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EN 

ANNEX   

 

The Annex to Regulation (EC) No 440/2008 is amended as follows: 

 Chapters B.53, B.54, B.55, B.56, B.57 and B.58 are inserted: 

 

"B.53. Developmental Neurotoxicity Study 

INTRODUCTION 

1. This test method is equivalent to OECD Test Guideline (TG) 426 (2007). In 
Copenhagen in June 1995, an OECD Working Group on Reproduction and 
Developmental Toxicity discussed the need to update existing OECD test guidelines for 
reproduction and developmental toxicity, and the development of new guidelines for 
endpoints not yet covered (1). The working group recommended that a test guideline for 
developmental neurotoxicity should be written based on a US EPA guideline, which has 
since been revised (2).  In June 1996, a second consultation meeting was held in 
Copenhagen to provide the Secretariat with guidance on the outline of a new test 
guideline on developmental neurotoxicity, including the major elements, e.g., details 
concerning choice of animal species, dosing period, testing period, endpoints to be 
assessed, and criteria for evaluating results.  A US neurotoxicity risk assessment 
guideline was published in 1998 (3). An OECD Expert Consultation Meeting and an 
ILSI Risk Science Institute Workshop were held back-to-back in October 2000 and an 
expert consultation meeting was held in Tokyo 2005.  These meetings were held to 
discuss the scientific and technical issues related to the current test guideline and the 
recommendations from the meetings (4)(5)(6)(7) were considered in the development of 
this test method. Additional information on the conduct, interpretation and terminology 
used for this test method can be found in OECD Guidance Documents No.43 on 
“Reproductive Toxicity Testing and Assessment” (8) and No.20 on “Neurotoxicity 
Testing”(9). 

INITIAL CONSIDERATIONS 

2. A number of chemicals is known to produce developmental neurotoxic effects in 
humans and other species (10)(11)(12)(13).  Determination of the potential for 
developmental neurotoxicity may be needed to assess and evaluate the toxic 
characteristics of a chemical. Developmental neurotoxicity studies are designed to 
provide data, including dose-response characterisations, on the potential functional and 
morphological effects on the developing nervous system of the offspring that may arise 
from exposure in utero and during early life.   

3. A developmental neurotoxicity study can be conducted as a separate study, incorporated 
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into a reproductive toxicity and/or adult neurotoxicity study (e.g., test methods B.34 
(14), B.35 (15), B.43 (16)), or added onto a prenatal developmental toxicity study (e.g., 
test method B.31 (17)).  When the developmental neurotoxicity study is incorporated 
within or attached to another study, it is imperative to preserve the integrity of both 
study types.  All testing should comply with applicable legislation or government and 
institutional guidelines for the use of laboratory animals in research (e.g., 18). 

4. The testing laboratory should consider all available information on the test chemical 
prior to conducting the study. Such information will include the identity and chemical 
structure of the chemical; its physico-chemical properties; the results of any other in 
vitro or in vivo toxicity tests on the chemical; toxicological data on structurally related 
chemicals; and the anticipated use(s) of the chemical. This information is necessary to 
satisfy all concerned that the test is relevant for the protection of human health, and will 
help in the selection of an appropriate starting dose. 

PRINCIPLE OF THE TEST 

5. The test chemical is administered to animals during gestation and lactation. Dams are 
tested to assess effects in pregnant and lactating females and may also provide 
comparative information (dams versus offspring). Offspring are randomly selected from 
within litters for neurotoxicity evaluation. The evaluation consists of observations to 
detect gross neurologic and behavioural abnormalities, including the assessment of 
physical development, behavioural ontogeny, motor activity, motor and sensory function, 
and learning and memory; and the evaluation of brain weights and neuropathology during 
postnatal development and adulthood. 

6. When the test method is conducted as a separate study, additional available animals in 
each group could be used for specific neurobehavioral, neuropathological, 
neurochemical or electrophysiological procedures that may supplement the data 
obtained from the examinations recommended by this test method (16)(19)(20)(21). The 
supplemental procedures can be particularly useful when empirical observation, 
anticipated effects, or mechanism/mode-of-action indicate a specific type of 
neurotoxicity. These supplemental procedures may be used in the dams as well as in the 
pups.  In addition, ex vivo or in vitro procedures may also be used, as long as these 
procedures do not alter the integrity of the in vivo procedures. 

PREPARATIONS FOR THE TEST 

Selection of animal species 

7. The preferred test species is the rat; other species can be used when appropriate. Note, 
however, the gestational and postnatal days specified in this test method are specific to 
commonly used strains of rats, and comparable days should be selected if a different 
species or unusual strain is used.  The use of another species should be justified based 
on toxicological, pharmacokinetic, and/or other data. Justification should include 
availability of species-specific postnatal neurobehavioral and neuropathological 
assessments.  If there was an earlier test that raised concerns, the species/strain that 
raised a concern should be considered.  Because of the differing performance attributes 
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of different rat strains, there should be evidence that the strain selected for use has 
adequate fecundity and responsiveness.  The reliability and sensitivity of other species 
to detect developmental neurotoxicity should be documented. 

Housing and feeding conditions 

8. The temperature in the experimental animal room should be 22±3oC. Although the 
relative humidity should be at least 30% and preferably not exceed 70% other than 
during room cleaning, the aim should be 50-60%. Lighting should be artificial, the 
sequence being 12 hours light, 12 hours dark. It is also possible to reverse the light cycle 
prior to mating and for the duration of the study, in order to perform the assessments of 
functional and behavioural endpoints during the dark period (under red light), i.e., 
during the time the animals are normally active (22). Any changes in the light-dark 
cycle should include adequate acclimation time to allow animals to adapt to the new 
cycle. For feeding, conventional laboratory diets may be used with an unlimited supply 
of drinking water.  The type of food and water should be reported and both should be 
analysed for contaminants. 

9. Animals may be housed individually or be caged in small groups of the same sex. 
Mating procedures should be carried out in cages suitable for the purpose. After 
evidence of copulation or no later than day 15 of pregnancy, mated animals should be 
caged separately in delivery or maternity cages. Cages should be arranged in such a way 
that possible effects due to cage placement are minimised. Mated females should be 
provided with appropriate and defined nesting materials when parturition is near. It is 
well known that inappropriate handling or stress during pregnancy can result in adverse 
outcomes, including prenatal loss and altered foetal and postnatal development. To 
guard against foetal loss from factors which are not treatment-related, animals should be 
carefully handled during pregnancy, and stress from outside factors such as excessive 
outside noise should be avoided. 

Preparation of the animals 

10. Healthy animals should be used, which have been acclimated to laboratory conditions 
and have not been subjected to previous experimental procedures, unless the study is 
incorporated in another study (see paragraph 3). The test animals should be 
characterised as to species, strain, source, sex, weight and age. Each animal should be 
assigned and marked with a unique identification number.  The animals of all test 
groups should, as nearly as practicable, be of uniform weight and age, and should be 
within the normal range of the species and strain under study. Young adult nulliparous 
female animals should be used at each dose level.  Siblings should not be mated, and 
care should be taken to ensure this. Gestation Day (GD) 0 is the day on which a vaginal 
plug and/or sperm are observed. Adequate acclimation time (e.g., 2-3 days) should be 
allowed when purchasing time-pregnant animals from a supplier.  Mated females should 
be assigned in an unbiased way to the control and treatment groups, and as far as 
possible, they should be evenly distributed among the groups (e.g., a stratified random 
procedure is recommended to provide even distribution among all groups, such as that 
based on body weight). Females inseminated by the same male should be equalised 
across groups.  
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PROCEDURE 

Number and sex of animals 

11. Each test and control group should contain a sufficient number of pregnant females to 
be exposed to the test chemical to ensure that an adequate number of offspring are 
produced for neurotoxicity evaluation. A total of 20 litters are recommended at each 
dose level. Replicate and staggered-group dosing designs are allowed if total numbers of 
litters per group are achieved, and appropriate statistical models are used to account for 
replicates.   

12. On or before postnatal day (PND) 4 (day of delivery is PND 0), the size of each litter 
should be adjusted by eliminating extra pups by random selection to yield a uniform 
litter size for all litters (23).  The litter size should not exceed the average litter size for 
the strain of rodents used (8-12).  The litter should have, as nearly as possible, equal 
numbers of male and female pups.  Selective elimination of pups, e.g., based upon body 
weight, is not appropriate. After standardisation of litters (culling) and prior to further 
testing of functional endpoints, individual pups that are scheduled for pre-weaning or 
post-weaning testing should be identified uniquely, using any suitable humane method 
for pup identification (e.g., 24). 

Assignment of animals for functional and behavioural tests, brain weights, and 
neuropathological evaluations 

13. The test method allows various approaches with respect to the assignment of animals 
exposed in utero and through lactation to functional and behavioural tests, sexual 
maturation, brain weight determination, and neuropathological evaluation (25). Other 
tests of neurobehavioral function (e.g., social behaviour), neurochemistry or 
neuropathology can be added on a case-by-case basis, as long as the integrity of the 
original required tests are not compromised. 

14. Pups are selected from each dose group and assigned for endpoint assessments on or 
after PND 4.  Selection of pups should be performed so that to the extent possible both 
sexes from each litter in each dose group are equally represented in all tests.  For motor 
activity testing the same pair of male and female pups should be tested at all pre-
weaning ages (see paragraph 35).  For all other tests the same or separate pairs of male 
and female animals may be assigned to different behavioural tests. Different pups may 
need to be assigned to weanling versus adult tests of cognitive function in order to avoid 
confounding the effects of age and prior training on these measurements (26)(27).  At 
weaning (PND 21), pups not selected for testing can be disposed of humanely. Any 
alterations in pup assignments should be reported. The statistical unit of measure should 
be the litter (or dam) and not the pup. 

