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INTERNATIONAL
Standard Guide for
Conducting the Frog Embryo Teratogenesis Assay-Xenopus
(FETAX)?!
This standard is issued under the fixed designation E 1439; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope als, and solid phase samples, such as soils and sediments,

1.1 This guide covers procedures for obtaining |aborator>part|culate matter, sediment, and whole bulk soils and sedi-
data concerning the developmental toxicity of a test materialment.
The test utilizes embryos of the South African clawed frog, 1-4 This standard does not purport to address all of the
Xenopus laeviand is called FETAX (Frog Embryo Teratoge- Saféty concerns, if any, associated with its use. It is the
nesis Assaykenopu} (1).2 Some of these procedures will be re_spon5|bll|ty of the user of th_ls standard to e_stabllsh appro-
useful for conducting developmental toxicity tests with otherPriate safety and health practices and determine the applica-
species of frogs although numerous modifications might b&ility of regulatory limitations prior to use.
necessary. A list of alternative anurans is presented in Appen- 1.5 This guide is arranged as follows:

dix X1. Section
1.2 A renewal exposure regimen and the collection of thé?:rf;'iﬁgﬁ;dyt’owme”ts 2
required mortality, malformation, and growth-inhibition data summary of Guide 4
are described. Special needs or circumstances might requiﬁe}nitﬁcgnce a?_d Use 2
different types of exposure and data concerning other effectig’fa?’anfsca“ ons ]
Some of these modifications are listed in Appendix X2water for Culturing Xenopus adults 8
although other modifications might also be necessary. When- Requirements 2-;
ever these procedures are altered or other species used, th&re o3
results of tests might not be comparable between modified andcharacterization 8.4
unmodified procedures. Any test that is conducted usindjERTAX _SO'U“Ot” Water 21
. . . equirements .
modified procedures should be reported as having deviatede,miaon 9.2
from the guide. Test Material 10
1.3 These procedures are applicable to all chemicals eithergte“i'g' i ig-;
. P . - . . 0Cl olution .
individually or in formulations, commercial products or MiX- req; organisms 1
tures that can be measured accurately at the necessary concepecies 1.1
trations in water. With appropriate modification these proce- Source 12
Adults 11.3
dures can be used to conduct tests on the effects of temperaturéy eging 14
dissolved oxygen, pH, physical agents, and on materials suchembryos 15
as aqueous effluents (see Guide E 1192), surface and grouRigcedure , 12
| h f . lubl . Experimental Design 121
waters, leachates, aqueous extracts of water-insoluble materi—emperature and pH Requirements 12.2
Beginning the Test 12.3
Renewal 12.4
Duration of Test 12.5
* This guide is under the jurisdiction of ASTM Committee E47 on Biological ~ Exogenous Metabolic Activation System (MAS) 12.6
Effects and Environmental Fate and is the direct responsibility of Subcommittee Biological Data 12.7
E47.01 on Aquatic Assessment and Toxicology. A standard guide is a documengnalytical Methodology 13
developed using the consensus mechanisms of ASTM, that provides guidance fécceptability of the Test 14
the selection of procedures to accomplish a specific test but which does not stipulaBocumentation 15
specific procedures. Keywords 16
Current edition approved April 1, 2004. Published April 2004. Originally Appendixes . . 17
approved in 1991. Last previous edition approved in 1998 as E 1439 — 98. X1. List of Alternative Species ) Appendix X1
2 The boldface numbers in parentheses refer to the list of references at the end ofX2- Additional Endpoints and Alternative Exposures Appendix X2
the text. X3. Concentration Steps for Range-Finding Tests Appendix X3
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X4. Microsome Isolation Reagents and NADPH Generating ~ Appendix X4 higher than 1.5 signify larger separation of the mortality and
System Components, malformation concentration ranges and, therefore, a greater
References potential for all embryos to be malformed in the absence of
significant embryo mortality. The Tl is defined as the 96-h

2. Referenced Documents LC50 divided by the 96-h EC50 (malformation).
2.1 ASTM Stgnda_rds?r 3.1.3 For definitions of other terms used in this guide, refer
D 1193 Specification for Reagent Water to Guides E 729 and E 1023, also Terminology E 943. For an

E 380 Practice for Use of the International System of U”itsexplanation of units and symbols, refer to Practice E 380.
(SI) (the Modernized Metric Systefh)

E 729 Guide for Conducting Acute Toxicity Tests on Test, Summary of Guide
Materials with Fishes, Macroinvertebrates and Amphibians o .
E 943 Terminology Relating to Biological Effects and En- 4.1 In FETAX, range-finding and three replicate tests are

vironmental Eate performed on each test material. A control in which no test
E 1023 Guide for Assessing the Hazard of a Material tomaterial has been added is used to provide 1) a measure of the
Aquatic Organisms and Their Uses acceptability of the test by indicating the quality of embryos

E 1192 Guide for Conducting Acute Toxicity Tests on and the suitability of the FETAX solution, test conditions and
Aqueous Ambient Samples and Effluents with Fisheshandling procedures, and 2) a basis for interpreting data from
Macroinvertebrates and Amphibians other treatments. Each test consists of several different con-

E 1391 Guide for Collection, Storage, Characterization, angentrations of test material with two replicate dishes of each
Manipulation of Sediments for Toxicological Testing, and concentration. Each of the three tests is conducted using
for Selection of Samplers Used to Collect Benthic Inver-embryos from a different male/female pair ¥énopus laevis.

tebrates A reference toxicant (6-aminonicotinamide) should be used as
E 1525 Guide for Designing Biological Tests with Sedi- a quality control measure. The 96-h LC50 and 96-h EC50
ments (malformation) are determined by probit analysis and the TI

E 1706 Test Methods for Measuring the Toxicity of (Teratogenic Index) is calculated by dividing the 96-h LC50 by
Sediment-Associated Contaminants with Freshwater Inveithe 96-h EC50. Growth inhibition is determined by measuring

tebrates the head-tail length of each embryo and determining whether
growth at a particular concentration is significantly different

3. Terminology from that of the control. Other useful data can be collected (for
3.1 Definitions of Terms Specific to This Standard: example, pigmentation, locomotion, and hatchability) to ex-

3.1.1 The words “must,” “should,” “may,™ can,” and pand the utility of the test.
“might,” have very specific meanings in this guide. “Must” is
used to express an absolute requirement, that is, to state that the Significance and Use
test ought to be designed to satisfy the specified condition

unless the purpose of the test requires a different desigRq, i-ants Data may be extrapolated to other species including

“Must” is only used in connection with factors that directly : -
- . mammals. FETAX might be used to prioritize samples for
relate to the acceptability of the test (see Section 14). “Shouldg g b P

: o e further tests which use mammals. Validation studies using
is used to state that the specified condition is recommended an mpounds with known mammalian or human developmental
ought to be met if possible. Although violation of one “should” toxicity, or both, suggest that the predictive accuracy will

is rarely a serious matter, violation of several will ofte,r,l“r_enderexceed 85 %2). When evaluating a test material for mamma-

the results questionable. Terms such as “is desirable,” “is ofteﬁlan developmental toxicity, FETAX must be used with and
desirable,” and “might be desirable” are used in connection !

; . X o without a metabolic activation system (MAS). Use of this
with less lrr:“porta?t'factors. May" is H_Sed to mean 'S,, (are) exogenous MAS should increase the predictive accuracy of the
allowed to,™ can” is used to mean “is (are) able t0,” and oqqay 1o approximately 95 %. The accuracy rate compares
might” is used to mean “could possibly.” Thus the classiCt,, o ap1y with other currently availableiti vitro teratogenesis
distinction between “may” and “can” is preserved, and “might” screening assays(3). Any assay employing cells, parts of

is never used as a synonym.for e!ther “may” orl“can." embryos, or whole embryos other tham vivo mammalian
3.1.2 Adevelopmental toxicant is a test material that aﬁem%mbryos is considered to be anvitro assay

any developmental process. Therefore, a developmental toxi- . -
y P P P 5.2 It is important to measure developmental toxicity be-

cant affects embryo mortality and malformation, and causesa e embrvo mortality. malformation. and arowth inhibition
growth inhibition. A teratogen is a test material that Cause%azsoften oc)é r at ::or:xntrat'ons falr Ie,ss tha% tr:lc\;selrel I'rled to
abnormal morphogenesis (malformation). The Teratogenic méffect adult oru anisms : qui
dex or Tl is a measure of developmental hazdd Tl values 9 : o ) ]
5.3 Because of the sensitivity of embryonic and early life

- stages, FETAX provides information that might be useful in

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, oréStimating the chronic toxicity of a test material to aquatic
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM  grganisms.

