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Abstract 

Human beings concern about healthy life has driven researchers to study new compounds capable of reaching that desire. 
Resveratrol (3, 4 ‘, 5-trihydroxystilbene) a phenolic compound, is one of these substances which presents a variety of 
pharmacological actions, as antioxidant potential, anti-inflammatory capacity, protection against heart and cancer diseases. 
Despite the resveratrol health benefits studies, there is a little evidence of its toxicity in the literature in aquatic organisms, 
and especially the data on the concentration of resveratrol in the environment, making the present study fundamental for 
information about resveratrol ecotoxicity in the aquatic system. The aim of this study was to evaluate the toxicity of resveratrol 
in embryos and larvae of Danio rerio (zebrafish). The in vitro cytotoxicity and ecotoxicity assays were performed. The IC50 
obtained in the NCTC-L929 cell line cytotoxicity assay was 38.5 mg L-1. The LC50 (96h) obtained in fish embryo toxicity test 
was 75.3 mg L-1 and the mean value of resveratrol LC50 (168h) obtained in the short-term chronic ecotoxicity assays performed 
with zebrafish larvae was 51.4 mg L-1. This work provided data on the toxicity of resveratrol in the embryonic stage of fish of 
the species Danio rerio and the toxic effects are dependent on its concentration.
Key-words: Danio rerio; Ecotoxicology; Fish embryo toxicity test; Resveratrol; Zebrafish.

INTRODUCTION

The search for human beings healthy life has driven 
researchs for new substances capable of meeting that purpose. 
Among these substances we find the phenolic compound 
resveratrol (3, 4 ‘, 5-trihydroxystilbene). The phenolic 
compound resveratrol is a phytoalexin which belongs to 
the stilbene family (Jeandet et al., 2002).  Phytoalexins are 
antimicrobial compounds produced by several plant species 
under stress conditions, which may be caused by biotic or 
abiotic factors, giving plants a protection against different 
diseases (VanEtten et al., 1994).

Resveratrol was identified in 72 plant species, such as 
blackberry, peanut, eucalyptus and grape. The species Vitis 
vinifera and Vitis labrusca, present the greatest resveratrol 
synthesis capacity, and the grape and its industrialized 

products are important sources of this compound (Vuong et 
al., 2014).

In grapes, resveratrol is produced in fruit peels at various 
concentrations, and in wine, the concentration of the compound 
depends on several factors, such as geographical origin, wine 
type, oenological practices, climatic conditions and degree of 
infection of the plant by fungi (Fernández-Mar et al., 2012).

Studies have shown that resveratrol has a wide variety of 
biological activities, such as antioxidant activity; anti-inflammatory; 
antimicrobial; anticancer; neuroprotective; cardioprotective; 
reduction of obesity; inhibition of platelet aggregation and 
estrogenic activity (Gülçin, 2010; Leonard et al., 2003).

Although it is established that resveratrol exerts beneficial 
effects on humans and other living beings, its mechanism 
of action is not well understood. According to Mukherjee 
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et al. (2010), in low doses resveratrol has anti-apoptotic and 
cardioprotective function. However, in high doses it presents 
pro-apoptotic actions, preventing tumor development, but 
on the other hand, can also cause structural chromosomal 
aberrations and increase the incidence of myocardial 
infarction. The functions of the compound tend to indicate 
that its effects are dose-dependent

It is known that resveratrol is absorbed by the intestine and 
eliminated rapidly, and the excretion with its metabolites occur 
with the help of bile and urine (Leonard et al., 2003), however, 
there is no literature data on the concentration of the compound 
in the environment. Despite the numerous studies on the health 
benefits of resveratrol, there is little data in the literature on 
its toxicity in aquatic organisms, making the present study 
fundamental for the contribution of new information on the 
ecotoxicity of resveratrol in the aquatic environment.

Toxicity tests are capable of evaluating environmental 
impacts, since the knowledge of the contaminants toxicity 
makes it possible to establish the permissible limits of several 
chemical substances for the protection of aquatic life (Zagatto 
& Bertoletti, 2006). 

The species Danio rerio (zebrafish) is an important animal 
model used in the areas of developmental biology, genetics 
and biomedicine (Grunwald & Eisen, 2002) and it is used in 
ecotoxicological trials through Brazilian and International 
standards. As zebrafish presents 70% genetic similarity with 
humans, as well as physiological and anatomical similarities, 
this model can be used to predict toxicity effects in humans 
(Hill et al., 2005; Bar-llan et al., 2009). In addition to high 
reproductive rate and rapid embryonic development (out 
of the maternal body), the species shows great sensitivity 
when exposed to chemicals, being able to quickly absorb 
the compounds that are directly added to the water and 
accumulate them in various tissues. The organism is easy to 
obtain, manage and it is low cost (Zagatto & Bertoletti, 2006).

