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FOREWORD  18 

This document describes the design and results of the validation exercise for the Juvenile Medaka Anti-androgen 19 

Screening Assay (JMASA).  This method was developed for the detection of the potency of endocrine disrupting 20 

chemicals (EDCs) with anti-androgenic activity in fish using Japanese (minami) medaka (Oryzias latipes). The 21 

purpose of the validation exercise was to determine variability between laboratories and to verify the validity of the 22 

testing protocols.   23 

The JMASA was validated through an interlaboratory ring tests. The OECD has been working with member countries 24 

on the validation and harmonization of testing methods for the detection of chemicals that interfere with the androgen 25 

and estrogen pathways. 26 
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Abbreviation and Definition 127 

 128 

AFSS: Androgenized Female Stickleback Screen 129 

AR: androgen receptor. 130 

Body weight: fish wet weight in the condition of blotted dry. 131 

DHT: 5α-dihydrotestosterone. 132 

dmy: sex determining gene of medaka; a Y-specific DM domain gene. 133 

dpf: days post fertilisation. 134 

EDC: endocrine disrupting chemical. 135 

ELISA: Enzyme-Linked Immunosorbent Assay. 136 

Flow-through test: a test with continued flow of test solutions through the test system during the duration of 137 

exposure. 138 

GD: guidance document. 139 

ICP-MS: Inductively Coupled Plasma-Mass Spectrometry 140 

JMASA: Juvenile Medaka Anti-Androgen Screening Assay. 141 

LC50: Median lethal concentration; the concentration of a test substance that kills 50% of exposed test organisms 142 

within a given time period. 143 

LOQ: limit of quantification. 144 

Loading rate: the wet weight of fish per volume of water. 145 

LOEC: Lowest observed effect concentration; the lowest tested concentration of a test chemical at which the 146 

chemical is observed to have a statistically significant effect (at p < 0.05) when compared with the control. 147 

MCR: Mitsubishi Chemical Research Co. 148 

MEOGRT: Medaka Extended One Generation Reproduction Test. 149 

mRNA: messenger ribonucleic acid. 150 

NIES: National Institute for Environmental Studies 151 

NOEC: No observed effect concentration; the test concentration immediately below the LOEC. 152 

PCR: polymerase chain reaction. 153 
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RADAR: Rapid Androgen Disruption Activity Reporter 154 

RT-PCR: Reverse Transcriptase Polymerase Chain-Reaction. 155 

SSC: secondary sex characteristics. 156 

Total length: refer to figure below. 157 

 158 

TG: OECD guideline for the testing of chemicals. 159 

U.S. EPA: United States Environmental Protection Agency. 160 

VTG: Vitellogenin; a phospholipoglycoprotein precursor to egg yolk protein that normally occurs in sexually 161 

active females of all oviparous species. 162 

wpf: weeks post fertilisation.  163 
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1. Introduction 181 

 182 

The overall objective of the validation exercise for the JMASA was to assess the reproducibility among three 183 

laboratories. This 28-day in vivo screening assay can identify the potency of endocrine disrupting chemicals (EDCs) 184 

with anti-androgenic activity in fish using Japanese (minami) medaka (Oryzias latipes).  The concept of the JMASA 185 

is based on studies of papillary processes (papillae) on the anal fin, whose induction and development is regulated 186 

by the androgen receptor signaling pathway (1, 2).  In Japanese medaka, papillary processes normally produced on 187 

the latter half of the anal fin are the main secondary sex characteristics (SSC) of males and can be a specific biomarker 188 

for androgens and anti-androgens.  189 

 190 

In Japanese medaka, papillary processes normally appear in adult males but not in females. In males, papillary 191 

processes can be found on fin rays from the 2nd to the 8th or 10th from the posterior end of the anal fin depending on 192 

the strain and age, although papillae are rarely produced on the 1st fin ray (Figure 1: male anal fin, Figure 2: female 193 

anal fin).  194 

  195 

Figure 1. Anal fin of control male medaka. Figure 2. Anal fin of control female medaka. 196 

 197 

The current OECD Test Guidelines (TG), e.g., TG229 or TG230, provide a 21-day in vivo screening assay which can 198 

detect androgen antagonism in addition to other endocrine disrupting activities.  However, the activity detected in 199 

these assays is not always specific to the identification of chemicals with androgen antagonism (3, 4, 5, 6).  In addition, 200 

the GD No.148 provides the Androgenized Female Stickleback Screen (AFSS), a 21-day fish assay which assesses 201 

an androgen antagonism of a test substance based on the reduction of spiggin in the kidneys of female sticklebacks 202 

in which the level of the specific biomarker protein (i.e., spiggin) is moderately induced by exposure to 5α-203 

dihydrotestosterone (DHT) (7).  Although the AFSS can specifically identify potential anti-androgenic chemicals, the 204 

assay may include some limitations: (a) the recommended test species, the three spined stickleback (Gasterosteus 205 

aculeatus), has not been adopted in current TGs for EDCs such as TG229, 230, 234 or 240 (3, 4, 8, 9); (b) the assay 206 

can identify the androgen antagonists which interact with androgen receptor, but may not be applicable to detection 207 

of the potential activities that interfere with steroid synthesis and metabolism, since androgenized females rather than 208 

intact males are used; and (c) the assay requires particular techniques and apparatus to maintain the same 209 

