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Abstract OBJECTIVES: The aim of this study was to determine the effects of 96 hour expo-
sure to selected solvents on the embryonic stages of zebrafish (Danio rerio). We 
investigated mortality and various types of changes which appeared (oedema, tail 
and eye defects, weak pigmentation, and deformation of the body). Based on the 
results, values of NOEC and LOEC for embryos of D. rerio were determined.
METHODS: Embryonal toxicity tests were conducted according to OECD guide-
line 212. Ethanol and methanol were tested at concentrations of 0.1, 0.5, 1, 1.5, 
2%; acetone at concentrations of 0.1, 0.5, 1, 1.25, 1.5%; and dimethylsulfoxide at 
concentrations of 1, 1.5, 2, 2.5, 3%.
RESULTS: The LOEC values of ethanol and methanol were detected in the 1% 
concentration. Statistically significant changes (oedema) were reported in 1% 
ethanol, and oedema, weak pigmentation and deformation of the body were 
observed in 1% methanol. After exposure to acetone, the most common occur-
rence of oedema was in the 0.5% concentration (LOEC = 0.5%). The solvent 
dimethylsulfoxide caused oedema and body deformation at the 2% concentration 
(LOEC = 2%). 
CONCLUSIONS: The NOEC concentrations of the individual solvents were as 
follows: ethanol and methanol, 0.5%; acetone, 0.1%; and dimethylsulfoxide, 1.5%. 
These concentrations of individual solvents were higher than the maximum 
recommended concentration for toxicity tests on fish. For this reason, it can be 
assumed that the concentration of solvent allowed by the norm does not affect the 
procedure or results of such tests.
 

Abbreviations:
DMSO  - Dimethylsulfoxide
NOEC  - No Observed Effect Concentration 
OECD 212  - Fish, short-term toxicity test on embryo and sac-fry stages
LOEC  - Lowest Observed Effect Concentration
CAS  - Chemical Abstracts Service Registry Number
ANC4.5  - Acid Neutralizing Capacity
CODMn  - Chemical Oxygen Demand
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INTRODUCTION

Chemicals with reduced solubility in water are often 
used in toxicity tests. Organic solvents are used in order 
to achieve the solubility of hydrophobic compounds. 
These solvents can, however, interfere with the execu-
tion of the test by having a negative effect on the tested 
organisms and thus affect the results of studies (El Jay 
1996, Hutchinson et al. 2005, Rufli et al. 1998).

The methodology of OECD 212 (Fish, short-term 
toxicity test on embryo and sac-fry stages) recommends 
the preparation of test solutions of compounds with 
reduced solubility in water by means of physical meth-
ods such as stirring, sonication, or the use of a saturator 
column. Where absolutely necessary, the methodology 
of OECD 212 also allows the use of the following sol-
vents: acetone, ethanol, methanol, dimethylsulfoxide, 
dimethylformamide, and triethylene glycol. The sol-
vent must be used at a concentration which does not 
affect the results of tests. This study focuses on four of 
the most common solvents, namely ethanol, methanol, 
acetone and dimethylsulfoxide (DMSO). OECD defines 
the maximum acceptable limits for solvents used in tox-
icity tests on aquatic organisms. The limit for acute tox-
icity tests is set at 0.05%, and for chronic toxicity tests, at 
0.01% (OECD 2000; Eaton et al. 1975; Hallare et al. 2006). 

Zebrafish embryos and larvae are important as 
model organisms in developmental biology and are 
used for toxicity testing, ecotoxicology screening, and 
disease modelling, with a particular focus on drug 
screening experiments (Bilotta et al. 2001; Berghamns 
et al. 2008; Plhalova et al. 2011; Praskova et al. 2011; 
Redfern et al. 2008). The advantages of using this spe-
cies include the fact that adults reach sexual maturity 
at 3 months of age and have the ability to produce large 
quantities of embryos. In addition, their eggs are trans-
parent and their development can be examined without 
interference (Bilotta et al. 2004; Nagel 2002).

