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Abstract: The use of in vitro (fish cell lines) is a cost-effective, very rapid, and informative tool for toxicological 
assessments. Using the neutral red (NR) assay, we compared the in vitro acute toxicity (20hEC50) of twenty-six 
chemical substances on a rainbow trout gonad cell line (RTG-2) with their in vivo acute toxicity to Barbados Millions 
Poecilia reticulata (48hLC50, OECD 203) and crustacean Daphnia magna (48hEC50, OECD 202). The 20hEC50 
values obtained by the NR assay were higher in nearly all the cases when compared to the 48hLC50 in P. reticu-
lata and the 48hEC50 in D. magna, indicating that the sensitivity of the RTG-2 cell line was lower compared 
to P. reticulata and D. magna. A high (r = 0.89) and significant (P < 0.001) correlation was recorded between 
the 20hEC50 values of the RTG-2 and the 48hEC50 values of D. magna. The correlation between the 20hEC50 
values of the RTG-2 and the 48hLC50 values of P. reticulata was lower (r = 0.65; P < 0.001), but also significant. 
The authors recommend use of the NR assay on the RTG-2 cell lines as a screening protocol to evaluate the toxic-
ity of xenobiotics in aquatic environments to narrow the spectrum of the concentrations for the fish toxicity test.
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For ethical, scientific, and mainly economic rea-
sons (Hutchinson et al. 2003; Segner 2004), in vitro 
models using fish cell lines have been developed 
for the screening toxicity of xenobiotics (Rachlin 
and Perlmutter 1968; Kocan et al. 1979; Ahne 1985; 
Bols et al. 1985). The first use of in vitro cytotox-
icity assays with cultured fish cells was in 1968 
(Rachlin and Perlmutte 1968). Cell cultures for the 
ecotoxicological assessment offer advantages over 
in vivo animal tests, and in vitro fish cell models 
are rapid, cheap, and reproducible. The white paper 
on a strategy for a chemical policy in the European 
Union (EU 2001) emphasised the reduction of ani-
mal testing and the development and application 

of in vitro analyses. Currently, the use of fish cell 
lines for the evaluation toxic effects of xenobiotics 
in an aquatic ecosystem is a technique for predict-
ing the in vivo acute cytotoxicity (Kahraman and 
Sacan 2018). The neutral red (NR) assay is a widely 
used test for quantifying the cytotoxicity of xeno-
biotics in monolayer cell cultures. The NR assay 
is based on the accumulation of the neutral red dye 
in the lysosomes of the viable cells (Borenfreund 
and Puerner 1985). Exposure to substances caus-
ing membrane damage inhibits the accumula-
tion of dye.

Many xenobiotics enter the aquatic ecosystem 
that, because of  toxicity, their persistence, and 
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bioaccumulation, can produce negative effects 
on aquatic organisms (Babin et al. 2008) and present 
a public health threat. The establishment of sensitive 
monitoring systems for the detection and toxico-
logical evaluation is required (Caminada et al. 2006; 
Tan et al. 2008). Fish cell lines can be used for the 
determination of  the cytotoxicity of xenobiotics 
in samples, and their application is likely to become 
a standard practice (Morcillo et al. 2016).

Analysis of the in vitro effects of xenobiotics can 
predict their toxic effects on in vivo aquatic organ-
isms, and cytotoxic assay using cultured fish cells has 
become a useful tool in the initial screening of xeno-
biotics and their toxic effects (Martin-Alguacil et al. 
1991; Araujo et al. 2000). The first step in the wide 
use of in vitro testing as models for animal experi-
ments is the correlation of the in vitro and in vivo 
activity (Caminada et al. 2006). Our study provides 
the in vitro toxicity data of twenty-six xenobiotics 
that may serve as identification of the toxicity and 
as an elementary assessment. The data obtained 
from the in vitro toxicity tests was compared with 
the results of acute tests on in vivo Barbados Millions 
Poecilia reticulata and Daphnia magna.

