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INTRODUCTION 14 

1. This Guidance Document (GD) describes the Juvenile Medaka Anti-Androgen Screening Assay 15 

(JMASA), a 28-day in vivo screening assay which can identify the potential of chemicals to have 16 

endocrine disrupting properties with anti-androgenic activity in fish using Japanese (minami) medaka 17 

(Oryzias latipes).  The concept of the JMASA is based on studies of papillary processes (papillae) on 18 

the anal fin, whose induction and development is regulated by the androgen receptor signalling pathway 19 

(1, 2).  The JMASA is placed at level 3 of the OECD conceptual framework for the testing of endocrine 20 

disrupting chemicals (EDCs) in GD 150 (3).  In Japanese medaka, papillary processes normally 21 

produced on the latter half of the anal fin are the main secondary sex characteristics (SSC) of males and 22 

can be a specific biomarker for (anti-)androgen active chemicals.  The current OECD Test Guidelines 23 

(TG), e.g., TG229 or TG230, provide a 21-day in vivo screening assay which can detect androgen 24 

antagonism in addition to other endocrine disrupting activities but papillary processes are already 25 

developed in TG229 and the statistical power or sensitivity of TG 229/230 to detect anti-androgen is low, 26 

as reported in the TG themselves (4,5) and in the GD150 (3).  In addition, the activity detected in these 27 

assays is not always specific to the identification of chemicals with androgen antagonism (4, 5, 6, 7).  28 

Furthermore, the GD No.148 provides the Androgenized Female Stickleback Screen (AFSS), a 21-day 29 

fish assay which assesses an androgen antagonism of a test substance based on the reduction of spiggin in 30 

the kidneys of female sticklebacks in which the level of the specific biomarker protein (i.e., spiggin) is 31 

moderately induced by exposure to 5α-dihydrotestosterone (DHT) (8).  Although the AFSS can 32 

specifically identify potential anti-androgenic chemicals, the assay may include some limitations: (a) the 33 

recommended test species, the three spined stickleback (Gasterosteus aculeatus), has not been adopted in 34 

current TGs for EDCs such as TG229, 230, 234 or 240 (4, 5, 9, 10); (b) the assay can identify the 35 

androgen antagonists which interact with androgen receptor, but may not be applicable to detection of the 36 

potential activities that interfere with steroid synthesis and metabolism, since androgenized females 37 

rather than intact males are used; and (c) the assay requires particular techniques and apparatus to 38 

maintain the same concentration of DHT in all test chambers over the test duration.  Overcoming 39 

limitations listed under a) and b) for the AFSS, the Rapid Androgen Disruption Activity Reporter 40 

(RADAR) assay (TG 251) using embryos/eleutheroembryos of transgenic Japanese medaka also detects 41 

androgen-axis active substances (11).  While it provides the advantage of possibly reducing the numbers 42 

of adult and juvenile fish in testing, the required maintenance of the DHT concentration in all test wells 43 

still requires advanced equipment of the testing laboratories. 44 

2. For eco-toxicity testing of EDCs, TG240, the Medaka Extended One Generation Reproduction 45 

Test (MEOGRT), which is defined as a test at Level 5 in the OECD’s Conceptual Framework for the 46 

Testing and Assessment of Endocrine Disrupters (3) was adopted in 2015.  Japan started to develop and 47 

optimize the method of in vivo assay using juvenile Japanese medaka, which is applicable to the 48 

screening of anti-androgenic substances, in 2016, in the program on endocrine disruption 49 

“EXTEND2016” (currently updated as “EXTEND2022”) (12).  The JMASA is intended to be fish 50 

screen classifying the chemical into potentially active or inactive on the androgen axis but is not intended 51 

to determine toxicity values for risk assessment (i.e., no observed effect concentration [NOEC]).   52 

3. In the JMASA as described in this GD, juvenile medaka (i.e., sexually immature medaka at 5-6 53 

weeks post fertilisation (wpf): 35 dpf to ensure 10 days prior to the expected development of papillary 54 

processes for NIES-R strain in National Institute for Environmental Studies of Japan based on 55 

preliminary work on growth curve (13)) are exposed to the test substance during a limited part of their 56 

lifecycle (28 days) and the SSC (i.e., papillary processes on anal fin) are assessed at the termination of 57 

the exposure.  The JMASA can detect potential activities that interfere with steroid synthesis and 58 
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metabolism in addition to androgen receptor antagonistic and agonistic action in medaka: anti-androgens 59 

can be identified by an inhibition of SSC in genetic males and androgenic potency of test substances can 60 

be distinguished by induction of papillary processes in genetic females.  When hepatic vitellogenin 61 

(VTG) levels (protein concentration or mRNA expression) are optionally measured, other potential 62 

activities of the test substance (e.g., (anti-)estrogenicity or aromatase inhibition) can also be assessed.  63 

Other measurements including survival and growth (e.g., total length and body weight) are not 64 

considered as endpoints specific to endocrine disruption but are needed to confirm the statistical 65 

robustness of the assay and to identify toxic effects (i.e., not related to endocrine disruption) of the test 66 

substance.  For example, the significant inhibition of SSC in genetic males is found at the concentration 67 

with no significant growth inhibition, this is considered as anti-androgenic activity. 68 