The aim of this study was to determine the effects 
of ethanol, methanol, acetone and DMSO at various 
concentrations on embryo D. rerio. We monitored mor-
tality and any changes which arose (oedema; abnormal-
ities of the body, tail and eyes; reduced pigmentation; 
and deformation of the body) after 96 hour exposure 
to these solvents, and, on the basis of the results, deter-
mined the NOEC and LOEC values.

MATERIALS AND METHODS

Four different solvents were used in our study – MUL-
TIPUR ethanol (CAS No. 64-17-5) CHROMSERVIS 
s.r.o., Czech Republic; methanol (CAS No. 67-56-1) 
Sigma-Aldrich, Chemie GmbH, Germany; DMSO 
(CAS No. 67-68-5) Sigma-Aldrich, Chemie GmbH, 
Germany; and acetone (CAS no. 67-64-1) CHROM-
SERVIS s.r.o., Czech Republic. These solvents were used 
in 5 different exposure concentrations, all expressed in 
%. Ethanol and methanol were tested at concentrations 

of 0.1, 0.5, 1, 1.5, 2%; acetone at concentrations of 0.1, 
0.5, 1, 1.25, 1.5%; and dimethylsulfoxide at concentra-
tions of 1, 1.5, 2, 2.5, 3%. Embryo toxicity tests were 
performed according to OECD 212 (Fish, short-term 
toxicity test on embryo and sac-fry stages). In this test, 
a semi-static method with solution replacement after 24 
hours was used. 20 ml Petri dishes were used and kept 
in the incubator at a stable set temperature of 26.8 °C, 
the dissolved oxygen saturation being above 60%.

Testing was performed on D. rerio embryos. Only 
eggs in the blastula stage (3–4 hours after fertilization) 
were chosen for testing. 5 Petri dishes were prepared 
with different solvent concentrations and one control 
(C) Petri dish with dilution tap water without solvent. 
10 fertilized embryos were placed in each Petri dish. 
Everything was done in 12 series; this means that 120 
embryos were used for each concentration including 
control. Testing was terminated after all individuals in 
control were hatched, having absorbed the yolk sac.

The basic physical and chemical parameters of the 
dilution water used in the embryo toxicity test were: 
ANC4,5 3.6–3.7 mmol.L–1, CODMn 1.4 to 1.9 mg.L–1, 
total ammonia below the limit of determination, NO3

–
 

24.5 mg.L–1, NO2
–

 <0.01 mg.L–1, Cl–18.9 to 19.1 mg.L–1, 
Σ Ca + Mg 3.06 mmol.L–1. 

The development of embryos from blastula to early 
larval stages, hatching rate, and mortality were moni-
tored at 24, 48, 72 and 96 hours. Dead embryos were 
removed daily from the Petri dish. Various types of 
changes in the surviving embryos (oedema, tail and 
eye defects, weak pigmentation, and deformation of the 
body) were recorded after 96 hours.

Statistical evaluation of results

Statistical evaluation was performed using Unistat 1.5 
(Unistat Ltd., GB). Frequency differences and observed 
morphological changes were evaluated using contin-
gency tables. The statistical significance of differences 
was evaluated at a significance level *p<0.05, **p<0.01.

RESULTS AND DISCUSSION

After 96 hours of exposure to the tested solvents, mor-
phological changes such as oedema, tail and eye defects, 
weak pigmentation, and deformation of the body were 
recorded. The percentage of these abnormalities in the 
various concentrations of each tested substance was 
evaluated statistically.

Mortality of embryos

The mortality of embryos in the control groups was 
always less than 5%, which corresponds to the test 
requirements according to OECD methodology 212.

