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DRAFT OECD GUIDELINE FOR THE TESTING OF CHEMICALS 1 

The Larval Amphibian Growth and Development Assay 2 

INTRODUCTION 3 

1. The need to develop and validate an assay capable of identifying and characterizing the adverse 4 

consequences of exposure to toxic chemicals in amphibians, originates from concerns that environmental levels 5 

of chemicals may cause adverse effects in both humans and wildlife.  The test guideline of the Larval 6 

Amphibian Growth and Development Assay (LAGDA) describes a toxicity test with an amphibian species that 7 

considers growth and development from fertilization through the early juvenile period.  It also enables 8 

measurement of a suite of other endpoints that allows for diagnostic evaluation of endocrine disrupting 9 

chemicals (EDCs) or other types of developmental and reproductive toxicants.  The LAGDA is a relatively 10 

long-term assay (normally 16 weeks) that assesses early development, growth, and partial reproductive 11 

maturation. The present protocol in this guideline is derived from works on African clawed frog (Xenopus 12 

laevis) by the U.S. Environmental Protection Agency (U.S. EPA) with supporting works in Japan (U.S. EPA, 13 

2013).  14 

2. The LAGDA serves as a higher tier test with an amphibian for collecting more comprehensive 15 

concentration-response information on adverse effects suitable for use in ecological risk assessment.  16 

Specifically, the design enables the collection of amphibian hormone-regulated endpoint data (e.g., 17 

metamorphosis, gonadal development) and information concerning various aspects of the reproductive biology 18 

and life-stage viability.  The general experimental design entails exposing X. laevis embryos at NF 19 

(Nieuwkoop and Faber, 1994) stage 8-10 to four different concentrations of test chemical and control(s) until 20 

10 weeks after the median time to NF stage 62 in the control, with one interim sub-sample at NF stage 62.  21 

There are four replicates in each test concentration with eight replicates for the control. Endpoints evaluated 22 

during the course of the exposure (at the interim sub-sample and final sample at completion of the test) include 23 

those indicative of generalized toxicity: mortality, abnormal behavior, and growth determinations (length and 24 

weight), as well as endpoints designed to characterize specific endocrine toxicity modes of action targeting 25 

estrogen, androgen or thyroid-mediated physiological processes.  The method gives primary emphasis to 26 

potential population relevant effects (namely, adverse impacts on survival, development, growth and 27 

reproduction) for the calculation of a No-Observed Effect Concentration (NOEC) or an Effect Concentration 28 

causing x% change (ECx) in the endpoint measured. 29 

 30 

INITIAL CONSIDERATIONS AND LIMITATIONS 31 

3. The LAGDA is intended to identify and characterize the adverse consequences of aquatic exposure to 32 

chemicals which interfere with the normal development and growth of amphibians through larval development 33 

and metamorphosis.  It is an important assay to address potential inciting contributors to amphibian population 34 

declines by evaluating the effects from exposure to contaminants during the sensitive larval stage, where effects 35 

on survival and development, including normal development of reproductive organs, may adversely affect 36 

populations.  The data from this test can be used at Level 4 of the OECD Conceptual Framework (OECD, 37 

2012a). 38 

4. The test is designed to detect both endocrine and non-endocrine mechanisms by including diagnostic 39 
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endpoints specific to key endocrine mechanisms.  It should be noted that to date, no validated assay exists that 40 

serves this function for amphibians. 41 

5. This assay requires over a duration of approximate 16 weeks and the total number of 480 animals, i.e., X. 42 

laevis embryos, (or 640 embryos, if solvent control is used) to ensure sufficient power of the test for the 43 

evaluation of population-relevant endpoints such as growth, development and reproductive maturation. 44 

6. Before the use of the Test Guideline for regulatory testing of a mixture, it should be considered whether it 45 

will provide acceptable results for the intended regulatory purpose. 46 

 47 

SCIENTIFIC BASIS FOR THE TEST METHOD 48 

7. Much of our current understanding of amphibian biology has been obtained using the laboratory model 49 

species X. laevis.  This species can be routinely cultured in the laboratory, ovulation can be induced using 50 

human chorionic gonadotropin (hCG) and animal stocks are readily available from commercial breeders. 51 

8. Like all vertebrates, reproduction in amphibians is under the control of the hypothalamic pituitary 52 

gonadal (HPG) axis (Kloas and Lutz, 2006).  Estrogens and androgens are mediators of this endocrine system, 53 

directing the development and physiology of sexually-dimorphic tissues.  There are three distinct phases in the 54 

life cycle of amphibians when this axis is especially active: (1) gonadal differentiation during larval 55 

development, (2) development of secondary sex characteristics and gonadal maturation during the juvenile 56 

phase and (3) functional reproduction of adults.  Each of these three developmental windows are likely 57 

susceptible to endocrine perturbation by xenobiotics ultimately leading to a loss of reproductive fitness by the 58 

organisms. 59 

9. The gonads begin development at NF stage 43, when the bipotential genital ridge first develops.  And 60 

differentiation of the gonads begins at NF stage 52 when primordial germ cells either migrate to medullary 61 

tissue (males) or remain in the cortical region (females) of the developing gonads (Nieuwkoop and Faber, 1994). 62 

This process of sexual differentiation of the gonads was first reported to be susceptible to chemical alteration in 63 

Xenopus in the 1950's (Chang and Witschi, 1956; Gallien, 1953).  Exposure of tadpoles to estradiol during this 64 

period of gonad differentiation results in sex reversal of males that when raised to adulthood are fully 65 

functional females (Villalpando and Merchant-Larios, 1990; Miyata et al., 1999).  Functional sex reversal of 66 

females into males is also possible and has been reported following implantation of testis tissue in tadpoles 67 

(Mikamo and Witschi, 1963) or exposure to an aromatase inhibitor (Olmstead et al., 2009a).  Historically, 68 

toxicant effects on gonadal differentiation have been assessed by histological examination of the gonads at 69 

metamorphosis and sex reversal could only be determined by analysis of sex ratios.  Until recently, there had 70 

been no means to directly determine the genetic sex of Xenopus.  However, recent establishment of sex linked 71 

markers in X. laevis (Yoshimoto et al., 2008) and X. tropicalis (Olmstead et al., 2010) makes it possible to 72 

determine genetic sex and allows for the direct identification of sex reversed animals. 73 

10. In males, juvenile development proceeds as testosterone blood levels increase corresponding with the 74 

development of secondary sex characteristics as well as testis development and estradiol is produced by the 75 

ovaries resulting in the appearance of vitellogenin (VTG) in the plasma, vitellogenic oocytes in the ovary and 76 

the development of the oviducts in females (Olmstead et al., 2009b).  Oviducts are female secondary sex 77 

characteristics that function in oocyte maturation during reproduction (Wake and Dickie, 1998).  Jelly coats 78 

are applied to the outside of oocytes as they pass through the oviduct and collect in the ovisac, ready for 79 

fertilization.  Oviduct development appears to be regulated by estrogens as development correlates with blood 80 

estradiol levels in X. laevis (Tobias et al., 1998) and X. tropicalis (Olmstead et al., 2009b).  The development 81 

of oviducts in males following exposure to polychlorinated biphenyl compounds (Qin et al., 2007) and 82 

4-tert-octylphenol (Porter et al., 2011) has been reported. 83 
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PRINCIPLE OF THE TEST 84 

11. The test design entails exposing X. laevis embryos at NF stage 8-10 via the water route to four 85 

different concentrations of test chemical as well as control(s) until 10 weeks after the median time to NF 86 

stage 62 in the control with one interim sub-sample at NF stage 62.  There are four replicates in each test 87 

concentration with eight replicates for the control.  Endpoints evaluated during the course of the exposure 88 

include those indicative of generalized toxicity (i.e., mortality, abnormal behavior and growth 89 

determinations (length and weight)), as well as endpoints designed to characterize specific endocrine 90 

toxicity modes of action targeting estrogen-, androgen-, or thyroid-mediated physiological processes. 91 

 92 

TEST ACCEPTANCE CRITERIA 93 

12. The following criteria for the test acceptability apply: 94 

 The dissolved oxygen concentration should be ≥40% of air saturation value throughout the larval 95 

phase exposure period; 96 

 The water temperature should be in the range of 21±1 °C and the inter-replicate and the inter-treatment 97 

differentials should not exceed 1.0 ºC; 98 

 pH of test solution should be maintained between 6.5 and 8.5, and the inter-replicate and the 99 

inter-treatment differentials should not exceed 0.5. 100 

 Mortality over exposure period should be ≤20% in each replicate in the controls; 101 

 At least three treatment levels with three uncompromised replicates must be available for 102 

analysis.  Excessive mortality, which compromises a treatment, is defined as >4 mortalities in 2 103 

or more replicates that cannot be explained by technical error. 104 

 At least three treatment levels without obvious overt toxicity must be available for analysis.  105 

Signs of overt toxicity may include, but are not limited to, floating on the surface, lying on the 106 

bottom of the tank, inverted or irregular swimming, lack of surfacing activity, and being 107 

nonresponsive to stimuli, morphological abnormalities (e.g., limb deformities), hemorrhagic 108 

lesions, and abdominal edema. 109 

 The mean time to NF stage 62 should be ≤45 day. 110 

13. In case of a deviation from the test acceptance criteria is observed, the consequences should be 111 

considered in relation to the reliability of the test results and these deviations and considerations should be 112 

included in the test report. 113 

14. To ensure reproducibility and transferability of the assay, it is recommended that the mean weight at NF 114 

stage 62 and at the termination of the assay in control reach to 1.0±0.2 and 11.5±3 grams, respectively. 115 

