ganciclovir were dissolved in
water, 5-fluorouracil and gentamicin were dissolved in
cell culture medium, and tamoxifene and toremifene
were dissolved in water containing 10% DMSO. The
final DMSO concentration in the wells was 0.5%. The
controls were incubated with equal volumes of drug
solvents to avoid changes that could be due to solvent.
The cells were incubated with the drugs for 24, 48, 72
and 96 h, depending on the drug.

2.4. Cell viability and proliferation

After the drug treatment, 10 pl of WST-1 reagent was
added to each well. The plates were agitated for 1 min,
and the cells were incubated with the WST-1 reagent for
1 hin 5% CO, at 37 °C. Following incubation, the
absorbance at 450 nm was determined using a micro-
plate reader (Victor 1420 Multilabel Counter, Wallac,
Finland). Cell viability was expressed as a percentage of
absorbance obtained in the treated wells relative to that
in the untreated control wells.



M. Mannerstrom et al. | Toxicology in Vitro 16 (2002) 193-200 195

2.5. Statistics

In this study design, each test generally consisted of
three experiments performed in separate 96-well plates
with six parallel concentrations on each plate. The
whole of the data from the three experiments was
pooled together. The mean+S.E.M. at each concentra-
tion level was calculated from 18 observations. Statis-
tical differences between treated cells and controls were
evaluated using one-way ANOVA with Dunnett’s post
test (GraphPad Prism). Sigmoidal dose-response curves
were drawn when possible. The dose-response curves
were obtained by fitting the data by a non-linear regres-
sion analysis to the four-parameter sigmoidal function,
and the ECs, values were calculated (Sigmaplot).

3. Results

The discontinuous pig RPE cells proliferated slower
than the human D407 cell line. In order to achieve
about 90% confluency, generally the cell density was
5x10* cells/cm? for D407 cells and 1.3x 10 cells/cm? for
pig RPE cells. In trials where the effect of cell density on
the cytotoxicity of the compound (tamoxifen and tor-
emifene) was tested, several cell densities were applied.

3.1. Tamoxifen and toremifene

Cell density affected the cytotoxic effect of drugs. In
D407 cells the ECs, for tamoxifen was 6.7 pmol/l when
3.3x10* cells/cm? were used, but 8.9 umol/l when the
cell density was 5x10* cells/cm? (Fig. la). The corre-
sponding values for toremifene were 7.4 pmol/l and 11.1
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umol/l (Fig. 2a). In pig RPE cells, the ECs, for tamox-
ifen was 10.1 pmol/l when 5x10* cells/cm? were used,
and 12.2 umol/l when the cell amount was 1.3x 10 cells/
well (Fig. 1b). The corresponding values for toremifene
were 10.0 umol/l and 11.6 pmol/l, respectively (Fig. 2b).
Serum prevented the cytotoxic effects of the drugs. In
D407 cells, when 3% FCS was present, only the highest
tamoxifen and toremifene concentrations (25 pm) led to
considerable cell death. In pig RPE cells, no cytotoxicity
was detected in the whole concentration range (1-20
um), when 10% FCS was present.

3.2. Chloroquine

Pig RPE cells (Fig. 3b) were more sensitive to chlor-
oquine than D407 cells (Fig. 3a). In both cell cultures
the protective effect of serum against chloroquine toxi-
city was minor. In D407 cells (3.3x10* cells/cm?) the
ECso values were 110 pmol/l in serum-free conditions
and 122.7 umol/l in the presence of 3% FCS. The ECsg
values for pig RPE cells (1.3x10° cells/cm?) were 58.4
pmol/l in serum-free conditions and 60.9 pmol/l in the
presence of 10% serum.

3.3. 5-Fluorouracil

5-Fluorouracil showed a quite similar but minor effect
on D407 cells (5x10* cells/cm?) (Fig. 4a) and pig RPE
cells (1.3x 10 cells/cm?) (Fig. 4b). Concentrations of up
to 1 mm of S-fluorouracil decreased the cell viability
only about 50% after 24 h of incubation. The responses
of cells to 5-fluorouracil were similar in serum-free and
in serum-containing (3%) culture medium in both cell
cultures. As longer incubation times (48, 72 and 96 h)
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Fig. 1. The viability of human D407 cells and pig RPE cells assayed with the WST-1 test after exposure to various concentrations of tamoxifen for
24 h. (a) Human D407 cell culture: 3.3x10* cells/cm? without serum in the medium, ECsy 6.7 umol/l (A), 5x10* cells/cm? without serum in the
medium, ECs, 8.9 umol/l (@, dashed line), 5x10* cells/cm? in the presence of 3% serum (QO). (b) Pig RPE cell culture: 5x10* cells/cm? without
serum in the medium, ECsy 10.1 pmol/l (A), 1.3x 10 cells/cm? without serum in the medium, ECs, 12.2 umol/l (@, dashed line), 5x 10* cells/cm? in
the presence of 10% serum (Q). In all figures each point represents the mean=+S.E.M. of three experiments with six samples in each concentration.
The significant reductions in viability as compared to control are indicated as *P <0.05 and **P <0.01.
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and smaller cell amounts (1x10* cells/cm?) were used,
there was an initial decrease in cell viability, and a pla-
teau thereafter (Fig. 4c). The viability decreased along
with increasing exposure time: after 48 h of exposure
with 5-fluorouracil concentrations up to 5 mm, the D407
cell viability was approximately 60%. After 96 h of
exposure the amount of viable cells was below 20%,
starting from 40 pm S-fluorouracil concentration.