Ethanol

A statistically highly significant (p<0.01) incidence of 
morphological changes to embryos such as oedema 
(Photo 1) in the 1% ethanol concentration (Figure 1) 
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began to appear after 96 hours of exposure. Similar 
results were reported by Baumann and Sander (1984) 
and Hallare et al. (2006), who detected morphologi-
cal defects such as oedema and very weak pigmenta-
tion starting in 1% ethanol. In addition, Chen et al. 
(2011) observed yolk-sac oedema and deformation of 
the body. At the 2% ethanol concentration, our high-
est concentration used, the end of embryonal develop-
ment was already observed after 48 hours of exposure. 
96 hour exposure to the 1.5% concentration caused 
increased mortality, and 96 hour exposure to the 2% 
concentration led to the death of all tested embryos 
(Table 1). Consequently it was not possible to record 
the morphological changes (Figure 1). This observation 
was in agreement with Hallare et al. (2006). The results 
of Bilotta et al. (2004) indicate that embryonic ethanol 
exposure affects both external and internal physical 
development and that the severity of these effects is 
a combination of both the amount of ethanol and the 
length of ethanol exposure.

Methanol

No morphological changes were found in the con-
trol group (Photo 2). Statistically highly significant 
(p<0.01) changes such as oedema were reported in the 
1% methanol concentration compared with the control, 
and also in the 2% concentration together with defor-
mation of the body and weak pigmentation (Figure 2). 
The influence of methanol with respect to morphologi-
cal changes was not studied by other authors. A mor-
tality higher than 20% was recorded in 2% methanol 
(Table 1).

Acetone

In the 0.5% solution, statistically significant (p<0.05) 
changes (oedema) appeared in comparison to the con-

Fig. 1. The effects of 
solvent ethanol 
on developmental 
morphological defect 
after 96 hour exposure. 
*p<0.05, **p<0.01 
compared with the 
control

Photo 1. Oedema of embryos in the 1% ethanol concentration.

trol. A statistically highly significant (p<0.01) increased 
incidence of tail defect (Photo 3) and deformation of 
the body (Figure 3) were observed in 1.25% acetone 
solution. Hallare et al. (2006) observed an insignificant 
reduction in pigmentation in 1% acetone, but the fol-
lowing statistically highly significant (p<0.01) changes 

Tab. 1. Mortality of embryos after 96 hour.

ethanol methanol acetone DMSO

conc. mort. conc. mort. conc. mort. conc. mort.

(%) (%) (%) (%) (%) (%) (%) (%)

C 1.8 C 0.8 C 1.7 C 4.1

0.1 7.3 0.1 3.3 0.1 0 1 5.8

0.5 8.2 0.5 5.8 0.5 3.3 1.5 4.1

1 14.5 1 9.2 1 18.3 2 30.3

1.5 81.8 1.5 18.3 1.25 32.5 2.5 30

2 100 2 63.3 1.5 59.2 3 79.2
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Fig. 2. The effects of 
methanol solvent 
on developmental 
morphological defect 
after 96 hour exposure. 
*p<0.05, **p<0.01 
compared with the 
control.

Fig. 3. The effects of 
solvent acetone 
on developmental 
morphological defect 
after 96 hour exposure. 
*p<0.05, **p<0.01 
compared with the 
control.

Photo 2. Hatching embryo without defect in the control group. Photo 3. Tail defect in the 1.5% acetone concentration.
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at higher concentrations: weak pigmentation in 1.5% 
acetone, and oedema in 2% acetone. Mortalities of 
32.5% were found in 1.25% acetone, and 59.2% in 1.5% 
acetone after 96 hours (Table 1).

