
Journal of Visualized Experiments
 

Using Tg(vtg1:mCherry) zebrafish embryos to test the estrogenic effects of endocrine
disrupting compounds

--Manuscript Draft--
 

Article Type: Invited Methods Article - Author Produced Video

Manuscript Number: JoVE60462R2

Full Title: Using Tg(vtg1:mCherry) zebrafish embryos to test the estrogenic effects of endocrine
disrupting compounds

Section/Category: JoVE Environment

Keywords: EDC, zearalenone, zearalenol, biomonitor, bioindicator, xenoestrogens, vitellogenin

Corresponding Author: Zsolt Csenki
Szent Istvan Egyetem Mezogazdasag- es Kornyezettudomanyi Kar
Gödöllő, HUNGARY

Corresponding Author's Institution: Szent Istvan Egyetem Mezogazdasag- es Kornyezettudomanyi Kar

Corresponding Author E-Mail: Csenki.Zsolt@mkk.szie.hu

Order of Authors: Zsolt Csenki

Ákos Horváth

Illés Bock

Edina Garai

Flóra Kerekes

Erna Vásárhelyi

Balázs Kovács

Béla Urbányi

Ferenc Mueller

Katalin Bakos

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$1200)

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Dear Editor, 

On behalf of the authors I would like to thank you for sending us the reviewers comments on 

the manuscript entitled “Using Tg(vtg1:mCherry) zebrafish embryos to test the estrogenic 

effects of endocrine disrupting compounds” (JoVE60462R2). 

We were pleased to see the comments of the editors who considered our manuscript and video. 

We have carefully considered editors comments and revised the manuscript and the video 

according to each comment.  

We hope that you will find the revised version sufficiently improved to be suitable for 

publication and we are looking forward to hearing from you. 

 

Yours sincerely, 

Zsolt Csenki 

 

Cover Letter



         

TITLE: 1 
Using Tg(Vtg1:mcherry) Zebrafish Embryos to Test the Estrogenic Effects of Endocrine 2 
Disrupting Compounds 3 
 4 
AUTHORS AND AFFILIATIONS: 5 
Zsolt Csenki1, Ákos Horváth1, Illés Bock1, Edina Garai1, Flóra Kerekes1, Erna Vásárhelyi1, Balázs 6 
Kovács1, Béla Urbányi1, Ferenc Mueller2, Katalin Bakos1 7 
 8 
1Department of Aquaculture, Institute of Aquaculture and Environmental Safety, Faculty of 9 
Agricultural and Environmental Sciences, Szent István University, Gödöllő, Hungary 10 
2Institute of Cancer and Genomic Sciences, College of Medical and Dental Sciences, University of 11 
Birmingham, Birmingham, UK 12 
 13 
Corresponding Author: 14 
Zsolt Csenki  (csenki.zsolt@mkk.szie.hu) 15 
 16 
Email addresses of the Co-authors: 17 
Ákos Horváth (horvath.akos@mkk.szie.hu) 18 
Illés Bock (bock.illes@mkk.szie.hu) 19 
Edina Garai (garai.edina@hallgato.mkk.szie.hu) 20 
Flóra Kerekes (kerekesflo@gmail.com) 21 
Erna Vásárhelyi (balogh.erna@hallgato.mkk.szie.hu) 22 
Balázs Kovács (kovacs.balazs@mkk.szie.hu) 23 
Béla Urbányi (urbanyi.bela@mkk.szie.hu) 24 
Ferenc Mueller (F.Mueller@bham.ac.uk) 25 
Katalin Bakos (bakos.katalin@mkk.szie.hu) 26 
 27 
KEYWORDS: 28 
endocrine disrupting compounds, EDC, zearalenone, zearalenol, biomonitor, bioindicator, 29 
xenoestrogens, vitellogenin 30 
 31 
SUMMARY: 32 
Present here is a detailed protocol for the use of zebrafish embryos Tg(vtg1: mCherry) for the 33 
detection of estrogenic effects. The protocol covers the propagation of the fish and treatment of 34 
embryos, and emphasizes the detection, documentation, and the evaluation of fluorescent 35 
signals induced by endocrine disrupting compounds (EDC).  36 
 37 
ABSTRACT: 38 
There are many endocrine disrupting compounds (EDC) in the environment, especially estrogenic 39 
substances. The detection of these substances is difficult due to their chemical diversity; 40 
therefore, increasingly more effect-detecting methods are used, such as estrogenic effect-41 
sensitive biomonitor/bioindicator organisms. These biomonitoring organisms include several fish 42 
models. This protocol covers the use of zebrafish Tg(vtg1: mCherry) transgenic line as a 43 
biomonitoring organism, including the propagation of fish and the treatment of embryos, with 44 
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an emphasis on the detection, documentation, and evaluation of fluorescent signals induced by 45 
EDC. The goal of the work is the demonstration of the use of the Tg(vtg1: mCherry) transgenic 46 
line embryos to detect estrogenic effects. This work documents the use of transgenic zebrafish 47 
embryos Tg(vtg1: mCherry) for the detection of estrogenic effects by testing two estrogenic 48 
substances, α- and β-zearalenol. The described protocol is only a basis for designing assays; the 49 
test method can be varied according to the test endpoints and the samples. Moreover, it can be 50 
combined with other assay methods, thereby facilitating the future use of the transgenic line. 51 
 52 
INTRODUCTION:  53 
There is a significant number of endocrine disrupting compounds (EDC) that are among the most 54 
hazardous substances in our environment. These are mainly estrogenic compounds that 55 
contaminate water from natural resources. The chemical diversity of the substances belonging 56 
to the group makes testing for their presence difficult, as different analytical methods are 57 
required for their detection. Based on their chemical structure it is very difficult to determine 58 
whether a substance is actually able to act as an estrogen. In addition, these substances are never 59 
present in a pure form in the environment, so their effects may be affected by other compounds, 60 
too1. This problem can be solved by effect-detecting methods, such as the use of 61 
biomonitor/bioindicator organisms that show estrogenic effects2–5. 62 
 63 
Recently, a variety of cell line6 and yeast-based test systems2,3 have been developed to detect 64 
estrogenic effects. However, these are generally only able to detect the binding of the substance 65 
to the estrogen receptor2,3. In addition, they are unable to model complex physiological 66 
processes in the organism, or to detect hormone-sensitive phases of life stages; thus, they often 67 
lead to false results. 68 
 69 
It is known that certain genes react sensitively to estrogen in living organisms7. The detection of 70 
gene products by molecular biology methods is also possible at the protein or mRNA level8,9, but 71 
usually involves animal sacrifice. Animal protection laws have become stricter, and there is a 72 
growing demand for alternative test systems that minimize the number and suffering of animals 73 
used in experiments or the replacement of the animal model with another model system10. With 74 
the discovery of fluorescent proteins and the creation of biomarker lines, transgenic technologies 75 
provide a good alternative11. With these lines, the activation of an estrogen-sensitive gene can 76 
be tested in vivo. 77 
 78 
Among vertebrates, the potential of fish in environmental risk assessment is outstanding. They 79 
offer many advantages over mammalian models: being aquatic organisms, they are able to 80 
absorb pollutants through their entire body, produce a large number of offspring, and some of 81 
their species are characterized by short generation time. Their endocrine system and 82 
physiological processes show great similarities with other vertebrates and even with mammals, 83 
including humans12. 84 
 85 
Several genes for the detection of estrogenic effects in fish are also known. The most important 86 
are the estrogen receptors aromatase-b, choriogenin-H, and vitellogenin (vtg)7,13. Recently, 87 
several estrogen-producing biosensor lines have also been created from fish models used in the 88 