15. There are different ways to assign pups to the pre-weaning and post-weaning 
examinations, cognitive tests, pathological examinations, etc, (see Figure 1 for general 
design and Appendix 1 for examples of assignment).  Recommended minimum numbers 
of animals in each dose group for pre-weaning and post-weaning examinations are as 
follows: 
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Clinical observations and bodyweight All animals 
Detailed clinical observations 20/sex (1/sex/litter) 
Brain weight (post fixation) PND 11-22  
Brain weight (unfixed) ~ PND 70 

10/sex (1/litter) 
10/sex (1/litter) 

Neuropathology (immersion or perfusion fixation) PND 11-
22 
Neuropathology (perfusion fixation) PND ~70 

10/sex (1/litter) 
10/sex (1/litter) 

Sexual maturation 20/sex (1/sex/litter) 
Other developmental landmarks (optional) All animals 
Behavioural ontogeny 20/sex (1/sex/litter) 
Motor activity 20/sex (1/sex/litter) 
Motor and sensory function 20/sex (1/sex/litter) 
Learning and memory 10/sexa (1/litter) 

a Depending on the sensitivity of cognitive function tests, investigation of a large higher number of 
animals should be considered e.g., up to 1 male and 1 female per litter (for animal assignments see 
Appendix 1) (further guidance on sample size is provided in the OECD Guidance Document 43 
(8)).   

Dosage 

16. At least three dose levels and a concurrent control should be used.  The dose levels 
should be spaced to produce a gradation of toxic effects.  Unless limited by the physico-
chemical nature or biological properties of the chemical, the highest dose level should 
be chosen with the aim to induce some maternal toxicity (e.g., clinical signs, decreased 
body weight gain (not more than 10%) and/or evidence of dose-limiting toxicity in a 
target organ). The high dose may be limited to 1000 mg/kg/day body weight, with some 
exceptions.  For example, expected human exposure may indicate the need for a higher 
dose level to be used. Alternatively, pilot studies or preliminary range-finding studies 
should be performed to determine the highest dosage to be used which should produce a 
minimal degree of maternal toxicity. If the test chemical has been shown to be 
developmentally toxic either in a standard developmental toxicity study or in a pilot 
study, the highest dose level should be the maximum dose which will not induce 
excessive offspring toxicity, or in utero or neonatal death or malformations, sufficient to 
preclude a meaningful evaluation of neurotoxicity.  The lowest dose level should aim to 
not produce any evidence of either maternal or developmental toxicity including 
neurotoxicity. A descending sequence of dose levels should be selected with a view to 
demonstrating any dose-related response and a No-Observed-Adverse Effect Level 
(NOAEL), or doses near the limit of detection that would allow the determination of a 
benchmark dose.  Two- to four-fold intervals are frequently optimal for setting the 
descending dose levels, and the addition of a fourth dose group is often preferable to 
using very large intervals (e.g., more than a factor of 10) between dosages. 

17. Dose levels should be selected taking into account all existing toxicity data as well as 
additional information on metabolism and toxicokinetics of the test chemical or related 
materials. This information may also assist in demonstrating the adequacy of the dosing 
regimen. Direct dosing of pups should be considered based on exposure and 
pharmacokinetic information (28)(29). Careful consideration of benefits and 
disadvantages should be made prior to conducting direct dosing studies (30). 

18. The concurrent control group should be a sham-treated control group or a vehicle-
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control group if a vehicle is used in administering the test chemical.  All animals should 
normally be administered the same volume of either test chemical or vehicle on a body 
weight basis. If a vehicle or other additive is used to facilitate dosing, consideration 
should be given to the following characteristics: effects on the absorption, distribution, 
metabolism, or retention of the test chemical; effects on the chemical properties of the 
test chemical which may alter its toxic characteristics; and effects on the food or water 
consumption or the nutritional status of the animals. The vehicle should not cause 
effects that could interfere with the interpretation of the study neither should it be 
neurobehaviourally toxic nor have effects on reproduction or development. For novel 
vehicles , a sham-treated control group should be included in addition to a vehicle 
control group. Animals in the control group(s) should be handled in an identical manner 
to test group animals. 

Administration of doses 

19. The test chemical or vehicle should be administered by the route most relevant to 
potential human exposure, and based on available metabolism and distribution 
information in the test animals. The route of administration will generally be oral (e.g., 
gavage, dietary, via drinking water), but other routes (e.g., dermal, inhalation) may be 
used depending on the characteristics and anticipated or known human exposure routes 
(further guidance is provided in the Guidance Document 43 (8)).  Justification should be 
provided for the route of administration chosen. The test chemical should be 
administered at approximately the same time every day. 

20. The dose administered to each animal should normally be based on the most recent 
individual body weight determination. However, caution should be exercised when 
adjusting the doses during the last third of pregnancy.  If excess toxicity is noted in the 
treated dams, those animals should be humanely killed.   

21. The test chemical or vehicle should, as a minimum, be administered daily to mated 
females from the time of implantation (GD 6) throughout lactation (PND 21), so that the 
pups are exposed to the test chemical during pre- and postnatal neurological 
development. The age at which dosing starts, and the duration and frequency of dosing, 
may be adjusted if evidence supports an experimental design more relevant to human 
exposures. Dosing durations should be adjusted for other species to ensure exposure 
during all early periods of brain development (i.e., equivalent to prenatal and early 
postnatal human brain growth). Dosing may begin from the initiation of pregnancy (GD 
0) although consideration should be given to the potential of the test chemical to cause 
pre-implantation loss.  Administration beginning at GD 6 would avoid this risk, but the 
developmental stages between GD 0 and 6 would not be treated.  When a laboratory 
purchases time-mated animals, it is impractical to begin dosing at GD 0, and thus GD 6 
would be a good starting day.  The testing laboratory should set the dosing regimen 
according to relevant information about the effects of the test chemical, prior experience, 
and logistical considerations; this may include extension of dosing past weaning. Dosing 
should not occur on the day of parturition in those animals which have not completely 
delivered their offspring. In general, it is assumed that exposure of the pups will occur 
through the maternal milk; however, direct dosing of pups should be considered in those 
cases where there is a lack of evidence of continued exposure to offspring. Evidence of 
continuous exposure can be retrieved from e.g., pharmacokinetic information, offspring 
toxicity or changes in bio-markers (28). 
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OBSERVATIONS 

Observations on dams 

22. All dams should be carefully observed at least once daily with respect to their health 
condition, including morbidity and mortality. 

23. During the treatment and observation periods, more detailed clinical observations 
should be conducted periodically (at least twice during the gestational dosing period and 
twice during the lactational dosing period) using at least ten dams per dose level. The 
animals should be observed outside the home cage by trained technicians who are 
unaware of the animals’ treatment, using standardised procedures to minimise animal 
stress and observer bias, and maximise inter-observer reliability. Where possible, it is 
advisable that the observations in a given study be made by the same technician.  

24. The presence of observed signs should be recorded. Whenever feasible, the magnitude 
of the observed signs should also be recorded. Clinical observations should include, but 
not be limited to, changes in skin, fur, eyes, mucous membranes, occurrence of 
secretions, and autonomic activity (e.g., lacrimation, piloerection, pupil size, unusual 
respiratory pattern and/or mouth breathing, and any unusual signs of urination or 
defecation). 

25. Any unusual responses with respect to body position, activity level (e.g., decreased or 
increased exploration of the standard area) and co-ordination of movement should also 
be noted. Changes in gait, (e.g., waddling, ataxia), posture (e.g., hunched-back) and 
reactivity to handling, placing or other environmental stimuli, as well as the presence of 
clonic or tonic movements, convulsions, tremors, stereotypies (e.g., excessive grooming, 
unusual head movements, repetitive circling), bizarre behaviour (e.g., biting or 
excessive licking, self-mutilation, walking backwards, vocalisation), or aggression 
should be recorded. 

26. Signs of toxicity should be recorded, including the day of onset, time of day, degree, 
and duration. 

27. Animals should be weighed at the time of dosing at least weekly throughout the study, 
on or near the day of delivery, and on PND 21 (weaning). For gavage studies dams 
should be weighed at least twice weekly. Doses should be adjusted at the time of each 
body weight determination, as appropriate.  Food consumption should be measured 
weekly at a minimum during gestation and lactation.  Water consumption should be 
measured at least weekly if exposure is via the water supply.    

Observations on offspring 

28. All offspring should be carefully observed at least daily for signs of toxicity and for 
morbidity and mortality.  

29. During the treatment and observation periods, more detailed clinical observations of the 
offspring should be conducted.  The offspring (at least one pup/sex/litter) should be 
observed by trained technicians who are unaware of the animals’ treatment, using 
standardised procedures to minimise bias and maximise inter-observer reliability. Where 
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possible, it is advisable that the observations are made by the same technician.  At a 
minimum, the endpoints described in paragraphs 24 and 25 should be monitored as 
appropriate for the developmental stage being observed. 

30. All signs of toxicity in the offspring should be recorded, including the day of onset, time 
of day, degree, and duration. 

Physical and developmental landmarks 

31. Changes in pre-weaning landmarks of development (e.g., pinna unfolding, eye opening, 
incisor eruption) are highly correlated with body weight (30)(31).  Body weight may be 
the best indicator of physical development. Measurement of developmental landmarks 
is, therefore, recommended only when there is prior evidence that these endpoints will 
provide additional information. Timing for the assessment of these parameters is 
indicated in Table 1.  Depending on the anticipated effects, and the results of the initial 
measurements, it may be advisable to add additional time points or to perform the 
measurements in other developmental stages. 

32. It is advisable to use post-coital age instead of postnatal age when assessing physical 
development (33).  If pups are tested on the day of weaning, it is recommended that this 
testing be carried out prior to actual weaning to avoid a confounding effect by the stress 
associated with weaning. In addition, any post-weaning testing of pups should not occur 
during the two days after weaning.  