DEFINITIONS 69 

4. Definitions used in this Guidance Document are given in Annex 1. 70 

INITIAL CONSIDERATIONS AND LIMITATIONS 71 

5. The method for the JMASA described in this GD has undergone inter-laboratory validation 72 

studies, which demonstrated that an inhibition of the formation of papillary processes leads to the 73 

presence of fewer papillary processes on the anal fin is a valid marker for screening anti-androgenic 74 

substances in male medaka. In Japanese medaka, previous study elucidated that a signalling pathway 75 

initiated from the androgen receptor to develop papillary processes on the anal fin (1), which are 76 

externally visible and are readily quantifiable secondary sex characteristics of males.  Because female 77 

medaka maintain the capacity to develop male secondary sex characteristics, the assay is applicable for 78 

screening of androgenic substances. 79 

6. The test species for the JMASA is limited to Japanese (minami) medaka and closely related fish 80 

species, since the apical endpoint (i.e., papillary processes on the anal fin) is a species-specific SSC.  In 81 

addition, this GD recommends the use of juvenile medaka at 5-6 wpf (i.e., approximately 10 days prior to 82 

the formation of the SSC) as test organisms.  It should be noted that any specific characteristics (e.g., 83 

the age at which SSC appear) in the males to be deployed in the test should be determined beforehand as 84 

the historical data in the lab, because the development of SSC might be dependent on the strain of 85 

medaka or the culturing conditions (e.g., stocking density or feeding regime).  Special attention should 86 

be paid to water temperature conditions, as higher temperatures, even those within a range considered 87 

acceptable in this assay (24 – 26°C) can lead to genotype-phenotype mismatches (14).  Careful 88 

interpretation of growth data is also recommended in order to avoid false-positive results, since growth 89 

may be impacted/influenced by systemic or non-endocrine modes of action which can affect the 90 

development of SSC during the exposure period (15). 91 

7. Vitellogenin (VTG) is a precursor of egg yolk proteins, and is normally produced by the liver of 92 

female oviparous vertebrates in response to circulating endogenous oestrogen.  Although this GD does 93 

not include VTG as an essential endpoint for the JMASA, the measurement of VTG levels can identify 94 

substances which have an interaction with the oestrogen pathway (e.g., oestrogenic/anti-oestrogenic 95 

substances or aromatase inhibitors).  VTG levels can be assessed based on the hepatic protein 96 

concentration quantitatively measured by a specific Enzyme-Linked Immunosorbent Assay (ELISA) 97 

method or the expression of vtg mRNA in liver samples by the quantitative PCR method, and the test 98 
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laboratory should consider from its own experience which method to use in the test.  Measurement of 99 

VTG levels in both males and females should also be considered when it is suspected that a test 100 

substance can affect the estrogen pathway in fish, although it is noted that there is a possibility of 101 

production/reduction of VTG in females also being affected by general or non-endocrine toxicity of test 102 

substance.   103 

PRINCIPLE OF THE TEST 104 

8. The assay is initiated with juvenile medaka in which sex cannot be identified externally (i.e., 105 

papillary processes on the anal fin are not yet visible in males).    At the termination of the assay, 106 

genetic sex is identified by the presence of the sex determining gene (i.e., dmy gene), for all surviving 107 

fish.  Overviews of the relevant assay conditions are provided in Annex 2.  The assay is conducted 108 

using a range of test substance exposure concentrations (at least three test concentrations are used 109 

because this assay is considered as screening test), as well as a dilution water control and a solvent 110 

control (if needed).  Four replicate vessels are used for each concentration including controls and each 111 

vessel contains 7 fish, which matches the number of replicates in TG229 (4) and that of fish for TG203 112 

(16) and ensures at least one male in at least three out of four vessels tank by 99.8% even if sex ratio of 113 

males is minimum at 30%.  The exposure is conducted for 28-days and sampling of fish is carried out at 114 

the end of this period.  On sampling at day 28, all fish are killed humanely (16). 115 

9. Measurements in the course of the exposure include indications of general toxicity (i.e., 116 

mortality, abnormal behaviour and growth (e.g., total length and body weight)), as well as the endpoints 117 

(SSC and VTG (optional)) to evaluate (potential) interaction with the endocrine system.  All endpoints 118 

are analysed in the context of determination of the genetic sex of the individuals.  The number of 119 

papillary processes on the anal fin of genetic males serves for the detection of androgen receptor 120 

antagonists and agonists (and chemicals active on other androgen axis such as aromatase inhibitors).  121 