MATERIAL AND METHODS

Cell culture RTG-2

The fibroblastic RTG-2 cell line, from rainbow 
trout (Oncorhynchus mykiss) gonads (cell line ob-
tained from the cryobank of the Veterinary Research 
Institute, Brno, Czech Republic) was used for the 
NR assay. The cell line was grown in a minimal es-
sential medium (MEM) with Earle’s salts, supple-

mented with a 10% foetal bovine serum; 20 mM 
HEPES/pH 7.2, antibiotics (neomycin); and l-glu-
tamine, at 18 ± 2 °C. The cells were regularly divided 
every five days by dissociating with 0.05% (w/v) 
trypsin and 0.5 mM EDTA and sub-cultured at split 
ratios of ~1 : 3. The ingredients were obtained from 
Sigma-Aldrich (Prague, Czech Republic).

The cells were harvested at  the exponential 
proliferation phase, seeded in 96-well microtitre 
plates (Nunc, Roskilde, Denmark) at 3 000 cells/
well in 100 µl of the cell medium, and incubated for 
4 h at 20 °C. The test exposure started with replace-
ment of the growth medium with the fresh same 
growth medium spiked with a tested concentration 
of the substance (there were seven different con-
centrations of the tested substance in one 96-well 
microtitre plate, with six repetitions of each con-
centration (Table 1) and incubated for 20 h at 20 °C.

Neutral red testing

The NR assay method (Clothier 1990; Hadler and 
Ahne 1990) is based on the capacity of the undam-
aged cellular lysosomes to take up the NR dye. The 
in vitro toxicity test was conducted in microtitration 
plates. The cell culture was exposed to the tested 
substance at 3 × 105 cells per 1 ml of the medium 
for 20 hours.

The test culture allocation of the individual wells 
of the microtitre plate is shown in Table 1. For the 
NR test, we used a blank, negative control, posi-
tive control, and seven concentrations of the tested 
substance, each in six repetitions, with the excep-
tion of twelve repetitions for the negative control. 
The colour intensity was assessed photometrically 

Table 1. Allocation of the test cultures to the individual microtitre plate wells

Well 1 2 3 4 5 6 7 8 9 10 11 12
A B B B B B B B B B B B B
B B C– C+ P1 P2 P3 P4 P5 P6 P7 C– B
C B C– C+ P1 P2 P3 P4 P5 P6 P7 C– B
D B C– C+ P1 P2 P3 P4 P5 P6 P7 C– B
E B C– C+ P1 P2 P3 P4 P5 P6 P7 C– B
F B C– C+ P1 P2 P3 P4 P5 P6 P7 C– B
G B C– C+ P1 P2 P3 P4 P5 P6 P7 C– B
H B B B B B B B B B B B B

B = blank, 10% MEM without cells; C– = negative control, 10% MEM with cells; C+ = positive control, 2% DMSO (3,3 dichlo-
rophenol) in 10% MEM with cells; P1–P7 = seven concentrations of the tested substances
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(SLT Spectra Shell 39053; SLT Lab Instruments, 
Salzburg, Austria). The 20hEC50, the concentration 
that decreased absorbance to 50% of that observed 
in the negative control at 20 h was determined from 
the mean values of the seven test wells. The positive 
control was included due to the validity of the test.

Toxicity tests

The in vivo acute toxicity tests were carried out 
according to the Organisation for Economic Co-
operation and Development (OECD) guideline 202 
Daphnia sp., Acute Immobilisation Test (48hEC50) 
(OECD 2004) and the OECD guideline 203 Fish, 
Acute Toxicity Test for Poecilia reticulata (48hLC50) 
(OECD 1992).

Tested substances

Chemicals intended for commercial use and toxi-
cological standards were selected for testing. The 
tested substances are listed in Table 2.

Statistical analysis

The data of  the concentration-dependent cy-
totoxicity relationships are presented in relation 
to the positive and negative controls. The concen-
trations that reduced the NR staining relative to the 
controls by 50% at 20 h were characterised as mid-
range cytotoxicity values (20hEC50). Analysis 

of the data was performed in the Statgraphics Plus 
v5.1 program. A value of P < 0.05 was considered 
significant. Correlation between the in vivo values 
(24hLC50 in P. reticulata and 48hEC50 in D. mag-
na) and the in vitro cytotoxicity values (20hEC50) 
were determined by linear regression (EKO-TOX 
v5.1 software). The raw data were logarithmically 
transformed to express the regressive dependence.