 

Table 1: Timing of the assessment of physical and developmental landmarks, and 
functional/behavioural endpointsa. 

Age Periods 

Endpoints 

Pre-weaningb 

 

Adolescenceb 

 

Young adultsb 

 

Physical and developmental landmarks 

Body weight and  
Clinical Observations 

weeklyc at least every two 
weeks 

at least every two 
weeks 

Brain weight PND 22d at termination 

Neuropathology PND 22d at termination 

Sexual maturation -- as appropriate -- 

Other developmental  
landmarkse 

as appropriate -- -- 

Functional/behavioural endpoints 

Behavioural ontogeny At least two 
measures 

  

Motor activity (including 
habituation) 

1–3 times (f) -- once 
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Motor and sensory 
function 

-- once once 

Learning and memory -- once once 
a This table presents the minimum number of times when measurements should be performed.  

Depending on the anticipated effects, and the results of the initial measurements, it may be 
advisable to add additional time points (e.g., aged animals) or to perform the measurements in 
other developmental stages.  

b It is recommended that pups not be tested during the two days after weaning (see paragraph 32). 
Recommended ages for adolescent testing are: learning and memory = PND 25±2; motor and 
sensory function = PND 25±2.  Recommended ages for testing young adults is PND 60-70.   

c Body weights should be measured at least twice weekly when directly dosing pups for adjustment of 
doses at a time of rapid body weight gain.  

d Brain weights and neuropathology may be assessed at some earlier time (e.g., PND 11), if appropriate 
(see paragraph 39). 

e Other developmental landmarks in addition to the body weight (e.g., eye opening) should be 
recorded when appropriate (see paragraph 31). 

f See paragraph 35. 
 

33. Live pups should be counted and sexed e.g., by visual inspection or measurement of 
anogenital distance (34)(35), and each pup within a litter should be weighed 
individually at birth or soon thereafter, at least weekly throughout lactation, and at least 
once every two weeks thereafter. When sexual maturation is evaluated, the age and body 
weight of the animal when vaginal patency (36) or preputial separation (37) occurs 
should be determined for at least one male and one female per litter.    

Behavioural ontogeny 

34. Ontogeny of selected behaviours should be measured in at least one pup/sex/litter 
during the appropriate age period, with the same pups being used on all test days for all 
behaviours assessed. The measurement days should be spaced evenly over that period to 
define either the normal or treatment-related change in ontogeny of that behaviour (38). 
The following are some examples of behaviours for which their ontogeny could be 
assessed: righting reflex, negative geotaxis and motor activity (38)(39)(40). 

Motor activity 

35. Motor activity should be monitored (41)(42)(43)(44)(45) during the pre-weaning and 
adult age periods.  For testing at the time of weaning, see paragraph 32. The test session 
should be long enough to demonstrate intra-session habituation for non-treated controls.  
Use of motor activity to assess behavioural ontogeny is strongly recommended.  If used 
as a test of behavioural ontogeny, then testing should utilise the same animals for all 
pre-weaning test sessions. Testing should be frequent enough to assess the ontogeny of 
intra-session habituation (44). This may require three or more time periods prior to, and 
including the day of weaning (e.g., PND 13, 17, 21).  Testing of the same animals, or 
littermates, should also occur at an adult age close to study termination (e.g., PND 60-
70). Testing on additional days may be done as necessary.  Motor activity should be 
monitored by an automated activity recording apparatus which should be capable of 
detecting both increases and decreases in activity, (i.e., baseline activity as measured by 
the device should not be so low as to preclude detection of decreases, nor so high as to 
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preclude detection of increases in activity).  Each device should be tested by standard 
procedures to ensure, to the extent possible, reliability of operation across devices and 
across days. To the extent possible, treatment groups should be balanced across devices.  
Each animal should be tested individually.  Treatment groups should be counter-
balanced across test times to avoid confounding by circadian rhythms of activity.  
Efforts should be made to ensure that variations in the test conditions are minimal and 
are not systematically related to treatment. Among the variables that can affect many 
measures of behaviour, including motor activity, are sound level, size and shape of the 
test cage, temperature, relative humidity, light conditions, odours, use of home cage or 
novel test cage and environmental distractions. 

Motor and sensory function 

36. Motor and sensory function should be examined in detail at least once for the adolescent 
period and once during the young adult period (e.g., PND 60-70).  For testing at the time 
of weaning, see paragraph 32. Sufficient testing should be conducted to ensure an 
adequate quantitative sampling of sensory modalities (e.g., somato-sensory, vestibular) 
and motor functions (e.g., strength, coordination).  A few examples of tests for motor 
and sensory function are extensor thrust response (46), righting reflex (47)(48), auditory 
startle habituation (40)(49)(50)(51)(52)(53)(54), and evoked potentials (55).  

Learning and memory tests 

37. A test of associative learning and memory should be conducted post-weaning (e.g., 
25±2 days) and for young adults (PND 60 and older). For testing at the time of weaning, 
see paragraph 32.  The same or separate test(s) may be used at these two stages of 
development. Some flexibility is allowed in the choice of test(s) for learning and 
memory in weanling and adult rats. However, the test(s) should be designed so as to 
fulfil two criteria. First, learning should be assessed either as a change across several 
repeated learning trials or sessions, or, in tests involving a single trial, with reference to 
a condition that controls for non-associative effects of the training experience. Second, 
the test(s) should include some measure of memory (short-term or long-term) in 
addition to original learning (acquisition), but this measure of memory cannot be 
reported in the absence of a measure of acquisition obtained from the same test. If the 
test(s) of learning and memory reveal(s) an effect of the test chemical, additional tests to 
rule out alternative interpretations based on alterations in sensory, motivational, and/or 
motor capacities may be considered. In addition to the above two criteria, it is 
recommended that the test of learning and memory be chosen on the basis of its 
demonstrated sensitivity to the class of chemical under investigation, if such information 
is available in the literature. In the absence of such information, examples of tests that 
could be made to meet the above criteria include: passive avoidance (43)(56)(57), 
delayed-matching-to-position for the adult rat (58) and for the infant rat (59), olfactory 
conditioning (43)(60), Morris water maze (61)(62)(63), Biel or Cincinnati maze 
(64)(65), radial arm maze (66), T-maze (43), and acquisition and retention of schedule-
controlled behaviour (26)(67)(68). Additional tests are described in the literature for 
weanling (26)(27) and adult rats (19)(20). 

Post-mortem examination 

38. Maternal animals can be euthanised after weaning of the offspring. 
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39. Neuropathological evaluation of the offspring will be conducted using tissues from 

animals humanely killed at PND 22 or at an earlier time point between PND 11 and 
PND 22, as well as at study termination.  For offspring killed through PND 22, brain 
tissues should be evaluated; for animals killed at termination, both central nervous 
system (CNS) tissues and peripheral nervous system (PNS) tissues should be evaluated. 
Animals killed on PND 22 or earlier may be fixed either by immersion or perfusion.  
Animals killed at study termination should be fixed by perfusion. All aspects of the 
preparation of tissue samples, from the perfusion of animals, through the dissection of 
tissue samples, tissue processing, and staining of slides should employ a 
counterbalanced design such that each batch contains representative samples from each 
dose group.  Additional guidance on neuropathology can be found in OECD Guidance 
Document No. 20 (9), see also (103). 

Processing of tissue samples 

40. All gross abnormalities apparent at the time of necropsy should be noted.  Tissue 
samples taken should represent all major regions of the nervous system.  The tissue 
samples should be retained in an appropriate fixative and processed according to 
standardised published histological protocols (69)(70)(71) (103).  Paraffin embedding is 
acceptable for tissues of the CNS and PNS, but the use of osmium in post-fixation, 
together with epoxy embedding, may be appropriate when a higher degree of resolution 
is required (e.g., for peripheral nerves when a peripheral neuropathy is suspected and/or 
for morphometric analysis of peripheral nerves). Brain tissue collected for 
morphometric analysis should be embedded in appropriate media at all dose levels at the 
same time in order to avoid shrinkage artifacts that may be associated with prolonged 
storage in fixative (6). 

Neuropathological examination 

41. The purposes of the qualitative examination are:  

i) to identify regions within the nervous system exhibiting evidence of 
neuropathological alterations;  

ii) to identify types of neuropathological alterations resulting from exposure to the test 
chemical; and  

iii) to determine the range of severity of the neuropathological alterations.  

Representative histological sections from the tissue samples should be examined 
microscopically by an appropriately trained pathologist for evidence of 
neuropathological alterations. All neuropathologic alterations should be assigned a 
subjective grade indicating severity.  A hematoxylin and eosin stain may be sufficient 
for evaluating brain sections from animals humanely killed at PND 22, or earlier.  
However, a myelin stain (e.g., luxol fast blue / cresyl violet) and a silver stain (e.g., 
Bielschowsky’s or Bodians stains) are recommended for sections of CNS and PNS 
tissues from animals killed at study termination.  Subject to the professional judgement 
of the pathologist and the kind of alterations observed, other stains may be considered 
appropriate to identify and characterise particular types of alterations (e.g., glial 
fibrillary acidic protein (GFAP) or lectin histochemistry to assess glial and microglial 
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alterations (72), fluoro-jade to detect necrosis (73)(74), or silver stains specific for 
neural degeneration (75)).   

42. Morphometric (quantitative) evaluation should be performed as these data may assist in 
the detection of a treatment-related effect and are valuable in the interpretation of 
treatment-related differences in brain weight or morphology (76)(77).  Nervous tissue 
should be sampled and prepared to enable morphometric evaluation.  Morphometric 
evaluations may include e.g., linear or areal measurements of specific brain regions 
(78). Linear or areal measurements require the use of homologous sections carefully 
selected based on reliable microscopic landmarks (6). Stereology may be used to 
identify treatment-related effects on parameters such as volume or cell number for 
specific neuroanatomic regions (79)(80)(81)(82)(83)(84).   