1st fin ray 

8th fin ray 

Papillary processes 
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concentration of DHT in all test chambers over the test duration. More recently, to overcome these limitations with 210 

considering the animal welfare, Rapid Androgen Disruption Activity Reporter (RADAR) assay was proposed and 211 

approved as TG No. 251 (10) in 2021, which was developed for the detection of androgen axis active substances. It 212 

is performed in 6-well plate format and can serve as a quick screen for potential androgen axis disrupting substances 213 

using embryos/eleutheroembryos of spg1-gfp transgenic medaka, constructed with the promoter of the Spiggin 1 214 

gene of the three spiced stickleback coupled to a reporter gene for Green Fluorescent Protein (GFP). This RADAR 215 

assay can mostly overcome the (a) and (b) above while the last (c) remained unresolved.  216 

 217 

For eco-toxicity testing of EDCs, TG240, the Medaka Extended One Generation Reproduction Test (MEOGRT), 218 

which is defined as a test at Level 5 in the OECD’s Conceptual Framework for the Testing and Assessment of 219 

Endocrine Disrupters (11) was adopted in 2015.  In Japan’s program on endocrine disruption “EXTEND2010” 220 

(currently updated as “EXTEND2016” and then, “EXTEND2022”), Japanese medaka is consistently used as a test 221 

species in Tier 1 screening (e.g., according to the TG229) and Tier 2 testing (e.g., according to the TG240).  In this 222 

context, Japan started to develop and optimize the method of in vivo assay using juvenile Japanese medaka, which is 223 

applicable to the screening of anti-androgenic substances, in 2016. 224 

 225 

In the JMASA, juvenile medaka (i.e., sexually immature medaka at 5-6 weeks post fertilisation (wpf)) are exposed 226 

to the test substance during a limited part of their lifecycle (28 days) and the SSC (i.e., papillary processes on anal 227 

fin) are assessed at the termination of the exposure.  The JMASA can detect both androgen receptor antagonistic and 228 

agonistic action in medaka: anti-androgens can be identified by an inhibition of SSC in genetic males and androgenic 229 

potency of test substances can be distinguished by induction of papillary processes in genetic females.  When hepatic 230 

vitellogenin (VTG) levels (protein concentration or mRNA expression) are optionally measured, other potential 231 

activities of the test substance (e.g., (anti-)estrogenicity or aromatase inhibition) can also be assessed.  Other 232 

measurements including survival and growth (e.g., total length and body weight) are not considered as endpoints in 233 

the JMASA but are needed to confirm the statistical robustness of the assay and to identify toxic effects (i.e., not 234 

related to endocrine disruption) of the test substance. 235 

 236 

  237 
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2. Principle of the test 238 

 239 

The assay is initiated with juvenile medaka in which sex cannot be identified externally (i.e., papillary processes on 240 

the anal fin are not yet visible in males).    At the termination of the assay, genetic sex is identified by the presence 241 

of the sex determining gene (i.e., dmy gene), for all surviving fish.  Overviews of the relevant assay conditions are 242 

provided in Table 1.  The assay is conducted using a range of test substance exposure concentrations (normally three 243 

test concentrations are used), as well as a dilution water control and a solvent control (if needed).  Four replicate 244 

vessels are used for each concentration including controls and each vessel contains 7 (or less) fish.  The exposure is 245 

conducted for 28-days and sampling of fish is carried out at the end of this period.  On sampling at day 28, all fish 246 

are killed humanely. 247 

 248 

Table 1. Test conditions for Juvenile Medaka anti-Androgen Screening Assay 249 

1. Test species 

(recommended) 

Japanese medaka (Oryzias latipes) 

2. Test type Flow-through test 

3. Water temperature 25 ± 2 oC (the recommended mean temperature throughout the test in 

each tank is 25 ± 1 oC) 

4. Illumination Fluorescent bulbs (wide spectrum) 

5. Illumination level 10-20 μE/m2/s, 540-1000 lux, or 50-100 ft-c 

6. Photoperiod 12-16 hours light, 12-8 hours dark 

7. Loading rate <5 g/L 

8. Test chamber size Minimum of 1.8 L 

9. Volume exchanges of 

test solutions 

Minimum of 5 daily 

10. Age of test organisms at 

initiation 

35-42 dpf 

11. Number of organisms 

per replicate 

7 fish/replicate tank (recommended) 

12. Number of treatments 3 test substance treatments plus appropriate control(s) 

13. Number of replicates per 

treatment 

4 replicates per treatment for test substance and control (minimum) 