 

laboratory, such as from zebrafish (Danio rerio)4,5,14–17. The main advantage of zebrafish in 89 
creating biosensor lines is the transparent body of the embryos and larvae, because the 90 
fluorescent reporter signal can then be easily studied in vivo without sacrificing the animal10. In 91 
addition to animal protection, it is also a valuable feature as it allows for studying the reaction of 92 
the same individual at different times of the treatment18. 93 
 94 
These experiments use a vitellogenin reporter transgenic zebrafish line15. The transgene 95 
construct used for the development of Tg(vtg1:mCherry) has a long (3.4 kbp) natural vitellogenin-96 
1 promoter. The estrogen receptor (ER) is an enhancer protein activated by ligands that is a 97 
representative of the steroid/nuclear receptor superfamily. ER binds to specific DNA sequences 98 
called estrogen response elements (EREs) with high affinity and transactivates gene expression 99 
in response to estradiol and other estrogenic substances, so the more ERE in the promoter causes 100 
a stronger response19. There are 17 ERE sites in the promoter region of the Tg(vtg1:mCherry) 101 
transgene construct and they are expected to mimic the expression of the native vtg gene15. 102 
There is a continuous expression of the fluorescent signal in sexually matured females. However, 103 
in males and embryo the expression in the liver is only visible upon treatment with estrogenic 104 
substances (Figure 1). 105 
  106 
[Insert Figure 1 here] 107 
 108 
Similar to the endogenous vitellogenin, the mCherry reporter is only expressed in the liver. 109 
Because vitellogenin is only produced in the presence of estrogen, there is no fluorescent signal 110 
in the controls. Because the expression is only in the liver, the evaluation of the results is much 111 
easier15. 112 
 113 
The sensitivity and usability of this line's embryos have been investigated on various estrogenic 114 
compound mixtures and also on environmental samples15,20, and in most cases dose-response 115 
relationships were documented (Figure 2). However, in the case of highly toxic, mainly 116 
hepatotoxic, substances (e.g., zearalenone), only a very weak fluorescent signal may be visible in 117 
the liver of treated embryos and the maximum intensity fluorescent signal caused can be reached 118 
within a very small concentration range, which makes it difficult to establish dose-effect 119 
relationships20.  120 
 121 
[Insert Figure 2 here] 122 
 123 
There are several estrogenic substances present in the environment, such as 17-β-estradiol 124 
(environmental concentration: 0.1–5.1 ng/L)21, 17-α-ethynylestradiol (environmental 125 
concentration: 0.16–0.2 µg/L)22, zearalenone (environmental concentration: 0.095–0.22 µg/L)23, 126 
bisphenol-A (environmental concentration: 0.45–17.2 mg/L)24. When testing these substances in 127 
a pure active form with the help of mCherry transgenic embryos, the lowest observed effect 128 
concentrations (LOEC) for fluorescent sign detection were 100 ng/L for 17-ß-estradiol, 1 ng/L for 129 
17-α-ethynilestradiol, 100 ng/L for zearalenone, and 1 mg/L for bisphenol-A (96–120 hpf 130 
treatment), which is very close to or within the range of environmental concentrations of the 131 
substances15. The Tg(vtg1:mCherry) transgenic line can help detect estrogenicity in wastewater 132 