 116 

DESCRIPTION OF THE METHODS 117 

Apparatus 118 

15. Normal laboratory equipment and especially the following:  119 
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(a) temperature controlling apparatus (e.g., heaters or coolers adjustable to 21±1 ºC); 120 

(b) thermometer; 121 

(c) binocular dissection microscope and dissection tools; 122 

(d) digital camera with at least 4 megapixel resolution and micro function (if needed); 123 

(e) analytical balance capable of measuring to 0.001 mg or 1 µg; 124 

(f) dissolved oxygen meter and pH meter; 125 

(g) light intensity meter capable of measuring in lux units; 126 

Water 127 

Source and quality 128 

16. Any water that is locally available (e.g. spring water or charcoal-filtered tap water) and permits normal 129 

growth and development of X. laevis can be used.  Because local water quality can differ substantially from 130 

one area to another, analysis of water quality should be undertaken, particularly, if historical data on the utility 131 

of the water for raising amphibian larvae is not available.  Measurements of heavy metals (e.g. Cu, Pb, Zn, Hg, 132 

Cd, Ni), major anions and cations (e.g. Ca, Mg, Na, K, Cl, SO4), pesticides, total organic carbon and suspended 133 

solids should be made before testing begins and/or, for example, every six months where a dilution water is 134 

known to be relatively constant in quality.  Some chemical characteristics of acceptable dilution water are 135 

listed in ANNEX 1. 136 

Iodide concentration in test water 137 

17. In order for the thyroid gland to synthesize thyroid hormones to support normal metamorphosis, 138 

sufficient iodide should to be available to the larvae through a combination of aqueous and dietary sources.  139 

Currently, there are no empirically derived guidelines for minimum iodide concentrations in either food or 140 

water to ensure proper development.  However, iodide availability may affect the responsiveness of the 141 

thyroid system to thyroid active agents and is known to modulate the basal activity of the thyroid gland which 142 

deserves attention when interpreting the results from thyroid histopathology.  Based on previous work, 143 

successful performance of the assay has been demonstrated when test water iodide (I-) concentrations range 144 

between 0.5 and 10 μg/L.  Ideally, the minimum iodide concentration in the test water should be 0.5 μg/L.  If 145 

the test water is reconstituted from deionized water, iodine must be added at a minimum concentration of  146 

0.5 μg/L.  The measured iodide concentrations from the test water (i.e., dilution water) and the 147 

supplementation of the test water with iodine or other salts (if used) should be reported. 148 

Exposure system 149 

18. A flow-through diluter system is required for this test. The system components should have water-contact 150 

components of glass, stainless steel, and/or other chemically inert materials.  Exposure tank should be glass or 151 

stainless steel aquaria and tank usable volume should be between 4.0 and 10.0 L (minimum water depth of 10 152 

to 15 cm).  The system should be capable of supporting all exposure concentrations, a control, and a vehicle 153 

control, if necessary, with four replicates per treatment and eight in the controls.  The flow rate to each tank 154 

should be constant in consideration of both the maintenance of biological conditions and chemical exposure. It 155 

is recommended that flow rates are appropriate (e.g., at least 5 tank turnovers per day) to avoid chemical 156 

concentration declines due to metabolism by both the test organisms and aquatic microorganisms present in the 157 

aquaria or abiotic routes of degradation (hydrolysis, photolysis) or dissipation (volatilization, sorption).  The 158 

treatment tanks can be randomly assigned to a position in the exposure system to reduce potential positional 159 

effects, including slight variations in temperature, light intensity, etc.  For further information on setting up 160 

flow-through exposure systems can be obtained from the ASTM Standard Guide for Conducting Acute 161 

Toxicity Tests on Test Materials with Fishes, Macroinvertebrates, and Amphibians (ASTM, 2002). 162 

Chemical delivery: preparation of test solutions 163 

19. To make test solution on exposure system, stock solution of the test chemical should be injected in this 164 
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exposure system by such as an appropriate pump.  The flow rate of the stock solution should be calibrated in 165 

accordance with analytical confirmation of the test solutions before the initiation of exposure, and checked 166 

volumetrically periodically during the test.  The test solution in each chamber should be renewed at a 167 

minimum of 5 volume renewal/day. 168 

20. The method used to introduce the test chemical to the system can vary depending on its physicochemical 169 

properties.  Therefore, prior to the test, baseline information about the chemical that is relevant to determining 170 

its testability should be obtained.  Water soluble compounds can be dissolved in aliquots of test water at a 171 

concentration which allows delivery at the target test concentration in a flow-through system.  Chemicals 172 

which are liquid or solid at room temperature and moderately soluble in water may require liquid:liquid or 173 

liquid:solid (e.g., glass wool column) saturators (Kahl et al., 1999). 174 

21. The preference is to use a co-solvent-free test system; however, different test chemicals will possess 175 

varied physicochemical properties that will likely require different approaches for preparation of chemical 176 

exposure water.  All efforts should be made to avoid solvents or carriers because: (1) certain solvents 177 

themselves may result in toxicity and/or undesirable or unexpected responses, (2) testing chemicals above their 178 

water solubility (as can frequently occur through the use of solvents) can result in inaccurate determinations of 179 

effective concentrations, (3) the use of solvents in longer-term tests can result in a significant degree of 180 

“biofilming” associated with microbial activity which may impact environmental conditions as well as the 181 

ability to maintain exposure concentrations and (4) use of solvents requires a solvent control treatment.  For 182 

difficult to test chemicals, a solvent may be employed as a last resort, and the OECD Guidance Document on 183 

Aquatic Toxicity Testing of Difficult Substances and Mixtures should be consulted (OECD, 2002) to determine 184 

the best method.  The choice of solvent will be determined by the chemical properties of the test chemical.  185 

Preferred solvents are dimethylformamide, triethylene glycol, methanol, acetone or ethanol.  If solvent carriers 186 

are used, appropriate solvent controls must be evaluated in addition to non-solvent (negative) controls (dilution 187 

water only).  Ideally, the solvent concentration should be kept constant in the solvent control and all test 188 

treatments.  If the concentration of solvent is not kept constant, the highest concentration of solvent in the test 189 

treatment should be used in the solvent control.  In cases where solvent carrier is used, maximum solvent 190 

concentrations should not exceed 100 μl/L or 100 mg/L (OECD, 2002), and it is recommended to keep solvent 191 

concentration as low as possible (e.g, <20 μl/L) to avoid potential effect of the solvent on endpoints measured 192 

(Hutchinson et al., 2006). 193 

Test animals 194 

Test species 195 

22. The test species is X. laevis because this species is: (1) routinely cultured in laboratories worldwide, (2) 196 

easily obtainable through commercial suppliers and (3) possible to determine the genetic sex. 197 

Adult care and breeding 198 

23. Appropriate care and breeding of X. laevis are provided by standardized guideline (ASTM, 2004).  To 199 

induce breeding, three or five pairs of adult females and males are injected with human chorionic gonadotropin 200 

(hCG).  Female and male specimens are injected with e.g., approximately 800-1000 IU and 500-800 IU, 201 

respectively, of hCG dissolved in 0.6-0.9% saline solution (or frog ringer's). Injection volumes should be about 202 

10 µl/g body weight (~1000 µl).  Afterwards, induced breeding pairs are held in large tanks, undisturbed and 203 

under static conditions to promote amplexus.  The bottom of each breeding tank should have a false bottom of 204 

stainless steel or plastic mesh (e.g., 1/2 inch openings) which permits the egg masses to fall to the bottom of the 205 

tank.  Frogs injected with hCG in the late afternoon will usually deposit most of their eggs by mid-morning of 206 

the next day.  After a sufficient quantity of eggs is released and fertilized, adults should be removed from the 207 

breeding tanks. 208 

 209 
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TEST DESIGN 210 

Test concentrations 211 

24. It is recommended to use a minimum of four chemical concentrations and appropriate controls (including 212 

solvent control, if necessary).  Generally, the concentration separation (spacing factor) between 2.0 and 3.2 is 213 

recommended. 214 

25. For the purposes of this test, results from existing amphibian studies should be used to the extent possible 215 

in determining the highest test concentration so as to avoid concentrations that are overtly toxic.  Prior to 216 

running the LAGDA a range finding experiment may be conducted.  It is recommended that the exposure is 217 

initiated within 24 hours of fertilization and continued for 7-14 days (or more, if needed), and the test 218 

concentrations are set such that the intervals between test concentrations are no greater than a factor of 10.  219 

The results of the range finding experiment should serve to set the highest test concentration in the LAGDA.  220 

Also other information from amphibian testing such as The Amphibian Metamorphosis Assay, OECD 221 

Guidelines for the Testing of Chemicals (TG) No.231 (OECD, 2009) and the Frog Embryo Teratogenesis Assay 222 