DMSO

Our testing indicated a statistically highly significant 
incidence of morphological changes, such as oedema 
(Photo 4) and body deformation, which started to 
appear in 2% DMSO (Figure 4). Hallare et al. (2006) 
found weak pigmentation in 1.5% DMSO and oedema 
in 2% DMSO, which is in accordance with our obser-
vations. Chen et al. (2011) and Hallare et al. (2006) 
observed no detectable developmental differences at 
concentrations of 0.01–0.1%. In another study Hallare 
et al. (2004) used DMSO for the better dissolution of 
diclofenac in concentrations ranging from 0.00002% to 
0.04% and showed that there was no change compared 
to the control group, in which DMSO was not used. 
Despite the fact that zebrafish larvae have been shown 
to be extremely tolerant to DMSO up to 4%, and that 
1% is routinely used in short term drug toxicity experi-
ments, Winter et al. (2008) and David et al. (2012) sug-
gest that concentrations of solvents be minimised to 
the lowest level possible, especially in longer term tests 
of CYP-mediated xenobiotic metabolism. Machova et 
al. (2009) studied the effect of DMSO on the growth, 
development and mortality of the embryo and embryo-
larval stages of common carp at test concentrations 
of 0.2, 0.5, 1.0 and 5 ml.L–1 (0.02, 0.05, 0.1 and 0.5%). 
Organisms exposed to concentrations from 0.02 to 
0.1% DMSO showed no change compared to controls. 
Significant changes in growth, however, occurred in the 
0.5% concentration. Comparing these results, D. rerio 
embryos may appear to be less sensitive to the effects of 

DMSO than larval stages of carp. However, it must be 
remembered that the exposure times were significantly 
different in each study: 96 hours for D. rerio, and 29 
days for the embryo-larval stages of a common carp.

Our results do not contradict the recommended 
maximum acceptable solvent concentration of 0.05% 
for acute toxicity tests (Eaton et al. 1975; Hallare et al. 
2006; OECD 2000). The NOEC values of individual 
solvents for D. rerio embryos determined in our study 
were 0.5% for ethanol and methanol, 0.1% for acetone, 
and 1.5% for DMSO. As these were higher than the 
maximum recommended concentrations for toxicity 
tests on fish, it can be assumed that the maximum rec-
ommended concentrations would not affect the results 
of embryo toxicity tests on D. rerio.

Fig. 4. The effects of 
solvent DMSO on 
developmental 
morphological defect 
after 96 hour exposure. 
*p<0.05, **p<0.01 
compared with the 
control. 

Photo 4. Oedema of no hatching embryo in the 2% DMSO 
concentration.



65Neuroendocrinology Letters Vol. 33 Suppl. 3 2012 • Article available online: http://node.nel.edu

Effect of solvents on embryonal stages of Danio rerio

ACKNOWLEDGMENTS

The work was carried out with the support of MSM 
Project No. 621571240 Veterinary Aspects of Food 
Safety and Quality.

We would like to thank Mr. Matthew Nicholls for 
correcting this article.

Potential Conflicts of Interest: None disclosed.

REFERENCES

1  Baumann M, Sander K (1984). Bipartite axiation follows incom-
plete epiboly in zebrafish embryos treated with chemical terato-
gens. J Exp Zool. 230: 363–376.

2  Berghmans S, Butler P, Goldsmith P, Waldron G, Gardner I, Golder 
Z, Richards FM, Kimber G, Roach A, Alderton W, Fleming A (2008). 
Zebrafish based assays for the assessment of cardiac, visual and 
gut function – potential safety screens for early drug discovery. J 
Pharmacol Toxicol Methods. 58: 59–68.

3  Bilotta J, Barnetta AJ, Hancocka L, Saszika S (2004). Ethanol expo-
sure alters zebrafish development: A novel model of fetal alcohol 
syndrome. Neurotoxicol Teratol. 26: 737–743.

4  Bilotta, J, Saszik, S, Givin CM, Heather, HR, Sutherland, SE (2002). 
Effects of embryonic exposure to ethanol on zebrafish visual 
function. Neurotoxicol Teratol. 24: 759–766.

5  David RM, Jones HS, Panter GH, Winter MJ, Hutchinson TH, Chip-
man JK (2012). Interference with xenobiotic metabolic activity 
by the commonly used vehicle solvents dimethylsulfoxide and 
methanol in zebrafish (Danio rerio) larvae but not Daphnia 
magna. Chemosphere. 88: 912–917.