Standardssolume information, refer to the standard’s Document Summary page on . .
the ASTM website. ypag 5.4 Results from FETAX might be useful when deriving

 Withdrawn. water quality criteria for aquatic organisr(#).

' 5.1 FETAX is a rapid test for identifying developmental
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5.5 FETAX results might be useful for studying structure-of the aquarium should be covered with an opaque porous
activity relationships between test materials and for studyingnaterial such as a fiberglass furnace filter. Alternatively, an
bioavailability. adequate breeding tank can be constructed from two plastic
dish pans (at least 38 by 38 cm) stacked one in the other. The
floor of the topmost pan is perforated. A cork borer can be used

6.1 Many materials can affect humans adversely if precaug, create 1.5-cm holes for the eggs to fall through.
tions are inadequate. Therefore, skin contact with all test

materials and solutions of them should be minimized by such
e e oo o e e v S emlinough a pholoerod s unnecessay: The nubatr ust be
laboratory coats, aprons, and safety glasses, and using pipets@Paple of holding 24= 2°C. Abnorrrgal development will
remove organisms from test solutions. Special precaution@CCUr at temperatures greater than 26°C. Covered 60-mm glass
such as covering test chambers and ventilating the arggetri dishes should be used as test chambers except that
surrounding the chambers and the use of fume hoods, shoufisPosable 55-mm polystyrene Petri dishes should be used if a
be taken when conducting tests on volatile materials. Informasubstantial amount of the test material binds to glass but not to
tion provided in Material Safety Data Sheets on toxicity toPolystyrene. A binocular dissection microscope capable of
humans (5), recommended handling procedurés), and magnifications up to 38 is required to count and evaluate
chemical and physical properties of the test material should bgbnormal embryos. A simple darkroom enlarger is used to
studied before a test is begun. Special procedures might Enlarge embryo images two to three times for head-tail length
necessary with radiolabeled test materi@d$ and with test measurements. It is also possible to measure embryo length
materials that are, or are suspected of being, carcinog8hic through the use of a map measurer or an ocular micrometer.

6.2 Although disposal of stock solutions, test solutions, antHowever, the process is greatly facilitated by using a digitizer
test organisms poses no special problems in most cases, hedliferfaced to a microcomputer. The microcomputer is also used
and safety precautions and applicable regulations should hg data analysis.
considered before beginning a test. Removal or degradation of
test material might be desirable before disposal of stock ang
test solutions.

6.3 Cleaning of equipment with a volatile solvent such a
acetone should be performed only in a fume hood.

6. Safety Precautions

7.2 Facilities for Conducting FETAX-A constant tempera-
re room or a suitable incubator for embryos is required

7.3 Construction Materials—-Equipment and facilities that
ontact stock solutions, test solutions, or water in which
embryos will be placed should not contain substances that can
%be leached or dissolved by aqueous solutions in amounts that

6.4 To prepare dilute acid solutions, concentrated acid_vOUId adversely affect embryo growth or development. Addi-

should be added to water, not vice versa. Opening a bottle dionally, items that contact stock solutions or test solutions

concentrated acid and adding concentrated acid to water shouffould be chosen to minimize sorption of most test materials

be performed only in a fume hood. from water. Glass, Type 316 stainless steel, nylon, and fluoro-
6.5 Because FETAX solution and test solutions are usuallgarbon plastic should be used whenever possible to minimize

good conductors of electricity, use of ground fault systems angissolution, leaching, and sorption. Rigid plastics may be used

leak detectors should be considered to help avoid electricdPr holding, acclimation, and in the water supply system, but

shocks. they should be soaked for a week before use in water used for

adult maintenance.

7.3.1 FETAX solution, stock solutions, or test solutions

7.1 Facilities for Maintaining and Breeding Xenop#s  snould not contact brass, copper, lead, galvanized metal, or
Adults should be kept in an animal room that is isolated fromnatural rubber before or during the test. Items made of

extraneous light which might interfere with a consistent
photoperiod of 12-h day/12-h night. The role that circadian

7. Apparatus

neoprene rubber or other materials not mentioned above should

hvih I inX duction h b . i not be used unless it has been shown that their use will not
rmythm plays InAenopusreproduction has not been invest- adversely affect either survival or growth of the embryos and
gated. A consistent photoperiod is therefore recommended

that Xenopuscan be bred year-round. Adults can be kept inﬁgrvae of the test species.

large aquaria or in fiberglass or stainless steel raceways at /-4 Cleaning—At the end of each test, all glass dishes and
densities of 4 to 6 per 1800 énof water surface area. The other glassware that are to be used again should be immedi-
sides of tanks should be opaque and at least 30 cm high. TrRéely emptied, rinsed with water, and cleaned by the following
water depth should be between 7 and 14 cm. Water temperatupgocedure.
for adults should be 23 3°C. 7.4.1 Glassware Washing Procedure

7.1.1 Two types of breeding aquaria have been used suc-74.1.1 Soak 15 min, and scrub with tissue culture compat-
cgssfully. A 5 or 10-gal glass aquarium may be used if fitteqpe detergent in tap water.
with a 1-cm mesh suspended about 3-cm from the bottom of . . .

. . . . 7.4.1.2 Rinse twice with tap water.

the aquarium so that deposited eggs will lie undisturbed on the ) . ] .
bottom of the aquarium. Hardware cloth or other metal mesh 7-4.1.3 Rinse once with fresh, dilute (10 %, v/v) hydro-
must not be used. Nylon or plastic mesh is recommended. THehloric acid to remove scale, metals, and bases.
sides of the breeding aquarium should be opaque and an7.4.1.4 Rinse twice with water conforming to Type Il ASTM
optional bubbler may be fitted to oxygenate the water. The topvater (Specification D 1193).
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7.4.1.5 Rinse once with full strength reagent-gPaalsetone  stones or surface aerators. Air used for aeration should be free

to remove organic compounds. of fumes, oil, and water. Compressed air supplies might be
7.4.1.6 Rinse well with hot ASTM Type Il water. contaminated with oil or water containing rust or sludge. Some
7.4.1.7 Rinse well with ASTM Type | water or FETAX compressed air supplies might also have a high level of carbon

solution. monoxide. A low-pressure blower will provide high-quality air

7.4.1.8 Heat the glassware in an oven at 150° IC3ftn to  without the problems associated with a high-pressure air
drive off any residual acetone. Toxicity problems have oc-supply as long as its air supply is uncontaminated. Adequate
curred in experiments when this glassware washing proceduweration will stabilize pH, bring concentrations of dissolved
was omitted. oxygen and other gases into equilibrium with air, and minimize

7.5 Acceptability—Before FETAX is conducted in new test oxygen demand and concentrations of volatiles. However, it is
facilities it is desirable to conduct a “non-toxicant” test, in not absolutely necessary to aerate the wateKfropusadults
which all test chambers contain FETAX solution with no added(12).
test material. The embryos should grow, develop, and survive 8.3.2 Filtration through bag, sand, sock, or depth-type
in numbers consistent with an acceptable test (see 14.1). Tleartridge filters may be used to keep the concentration of
magnitude of the chamber-to-chamber variation should bgarticulate matter acceptably low and as a pretreatment before

evaluated. filtration through a finer filter. Organics may be removed by
_ filtration through activated charcoal filtration. Charcoal filters
8. Water for Culturing XenopusAdults should be changed on a monthly basis.