14. Number of organisms 

per test  

 

Minimum 112 fish (minimum 140 fish, if solvent control is used) 
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15. Feeding regime Live brine shrimp (Artemia spp.) nauplii, supplemented with a 

commercially available flake food if necessary, two or three times 

daily, ad libitum 

16. Aeration None unless dissolved oxygen falls below 60 % ASV 

17. Dilution water Clean surface, well or reconstituted water or dechlorinated tap water. 

18. Chemical Exposure 

duration 

28 days (pre-exposure period is not required) 

19. Biological endpoints Survival; abnormal response (e.g., in behavior and appearances), 

secondary sex characteristics (number of papillary processes); 

vitellogenin (VTG protein or vtg mRNA, as an optional endpoint) 

20. Test acceptability 

criteria 

Mortality of ≤10% in the controls; dissolved oxygen of >60% ASV; 

water temperature of 25±2 oC throughout the test and ±1.5 °C between 

test vessels at any one time 

 250 

Measurements in the course of the exposure include indications of general toxicity (i.e., mortality, abnormal behavior 251 

and growth (e.g., total length and body weight)), as well as the endpoints (SSC and VTG (optional)) to evaluate 252 

(potential) interaction with the endocrine system.  All endpoints are analyzed in the context of determination of the 253 

genetic sex of the individuals.  The number of papillary processes on the anal fin serves for the detection of androgen 254 

receptor antagonists and agonists. Reduction of the number of papillary processes in genetic males has been 255 

demonstrated following exposure to androgen antagonists (2, 12).  Also, it has been well documented that the 256 

detection of androgen agonists is possible based on the appearance of SSC in females. (5, 12, 13).  If the VTG levels 257 

in males and females are measured, potential (anti-)estrogenic activity and/or aromatase inhibition can also be 258 

identified (4). 259 

  260 
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3. Overview of the Validation Study 261 

3.1 Specific goals 262 

1) Phase 1 validation study was conducted only in two laboratories with positive (flutamide, vinclozolin, and 263 

fenitrothion) and negative (cromolyn) chemicals, and phase 2 with the third laboratory. 264 

2) In addition to the anti-androgenic chemicals, the chemicals with other mode of actions (i.e., estrogen, 265 

androgen, and steroidogenesis inhibitors) are examined in this protocol. 266 

3) Applicability to the different Japanese medaka strain was investigated in addition to clarify the relationship 267 

between the age, the growth (body weight and length) and the secondary sexual characteristics. 268 

4) Performance was compared between the laboratories. Reliability, reproducibility across laboratories, and 269 

sensitivity of the assay were determined. 270 

 271 

3.2 Overview of the Test Conditions 272 

All the experiments carried out by three laboratories were performed using Japanese (minami) medaka strain bred in 273 

their laboratory. For the interlaboratory validation, all participating laboratories (NIES, IDEA, and Mitsubishi 274 

Chemical Research) were asked to test three expected anti-androgenic chemicals and one expected inert chemical. 275 

These are shown in Table 2 below.  276 

 277 

Table 2. List of chemicals asked for all three laboratories to test. 278 

 Test Chemical Mode of Action 

 

Anti-androgenic 

Flutamide AR antagonist 

Vinclozolin Metabolites are AR antagonists 

Fenitrothion AR antagonist 

Expected Inert Cromolyn Mast cell stabilizer 

 279 

Additional expected anti-androgenic chemicals, the chemicals with the other mode of action(s), and expected inert 280 

chemicals were also examined in NIES or IDEA. These are shown in Table 3 below. 281 

 282 

Table 3. List of chemicals optionally used in the validation test. 283 

 Test Chemical Mode of Action 

Anti-androgenic Manneb Expected AR antagonist 

Linuron Inhibition of steroidogenesis, AR antagonist 

 Cyproteron acetate AR antagonist 

Estrogen 17β-estradiol Aromatase transcription inducer 

estrone Aromatase transcription inducer 

Androgen Trenbolon AR agonist 

Steroidogenesis Inhibitor Ketoconazole Expected steroidogenesis inhibitor 

Tebuconazole Expected steroidogenesis inhibitor 

Expected Inert Zinc Chloride Unknown 

SDS Unknown 

In all three laboratories, the flow-through system was conducted based on the draft protocol. Based on the growth 284 

curve, the age of test organisms at initiation was 35 dpf at NIES and Mitsubishi Chemical Research and 42 dpf at 285 
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IDEA. 5 L chamber was used for all the test chemicals except for vinclozolin; 1.8 L chamber was used to save the 286 

amount of chemical used and to minimize the frequency of preparing the stock solution. The overview of the testing 287 

conditions which might affect the results are summarized in Table 4. 288 

 289 

Table 4. Overview of key testing conditions in three laboratories participated the interlaboratory ring test. 290 

 NIES IDEA Mitsubishi Chemical Research 

Test organism Oryzias latipes  
(NIES-R strain) 

Oryzias latipes  
(NIES-R strain) 

Oryzias latipes  
(NIES-R strain) 

Dilution water Dechlorinated tap water 

(Tsukuba, Japan) 

Dechlorinated tap water 

(Yaizu, Japan) 

Dechlorinated tap water 

(Yokohama, Japan) 

Feeding 

(mg dry 

weight/fish/day) 

Artemia sp. nauplii 

15% of estimated body 

weight of fish 

Artemia sp. Nauplii 

sufficient amount to 

maintain body condition. 