Ethics

All the procedures complied with relevant legisla-
tive regulations of the Czech Republic (No. 166/1996 
and No. 246/1992). The testing of acute toxicity 
to fish was approved by the Ministry of Education, 
Youth and Sports of the Czech Republic, permis-
sion No. 513100/2013-MZE-17214. The study did 
not involve endangered or protected species.

RESULTS

The results of the in vitro tests carried out by the 
NR assay with the RTG-2 cell line are provided 
along with the results of the in vivo acute toxicity 
tests of P. reticulata and D. magna.

The 20hEC50 concentration in the fish cells was 
higher for nearly all the tested substances compared 
to  the 48hLC50 concentration  to  P.  reticulata 
and the 48hEC50 concentration to D. magna, in-
dicating the lower sensitivity of the RTG-2 cell line 
to toxic agents compared to that observed in P. re-
ticulata and D. magna (Figure 1). In Figure 1, the 
test substances are arranged on the x-axis accord-
ing to the results of the cell toxicity tests (RTG-2 
20hEC50) in order to clearly present a compari-
son of all three types of acute toxicity tests per-
formed (fish cells – daphnia – fish). A continuous 
line of toxicity results was used to express the trend 
of similarity between the tests. While the sensitiv-
ity of the organisms differed, the responses to the 
specific chemicals showed a similar trend.

The correlation between the in vitro and in vivo 
tests is shown in Figure 2. A significant correla-
tion between the effects of almost all the tested 
substances on crustacean D. magna and RTG-2 
cells was found (r = 0.89, P < 0.001). The correla-
tion between the 20hEC50 values of RTG-2 and the 
48hLC50 values of P. reticulata was lower (r = 0.65, 
P < 0.001), but significant.

Table 2. Codes for the tested substances

Category of substances Code
Surfactants SAS 1–9
Carbamate based pesticides PK 1–6
Glyphosate based pesticide PG
Urea based pesticide PU
Flame retardant FFS
Organic amine OA
Detergent + NaOH D 1–2
Aminopentanol A
Bacillus subtilis spores SBS
p-nitrophenol p-NP
Zinc sulfate Zn
Potassium bichromate Cr
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DISCUSSION

The effect of xenobiotics on organisms initially 
takes place at the cellular level. The use of in vitro cell 
cultures can be the first sensitive tool for the toxico-
logical assessment of xenobiotics (Ni Shuilleabhain 
et al. 2004). The research of Segner (2004) con-
firms the good correlation of  the fish cell lines 
or  fish primary cell cultures with lethality data 
from fish acute toxicity tests. Halder and Ahne 
(1990), Kohlpoth and Rusche (1992), and Rusche 
and Kohlpoth (1993) compared the sensitivity of the 
in vitro toxicity of waste waters on a fibroblastic cell 
line from the Oncorhynchus mykiss liver (R1) and 
the in vivo exposure to Leuciscus idus melanotus. 
Agreement of the positive and/or negative results 
was reported in 89% of the cases by Halder and 

Ahne (1990) and in 86.6% of the cases by Rusche 
and Kohlpoth (1993). Kohlpoth and Rusche (1992) 
conducted 268 tests of waste water in 1988, 1989, 
and 1990 and reported agreement of the R1 cy-
totoxic assay and fish toxicity tests as 50, 70, and 
75%, respectively.

Comparison of the sensitivity of the in vitro and 
in vivo testing of chemical substances was reported 
by Bols et al. (1985) and Bruschweiler et al. (1995). 
The former tested twelve chemical substances 
on RTG-2 cells and on rainbow trout fry. The rank-
ing of the cytotoxicity values was in accordance 
with that of the toxicity values in fish. We found 
a lower sensitivity of the RTG-2 cell line compared 
with P. reticulata (Figure 1). However, the results 
of our toxicity tests on the RTG-2 showed a sig-
nificant correlation with those of P. reticulata. 