43. The brains should be examined for any evidence of treatment-related neuropathological 
alterations and adequate samples should be taken from all major brain regions (e.g., 
olfactory bulbs, cerebral cortex, hippocampus, basal ganglia, thalamus, hypothalamus, 
midbrain (tectum, tegmentum, and cerebral peduncles), pons, medulla oblongata, 
cerebellum) to ensure a thorough examination. It is important that sections for all 
animals are taken in the same plane. In adults humanely killed at study termination, 
representative sections of the spinal cord and the PNS should be sampled.  The areas 
examined should include the eye with optic nerve and retina, the spinal cord at the 
cervical and lumbar swellings, the dorsal and ventral root fibers, the proximal sciatic 
nerve, the proximal tibial nerve (at the knee), and the tibial nerve calf muscle branches.  
The spinal cord and peripheral nerve sections should include both cross or transverse 
and longitudinal sections.  

44. Neuropathological evaluation should include an examination for indications of 
developmental damage to the nervous system (6)(85)(86)(87)(88)(89), in addition to the 
cellular alterations (e.g., neuronal vacuolation, degeneration, necrosis) and tissue 
changes (e.g., gliosis, leukocytic infiltration, cystic formation).  In this regard, it is 
important that treatment-related effects be distinguished from normal developmental 
events known to occur at a developmental stage corresponding to the time of sacrifice 
(90). Examples of significant alterations indicative of developmental insult include, but 
are not restricted to:  

- alterations in the gross size or shape of the olfactory bulbs, cerebrum or 
cerebellum; 

- alterations in the relative size of various brain regions, including decreases or 
increases in the size of regions resulting from the loss or persistence of normally 
transient populations of cells or axonal projections (e.g., external germinal layer 
of cerebellum, corpus callosum);  

- alterations in proliferation, migration, and differentiation, as indicated by areas of 
excessive apoptosis or necrosis, clusters or dispersed populations of ectopic, 
disoriented or malformed neurons or alterations in the relative size of various 
layers of cortical structures;   

- alterations in patterns of myelination, including an overall size reduction or 
altered staining of myelinated structures; 

- evidence of hydrocephalus, in particular enlargement of the ventricles, stenosis of 
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the cerebral aqueduct and thinning of the cerebral hemispheres. 

Analysis of the dose-response relationship of neuropathological alterations  

45. The following stepwise procedure is recommended for the qualitative and quantitative 
neuropathological analyses. First, sections from the high dose group are compared with 
those of the control group. If no evidence of neuropathological alterations is found in 
animals of the high dose group, no further analysis is required. If evidence of 
neuropathological alterations is found in the high dose group, then animals from the 
intermediate and low dose groups are examined. If the high dose group is terminated 
due to death or other confounding toxicity, the high and intermediate dose groups 
should be analysed for neuropathological alterations.  If there is any indication of 
neurotoxicity in lower dose groups, neuropathological analysis should be performed in 
those groups.  If any treatment-related neuropathological alterations are found in the 
qualitative or quantitative examination, the dose-dependence of the incidence, frequency 
and severity grade of the lesions or of the morphometric alterations should be 
determined, based on an evaluation of all animals from all dose groups.  All regions of 
the brain that exhibit any evidence of neuropathologic alteration should be included in 
this evaluation.  For each type of lesion, the characteristics used to define each severity 
grade should be described, indicating the features used to differentiate each grade.  The 
frequency of each type of lesion and its severity grade should be recorded and a 
statistical analysis should be performed to evaluate the nature of a dose-response 
relationships.  The use of coded slides is recommended (91).  

DATA AND REPORTING 

Data 

46. Data should be reported individually and summarised in tabular form, showing for each 
test group the types of change and the number of dams, offspring by sex, and litters 
displaying each type of change. If direct postnatal exposure of the offspring has been 
performed, the route, duration and period of exposure should be reported. 

Evaluation and interpretation of results 

47. A developmental neurotoxicity study will provide information on the effects of repeated 
exposure to a chemical during in utero and early postnatal development. Since emphasis 
is placed on both general toxicity and developmental neurotoxicity endpoints, the results 
of the study will allow for the discrimination between neurodevelopmental effects 
occurring in the absence of general maternal toxicity, and those which are only 
expressed at levels that are also toxic to the maternal animal. Due to the complex 
interrelationships among study design, statistical analysis, and biological significance of 
the data, adequate interpretation of developmental neurotoxicity data will involve expert 
judgment (107)(109). The interpretation of test results should use a weight-of-evidence-
approach (20)(92)(93)(94).  Patterns of behavioural or morphological findings, if 
present, as well as evidence of dose-response should be discussed. Data from all studies 
relevant to the evaluation of developmental neurotoxicity, including human 
epidemiological studies or case reports, and experimental animal studies (e.g., 
toxicokinetic data, structure-activity information, data from other toxicity studies) 
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should be included in this characterisation. This includes the relationship between the 
doses of the test chemical and the presence or absence, incidence, and extent of any 
neurotoxic effect for each sex (20)(95).  

48. Evaluation of data should include a discussion of both the biological and statistical 
significance.  Statistical analysis should be viewed as a tool that guides rather than 
determines the interpretation of data. Lack of statistical significance should not be the 
sole rationale for concluding a lack of treatment related effect, just as statistical 
significance should not be the sole justification for concluding a treatment-related effect. 
To guard against possible false-negative findings and the inherent difficulties in 
“proving a negative,” available positive and historical control data should be discussed, 
especially when there are no treatment-related effects (102)(106). The probability of 
false positives should be discussed in light of the total statistical evaluation of the data 
(96). The evaluation should include the relationship, if any, between observed 
neuropathological and behavioural alterations. 

49. All results should be analysed using statistical models appropriate to the experimental 
design (108). The choice of a parametric or a nonparametric analysis should be justified 
by considering factors such as the nature of the data (transformed or not) and their 
distribution, as well as the relative robustness of the statistical analysis selected. The 
purpose and design of the study should guide the choice of statistical analyses to 
minimise Type I (false positive) and Type II (false negative) errors (96)(97)(104)(105).  
Developmental studies using multiparous species where multiple pups per litter are 
tested should include the litter in the statistical model to guard against an inflated Type I 
error rates (98)(99)(100)(101). The statistical unit of measure should be the litter and not 
the pup. Experiments should be designed such that littermates are not treated as 
independent observations. Any endpoint repeatedly measured in the same subject should 
be analysed using statistical models that account for the non-independence of those 
measures. 

Test report 

50. The test report should include the following information:  

Test chemical:  
- physical nature and, where relevant, physiochemical properties; 

- identification data, including source;  

- purity of the preparation, and known and/or anticipated impurities. 

Vehicle (if appropriate): 
- justification for choice of vehicle, if other than water or physiological saline 

solution. 

Test animals: 
- species and strain used, and a justification if other than the rat; 

- supplier of test animals; 

- number, age at start, and sex of animals; 
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- source, housing conditions, diet, water, etc.; 

- individual weights of animals at the start of the test. 

Test conditions: 
- rationale for dose level selection; 

- rationale for dosing route and time period; 

- specifications of the doses administered, including details of the vehicle, volume 
and physical form of the material administered; 

- details of test chemical formulation/diet preparation, achieved concentration, 
stability and homogeneity of the preparation; 

- method used for unique identification of dams and offspring; 

- a detailed description of the randomisation procedure(s) used to assign dams to 
treatment groups, to select pups for culling, and to assign pups to test groups; 

- details of the administration of the test chemical; 

- conversion from diet/drinking water or inhalation test chemical concentration 
(ppm) to the actual dose (mg/kg body weight/day), if applicable; 

- environmental conditions; 

- details of food and water (e.g., tap, distilled) quality; 

- dates of study start and end. 

Observations and test procedures: 
- a detailed description of the procedures used to standardise observations and 

procedures as well as operational definitions for scoring observations; 

- a list of all test procedures used, and justification for their use; 

- details of the behavioural/functional, pathological, neurochemical or 
electrophysiological procedures used, including information and details on 
automated devices; 

- procedures for calibrating and ensuring the equivalence of devices and the 
balancing of treatment groups in testing procedures; 

- a short justification explaining any decisions involving professional judgement.  

Results (individual and summary, including mean and variance when appropriate): 
- the number of animals at the start of the study and the number at the end of the 

study; 

- the number of animals and litters used for each test method; 

- identification number of each animal and the litter from which it came; 

- litter size and mean weight at birth by sex; 

- body weight and body weight change data, including terminal body weight for 
dams and offspring; 
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- food consumption data, and water consumption data if appropriate (e.g., if test 

chemical is administered via  water); 

- toxic response data by sex and dose level, including signs of toxicity or mortality, 
including time and cause of death, if appropriate; 

- nature, severity, duration, day of onset, time of day, and subsequent course of the 
detailed clinical observations; 

- score on each developmental landmark (weight, sexual maturation and 
behavioural ontogeny) at each observation time; 

- a detailed description of all behavioural, functional, neuropathological, 
neurochemical, electrophysiological findings by sex, including both increases and 
decreases from controls; 

- necropsy findings; 

- brain weights; 

- any diagnoses derived from neurological signs and lesions, including naturally-
occurring diseases or conditions; 

- images of exemplar findings; 

- low-power images to assess homology of sections used for morphometry; 

- absorption and metabolism data, including complementary data from a separate 
toxicokinetic study, if available; 

- statistical treatment of results, including statistical models used to analyse the 
data, and the results, regardless of whether they were significant or not; 

- list of study personnel, including professional training. 