Artemia sp. nauplii 

9.5 (0-7 d) 

15.9 (8-28 d) 

Age of test 

organisms at 

initiation 

35 dpf 42 dpf 35 dpf 

Chamber size 5 L 

(1.8 L for vinclozolin) 

2.5 L 

 

5 L 

(1.8 L for vinclozolin) 

Appearance of 

flow-through 

system 

 

  

 291 

In NIES, the relationship between age, growth (weight and length), and secondary sexual characteristics (first 292 

appearance of papillary processes) was investigated for two strains, NIES-R and SKR. The former one has been bred 293 

in NIES for more than 20 years while the latter has been bred for three years in NIES after sampled in Sakura City, 294 

Chiba, Japan. The overview of these two strains is shown in Table 5. 295 

 296 

Table 5. Overview of two strains used for drawing growth curve. 297 

 NIES-R SKR 

Species name Oryzias latipes (Japanese medaka) Oryzias latipes (Japanese medaka) 

Appearance 

  
Origin Unknown Sakura, Chiba, Japan 

Size (Total body length) 3.2-3.4 cm 2.7-2.9 cm 

Hatching days 7-8 days after fertilization 10-11 days after fertilization 

First observation of 

papillary process 

Approx. 45 days post hatching 

Approx. 53 days post fertilization 

No data 
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3.3 Statistical Analysis 298 

If the data (normally, replicate means) are assumed to be a monotone trend (in an increase or a decrease), it is 299 

recommended to analyse the data by a trend-based step-down methods (e.g., step-down Williams test, Jonckheere-300 

Terpstra test).  To assess monotonicity, a visual check from a scatter plot can be used, although data should preferably 301 

be evaluated by using linear and quadratic contrasts.  If the data are non-monotonic, a multiple comparison test, such 302 

as the Dunnett test (parametric data) or Mann-Whitney test according to Holm (non-parametric data), should be 303 

performed.  304 

As a preliminary, the data should be assessed for normality (e.g., using the Shapiro-Wilk test) and homogeneity of 305 

the variance (e.g., using Levene’s test) among the treatment groups where parametric methods (e.g., Williams test, 306 

Dunnett test) are employed for analysis.  Where the assumption of normality or variance homogeneity is not met, 307 

data transformation, to achieve these requirements, can be sought or non-parametric methods employed. 308 

It is important that the strongest, valid tests are employed for statistical analysis of the endpoints.  For example, the 309 

power properties of the step-down Jonckheere-Terpstra test are very similar to those of the step-down Williams test, 310 

when the data are normally distributed with homogeneous variances, and are superior to Williams when those 311 

conditions are violated. On the other hand, for datasets with few replicates, the power properties of the Mann-Whitney 312 

and Dunn tests are worse, sometimes much worse, that those of Dunnett’s test.  313 

An example of statistical flow chart for biological data (e.g., SSC, VTG) from JMASA provides below. 314 

 315 

Figure 3. An example of statistical flow chart 316 

  317 
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4. Results and Discussion 318 

4.1 Results of expected anti-androgenic chemicals 319 

4.1.1 Vinclozolin 320 

Figure 4 shows the results of vinclozolin, a well-known AR antagonist, in three laboratories. The top subfigures (a, 321 

b, and c) show the number of papillary processes in each concentration, the middle subfigures (d, e, and f) show the 322 

relationship between the body length and the number of papillary processes to possibly discriminate the growth 323 

inhibition-driven decrease in papillary processes. The bottom subfigures (g, h, and i) show the liver vitellogenin 324 

(VTG) concentration in genetic males and females in each concentration. 325 

 326 

 327 

Figure 4. Results of interlaboratory studies for vinclozolin: Concentration-Response Relationship in the number of 328 

papillary processes in (a) NIES, (b) IDEA, and (c) Mitsubishi Chemical Research (MCR); Relationship between 329 

total length and the number of papillary processes in (d) NIES, (e) IDEA, and (f) MCR; liver VTG concentration in 330 

both genetic males and females in each concentration in (g) NIES, (h) IDEA, and (i) MCR (*: p<0.05). 331 

 332 
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As can be seen, similar significant decreasing trend in the number of joint plates with papillary processes (PPs) was 333 

found in all the three laboratories as the increase of the aqueous concentration of vinclozolin, and the results agreed 334 

well each other although the slight difference in LOEC was observed (78.2, 54.8 and 175 μg/L in NIES, IDEA, and 335 