8.1 Requirements-Besides being available in adequate 8.3.3 Water that might be contaminated with facultative
supply, the water should allow satisfactory survival and reproPathogens may be passed through a properly maintained
duction of the adults, be of uniform quality, and not necessarilltraviolet sterilizer(13) equipped with an intensity meter and
affect results of the test. flow controls, or passed through a filter with a pore size of 0.45

8.2 Source Hm or less.

8.2.1 Natural water is preferred for adult culture. It should 8.4 Characterization
be obtained from an uncontaminated source that provides 8.4.1 The following items should be measured at least
uniform quality. The quality of water from a well or spring is quarterly: pH, total dissolved solids (TDS), total organic
usually more uniform than that of a surface water. If a surfac&€arbon (TOC), organophosphorus pesticides, organic chlorine
water is used as a source of fresh water, the intake should Her organochlorine pesticides plus PCBs), chlorinated phenoxy
positioned to minimize fluctuations in quality and the possi-herbicides, ammonia, bromide, beryllium, cadmium, chro-
bility of contamination and to maximize the concentration of Mium, copper, iron, lead, manganese, mercury, nickel, sele-
dissolved oxygen to help ensure low concentrations of sulfid&um, silver, and zinc. For each method used the detection limit
and iron. FETAX solution is acceptable for adult culture. Theshould be below the concentration in the water or the lowest
cost and formulation time make it suitable only for small concentration that has been shown to adversely affect the test

colonies. Water temperature should be adjusted ta=23°C ~ Species.
before being used to culture adults. 8.4.2 Physical and chemical limits on water: pH should be
8.2.2 Dechlorinated water can be used to culture adults agetween 6.5 and @4). The TOC should be less than 10 mg/L,
long as residual chlorine and its oxidants are reduced to levehile alkalinity and hardness both should be between 16 and
that do not affect survival and reproduction. Dechlorinated?00 mg/L as CaCQ(15). Table 1 shows the recommended
water should only be used as a last resort because dechlorin@aximum concentrations for some contaminants that have
tion is often incomplete. Sodium bisulfite is probably better foroften been found to be in excess concentration in laboratory
dechlorinating water than sodium sulfite and both are moravater supplies. The values reported are one tenth of the
reliable than carbon filters, especially for removing chloram-minimum concentration that inhibits growth. While these data
ines (9). Fluorides can be removed by passage over activatedre not indicative of the effect of long-term exposure of adults
alumina columns(10). In addition to residual chlorine, ©On reproductive success, they, nonetheless, serve as a guide for
chloramines, and fluoride, municipal drinking water oftenlimiting adult exposure to these metals. The maximum quantity
contains unacceptably high concentrations of copper, lead, arif the other contaminants listed in 8.4.1 should meet EPA
zinc, and quality is often rather variable. Excessive concentrafeshwater chronic water quality criter(a4).
tions of most metals can usually be removed with a chelating

res8lg(]'l-'1). imertt TABLE 1 Recommended Maximum Concentrations of Some
. reatme Metals
8.3.1 A continuous flow system for culturing adults is " Recommended Maximum Goncentration
recommended although a static system has proven successful. Metal (hg/L)
Water for culturing adults should be aerated by the use of aitadmium (2) 10.0
Lead (2) 5.0
Mercury (2) 0.144
Nickel (2) 25.0
s “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-Selenium (unpublished) 1‘718-8

cal Soc., Washington, DC. For suggestions on the testing of reagents not listed ifinc @
the American Chemical Society, see “Analar Standards for Laboratory U.K. A Tested in FETAX at 100 mg/L hardness as CaCO,. Values reported are one
Chemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.” tenth of the minimum concentration to inhibit growth.
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9. FETAX Solution Water much chemical and physical data as are available on the test
9.1 Requirements-FETAX solution should be used for Material should be obtained and considered prior to making
breeding and static or renewal assays. FETAX solution shoulf€CiSions on pH adjustments. o _
also be used for flow-through experiments whenever possible. 10-2.2.1 If a solvent other than FETAX solution is used, its
However, should the need for a large volume preclude the usgPncentration in test solutions should be kept to a minimum
of FETAX solution, then water conforming to the specifica- @hd should be low enough that it does not aff¥emnopus
tions listed in Section 8 may be used. The water must allowtMbryo growth and survival. Because of its low toxicity, low
embryonic growth at the same rate as FETAX solution anavolatility, and high ability to dissolve many organic chemicals,

there should be no differences between control mortality an&i€thylene glycol is often a good organic solvent for preparing
malformation rates. stock solutions. Other water-miscible organic solvents such as

9.2 Formulation—FETAX solution is composed of 625 mg dimethyl sulfoxide and acetone also may be used as solvents.
NaCl, 96 mg NaHCQ 30 mg KCI, 15 mg CaG| 60 mg Concentrations of triethylene glycol, dimethyl sulfoxide, and
CasSQ-2H,0, and 75 mg MgSQ per litre of deionized or acetone in test solutions should be <1.6 %, <1.1%, and,
distilled water. The pH of the final solution should be 7.6 to<1.1 %V/v, respectively. These concentrations have been found
7.9. All chemicals should be reagent-grade better. Deion- 1Ot t0 cause any adverse effects in FETAX6). At times,
izedor distilled water must conform to Type | ASTM water concentrations approaching 1 % solvent are necessary to keep

(Specification D 1193). test materials in solution for FETAX. This is often the case
when the assay is used in testing pure compounds for the
10. Test Material purpose of comparing test results with mammalian data. If

) B possible, it is desirable to perform the test using two different
10.1 General—The test material should be reagent-grade g, ents and compare the results. This will help in identifying

or better unless a specific test involves an unknown compleyqip|e interactions between a solvent and test material.
mixture, formulation, commercial product, or technical-grade 10.2.2.2 Ethanol is not recommended because its teratoge-
or use-grade material. Before a test is begun, the foIIowmg‘]ﬂC index (TI) in FETAX is approximately 1.4. Methanol has
should be kn0\_/v_n about the test mqtenal: . . high toxicity in FETAX. Acetone might stimulate the growth of
10.1.1 Identities and concentrations of major ingredientsyjcroorganisms and is quite volatile. If an organic solvent is
and major impurities, for example, impurities constituting ,seq it should be reagent-grade better. A surfactant should

more than about 1 % of the material. not be used in the preparation of a stock solution because it
10.1.2 Solubility and stability in water. might affect the form and toxicity of the test material in the test
10.1.3 Estimate of toxicity to humans. solutions.

10.1.4 Recommended handling procedures (see Section 6).10.2.3 If a solvent other than dilution-water or FETAX
10.1.5 For unknown samples much of the informationsoution is used, at least one solvent control, using solvent from
SpeCified in 10.1.1-10.1.4 will be IaCking, but the pH, hardneSSEhe same batch used to make the stock So|uti0n, must be
alkalinity, and conductivity of the sample should be measuredinciuded in the test and a dilution-water or FETAX solution
10.2 Stock Solution control should be included in the test. If no solvent other than
10.2.1 If the test material can not be directly added to thejjlution-water or FETAX solution is used, then a dilution-water
test vessel, a stock solution should be prepared. Variousr FETAX solution control must be included in the test.
dilutions of the stock solution should be prepared in a separate 10.2.3.1 The concentration of solvent must be the same in
vessel prior to introduction to the Petri dish so as to expose thg|| test solutions that contain test material and the solvent
embryos to a homogeneous mixture without concentratiogontrol must contain the same concentration of solvent.
gradients. If a stock solution is used, the concentration and 10.2.3.2 If the test contains both a dilution-water or a
stability of the test material in it should be determined beforq:ETAX_Somtion control and a solvent control, the morta“ty,
the beginning of the test. Stock solutions should be prepareghalformation, and growth inhibition should be compared using
daily unless analytical data indicate the solution is stable withy two-tailed t-test. If a statistically significant difference in
time. If the test material is subject to photolysis, the stockejther mortality, malformation, or growth inhibition is detected
solution should be shielded from light. between the two controls, only the solvent control may be used
10.2.2 Except possibly for tests on hydrolyzable, oxidiz-as the basis for comparison in the calculation of results.
able, and reducible materials, the preferred solvent is FETAX 10.2.3.3 If a solvent other than dilution-water or EETAX
solution. The minimum necessary amount of a strong acid ogolution is used to prepare a stock solution, it might be
base may be used in the preparation of an aqueous stogfesirable to conduct simultaneous tests using chemically un-
solution, but such acid or base might affect the pH of testelated solvents or two different concentrations of the same
solutions appreciably. Use of a more soluble form of the tessolvent to obtain information concerning possible effects of
material, such as chloride or sulfate salts of organic aminessglvents on results of the test.
sodium or potassium salts of phenols or organic acids, and )
chloride or nitrate salts of metals, might affect the pH morell. Test Organisms
than the use of minimum necessary amount of a strong acid or 11.1 Species-FETAX is designed to use embryos of the
base. Any adjustments of pH can send the test material througbouth African clawed frogenopus laevi¢gDaudin). Informa-
a transition to affect changes in such properties as solubility ation regarding the basic biology and development of this
degree and type of dissociation, or both. Prior to testing, aspecies has been reported by Deudtiar, 18) Appendix X1
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lists other North American species that can be used imgonadotropin injected depends on the time of year and condi-
situations whereXenopus cannot, although there will be tion of the adults. Lower doses are usually used in spring and
differences in the rate of development and the method ohigher doses in fall. Amplexus normally ensues within 2 to 6 h
inducing breeding. Many anurans only breed in a specifiand egg deposition about 9 to 12 h after injection. The eggs
season during the year. The length of exposure might have thould be immediately inspected for fertility and quality. The
be altered to allow proper organogenesis. fertility rate should be > 75 %. Eggs laid in “strings” or not