The aim of this study was to evaluate the toxicity of 
resveratrol in embryos and larvae of Danio rerio (zebrafish). 
For this purpose the in vitro cytotoxicity and ecotoxicity 
assays were performed.

MATERIAL AND METHODS 

Chemical 

Resveratrol (3, 4’, 5- trihydroxy-trans-stilbene) was 
purchased from Sunrise Chemical Ltd. – China, imported and 
marketed by Pharma Nostra, Campinas - SP. Resveratrol was 
extracted from the root of the plant Polygonum cuspidatum 
Sieb, and the companies attest the compound as the standard 
resveratrol trans isomer form with 99.4% purity. All the other 
chemical compounds used were analytical grade.

Fish Husbandry

Adults zebrafish (Danio rerio) are kept in the Special 
Laboratory of Applied Toxinology (LETA), of the Butantan 

Institute, in aquariums with reconstituted deionized water, 
conductivity of 500 μS, pH 7.0 to 7.5, temperature of 28 
± 1 °C, and photoperiod cycle of 14 h light/10 h dark and 
fed three times daily with commercially available fish food 
and Artemia.

Danio rerio eggs were collected immediately after natural 
mating and transported to the Ecotoxicology Laboratory 
of the Chemistry and Environment Center (CQMA) of the 
Energy and Nuclear Research Institute (IPEN / CNEN-SP). 
The fertilized eggs were selected under a stereomicroscope. 
Fertilized eggs were used in the fish embryo toxicity test. To 
obtain the larvae, the eggs were kept in an incubator at 28 ± 
1ºC, with photoperiod cycle of 14 h of light/ 10 h dark and 48 
h post fertilization (hpf), hatched larvae were used in short-
term chronic ecotoxicity assays.

In vitro cytotoxicity assay

In vitro cytotoxicity assay was performed to determine 
the half maximal inhibitory concentration (IC50 - extract 
concentration which induces 50% lysis or cell death) of 
resveratrol following International Standard ISO 10993-5. 
This assay was performed by the neutral red uptake method. 
Diluted solutions of resveratrol (6.2%; 12.5%; 25%; 50% 
and 100%) were placed in contact with NCTC-L929 (CCIAL 
020), mouse connective tissue cells, distributed in 96 well 
microplates. The microplates were supplied by the Nucleus 
of Cell Cultures of the Adolfo Lutz Institute. In the assay, 
in addition to cell control, a negative and a positive control 
were tested. Cell viability was verified by the incorporation of 
neutral red by the living and intact cells. The optical density 
reading of the final microplate solution was performed in a 
spectrophotometer, ELISA reader-SUNRISE, at 540 nm, after 
cell lysis. The percentage of cell viability was calculated in 
relation to the control cells and projected on a graphic, as a 
function of the concentration of resveratrol obtaining a curve 
that indicated the IC50.

Fish embryo toxicity (FET) test

The assay was based on the OECD 236 (Guideline on 
Fish Embryo Toxicity Test – FET) (2013), to determine the 
resveratrol lethal concentration (LC50). Based on the half 
maximal inhibitory concentration of resveratrol (IC50) obtained 
in the above test, a preliminary test with zebrafish embryos 
was performed, the last concentration of resveratrol being 100 
mg L-1. From this test, the definitive test was performed.

Sixty eggs per treatment were used and distributed in three 
24-well microplates (replicates). Eggs were placed in each 
well individually with 2 mL of test solution. The treatments 
used were: control (reconstituted deionized water), solvent 
control dimethyl sulfoxide (DMSO) and resveratrol test 
solution at nominal concentrations of 0.5; 1.1; 2.3; 4.8; 10.3; 
22; 46.9 and 100 mg L-1. The microplates were maintained 
in an incubator, in the temperature range of 26 ± 1 °C and 
photoperiod cycle of 14 h light / 10 h dark, during 96 h.
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Test solutions were prepared at the time of the assay by 
stock solution dilution in reconstituted deionized water. 
Resveratrol stock solution was prepared by dissolving 
resveratrol on DMSO and deionized water. The test solutions 
were renewed 48 h after the start of the assay. Solvent control 
containneds 15 μL of DMSO, the highest concentration of 
solvent used in the test.