Discussion of results: 
- dose response information, by sex and group; 

- relationship of any other toxic effects to a conclusion about the neurotoxic 
potential of the test chemical, by sex and group; 

- impact of any toxicokinetic information on the conclusions; 

- similarities of effects to any known neurotoxicants; 

- data supporting the reliability and sensitivity of the test method (i.e., positive and 
historical control data); 

- relationships, if any, between neuropathological and functional effects; 

- NOAEL or benchmark dose for dams and offspring, by sex and group. 

Conclusions: 
- a discussion of the overall interpretation of the data based on the results, 

including a conclusion of whether or not the test chemical caused developmental 
neurotoxicity and the NOAEL. 
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Figure 1. General testing scheme for functional/behavioural tests, neuropathology evaluation, and brain 
weights. This diagram is based on the description in paragraphs 13-15 (PND=postnatal day). Examples of 
animal assignment are given in Appendix 1. 
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Appendix 1 

1. Examples of possible assignments are described and tabulated below.  These examples are 
provided to illustrate that assignment of study animals to various testing paradigms can be 
accomplished in a number of different ways. 

 

Example 1 

2. One set of 20 pups/sex/dose level (i.e., 1 male and 1 female per litter) is used for pre-
weaning testing of behavioural ontogeny. Out of these animals, 10 pups/sex/dose level (i.e., 
1 male or 1 female per litter) are humanely killed at PND 22.  The brains are removed, 
weighed and processed for histopathologic evaluation.  In addition, brain weight data are 
collected using unfixed brains from the remaining 10 males and 10 females per dose level.   

3. Another set of 20 animals/sex/dose level (i.e., 1 male and 1 female per litter) is used for post-
weaning functional/behavioral tests (detailed clinical observations, motor activity, auditory 
startle and cognitive function testing in adolescents) and assessing age of sexual maturation.  
Of these animals, 10 animals/sex/dose level (i.e., 1 male or 1 female per litter), are 
anesthetised and fixed via perfusion at study termination (approximately PND 70).  After 
additional fixation in situ, the brain is removed and processed for neuropathological 
evaluation.   

4. For cognitive function testing in young adults (e.g., PND 60-70), a third set of 20 
pups/sex/dose level is used (i.e., 1 male and 1 female per litter).  Of these animals, 10 
animals/sex/group (1 male or 1 female per litter) are killed at study termination and the brain 
is removed and weighed. 

5. The remaining 20 animals/sex/group are reserved for possible additional tests. 

Table 1 

Pup 
no.a 

No. of pups assigned to 
test 

Examination / Test 

m f   

1 5 20 m + 20 f Behavioural ontogeny 

  10 m + 10 f  PND 22 brain weight/neuropathology/ 
morphometry 

  10 m + 10 f PND 22 brain weight 
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2 6 20 m + 20 f Detailed clinical observations 

  20 m + 20 f Motor activity 

  20 m + 20 f Sexual maturation 

  20 m + 20 f Motor and sensory function 

  20 m + 20 f Learning and memory  (PND 25) 

  10 m + 10 f  Young adult brain weight/neuropathology/ 
morphometry ~PND 70 

      

3 7 20 m + 20 f Learning and memory (young adults) 

  10 m + 10 f Young adult brain weight ~ PND 70 

4 8 - - Reserve animals for replacements or additional tests 

a For this example, litters are culled to 4 males + 4 females; male pups are numbered 1 
through 4, female pups 5 through 8. 

 

 

Example 2 

6. One set of 20 pups/sex/dose level (i.e., 1 male and 1 female per litter) is used for pre-
weaning testing of behavioural ontogeny.  Out of these animals, 10 pups/sex/dose level (1 
male or 1 female per litter), are humanely killed at PND 11.  The brains are removed, 
weighed and processed for histopathologic evaluation.   

7. Another set of 20 animals/sex/dose level (1 male and 1 female per litter) is used for post-
weaning examinations (detailed clinical observations, motor activity, assessing age of sexual 
maturation and motor and sensory function).  Of these animals, 10 animals/sex/dose level 
(i.e., 1 male or 1 female per litter) are anesthetised and fixed via perfusion at study 
termination (approximately PND 70).  After additional fixation in situ, the brain is removed, 
weighed and processed for neuropathological evaluation. 

8. For cognitive function testing in adolescents and young adults, 10 pups/sex/dose level are 
used (i.e., 1 male or 1 female per litter).  Different animals are used for testing for cognitive 
function tests at PND 23 and young adults.  At termination, the 10 animals/sex/group tested 
as adults are killed, the brain is removed and weighed. 

9. The remaining 20 animals/sex/group not selected for testing are killed and discarded at 
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weaning. 

 

Table 2. 

Pup no.a No. of pups assigned 
to test 

Examination / Test 

m f   

1 5 20 m + 20 f Behavioural ontogeny 

  10 m + 10 f  PND 11 brain weight/ neuropathology/ 
morphometry 

2 6 20 m + 20 f Detailed clinical observations 

  20 m + 20 f Motor activity 

  20 m + 20 f Sexual maturation 

  20 m + 20 f Motor and sensory function 

  10 m + 10 f  Young adult brain weight/neuropathology/ 
morphometry ~PND 70  

    

3 7 10 m + 10 f  b Learning and memory  (PND 23) 

3 7 10 m + 10 f  b Learning and memory  (young adults) 

   Young adult brain weight 

4 8 - - Animals killed and discarded PND 21. 

a For this example, litters are culled to 4 males + 4 females; male pups are numbered 1 
through 4, female pups 5 through 8.  

b Different pups are used for cognitive tests at PND 23 and in young adults (e.g., even 
/odd litters from total of 20). 

 

Example 3 

10. One set 20 pups/sex/dose level (i.e., 1 male and 1 female per litter) is used for brain weight 
and neuropathology assessment at PND 11.  Out of these animals, 10 pups/sex/dose level 
(i.e. 1 male or 1 female per litter) are humanely killed at PND 11 and brains are removed, 
weighed and processed for histopathologic evaluation.  In addition, brain weight data are 
collected using unfixed brains from the remaining 10 males and 10 females per dose level.   
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11. Another set of of 20 animals/sex/dose level (i.e., 1 male and 1 female per litter) are used for 

behavioural ontogeny (motor activity), post-weaning examinations (motor activity and 
assessing age of sexual maturation), and cognitive function testing in adolescents. 

12. Another set of 20 animals/sex/dose level (i.e., 1 male and 1 female per litter) is used for 
motor and sensory function tests (auditory startle) and detailed clinical observations.  Of 
these animals, 10 animals/sex/dose level (i.e., 1 male or 1 female per litter) are anesthetised 
and fixed via perfusion at study termination (approximately PND 70).  After additional 
fixation in situ, the brain is removed, weighed and processed for neuropathological 
evaluation. 

13. Another set of 20 pups/sex/dose level are used for cognitive function testing in young adults 
(i.e., 1 male and 1 female per litter).  Of these, 10 animals/sex/group (i.e., 1 male or 1 female 
per litter) are killed at termination, the brain removed and weighed. 

Table 3. 

Pup no.a No. of pups assigned 
to test 

Examination / Test 

m f   

1 5 10 m + 10 f PND 11 brain weight/ neuropathology/ 
morphometry 

  10 m + 10 f  PND 11 brain weight 

2 6 20 m + 20 f Behavioural ontogeny (motor activity) 

  20 m + 20 f Motor activity 

  20 m + 20 f Sexual maturation 

  20 m + 20 f Learning and memory  (PND 27) 

    

3 7 20 m + 20 f Auditory startle (adolescents and young adults) 

  20 m + 20 f Detailed clinical observations 

  10 m + 10 f  Young adult brain weight/neuropathology/ 

morphometry ~PND 70  

4 8 20 m + 20 f  Learning and memory  (young adults) 

  10 m + 10 f  Young adult brain weight 

    

a For this example, litters are culled to 4 males + 4 females; male pups are numbered 1 
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through 4, female pups 5 through 8. 
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Appendix 2 
 

 

Definitions 

 

Chemical: A substance or a mixture 

Test chemical: Any substance or mixture tested using this test method 
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B.54. Uterotrophic Bioassay in Rodents: A short-term screening test for oestrogenic 
properties 

INTRODUCTION 

1. This test method is equivalent to OECD Test Guideline (TG) 440 (2007).  The OECD 
initiated a high-priority activity in 1998 to revise existing guidelines and to develop new 
guidelines for the screening and testing of potential endocrine disrupters (1).  One 
element of the activity was to develop a test guideline for the rodent Uterotrophic 
Bioassay. The rodent Uterotrophic Bioassay then underwent an extensive validation 
programme including the compilation of a detailed background document (2)(3) and the 
conduct of extensive intra- and interlaboratory studies to show the relevance and 
reproducibility of the bioassay with a potent reference oestrogen, weak oestrogen 
receptor agonists, a strong oestrogen receptor antagonist, and a negative reference 
chemical (4)(5)(6)(7)(8)(9).  This test method B.54 is the outcome of the experience 
gained during the validation test programme and the results obtained thereby with 
oestrogenic agonists. 

2. The Uterotrophic Bioassay is a short-term screening test that originated in the 1930s 
(27)(28) and was first standardised for screening by an expert committee in 1962 
(32)(35). It is based on the increase in uterine weight or uterotrophic response (for 
review, see 29). It evaluates the ability of a chemical to elicit biological activities 
consistent with agonists or antagonists of natural oestrogens (e.g. 17ß-estradiol), 
however, its use for antagonist detection is much less common than for agonists. The 
uterus responds to oestrogens in two ways. An initial response is an increase in weight 
due to water imbibition. This response is followed by a weight gain due to tissue growth 
(30). The uterus responses in rats and mice qualitatively are comparable. 

3. This bioassay serves as an in vivo screening assay and its application should be seen in 
the context of the “OECD Conceptual Framework for the Testing and Assessment of 
Endocrine Disrupting Chemicals” (Appendix 2). In this Conceptual Framework the 
Uterotrophic Bioassay is contained in Level 3 as an in vivo assay providing data about a 
single endocrine mechanism, i.e. oestrogenicity.  