- Xenopus (ASTM, 2002) and/or fish tests such as OECD TG229 and TG234 (OECD, 2012b, 2013) may 223 

contribute toward setting (highest) test concentration(s). 224 

Replicates within treatment groups and controls 225 

26. A minimum of four replicate tanks per test concentrations and a minimum of eight replicates for control 226 

(and solvent control, if needed) should be used (i.e., the number of replicates in the control should be twice as 227 

large as the number of replicates of treatment group, to ensure appropriate statistical power).  Each replicate 228 

should contain no more than 20 animals. 229 

 230 

PROCEDURE 231 

Assay overview 232 

27. The assay is initiated with newly spawned larvae and continues into juvenile development.  Animals are 233 

examined daily for mortality and any sign of abnormal behavior.  At NF stage 62, a sub-sample (up to 5 234 

animals per replicate) is collected and various endpoints are examined (Table 1).  After all animals have 235 

reached NF stage 66, i.e. completion of metamorphosis (or after 70 days from the assay initiation, whichever 236 

comes first), a cull is carried out to reduce the number of animals (10 per tank), and the remaining animals 237 

continue exposure until 10 weeks after the median time to NF stage 62 in the control.  At test termination 238 

additional measurements are collected (Table 1). 239 

Exposure conditions 240 

28. A complete summary of test parameters can be found in ANNEX 2.  During the exposure period, 241 

dissolved oxygen, temperature, and pH of test solutions should be measured at least twice a week.  242 

Conductivity, alkalinity, and hardness are measured once a month.  For the water temperature of test solution, 243 

the inter-replicate and -treatment differentials (within one day) should not exceed 1.0 ºC.  Also, for pH of test 244 

solution, the inter-replicate and -treatment differentials should not exceed 0.5. 245 

29. The exposure tanks may be siphoned on a daily basis to remove uneaten food and waste products.  Care 246 

should be used to minimize stress and trauma to the animals, especially during movement, cleaning of aquaria, 247 

and manipulation.  Stressful conditions/activities should be avoided such as loud and/or incessant noise, 248 

tapping on aquaria, vibrations in the tank. 249 
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Duration of exposure 250 

30. The exposure is initiated with newly spawned larvae and continued until ten weeks after the median time 251 

to NF stage 62 (≤45 days from the assay initiation) in control group.  Generally, the duration of the LAGDA is 252 

within 16 weeks (maximum 17 weeks). 253 

Initiation of assay 254 

31. Parent animals used for the initiation of the assay should have previously been shown to produce 255 

offspring that can be genetically sexed (ANNEX 4).  After spawning of adults, embryos are collected, 256 

cysteine-treated to remove the jelly coat and screened for viability (ASTM, 2004).  Cysteine treatment allows 257 

the embryos to be handled during screening without sticking to surfaces.  Screening takes place under a 258 

dissecting microscope using an appropriately sized eye dropper to remove non-viable embryos.  It is preferred 259 

that a single spawn resulting in greater than 70% viability be used for the test. Embryos at NF stage 8-10 are 260 

randomly distributed into exposure treatment tanks containing an appropriate volume of dilution water until 261 

each tank contains 20 embryos.  Embryos should be carefully handled during this transfer in order to 262 

minimize handling stress and to avoid any injury.  At 96 hours post spawning, the tadpoles should have 263 

moved up the water column and begun clinging to the sides of the tank. 264 

Feeding regime 265 

32. Feed and feeding rates changes with life stages of X. laevis are a very important aspect of the LAGDA 266 

protocol.  Excessive feeding during the larval phase typically results in increased incidences and severity of 267 

scoliosis and should be avoided.  Conversely, inadequate feeding during the larval phase results in highly 268 

variable developmental rates among controls potentially compromising statistical power or confounding test 269 

results.  ANNEX 3 provides recommended larval and juvenile diet and feeding regime for X. laevis in 270 

flow-through conditions. 271 

Larvae feeding 272 

33. The recommended larval diet consists of trout starter feeds, Spirulina algae discs and gold fish crisps 273 

(e.g., TetraFin
®
 flakes, Tetra, Germany) blended together in culture (or dilution) water.  This mixture is 274 

administered three times daily on weekdays and once daily on weekends.  Tadpoles are also fed live brine 275 

shrimp, Artemia spp., 24-hour-old nauplii, twice daily on weekdays and once daily on the weekends starting on 276 

day 8 post-fertilization.  The larval feeding should allow appropriate growth and development for test animals 277 

in order to ensure reproducibility and transferability of the assay results: (1) the mean time to NF stage 62 in 278 

control should be ≤45 days and (2) the mean weight within 1.0±0.2 grams at NF stage 62 in control is 279 

recommended. 280 

Juvenile feeding 281 

34. Once metamorphosis is complete, the feeding regime consists of premium sinking frog food, e.g., 282 

Sinking Frog Food -3/32 (Xenopus Express, FL, USA).  For juveniles, the pellets are briefly run in a coffee 283 

grinder or blender in order to reduce their size. The animals should be fed once per day.  The juvenile feeding 284 

should allow appropriate growth and development of the assay results: the mean weight within 11.5±3 grams in 285 

control juveniles at the termination of the assay is recommended. 286 

Analytical chemistry 287 

35. Prior to initiation of the assay, the stability of the test compound (e.g., solubility, degradability, and 288 

volatility) and all analytical methods needed should be established e.g., using existing information or 289 

knowledge.  It is also recommended that test solutions from each replicate tank concentration be analyzed 290 

prior to test initiation to verify system performance.  During the exposure period, the concentrations of the test 291 

chemical are determined at appropriate intervals, preferably every week for at least one replicate in each 292 
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treatment group, rotating between replicates of the same treatment group every week.  Measured 293 

concentrations of test chemical in test solutions should remain within ±20% of nominal values (i.e. within the 294 

range 80-120%).  Also, the coefficient of variation (CV) of the measured test concentrations over the entire 295 

test period within a treatment should be maintained at 20% or less in each concentration. 296 

36. The flow rates of dilution water and stock solution should be checked at intervals accordingly (e.g. three 297 

times a week) throughout the exposure duration.  In the case of chemicals which cannot be detected at some or 298 

all of the nominal concentrations, e.g., by marked chemical accumulation in body of exposed animals, it is 299 

recommended that the renewal rate of the test solution in each chamber be adapted to maintain test 300 

concentrations as constant as possible. 301 

37. It is generally recommended that results be based on measured concentrations.   302 

Observations and endpoint measurements 303 

38. The endpoints evaluated during the course of the exposure include those indicative of toxicity including 304 

mortality, abnormal behavior such as clinical signs of disease and/or general toxicities, and growth 305 

determinations (length and weight), as well as pathology endpoints which may respond to endocrine toxicity 306 

modes of action targeting estrogen-, androgen-, or thyroid-mediated pathways.  In addition, plasma VTG 307 

concentration may be optionally measured at the termination of the assay.  The endpoints and timing of 308 

measurements are summarized in Table 1. 309 

 310 

Table 1. Endpoint overview of the LAGDA. 311 

Endpoints Daily 
Interim Sampling 
(Larval sampling) 

Test Termination 
(Juvenile sampling) 

Mortality and abnormalities Y   

Time to NF stage 62  Y  

Histo(patho)logy (thyroid gland)  Y  

Morphometrics (growth)  Y Y 

Liver-somatic index (LSI)   Y 

Genetic/phenotypic sex ratios   Y 

Histopathology (gonads, reproductive 
ducts, kidney and liver) 

  Y 

Vitellogenin (VTG) (optional)   Y 

Y= means “yes” 312 

 313 

Mortality and daily observations 314 

39. All test tanks should be checked daily for dead animals and mortalities recorded for each tank.  Dead 315 

animals should be removed from the test tank as soon as observed.  The developmental stage of dead animals 316 

should be categorized as either pre-NF stage 58 (pre-forelimb emergence), NF stage 58-NF stage 62, NF stage 317 

63-NF stage 66 (between NF stage 62 and complete tail absorption), or post-NF stage 66 (post-larval).  318 

Mortality rates exceeding 20% may indicate inappropriate test conditions or overtly toxic effects of the test 319 

chemical.  The animals tend to be most sensitive to non-chemical induced mortality events during the first few 320 

days of development after the spawning event and during metamorphic climax. 321 

40. In addition, any observation of abnormal behavior, grossly visible malformations (e.g., scoliosis), or 322 



Draft LAGDA guideline ver. 2.0 (10 September 2014) 

 9 

lesions should be recorded.  Observations of scoliosis should be counted (incidence) and graded with respect 323 

to severity (e.g., not remarkable – NR, minimal – 1, moderate – 2, severe – 3; ANNEX 7).  Efforts should be 324 

made to ensure that the prevalence of moderate and severe scoliosis is limited (e.g., below 10% in controls) 325 

throughout the study.  Normal behavior for larval animals is characterized by suspension in the water column 326 

with tail elevated above the head, regular rhythmic tail fin beating, periodic surfacing, operculating, and being 327 

responsive to stimuli.  Abnormal behaviors would include, for example, floating on the surface, lying on the 328 

bottom of the tank, inverted or irregular swimming, lack of surfacing activity, and being nonresponsive to 329 

stimuli.  For post-metamorphic animals, in addition to the above abnormal behaviors, gross differences in 330 

food consumption between treatments should be recorded.  Gross malformations and lesions could include 331 

morphological abnormalities (e.g., limb deformities), hemorrhagic lesions, abdominal edema, and bacterial or 332 

fungal infections, to name a few.  The occurrences of lesions on the head just posterior to the nostrils may be 333 

indications of insufficient humidity levels.  These determinations are qualitative and should be considered 334 

akin to clinical signs of disease/stress and made in comparison to control animals.  If the rate of occurrence is 335 

greater in exposed tanks than in the controls, then these should be considered as evidence for overt toxicity. 336 