11.2 Source—For breeding, adult frogs may be obtained perfectly round should not be used because they develop
from various supply houses or independent suppliers. Proveabnormally.
breeders should be requested from the supplier. Each animall11l.5 Embryos
should be thoroughly examined upon arrival for skin lesions or 11.5.1 Removal of Jelly CoatDe-jellying of embryos
red patches on the ventral surfaces. Skin lesions are indicatiwhould begin immediately following the end of egg laying.
of nematode infection while the red patches indicdgzomo-  Dejellying of embryos should be carried out by gentle swirling
nasinfection. Care should be taken to ensure that only healthyfor 1 to 3 min in a 2 % w/v L-cysteine (CAS #52-90-4) solution
sexually mature frogs are placed in the colony. prepared in FETAX solution. The cysteine solution should be

11.3 Adults adjusted to pH 8.1 wit 1 N NaOH. The solution should be

11.3.1 Selectior—Xenopugmales should be 7.5 to 10 cm in made up immediately prior to use. De-jellying should be
crown-rump length and at least two years of age. Males havmonitored continuously and the process stopped just after all
dark arm pads on the underside of each forearm and ladgelly is removed. Care should be taken not to treat the embryos
cloacal lips. Females should be 10 to 12.5 cm in length and @bo long because survival will be reduced.
least three years old. Females are always larger than males andl1.5.2 Staging of Embryes-Nieuwkoop and Faber must be
easily identified by the presence of fleshy cloacal lips. used in all staging of embryd4.9).

11.3.2 Diet—The minimum recommended diet for adults 11.5.3 Embryo Selectior-Normally cleaving embryos
should be three feedings per week of ground adult beef livemust be selected for use in testing. The “Atlas of Abnormali-
Alternatively, a 2:1 mixture of ground beef liver to beef lung ties™ should be consulted in order to determine which embryos
may be used. Finely diced liver is an acceptable diet, especiallgre normal(19). It is best to use two levels of selection. In
for small colonies. Liquid multiple vitamins should be added todouble selection, normally cleaving embryos are first sorted
the ground beef liver. The concentration of vitamins is showrinto dishes containing fresh FETAX solution. After a short
in Table 2. Concentrations of vitamins from 0.05 to 0.075period during which cleavage continues, embryos are again
cm/5 g liver are appropriate. All food should be screened forsorted ensuring that only normal embryos are selected. Abnor-
the test material if the test material is present in the environmal pigmentation should be viewed as an indicator of bad
ment. All liver beef must meet USDA standards for humanembryos. Either Nieuwkoop and Fab@m) or the “Atlas of
consumption. Abnormalities” can be used as a reference to determine

11.3.3 Temperature-Adults should be kept at 23 3°C. whether the cleavage pattern is normal. Mid blastula (stage 8)

11.3.4 Circadian Rhythm-Adults should be kept on a 12-h to early gastrula (stage 11) must be used to start the test.
day/12-h night cycle. The role that circadian rhythm plays inEmbryos chosen prior to stage 8 might develop abnormal
Xenopusreproduction has not been investigated. Thus, aleavage patterns later whereas embryos selected after stage 11
consistent photoperiod should be maintained. have commenced organogenesis. A large bore blood bank

11.4 Breeding—Males and females are bred as a single pairPasteur pipet can be used to transfer embryos at this stage
The frogs should be bred in the same water in which the test iwithout harm. The sorting should be done in 100-mm Petri
to be conducted. Water temperature should be held at21 dishes.
2°C. To induce breeding, the male and the female should
receive 250 to 500 and 500 to 1000 IU, respectively, of humad-2. Procedure
chorionic gonadotropin by way of injection into the dorsal 12.1 Experimental Desigh-FETAX is a 96-h renewal
lymph sac. The hormone concentration should be 1000 IU/mlwhole embryo assay that can be used to evaluate the develop-
in sterile 0.9 % NaCl. A 1-mL tuberculin syringe fitted with a mental toxicity of a test material. Exposure is continuous
¥2-in. long, 26-gage needle should be used to make théhroughout the test. For each concentration two dishes each
injection. Larger bore needles might allow leakage of hormongontaining 25 embryos and 10 mL of test solution are used. For
from the injection site. The amount of human chorioniceach control, four dishes of 25 embryos each are used.
Embryos must be randomly assigned to test dishes except when
a forced air incubator is used, in which there are no hot or cold
locations. Dishes must be randomly assigned to their positions

TABLE 2 Recommended Concentration of Vitamins A

Vitamin A, 1U 1500. in the incubator. In order to properly evaluate developmental

Vitamin D, U 400. .. . . L

Vitamin E. 1U 5 toxicity, mortality, malformation, and growth-inhibition, data

Vitamin C, mg 35. must be collected. In most tests it will be possible to generate

Thiamine, mg 0.5 concentration-response curves for mortality, malformation, and

Riboflavin, mg 0.6

Niacin, mg 8.

Vitamin Bg, mg 0.4 -

Vitamin By, mcg 2 © Available from John A. Bantle, Dept. of Zoology, 430 LSW, Oklahoma State
A Per millilitre of solution. University, Stillwater, OK 74078.
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growth inhibition. The mortality and malformation performed with and without the metabolic activation system.
concentration-response curves should then be used to estimdtkis is usually adequate to delineate the concentration range to
the concentration that would affect 50 % of the exposecdestablish the approximate MAS and No MAS 96-h LC50 and
embryos. At least 90 % of the FETAX-solution controls mustEC50 values. The second range-finding test series is performed
have attained stage 46 at 919). using the sliding scale of concentrations presented in Appendix
12.2 Temperature and pH Requirements X2. The table presents concentration values from 0.001 to 100;
12.2.1 Temperature-24 + 2°C must be maintained in steps of 0.0005 between 0.001 and 0.1, steps of 0.05
throughout the 96-h test. Temperatures higher than 26°C caubetween 0.1 and 1, in steps of 0.5 between 1 and 10, and in
malformation whereas low temperatures prevent the controlsteps of 5 between 10 and 100. Using the sliding scale, the
from reaching stage 46 in 96 h. value closest to the MAS and No MAS 96-h LC50 should be
12.2.2 pH—The pH of the stock and test solutions should beidentified and then three values immediately below and three
7.7 and must be between 6.5 and @.8). The pH of a control  values immediately above the LC50 point chosen. The same
dish and the pH of the highest test concentration should b&ethod should be used to estimate concentrations surrounding
measured at the beginning of the test and every 24 h thereafttre 96-h EC50. A test is performed and the data collected. The
to determine if they have changed. 96-h LC50 and EC50 values with confidence limits should then
12.3 Beginning the Test be calculated. From the data obtained above, the 96-h LC5,
12.3.1 Recommended Protocol for Testing New Materials LC16, LC50, LC84 and LC95 and the EC5, EC16, EC50,
The following sequence should be followed when testing a neieC84, and EC95 may be calculated. By determining these
test material to determine the 96-h LC50 and the 96-h EC5®alues, the concentrations to be tested in the definitive tests
(malformation)(termed the 96-h EC50). This procedure willbelow are established and the slopes of the concentration-
guide initial range-finding experiments and help reduce replifesponse curves are taken into consideration. Additional con-
cate test variability. The procedure is iterative and designed toentrations between the EC16 and EC84 are highly recom-
produce test concentrations for definitive experiments that wilmended to ensure obtaining a 96-h LC50 and EC50 values.
yield 96-h LC50 and 96-h EC50 values with narrow confidenceHowever, the same concentrations must be used for each
intervals. This should be accomplished by defining severaleplicate (definitive) test. Interlaboratory studies indicated a
concentrations between the 16 and 84 % effect concentratiomeduction in intralaboratory test variability when the above
(at least 3, preferably 5). The procedure is designed to accouptocedures were used. For some test materials it may be
for different slopes of concentration-response curves. necessary to use the results of the first definitive experiment as
12.3.1.1Goal of Range-Finding and Definitive Tests another range-finder and readjust the test concentrations again.
Range-finding tests are to be used whenever possible to find the12 3.2 Replicate-Definitive Tests
bes; approximation of the 96-h LC50 and EC50 for def|r_1|t|ye 12.3.2.1Number of Tests and Data CollectiefThree
testing. Once the data are collected from the r"?mge'fmd'r.‘geplicate—definitive tests are then performed with and without
tests_, the Txp_ected 96'% LSCSO and EKCS?) are esltlm_ated usr: exogenous MAS each with a separate clutch of embryos
szg-go;?zyz:;;i’icg:rgn;ﬁ]o d Pl_fgggg}“f;l If]ret?]r;?ﬁlss'jée%rotm see 12.3.3.2). The minimum five concentrations for each
' ndpoint determined above are used with and without MAS.