4. The Uterotrophic Bioassay is intended to be included in a battery of in vitro and in vivo 
tests to identify chemicals with potential to interact with the endocrine system, 
ultimately leading to risk assessments for human health or the environment. The OECD 
validation programme used both strong and weak oestrogen agonists to evaluate the 
performance of the assay to identify oestrogenic chemicals (4)(5)(6)(7)(8). Thereby the 
sensitivity of the test procedure for oestrogen agonists was well demonstrated besides a 
good intra- and interlaboratory reproducibility. 

5. With regard to negative compounds, only one “negative” reference chemical already 
reported negative by uterotrophic assay as well as in vitro receptor binding and receptor 
assays was included in the validation programme, but additional test data, not related to 
the OECD validation programme, have been evaluated, giving further support to the 
specificity of the Uterotrophic Bioassay for the screening of oestrogen agonists (16).  
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INITIAL CONSIDERATIONS AND LIMITATIONS 

6. Oestrogen agonists and antagonists act as ligands for oestrogen receptors  and  and 
may activate or inhibit, respectively, the transcriptional action of the receptors.  This 
may have the potential to lead to adverse health hazards, including reproductive and 
developmental effects.  Therefore, the need exists to rapidly assess and evaluate a 
chemical as a possible oestrogen agonist or antagonist.  While informative, the affinity 
of a ligand for an oestrogen receptor or transcriptional activation of reporter genes in 
vitro is only one of several determinants of possible hazard.  Other determinants can 
include metabolic activation and deactivation upon entering the body, distribution to 
target tissues, and clearance from the body, depending at least in part on the route of 
administration and the chemical being tested. This leads to the need to screen the 
possible activity of a chemical in vivo under relevant conditions, unless the chemical’s 
characteristics regarding Absorption – Distribution – Metabolism – Elimination 
(ADME) already provide appropriate information. Uterine tissues respond with rapid 
and vigorous growth to stimulation by oestrogens, particularly in laboratory rodents, 
where the oestrous cycle lasts approximately 4 days. Rodent species, particularly the rat, 
are also widely used in toxicity studies for hazard characterisation. Therefore, the rodent 
uterus is an appropriate target organ for the in vivo screening of oestrogen agonists and 
antagonists. 

7. This test method is based on those protocols employed in the OECD validation study 
which have been shown to be reliable and repeatable in intra- and interlaboratory studies 
(5)(7). Currently two methods, namely the ovariectomised adult female method (ovx-
adult method) and the immature non-ovariectomised method (immature method) are 
available. It was shown in the OECD validation test programme that both methods have 
comparable sensitivity and reproducibility. However, the immature, as it has an intact 
hypothalamic-pituitary-gonadal (HPG) axis, is somewhat less specific but covers a 
larger scope of investigation than the ovariectomized animal because it can respond to 
chemicals that interact with the HPG axis rather than just the oestrogen receptor. The 
HGP axis of the rat is functional at about 15 days of age. Prior to that, puberty cannot be 
accelerated with treatments like GnRH. As the females begin to reach puberty, prior to 
vaginal opening, the female will have several silent cycles that do not result in vaginal 
opening or ovulation, but there are some hormonal fluctuations. If a chemical stimulates 
the HPG axis directly or indirectly, precocious puberty, early ovulation and accelerated 
vaginal opening result. Not only chemicals that act on the HPG axis do this but some 
diets with higher metabolisable energy levels than others will stimulate growth and 
accelerate vaginal opening without being oestrogenic. Such chemicals would not induce 
an uterotrophic response in OVX adult animals as their HPG axis does not work. 

8. For animal welfare reasons preference should be given to the method using immature 
rats, avoiding surgical pre-treatment of the animals and avoiding also a possible non-use 
of those animals which indicate any evidence entering oestrous (see paragraph 30).  

9. The uterotrophic response is not entirely of oestrogenic origin, i.e. chemicals other than 
agonists or antagonists of oestrogens may also provide a response. For example, 
relatively high doses of progesterone, testosterone, or various synthetic progestins may 
all lead to a stimulative response (30). Any response may be analysed histologically for 
keratinisation and cornification of the vagina (30). Irrespective of the possible origin of 
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the response, a positive outcome of an Uterotrophic Bioassay should normally initiate 
actions for further clarification. Additional evidence of oestrogenicity could come from 
in vitro assays, such as the ER binding assays and transcriptional activation assays, or 
from other in vivo assays such as the female pubertal assay. 

10. Taking into account that the Uterotrophic Bioassay serves as an in vivo screening assay, 
the validation approach taken served both animal welfare considerations and a tiered 
testing strategy. To this end, effort was directed at rigorously validating reproducibility 
and sensitivity for oestrogenicity - the main concern for many chemicals-, while little 
effort was directed at the antioestrogenicity component of the assay. Only one 
antioestrogen with strong activity was tested since the number of chemicals with a clear 
antioestrogenic profile (not obscured by some oestrogenic activity) is very limited. Thus 
this test method is dedicated to the oestrogenic protocol, while the protocol describing 
the antagonist mode of the assay is included in a Guidance Document (37). The 
reproducibility and sensitivity of the assay for chemicals with purely anti-oestrogenic 
activity will be more clearly defined later on, after the test procedure has been in routine 
use for some time and more chemicals with this modality of action are identified.  

11. It is acknowledged that all animal based procedures will conform to local standards of 
animal care; the descriptions of care and treatment set forth below are minimal 
performance standards, and will be superseded by local regulations such as Directive 
2010/63/EU of the European Parliament and of the Council of 22 September 2010 on 
the protection of animals used for scientific purposes (38). Further guidance of the 
humane treatment of animals is given by the OECD (25). 

12. As with all assays using live animals, it is essential to ensure that the data are truly 
necessary prior to the start of the assay. For example, two conditions where the data 
may be required are:  

- high exposure potential (Level 1 of the Conceptual Framework, Appendix 2) or 
indications for oestrogenicity (Level 2) to investigate whether such effects may 
occur in vivo; 

- effects indicating oestrogenicity in Level 4 or 5 in vivo tests to substantiate that 
the effects were related to an oestrogenic mechanism that cannot be elucidated 
using an in vitro test. 

13. Definitions used in this test method are given in Appendix 1. 

PRINCIPLE OF THE TEST 

14. The Uterotrophic Bioassay relies for its sensitivity on an animal test system in which the 
hypothalamic-pituitary-ovarian axis is not functional, leading to low endogenous levels 
of circulating oestrogen. This will ensure a low baseline uterine weight and a maximum 
range of response to administered oestrogens. Two oestrogen sensitive states in the 
female rodent meet this requirement: 

i) immature females after weaning and prior to puberty, and 

ii) young adult females after ovariectomy with adequate time for uterine tissues 
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to regress. 

15. The test chemical is administered daily by oral gavage or subcutaneous injection.  
Graduated test chemical doses are administered to a minimum of two treatment groups 
(see paragraph 33 for guidance) of experimental animals using one dose level per group 
and an administration period of three consecutive days for immature method and a 
minimum administration period of three consecutive days for ovx-adult method. The 
animals are necropsied approximately 24 hours after the last dose.  For oestrogen 
agonists, the mean uterine weight of the treated animal groups relative to the vehicle 
group is assessed for a statistically significant increase.  A statistically significant 
increase in the mean uterine weight of a test group indicates a positive response in this 
bioassay.   

DESCRIPTION OF THE METHOD 

Selection of animal species 

16. Commonly used laboratory rodent strains may be used. As an example, Sprague-
Dawley and Wistar strains of rats were used during the validation. Strains with uteri 
known or suspected to be less responsive should not be used. The laboratory should 
demonstrate the sensitivity of the strain used as described in paragraphs 26 and 27. 

17. The rat and mouse have been routinely used in the Uterotrophic Bioassay since the 
1930s. The OECD validation studies were only performed with rats based on an 
understanding that both species are expected to be equivalent and therefore one species 
should be enough for the world-wide validation in order to save resources and animals. 
The rat is the species of choice in most reproductive and developmental toxicity studies. 
Taking into consideration that a vast historical database exists for mice and thus to 
broaden the scope of the Uterotrophic Bioassay test method in rodents to the use of mice 
as test species, a limited follow-up validation study was carried out in mice (16). A 
bridging approach with a limited number of test chemicals, participating laboratories 
and without coded sample testing has been selected in keeping with the original intent to 
save resources and animals. This bridging validation study shows for the Uterotrophic 
Bioassay in young adult ovariectomized mice that, qualitatively and quantitatively, the 
data obtained in rats and mice correspond well with each other. Where the Uterotrophic 
Bioassay result may be preliminary to a long-term study, this allows animals from the 
same strain and source to be used in both studies. The bridging approach was limited to 
the OVX mice and the report does not provide a robust data set to validate the immature 
model, thus the immature model for mice is not considered under the scope of the 
current test method. 

18. Thus, in some cases mice may be used instead of rats. A rationale should be given for 
this species, based on toxicological, pharmacokinetic, and/or other criteria. 
Modifications of the protocol may be necessary for mice. For example, the food 
consumption of mice on a body weight basis is higher than that of rats and therefore the 
phyto-oestrogen content in food should be lower for mice than for rats (9)(20)(22). 

Housing and feeding conditions 
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19. All procedures should conform with local standards of laboratory animal care.  These 
descriptions of care and treatment are minimum standards and will be superseded by 
local regulations such as Directive 2010/63/EU of the European Parliament and of the 
Council of 22 September 2010 on the protection of animals used for scientific purposes 
(38) .  The temperature in the experimental animal room should be 22°C (with an 
approximate range ± 3°C).  The relative humidity should be a minimum of 30% and 
preferably should not exceed a maximum 70%, other than during room cleaning.  The 
aim should be relative humidity of 50-60%.  Lighting should be artificial.  The daily 
lighting sequence should be 12 hours light, 12 hours dark. 