MCR, respectively). The slight growth inhibition was observed at the highest concentration in MCR (Figure 4f) while 336 

no apparent growth inhibition was observed in the lower concentration with the statistically significant decrease 337 

observed in the number of PPs (175 μg/L). The significant growth inhibition was observed even at the highest 338 

concentration neither in NIES (Figure 4d) nor in IDEA (Figure 4e). The liver VTG concentration did not change 339 

significantly even at higher concentrations. 340 

 341 

4.1.2 Flutamide 342 

Figure 5 shows the results of flutamide, another well-known AR antagonist, in three laboratories. As with vinclozolin, 343 

the concentration-response relationship for the number of PPs are shown in Figure 5a to 5c, while the relationship 344 

between the body length and the number of PPs (growth inhibition) was plotted in Figure 5d to 5f. The liver VTG 345 

concentration both in genetic male (XY) and female (XX) is shown as bar graph in Figure 5g to 5i.  346 

The significant decreasing trend of PPs similar to vinclozolin was found in all the three laboratories as the increase 347 

of the aqueous concentration of flutamide and the results agreed well each other although the slight difference in 348 

LOEC was observed, as 271, 497, and 243 μg/L in NIES, IDEA, and MCR, respectively. As with vinclozolin, slight 349 

growth inhibition was observed at highest concentration (936 μg/L) in MCR but no apparent growth inhibition was 350 

observed at the lower concentrations with statistically significant decrease of PPs were observed (Figure 5c). The 351 

significant growth inhibition was observed neither in NIES nor in IDEA. Since the concentration level of growth 352 

inhibition was well above the LOEC for the number of PPs even in MCR, and the anti-androgenic effects were 353 

observed by the decrease (delay) in the formation of PPs for flutamide. The liver VTG concentration did not change 354 

significantly in all three laboratories. 355 

 356 
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 357 

Figure 5. Results of interlaboratory studies for flutamide: Concentration-Response Relationship in (a) NIES, (b) 358 

IDEA, and (c) Mitsubishi Chemical Research (MCR); Relationship between total length and number of papillary 359 

processes in (d)NIES, (e) IDEA, and (f) MCR; liver VTG concentration in both genetic males and females in (g) 360 

NIES, (h) IDEA, and (i) MCR (*: p<0.05; *: p<0.01). 361 

 362 

4.1.3 Fenitrothion 363 

Figure 6 shows the results of fenitrothion, another well-known AR antagonist, in three laboratories. As with 364 

vinclozolin and flutamide, the concentration-response relationship for the number of PPs are shown in Figure 6a to 365 

6c, while the relationship between the body length and the number of PPs (growth inhibition) was plotted in Figure 366 

6d to 6f. The liver VTG concentration both in genetic male (XY) and female (XX) is shown as bar graph in Figure 367 

6g to 6i.  368 

 369 
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 370 

Figure 6. Results of interlaboratory studies for fenitrothion: Concentration-Response Relationship in (a) NIES, (b) 371 

IDEA, and (c) Mitsubishi Chemical Research (MCR); Relationship between total length and number of papillary 372 

processes in (d) NIES, (e) IDEA, and (f) MCR; liver VTG concentration in both genetic males and females in (g) 373 

NIES, (h) IDEA, and (i) MCR (*: p<0.05). 374 

 375 

As can be seen, similar decreasing trend was found in all the three laboratories as the increase of the aqueous 376 

concentration of fenitrothion while no statistically significant decrease at the highest concentration was observed in 377 

MCR (Figure 6c). At the highest concentration (886 μg/L) in NIES, 30% mortality and the significant growth 378 

inhibition was observed in this concentration (Figure 6d). The relatively higher variation in the control (and the 379 

highest concentrations) and the slightly low concentration at the highest concentration (186 μg/L) compared to the 380 

other two laboratories might be the cause of the difference. Therefore, the special attention is necessary to set the 381 

proper concentration to detect the anti-androgenic activity and distinguish from the general toxicity such as mortality 382 

and growth inhibition effects. No statistically significant difference was observed in liver VTG level except for the 383 

higher concentrations in MCR where very slight decrease was observed near the lower limit of quantification around 384 
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1 ng/mg liver. 385 

In NIES, we also conducted the JMASA using a different strain (SKR, Table 4) and compared the results with our 386 

NIES-R strain. Figure 7 shows the results of fenitrothion with SKR and NIES-R. As can be seen, the decreasing trend 387 

was evident as the increase of the fenitrothion concentration for both strains, which suggest the applicability of 388 