The fewer number of papillary processes formed in genetic males has been demonstrated following 122 

exposure to androgen antagonists compared to control fish (2, 17).  Also, it has been documented that 123 

the detection of androgen agonists is possible based on the appearance of SSC in females, (6, 17, 18) but 124 

the specificity as a trigger of papillary formation in female still remains unknown.  If the VTG levels in 125 

males and females are measured, potential (anti-)oestrogenic activity and/or aromatase inhibition can also 126 

be identified (5). 127 

INFORMATION ON THE TEST SUBSTANCE 128 

10. The water solubility (e.g., by TG105) and the vapour pressure (e.g., by TG104) of the test 129 

substance should be known.  Other useful information includes the structural formula, purity of the 130 

substance, stability in water and light, pKa, Pow and biodegradability (e.g., by TG301 or 310).  A 131 

reliable analytical method for the quantification of the test substance in the test solutions, with known 132 

and reported accuracy and limit of quantification, should be available. 133 

11. Although not necessary to conduct the test, results from acute toxicity tests or short-term 134 

(chronic) toxicity tests (e.g., by TG 203, 210, 212 or 215), or other screening assays for endocrine 135 

disrupting chemicals (e.g., by TG229, 230 or 234), preferably performed with the same species (Japanese 136 

medaka), may provide useful additional information. Results of in vitro assays, such as the androgen 137 

receptor transcriptional activation assay, might also be useful.  138 
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12. If this GD is applied to the testing of a mixture, its composition should as far as possible be 139 

characterised, e.g., by the chemical identity of its constituents, their quantitative occurrence and their 140 

substance-specific properties.  Before the use of the GD for regulatory testing of a mixture, it should be 141 

considered whether it will provide acceptable results for the intended regulatory purpose. 142 

VALIDITY OF THE TEST 143 

13. For a test to be valid the following conditions apply: 144 

- the mortality in the water controls and, where relevant, in the solvent controls, should not exceed 145 

10 per cent at the end of the exposure period; 146 

- the evidence should be available to demonstrate that the concentrations of the test substance in 147 

solution have been satisfactorily maintained within ±20% of the mean measured values;   148 

- the dissolved oxygen concentration should be at least 60 % of the air saturation value (ASV) 149 

throughout the exposure period; 150 

- the water temperature should not differ by more than ± 1.5 °C between test vessels at any one time 151 

during the exposure period and be maintained within the temperature range specified for the test 152 

species (Annex 2); 153 

- the number of males per tank should be at least one in at least three out of four replicates; 154 

14. If a minor deviation from the validity criteria is observed, the consequences should be 155 

considered in relation to the reliability of the test data and these considerations should be included in the 156 

report. Effects on survival or growth occurring in the solvent control, when compared to the negative 157 

control, should be reported and discussed in the context of the reliability of the test data.  Analytical 158 

measurement of test concentrations is compulsory. 159 

15. While not a validity criterion, it is recommended that the mean of the number of papillary 160 

processes on the anal fin at the termination of the assay in control (and solvent control, if used) exceed at 161 

least 60 (preferably 80) since relatively large values in controls contribute to ensuring adequate statistical 162 

power in the endpoint assessment. 163 

DESCRIPTION OF THE METHOD 164 

Selection of species 165 

16. The test species is Japanese (minami) medaka, O. latipes.  Although other species of medaka 166 

(e.g., O. sakaizumii) may be adapted to a similar test protocol (18), the specific methods and 167 

observational endpoints detailed in this guidance are applicable to O. latipes alone. 168 

Equipment 169 

17. Normal laboratory equipment and especially the following: 170 

(a) dissolved oxygen and pH meters; 171 

(b) equipment for determination of water hardness and alkalinity; 172 

(c) adequate apparatus for temperature control and preferably continuous monitoring; 173 
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(d) equipment for the determination of concentration of test chemical in test solution; 174 

(e) suitably accurate balance (i.e. accurate to ± 0.5 mg). 175 

Holding of animals/selection of test organisms 176 

18. Test fish should be selected from a laboratory population, preferably from a single stock of the 177 

same age of 5-6 wpf; the fertilised eggs which are spawned on the same day are cultured and the larval 178 

fish hatched are bred in conditions appropriate for the test species (10).  The fish to be used in the test 179 

should be acclimated for at least two weeks prior to the test under conditions of water quality and 180 

illumination similar to those used in the test itself.  It is noted that the loading rate and the stocking 181 

density during the breeding and the acclimation period must be sufficient (i.e., < 5 g per L) to ensure 182 

appropriate growth for the test fish (paragraph 19).For each population (or batch) of fish, the mortalities 183 

are recorded during the acclimation period and the population (batch) in which the cumulative mortality 184 

in the last seven days of acclimation is less than 5 % should be used in the test itself. 185 

19. The test should be initiated with juvenile fish at the age of 5-6 wpf (i.e., 35-42 days post 186 

fertilisation).  Prior to the determination of the age of test organisms at initiation, the historical data of 187 

the relationship between the growth (i.e., total length and body weight), age, and the formation of SSC 188 

(i.e., the number of papillary processes on anal fin) should be recorded for the strain and the breeding 189 

condition.  The initiation of the test should be approximately 10 days before the expression of SSC (first 190 

appearance of the papillary processes on anal fin of male fish).  The recommended body weight is 60-80 191 

mg (total length of 17-18 mm) although these values depend on the strain and breeding condition.  At 192 

the beginning of exposure, acclimated fish, selected as described in paragraph 18, are randomly 193 

distributed to the test chambers. 194 

Water 195 

20. Any water in which the test species shows suitable long-term survival and growth may be used 196 

as test water.  It should be of constant quality during the period of the test.  In order to ensure that the 197 

dilution water will not unduly influence the test result (for example by complexation of the test 198 

chemical), or adversely affect the performance of the brood stock, samples should be taken at intervals 199 

for analysis.  Measurements of heavy metals (e.g., Cu, Pb, Zn, Hg, Cd, Ni), major anions and cations 200 