Larval sub-sampling 337 

Outline of larval sub-sampling: 338 

41. The tadpoles that have reached NF stage 62 should be removed from the tanks and either sampled or 339 

moved to the next part of the exposure in a new tank, or physically separated from the remaining tadpoles in the 340 

same tank with a divider.  Tadpoles are checked daily, and the time at which an individual tadpole reaches NF 341 

stage 62 is recorded.  The defining characteristic for use in this assessment is the shape of the head.  Once the 342 

head has become reduced in size such that it is visually approximately the same width as the trunk of the 343 

tadpole and forelimb at level of middle of heart, then that individual would be counted as having attained NF 344 

stage 62. 345 

42. The goal is to sample a total of five NF stage 62 tadpoles per replicate tank.  If 20 tadpoles survive in a 346 

particular tank until the first individual reaches NF stage 62, one tadpole from every four removed from a given 347 

tank is randomly selected for the larval sub-sampling.  The tadpoles not sampled are moved to new tanks or 348 

physically separated from the remaining tadpoles for continued exposure.  If a particular replicate tank 349 

experiences mortality prior to the start of NF stage 62 sub-sampling, one tadpole from every three that reaches 350 

NF stage 62 is randomly selected for sampling in order to acquire five total NF stage 62 samples.  If five 351 

samples cannot be acquired by taking one of every three tadpoles reaching NF stage 62, that replicate has had 352 

too many mortalities and is compromised.  The random procedure used must give each organism on test equal 353 

probability of being selected.  This can be achieved by using any randomizing method but requires that each 354 

tadpole be netted. 355 

43. For the larval sub-sampling, the endpoints obtained are: (1) time to NF stage 62 (i.e., number of days 356 

between fertilization and NF stage 62), (2) external abnormalities, (3) morphometrics (e.g., weight and length) 357 

and (4) thyroid histology. 358 

Humane killing of tadpoles 359 

44. The subsample of NF stage 62 tadpoles (5 individuals per replicate) should be euthanized by immersion 360 

in appropriate amounts (e.g., 500 mL) of anesthetic solution (e.g., 0.02% solution of MS-222, tricaine methane 361 

sulfonate,-, CAS.886-86-2).  MS-222 solution should be buffered with sodium bicarbonate to a pH of 362 

approximately 7.0 because unbuffered MS-222 solution is acidic and irritating to frog skin resulting is poor 363 

absorption and unnecessary additional stress to the organisms. 364 

45. Using a mesh dip net, a tadpole is removed from the experimental chamber and transported (placed) into 365 

the euthanasia solution.  The animal is properly euthanized and is ready for necropsy when it is unresponsive 366 

to external stimuli such as pinching the hind limb with a pair of forceps. 367 



Draft LAGDA guideline ver. 2.0 (10 September 2014) 

 10 

Morphometrics (weight and length) 368 

46. Measurements of wet weight and snout-to-vent length (SVL) for each tadpole should be made 369 

immediately after it becomes non-responsive by anesthesia (Figure 1a).  Tadpoles should be blotted dry 370 

before weighing to remove excess adherent water.  After measurements of body size (weight and SVL) are 371 

made, any gross morphological abnormalities and/or clinical signs of toxicity such as scoliosis, petechiae and 372 

hemorrhage should be recorded or noted, and digital documentation is recommended. 373 

Tissue Collection and Fixation 374 

47. For the larval sub-sample, thyroid glands are assessed for histology.  The lower torso posterior to the 375 

forelimbs is removed and discarded.  The trimmed carcass is fixed in Davidson’s fixative.  The volume of 376 

fixative in the container should be at least 10 times the approximated volume of the tissues.  Appropriate 377 

agitation or circulation of the fixative should be achieved to adequately fix the tissues of interest.  All tissues 378 

remain in Davidson’s fixative for at least 48 hours, but no longer than 96 hours, at which time they are rinsed in 379 

deionized water and stored in 10% neutral buffered formalin (OECD, 2007; U.S.EPA, 2013 and in 380 

preparation). 381 

Thyroid histology 382 

48. Each larval sub-sample (tissues fixed) are histologically assessed for thyroid glands, i.e., diagnosis and 383 

severity grading (OECD, 2007; Grim et al., 2009; U.S. EPA in preparation) 384 

 385 

 386 

  

(a) Larval sub-sampling (NF stage 62) (b) Juvenile sampling 

Figure 1. Landmarks for measuring snout to vent length for the LAGDA. 387 

 388 

End of larval exposure 389 

49. Given the initial number of tadpoles, it is expected that there will likely be a small percentage of 390 

individuals that do not develop normally and do not complete metamorphosis in a reasonable amount of time. 391 

The larval portion of the exposure should not exceed 70 days.  Any tadpoles remaining at the end of this 392 

period should be euthanized, e.g., by immersion in 0.02% buffered MS-222 (pH 7.0), wet weigh and SVL 393 

measured, staged (Nieuwkoop and Faber, 1994), and any developmental abnormalities noted. 394 

Snout vent length Snout-Vent Length 
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Cull after NF stage 66 395 

50. Ten individuals per tank should continue from NF stage 66 (complete tail resorption) until termination of 396 

the exposure.  Therefore, after all animals have reached NF stage 66 or after 70 days (whichever occurs first), 397 

a cull should be conducted.  Post NF stage 66 animals that will not continue the exposure should be selected at 398 

random. 399 

51. Animals that are not selected for continued exposure are euthanized, e.g., by immersion in a 0.02-0.1% 400 

MS-222 solution buffered with sodium bicarbonate to a pH of approximately 7.0.  Measurements of wet 401 

weight and SVL (Figure 1b) and a gross necropsy are conducted for each animal.  The phenotypic sex (based 402 

on gonad morphology) is noted as female, male, or indeterminate. 403 

Juvenile Sampling 404 

Outline of juvenile sampling 405 

52. The remaining animals continue exposure until 10 weeks after the median time to NF stage 62 in the 406 

(dilution water) control.  At the end of the exposure period, the remaining animals (maximum 10 frogs per 407 

replicate) are euthanized, and the various endpoints are measured or evaluated and recorded: (1) morphometrics 408 

(weight and length), (2) phenotypic/genotypic sex ratios, (3) liver weight (Liver-somatic Index), (4) 409 

histopathology (gonads, reproductive ducts, liver and kidney) and optionally (5) plasma VTG. 410 

Humane killing of frogs 411 

53. The juvenile samples, post-metamorphic frogs, are euthanized by an intraperitoneal injection of 412 

anesthetic, e.g., 10% MS-222 in an appropriately phosphate buffered solution.  Frogs may be sampled after 413 

becoming unresponsive (usually around 2 min after injection, if 10% MS-222 is used in a dosage of 0.01 mL 414 

per gram of frog). 415 

Morphometrics (weight and length) 416 

54. Measurement of wet weight and SVL (Figure 1b) are identical to those outlined for the larval 417 

sub-sampling. 418 

Plasma VTG (option) 419 

55. VTG is a widely accepted biomarker resulting from exposure to estrogenic chemicals.  For the LAGDA, 420 

plasma VTG optionally may be measured within juvenile samples. 421 

56. The euthanized juvenile hind limbs are cut and blood is collected with a heparinized capillary.  The 422 

blood is expelled into microcentrifuge tube (e.g., 1.5 mL volume) and centrifuged to obtain plasma.  The 423 

plasma samples should be stored at -70 °C or below until VTG determination. Plasma VTG concentration can 424 

be measured by Enzyme-Linked ImmunoSorbent Assay (ELISA) method (ANNEX 5). 425 

Genetic sex determination 426 

57.  The genetic sex of each juvenile frog is assessed based on the markers developed by Yoshimoto et al. 427 

(2008).  To determine the genetic sex, a portion (or whole) of one hind limb removed during dissection is 428 

collected and stored in a microcentrifuge tube (tissue samples from frogs can be obtained from any tissue).  429 

Tissue can be stored at -20°C or below until DNA isolation.  The isolation of DNA from tissues can be 430 

performed with commercially available kits and analysis for presence or absence of the marker is done by PCR 431 

method (ANNEX 4).  Generally, the concordance between histological sex and genotype across control 432 

animals at the juvenile sampling time point in control group is more than 95%. 433 
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Tissue collection and fixation for histopathology 434 