when regular statistical analyses fail to generate useful data. he experiments should yield acceptable MAS and NO MAS

the data allow probit analysis or trimmed Spearman-Karbe
methods to be used, then probit analysis may be used when t g'h LC50 and EC50 values. If they do not,_ th?. tes_ts should be
epeated. In some cases where test variability is extremely

data meet normal distribution and homogeneity of variance hoi b d ; heth h
assumptions. Trimmed Spearman-Karber is used when the dat&#"" It may be necessary to determine whether the test
terial is rapidly degrading, salting out or volatilizing out of

fail to meet these assumptions. Range-finding tests may bypaS¥€ . :
the homogeneity of variance requirements here but not igolution. Remember that MAS is only used when assessing
definitive tests discussed in 12.3.2. Definitive test data ar§'@mmalian developmental toxicity.
analyzed similarly but may not bypass homogeneity of vari- 12.3.2.2Ensuring Adequate Embryo Supply and Mainte-
ance requirements. Growth inhibition data are not collectediance of Separate Clutcheslo ensure an adequate supply of
from range-finding tests. Once the definitive test concentranormal embryos for each test, three mating pairs should be
tions are selected, three definitive tests are performed that wilhduced and clutches harvested separately. Embryos should be
yield 96-h LC50 and EC50 information with acceptable sorted to ensure viability prior to testing. Each test uses early
repeatability (see 12.3.2). Prior testing suggests that intrabor&mbryos derived from a single mating pair; if the controls from
tory variability should yield a coefficient of variation less than a particular mating pair indicate a problem with fertility or
100 %. viability of early embryos, the test will be unacceptable for that
12.3.1.2 Selection of ConcentratioasConcentration selec- particular clutch. Each individual test will yield data that will
tion is a multistep process depending on the nature of the tee used to generate concentration-response curves for mortal-
material and the results of the first test in this series. The firsty, malformation, and growth inhibition. It is necessary to keep
test simply consists of a series of at least seven concentratiogtutches separate because embryos from a particular mating
that differ by a factor of ten. If a metabolic activation systempair might develop poorly although they initially appear
(MAS) is to be used to assess possible effects on mammals acceptable. This would cause all the embryos to be discarded if
for human health hazard assessment, all tests should nbryos are mixed from different mating pairs.
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Each test should be performed with embryos derived from dolic capabilities, particularly cytochrome P-450, the incorpo-
single mating pair regardless of the number of replicate dishesation of the exogenous system into the standard assay protocol
The selection of experimental design and statistical methodis warranted. Aroclor 1254 may be used as a broad-spectrum
required to evaluate mortality, malformation, and growth-inducing agent and used in the majority of situations. Isoniazid
inhibition data, should consider the type of compound orinduction or uninduced microsomes may be used in those cases
chemical mixture being evaluated and the limitations thawhere Aroclor 1254 induction may repress specific P-450
sample or time availability might imply as far as appropriateisozymes. The nature of the test material may suggest which
statistical techniqueg0). inducing system to use. In cases where limited information is

12.3.3 Reference ToxicantFor a positive control or refer- available concerning test material biotransformation, a set of
ence toxicant, 6-aminonicotinamide presents a mortality androclor 1254 and isoniazid-induced rat liver microsomes
malformation database convenient for reference purpose§lixed in equivalent activity ratios may be used.

Commercial sources for the 6-aminonicotinamide (CAS #329- 12.6.1 Sterile plastic Petri dishes should be used to mini-
89-5; formula weight, 137.14) should specify the physico-mize bacterial contamination, although the volume is only 8
chemical data and the purity for the compound which ensure it§1L instead of the 10 mL in the glass dishes. Antibiotics are
being comparable to that readily available to other laboratoriegequired to inhibit bacterial growth and these may interact with
(for example, UV spectroscopic characterization: at-fand  the test substance. Microsomal protein can slow growth and
pH 1.8, a 9.74 pg/mL solution of 6-aminonicotinamide has ardevelopment at concentrations greater than 60 pg/mL.
absorbance of 1 and an absorbance ratig{lAgoa of 2'28)_ NADPH, which is required for microsomal activity, can also
The purity should be >99 %. From this published database, theause abnormal development and its concentration must also
96 h LC50 is 2.23 mg/mL and the 96 h EC50 (malformation)be kept low. Despite these drawbacks, the MAS improves the
is 0.005 mg/mL yielding a TI of 4461). The MCIG was 1.15 predictive accuracy of FETAX and provides repeatable and
mg/mL. At least quarterly concentration-response experimentéliable data.

must be performed and the results of these tests compared with12.6.1.1 The P-450 activities of each lot of microsomes
historical tests in order to judge the laboratory quality ofprepared will vary. The P-450 activity of each lot must be
FETAX data. The reference toxicant test must produce dateneasured and a standard amount added to each dish. It is
within =2 SD of the historical mean values (14.1.17). Thisimportant to include a MAS-only (microsomes and generator
procedure follows standard EPA toxicity testing procedures fosystem without test material) negative control. The bioactiva-
aquatic testg21). Only those biological responses related totion positive control is 4 mg/mL cyclophosphamide with and
mortality and malformation are considered in this analysiswithout MAS. The MAS-only control should result in less than
growth inhibition is not considered in regard to responses td0 % mortality and malformation. The 4 mg/mL
6-aminonicotinamide. cyclophosphamide-only control should result in less than 10 %

12.4 RenewalThe renewal procedure should be used formortality. With MAS, bioactivated 4 mg/mL cyclophospha-
the standard FETAX test. The renewal procedure entails fresfide should kill 100 % of the embryos in 96 h while there
replacement of test material every 24 h during the test. Jugthould be less than 10 % mortality without MAS. A final
prior to this Change it is advisable to measure the pH of th@OntrO' is needed to demonstrate that the cytochrome P-450
control and the highest test dishes in order to determine ifystem is responsible for the observed bioactivation. For this
significant changes occurred. Renewal should be accomplish&@ntrol, a small amount of dithionite may be added directly to
by removing the test solution with a Pasteur pipet. The orificéhe microsomes followed by bubbling carbon monoxide
of the Pasteur pipet should be enlarged and fire-polished térough the microsomal protein at a steady rate for 3 min to
accommodate embryos without damage in case the embry(ygactivate P-450. This procedure must be performed ina Safety
are accidentally picked up. This procedure should proceeBOOd-
quickly in order to minimize embryo desiccation. This is the 12.6.2 Microsome Preparation
standard procedure for FETAX but two other variants are 12.6.2.1 Animal Treatmert-Male Sprague-Dawley rats
allowed as described in the Appendix X2. Variations to the(200 to 250 g) should be used. For Aroclor 1254-induced
renewal procedure must be reported. microsomes, an intraperitoneal injection of 500 mg/kg body

12.5 Duration of the Test-The standard exposure time for weight should be given five days prior to isolation. The Aroclor
FETAX is 96 h and the attainment of stage 46 in controls. 1f1254 stock solution should be prepared in corn oil (500
90 % of the controls have not reached stage 46 by 96h, then threg/mL). For isoniazid induction, 0.1 % w/v isoniazid in 5 %
test may be extended/I8 h in order for the controls to reach sucrose may be administered in the drinking water for ten
stage 46. Deviations from this standard exposure time must beonsecutive days.
reported as deviating from standard FETAX conditions. 12.6.2.2 Preparation—Rats are killed by cervical disloca-

12.6 Exogenous Metabolic Activation System (MA®n  tion. All buffers and tissue samples should be maintained at
exogenous MAS must be used when FETAX is used to4°C. Livers are perfused using a peristaltic pump via the
evaluate developmental toxicity for human health hazardhepatic portal vein with Buffer 2 (Appendix X4). Perfusion
assessment. The MAS is composed of rat liver microsomes artdkes place until the liver is well blanched (approximately 50
a nicotinamide adenine dinucleotide (reduced form) [NADPH]mL). The liver is excised and homogenized in seven volumes
generator system which simulates mammalian metabolisnmof Buffer 3 (Appendix X4.1) using a tissue homogenizer.
Since earlyXenopusembryos have limited xenobiotic meta- Several styles of homogenizers may be used, but a motorized
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homogenizer with Teflon pestle is adequate for preparing 12.7.3 Growth Inhibition—The ability of a material to
microsomes from young rat livers. Centrifuge first at 900 x ginhibit embryonic growth is often the most sensitive indicator
avg. for 10 min, then increase speed to @00g avg. for an  of developmental toxicity. Head-tail length data (growth) must
additional 15 min. Remove S-9 supernatant to another tube arfak collected at the end of each test. If the embryo is curved or
centrifuge the S-9 supernatant at 10900 g avg. for 1 h.  kinked, then the measurement should follow the contour of the
Discard supernatant and resuspend pellet in Buffer 2. Centrembryo (see 7.2). Measurement should be made after embryos
fuge again at 105 @x g avg. for an additional h. Resuspend are fixed in 3 % formalin. No significant length reductions due
microsomal pellet in 20 to 30 mL of Buffer 1. A 1 mL sample to formalin fixation have been observed. The minimum con-
should be removed for Nash and protein content assays, snggntration to inhibit growth (MCIG) is the minimum concen-
frozen in liquid nitrogen and frozen at —80°C until analyzed.tration of test material that significantly inhibits growth as
Homogenize again with two to three strokes using a tissué€termined by measurement of head-tail length. A significant
homogenizer. Aliquot samples into microcentrifuge tubes odifference in growth should be determined by the t-Test for
cryovials, and snap freeze in liquid nitrogen. Protein concengrouped observations atethp = 0.05 leve(22).