(e.g., Ca, Mg, Na, K, Cl, SO4), ammonia, total residual chlorine pesticides, total organic carbon and 201 

suspended solids should be made, for example, on a bi-annual basis where a dilution water is known to 202 

be relatively constant in quality.  If the water is known to be of variable quality the measurements have 203 

to be conducted more often; the frequency is dependent on how variable the quality is.  Some chemical 204 

characteristics of an acceptable dilution water are listed in Annex 3. 205 

Test chambers 206 

21. Any glass, stainless steel or other chemically inert vessels can be used.  Because silicone is 207 

known to have a strong capacity to absorb lipophilic substances, it is recommended that the use of 208 

silicone seals in contact with water should be minimised or mono-block glass (or stainless steel) tanks 209 

used.  The dimensions of the vessels should be large enough to allow normal growth, maintenance of 210 

dissolved oxygen concentration and compliance with the loading rate throughout the exposure period.  211 

The minimum capacity of test chambers applicable to the test is stated in Annex 2.  The test chambers 212 
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should be shielded from unwanted disturbance.  It is also recommended that test chambers be randomly 213 

positioned in the test area.  214 

Exposure systems 215 

22. For the purpose of this assay, the use of a flow-through exposure system is recommended (17, 216 

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28).  For the exposure system, it is noted that use of silicone 217 

tubing, e.g., for test solution delivery, should be minimised, because of its strong capacity for absorbing 218 

lipophilic substances. Glass, stainless steel, or other chemically inert material that has not been 219 

contaminated during previous tests can be used.   220 

Test Solutions 221 

23. Test solutions of the chosen concentrations are generally prepared by dilution of a stock 222 

solution.  The stock solution should preferably be prepared by simply mixing or agitating the test 223 

substance in dilution water using mechanical means (e.g. stirring and/or ultrasonication).  Saturation 224 

columns (or solubility columns) can be used for achieving a suitable concentrated stock solution.  The 225 

use of a solvent carrier is not recommended. However, in case a solvent is necessary, as a last resort, a 226 

solvent control should be run in parallel, at the same solvent concentration as the chemical treatments; 227 

i.e., the solvent level should preferably be equal across all concentrations as well as the solvent control.  228 

For difficult to test substances, the GD 23 on aquatic toxicity testing of difficult substances and mixtures 229 

should be consulted (29).  If a solvent is used, the choice of solvent will be determined by the chemical 230 

properties of the substance. Although GD 23 recommends a maximum concentration of 100 μl/L, the 231 

solvent concentration should be as low as possible, to avoid any potential effect of the solvent on 232 

endpoints to be measured (30). 233 

24. A flow-through exposure system (e.g., constructed of metering pump, proportional diluter and 234 

saturator system) will continually dispense and dilute a stock solution of the test substance in order to 235 

deliver a series of concentrations to the test chambers. The flow rates of stock solutions and dilution 236 

water should be checked at appropriate intervals, at least twice a week, and should not vary by more than 237 

10% throughout the test.  In the case that a test substance markedly accumulates in fish and its 238 

concentration in test solutions decreases due to fish growth, it is recommended that the renewal rate of 239 

the test solution in each chamber be adapted to maintain test concentrations as constant as possible. 240 

Conditions of exposure 241 

25. A complete summary of test parameters and conditions can be found in Annex 2. 242 

Duration of exposure 243 

26. This test requires the exposure duration to be 28 days (i.e., 4 weeks).  This exposure period 244 

will allow a satisfactory development of SSC in control fish in order to ensure reliable statistical results.  245 

At the termination of the exposure, all fish exposed to the test substance and control(s) are sampled to 246 

assess the endpoints. 247 

Number of test fish and loading 248 
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27. The number of test fish at the termination of the test should be sufficient to meet statistical 249 

requirements.  Since sex ratio (% males or females) is normally ranged within 30-70 % in Japanese 250 

medaka (10), the use of 7 fish per tank for all treatments and controls is recommended in order to ensure 251 

at least one male per tank at the end of the exposure.  Although this GD allows the use of less than 7 252 

fish per tank at the initiation of the exposure, it should be considered that the results of the assay may be 253 

invalid, e.g., if a couple of tanks for the control group include no male fish at the end of the exposure.  254 

The test fish should be randomly distributed to the test chambers among the treatment and the control 255 

groups. 256 

28. The loading rate (biomass per volume of test solution) should be low enough in order that a 257 

dissolved oxygen concentration of at least 60% of the ASV value can be maintained without aeration 258 

throughout the test. For flow-through exposure condition, a loading rate not exceeding 5 g/L of solution 259 

at any time is recommended. 260 

Light and temperature 261 

29. The photoperiod and water temperature should be maintained appropriately for the test species 262 

throughout the test (Annex 2). 263 

Feeding 264 

30. Fish should be fed ad libitum with an appropriate food at a sufficient rate to support normal 265 

growth (refer to Table 1 of Annex 5 of TG240).  Feeding should be approximately equal across 266 

replicates unless adjusted to account for mortality.  As a general guide, the daily ration may be divided 267 

into two or three equal portions for multiple feeds per day, separated by at least three hours between each 268 

feed. A single, larger ration is acceptable, particularly over weekends.  Feeding should be withheld 24 269 

hours before ending the test.  During the test, uneaten food and faecal material should be removed from 270 

the test chambers at appropriate intervals (e.g., by siphoning twice a week). 271 