 

samples after direct exposure. The line is as sensitive as the commonly used yeast estrogen test, 133 
the bioluminiscent yeast estrogen (BLYES) assay15. With the help of this line, the protective 134 
effects of beta-cyclodextrins against zearalenone-induced toxicity has been confirmed using 135 
chemical mixtures20. 136 
 137 
In a recent report, the in vivo use of the transgenic line was demonstrated with the help of two 138 
estrogenic zearalenone (ZEA) metabolites, α- and β-zearalenol (α-ZOL and β-ZOL)25. The protocol 139 
baseline is appropriate to study the estrogenic effects of several compounds or environmental 140 
samples on Tg(vtg1:mCherry) embryos. 141 
 142 
PROTOCOL: 143 
 144 
The Animal Protocol was approved under the Hungarian Animal Welfare Law and all studies were 145 
completed before the treated individuals would have reached the free feeding stage. 146 
 147 
1. Embryo harvest and treatment 148 
 149 
1.1. Maintain Tg(vtg1:mCherry) zebrafish at 25.5 ± 0.5 °C, pH = 7 ± 0.2, conductivity between 525 150 
± 50 μS/m, oxygen level ≥80% of saturation, and 14 h light and 10 h dark cycle.  151 
 152 
1.2. Fill the mating tanks with system water and set up the fish for mating the afternoon before 153 
harvesting eggs. 154 
 155 
1.3. Place the male and female fish into the tank and separate them with the help of a divider. 156 
 157 
1.4. Remove the divider from the tanks as the light switches on next morning. Check the mating 158 
tanks for eggs every 15–20 min. 159 
 160 
1.5. Harvest all embryos using a tea strainer or densely woven fine mesh and combine them into 161 
one large Petri dish with E3 buffer (5 mM sodium chloride, 0.17 mM potassium chloride, 0.33 162 
mM calcium chloride, 0.33 mM magnesium sulfate) or clear system water.  163 
 164 
1.6. Place the embryos in the incubator set to 25.5 ± 0.5 °C. 165 
 166 
1.7. After 1–1.5 h, remove and discard unfertilized or inadequately dividing eggs with a plastic 167 
transfer pipet under a dissecting microscope. 168 
 169 
NOTE: Unfertilized eggs are opaque; fertilized eggs are transparent. To start the treatment in a 170 
later stage of development, pay attention to the normal development of the individuals being 171 
treated. 172 
 173 
1.8. Place the selected embryos in the treatment vessels (e.g., in Petri dishes or tissue culture 174 
plates) that have already been labeled and filled with different concentrations of the test 175 
substance.  176 



 

 177 
1.9. Incubate the embryos at 25.5 ± 0.5 °C until the end of the experiment. 178 
 179 
NOTE: Embryos can react with significant individual sensitivity to various estrogenic compounds, 180 
so it is recommended to use at least 15 embryos in at least three repeat treatments in order to 181 
evaluate the experiment properly. When selecting the container, keep in mind that the 182 
development of an embryo requires at least 200 µL of water26. In this experiment the embryos 183 
were incubated until 120 hpf at 25.5 ± 0.5 °C. 184 
 185 
1.10. Refresh the test solution if it is neccesary to maintain the treatment concentration. Be 186 
careful when changing the test solution in order to avoid damaging the embryos. 187 
 188 
NOTE: It is also possible to investigate mortality or sublethal symptoms during the experiment. 189 
The concentrations used should remain as stable as possible to obtain reliable results. This can 190 
be easily achieved by refreshing the test solutions. The frequency of refreshing may vary 191 
depending on the test substance. Therefore, it is advisable to check the concentration of the test 192 
substance by analytical measurements to determine the frequency of the solution updates. 193 
 194 
2. Larvae preparation for photography 195 
 196 
2.1. Prepare 4% methylcellulose with MS-222 (tricaine-methane-sulfonate) beforehand. 197 
 198 
2.1.1. To do so, add 4 mg/mL MS-222 to 100 mL double distilled water to a final concentration 199 
of 0.168 mg/mL, and bring the solution to 4 ˚C. Then add 4 g of methylcellulose. Stir it with a 200 
magnetic stirrer, then leave it in 4 ˚C overnight. 201 
 202 
2.1.2. Next day, stir it again and the solution should be ready to use. If the methylcellulose is 203 
not completely dissolved put it back at 4 ˚C and wait a few more hours. 204 
 205 
2.2. Place 5 day old larvae into a 5 cm Petri dish per treatment group with a Pasteur pipette. 206 
 207 
2.3. Remove the treatment solution from the larvae with a plastic pipette, then fill the Petri dish 208 
with 2 mL of 0.02% MS-222 anesthetic solution. 209 
 210 
NOTE: Anesthesia is usually effective in less than a minute. The larvae are anesthetized if they do 211 
not swim away in response to touch. An overdose of MS-222 can kill the larvae. 212 
 213 
2.4. Fill each square of a specially designed 10 cm Petri dish with 4% methylcellulose with MS-214 
222 (Figure 3). 215 
 216 
NOTE: Glue two 1.5 x 1.5 cm square areas at the bottom of the Petri dish using plastic sheets (1 217 
mm height, 5 mm wide). Twenty larvae can be placed next to each other in a square. Instead of 218 
a specially designed Petri dish, another low edge container can be used to fix the position of the 219 
embryos. 220 



 