JMASA to wide range of strains, once the relationship between the age and growth including SSC is revealed for the 389 

strain with the breeding condition in each laboratory. While light growth inhibition was observed at the highest 390 

concentration in both strains, the statistically significant decrease in the number of PPs was observed at lower 391 

concentrations (104 and 86.8 μg/L in SKR and NIES-R, respectively). Again, slight decrease in liver VTG was 392 

observed in SKR (Figure 7e) but this is close the level of lower limit of quantification for VTG measurement using 393 

ELISA kit. 394 

 395 

Figure 7. Results of fenitrothion: Concentration-Response Relationship of (a) SKR strain and (b) NIES-R; 396 

Relationship between total length and number of papillary processes in (c) SKR and (d) NIES-R; liver VTG 397 

concentration in both genetic males and females in (e) SKR and (f) NIES-R. (*: p<0.05; **: p<0.01) 398 
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4.1.4 Cyproteron acetate 399 

Figure 8 shows the results of cyproterone (or chlormadinone) acetate, another well-known AR antagonist, used as 400 

anti-androgen or progestin medication, conducted only in IDEA. Slight decrease in the number of PPs with the 401 

increase of the cyproterone concentration was observed, and the statistically significant decrease was observed at the 402 

highest concentration (33.4 μg/L) while no significant growth inhibition was observed in all the concentrations. In 403 

addition, significant change in hepatic VTG concentration was observed neither in XY male nor in XX female. 404 

 405 

 406 

Figure 8. Results of cyproterone acetate in IDEA: (a) Concentration-Response Relationship, (b) Relationship 407 

between total length and number of papillary processes (c) liver VTG concentration in both genetic males and females. 408 

(*: p<0.05) 409 

 410 

4.1.5 Linuron 411 

Figure 9 shows the results of linuron, a suspected AR antagonist, in two laboratories. JMASA was found to be unable 412 

to detect anti-androgenic activity from linuron in both laboratories. while AFSS and RADAR with spiggin of 413 

stickleback could detect positive effect from this chemical (7, 14). We did not observe the anti-androgenic actions in 414 

the co-exposure of a competitive androgen, 11-ketotestosterone (at 50 nM) using the reporter gene assay with 415 

Japanese medaka ARβ, at the level below cytotoxicity was observed (10-4M). Thus, the results of JMASA in this 416 

validation study did not contradict with that of reporter gene assay, we think that the anti-androgenic activity of 417 

linuron in medaka through AR is negative and is not considered as false negative in EXTEND program (15) with 418 

literature review on medaka and other rodents although the anti-androgenic activity on three spine stickleback is 419 

evident. 420 

 421 
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 422 

Figure 9. Results of interlaboratory studies for linuron: Concentration-Response Relationship in (a)NIES, and 423 

(b)IDEA; Relationship between total length and number of papillary processes in (c)NIES and (e)IDEA; liver VTG 424 

concentration in both genetic males and females in (e) NIES and (f) IDEA. (*: p<0.05) 425 

 426 

 427 

4.1.6 Manneb 428 

Figure 10 shows results of manneb, a herbicide and a suspected AR antagonist based on in vitro reporter-gene assay 429 

in the framework of EXTEND2016 (15) under Ministry of the Environment, Japan and was investigated in NIES. 430 

We found 68% mortality at the highest concentration (40 μg/L nominal) and apparent growth inhibition was observed 431 

in addition to the lethal effects. No significant decrease in the number of PPs at the lower concentrations. Additionally, 432 

we found unstable aqueous concentration even with the flow-through system to renew the stock solution twice a day. 433 

Thus, the total concentration was monitored using ICP-MS and found that the total Mn concentration is in the range 434 

between 80 and 120% of the nominal. 435 

 436 
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 437 

Figure 10. Results of manneb in NIES: (a) Concentration-Response Relationship, (b) Relationship between total 438 

length and number of papillary processes (c) liver VTG concentration in both genetic males and females. (*: 439 

p<0.05) 440 

 441 

4.2 Results of the chemicals with the other mode of actions 442 

4.2.1 17β-Estradiol 443 

Figure 11 shows the results of 17β-estradiol, a natural estrogen and is also considered as an AR antagonist. As can be 444 

seen, the number of joint plates with papillary processes significantly decreased at the highest concentration (34.8 445 

ng/L) while no significant growth inhibition was observed (Figure 11b). At the highest concentration, hepatic VTG 446 

concentration significantly increased for both genetic male and female, which suggests both estrogenic and anti-447 

androgenic activity was detected in this test although these two actions cannot be clearly distinguished. 448 

 449 

 450 

Figure 11. Results of 17β-estradiol in NIES: (a) Number of plates with papillary processes at each concentration, (b) 451 

Relationship between total length and number of papillary processes, and (c) liver VTG concentration in both genetic 452 

males and females. (*: p<0.05). 453 

 454 

4.2.2 Estrone 455 

Figure 12 shows the results of estrone, another natural estrogen and is also considered as an AR antagonist. As with 456 

17β-estradiol, the number of joint plates with papillary processes significantly decreased in all the concentrations 457 

above 79.9 ng/L while no significant growth inhibition was observed except for the higher concentrations (901 and 458 