The organisms were observed by the inverted microscope 
every 24 h. In the embryonic phase the following parameters 
were observed: coagulation of fertilized eggs, heartbeats, 
pigmentation of the eyes and body, formation of somites, 
tail detachment, hatching and lethality. After hatching, the 
parameters evaluated in the larvae were: heartbeats, oedemas, 
spine deformity and lethality. At the end of the test, LC50 was 
determined on the basis of lethality results of organisms.

Short-term chronic ecotoxicity test with fish larvae 

The test was performed with adaptations of the norm ABNT 
NBR 15499 (Short-term chronic toxicity - Fish test method) 
(2007), to determine the resveratrol lethal concentration 
(LC50) on zebrafish. The larval less than 24 h after hatching 
were exposed to different concentrations of resveratrol for 
a period of 168 h and the effect evaluation was lethality. A 
preliminary test was performed to determine the concentration 
range to be used. In this preliminary study, concentrations of 
resveratrol were: 2.3; 4.8; 10.3; 22; 46.9 and 100 mg L-1, in 
addition to the control with reconstituted deionized water and 
solvent control (DMSO). From this test, definitive assay was 
performed in triplicate (n=3).

The organisms were exposed to the following concentrations 
of resveratrol: 3.1; 6.2; 12.5; 25; 50 and 100 mg L-1, which 
were determined by dilution factor 2, as requested by ABNT 
NBR 15499 (2007). For each resveratrol concentration was 
used four replicates containing 10 larvae in 250 mL of test 
solution, prepared by dilution of stock solution (resveratrol 
on DMSO and deionized water) in reconstituted deionized 
water. The same proceeding was used for control, utilizing 
reconstituted deionized water as test solution. In relation to 
the solvent control, DMSO was used in concentrations of: 2, 4 
and 8 mg L-1. The organisms were maintained without feeding, 
in an incubator at a temperature of 25 ± 2ºC and photoperiod 
cycle of 14 h light / 10 h dark. 

The test solutions were renewed daily, therefore, they 
were produced daily, as well as the stock solution. The larvae 
were observed every 24 h during the test, and the lethality 
was evaluated by the absence of the heartbeats, measured for 
2 min using a binocular loupe with a minimum magnification 
of 80x. At the end of each test, LC50 was determined based on 
the lethality results of the organisms.

Statistical analysis

With the percentage of lethality of the organisms, the 
estimation of concentrations that had effect on 50% of the 
exposed organisms was calculated using the non-parametric 

statistical method Trimmed Spearman-Karber (Hamilton et 
al., 1977). The hatch rates and deformities observed in the 
organisms during the test were evaluated by Student’s t-test, 
to verify if the resveratrol showed statistically significant 
differences on the organisms in comparison with the control, 
with significance level of p <0.05.

RESULTS AND DISCUSSION

Information about toxicity data of resveratrol in Danio 
rerio was not available in the literature. Because of that, the 
discussion was conducted with toxicity information of drugs, 
metals and insecticides in zebrafish.

In vitro cytotoxicity assay

The results of resveratrol cytotoxicity are presented in 
the Figure 1. The controls are used to verify the effectiveness 
of the assay. The sample whose cell viability curve projects 
above the IC50 line is considered non-cytotoxic, as observed 
in the negative control. However, the sample presenting a cell 
viability curve below or crossing the IC50 line is considered to 
be cytotoxic, as observed in the positive control. The IC50 is 
estimated at the intersection between the cell viability curve 
and the line of 50% viability in the graph. Resveratrol had IC50 
of about 77%, which corresponds to the concentration of 38.5 
mg L-1, and the positive control IC50 was 68% (34 mg L-1), 
being 100% corresponding to the concentration of 50 mg L -1, 
the highest concentration used in the test.

Fish embryo toxicity (FET) test

The fertilized zebrafish eggs were exposed to eight 
concentrations of resveratrol for 96 h. After 48 h, the 
control groups (95%) had a normal embryonic development 
as described by Kimmel et al. (1995). However, in the 
concentration of 100 mg L-1 of resveratrol, observed in 67% 
of the embryos the lack of pigmentation of the eyes and body 

Figure 1: Cell viability curves in the cytotoxicity assay of resveratrol by the 
Neutral Red Uptake methodology. 
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(Figure 2) and slow heart rate, representing a statistically 
significant difference in relation to controls.

Embryos mortality in control was below 10% as required 
for test validity. Figure 3 shows the lethality curve (%) of the 
zebrafish in the fish embryo toxicity test of resveratrol (mg 
L-1).  It was observed lethality after 46.9 mg L-1 resveratrol 
concentration and in the lower concentrations the lethality 
was in the normal range, less than 10%.