31. Fish can be fed live brine shrimp (Artemia spp.) nauplii, supplemented with a commercially 272 

available flake food if necessary.  Food should be regularly analysed for contaminants such as 273 

organochlorine pesticides, polycyclic aromatic hydrocarbons (PAHs) and, polychlorinated biphenyls 274 

(PCBs).  Food with an elevated level of endocrine active substances (e.g., phytoestrogens) that could 275 

compromise the response of the test should be avoided. 276 

Test concentrations 277 

32. Normally three test concentrations, spaced by a constant factor not exceeding 10, and a 278 

dilution-water control (and solvent control, if necessary) are required.  A range of spacing factors 279 

between 3.2 and 10 is recommended.  Each test concentration should include four replicate test 280 

chambers. 281 

33. If available, prior knowledge of the toxicity of the test substance chemical, preferably 282 

conducted with the same species and life stage, can help in selecting appropriate test concentrations, e.g., 283 

from acute or chronic toxicity tests (31, 32, 33, 34), a range finding test, or other screening assays for 284 

endocrine disrupting chemicals (4, 5, 9).  For this test, the highest test concentration should be set by the 285 

maximum tolerated concentration (MTC), 10 mg/L, or the maximum solubility in water, whichever is 286 

lowest.  MTC is defined as the highest test concentration of the chemical which results in less than 10% 287 
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acute mortality and is usually close to 1/10 or 1/3 of the LC50 of test substance. Estimating MTC may 288 

require some professional judgment based on toxicity data and the chemical properties of the test 289 

substance. 290 

Controls 291 

34. A dilution water control and, if needed, a solvent control containing the solvent carrier which is 292 

evident to have no significant influence on the test organisms should be run in parallel with the test 293 

concentration series.  Four replicate chambers should be used in controls. 294 

35. Where solvent is used to prepare test solutions, the final concentration of the solvent in test 295 

solutions should not be greater than 0.1 ml/L and every effort to minimize the solvent concentration used 296 

should be made.  Although it should be the same concentration in all test chambers (except the dilution 297 

water control), should the diluter system being used make it technically difficult to achieve the same 298 

solvent concentration in all treatments, the solvent concentration in the solvent control should be equal to 299 

the highest solvent concentration in the treatment groups. 300 

Frequency of Analytical Determinations and Measurements 301 

36. Prior to initiation of the exposure period, proper functioning of the chemical delivery system 302 

should be ensured (e.g., by measuring test concentrations).  Analytical methods required should be 303 

established, including an appropriate limit of quantification (LOQ) and sufficient knowledge acquired on 304 

the substance stability in the test system. During the test, the concentrations of the test substance should 305 

be determined at least once a week for all replicates in each treatment group, rotating among replicate 306 

tanks of the same treatment group, to characterise exposure conditions.  Additional analytical 307 

determinations will often improve the quality of the test outcome.  Samples of test solution may need to 308 

be filtered (e.g., using a 0.45 μm pore size) or centrifuged to remove any particulate matter.  If the test 309 

substance in the samples adsorbs to filters, filtration may be unacceptable. 310 

37. It is recommended that results be based on measured concentrations.  However, if 311 

concentrations of the test chemical in solution have been satisfactorily maintained within ± 20% of the 312 

mean measured values throughout the test, then the results can either be based on nominal or measured 313 

values but the study author should check the preference of the regulatory authority. 314 

38. During the test, the flow rates of dilution water and stock solution should be checked at 315 

intervals suitable for the system used (e.g., three times a week).  For all test chambers, dissolved 316 

oxygen, temperature, and pH of test solutions should be measured at least once a week. Additionally, 317 

temperature of test solution should preferably be monitored continuously in at least one replicate tank for 318 

all treatments. Total hardness and alkalinity should be measured in the controls and one replicate at the 319 

highest concentration during the test. 320 

Observations and measurements of fish 321 

39. During the test, observations on survival of fish should be made daily.  Any mortality should 322 

be recorded in each test chamber and the dead fish should be removed from the chambers as soon as 323 

possible but should not be replaced.  Sex determination of dead fish is not needed.  324 
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40. Abnormalities in behaviour (e.g., hyperventilation, uncoordinated swimming, loss of 325 

equilibrium, and atypical quiescence or feeding) and external appearances (e.g., haemorrhage, 326 

discoloration) on fish should also be noted.  These abnormal responses may include signs of general 327 

toxicity of the test substance and support the interpretation of data.  Additionally, reproductive 328 

behaviour such as spawning status in females and territorial behaviour in males should preferably be 329 

noted, since such data may provide useful qualitative information to the evaluation of effect of test 330 