Figure 1. Results of  the cyto-
toxicity test on the RTG-2 cells, 
the acute immobilisation test 
on  Daphnia magna, and the 
acute toxicity test on  Poecilia 
reticulata (mg/l)

Figure 2. Correlation of  the 
in  vivo 48hLC50 values ob-
tained for Poecilia reticulata, 
the  48hEC50 values obtained 
for Daphnia magna, and 
the in  vitro 20hEC50 value 
of  the  NR assay on  the RTG-2 
cells
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A similar correlation was found by Bruschweiler 
et al. (1995) between the cytotoxicity and toxic-
ity to fish (NR assay r = 0.86, P < 0.001, MTT test 
r = 0.80, P < 0.001).

According to Bruschweiler et al. (1995), the sen-
sitivity of Oryzias latipes to twenty-one organic 
compounds of tin was higher, or similar to, than 
that of in vitro PCHC-1 liver cells (NR). In our tests 
on the RTG-2 cells, all the values of 20hEC50, ex-
cept for K2Cr2O7 and a urea-based pesticide, were 
higher than the 48hEC50 values for P.  reticu-
lata. The comparison of our results with those 
of Bruschweiler et al. (1995) suggests the lower sen-
sitivity of the RTG-2 cell line to toxic agents than 
that of the PCHC-1 cell line. While Bruschweiler 
et al. (1995) exclusively tested organic compounds, 
we tested inorganic substances. The sensitivity 
of the fish species used may also differ.

The aquatic crustacean D. magna is highly sensi-
tive to toxic substances (Svobodova and Faina 1993) 
and is a common model species used in aquatic tox-
icology (OECD, ISO, ON 46 6807). The 48hEC50 
values for D. magna of all twenty-six tested sub-
stances and preparations were lower than the 
20hEC50 values for the RTG-2 cells (Table 2 and 
Figure 1). The correlation of these values was found 
to be high (r = 0.89) and significant (P < 0.001).

The levels of the toxicity depend on the exposed 
species, cell line, characteristics of  the target 
substance, and on the dilution water or medium 
in  which the test is  carried out (Pitter 1980). 
An in vivo dilution medium contains a relatively 
high quantity of proteins. These can create insolu-
ble complexes, particularly with metals, and signifi-
cantly decrease the toxicity. Marion and Dinizeau 
(1983) reported that cadmium cytotoxicity in RTG-
2 cells was observed only when the nutrient se-
rum concentration in the diluting medium was 
decreased to 1%. We tested two inorganic com-
pounds, potassium bichromate (K2Cr2O7) and zinc 
sulfate (ZnSO4 7H2O). The ratio of the potassium 
bichromate and zinc sulfate 20hEC50 value of the 
RTG-2 cells to the 48hEC50 value for D. magna was 
comparable to that observed for the other tested 
substances (Figure 1).

The 48hLC50 value of  potassium bichro-
mate in P. reticulata was higher than the 20hEC50 
value in the RTG-2 cells, and the 48hLC50 value 
of zinc sulfate in P. reticulata was similar to the 
20hEC50 value in the RTG-2 cells. It is necessary 
to take the composition of diluting medium and its 

potential effect on results of in vitro toxicity tests 
into account.

The results of this study allow for recommenda-
tion of the NR assay on an RTG-2 cell line as an ap-
propriate screening method for the evaluation of the 
toxicity of xenobiotics in the aquatic environment, 
preferably with a preliminary test on D. magna. 
The verified correlation of the two tests will en-
able the use of a narrow range of concentrations 
of a substance for fish toxicity tests.

The 48hEC50 value in D. magna and the 48hLC50 
value in P. reticulata were also similar (r = 0.89) and 
significant (P < 0.001) in all the tested substances.

As anthropogenic environmental contamina-
tion is increasing, the development and application 
of in vitro models to monitor the toxicity of new 
and existing chemicals is essential. We showed that 
NR assays using an RTG-2 cell line can be used 
as a screening method to detect and evaluate pollut-
ants in the aquatic environment. Further research 
must be undertaken with a broader set of xenobiot-
ics, and correlation with in vivo data must be per-
formed.
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