The LC50 (96h) of resveratrol to zebrafish embryos was 75.3 
mg L-1. In study conducted by Damasceno et al. (2016), the EC50 
that is the effective concentration causing immobility in 50% of 
exposed organisms of resveratrol in Daphnia similis was 3.6 
mg L-1, what shows that Daphnia similis had a more sensitive 
response than Danio rerio’s embryos to the resveratrol. 

Hatching has been widely used as a parameter in the 
embryological stage of fish. The percentage of zebrafish hatch 
observed during the fish embryo toxicity test is presented in 
the table 1. The test conducted in order to evalute the DMSO 
toxicity in concentrations used on fish embryo toxicity test 
was not toxic to zebrafish embryos.

The embryos exposure to resveratrol from 0.5 to 2.3 
mg L-1 did not show statistically difference in hatching 
rate in comparison to the control, in the 48 h period. In the 

concentrations of 100 mg L-1 of resveratrol a statistically 
difference in hatching delay was observed in comparison to 
the control, in 48 h period. 

It is known that physical and chemical signals detected 
by the embryo activate the production of the hatchery-related 
enzyme (chorionase), which degrades the inner layer of the 
chorion and allows movements that provide the hatching 
event (Fuiman, 2002). Different toxic mechanisms may justify 
delayed hatching or failure, such as induction of abnormal 
function of the chorionase enzyme and / or the inability of 
emerging larvae to break eggshells (Hallare et al., 2005; 
Jezierska et al., 2009).

The organisms hatching process may be dependent on 
the concentration of resveratrol. The results suggests that 
resveratrol is able to induce or inhibit the activity of the 
enzyme chorionase. According to Jezierska et al. (2009) some 
metals may inhibit or accelerate the hatching process of fish. 
Dave & Xiu (1991) reported the delay in hatching of Danio 
rerio embryos exposed to copper and nickel. The authors 
mentioned above suggest that copper may inactivate the 
chorionase enzyme and cause osmotic disorders that can also 
affect the muscle movements needed to break the egg. The 
delay of the hatching of Danio rerio was also verified in the 
study of Bai et al. (2010); Muller et al. (2015) and Oliveira et 
al. (2009). However, premature hatching was observed in the 
studies of Jesus et al. (2013) and Oliveira et al. (2013), where 
there was an increase in the hatch rate of Danio rerio exposed 
to the antiseptic chlorhexidine and the antibiotic amoxicillin. 

Deformities and lethality were observed in the organisms 
exposed to 46.9 and 100 mg L-1 during the assay. The observed 
deformities were: pericardial oedema, oedema of the yolk 
sac and spine deformity. All deformations were statistically 
different from the controls.

Short-term chronic ecotoxicity test with fish larvae 

Danio rerio larvae were exposed for 168 h to several 
concentrations of resveratrol. The larvae mortality in control 
and in solvent control was below 20%, as required for test 

Figure 3: Lethality curve of zebrafish in the embryolarval stage, on relation 
to resveratrol concentrations after 96 h of exposure. “0*” refers to solvent 

control.

Figure 2: (A) Control with pigmentation of the eyes and body; (B) Embryo 
without pigmentation of the eyes and body (black arrows) after 48 h of 

exposition in resveratrol 100 mg L-1.

Table 1- Hatching rate of zebrafish larvae at 48, 72 and 96 h.

Resveratrol
(mg L-1)

Hatching (%)

48 h 72 h 96 h

Solvent Control 37 100 100
0 32 97 100
0.5 63 98 100
1.1 73 100 100
2.3 50 100 100
4.8 35 100 100
10.3 45 98 100
22 28 98 100
46.9 18 84 97
100 7 * 36 76

 
* Mean significantly different from control (Student´s t-test, p <0.05)
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validity. In the Figure 4 is shown the mean and standard 
deviation of the lethality rate (%) according to resveratrol 
concentrations (mg L-1). It is observed that the rate of lethality 
increases as the concentration of resveratrol increases.

The table 2 shows the results of short-term chronic 
ecotoxicity assay of resveratrol on zebrafish larvae.

The mean value of resveratrol LC50 (168h) obtained in the 
short-term chronic ecotoxicity assay performed with zebrafish 
larvae was 51.4 mg L-1. The result is lower than the LC50 
(96h) (75.3 mg L-1) obtained in the fish embryo toxicity test. 
The results show that the larvae stage is considerable more 
sensitive than the embryonic stage. The difference in the 
sensitivity of the organisms can be explained by the fact that 
the embryos when exposed to resveratrol in FET test has the 
chorion protection, which provided a barrier and reduce the 
substances exposition.