 221 
[Insert Figure 3 here]. 222 
 223 
2.5. Transfer the anesthetized larvae to methylcellulose with a little water in one of the two 224 
squares. From the first square transfer the larvae into the second square. 225 
 226 
NOTE: With the help of this transfer, the 4% methylcellulose used for photography will not be 227 
diluted and the larvae will not rotate during imaging. 228 
 229 
2.6. In the second square, rotate and orient larvae to their left side and gently press them down 230 
to the bottom of the cellulose with a microloader pipette tip cut up to 2 cm. 231 
 232 
NOTE: Do not use other pipette tips because they cause injury to the larvae. 233 
 234 
3. Microscopy 235 
 236 
NOTE: Photography does not kill the animals. Animals can be awakened by removing them from 237 
the methylcellulose and placing them in fresh system water or treatment solution, so the same 238 
individual can be examined several times during the treatment.  239 
 240 
3.1. In order to evaluate the signal of the expressed reporter, image the embryos with the same 241 
view and settings. 242 
 243 
NOTE: See step 2.6 for optimal embryo positioning. The photos in the manuscript were taken 244 
under the conditions described. Bright field: 60x magnification, 6 ms exposition, Iris 100%, 245 
Gain:1.1, fluorescence photos: 60x magnification, 300 ms exposition, Iris: 100%, Gain:1, mCherry 246 
filter, fluorescent light source: mercury metal halide bulb. For photo taking a fluorescent 247 
stereomicroscope, dedicated camera, and software for microscope were used. 248 
 249 
3.2. Place the Petri dish on the stage of the microscope. 250 
 251 
3.3. Focus on the liver of the embryo and capture a bright field image using the associated 252 
software. 253 
 254 
3.4. Switch the microscope to the mCherry filter and take a fluorescent image of the liver under 255 
fluorescent light using the associated software. 256 
 257 
NOTE: Perform all the fluorescence steps in the dark. Do not change the magnification, the focus, 258 
or the position of the embryo between capturing the bright field and the fluorescent images, as 259 
this will assist in the analysis of the images. 260 
 261 
3.5. Repeat steps 3.3 and 3.4 until all the embryos in the experiment have been imaged. 262 
 263 
4. Determining integrated density 264 



 

 265 
NOTE: One of the best indicators for comparing fluorescent signal strength is the integrated 266 
density value (i.e., the product of the area and mean gray value). One of the easiest ways to 267 
determine integrated density is to use the ImageJ program27. The program is available on the 268 
internet and can be installed on the computer. 269 
 270 
4.1. Open ImageJ then upload the fluorescent image to be analyzed by either dragging and 271 
droping the image or clicking on File|Open. 272 
 273 
4.2. Click on Image|Color|Split Channels to split the image made by the fluorescent filter 274 
according to the RGB color chart. 275 
 276 
4.3. Work with the red channel image spectrum, close the other channels. 277 
 278 
4.4. Designate a similarly sized elliptical area in the image so false signals do not interfere with 279 
the evaluation. Using the Oval tools, draw an ellipse over the highlighted liver area as accurately 280 
as possible. 281 
 282 
4.5. If the signal is weak use light microscopy images (i.e., the bright field pair of the fluorescent 283 
image) to determine the location of the liver. 284 
 285 
4.6. Click on Analyze|Measure to determine the signal strength and the size of the affected area. 286 
The integrated density value is automatically calculated by the software (IntDen column in the 287 
chart). 288 
 289 
4.7. Continue the analysis by repeating steps 4.1–4.6 until all the fluorescent images of all 290 
embryos in the treatment group are analyzed. 291 
 292 
4.8. Save the data and then analyze the integrated density values. 293 
 294 
NOTE: Always select the same area size in the images during analysis. The size of the area to be 295 
analyzed depends on the magnification, image resolution, other settings for shooting, etc. The 296 
analysis can be accelerated or made more accurate by using personal macros for analysis. For 297 
example, macros can be used to ensure that the selected area is always the same in the examined 298 
images. Detailed descriptions for creating macros that allow the best image analysis according to 299 
particular photo settings are found on the ImageJ website. 300 
 301 
REPRESENTATIVE RESULTS: 302 
In the experiment presented in this manuscript, the effects of two estrogenic substances were 303 
tested at five concentrations starting at fertilization for 5 days on Tg(vtg1:mCherry) zebrafish 304 
embryos. We investigated whether fluorescent signals appeared in the liver of fish by the end of 305 
the exposure time because of the substances and whether there were differences in the 306 
estrogenicity of the two substances. Results were evaluated on the basis of the fluorescent 307 
images and integrated density values. In general, both substances induced expression of the 308 



 