substance on endocrine system of test fish. 331 

41. At the termination of exposure, for all surviving fish, morphometric measurements are 332 

performed (e.g., total length and body weight).  Growth is not an endpoint of this assay.  However, it is 333 

recommended to evaluate growth during the exposure period between the treatments and the controls, 334 

based on the results of the morphometry at the termination of exposure, since reduced growth, caused by 335 

a general toxic effect of the test substance, may lead to a significant delay in development of papillary 336 

processes on the anal fin (15).  In the case where an influence on growth is evident in the fish exposed 337 

to test substance, the results of SSC should be interpreted in consideration of a possible toxic effect of the 338 

test substance. 339 

Sampling and endpoint assessment 340 

Sampling of fish 341 

42. At day 28 of the exposure (i.e., at the termination of the exposure), the fish should be 342 

euthanised with appropriate amounts of anaesthetic solution (e.g., Tricaine methane sulfonate, MS-222 343 

(CAS.886-86-2), 100-500 mg/L) buffered with 300 mg/L NaHCO3 (sodium bicarbonate, CAS.144-55-8) 344 

to reduce mucous membrane irritation.  If fish are showing signs of considerable suffering (very severe 345 

and death can be reliably predicted) and considered moribund, animals may be anaesthetised and 346 

euthanised and treated as mortality for data analysis.  When a fish is euthanised due to morbidity, this 347 

should be noted and reported. 348 

Tissue sampling 349 

43. If VTG assessment is required, the fish are dissected and the liver is collected from each 350 

individual.  The liver samples should immediately be stored at ≤-70 °C until the VTG protein (or vtg 351 

mRNA) measurements.  For verification of genetic sex, a small portion of tissue, e.g., caudal fin, is 352 

sampled from each fish, and the samples adequately preserved e.g., in deep-freezing at ≤–30 °C or in 353 

ethanol, until dmy gene analysis.  The caudal region of the fish, including the anal fin, is preserved in an 354 

appropriate fixative (e.g., 10% neutral buffered formalin) or photographed so that papillary processes on 355 

the anal fin can be counted at a later date.  If desired, other tissues (i.e., gonad) may be sampled and 356 

preserved at this time. Special caution should be taken to minimize the cross-contamination of the tissue 357 

samples. 358 

Secondary sex characteristics 359 

44. In Japanese medaka, only sexually mature males have papillary processes, which are formed on 360 

the joint plates of certain anal fin rays as a SSC under normal circumstances, providing a potential 361 

biomarker for androgen receptor agonists and antagonists.  The method of quantification of SSC, i.e., 362 

counting the number of joint plates with papillary processes, is given in Annex 4.  For genetic male fish, 363 

the mean numbers of joint plates with papillary processes in each test chamber are used to identify the 364 

anti-androgenic potency of a test substance.  Also, the mean values in genetic females can be used to 365 
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assess any androgenic activity of a test substance.  However, the results of SSC should be interpreted 366 

with caution if an influence of the test substance on growth can be identified from the morphometric data 367 

(15). 368 

Vitellogenin 369 

45. VTG analysis, based on VTG protein concentrations or vtg mRNA expression, may optionally 370 

be conducted, to assess the potential for activities other than (anti-)androgenic effects of the test 371 

substance (e.g., (anti-)estrogenicity or aromatase inhibition).  Liver VTG concentration should be 372 

quantified by ELISA method with a homologous antibody.  It is also recommended that the ELISA used 373 

should be capable of detecting VTG levels as low as a few ng/mg tissue (e.g., 1 ng/mg liver), which is 374 

the background level in the control males (35).  Example procedures for VTG ELISA are given in 375 

Annex 6 of OECD TG230.  Alternatively, the methods for vtg mRNA quantification which have been 376 

established by the U.S. EPA, i.e., vtg I gene mRNA extraction from a liver sample and quantification of 377 

the number of copies of the vtg I gene (per ng of total mRNA) by quantitative RT-PCR, can be used (36).  378 

For the VTG assessment, the selection of techniques used in the test may depend on the experience of the 379 

laboratory. 380 

Determination of genotypic sex 381 

46. The genotypic sex of test fish is determined by an identified and sequenced gene (i.e., the dmy 382 

gene) which is located on the Y chromosome (37).  The presence of the dmy gene indicates an XY 383 

individual, regardless of phenotype, while the absence of the dmy gene indicates an XX individual, 384 

regardless of phenotype (38, 39).  For dmy gene analysis, isolation of deoxyribose nucleic acid from 385 

biological samples (e.g., caudal fin) can be performed with commercially available reagents.  The 386 

presence or absence of the dmy gene can be determined by the polymerase chain reaction (PCR) method.  387 

Several suggested examples of protocols and possible primers can be referred to for the determination of 388 

genetic sex (9, 37, 39, 40).  Instead of the PCR method, real-time PCR assay methods, which the 389 

laboratory of the U.S. EPA have established, can be used (36).  It is recommended to re-analyse for the 390 

dmy gene using different primers if an individual in which phenotypic sex may be inconsistent with 391 

genetic sex is found (i.e., a possible spontaneous sex-reversed XX male) (38). 392 