 However, it was verified in FET test a high lethality of 
organisms (70%) at 100 mg L-1 of resveratrol concentration, 
and in the study performed by Vallverdú-Queralt et al. (2015), 
resveratrol was found in embryos of Danio rerio when 
exposed to the red wine extract, so it can be inferred that the 
resveratrol crossed the egg chorion and caused effects on the 
embryos. The recently hatched larvae have no structure to 
prevent or reduce the exposure to resveratrol in the short-term 
chronic ecotoxicity test. 

At concentrations of 50 and 100 mg L-1 were observed 
deformities in the organisms and lethality during the assay. 
The observed deformities were: pericardium oedema, oedema 
of the yolk sac and a spine deformity showns in figure 5. Such 
deformities were observed by several authors who studied the 
toxicity of drugs and some metals: Akande et al. (2010); Li 
et al. (2017); Oliveira et al. (2009); Oliveira et al. (2013); 
Tesolin et al. (2014); Tokunaga et al. (2016). All deformations 
were statistically different from the controls.

Oedema has been one of the malformations most observed 
in toxicity studies with Danio rerio (Tesolin et al., 2014). The 
presence of pericardial oedema is due to cardiac dysfunction, 
functioning as an indicator of osmotic or metabolic dysfunction, 
frequently associated with extravasations of the endothelial 
vessels (Dejana et al., 2009; Hallare et al., 2005; Ali et al., 
2014) or it is due to renal dysfunction, since the regulation 
system depends on renal involvement (Coelho, 2004).

Spine deformations can be linked with the depletion 
or deregulation of ions such as calcium and phosphorus, 
or with reduction of myosin, both necessary for the normal 
development of the organism (Cheng et al., 2000).

The larvae with deformities showed less activity compared 
to the control larvae. In the study by Suvarchala & Philip 
(2016) with insecticide 3,5,6-Trichloro-2-pyridinol (TCP), 
larvae of Danio rerio presented the same deformities observed 
in this study, as well as altered swimming behavior. These 
same effects were observed by Lutte (2015) who studied the 
metabolism of adenosine in a model of fetal alcohol syndrome 
in Danio rerio. 

In this study, the deformities observed in the Danio rerio 
exposed to resveratrol were similar in all trials performed, as 
these deformities were similar to the toxicity tests of drugs, 
some metals and insecticides. 

Crowell et al. (2004) conducted a study in rats to verify the 
toxicity of resveratrol. At the high dose administration (3000 
mg/kg/day) adverse effects were observed, such as weight 
loss and changes in haematological parameters. In another 
study, with healthy volunteers, a single dose of resveratrol 
was given at 4 different concentrations: 0.5; 1; 2.5 and 5 g. No 
adverse effects were observed in volunteers (Boocock et al., 
2007). According to Gillespie & Lenz (2012), studies suggest 
that oral doses of up to 1 g per day of resveratrol in humans are 
well tolerated. Gastrointestinal discomfort and diarrhea were 

Figure 5: Deformities in zebrafish larvae after exposure to resveratrol during 
96 h: (A) Control in the period of 96 h; (B) Larvae at the concentration 

of 50 mg L-1 with oedema of pericardium, oedema of yolk sac and spine 
deformity in the period of 96 h (black arrows).

Table 2 - Values   of the LC50, confidence intervals, mean, standard deviation 
and variation coefficient for the short-term chronic ecotoxicity assay of 

resveratrol in zebrafish (n=3).

Replica LC50 (mg L-1) Confidence limit 
(mg L-1)

1 52.7 (46.7 – 59.4)
2 49.7 (44.3 – 55.7)
3 51.7 (46 – 58.2)
Mean 51.4
Standard deviation 1.5
Variation coefficient (%) 0.03

Figure 4: Lethality curve of zebrafish larvae as a function of resveratrol 
concentrations after 168 h of exposure. Mean and standard deviation (n=3).
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observed with oral administrations of the compound at doses 
greater than 2.5 g per day

CONCLUSION

Resveratrol is largely present in a variety of foods and 
beverages, and that there is no data in the literature on its 
concentration in the aquatic environment, the knowledge of 
its toxicity is highly necessary. This study provided data about 
resveratrol toxicity in embryolarval stage on Danio rerio fish. 
The toxic effects of resveratrol in Danio rerio are dependent 
on its concentration, presenting a toxic effect similar to other 
compounds found in the literature. Resveratrol may have an 
effect on aquatic biota, which propose on a necessity toassess 
the disposal of this compound in water bodies.
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