transgene by the end of the exposure time at those test concentrations at which individuals 309 
survived. In the cases of untreated control fish, no fluorescent signal was visible. 310 
 311 
In the case of α-ZOL, at the highest test concentration (8 µM) all individuals died, so in this case 312 
the fluorescent signal could not be examined. At lower concentrations (0.5 µM–4 µM), a strong 313 
fluorescent signal was observed in the liver of the embryos (Figure 4A). No significant difference 314 
was observed in the fluorescence intensity and the size of the fluorescent areas (p < 0.05). The 315 
α-ZOL integrated density values (Figure 4C), show that the substance induced the appearance of 316 
a fluorescent signal. No significant difference was found between the integrated density values 317 
and between treatments (p < 0.05). The average integrated density varied between 31.26 ± 13.95 318 
(0.5 µM) and 34.25 ± 15.36 (4 µM). 319 
 320 
No mortality was documented during the treatment with β-ZOL, and the substance induced 321 
transgene activity at all treatment concentrations. The fluorescence intensity and the size of the 322 
fluorescent area increased as the concentration increased, as seen in the fluorescent images 323 
(Figure 4B). Comparing the fluorescent images of α- and β-ZOL visually, both the signal strength 324 
and the size of the fluorescent area were visibly weaker for β-ZOL at the same treatment 325 
concentrations of the two substances. Studying the integrated values of β-ZOL (Figure 4D), the 326 
average integrated density value almost doubled between the lowest and the highest treatment 327 
concentrations. However, in the case of β-ZOL there was no significant difference between the 328 
integrated density values of the individual concentrations (p < 0.05). The average integrated 329 
density varied between 15.86 ± 4.08 (0.5 µM) and 21.73 ± 5.94 (8 µM).  330 
 331 
[Insert Figure 4 here] 332 
 333 
By examining the integrated density values obtained from the same treatment concentrations of 334 
the two substances (Figure 5), α-ZOL presented higher integrated density averages in each case 335 
relative to β-ZOL, which is consistent with the differences between signal strengths observed in 336 
the fluorescent images. In the cases of all treatment concentrations, significant differences (0.5 337 
μM, p = 0.0011; 1 μM, p = 0.0003; 2 μM, p = 0.0329; and 4 μM, p = 0.0325) were found. 338 
 339 
[Insert Figure 5 here]. 340 
 341 
FIGURE AND TABLE LEGENDS: 342 
Figure 1: Red fluorescent signal in the liver of vtg1:mCherry transgenic adult zebrafish and 5 343 
dpf embryos, following 17-ß-estradiol (E2) induction. In female and in male treated with E2 (25 344 
µg/L exposure time:48hrs) strong fluorescence of the liver is visible even through the pigmented 345 
skin. No fluorescent signal is visible in untreated male (A). Following E2 induction (50 µg/L 346 
exposure time: 0-120 hpf), a red fluorescent signal in the liver of 5 dpf embryos can also be 347 
observed, which is not visible in control embryos (B). While the fluorescent signal is continuously 348 
present in adult females, primarily males and embryos of the line are suitable for detecting 349 
estrogenic effects. (BF: bright field, mCherry: red fluorescent filter view, single plain images, Scale 350 
bar A: 5mm, scale bar B: 250 µm) 351 
 352 



 

Figure 2: Dose-response diagram (A) and fluorescent images (mCherry) of the liver (B) exposed 353 
to 17-α-ethynilestradiol (EE2), in 5 dpf vtg1:mCherry larvae. Results are expressed as integrated 354 
density generated from the signal strength and the size of the affected area (±SEM, n = 60). 100% 355 
refers to the observed maximum. Fluorescent signal intensity increased gradually with 356 
concentration. Scale bar = 250 µm. 357 
 358 
Figure 3: A 10 cm Petri dish with glued 1.5 x 1.5 cm wide, 1 mm thick plastic sheet squares for 359 
larvae preparation for photography. 360 
 361 
Figure 4: Presentation of integrated density values derived from the intensity of fluorescent 362 
signals in the liver and from the size of the affected area caused by α- and β-zearalenol 363 
treatment on 5 day old Tg(vtg1:mCherry) transgenic zebrafish embryos. In the experiment, 364 
estrogen-sensitive embryos of the biomarker zebrafish line (20 larvae per groups in three 365 
replicates in every treatment concentration) were treated with 0.5 µM–8 µM concentrations of 366 
α- and β-ZOL from fertilization onwards for 5 days. Images of the fish livers for α-ZOL (A), and β-367 
ZOL (B) clearly show that the substances induced the appearance of the fluorescent signal. 368 
Integrated density data are presented as mean ± standard deviation (SD = error bar). Data were 369 
analyzed with the iterative Grubbs’ for identify outliers, which were excluded. Data were checked 370 
for normality with the Shapiro-Wilk normality test and compliance with the requirements of 371 
parametric methods was established. Statistical analyses were performed using a one-way 372 
ANOVA followed a Dunnett’s test. Studying the integrated density values, no significant 373 
difference was found between the treatments in the cases of α-ZOL (C) and β-ZOL (D) (p < 0.05). 374 
Scale bar = 200 µm. 375 
 376 
Figure 5: Comparison of α- and β-zearalenol integrated density values. Integrated density data 377 
are presented as mean ± standard deviation SD = error bar. Data were analyzed with iterative 378 
Grubbs’ to identify outliers, which were excluded. Data were checked for normality with the 379 
Shapiro-Wilk normality test and compliance with the requirements of parametric methods was 380 
established. Significant differences were verified with unpaired t-test between α-ZOL and β-ZOL 381 
in the case of each concentration (0.5 μM, p = 0.0011; 1 μM, p = 0.0003; 2 μM, p = 0.0329; and 4 382 
μM, p = 0.0325).  383 
 384 
DISCUSSION: 385 
The use of biomonitors/bioindicators for estrogenic effects has been spreading in toxicological 386 
studies. In vivo models play an outstanding role, because unlike in vitro tests, they not only 387 
provide information about the response of a cell or a receptor, but also allow the investigation 388 
of complex processes in the organism. Several transgenic lines for studying estrogenic effects 389 
have been produced from zebrafish, one of which Tg(vtg1:mCherry) was used for these studies. 390 
The method described here illustrates a protocol for the testing of embryos of this line in order 391 
to detect estrogen activity in vivo in pure, active ingredients. 392 
 393 
Males and embryos of the line are also suitable for detecting estrogenic effects, but embryos 394 
have several advantages that promote their usability. In particular, the body is transparent, so 395 
the fluorescent signal in the liver can easily be observed. The zebrafish liver begins to develop 6 396 