58. Gonads, reproductive ducts, kidneys and livers are collected for histological analysis during the final 435 

sampling.  The abdominal cavity is opened, and the liver is dissected out and weighed.  Next, the digestive 436 

organs (e.g., stomach, intestines) are carefully removed from the lower abdomen to reveal the gonads, kidneys 437 

and reproductive ducts.  Any gross morphological abnormalities in the gonads should be noted.  Finally, the 438 

hind limbs would be removed.  Collected livers and the carcass with the gonads left in situ should be 439 

immediately placed into Davidson’s fixative.  The volume of fixative in the container should be at least 10 440 

times the approximated volume of the tissues.  All tissues remain in Davidson’s fixative for at least 48 hours, 441 

but no longer than 96 hours at which time they are rinsed in de-ionized water and stored in 10% neutral 442 

buffered formalin (OECD, 2007; U.S.EPA, 2013, in preparation). 443 

Histopathology 444 

59. Each juvenile sample is evaluated histologically for pathology in the gonads, reproductive ducts, kidneys 445 

and liver tissue, i.e., diagnosis and severity grading (U.S.EPA, in preparation).  The gonad phenotype is also 446 

derived from this evaluation (e.g., ovary, testis, intersex), and these observations can be used to calculate 447 

phenotypic/genotypic sex ratios. 448 

 449 

DATA REPORTING 450 

Statistical analysis 451 

60. The LAGDA generates three forms of data to be statistically analyzed: (1) quantitative continuous data 452 

(e.g., weight, SLV, LSI), (2) time-to-event data for developmental rates (i.e., days to NF stage 62 from assay 453 

initiation) and (3) ordinal data in the form of severity scores or developmental stages from histopathology 454 

evaluations. 455 

61. It is recommended that the test design and selection of statistical test permit adequate power (generally 456 

80% or higher) to detect changes of biological importance in endpoints where a NOEC or ECx is to be reported.  457 

Statistical analyses of the data (generally, replicate mean basis) should preferably follow procedures described 458 

in the document Current Approaches in the Statistical Analysis of Ecotoxicity Data: A Guidance to Application 459 

(OECD, 2006).  ANNEX 6 of this guideline provides the recommended statistical analysis decision tree and 460 

guidance for the treatment of data and in the choice of the most appropriate statistical test or model to use in the 461 

LAGDA. 462 

62. The data from juvenile sampling (e.g., growth, LSI) should be analyzed for each genotypic sex separately 463 

since genotypic sex is determined for all frogs.   464 

Data analysis considerations 465 

Use of compromised replicates and treatments 466 

63. Replicates and treatments may become compromised due to excess mortality from overt toxicity, disease, 467 

or technical error.  At least three treatment levels with three uncompromised replicates should be available for 468 

analysis. Excessive mortality, which compromises a treatment, is defined as >4 mortalities in 2 or more 469 

replicates that cannot be explained by technical error.  Also, at least three treatment levels without significant 470 

overt toxicity should be available for analysis.  Signs of overt toxicity may include, but are not limited to, 471 

floating on the surface, lying on the bottom of the tank, inverted or irregular swimming, lack of surfacing 472 

activity, and being nonresponsive to stimuli, morphological abnormalities (e.g., limb deformities), hemorrhagic 473 

lesions, and abdominal edema. 474 

Solvent control 475 
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64. The use of a solvent should only be considered as a last resort, when all other chemical delivery options 476 

have been considered.  If a solvent is used, then a dilution water control (clean water only) is run in concert 477 

with a solvent control.  At the termination of the test, an evaluation of the potential effects of the solvent must 478 

be performed.  This is done through a statistical comparison of the solvent control group and the clean water 479 

control group.  The most relevant endpoints for consideration in this analysis are growth determinants (weight 480 

and length), as these can be affected through generalized toxicities.  If statistically significant differences are 481 

detected in these endpoints between the dilution water control and solvent control groups, the study endpoints 482 

for the response measures should be determined using the solvent control, or best professional judgment should 483 

be used to determine if the validity of the test is compromised.  If there is no statistically significant difference 484 

between the two controls for all measured response variables, the study endpoints for the response measures 485 

should be determined using the solvent control. 486 

Test report 487 

65. The test report must include the following: 488 

Test chemical: 489 

 Physical nature and, where relevant, physicochemical properties; 490 

 Chemical identification data. 491 

 Mono-constituent substance: 492 

physical appearance, water solubility, and additional relevant physicochemical properties;  493 

chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, structural 494 

formula, purity, chemical identity of impurities as appropriate and practically feasible, etc. (including 495 

the organic carbon content, if appropriate). 496 

 Multi-constituent substance, UVBCs and mixtures: 497 

characterized as far as possible by chemical identity (see above), quantitative occurrence and relevant 498 

physicochemical properties of the constituents. 499 

Test species: 500 

 Scientific name, strain if available, source and method of collection of the fertilized eggs and 501 

subsequent handling. 502 

 Incidence of scoliosis in historical controls for the stock culture used.   503 

Test conditions: 504 

 Photoperiod(s); 505 

 Test design (e.g., chamber size, material and water volume, number of test chambers and replicates, 506 

number of hatchlings per replicates); 507 

 Method of preparation of stock solutions and frequency of renewal (the solubilizing agent and its 508 

concentration must be given, when used); 509 

 Method of dosing the test chemical (e.g., pumps, diluting systems);  510 

 The recovery efficiency of the method and the nominal test concentrations, the limit of quantification, 511 

the means of the measured values and their standard deviations in the test vessels and the method by 512 

which these were attained and evidence that the measurements refer to the concentrations of the test 513 

chemical in true solution; 514 
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 Dilution water characteristics: pH, hardness, temperature, dissolved oxygen concentration, residual 515 

chlorine levels (if measured), total iodine, total organic carbon (if measured), suspended solids (if 516 

measured), salinity of the test medium (if measured) and any other measurements made; 517 

 The nominal test concentrations, the means of the measured values and their standard deviations; 518 

 Water quality within test vessels (e.g., ammonia) , pH, temperature (daily) and dissolved oxygen 519 

concentration; 520 

 Detailed information on feeding (e.g., type of foods, source, amount given and frequency). 521 

Results: 522 

 Evidence that controls met the overall acceptance criteria; 523 

 Data for the control (plus solvent control when used) and the treatment groups as follows: mortality 524 

and abnormality observed, time to NF stage 62 (larval sample only), thyroid histology assessment 525 

(larval sample only), growth (weight and length), LSI (juvenile sample only), genetic/phenotypic sex 526 

ratios (juvenile sample only), histopathology assessment results for gonads, reproductive ducts, kidney 527 

and liver (juvenile sample only) and plasma VTG (juvenile sample only, if performed); 528 

 Approach for the statistical analysis and treatment of data (statistical test or model used); 529 

 No observed effect concentration (NOEC) for each response assessed; 530 

 Lowest observed effect concentration (LOEC) for each response assessed (at  = 0.05); ECx for each 531 

response assessed, if applicable, and confidence intervals (e.g., 95%) and a graph of the fitted model 532 

used for its calculation, the slope of the concentration-response curve, the formula of the regression 533 

model, the estimated model parameters and their standard errors. 534 

 Any deviation from the guideline and deviations from the acceptance criteria, and considerations of 535 

potential consequences on the outcome of the test. 536 

66. For the results of endpoint measurements, mean values and their standard deviations (on both replicate 537 

and concentration basis, if possible) should be presented. 538 

 539 
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ANNEX 1 608 

SOME CHEMICAL CHARACTERISTICS OF AN ACCEPTABLE DILUTION WATER 609 

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 

 610 

  611 
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ANNEX 2 612 

TEST CONDITIONS FOR THE LAGDA 613 

1. Test species Xenopus laevis 

2. Test type Continuous flow-through 

3. Water temperature 21±1 
o
C (The inter-replicate and the inter-treatment differentials should not 

exceed 1.0 ºC) 

4. Illumination quality Fluorescent bulbs (wide spectrum) 

600-2000 lux (lumens/m
2
) at the water surface 

5. Photoperiod 12 h light:12 h dark 

6. Test solution volume and 

test vessel (tank) 

4-10 L (minimum 10–15 cm water depth) 

Glass or stainless steel tank 

7. Volume exchanges of test 

solutions 

Constant, in consideration of both the maintenance of biological conditions 

and chemical exposure (e.g., 5 tank volume renewal per day) 

8. Age of test organisms at 

initiation 

Nieuwkoop and Faber (NF) stage 8-10 

9. Number. of organisms per 

replicate 

20 animals (embryos)/tank (replicate) at exposure initiation and 10 animals 

(juveniles)/tank (replicate) after NF stage 66 to exposure termination 

10. Number of treatments Minimum 4 test chemical treatments plus appropriate control(s) 

11. Number of replicates per 

treatment 

4 replicates per treatment for test chemical and 8 replicates for control(s) 

12. Number of organisms per 

test concentration  

Minimum 80 animals per treatment for test chemical and minimum 160 

replicates for control(s) 

13. Dilution water Any water that permits normal growth and development of X. laevis (e.g., 

spring water or charcoal-filtered tap water) 

14. Aeration None  

15. Dissolved oxygen of test 

solution 

Dissolved oxygen: >40 % of air saturation value or ≥ 3.5 mg/L (within 

larval phase) 

16. pH of test solution 6.5-8.5 (The inter-replicate and the inter-treatment differentials should not 

exceed 0.5) 

17. Hardness and alkalinity of 

test solution 

10-250 mg CaCO3/L 

18. Feeding regime (See ANNEX 3) 

19. Exposure period From NF stage8-10 to ten weeks after the median time to NF stage 62 in 
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control group (maximum 17 weeks) 

20. Biological endpoints Mortality (and abnormal appearances), time to NF stage 62 (larval sample), 

thyroid histology assessment (larval sample), growth-weight and length, 

liver-somatic index (juvenile sample), genetic/phenotypic sex ratios 

(juvenile sample), histopathology for gonads, reproductive ducts, kidney 

and liver (juvenile sample) and plasma vitellogenin (juvenile sample, 

optional) 

21. Test acceptability criteria Dissolved oxygen should be >40% air saturation value; water temperature 

should be 21±1 ºC and the inter-replicate and -treatment differentials should 

be <1.0 ºC; pH of test solution should be ranged between 6.5 and 8.5; the 

mortality in control should be ≤ 20% in each replicate, at least three 

treatment levels with three uncompromised replicates and without 

obvious overt toxicity should be available for analysis, and the mean 

time to NF stage 62 in control should be ≤45 days,. 