3050 ng/L, Figure 12b).  In all the concentrations, hepatic VTG concentration significantly increased for both genetic 459 
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male and female, which again suggests both estrogenic and anti-androgenic activity was detected in this test although 460 

these two actions cannot be clearly distinguished. The fish short-term reproduction assay (OECD test guideline No. 461 

229) was conducted under EXTEND2016 program and the LOEC was reported to be 272 ng/L for VTG and 1009 462 

ng/L for reproduction (16), and the LOEC for PPs (79.9 ng/L) is even lower than these values as with the LOEC for 463 

liver VTG was also 79.9 ng/L. 464 

 465 

 466 

Figure 12. Results of estrone in NIES: (a) Number of plates with papillary processes at each concentration, (b) 467 

Relationship between total length and number of papillary processes, and (c) liver VTG concentration in both genetic 468 

males and females. (*: p<0.05). 469 

 470 

4.2.3 Trenbolone 471 

Figure 13 shows the results of trenbolone, an androgen agonist. In contrast to the two estrogens and androgen 472 

antagonists, PPs formed in genetic female while no significant change in the number of PPs was found for genetic 473 

males (Figurer 13a). As for hepatic VTG concentration, the significant decrease was observed for genetic females 474 

(Figure 13c). These results suggest that this method could detect androgen agonist in addition to the chemicals with 475 

anti-androgenic activity. 476 

 477 

 478 

Figure 13. Results of trenbolone in NIES: (a) Number of plates with papillary processes at each concentration in 479 

both genetic males and females, (b) Relationship between total length and number of papillary processes (genetic 480 

males), and (c) liver VTG concentration in both genetic males and females. (*: p<0.05; **: p<0.01) 481 

 482 
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4.2.4 Ketoconazole 483 

Figure 14 shows the results of ketoconazole, an antifungal agent and suspected as a steroidogenesis inhibitor. As with 484 

androgen antagonists, the number of PPs decreased with the increase of ketoconazole concentration (Figure 14a). At 485 

885 and 413 μg/L, slight growth inhibition was observed while no growth inhibition was evident at 159 μg/L (Figure 486 

14b).  The hepatic VTG in genetic female decreased at the higher concentration with the concentration-dependent 487 

manner while the VTG did not increased in genetic male. These results suggest the inhibition of steroidogenesis led 488 

the formation of androgens and the inhibition of the androgen-axis actions (the formation of estrogens from androgens 489 

by aromatase). Thus, this method may possibly detect a steroidogenesis inhibitor with the measurement of VTG 490 

concentrations. 491 

 492 

 493 

Figure 14. Results of ketoconazole in IDEA: (a) Number of plates with papillary processes at each concentration, 494 

(b) Relationship between total length and number of papillary processes, and (c) liver VTG concentration in both 495 

genetic males and females. (*: p<0.05; ** p<0.01). 496 

 497 

4.2.5 Fluconazole 498 

Figure 15 shows the results of fluconazole, another antifungal agent and is unknown to be a steroidogenesis inhibitor 499 

and used as an antifungal drug. Since fluconazole is highly insoluble in water, DMF was used as a solvent and both 500 

solvent and non-solvent controls were prepared. In contrast to ketoconazole, the number of PPs did not change 501 

significantly even at the highest concentration (Figure 15a). In this method, no effect on androgen-axis was observed 502 

for fluconazole even at the highest concentration (8.80 μg/L). The liver VTG concentration in genetic male decreased 503 

but the concentration in the controls was low and the decrease was considered as biologically significant. 504 

Ketoconazole and fluconazole are both in the category of azole antifungal agents to inhibit the steroidogenesis from 505 

lanosterol to ergosterol but their structures are different. Further research should be conducted to clarify the 506 

steroidogenesis inhibition potency of these azoles based on their structural differences (quantitative structure-activity 507 

relationship: QSAR) to inhibit the formation of androgens/estrogens from cholesterol. 508 

 509 
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 510 

Figure 15. Results of fluconazole in NIES: (a) Number of plates with papillary processes at each concentration, (b) 511 

Relationship between total length and number of papillary processes, and (c) liver VTG concentration in both genetic 512 

males and females. (*: p<0.05; ** p<0.01) 513 

 514 

4.3 Results of expected inert chemicals 515 

4.3.1 Cromolyn 516 

Figure 16 shows the results of cromolyn, expected inert chemicals. While no significant change in the number of PPs 517 

were observed for IDEA (Figure 16b) and Mitsubishi Chemical Research (Figure 16c) while slight decrease was 518 

found in NIES and the decrease was statistically different (Figure 16a). In this JMASA protocol, four tanks were 519 

prepared with seven unmatured fish before SSC. In the experiment in NIES, accidentally only one genetically male 520 