 

hours after fertilization (6 hpf) and starts working after 50 hours (50 hpf). First, the left lobe of 397 
the liver is formed, and at 96 hours (96 hpf) the right lobe of the liver also appears. The final 398 
shape of the liver is developed by around day 5 (120 hpf)28,29. The liver is able to produce 399 
endogenous vitellogenin from the age of 2–3 days of an embryo14, which coincides with the 400 
appearance of the fluorescent signal in the Tg(vtg1:mCherry) line15. Therefore, when designing 401 
experiments, it should be taken into account that a fluorescent signal can only be expected in the 402 
embryo liver of from that time. The liver of the 5 day old embryos is already well-defined in a 403 
relatively large area, where the fluorescent signal can be easily detected under a 404 
stereomicroscope. This makes the development of test protocols that are not subject to animal 405 
protection laws possible. Vitellogenin, and similarly the fluorescent protein, are produced by the 406 
left lobe of the embryos' liver15. Therefore, the spatial orientation of the embryos is important 407 
for the detection of the strongest signal when examining the fluorescent signal or taking 408 
photographs. This is why embryos were laid on the left in the protocol. As can be seen from the 409 
representative results, the estrogenic effect of a test sample is clearly indicated by the 410 
fluorescent signal in the liver, so the results can be evaluated visually too. If the quantification of 411 
the results is needed, then the integrated density value defined by the ImageJ program is 412 
appropriate. However, for proper evaluation, it is indispensable that images be taken with the 413 
same settings during the experiment, and that the size of the highlighted fluorescent areas is the 414 
same in each image. Together with the precise positioning of the embryos, these are the most 415 
critical steps in the protocol. It is important to mention that in the case of embryos the expression 416 
of the transgene, similarly to the production of endogenous vitellogenin, shows a large dispersion 417 
and differences in individual sensitivity. In some cases, this can cause large variations in the 418 
results, which should be taken into account when designing the experiments.  419 
 420 
An important aspect in determining treatment concentrations is that the cells of the embryos, 421 
and hence the liver cells, can be damaged by high concentrations of highly toxic substances, 422 
which can lead to a decline in vitellogenin induction. Therefore, tests should be performed at 423 
concentrations below LC10

15.  424 
 425 
Comparing the sensitivity of estrogen-sensitive fish lines to each other is a difficult task, because 426 
the lines described so far have been tested according to different protocols5,14–16. The line tested 427 
in this protocol is capable of detecting dose-effect relationships in cases of pure active 428 
ingredients, mixes, and environmental samples, and the obtained results correlated well with 429 
results with BLYES tests and HeLa cells15,20.  430 
 431 
The utility of the embryos of the line to test agents has been proven, including zearalenone 15. In 432 
this work, two metabolites of the toxin, α- and β-zearalenol, were tested. According to literature 433 
data, α-ZOL is more toxic than β-ZOL30 and its estrogenity is also higher31. These results are 434 
confirmed by our studies. Thus, studies on the embryos of the line are also suitable for comparing 435 
the estrogenic effects of other estrogenic substances. 436 
 437 
Mycotoxin contamination in the food chain is a global problem, so several procedures have been 438 
improved to reduce mycotoxin levels in animal feed and human food25,32. One of the most 439 
promising solutions is mycotoxin biodegradation by microorganisms or by their enzymes. It may 440 



 