20. Laboratory diet and drinking water should be provided ad libitum. Young adult animals 
may be housed individually or be caged in groups of up to three animals.  Due to the 
young age of the immature animals, social group housing is recommended. 

21. High levels of phyto-oestrogens in laboratory diets have been known to increase uterine 
weights in rodents to a degree enough as to interfere with the Uterotrophic Bioassay 
(13)(14)(15). High levels of phyto-oestrogens and of metabolisable energy in laboratory 
diets may also result in early puberty, if immature animals are used. The presence of 
phyto-oestrogens results primarily from the inclusion of soy and alfalfa products in the 
laboratory diets and concentrations of phyto-oestrogens have been shown to vary from 
batch-to-batch of standard laboratory diets (23). Body weight is an important variable, 
as the quantity of food consumed is related to body weight. Therefore, the actual phyto-
oestrogen dose consumed from the same diet may vary among species and by age (9). 
For immature female rats, food consumption on a body weight basis may be 
approximately double that of ovariectomised young adult females. For young adult 
mice, food consumption on a body weight basis may be approximately quadruple that of 
ovariectomised young adult female rats. 

22. Uterotrophic Bioassay results (9)(17)(18)(19), however, show that limited quantities of 
dietary phyto-oestrogens are acceptable and do not reduce the sensitivity of the 
bioassay. As a guide, dietary levels of phyto-oestrogens should not exceed 350 μg of 
genistein equivalents/gram of laboratory diet for immature female Sprague Dawley and 
Wistar rats (6)(9). Such diets should also be appropriate when testing in young adult 
ovariectomised rats because food consumption on a body weight basis is less in young 
adult as compared to immature animals. If adult ovariectomised mice or more phyto-
oestrogen-sensitive rats are to be used, proportional reduction in dietary phyto-oestrogen 
levels must be considered (20). In addition, the differences in available metabolic 
energy from different diets may lead to time shifts for the onset of puberty (21)(22). 

23. Prior to the study, careful selection is required of a diet without an elevated level of 
phyto-oestrogens (for guidance see (6)(9)) or metabolisable energy, that can confound 
the results (15)(17)(19)(22)(36).  Ensuring the proper performance of the test system 
used by the laboratory as specified in paragraphs 26 and 27 is an important check on 
both of these factors.  As a safeguard consistent with good laboratory practice (GLP) 
representative sampling of each batch of diet administered during the study should be 
conducted for possible analysis of phyto-oestrogen content (e.g. in the case of high 
uterine control weight relative to historic controls or an inadequate response to the 
reference oestrogen, 17 alpha ethinyl estradiol). Aliquots should be analysed as part of 
the study or frozen at -20 C or in such a way as to prevent the sample from decomposing 
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prior to analysis. 

24. Some bedding materials may contain naturally occurring oestrogenic or antioestrogenic 
chemicals (e.g. corn cob is known to affects the cyclicity of rats and appears to be 
antioestrogenic). The selected bedding material should contain a minimum level of 
phyto-oestrogens.  

Preparation of animals 

25. Experimental animals without evidence of any disease or physical abnormalities are 
randomly assigned to the control and treatment groups. Cages should be arranged in 
such a way that possible effects due to cage placement are minimised. The animals 
should be identified uniquely.  Preferably, immature animals should be caged with dams 
or foster dams until weaning during acclimatisation. The acclimatisation period prior to 
the start of the study should be about 5 days for young adult animals and for the 
immature animals delivered with dams or foster dams. If immature animals are obtained 
as weanlings without dams a shorter duration of the acclimatisation period may become 
necessary as dosing should start immediately after weaning (see paragraph 29). 

PROCEDURE 

Verification of Laboratory Proficiency 

26. Two different options can be used to verify laboratory proficiency: 

- Periodic verification, relying on an initial baseline positive control study (see 
paragraph 27). At least every 6 months and each time there is a change that may 
influence the performance of the assay (e.g. a new formulation of diet, change in 
personnel performing dissections, change in animal strain or supplier, etc.), the 
responsiveness of the test system (animal model) should be verified using an 
appropriate dose (based on the baseline positive control study described in 
paragraph 27) of a reference oestrogen: 17 -ethinyl estradiol (CAS No. 57-63-6) 
(EE).  

- Use of concurrent controls, by including a group administered with an 
appropriate dose of reference oestrogen in each assay.  

If the system does not respond as expected, the experimental conditions should be 
examined and modified accordingly.  It is recommended that the dose of reference 
oestrogen to be used in either approach be approximately the ED70 to 80. 

27. Baseline Positive Control Study – Before a laboratory conducts a study under this test 
method for the first time, laboratory proficiency should be demonstrated by testing the 
responsiveness of the animal model, by establishing the dose response of a reference 
oestrogen: 17 -ethinyl estradiol (CAS No. 57-63-6) (EE) with a minimum of four 
doses. The uterine weight response will be compared to established historical data (see 
reference (5)). If this baseline positive control study does not yield the anticipated 
results the experimental conditions should be examined and modified.  

Number and condition of animals 
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28. Each treated and control group should include at least 6 animals (for both immature and 
ovx-adult method protocols). 

Age of immature animals 

29. For the Uterotrophic Bioassay with immature animals the day of birth must be specified.  
Dosing should begin early enough to ensure that, at the end of test chemicall 
administration, the physiological rise of endogenous oestrogens associated with puberty 
has not yet taken place. On the other hand, there is evidence that very young animals 
may be less sensitive. For defining the optimal age each laboratory should take its own 
background data on maturation into consideration.  

As a general guide, dosing in rats may begin immediately after early weaning on 
postnatal day 18 (with the day of birth being postnatal day 0).  Dosing in rats preferably 
should be completed on postnatal day 21 but in any case prior to postnatal day 25, 
because, after this age, the hypothalamic-pituitary-ovarian axis becomes functional and 
endogenous oestrogen levels may begin to rise with a concomitant increase in baseline 
uterine weight means and an increase in the group standard deviations 
(2)(3)(10)(11)(12). 

Procedure for ovariectomy 

30. For the ovariectomised female rat and mouse (treatment and control groups), 
ovariectomy should occur between 6 and 8 weeks of age. For rats, a minimum of 14 
days should elapse between ovariectomy and the first day of administration in order to 
allow the uterus to regress to a minimum, stable baseline. For mice, at least 7 days 
should elapse between ovariectomy and the first day of administration. As small 
amounts of ovarian tissue are sufficient to produce significant circulating levels of 
oestrogens (3), the animals should be tested prior to use by observing epithelial cells 
swabbed from the vagina on at least five consecutive days (e.g., days 10-14 after 
ovariectomy for rats).  If the animals indicate any evidence entering oestrous, the 
animals should not be used.  Further, at necropsy, the ovarian stubs should be examined 
for any evidence that ovarian tissue is present.  If so, the animal should not be used in 
the calculations (3). 

31. The ovariectomy procedure begins with the animal in ventral recumbency after the 
animal has been properly anesthetised. The incision opening the dorso-lateral abdominal 
wall should be approximately 1 cm lengthways at the mid-point between the costal 
inferior border and the iliac crest, and a few millimetres lateral to the lateral margin of 
the lumbar muscle.  The ovary should be removed from the abdominal cavity onto an 
aseptic field.  The ovary should be disconnected at the junction of the oviduct and the 
uterine body.  After confirming that no massive bleeding is occurring, the abdominal 
wall should be closed by a suture and the skin closed by autoclips or appropriate suture.  
The ligation points are shown schematically in Figure 1. Appropriate post-operative 
analgesia should be used as recommended by a veterinarian experienced in rodent care. 

Body weight 

32. In the ovx-adult method, body weight and uterine weight are not correlated because 
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uterine weight is affected by hormones like oestrogens but not by the growth factors that 
regulate body size. On the contrary, body weight is related to uterine weight in the 
immature model, while it is maturing (34). Thus, at the commencement of the study the 
weight variation of animals used, in the immature model, should be minimal and not 
exceed ± 20 % of the mean weight. This means that the litter size should be standardised 
by the breeder, to ensure that offspring of different mother animals will be fed 
approximately the same.  Animals should be assigned to groups (both control and 
treatment) by randomised weight distribution, so that mean body weight of each group 
is not statistically different from any other group. Consideration should be given to 
avoid assignment of littermates to the same treatment group as far as practicable without 
increasing the number of litters to be used for the investigation. 

Dosage 

33. In order to establish whether a test chemical can have oestrogenic action in vivo, two 
dose groups and a control are normally sufficient and this design is therefore preferred 
for animal welfare reasons. If the purpose is either to obtain a dose-response curve or to 
extrapolate to lower doses, at least 3 dose groups are needed. If information beyond 
identification of oestrogenic activity (such as an estimate of potency) is required, a 
different dosing regimen should be considered.  Except for treatment with the test 
chemical, animals in the control group should be handled in an identical manner to the 
test group subjects.  If a vehicle is used in administering the test chemical, the control 
group should receive the same amount of vehicle used with the treated groups (or 
highest volume used with the test groups if different among groups). 

34. The objective in the case of the Uterotrophic Bioassay is to select doses that ensure 
animal survival and that are without significant toxicity or distress to the animals after 
three consecutive days of chemical administration up to a maximum dose of 1000 
mg/kg/d.  All dose levels should be proposed and selected taking into account any 
existing toxicity and (toxico-) kinetic data available for the test chemical or related 
materials.  The highest dose level should first take into consideration the LD50 and/or 
acute toxicity information in order to avoid death, severe suffering or distress in the 
animals (24)(25)(26).  The highest dose should represent the maximum tolerated dose 
(MTD); a study conducted at a dose level that induced a positive uterotrophic response 
would be accepted too. As a screen, large intervals (e.g. one half log units corresponding 
to a dose progression of 3.2 or even up to one log units) between dosages are generally 
acceptable.  If there are no suitable data available, a range finding study may be 
performed to aid the determination of the doses to be used. 