 614 

615 
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ANNEX 3 616 

FEEDING REGIME 617 

Larval feeding 618 

Preparation for larval diet 619 

B. 1:1 (v/v) Trout Starter: algae/TetraFin
®
: 620 

1. Trout Starter: blend 80 ml of Trout Starter and 300 mL of suitable filtered water on high 20 seconds 621 

2. Algae/TetraFin
®
 mixture: blend 12 g spirulina algae disks and 500 ml filtered water on high for 40 622 

seconds, blend 12 g Tetrafin
®
 with 500 ml filtered water and then combine these to make up 1 L of 12 623 

g/L spirulina algae and 12 g/L Tetrafin
®

 624 

3. Combine equal volumes of the blended Trout Starter and the algae/TetraFin
®
 mixture 625 

B. Brine shrimp:  626 

15 ml brine shrimp eggs are hatched in 1 L of salt water (prepared by adding 20 mL of NaCl to 1 L 627 

deionized water).  After aerating 24 hours at room temperature under constant light, the brine shrimp are 628 

harvested.  Briefly, the brine shrimp are allowed to settle for 30 min by stopping aeration.  Cysts that 629 

float to the top of the canister are poured off and discarded, and the shrimp are poured through the 630 

appropriate filters and brought up to 30 ml with filtered water. 631 

 632 

Feeding Protocol 633 

Table 1 provides a reference regarding the type and amount of feed used during the larval stages of the 634 

exposure.  The animals should be fed three times per day Monday through Friday and once per day on the 635 

weekends. 636 

Table 1. Feeding regime for X. laevis larvae in flow-through conditions. 637 

Time 
(Post-Fertilization) 

Trout Starter:algae/TetraFin
®
 Brine Shrimp 

Weekday 
(3 times per day) 

Weekend 
(once per day) 

Weekday 
(twice per day) 

Weekend 
(once per day) 

Days 4-14 
(in Weeks 0-1) 0.33 ml 1.2 ml 

0.5 ml 
(from Day 8 to 15) 

1 ml 
(from Day 16) 

0.5 ml 
(from Day 8 to 15) 

1 ml 
(from Day 16) Week 2 0.67 ml 2.4 ml 

Week 3 1.3 ml 4.0 ml 1 ml 1 ml 

Week 4 1.5 ml 4.0 ml 1 ml 1 ml 

Week 5 1.6 ml 4.4 ml 1 ml 1 ml 

Week 6 1.6 ml 4.6 ml 1 ml 1 ml 

Week 7 1.7 ml 4.6 ml 1 ml 1 ml 

Weeks 8-12 1.7 ml 4.6 ml 1 ml 1 ml 

* Day 0 is defined as the day hCG injection is done. 

  638 
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Larval to juvenile diet transition 639 

As larvae complete metamorphosis, they transition to a juvenile diet formulation explained below.  While this 640 

transition is taking place, the larval diet should be reduced as the juvenile feed increases.  This can be 641 

accomplished by proportionally decreasing the larval feed while proportionally increasing the juvenile feed as 642 

each group of five tadpoles surpass NF stage 62 and approach completion of metamorphosis at NF stage 66. 643 

 644 

Juvenile feeding 645 

Juvenile diet 646 

Once metamorphosis is complete, the feeding regime changes to 3/32 inch premium sinking frog food 647 

(Xenopus Express, FL, USA) 648 

Preparation of crushed pellet for larval to juvenile transition 649 

Sinking frog food pellets are briefly run in a coffee grinder, blender or mortar and pestle in order to reduce the 650 

size of the pellets by approximately 1/3.  Processing too long results in powder and is discouraged. 651 

 652 

Feeding protocol 653 

Table 2 provides a reference regarding the type and amount of feed used during juvenile and adult life stages.  654 

The animals should be fed once per day.  It should be noted that as animals metamorphose, they continue 655 

receiving a portion of the brine shrimp until >95% animals complete metamorphosis. 656 

The animals should not be fed on the day of test termination so feed does not confound weight measurements. 657 

 658 

 659 

Table 2.  Feeding regime for X. laevis juveniles in flow-through conditions. 660 

Time 
(Weeks post-median metamorphosis date) 

Crushed pellet volume 
(mL per froglet) 

Whole pellet volume 
(mL per froglet) 

As animals complete metamorphosis 0.05 0 

Weeks 0-1 0.05 0.05 

Weeks 2-3 0 0.2 

Weeks 4-5 0 0.3 

Weeks 6-9 0 0.4 

* The first day of Week 0 is the median metamorphosis date in control animals. 

 661 

662 
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ANNEX 4 663 

GENETIC SEX DETERMINATIN (GENETIC SEXING) 664 

The method of genetic sexing for Xenopus laevis is based on Yoshimoto et al., 2008.  Procedures in detail on 665 

the genotyping can be referred from the literature, if needed. 666 

 667 

X. laevis primers 668 

DM-W marker 669 

Forward: 5’-CCACACCCAGCTCATGTAAAG-3’ 670 

Reverse: 5’-GGGCAGAGTCACATATACTG-3’ 671 

 672 

Positive Control 673 

Forward: 5’-AACAGGAGCCCAATTCTGAG-3’ 674 

Reverse: 5’-AACTGCTTGACCTCTAATGC-3’ 675 

 676 
DNA purification 677 

Purify DNA from muscle or skin tissue using e.g., Qiagen DNeasy Blood and Tissue Kit (cat # 69506) or 678 

similar product according to kit instructions.  DNA can be eluted from the spin columns using less buffer to 679 

yield more concentrated samples if deemed necessary for PCR.  680 

 681 
PCR 682 

Sample protocol using JumpStart
TM

 Taq from Sigma is outlined in Table 1. 683 

 684 

Table 1 Sample protocol using JumpStart
TM

 Taq from Sigma 685 

Master Mix 1x (µL) [Final] 

NFW 11 - 

10X Buffer 2.0 - 

MgCl2 (25mM) 2.0 2.5 mM 

dNTP’s (10mM each) 0.4 200 µM 

Marker for primer (8 µM) 0.8 0.3 µM 

Marker rev primer (8 µM) 0.8 0.3 µM 

Control for primer (8 µM) 0.8 0.3 µM 

Control rev primer (8 µM) 0.8 0.3 µM 

JumpStart
TM

 Taq 0.4 0.05 units/µl 

DNA template 1.0 ~200 pg/µl 

 686 

Note: When preparing Master Mixes, prepare extra to account for any loss that may occur while pipetting 687 

(example: 25x should be used for only 24 reactions). 688 
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 689 

Reaction: 690 

Master Mix 19.0 µL 691 

Template 1.0 µL 692 

Total 20.0 µL 693 

 694 

Thermocycler Profile: 695 

1. 94 ºC 1 min 696 

2. 94 ºC 30 sec 697 

3. 60 ºC 30 sec 698 

4. 72 ºC 1 min 699 

5. Go to step 2. 35 cycles 700 

6. 72 ºC 1 min 701 

7. 4 ºC hold 702 

 703 

PCR products can be run immediately in a gel or stored at 4 ºC. 704 

 705 

Agarose Gel Electrophoresis (3%) 706 

50X TAE 707 

Tris 24.2 g 708 

Glacial acetic acid 5.71 mL 709 

Na2 (EDTA)·2H2O 3.72 g 710 

Add water to 100 mL 711 

 712 

1X TAE 713 

H2O 392 mL 714 

50X TAE 8 mL 715 

 716 

3:1 Agarose 717 

3 parts NuSieve™ GTG
™

 agarose 718 

1 part Fisher agarose low electroendosmosis (EEO) 719 

 720 

Method 721 

1. Prepare a 3% gel by adding 1.2 g agarose mix to 43 mL 1X TAE.  Swirl to disassociate large clumps. 722 

2. Microwave agarose mixture until completely dissolved (avoid boiling over).  Let cool slightly. 723 

3. Add 1.0µL ethidium bromide (10 mg/mL).  Swirl flask. 724 

4. Pour gel into mold with comb.  Cool completely. 725 

5. Add gel to apparatus.  Cover gel with 1X TAE. 726 

6. Add 1µL of 6x loading dye to each 10µl PCR product. 727 

7. Pipette samples into wells. 728 

8. Run at 160 constant volts for ~20 minutes. 729 

 730 

Agarose gel image showing the band pattern indicative of male and female individual is shown in Figure 1. 731 

  732 
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 733 

 734 
 735 

Figure 1. Agarose gel image showing the band pattern indicative of a male (♂) individual (single band ~203 736 

bp: DMRT1) and of a female (♀) individual (two bands at ~259 bp: DM-W and 203 bp:DMRT1). 737 