be an essential postharvest method to decrease or eliminate mycotoxin decontamination. The 441 
ZEA degrading ability of numerous bacterial strains has been tested in the literature so far, 442 
however, recent research findings that prove high degradation of the toxin rarely specify the 443 
adverse effect of metabolites33. Because the embryos of this line are theoretically suitable to test 444 
the estrogenic effects of samples with organic matter content15, a treatment protocol can be 445 
developed that can help test the biodegradation products of ZEA and the qualification of the 446 
degrading strains. 447 
 448 
This protocol can be altered in many ways according to the planned test endpoints (e.g., exposure 449 
onset and length) and to the samples (e.g., mixtures or environmental samples) that are going to 450 
be tested and can be completed with other test methods (e.g., molecular methods). Thus, we 451 
hope that the use of the Tg(vtg1:mCherry) line will become a model of estrogenicity tests and for 452 
standard testing methods. 453 
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translations, adaptations, summaries, extracts, Derivative
Works or col le.t ive Works and (c) to l icense others to do
any or al l  of the above' The foregoin8 Íjghts may be
exercised in al l  media and formats, whether now known or
heÍeafter devised, and inc|ude the right to make such
modif ications as are technical lv necessarv to exeraise the
ri8hts in other media and formats. l f the "Open Access" box
has been checked in ltem l above, loVE and the Author
hereby grant to the publ ic al l  such rights in the Article as
provided in, but subject to al l  l imitations and requirements
set Íorth in, the cRc License. |f the ' '5tándard Access' '  box
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has been checked in ltem l above, JoVE and the ALtthor
hereby grant to the publ ic al l  su.h r ights in the Article as
provided in, but subject to al l  l imitations and requirements
set forth in, the CRC Noncommercial License.
4. Retentlon of Rights in Art icle. Notwithstanding
the exclusive l icense granted to JoVE ln Seation 3 above, the
Author shal l , with respect to the Aft ic le, retain the
non-exclusive r ight to use al l  or part of the Artjcle for the
non.commerciaI puípose of g|Ving Iectures, presentations
or teaching classes, and io post a copy of the Article on the
Institution'5 Web5ite or the Author.s personal Websíte, in
each case provided that a l ink to the Article on the loVE
websi le is provided and notice of JoVE's copy.iBht in the
A.t ic|e is includéd' Al| non'copyright inte||ectuaI propeÍtv
ri8hts in and to the Artic|e, such as patent ríghts, sha|l
íemain With the Author.
5. Grant of Rithts in Video - Standard Access. This
sé.tion 5 app|ies jf the ' 'standard Access'. box has been
.he.ked in |tem 1 above oÍ if no box has been checked in
|tem 1 above' In consideÍatlon of]ovt agreeing to prodUce,
disp|ay or otheÍWise assist With the Video, the Author
hereby acknowledges and agrees that, subject to Section 7
below,. ioVE is and shal l be the sole and exclusive owner of
al l  r ights of anV nature, including, without l imitation, al l
copyrights, ln and to the Video. To the extent that, by law,
the Author is deemed, now or at anV time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims al l  5uch riBhrs and tran)fers alt such riShts
ro JoVE.
6. GÍant of Rights ln Video . open Accels' This
Section 6 appl ies only if the "Open Access" box has been
checked in |tem 1above. In consideÍation oíJoVE a8reeing
to produce, display or otherwisé as5i5t with the Video, the
AuthoÍ hereby grants to jovE, subject to sect|on 7 beIoW,
the exclusive, royaIty.free, pe.petua| (for the fuIl teÍm of
copyrlght in the Article, including any extensions the.eto)
l i .en5e (a) to pub|ish, reproducé, distÍibute, display ánd
store the Video in al l  forms, formats and media whether
now known or heíeafter deve|oped (inc|uding Without
l imitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into oiher lan8uages,
Create adaptations, summaries or extracts of the Video or
óther Derivative Wor|G or colje € t jve Works based on alI ol
any portion of the Vldeo and exercise al l  of the r ights set
forth in (a) above in such translations, adaptations,
5ummaIies. e^rracts, DeÍiVat;Ve Wol|.5 or co|'eLtive Worls
and (cJ to l icense others to do any or al l  of ihe above. The
foregoing rights may be exeÍcised in a|| media and fornats,
Whether now known or heÍeafter devised, and in € |ude the
right to make such modif ications as are technical ly
neces5aryto exe rcise the Íi8ht5 in othermedIa and formats.
7 .
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such statuté sha|| remain in ful| force and effect, and a|l
provisions contained herein, that do so confl ict shal l  t ie
deemed to be amended so as to provide to loVE the
maximum rights permissible within such statute.
8' Proté.tion of the work. The Autho(s) author.ze
loVE ao take steps in the Authbr(s) name and on theif behalf
ií JoVt be|'eves lome third pdrty Could be inf l inging or
might infr inBe the copyri8ht of either the Author's Art ic le
and/or Video.
9 . Likene5s, Priva.y, personality. The Author hereby

Government Employees. l f the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in ltem 2 above, and
any of the l icenses or grants granted by the Author
hereirnder exceed thé scope of the 17 U's.c. 403, then the
ri8hts granted heÍeunder sha|| be |imited to the maximum
Íjghts peímitted under 5uch statute- |n 5uch case, aII
provisions contBined herein that are not jn confl ict with

grants JoVE the right to Use the Authór.s name, Voice,
| i k e n e s s , p i c t u r e , p h o t o g r a p h , i m a 8 e , b i o g r a p h Y a n d
performan.e in any Way, commercia| or otheÍWise, in
connection With the MateÍiais and thé 5ale, promotion and
dlstr ibution thereof. The Author hereby walves any and al l
r ights he or she may have, relating io his or her appearance
in the Video or otherwise Íelating to the Mater|a|5, under
a|| appljcable privacy, | ikeness, pérsonaIitV or simi|ar Iaws.
io' Author Warrant|es' The Author repíesents aní|
warrants that the Article is original, that it has not been
published, that the copyri8ht interest is owned by the
Author(or, i f more than one author is l isted atthe be8inning
oíthi5 Agreement, by s|lch auihors col lectively) and has not
been assigned, l icensed, or otherwisd transferred to any
other party' The AUthoÍ repre5ents and Warrants that the
autho(s) | ist €d at the top of thi5 Agreement are the only
autho15 of the MateÍia|5' If more than one author is l isted
at the top ofthj5 Agreement and iíany such airthor ha5 not
entered into a séparate Art icle and Video Licen5e
A8reement with loVF íeIatinb to (he MateÍia|5. the Author
íepre5ent5 and warrant, that the Authoí ha5 been
authoaized by each ofthe other such authofs to execute this
Agreement on his or her beha.lf and to bind him or her with
respect to the teÍms of thi5 Agreement as if each of them
had been a party hereto a5 án Author.TheAuthorWaÍrants
that the use, reproduction, Clstr ibution, publ ic or private
performance or display, and/'or modif ication of al l  or any
portion oÍ the Materials does not and Wi|| not vio|ate,
infr inge and/or misappropriate the patent, trademark,
intelIectual propertY or otheÍ |ights of any thiÍd partv. The
Author represents and Waírants that it ha5 and WiIl
aontinue to comply with al i  government, institutional and
othel regulations, incluCing, without l imitation al l
inst itt lt ionaI, labo.atory, hospitá|, ethica|, human and
animal treatment, privacy, and al lother rules, regulations,
laWs, pÍocedures or guideIines, app|icab|e to the MateÍia|5,
and that al i  research involvin6 human and animal subjects
has been appíoveo by the A' lthoí.5 Íelevant ln5titutionaI
l ev i ew  boaíd '
1i JoVE Discretion, lr the Aurhor requerts the
assisÍan.e ot JoVE ln producing lh €  Video in the Autho|'s
fa(i l i ly, the Author shal l  ensuie lhdt the pte5ence of JoVt
emplovees, agent5 or independent contractors is in
accordance with the relevant regulations of the Author's
institution. l f more than one author is l isted at the
beginning of this Agreement, JoVE may, in its sole
discr € t ion, e|ect not take an! a.t ion with respect to the
Article unti l  such t ime as it hasrreceived complete, executed
Article and Video License ABreements from each such
althoa. loVE reserves the r ight, in its absolute and sole