3.4. Gentamicin

Gentamicin did not contribute to the cell toxicity in
micromolar concentrations in either D407 cells (5x10*
cells/cm?) (Fig. 5a) or pig RPE cells (5x10* cells/cm?)
(Fig. 5b). In D407 cells some reduction in cell viability
was seen, starting from 10 mm concentration. Pig RPE
cells were less sensitive; any reduction in cell viability
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was detected at first with 40 mMm gentamicin. Serum (3%
for D407 cells and 10% for pig RPE cells) seemed to
have a slightly protective effect on both cell cultures.

3.5. Ganciclovir

Ganciclovir did not show toxicity in the micromolar
concentration range. Pig RPE cells (1.3x10° cells/cm?)
(Fig. 6b) seemed to be slightly more sensitive to ganci-
clovir than D407 cells (5% 10* cells/cm?) (Fig. 6a). There
was an initial increase in WST-1 in D407 cells, and a
reduction started in the 25 mm concentration of ganci-
clovir when serum was present, and in the 40 mm con-
centration in the absence of serum. The viability of pig
RPE cells showed a slight dose-dependent decrease in
the absence of serum. No effect of ganciclovir on pig
RPE cell viability was seen in the presence of serum.
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Fig. 2. The viability of human D407 cells (a) and pig RPE cells (b) assayed with the WST-1 test after exposure to various concentrations of tor-
emifene for 24 h. (a) Human D407 cell culture: 3.3x 10* cells/cm? without serum in the medium, ECsq 7.4 pmol/l (A), 5x 10% cells/cm? without serum
in the medium, ECs, 11.1 pmol/l (@, dashed line), 5x10* cells/cm? in the presence of 3% serum (Q). (b) Pig RPE cell culture: 5x10* cells/em?
without serum in the medium, ECso 10.0 pmol/l (A), 1.3x 10° cells/cm? without serum in the medium, ECsq 11.6 pmol/l (@, dashed line), 5x 10* cells/

cm? in the presence of 10% serum (O).

(@) 140 (b)
120 %Q 100
100 - "
" 80 1 I uu
2 w04 g .
c [=
8 e g 604
6 604 5
xR * X
N S 404
40 .
. o
.
20 4 20 4 .* - w* o
\S o o " B L B o 5
0 © 2 2} ** -
.o p e 0
Q 200 400 600 800 1000 0 200 400 600 800 1000

Chloroquine uM

Chloroquine yM

Fig. 3. The viability of human D407 cells (a) and pig RPE cells (b) assayed with the WST-1 test after exposure to various concentrations of chlor-
oquine for 24 h. (a) Human D407 cell culture: 3.3x10* cells/cm? without serum in the medium, ECs 110.0 pmol/l (@) and 3.3x 10 cells/cm? in the
presence of 3% serum, ECsq 122.7 pumol/l (O). (b) Pig RPE cell culture: 1.3x 10 cells/cm? without serum in the medium, ECsq 58.4 pmol/] (@), and