 738 

 739 

Literature 740 

Yoshimoto S, Okada E, Umemoto H, Tamura K, Uno Y, Nishida-Umehara C, Matsuda Y, Takamatsu N, Shiba 741 

T, Ito M. 2008. A W-linked DM-domain gene, DM-W, participates in primary ovary development in Xenopus 742 

laevis. Proceedings of the National Academy of Sciences of the United States of America 105: 2469-2474. 743 

744 
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ANNEX 5 745 

MEASUREMENT OF VITELLOGENIN 746 

The measurement of vitellogenin (VTG) is made using enzyme-linked immunosorbent assay (ELISA) method 747 

which is originally developed for fathead minnow VTG (Parks et al., 1999).  Currently there are no 748 

commercially available antibodies for X. laevis.  However, given the wealth of information for this protein and 749 

the availability of cost-effective commercial antibody production services, it is reasonable that laboratories can 750 

easily develop an ELISA to make this measure (Olmstead et al., 2009).  Also Olmstead et al. (2009) provides 751 

a description of the assay as modified for VTG in X. tropicalis, as shown below.  The method uses an 752 

antibody made against X. tropicalis VTG, but we know it also works for X. laevis VTG. 753 

 754 

Materials and Reagents 755 

 Preadsorbed 1st Antibody (Ab) serum 756 

Mix 1 part anti-X. tropicalis VTG 1st Ab serum with 2 parts control male plasma and leave at RT for ~ 757 

75 minutes, put on ice for 30 min, centrifuge > 20K x G for 1 hour at 4 ºC, remove supernatant, aliquot, 758 

store at -20 ºC. 759 

 2nd Antibody 760 

Goat Anti-Rabbit IgG-HRP conjugate (e.g., Bio-Rad 172-1019) 761 

 VTG Standard 762 

purified X. laevis VTG at 3.3 mg/ml. 763 

 TMB (3,3',5,5' Tetramethyl-benzidine) (e.g., KPL 50-76-00; or Sigma T0440) 764 

 Normal Goat Serum (NGS) (e.g., Chemicon S26-100ml) 765 

 96 well EIA polystyrene microtiter plates (e.g., ICN: 76-381-04, Costar:53590, Fisher:07-200-35) 766 

 37 ºC hybridization oven (or fast equilibrating air incubator) for plates, water bath for tubes 767 

 Other common laboratory equipment, chemicals, and supplies. 768 

 769 

Recipes 770 

 Coating Buffer (50 mM Carbonate Buffer, pH 9.6): 771 

NaHCO3 1.26g 772 

Na2CO3 0.68 g 773 

water 428 ml 774 

 10X PBS (0.1 M phosphate, 1.5 M NaCl): 775 

NaH2PO4H2O 0.83g 776 

Na2HPO47 H2O 20.1 g 777 

NaCl 71 g 778 

water 810 ml 779 

 Wash Buffer (PBST): 780 

10X PBS 100 ml 781 

water 900 ml 782 

Adjust pH to 7.3 with 1 M HCL, then add 0.5 ml Tween-20 783 

 Assay Buffer: 784 

Normal Goat Serum (NGS) 3.75 ml 785 
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Wash Buffer 146.25 ml 786 

 787 

Sample collection 788 

Blood is collected with heparinized microhematocrit tube and placed on ice.  After centrifugation for 3 789 

minutes, the tube is scored, broken open, and the plasma expelled into 0.6 ml microcentrifuge tubes which 790 

contain 0.13 units of lyophilized aprotinin.  (These tubes are prepared in advance by adding the appropriate 791 

amount of aprotinin, freezing, and lyophilizing in a speed-vac at low heat until dry.)  Place plasma at -80 C 792 

until analyzed. 793 

Procedure for one plate 794 

Coating the plate 795 

Mix 20 μl of purified VTG with 22 ml of carbonate buffer (final 3 µg/ml).  Add 200 μl to each well of a 796 

96-well plate using.  Cover the plate with adhesive sealing film and allow to incubate overnight at 4 ºC (or 37 797 

ºC for 2 hours). 798 

Blocking the plate 799 

Blocking solution is prepared by adding 2 ml of Normal Goat Serum (NGS) to 38 ml of carbonate buffer.  800 

Remove coating solution and shake dry.  Add 350 μl of the blocking solution to each well.  Cover with 801 

adhesive sealing film and incubate at 37 ºC for 2 hours (or at 4 C overnight).   802 

Preparation of standards 803 

5.8 μl of purified VTG standard is mixed with 1.5 ml of assay buffer in a 12 x 75 mm borosilicate disposable 804 

glass test tube.  This yields 12,760 ng/ml.  Then a serial dilution is performed by adding 750 μl of the 805 

previous dilution to 750 μl of assay buffer to yield final concentrations of 12,760, 6380, 3190, 1595, 798, 399, 806 

199, 100, and 50 ng/ml.   807 

Preparation of Samples 808 

Start with a 1:300 (e.g., combine 1 μl plasma with 299 μl of assay buffer) or 1:30 dilution of plasma into assay 809 

buffer.  If a large amount of VTG is expected, additional or greater dilutions may be needed.  Try to keep 810 

B/Bo within the range of standards. For samples without appreciable VTG, e.g., control males and immature 811 

females, use the 1:30 dilution.  Samples diluted less than this may show unwanted matrix effects.   812 

Additionally, it is recommended to run a positive control sample on each plate.  This comes from a pool of 813 

plasma containing highly induced levels of VTG.   The pool is initially diluted in NGS, divided in aliquots 814 

and stored at -80 C.  For each plate, an aliquot is thawed, diluted further in assay buffer and run similar to a 815 

test sample. 816 

Incubation with 1st antibody 817 

The 1st Ab is prepared by making a 1:2,000 dilution of preadsorbed 1st Ab serum in assay buffer (e.g., 8 μl to 818 

16 ml of assay buffer).  Combine 300 μl of 1st Ab solution with 300 μl of sample/standard in a glass tube.  819 

The Bo tube is prepared similarly with 300 μl of assay buffer and 300 μl of antibody.  Also, a NSB tube should 820 

be prepared using 600 μl of assay buffer only, i.e., no Ab.  Cover the tubes with Parafilm and vortex gently to 821 

mix.  Incubate in a 37 ºC water bath for 1 hour.   822 

Washing the plate 823 



Draft LAGDA guideline ver. 2.0 (10 September 2014) 

 27 

Just before the 1st Ab incubation is complete, wash the plate.  This is done by shaking out the contents and 824 

patting dry on absorbent paper.  Then fill wells with 350 μl of wash solution, dump out, and pat dry.  A 825 

multi-channel repeater pipette or plate washer is useful here. The wash step is repeated two more times for a 826 

total of three washes. 827 

Loading the plate 828 

After the plate has been washed, remove the tubes from the water bath and vortex lightly.  Add 200 μl from 829 

each sample, standard, Bo, and NSB tube to duplicate wells of the plate.  Cover plate with adhesive sealing 830 

film and allow to incubate for 1 hour at 37 ºC. 831 

Incubation with the 2nd antibody 832 

At the end of the incubation from the previous step, the plate should be washed three times again, like above.  833 

The diluted 2nd Ab is prepared by mixing 2.5 μl of 2nd Ab with 50 ml of assay buffer.  Add 200 μl of diluted 834 

2nd Ab to each well, seal like above, and incubate for 1 hour at 37 ºC. 835 

Addition of substrate 836 

After the incubation with the 2nd Ab is complete, wash the plate three times as described earlier.  Then add 837 

100 μl of TMB substrate to each well.  Allow the reaction to proceed for 10 minutes, preferably out of bright 838 

light.  Stop the reaction by adding 100 μl of 1 M phosphoric acid.  This will change the color from blue to an 839 

intense yellow.  Measure the absorbance at 450 nm using a plate reader. 840 

Calculate B/Bo 841 

Subtract the average NSB value from all measurements.  The B/Bo for each sample and standard is calculated 842 

by dividing the absorbance value (B) by the average absorbance of the Bo sample. 843 

Obtain the standard curve and determine unknown amounts 844 

Generate a standard curve with the aid of some computer graphing software (e.g., Slidewrite or Sigma Plot
®
) 845 

that will extrapolate quantity from B/Bo of sample based on B/Bo of standards.  Typically, the amount is 846 

plotted on a log scale and the curve has a sigmoid shape.  However, it may appear linear when using a narrow 847 

range of standards.  Correct sample amounts for dilution factor and report as mg VTG/ml of plasma. 848 

Determination of minimum detection limits (MDL) 849 

Often, particularly in normal males, it will not be clear how to report results from low values.  In these cases, 850 

the 95% "Confidence limits" should be used to determine if the value should be reported as zero or as some 851 

other number.  If the sample result is within the confidence interval of the zero standard (Bo), the result should 852 

be reported as zero.  The minimum detection level will be the lowest standard which is consistently different 853 

from the zero standard; that is, the two confidence intervals don't overlap. For any sample result which is within 854 

the confidence limit of the minimum detection level, or above, the calculated value will be reported. If a sample 855 

falls between the zero standard and the minimum detection level intervals, one half of the minimum detection 856 

level should be reported for the value of that sample. 857 

 858 

Literature 859 

Olmstead AW, Korte JJ, Woodis KK, Bennett BA, Ostazeski S, Degitz SJ. 2009. Reproductive maturation of 860 

the tropical clawed frog: Xenopus tropicalis. General and Comparative Endocrinology 160: 117-123. 861 