tration and P-450 activities should be measured prior to use in 12.7.4 Additional Data—Different types of data have been
testing. collected in FETAX and may, at the user’s option, be used in

12.6.2.3 Additional MAS Components of FETAXThe vari- addition to the mortality, malformation, and growth inhibition
ous concentrations of the test solutions should be prepared fifita listed above (see Appendix X2). .
separate Erhlenmeyer flasks to avoid exposing the embryos to 12.7.5 Criteria for Estimating Developmental Toxicity and
individual components of the system. The following order of Teératogenic Hazard _ _
the addition of MAS components should be observed to 12.7.5.1 FETAX provides concentration-response data for
maximize the productivity of the MAS. To prepare 20 mL of mortality, malformation and growth inhibition. These data can
test solution, place appropriate volume of FETAX solution (for& compared with similar data on a molar basis using other
example, 19 mL) into a 50 mL flask, add the MAS componentdure test materials to yle!d a relatlve_ ranking of toxicity.
and the appropriate volume of test material stock to give the 12.7.5.2 A test material is considered a developmental
desired concentration and, finally, adjust the final volume to 2@oxicant when it causes any deficit in an embryo, especially at
mL with FETAX solution. This test mixture should then be concentrations lower than those required to cause adult toxic-
divided between replicate Petri dishes to which the embryo8y- In comparison, a teratogen causes some observable abnor-
will be added (10 mL each for glass dishes, 8 mL each fofmality in embryonic development. Three separate criteria have
plastic dishes. been developed to identify teratogens using FETEX).

12.6.2.4 A penicillin-streptomycin antibiotic solution (100 12.7.5.3 The three criteria are based on empirical evidence
U/mL each, final concentration) NADPH generator stock (3.6°25€d on over 100 test materials tested in FETAX. Any one
mM glucose-6-phosphate, 0.1 mM NADP, and 7.0 pM criterion is sufficient to identify a potential teratogenic hazard.

NADPH final concentration), microsomes (0.4 U/mL The TI, severity of malformations caused and growth inhibi-

N-demethylase activity, not to exceed 60 pg/mL protein, finaltion are the criteria by which potential teratogens are identified.

concentration), and glucose-6-phosphate dehydrogenase (0_3112.7.5.4 The TI presents a relative ranking of hazard from
U/mL final demethylase activity. Each test should consist of af'€@rly 1 to several thousand. The hazard becomes a concern

least duplicate concentrations of test material with and without?h€n the mean TI of three definitive tests is >1.5. The
the exogenous MAS. mortality and malformation concentration-response curves

12.7 Biological Data should have similar slopes with accgptal_ale _confiplence Ii_mits
: _ when compared to data from 6-aminonicotinamide positive
12.7.1 Mortality—Dead embryos must be removed at thecontrol experiments. The Tls of different test materials may be

end of each 24-h period during the 96-h test at the timeompared to generate relative rankings.

solutions are changed. If dead embryos are not removed, 12 755 A 96 h-LC50 can be established for most test

microbial growth can occur that might kill live embryos. Death maerials tested in FETAX. Nonteratogens only cause slight to

at 24 h (stage 27) is ascertained by the embryo's skinyggerate malformations at concentrations near the 96-h LC50.
pigmentation, structural integrity, and irritability. At 48 h (stage Teratogens generally cause moderate to severe malformations

35), 72 h (stage 42), and 96 h (stage 46) the lack of heartbegt these concentrations. Comparison can be made to the

serves as an unambiguous sign of death. At 96 h of exposure gpsitive control 6-aminonicotinamide which causes severe

stage 46 of controls, the number dead is recorded. Deaghaiformations in order to identify what constitutes a severe
embryos are removed and the remaining live embryos fixed ifalformation. The “Atlas of Abnormalities” is also available

3 % formalin. for judging the severity of malformatiofi9).

12.7.2 Malformation—Malformations must be recorded at  12.7.5.6 While growth inhibition probably does not play a
the end of 96 h. The “Atlas of Abnormalities” should be usedsignificant role in mammalian teratogenesis, it is correlated to
in scoring malformations, particularly slight malformations. teratogenesis in FETAX. Endpoints in vitro developmental
Embryos exposed to the test material should also be comparegdkxicity tests do not have to emulate mammalian endpoints,
to appropriate controls. The number of malformations in eaclonly predict hazard. Teratogenic hazard becomes apparent
category should be reported in standard format for ease affhen growth is significantly affected at concentrations below
interlaboratory comparison (Fig. 1). 30 % of the 96 h-LC50. When using this criterion, it is
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Directions: Place a check in each box for each type of malformation. The resuitant scoresheet reads like a histogram.
INVESTIGATOR COMPOUND
DATE / / CONCENTRATION
TOTAL SURVIVING TEST #
% MALFORMED DISH #

Malformations: 1123|456 (|7|8|]9|0}1]|]2}]3|]4[5]6]7]8]]9([0]|1]2}|3]41S°5
Severe
Stunted
Gut
Edema (multiple)

a. cardiac

b. abdominai

c. facial

d. cephalic

e. optic

Axial maiformations
A. tail
B. notocord
C. fin

Face

Eye

Brain

Hemorrhage

Cardiac

Blisters

Other (specify)
TOTAL SURVIVING TEST #
% MALFORMED DISH #

Malformations: 112 (3|4|5|6|]7|8|9|0}|1]2]|3(4|5]|]6|]7]|8|9|0)j1}|]2]|3]|41}65
Severe
Stunted
Gut
Edema (multiple)

a. cardiac

b. abdominal

c. facial

d. cephalic

e. optic

Axial malformations
A. tail
B. notocord
C. fin

Face

Eye

Brain

Hemorrhage

Cardiac

Blisters
Other (specify)

Note—Directions: Place a check in each box for each type of malformation. The resultant scoresheet reads like a histogram.
FIG. 1 Scoresheet of Malformations at 96 h

10
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important to ensure that the test concentrations selected arel4.1.16 Dead embryos were not removed after each 24-h

adequate to define the MCIG. A test material poses somé&+2 h) interval.

teratogenic hazard when any one of the three criteria are met. 14.1.17 Consistently deviating from the temperature limits
) as stated in 12.2.1. A short-term deviation of more th&7C

13. Analytical Methodology might be inconsequential.

13.1 The methods used to analyze test solutions might 14.1.18 If the reference toxicant study produced significant
determine the usefulness of the test results if the results akgariability (=2 SD units from the historical mean values)
based on measured concentrations. For example, if the analyttempared to historical data plotted on a control chart.
cal method measures any impurities or reaction or degradation .
products along with the parent test material, results can b&°- Documentation
calculated only for the whole group of materials, and not for 15.1 The record of the results of an acceptable FETAX
the parent material by itself, unless it is demonstrated that sucshould include the following information either directly or by
impurities and products are not present. reference to existing publications.

13.2 If samples of stock solutions or test solutions cannot be 15.1.1 Name of test material, investigator(s) name, location
analyzed immediately, they should be handled and storedf laboratory, and dates of initiation and termination of test.
appropriately(23) to minimize loss of test material by such  15.1.2 Source of test material, its lot number, composition
things as microbial degradation, hydrolysis, oxidation, pho<{identities and concentrations of major ingredients and major
tolysis, reduction, sorption, and volatilization. impurities), known chemical and physical properties, and the

13.3 Chemical and physical data should be obtained usiniflentity and concentration(s) of any solvent used. For some
appropriate ASTM standards whenever possible. For thoseomplex environmental mixtures a great deal of this informa-
measurements for which ASTM standards do not exist, methtion might be lacking.

ods should be obtained from other reliable sour@s. 15.1.3 If a dilution water other than FETAX solution is
. used, its chemical characteristics and a description of any
14. Acceptability of Test pretreatment.