1.3x10° cells/em? in the presence of 10% serum, ECso 60.9 pmol/1 (O).
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Fig. 4. The viability of human D407 cells (a,c) and pig RPE cells (b) assayed with the WST-1 test after exposure to various concentrations of 5-
fluorouracil for 24 h. (a) Human D407 cell culture: 5x 10* cells/cm? without serum in the medium (@), and 5x 10 cells/cm? in the presence of 3%
serum (Q). (b) Pig RPE cell culture: 1.3x10° cells/cm? without serum in the medium (@), and 1.3x10° cells/cm? in the presence of 3% serum (Q).
(c) Human D407 cell culture: 1x10* cells/cm? in the presence of 3% serum, exposure time 48 h (M), 1x10% cells/cm? in the presence of 3% serum,
exposure time 72 h (0), and 1x10* cells/cm? in the presence of 3% serum, exposure time 96 h (O).
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Fig. 5. The viability of human D407 cells (a) and pig RPE cells (b) assayed with the WST-1 test after exposure to various concentrations of genta-
micin for 24 h. (a) D407 cell culture: 5x 10* cells/cm?® without serum in the medium (@) and 5x 10* cells/cm? in the presence of 3 serum (O). (b) Pig
RPE cell culture: 5x 10* cells/cm? without serum in the medium (@), and 5x 10* cells/cm? in the presence of 10% serum (O).
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Fig. 6. The viability of human D407 cells (a) and pig RPE cells (b) assayed with the WST-1 test after exposure to various concentrations of ganci-
clovir for 24 h. (a) Human D407 cell culture: 5x10* cells/cm? without serum in the medium (@) and 5x 10* cells/cm? in the presence of 3% serum
(O). (b) Pig RPE cell culture: 1.3x10° cells/cm?® without serum in the medium (@), and 1.3x10° cells/cm? in the presence of 3% serum (O).

4. Discussion

In the present study, the effects of tamoxifen, tor-
emifene, chloroquine, 5-fluorouracil, gentamicin and
ganciclovir were studied in pig RPE cell culture and
human D407 cell line using WST-1 test. In the WST-1
assay, the number of viable cells is proportional to the
absorbance. The various dehydrogenase enzymes in
mitochondria cleave the tetrazolium salt producing for-
mazan that is detected at the wavelength of 450 nm.
Unlike the MTT test, which is widely used to measure
cell viability and proliferation, the WST-1 test yields
water-soluble cleavage products and thus does not
require any additional solubilisation steps before pho-
tometric measurements. Ideally, the cell number should
be high enough to enable cell-to-cell interactions in the
culture. Moreover, the cells should be in an exponential
growth phase, but the confluency should not be excee-
ded. In such a case, WST-1 test can be used to evaluate
both the toxic and the antiproliferative effects of com-
pounds on the cells. To achieve the optimal growth
phase (90% confluency) for RPE cell cultures with dif-
ferent proliferation rates, different pig RPE and D407
cell densities were used at plating.

Tamoxifen and toremifene are well-known anti-
proliferative anticancer drugs. There is also evidence of
the acute toxicity of tamoxifen. For example, in breast
cancer cells tamoxifen increases DNA fragmentation
(apoptosis) (Perry et al., 1995; El Etreby et al., 1998).
The present in vitro data show that RPE cells were most
sensitive to tamoxifen and toremifene. Unlike in
tamoxifen treatment, no oculotoxic side effects asso-
ciated with toremifene treatment have been reported.
However, our data suggest quite similar toxicity of these
drugs in RPE cells in vitro. When the toxicity of these
drugs was tested on human hepatoblastoma cell line

HepG2, it was found that the HepG2 cells were far
more sensitive to tamoxifen (ECso 10 pmol/l) than to
toremifene (ECso 29 pmol/l) (Méntyld, unpublished
data). This is supported by Williams et al. (1998), who
have shown that tamoxifen is genotoxic and produces
tumours in rat liver, while toremifene is not genotoxic.
Therapeutic doses of tamoxifen and toremifene cause
serum concentrations of 3.0-3.5 pm for tamoxifen
(Stuart et al., 1992) and 2 pm for toremifene (Anttila et
al., 1990). As the tissue levels of tamoxifen can be 10-60
times higher than their serum levels (Lien et al., 1991),
the concentrations used in the present study (0-25 pm)
are within a relevant range.

Chloroquine was less toxic to the RPE cells than were
tamoxifen and toremifene. However, a clear reduction
of cell viability in both RPE cultures after 24 h of incu-
bation with chloroquine was detected. Chloroquine
accumulates within the lysosomes of RPE cells. This
leads to inhibition of lysosomal enzymes (Toimela et al.,
1998), and possibly to cell injury. Therapeutic doses of
chloroquine can cause serum levels of 0.8-2.5 um
(Augustijns et al., 1992). Chloroquine has a high affinity
to melanin, which can result in high chloroquine con-
centrations in RPE (Tsuchiya et al., 1987).

In 5-fluorouracil-treated cells the differences in viabi-
lity between controls and treated cells became more
clear along increasing incubation time, but the dose—
response curves did not shift towards a more toxic
direction. Therefore we assume that the effect of 5-
fluorouracil on the RPE cell cultures was more likely
antiproliferative than acutely toxic. This is in accor-
dance with several previous in vivo results, where no
toxicity of 5-fluorouracil in the retina was detected
(Barrada et al., 1984; Vernot et al., 1985; Joondeph et
al., 1988). Instead, the antiproliferative effect of 5-
fluorouracil has been reported in RPE cells (Stern et al.,
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1983). We used 5-fluorouracil concentrations of up to
650 pg/ml. The maximal daily S-fluorouracil dosage
clinically used is 1000 mg.