 862 
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Pharmacology 123: 113-125. 866 
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ANNEX 6 868 

STATISTICAL ANALYSIS 869 

The LAGDA generates three forms of data to be statistically analyzed: (1) Quantitative continuous data, (2) 870 

Time-to-event data for developmental rates (Time to NF stage 62) and (3) Ordinal data in the form of severity 871 

scores or developmental stages from histopathology evaluations.  The recommended statistical analysis 872 

decision tree for the LAGDA is shown in Figure 1.  Also, some annotations which might be needed to 873 

conduct statistical analysis for the measurements from the LAGDA are indicated below.  For the analysis 874 

decision tree, the results of measurements for mortality, growth (weight and length) and liver-somatic-index 875 

(LSI) should be analyzed according to the “Other endpoints” branch. 876 

 877 

Continuous data. 878 

Data for continuous endpoints should first be checked for monotonicity by rank transforming the data, fitting to 879 

an ANOVA model and comparing linear and quadratic contrasts.  If the data are monotonic, a step-down 880 

Jonckheere-Terpstra trend test should be performed on replicate medians and no subsequent analyses should be 881 

applied.  If the data are non-monotonic (quadratic contrast is significant and linear is not significant), it should 882 

be analyzed using a mixed effects ANOVA model.  The data should then be assessed for normality (preferably 883 

using the Shapiro-Wilk or Anderson-Darling test) and variance homogeneity (preferably using Levene’s test).  884 

Both tests are performed on the residuals from the mixed effects ANOVA model.  Expert judgment can be 885 

used in lieu of these formal tests for normality and variance homogeneity, though formal tests are preferred.  If 886 

the data are normally distributed with homogeneous variance, then the assumptions of a mixed effect ANOVA 887 

are met and a significant treatment effect is determined from Dunnett’s test.  Where non-normality or variance 888 

heterogeneity is found, then the assumptions of the mixed effect ANOVA model are violated and a significant 889 

treatment effect is determined with a Dunn’s test.  Whenever possible, a one-tailed test should be performed 890 

as opposed to a two-tailed test, but it requires expert judgment to determine which is appropriate for a given 891 

endpoint. 892 

Mortality 893 

Mortality data should be analyzed for the time period encompassing the full test and should be expressed as 894 

percent that died in any particular tank.  Tadpoles that do not complete metamorphosis in the given time frame, 895 

those tadpoles that are in the larval sub-sample cohort, those juvenile frogs that are culled, and any animal that 896 

dies due to experimenter error should be treated as censored data and not included in the denominator of the 897 

percent calculation.  Prior to any statistical analyses, mortality ratios should be arcsin-square root transformed. 898 

Weight and length (growth data) 899 

Males and females are not sexually-dimorphic during metamorphosis so larval sub-sampling growth data 900 

should be analyzed independent of gender.  However, juvenile growth data should be analyzed separately 901 

based on genetic sex. Transformations are not recommended for these endpoints. 902 

Liver-somatic-index (LSI) 903 

Liver weights should be normalized as proportions of whole body weights (i.e., LSI) and analyzed separately 904 

based on genetic sex.  Transformations are not recommended for this endpoint. 905 

Time to NF stage 62 906 

Time to metamorphosis data should be treated as time to event data, with any mortalities or individuals not 907 

reaching NF stage 62 in 70 days treated as right-censored data.  Median time to NF stage 62 completion of 908 
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metamorphosis in dilution water controls should be used to determine the test termination date.  This endpoint 909 

should be analyzed using a mixed-effects Cox proportional hazard model that can be implemented in SAS or 910 

the free open source statistical program “R”. 911 

Histopathology data (severity scores and developmental stages) 912 

Histopathology data are in the form of severity scores or developmental stages.  A test termed RSCABS 913 

(Rao-Scott Cochran-Armitage by Slices) uses a step-down Rao-Scott adjusted Cochran-Armitage trend test on 914 

each level of severity in a histopathology response (Greene et al., 2014).  The Rao-Scott adjustment 915 

incorporates the replicate vessel experimental design into the test.  The “by slices” procedure incorporates the 916 

biological expectation that severity of effect tends to increase with increasing doses or concentrations, while 917 

retaining the individual subject scores and revealing the severity of any effect found.  The RSCABS procedure 918 

not only determines which treatments are statistically different than controls (i.e., have more severe pathology 919 

than controls), but it also determines at which severity score the difference occurs thereby providing much 920 

needed context to the analysis.  In the case of developmental staging of gonads and reproductive ducts, an 921 

additional manipulation must be applied to the data since an assumption of RSCABS is that severity of effect 922 

increases with dose.  The effect observed could be a delay or acceleration of development.  Therefore, 923 

developmental staging data must be analyzed as reported to detect acceleration in development and then 924 

manually inverted prior to a second analysis to detect a delay in development. 925 

 926 

 927 

 928 
 929 

Figure 1. Statistical analysis decision tree for LAGDA data. 930 

 931 

 932 

Literature 933 

Green JW, Springer TA, Saulnier AN, Swintek J. 2014. Statistical analysis of histopathology endpoints. 934 

Environmental Toxicology and Chemistry (in press). 935 

 936 
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ANNEX 7 937 

CONSIDERATIONS FOR TRACKING AND MINIMIZING THE OCCURRENCE OF SCOLIOSIS 938 

 939 

Idiopathic scoliosis, usually manifesting as “bent tail” in Xenopus laevis tadpoles, may complicate 940 

morphological and behavioral observations in test populations.  Efforts should be made to minimize or 941 

eliminate the incidence of scoliosis, both in stock and under test conditions.  In the definitive test, it is 942 

recommended that the prevalence of moderate and severe scoliosis be less than 10%, to improve confidence 943 

that the test can detect treatment-related developmental effects in otherwise healthy amphibian larvae. 944 

 945 

Daily observations during the definitive test should record both the incidence (individual count) and severity of 946 

scoliosis, when present.  The nature of the abnormality should be described with respect to location (e.g., 947 

anterior or posterior to the vent) and direction of curvature (e.g., lateral or dorsal-to-ventral).  Severity may be 948 

graded as follows: 949 

(NR) Not remarkable: no curvature present 950 

(1) Minimal: slight, lateral curvature posterior to the vent; apparent only at rest 951 

(2) Moderate: lateral curvature posterior to the vent; visible at all times but does not inhibit movement 952 

(3) Severe: lateral curvature anterior to the vent; OR any curvature that inhibits movement; OR any 953 

dorsal-to-ventral curvature 954 

 955 

A US EPA FIFRA Scientific Advisory Panel (Schlenk and Jenkins 2013)     reviewed summary data for 956 

scoliosis in fifteen Amphibian Metamorphosis Assays with X. laevis (NF stage 51 through 60+) and provided 957 

general recommendations for reducing the prevalence of this abnormality in test populations, as follows.  The 958 

recommendations are relevant to the LAGDA even though it encompasses a longer developmental timeline. 959 

 960 

 961 

Historical Clutch Performance 962 

 963 

Generally, high quality, healthy adults should be used as breeding pairs; eliminating breeding pairs that produce 964 

offspring with scoliosis may minimize its occurrence over time.  Specifically, minimizing the use of 965 

wild-caught breeding stock may be beneficial.  The LAGDA exposure period begins with NF stage 8-to-10 966 

embryos, and it is not feasible to determine at the test outset whether given individuals will exhibit scoliosis.  967 

Thus, in addition to tracking the incidence of scoliosis in animals that are placed on test, historical clutch 968 

performance (including the prevalence of scoliosis in any larvae allowed to develop) should be documented.  969 

It may be useful to further monitor the portion of each clutch not used in a given study and to report these 970 

observations.  (Schlenk and Jenkins 2013). 971 

 972 

Water Quality 973 

 974 

It is important to ensure adequate water quality, both in laboratory stock and during the test.  In addition to 975 

water quality criteria routinely evaluated for aquatic toxicity tests, it may be useful to monitor for and to correct 976 

any nutrient deficiencies (e.g., deficiency of vitamin C, calcium, phosphorous) or excess levels of selenium and 977 

copper, which are reported to cause scoliosis to varying degrees in laboratory-reared Rana sp. and Xenopus sp. 978 

(Marshall et al. 1980; Leibovitz et al. 1992; Martinez et al. 1992; as reported in Schlenk and Jenkins 2013).  979 

The use of an appropriate dietary regimen (see Annex 3), and regular tank cleaning, will generally improve 980 

water quality and health of the test specimens.  981 

 982 

Diet  983 

 984 

Specific recommendations for a dietary regimen, found to be successful in the LAGDA, are detailed in Annex 985 

3.  It is recommended that feed sources be screened for herbicides, biological toxins, and other pesticides 986 

which are known to cause scoliosis in X. laevis or other aquatic animals (Schlenk and Jenkins 2013).  For 987 
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example, exposure to certain cholinesterase inhibitors has been associated with scoliosis in fish (Schultz et al. 988 

1985) and frogs (Bacchetta et al. 2008).   989 

 990 
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