14.1 Atest using embryos from a single mating pair should 15.1.4 Recent analyses of FETAX solution and adult culture
be considered unacceptable if one or more of the followingvater.
occurred. 15.1.5 pH measurements of control and of the highest test
14.1.1 Embryos were used from more than one mating paiconcentrations at the end of each 24-h time period. Available
14.1.2 Hardware cloth or metal mesh was used as a suppatata on sample hardness, alkalinity, conductivity, total organic

in the breeding aquarium. carbon (TOC), concentration of dissolved oxygen, and metal
14.1.3 In the controls, either the mean survival is <90 % orcontent.
the mean malformation in embryos is >10 %, or both. 15.1.6 The mortality, malformation rates, and the mean

14.1.4 If 90 % of the FETAX-solution-only controls do not embryo length at 96 h in the dilution-water, FETAX solution,
reach stage 46 by the end of 96 to 99h. The primary cause afr solvent control.
control embryos not reaching stage 46 is low temperature (see 15.1.7 The mortality and malformation results obtained for
12.2.1). the 6-aminonicotinamide positive control. If a full
14.1.5 If dilution water was used in the test, and it did notconcentration-response curve was performed, then the 96-h
allow embryonic growth at the same rate as FETAX solutionLC50, the 96-h EC50 (malformation), and their confidence
14.1.6 The demonize or distilled water does not conform tdimits should be reported.

Type | ASTM standard. 15.1.8 The 96-h LC50, the 96-h EC50 (malformation), the
14.1.7 Arequired dilution-water, FETAX solution, or MAS TI (96-h LC50/96-h EC50 (malformation)), and the minimum
control or solvent control was not included in the test. concentration to inhibit growth (MCIG) for each test. The

14.1.8 The concentration of solvent was not the same in aljeometric means of these values and their 95 % confidence
treatments, except for a dilution-water or FETAX-solution limits. Concentration-response data for mortality, malforma-

control. tion, and growth inhibition may be provided.
14.1.9 Staging of embryos was performed using a reference 15.1.9 A table for each test that lists the percent mortality,
other than Nieuwkoop and Fabgi). percent malformation, and the head-tail length at each concen-
14.1.10 The test either was started with less than stage tgation tested.
blastulae or greater than stage 11 gastrulae. 15.1.10 The names of the statistical tests employed, the
14.1.11 All Petri dishes were not physically identical alpha-levels of the tests, and some measure of the variability of
throughout the test. the hypothesis tested.
14.1.12 Petri dishes were not randomly assigned to their 15.1.11 The types, frequency, and severity of malforma-
positions in a non-forced air incubator. tions. The types of malformations and their severity might
14.1.13 The embryos were not randomly assigned to thdiffer over the different concentrations tested. It might be best
Petri dishes. to define ranges of concentrations tested and create a summary
14.1.14 Required data concerning mortality, malformationtable that lists the malformations that occurred in each concen-
and growth were not collected. tration range.
14.1.15 The pH of the test solution was <6.5 or >9.0 in the 15.1.12 Any deviations from standard FETAX (see Appen-
control or highest test concentration. dix X1 and Appendix X2).

11
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16. Keywords

16.1 amphibia; developmental toxicity; FETAX; screening
test; short-term chronic test; teratogenici§enopus

APPENDIXES
(Nonmandatory Information)

X1. LIST OF ALTERNATIVE SPECIES

X1.1 Use of Alternative SpeciesAlthough FETAX was example, Bufo fowler) might be best suited for FETAX,
designed expressly for the use X&nopus laevisit might be  because the number of eggs or the seasonal availability, or
necessary to use endemic species when required by regulatiobpsth, are more limited for other species. Seasonal availability
or other considerations. Users are cautioned that many endentgan be extended by two to three months using human chorionic
species of frogs are threatened by pollution and habitat loss argbnadotropin injectionRana catesbienandBufo americanus
the user should carefully consider the environmental conseare likely as well suited aRana pipienandBufo fowleri(25).
quences of large-scale collection of local anuran specieddigh egg production, geographical range, short hatching peri-
Deviations from standard procedures must be reported (sems, and other factors would indicate that these four species
Section 15) and it will be difficult to compare data betweencould serve as alternatives. Comparative sensitivities to inor-
standard FETAX and data derived using an alternative specieganic mercury have been reported for some of these species

(25). These studies have reported a range in sensitivity to

X1.2 Recommended Anuranrsviembers of the family inorganic mercury which should be taken into account when

Ranidae (for exampleRana pipieny and Bufonidae (for comparing data with other amphibian species.

X2. ADDITIONAL DATA AND ALTERNATIVE EXPOSURES

X2.1 Additional Data—Other types of data can be collected that it is much easier to score hatching. A concentration-
in FETAX that increases its versatility. The types of data listedresponse curve can be generated and an EC50 (hatching)
below represent some that have been collected in past expefletermined.
ments. In the case of pigmentation and locomotion, scoring is

L X2.2 Additional Exposures
subjective.

] ) . ) . X2.2.1 Additional Exposure Lengthln special circum-

X2.1.1 Pigmentatior—Collecting data on pigmentation stances, exposure periods exceeding 96 h or pulse exposures,
might be useful for measuring neural damage because it i§r poth, may be performed. Data so collected should be
thought that the size of the pigment patches is under nervougported as deviating from standard FETAX.
control. Agents that affect these nerves cause smaller pigmentx2.2.2 Static—In the static technique, the test material is
patches and the overall color of the 96-h larvae will pale.added at the beginning of the test and not changed. It should be
Comparison to the standard “Atlas of Abnormalities” andrecognized that many test materials will degrade in a short
suitable controls must be made in order to determine abnormaleriod of time. The static technique should only be used for
pigmentation. Other causes of depigmentation are possiblmaterials that are extremely stable and do not volatilize or sorb
including loss of melanin production. A concentration-responséo the test dishes. The cost or the size of the sample might also

curve can be generated and an EC50 (pigmentation) detedlictate that the static technique be used. This variation in
mined. procedure must be reported as deviating from standard FE-

X2.1.2 Locomotior—Collecting locomotion data is poten- TAX.

tially useful in measuring specific neural or muscle damag%oXczc;ﬁ,'[ﬁli?]\gl'-l—héoﬁgh_f th'c?m'dg“;ﬁr)t’. syster‘rt1 IS tusir?
since larvae with substantial cellular damage swim poorly, y dellver toxicant and diution water 1o the
i . . embryos. Small glass containers with bottom screening are

erratlca!ly ornot at all. Thg ability to swim pr_operly should ke used to contain the embryos in a larger diluter apparatus. The
determme_d by comparison to appropriate controls. Afé w-through technique is recommended for chemicals that
concentration-response curve can be generated and an EC§Qy ade quickly or are volatile or for large volume environ-
(locomotion) determine{26). mental samples. Every attempt should be made to use FETAX

X2.1.3 Hatchability—The embryos hatch from the fertiliza- solution as the diluent. This variation in procedure must be
tion membrane between 18 and 30 h. The number failing teeported as deviating from standard FETAX.
hatch at 48 h should be recorded. Delay or failure indicates a X2.2.4 Solid Phase Sample Testing
slowing of developmental processes. This is analogous to X2.2.4.1 Sample Handling-Approximately 1 kg of soil or
staging the embryos at the end of the 96-h time period excepgtediment should be collected and expediently sent to the
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laboratory to minimize holding time. Prior to testing, soil or conducted after the conclusion of the exposure period and
sediment subsamples should be thoroughly homogenizedxygen content must be greater than 5.5 mg/L.
Composites usually consist of three to six grab samples. X2.2.4.3 Data Analysis—At the conclusion of the test,
Subsamples are collected with a non-reactive sampling devicembryos should be preserved in 3 % (w/v) formalin (pH 7.0)
and placed in a non-reactive storage container. Subsamples aed morphological characteristics evaluated using a dissecting
mixed and stirred until the texture and color are uniform (seemicroscope. If only screening tests are performed, determina-
9.7 of Guide E 1391). The samples are then stored at 4°C untilon of LC50 and EC50 (malformation) is not possible and
FETAX testing is initiated. It is recommended that samples beesponses may be reported as a percent effect. Growth achieved
tested within two weeks of receipt unless specific circum-by the embryos may be determined using a digitizing software
stances delay testing (see 10.5 of Guide E 1391). package. Statistical evaluation of differences in response be-
X2.2.4.2 Assay Methods-FETAX studies should be per- tween thg control and treatgd groups may be evaluated usjng
formed in accordance with the methods cited in the previou®arametric or non-parametric hypothesis tests for the mortality
sections with the following modifications for whole soil or @d malformation responses, and a grouped t-test for the
sediment testing. Testing may be performed in 250 mL9rowth data (P <0.05 for all tests).
specimen bottles or similar capped vessels equipped with a 55 X2-2-5 Aqueous Exiracts of Solid Samples o
mm glass tube with Tefldh mesh insert as the exposure )§2.2.5.1 Moisture Fractlon. Determinatior-The initial .
chamber. Stainless steel mesh (100 p pores) can be substitut@g@isture content of the.bulk Soil samp!es should be determmed
for Teflor® mesh. For screening tests, 35 g of sediment (dry© calculate the dry weight of each soil sample. A 25 g aliquot
weight) should be placed in the bottom of the vessel, thé! the bulk soil or sediment sample should be placed in a clean,
exposure insert added, and filled with 140 mL of FETAX crystallizing dish and weighed to obtain the initial wet weight