61,2542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion andwithout giving any reason therefore, to
accept 0f decl ine any work submitted to toVE. JoVE and its
employees, agents and independent contfactors shal l  have
ful l ,  unfettered access to the faci l i t ies of the Author or of
the Author's institution as necessary to make the Vicleo,
whether actual ly publ ished or not. JoVE has sole discretion
as to the melhod of mdking and p"btishing lhe Mareriats,
includin8, without I iúiitat iol], to al l  deci5ions regardin8
edit ing, I iBhting, íi lming, t iming of p!bIicatjon, if any,
length, qual ity, content and the l ike.
12' |ndemnlÍication' The AuthoÍ ag[ees to indemnify
]oV[ and/or its successors and assign5 from and agáinst any
and al l  c laims, costs, and expenses, inclucljng attorney's
fees/ aÍisjn8 out of any breach of any warrantv or other
repres €ntations contained herein. The Author further
agrees to indemnify and hrld ha.mless JoVE from and
against any and al l  c laims, costs, and expenses, includinB
attorney's fees, result inB from the breach by the Author of
any represen(atlon or warranty contained herein or f l .om
allegations or instances of violatjon of intel lectual property
rights, damage to the Author's or the Author,s institution,s
faci i i t ies, fraud, l ibel, defamatjon, research, equipment,
experiments, property damage, personal lnj!ry, violatjons
of institutional, laboratorY, hospjta|, éthical, numan and
animal treatment, privacy or other rules, regulatjons, laws,
procedures or 8uidel ines, l iabiI it ies and other lo5se5 oÍ
damages related in any way to the submission of work to
JoVE, makin8 of Vjd €os trY JoVE, or publ ication jn loVE or
elsewhele by loVE' The Author shaIl be respon5íbIe for, and
shal l hold JoVE harmless from, damages causecl by lack of
steri l ization, lack of cleanl iness or by contaÍI|lnatlonoue to
the making oí a Video by joVE its emp|oyees, agents or
independent contractors. Al l  5teri l i2atjon, cleanl iness of
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clecontámination procedLl|e5 sha|Í be 50|ely the
fesponsibi l i ty of the Author and shal l be undertaken at the
Autho.s eXpense' A|l indemnifjcations providéd herein
shal l include loVE's attorney:s fees and costs related to said
losses or damages such indemnif ication and holdjnB
harnless shal l  include such iosses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
emplovees, agent5 or independent contractors.
13. Fees. To cover the cost incurred for pLibl ication,
JoVE must receÍVe payment before p|oduction and
pübljcation oÍ the Materia15 Payment i5 due in 21 days of
invoice Should the Materials not be publ ished due to an
editorial or production de.is ion, these funds wil l  be
returned to the Author' WiihdraWal by the Áuthor of anV
sui lmitted Material5 after f lnal peer review approval wil l
resuIt jn a Us$1,200 fee to.oVer pÍe production expense5
.ncurred by joVE. If payment i5 not r €ceiVed bV the
completion of f i lmlnB, production and publicataon of the
l\4atefials wil l  be suspended unti l  payment as received.
14. TÍansÍer, Governing Law. This Agreement may be
assigned by loVE and shal l inure to the benefits of any of
JoVE's successors and assignees. This Agreement shal l  be
Boverned and construed by the lnternal laws of the
Commonwealth of MassachUsetts W.thout 8iving € f fect to
any confl ict of laW provision thereundeÍ. Thís Agreement
may be executed in counterparts, each of whiah shal l be
deemed an original, but al l  of which to8ether shal l  be
deemed to me oné and the 5ame agreeÍnent' A si8ned copy
of this Agreement del ivered by facsimile, e-mail or other
means of electronic tran5mi5sion sha|| bé deened to have
the same Iegal effect as deIivery of an origínaI signed copy
oÍ {his Agíeemenl'

A sa8ned copy ofthis document must be sent with al l  new submissaons. Only one Agreement is requjred per submission.

CORRESPONDING AUTHOR
N a m e :

Department:

lhst i tut ion:

Title:

Signature: hL.- 2s. ,(2: /p,/1Date:

Please submit a signed and dated copy of this ljcense by one of the following three methods:
1. Upload an electronic version on the JoVE submission site
2.  Fax the document to +1.866.381.2236
3. Mai l  thedocumenttoJovE/Attn:JovEEdi tor iar  /  lArewife center  #2oo / ,  cam b r icrge,  MA02140
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