6  Hallare AV, Kőhler HR, Triebskorn R (2004). Developmental tox-
icity and stress protein responses in zebrafish embryos after 
exposure to diclofenac and its solvent, DMSO. Chemosphere. 56: 
659–666.

7  Hallare AV, Nagel K, Kohler HR, Triebskorn R (2006). Comparara-
tive embryotoxicity and proteotoxicity of three carrier solvents 
to zebrafish (Danio rerio) embryos. Ecotox Environ Saf. 63: 
378–388.

8  Hutchinson TH, Shillabeer N, Winter MJ, Pickford DB (2006). 
Acute and chronic effect of carrier solvents in aquatic organisms: 
A critical review. Aquat Toxicol. 76: 69–92.

9  Chen TH, Wang YH, Wu YH (2011). Developmental exposures to 
ethanol or dimethylsulfoxide at low concentrations alter loco-
motor activity in larval zebrafish: Implications for behavioral 
toxicity bioassays. Aquat Toxicol. 102: 162–166.

10  Eaton JG, Kenaga EE, Kimerle RA, Ladd EC, Macek KJ, Marking LL, 
Mayer FL, McCann JA, Parrish PR, Stephan CE (1975). Methods for 
acute toxicity tests with fish, macroinvertebrates, and amphib-
ians. Corvalis: U.S. Environmental Protection Agency.

11  El Jay A (1996). Effect of organic solvents and solvent-atrazine 
interactions on two algae, Chlorella vulgaris and Selenastrum 
capricornutum. Arch Environ Contam Toxicol. 31: 84–90.

12  Machova J, Prokes M, Kroupova H, Svobodova Z, Macova S, 
Dolezelova P, Velisek J (2009). Early ontogeny, growth and mor-
tality of common carp (Cyprinus carpio) at low concentrations of 
dimethyl sulfoxide. Acta Vet. 78: 505–512.

13  Nagel R (2002). DarT: The embryo test with the zebrafish Danio 
rerio – a general model in ecotoxicology and toxicology. Altex. 
19: 38–48.

14  OECD (2000). OECD Environmental health and safety publica-
tions series on testing and assessment No. 23 guidance docu-
ment on aquatic toxicity testing of difficult substances and mix-
tures. Paris, France.

15  Praskova E, Voslarova E, Siroka Z, Macova S, Plhalova L, Bedanova 
I, Marsalek P, Pistekova V, Svobodova Z (2011). Comparison of 
acute toxicity of ketoprofen to juvenile and embryonic stages of 
Danio rerio. Neuroendocrinol Lett. 32: 117–120.

16  Plhalova L, Haluzova I, Macova S, Dolezelova P, Praskova E, Mar-
salek P, Skoric M, Svobodova Z, Pistekova V, Bedanova I (2011). 
Effects of subchronic exposure to simazine on zebrafish (Danio 
rerio). Neuroendocrinol Lett. 32: 89–94.

17  Redfern WS, Waldron G, Winter MJ, Butler P, Holbrook M, Wallis 
R, Valentin JP (2008). Zebrafish assays as early safety pharmacol-
ogy screens: paradigma shift or red herring? J Pharmacol Toxicol 
Methods. 58: 110–117.

18  Rufli H, Fisk PR, Girling AE, King JMH, Länge R, Lejeune X, Stelter 
N, Stevens C, Suteau P, Tapp JF, Thus J, Versteeg DJ, Niessen HJ 
(1998). Aquatic toxicity testing of sparingly soluble, volatile, and 
unstable substances and interpretation and use of data. Ecotoxi-
col Environ Saf. 39: 72–77.

19  Winter MJ, Redfern WS, Hayfield AJ, Owen SF, Valentin JP, 
Hutchinson TH (2008). Validation of a larval zebrafish locomotor 
assay for assessing the seizure liability of early-stage develop-
ment drugs. J Pharmacol Toxicol Methods. 57: 176–187.