Solution (dilution water)(see X2.2.5.1). It is essential that thel©" m(IJistur((aj c(;)_n';]ent callcule;]tior)s.. .Tlhe combinid V\_/rer:ght of thle
dilution soil be non toxic and as chemically and physicallySampe and dish equais to e initial wet weig .t' € sample
similar to the test soil as possible. Care must be taken i hould be dried at 103-105°C for 24 h. After drying the sample

interpreting results of soil/sediment dilution experiments inShOUId be placed into a desiccator to cool. After cooling, the

that toxicity results may be altered because of the nature of th%rieOI sample should be weighed again. The combined weight

soil/sediment used for dilutiorf27). The sample must be of the d.'Sh an](cj th? drlefd r?ample ?quals tge flnlal (ljry Zjvelg_ht.
equilibrated. The top edge of the glass tube must be higher theﬁefr‘r;lmst_uref ractuljn. of the sample may be calculated using
the water level to prevent larvae swimming out after day two. € following formuia.

This represents four parts of dilution water to one part of soil MF=(I-F)/[A—(1-F)]*100 (X2.1)

or sediment. Blastulae stage embryos are placed directly on thﬁ/here'

mesh insert that rests directly over the top of the soil or
sediment in the sediment/water interface region. The tesj initial wet weight of sample + crucible (in g),
consists of 25 embryos placed in each of four replicates (totale final dry weight of sample + crucible (in g), and
of 100 embryos exposed to FETAX Solution), a minimum 25 A = jnitial aliquot weight (in g).

embryos exposed to blasting sand (artificial Sediment) in each X2.2.5.2 Extract Preparation_The fo||owing procedure

of three replicates (minimum 50 total), and 25 embryosmay be used to prepare the soil elutriates. ASTM Type | water
exposed to the soil or sediment sample in each of thregr FETAX Solution should be used to prepare all elutriates
replicates (minimum 50 embryos total). Blasting or beach san¢tom soil samples. If ASTM Type | water is used to extract the
should be extensively tested beforehand to ensure that theredamples, a control (reference site) sample must also be ex-
less than 10 % mortality or malformation after 96 h. Theretracted; pH, hardness, alkalinity, and conductivity measured;
should also be a reference soil/sediment tested that is nontoxXid controls tested in the FETAX assay to ensure that the
but represents the soil/sediment characteristics of the site (setract contains sufficient minerals and nutrients to support
Test Method E 1706). Dilutions of the soil or sediment shouldnormal embryo development. Any other water used for extrac-
be prepared by mixing the sample with uncontaminated sit@ion should first be tested in FETAX to show that it supports
soil or laboratory reference soil. Four to six dilutions rangingnormal survival, development and growth as well as FETAX
from 0 to 100 % soil sample and a FETAX Solution control aresolution does alone. A weight of dilution water equal to four
typically tested. Screening tests (control and 100 % samplejmes the dry weight of the soil sample should be added to an
may be performed prior to multi-concentration definitive appropriate mixing vessel. This mixture should then be shaken
testing. Each sample should be tested in triplicate. Solutionfor 48-h (30+ 2 rpm) at a constant temperature (22°C) in

and soils or sediments should be changed every 24 h of the 4¢thrkness. A rotary extractor (end-over-end mixing) or similar
test by moving the insert containing the embryos to a fresh jaapparatus may be used. Zero head space conditions should be
of diluent water and soil/sediment sample. Dead embryos aresed, if possible, in the mixing containers to prevent loss of
removed at this time. Dissolved oxygen and pH should bevolatile substances. The shaken sample should be allow to
measured prior to renewal and in the waste solutions from eactettle overnight in refrigerated (& 2°C) storage, decanted,
successive day. Dissolved oxygen, pH, conductivity, hardnesand pH recorded. Place the mixture in a refrigerated centrifuge
alkalinity, ammonia-nitrogen, and residual chlorine should bg4°C) for about 20 min at 8000 rpm (5500 to 6000 x g-force)
measured on separate aliquots of the batches of FETAXr until supernatant is clear. The elutriate should not be filtered
Solution used during the study. The measurements must bdeecause filtering may remove particulate material that may

moisture fraction of bulk soil (in %),
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have toxicants absorbed onto it, resulting in an underestimatiomto aliquots of 10 mL with no head space. The aliquots should
of toxicity. Sufficient quantities of elutriate should be stored for be refrigerated (4= 2°C) with no headspace until needed for
the first 24-h testing period in a vented refrigerated=(2°C)  the daily test renewal or physical/chemical testing. The elutri-
until needed. This solution should be used within 24-h. Theate can be used in the presence of the metabolic activation
temperature of the elutriate must be equilibrated tat22°C  system to bioactivate toxicants. See Guide E 1391 for addi-
before adding embryos. Divide the remaining elutriate samplesonal soil/sediment preparation techniques.

X3. CONCENTRATION STEPS FOR RANGE FINDING TESTS

TABLE X3.1 Concentration Steps for Range Finding Tests

0.001t0 0.01 0.01to0.1to 0.1to1l 1to 10 10 to 100
Range Range Range Range Range
0.001 0.01 0.1 1.0 10
0.0015 0.015 0.15 15 15
0.002 0.02 0.2 2.0 20
0.0025 0.025 0.25 25 25
0.003 0.03 0.3 3.0 30
0.0035 0.035 0.35 35 35
0.004 0.04 0.4 4.0 40
0.0045 0.045 0.45 4.5 45
0.005 0.05 0.5 5.0 50
0.0055 0.055 0.55 55 55
0.006 0.06 0.6 6.0 60
0.0065 0.065 0.65 6.5 65
0.007 0.07 0.7 7.0 70
0.0075 0.075 0.75 7.5 75
0.008 0.08 0.8 8.0 80
0.0085 0.085 0.85 8.5 85
0.009 0.09 0.9 9.0 90
0.0095 0.095 0.95 9.5 95

. . - 100

X4. MICROSOME ISOLATION REAGENTS AND NADPH GENERATING SYSTEM COMPONENTS

X4.1 Buffer. c Concentration in Petri
) . omponent Dish
X4.1.1 1. 0.05 M Tris-HCI - Adjust to pH 7.5. Store at 4°C.
. . . Glucose-6-Phosphate 3.6 mM
X4.1.2 1.12 % w/v KCI in 0.05 M Tris-HCI: Adjust pH to Glucose-6-Phosphate Dehydrogenase 0.31 U/mL
7.5. Store at 4°C. Nicotinamide Adenine Dinucleotide (NADP) 0.1 mM
X4.1.3 1.15 % wiv KCl in 0.02 M Tris-HCl with 0.5 % w/ Reduced Nicotinamide Adenine Dinucleotide (NADPH) 7.0 uM
bovi S A(\)dw Vt H ;n 7'5 St ”S-t 403” = oW X4.2.1 To prepare the combined generator solution, 1.85 g
ovine serum. Adjust pr 1o 7.5. Store a : of glucose-6-phosphate, 132 mg NADP, and 8.4 mg NADPH to

. - should be added 16.8 mL of FETAX solution. This will supply
~ X4.2 Metabolic Activation Generator SysteaThe follow- 5 gishes. Glucose-phosphate dehydrogenase is added sepa-
ing components may be added individually to the Petri dish Ogately. The generator stock should be stored at—20°C and 77 L

as a combined generator stock solution (see below). For routing the generator stock preparation is pipetted to each dish
work, the combined generator stock should be used. which contains a total of 8 mL of solution.

X4.3 Antibiotics—A stock solution of 10 000 U/mL peni-
cillin G and 10,000 U/mL streptomycin sulfate should be
prepared in FETAX solution. A final concentration of 100
U/mL of each antibiotic per Petri dish is recommended. The
stock should be stored at 4°C.
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