(and six genetically females) was observed in two tanks and the number of PPs of these two were much lower than 521 

the others. The statistical analysis was conducted based on tank average, which might cause this unexpected detection. 522 

Most of the cases, the number of males is two or more but there might be a limited case, accidentally. If the sex ratio 523 

is assumed as 1:1, the probability of no male is 1/27=0.78% and that of only one male is 7/27=5.47%. Thus, the sex 524 

ratio should be carefully reviewed in such extreme cases. To avoid these problems, the genetic sex of each fish might 525 

be pre-checked by the DMY analysis of the eggshells. No growth inhibition was observed in all three laboratories 526 

even at the highest concentration (Figure 16d, e, and f) and the change in the liver VTG was not evident except for 527 

the slight increase in genetic females in IDEA (Figure 16h) and slight decrease in genetic males in MCR (Figure 16i). 528 

 529 
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 530 

Figure 16. Results of interlaboratory studies for cromolyn sodium salt: Concentration-Response Relationship in 531 

(a)NIES, (b)IDEA, and (c) Mitsubishi Chemical Research (MCR); Relationship between total length and number of 532 

papillary processes in (d) NIES, (e) IDEA, and (f) MCR; liver VTG concentration in both genetic males and females 533 

in (g) NIES, (h) IDEA, and (i) MCR. (*: p<0.05; **: p<0.01) 534 

 535 

4.3.2 Zinc chloride 536 

Figure 17 shows the results of zinc chloride, another expected inert chemicals. Slight increase in the number of PPs 537 

was observed at the higher concentration. The growth seemed to be slightly promoted at the higher concentration or 538 

a slight growth delay was observed in the control with average number of PPs at 52 (Figure 17b). No significant 539 

change in liver VTG was observed in Figure 17c. 540 

 541 
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 542 

Figure 17. Results of zinc chloride in NIES: (a) Number of plates with papillary processes at each concentration, (b) 543 

Relationship between total length and number of papillary processes, and (c) liver VTG concentration in both genetic 544 

males and females. (*: p<0.05). 545 

 546 

4.3.3 SDS 547 

Figure 18 shows the results of sodium dodecyl sulfate, an anionic surfactant, expected inert chemicals. Slight growth 548 

inhibition was observed at the highest concentration (9.51 mg/L, Figure 18b) while slight increase in the number of 549 

PPs was observed for the lower concentrations (0.827 and 2.67 mg/L, Figure 18a). The slight decrease was observed 550 

for the liver VTG in genetic female (Figure 18c). 551 

 552 

 553 

Figure 18. Results of SDS in IDEA: (a) Number of plates with papillary processes at each concentration, (b) 554 

Relationship between total length and number of papillary processes, and (c) liver VTG concentration in both genetic 555 

males and females.. (*: p<0.05). 556 

 557 

4.4 Growth curve of two Japanese medaka strain 558 

As presented above, the growth curve (relationship between total length, age and the numbers of PPs) of Japanese 559 

medaka is highly depending on the strain and breeding conditions. Figure 19 shows the growth curve of two Japanese 560 

medaka strains (NIES-R and SKR) based on total length and fresh body weight. As can be seen, NIES-R grows faster 561 

than SKR. The hatching was also found to take longer for SKR (11 days) compared to NIES-R (7 days). The first 562 

observation of PPs was 45 dpf (38 dph) for NIES-R and 53 dpf (42 dph) for SKR while total length became asymptotic 563 
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and plateau at 34 mm for NIES-R and 28 mm for SKR around 90 dpf. Despite the difference in the growth speed, the 564 

SSC seems to be within approximately one week. Consequently, we decided to slightly modify the age of initiating 565 

the test to be 35-42 dpf, approximately 10 days before the first observation of papillary processes. Again, we strongly 566 

recommend to those who are planning to conduct the JMASA to carefully observe the growth curve in their strain 567 

and breeding condition to confirm that the age of initiating the test is approximately 10 days before the first 568 

observation of papillary processes. 569 

 570 

 571 

Figure 19. Growth curve of two Japanese medaka strains (NIES-R and SKR) in NIES with the first observation of 572 

secondary sex characteristics (papillary processes) based on (a) total length and (b) fresh weight. 573 

 574 

 575 

  576 
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5. Conclusions 577 

 578 

The interlaboratory validation exercise of JMASA demonstrated that the assay provides almost the expected results 579 

with the expected anti-androgens (vinclozolin, flutamide, and fenitrothion) while no anti-androgenic effect was 580 

detected for linuron, considered as positive based on AFSS and RADAR. The negative results in JMASA does not 581 

contradict with reporter gene assay with medaka ARβ. JMASA assay can be used to detect ER and AR agonists and 582 

could be used to detect steroidogenesis inhibitors if liver VTGs were measured optionally.  583 

Overall, the data generated in the three laboratories matched the expected response profiles and the test chemicals 584 

were almost correctly classified as anti-androgens in each laboratory. 585 

  586 
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