DATA AND REPORTING 393 

Statistical analysis 394 

47. Since genotypic sex is determined for all test fish, the data (on replicate mean basis) should be 395 

analysed for each genotypic sex separately (i.e., XY males and XX females).  Failure to do this will 396 

greatly reduce the statistical power of any analysis.  Statistical analyses of the data should preferably 397 

follow procedures described in the GD; Current Approaches in the Statistical Analysis of Ecotoxicity 398 

Data: A Guidance to Application (41).  The decision tree for statistical analysis is provided in Annex 5. 399 

Solvent controls 400 

48. If a solvent is used, the potential effects of the solvent on test fish should be evaluated.  For 401 

the endpoint measurements, a statistical comparison between the solvent and the dilution water control 402 

group is performed.  If the two control groups statistically differ, the data from the treatment groups 403 
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exposed to the test substance should be compared to the solvent control unless it is evident that 404 

comparison to the dilution water control should be preferred. If there is no statistically significant 405 

difference between the two control groups, it is recommended that the treatments exposed to the test 406 

substance are compared with the pooled data of the two controls, unless it is known that comparison to 407 

either the dilution-water or solvent control group only should be preferred. The study author should 408 

check the preference of the regulatory agencies before the handling of these control data. 409 

Test report 410 

49. The test report should include the following: 411 

Test substance: 412 

Mono-constituent substance 413 

- chemical identification (e.g., IUPAC, CAS name, CAS number, SMILES, InChI code); 414 

- physical appearance, water solubility, and additional relevant physicochemical properties; 415 

structural formula, purity, chemical identity of impurities as appropriate and practically feasible, 416 

etc. (including the organic carbon content, if appropriate). 417 

Multi-constituent substance, UVBCs and mixtures: 418 

- characterised as far as possible by chemical identity (see above), quantitative occurrence and 419 

relevant physicochemical properties of the constituents. 420 

Test species: 421 

- scientific name, strain if available, source and method of harvesting of the fertilised eggs and 422 

subsequent handling. 423 

Test conditions: 424 

- test procedure used (e.g., flow-through or semi-static, loading);  425 

- photoperiod(s); 426 

- test design (e.g., number of test chambers and replicates, material of test chamber, size and water 427 

volume of chamber, number of test fish per replicate); 428 

- method of preparation of stock solutions and frequency of renewal (the solubilising agent and its 429 

concentration should be given, when used); 430 

- method of dosing the test substance (e.g., pumps, diluting systems); 431 

- the nominal test concentrations, the means of the measured values and their standard deviations in 432 

the test chambers and the method by which these were attained (e.g., the recovery efficiency, the 433 



 

12 

limit of quantification), evidence that the measurements refer to the concentrations of the test 434 

substance in true solution; 435 

- water quality within test chambers (e.g., pH, hardness, temperature, dissolved oxygen 436 

concentration); 437 

- information on feeding (e.g., type of food(s), source, amount given and frequency, analyses for 438 

contaminants such as PCBs, PAHs and organochlorine pesticides, if relevant). 439 

Results: 440 

- evidence that controls met the overall validity criteria; 441 

- data on mortalities occurring in any of the test concentrations and controls; 442 

- approach for the statistical analysis and treatment of data (i.e., statistical methods used); 443 

- data on biological observations including SSC and VTG protein/vtg mRNA (if measured); 444 

- Lowest observed effect concentration (LOEC) assessed (at p = 0.05) and no observed effect 445 

concentration (NOEC) for each response assessed (optional); 446 

- any deviation from the Guidance and deviations from the validity criteria, and considerations of 447 

potential consequences on the outcome of the test. 448 

50. For the results of endpoint measurements, mean values and their standard deviations (on both 449 

replicate and concentration basis, if possible) should be presented.  450 
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ANNEX 1 567 

Definitions 568 

ASV: air saturation value, expressed as a percentage. 569 

Body weight: fish wet weight in the condition of blotted dry. 570 

CAS: Chemical Abstracts Service. 571 

DHT: 5α-dihydrotestosterone. 572 

dmy: sex determining gene of medaka; a Y-specific DM domain gene. 573 

dpf: days post fertilisation. 574 

EDC: endocrine disrupting chemical. 575 

ELISA: Enzyme-Linked Immunosorbent Assay. 576 

Flow-through test: a test with continued flow of test solutions through the test system during the 577 

duration of exposure. 578 

GD: guidance document. 579 

InChI: International Chemical Identifier. 580 

IUPAC: International Union of Pure and Applied Chemistry. 581 

JMASA: Juvenile Medaka Anti-Androgen Screening Assay. 582 

LC50: Median lethal concentration; the concentration of a test substance that kills 50% of exposed test 583 

organisms within a given time period. 584 

LOQ: limit of quantification. 585 

Loading rate: the wet weight of fish per volume of water. 586 

LOEC: Lowest observed effect concentration; the lowest tested concentration of a test chemical at which 587 

the chemical is observed to have a statistically significant effect (at p < 0.05) when compared 588 

with the control. 589 

MEOGRT: Medaka Extended One Generation Reproduction Test. 590 

mRNA: messenger ribonucleic acid. 591 
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MTC: maximum tolerated concentration; the highest test concentration of the chemical which results in 592 

less than 10% acute mortality. 593 

NOEC: No observed effect concentration; the test concentration immediately below the LOEC. 594 