In the present study, gentamicin and ganciclovir did
not show any toxicity in RPE cells in micromolar con-
centrations. The highest concentrations used (up to 37
mg/ml for gentamicin and 11 mg/ml for ganciclovir) to
find any effects on cells were clearly above the upper
limit (100 pg/ml) recommended for the toxicity testing
of drugs in vitro. As the optimal plasma concentration
applied clinically is 25 pg/ml for gentamicin, and 50 pg/
ml for ganciclovir, the concentrations used in our study
cover the therapeutic range. There are controversial
reports concerning the eye toxicity of gentamicin and
ganciclovir. It has been shown that gentamicin causes
retinal toxicity, especially in the photoreceptor outer
segment/retinal pigment epithelium complex (D’Amico
et al., 1985; Talamo et al., 1985). We did not find any
relevant toxicity of gentamicin in RPE cultures, which is
supported by the results of Brown et al. (1990) and
Hines et al. (1993), who have shown that despite crucial
damage on retina, the retinal pigment epithelium stays
intact after gentamicin treatment in vivo. It has been
suggested that the retinal damage associated with gan-
ciclovir treatment is a secondary effect related to the
frequent administration procedure rather than due to
the toxicity of the substance itself. High doses of intra-
vitreal ganciclovir has been shown to cause retinal
damage and visual loss (Saran and Maguire, 1994), but
when injected in liposomal encapsules or applied with a
scleral plug, no retinal toxicity was observed (Diaz-Llo-
pis et al., 1992; Hashizoe et al., 1994).

In general, pig RPE and D407 cells showed quite
consistent responses to the drugs studied. However,
some differences were detected: pig RPE cells were
somewhat more sensitive to chloroquine and ganciclo-
vir, and less sensitive to gentamicin. The different sensi-
tivities of D407 and pig RPE cells to chloroquine can be
due at least partly to the differences in the melanin
contents in the cell cultures studied. D407 cells lack
melanin almost completely, but in the pig RPE cells it is
abundant. Chloroquine has a high affinity to melanin
(Tsuchiya et al., 1987; Leblanc et al., 1998; Eves et al.,
1999), which may increase the intracellular chloroquine
concentration and the toxic effects of chloroquine. This
affinity has not been reported, for example, for tamox-
ifen (Eves et al., 1999). There are also controversial
findings of the effect of melanin on the toxic effects of
drugs. It has been shown that ocular pigmentation pro-
tects retina from gentamicin toxicity (Zemel et al.,
1995), which would explain the greater sensitivity of
D407 cells to gentamicin compared to pig RPE cells.
The significance of the cell density was mainly tested in
tamoxifen- and toremifene-treated cells, which showed
that the toxicity of the drug was indirectly proportional
to the amount of cells used. However, the magnitude of

ECso values did not alter, ranging between 6.7 and 12.2
umol/1 for tamoxifen, and 7.4 and 11.6 umol/l for tor-
emifene. The exposure time also had some significance
on the toxicity as discovered in 5-fluorouracil-treated
cells. Serum is known to interfere with toxicity assays,
since it may bind compounds and therefore reduce the
concentrations of free compounds in the culture med-
ium. In the present study, the effect of serum was clearly
protective in tamoxifen- and toremifene-treated cell
cultures, possibly due to the estrogens in serum, which
may compete with these anti-estrogens. Serum was
slightly protective in chloroquine and gentamicin-trea-
ted cell cultures. In ganciclovir-treated pig RPE cell
culture, serum was slightly protective, but in the D407
cell culture, the opposite situation was found. In 5-
fluorouracil-treated cells no clear effect of serum was
detected. It is known that the binding of aminoglycosides
to serum proteins is minor. The binding of drugs to
serum differs due to their different physicochemical
properties, which in turn dictates the effect of serum in
toxicity assays.

In conclusion, tamoxifen and toremifene were most
toxic to both of the RPE cell cultures, followed by
chloroquine. 5-Fluorouracil did not cause cell death,
but it was antiproliferative. Gentamicin and ganciclovir
did not show any toxicity in micromolar concentrations.
Our findings on the selected drugs support the adverse
drug reactions obtained in connection with the clinical
use of these compounds. When evaluating the retinal
toxicity of chemicals in more detail, however, the
homeostatic regulatory functions of RPE should be
studied in addition to the simple cytotoxicity measure-
ments. Also other retinal cell cultures, and perfusion
cultures of the whole retina should be considered.
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