PAH: polycyclic aromatic hydrocarbon. 595 

PCB: polychlorinated biphenyl. 596 

PCR: polymerase chain reaction. 597 

RT-PCR: Reverse Transcriptase Polymerase Chain-Reaction. 598 

SMILES: simplified molecular-input line-entry system. 599 

SSC: secondary sex characteristics. 600 

Total length: refer to figure below. 601 

 602 

TG: OECD guideline for the testing of chemicals. 603 

U.S. EPA: United States Environmental Protection Agency. 604 

UVBC: Substances of unknown or variable composition, complex reaction products or biological 605 

materials. 606 

VTG: Vitellogenin; a phospholipoglycoprotein precursor to egg yolk protein that normally occurs in 607 

sexually active females of all oviparous species. 608 

wpf: weeks post fertilisation.  609 
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ANNEX 2 610 

Test conditions for Juvenile Medaka anti-Androgen Screening Assay 611 

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 (5-6 wpf) 

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) 

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 
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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 validity 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 

  612 
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ANNEX 3 613 

Some chemical characteristics of an acceptable dilution water 614 

Substance Limit concentration 

Particulate matter  5 mg/L 

Total organic carbon  2 mg/L 

Un-ionised ammonia  1 μg/L 

Residual chlorine  10 μg/L 

Total organophosphorous pesticides  50 ng/L 

Total organochlorine pesticides plus polychlorinated biphenyls  50 ng/L 

Total organic chlorine  25 ng/L 

Aluminium  1 μg/L 

Arsenic  1 μg/L 

Chromium  1 μg/L 

Cobalt  1 μg/L 

Copper  1 μg/L 

Iron  1 μg/L 

Lead  1 μg/L 

Nickel  1 μg/L 

Zinc  1 μg/L 

Cadmium  100 ng/L 

Mercury  100 ng/L 

Silver  100 ng/L 

 615 

  616 
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ANNEX 4 617 

Counting of joint plates with papillary processes on anal fin 618 

Background 619 

In Japanese medaka, papillary processes normally appear in adult males but not in females. In males, 620 

papillary processes can be found on fin rays from 2nd to 8th or 10th from the posterior end of the anal fin, 621 

depending on the strain and age, although papillae are rarely produced on the 1st fin ray (Figure 1a: male 622 

anal fin, 1b: female anal fin).  623 

  624 

Figure 1a. Anal fin of control male medaka. Figure 1b. Anal fin of control female medaka. 625 

Treatment of samples 626 

After necropsy (i.e., sampling of the caudal region including the anal fin), the anal fin should be imaged to 627 

allow for convenient counting of joint plates with papillary processes for each sample, or the samples 628 

should be stored in appropriate fixative (e.g., 10% neutral buffered formalin) until use.  When imaging or 629 

fixing anal fin samples, it is important to keep the anal fin in a flat and spread-out condition, to allow for 630 

easier location of papillary processes.   631 

Counting of joint plates with papillary processes 632 

For each image or sample of anal fin, the number of joint plates with papillae (Figure 2) should be counted 633 

in each fin ray (e.g., from the posterior margin) and recorded and the total number of joint plates determined 634 

in each fish. 635 

1st fin ray 

8th fin ray 

Papillary processes 
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 636 

Figure 2. Joint plates with papillary process. 637 

  638 
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ANNEX 5 639 

Statistical analysis 640 

If the data (normally, replicate means) are assumed to be a monotone trend (in an increase or a decrease), 641 

it is recommended to analyse the data by a trend-based step-down methods (e.g., step-down Williams test, 642 

Jonckheere-Terpstra test).  To assess monotonicity, a visual check from a scatter plot can be used, 643 

although datashould preferably be evaluated by using linear and quadratic contrasts.  If the data are non-644 

monotonic, a multiple comparison test, such as the Dunnett test (parametric data) or Mann-Whitney test 645 

according to Holm (non-parametric data), should be performed.  646 

As a preliminary, the data should be assessed for normality (e.g., using the Shapiro-Wilk test) and 647 

homogeneity of the variance (e.g., using Levene’s test) among the treatment groups where parametric 648 

methods (e.g., Williams test, Dunnett test) are employed for analysis.  Where the assumption of normality 649 

or variance homogeneity is not met, data transformation, to achieve these requirements, can be sought or 650 

non-parametric methods employed. 651 

It is important that the strongest, valid tests are employed for statistical analysis of the endpoints.  For 652 

example, the power properties of the step-down Jonckheere-Terpstra test are very similar to those of the 653 

step-down Williams test, when the data are normally distributed with homogeneous variances, and are 654 

superior to Williams when those conditions are violated. On the other hand, for datasets with few replicates, 655 

the power properties of the Mann-Whitney and Dunn tests are worse, sometimes much worse, that those 656 

of Dunnett’s test.  657 

An example of statistical flow chart for biological data (e.g., SSC, VTG) from JMASA provides below. 658 

 659 

Figure 1 An example of statistical flow chart 660 
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 661 