35. Alternatively, if the oestrogenic potency of an agonist can be estimated by in vitro (or in 
silico) data, these may be taken into consideration for dose selection. For example, the 
amount of the test chemical that would produce uterotrophic responses equivalent to the 
reference agonist (ethinyl estradiol) is estimated by its relative in vitro potencies to 
ethinyl estradiol. The highest test dose would be given by multiplying this equivalent 
dose by an appropriate factor e.g. 10 or 100. 

Considerations for range finding 

36. If necessary, a preliminary range finding study can be carried out with few animals. In 

 41 



  
 

this respect, OECD Guidance Document n°19 (25) may be used defining clinical signs 
indicative of toxicity or distress to the animals. If feasible within this range finding 
study after three days of administration, the uteri may be excised and weighed 
approximately 24-hours after the last dose.  These data could then be used to assist the 
main study design (select an acceptable maximum and lower doses and recommend the 
number of dose groups). 

Administration of doses 

37. The test chemical is administered by oral gavage or subcutaneous injection.  Animal 
welfare considerations as well as toxicological aspects like the relevance to the human 
route of exposure to the chemical (e.g. oral gavage to model ingestion, subcutaneous 
injection to model inhalation or dermal adsorption), the physical/chemical properties of 
the test material and especially existing toxicological information and data on 
metabolism and kinetics (e.g. need to avoid first pass metabolism, better efficiency via a 
particular route) have to be taken into account when choosing the route of 
administration. 

38. It is recommended that, wherever possible, the use of an aqueous solution/suspension be 
considered first. But as most oestrogen ligands or their metabolic precursors tend to be 
hydrophobic, the most common approach is to use a solution/suspension in oil (e.g. 
corn, peanut, sesame or olive oil). However, these oils have different caloric and fat 
content, thus the vehicle might affect total metabolisable energy (ME) intake, thereby 
potentially altering measured endpoints such as the uterine weight especially in the 
immature method (33). Thus, prior to the study, any vehicle to be used should be tested 
against controls without vehicles. Test chemicals can be dissolved in a minimal amount 
of 95% ethanol or other appropriate solvents and diluted to final working concentrations 
in the test vehicle. The toxic characteristics of the solvent must be known, and should be 
tested in a separate solvent-only control group. If the test chemical is considered stable, 
gentle heating and vigorous mechanical action can be used to assist in dissolving the test 
chemical.  The stability of the test chemical in the vehicle should be determined.  If the 
test chemical is stable for the duration of the study, then one starting aliquot of the test 
chemical may be prepared, and the specified dosage dilutions prepared daily.  

39. Dosage timing will depend of the model used (refer to paragraph 29 for the immature 
model and to paragraph 30 for ovx-adult model). Immature female rats are dosed with 
the test chemical daily for three consecutive days. A three-day treatment is also 
recommended for ovariectomised female rats but longer exposures are acceptable and 
may improve the detection of weakly active chemicals. With ovariectomised female 
mice, an application duration of 3 days should be sufficient without a significant 
advantage by an extension of up to seven days for strong oestrogen agonists, however, 
this relation was not demonstrated for weak oestrogens in the validation study (16) thus 
dosage should be extended up to 7 consecutive days in ovx-adult mice. The dose should 
be given at similar times each day. They should be adjusted as necessary to maintain a 
constant dose level in terms of animal body weight (e.g., mg of test chemical per kg of 
body weight per day). Regarding the test volume, its variability, on a body weight basis, 
should be minimised by adjusting the concentration of the dosing solution to ensure a 
constant volume on a body weight basis at all dose levels and for any route of 
administration.   
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40. When the test chemical is administered by gavage, this should be done in a single daily 
dose to the animals using a stomach tube or a suitable intubation cannula.  The 
maximum volume of liquid that can be administered at one time depends on the size of 
the test animal.  Local animal care guidelines should be followed, but the volume should 
not exceed 5 ml/kg body weight, except in the case of aqueous solutions where 10 ml/kg 
body weight may be used. 

41. When the test chemical is administered by subcutaneous injection, this should be done 
in a single daily dose.  Doses should be administered to the dorsoscapular or lumbar 
regions via sterile needle (e.g. 23- or 25-gauge) and a tuberculin syringe.  Shaving the 
injection site is optional.  Any losses, leakage at the injection site or incomplete dosing 
should be recorded.  The total volume injected per rat per day should not exceed 5 ml/kg 
body weight, divided into 2 injection sites, except in the case of aqueous solutions 
where 10 ml/kg body weight may be used. 

Observations 

General and clinical observations 

42. General clinical observations should be made at least once a day and more frequently 
when signs of toxicity are observed. Observations should be carried out preferably at the 
same time(s) each day and considering the period of anticipated peak effects after 
dosing.  All animals are to be observed for mortality, morbidity and general clinical 
signs such as changes in behaviour, skin, fur, eyes, mucous membranes, occurrence of 
secretions and excretions and autonomic activity (e.g. lacrimation, piloerection, pupil 
size, unusual respiratory pattern).   

Body weight and food consumption 

43. All animals should be weighed daily to the nearest 0.1 g, starting just prior to initiation 
of treatment i.e., when the animals are allocated into groups.  As an optional 
measurement, the amount of food consumed during the treatment period may be 
measured per cage by weighing the feeders. The food consumption results should be 
expressed in grammes per rat per day. 

Dissection and measurement of uterus weight 

44. Twenty-four hours after the last treatment, the rats will be humanely killed.  Ideally, the 
necropsy order will be randomised across groups to avoid progression directly up or 
down dose groups that could subtly affect the data.  The bioassay objective is to 
measure both the wet and blotted uterus weights.  The wet weight includes the uterus 
and the luminal fluid contents.  The blotted weight is measured after the luminal 
contents of the uterus have been expressed and removed. 

45. Before dissection the vagina will be examined for opening status in immature animals. 
The dissection procedure begins by opening the abdominal wall starting at the pubic 
symphysis.  Then, uterine horn and ovaries, if present, are detached from the dorsal 
abdominal wall.  The urinary bladder and ureters are removed from the ventral and 
lateral side of uterus and vagina.  Fibrous adhesion between the rectum and the vagina is 
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detached until the junction of vaginal orifice and perineal skin can be identified.  The 
uterus and vagina are detached from the body by incising the vaginal wall just above the 
junction between perineal skin as shown in Figure 2. The uterus should be detached 
from the body wall by gently cutting the uterine mesentery at the point of its attachment 
along the full length of the dorsolateral aspect of each uterine horn. Once removed from 
the body, uterine handling should be sufficiently rapid to avoid desiccation of the 
tissues.  Loss of weight due to desiccation becomes more important with small tissues 
such as the uterus (23).  If ovaries are present, the ovaries are removed at the oviduct 
avoiding loss of luminal fluid from the uterine horn.  If the animal has been 
ovariectomised, the stubs should be examined for the presence of any ovarian tissue.  
Excess fat and connective tissue should be trimmed away.  The vagina is removed from 
the uterus just below the cervix so that the cervix remains with the uterine body as 
shown in Figure 2. 

46. Each uterus should be transferred to a uniquely marked and weighed container (e.g. a 
petri-dish or plastic weight boat) with continuing care to avoid desiccation before 
weighing (e.g. filter paper slightly dampened with saline may be placed in the 
container).  The uterus with luminal fluid will be weighed to the nearest 0.1 mg (wet 
uterine weight). 

47. Each uterus will then be individually processed to remove the luminal fluid.  Both 
uterine horns will be pierced or cut longitudinally. The uterus will be placed on lightly 
moistened filter paper (e.g. Whatman No. 3) and gently pressed with a second piece of 
lightly moistened filter paper to completely remove the luminal fluid.  The uterus 
without the luminal contents will be weighed to the nearest 0.1 mg (blotted uterine 
weight). 

48. The uterus weight at termination can be used to ensure that the appropriate age in the 
immature intact rat was not exceeded, however, the historical data of the rat strain used 
by the laboratory are decisive in this respect (see paragraph 56 for interpretation of the 
results).  

Optional investigations 

49. After weighing, the uterus may be fixed in 10% neutral buffered formalin to be 
examined histopathologically after Haematoxylin & Eosin (HE)-staining. The vagina 
may be investigated accordingly (see paragraph 9). In addition, morphometric 
measurement of endometrial epithelium may be done for quantitative comparison. 

 

DATA AND REPORTING  

Data 

50. Study data should include: 

- the number of animals at the start of the assay,  

- the number and identity of animals found dead during the assay or killed for 
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humane reasons and the date and time of any death or humane kill,  

- the number and identity of animals showing signs of toxicity, and a description of 
the signs of toxicity observed, including time of onset, duration, and severity of 
any toxic effects, and 

- the number and identity of animals showing any lesions and a description of the 
type of lesions.  

51. Individual animal data should be recorded for the body weights, the wet uterine weight, 
and the blotted uterine weight.  One-tailed statistical analyses for agonists should be 
used to determine whether the administration of a test chemical resulted in a statistically 
significant (p < 0.05) increase in the uterine weight. Appropriate statistical analyses 
should be carried out to test for treatment related changes in blotted and wet uterine 
weight. For example, the data may be evaluated by an analysis of covariance 
(ANCOVA) approach with body weight at necropsy as the co-variable.  A variance-
stabilising logarithmic transformation may be carried out on the uterine data prior to the 
data analysis. Dunnett and Hsu’s test are appropriate for making pair wise comparisons 
of each dosed group to vehicle controls and to calculate the confidence intervals. 
Studentised residual plots can be used to detect possible outliers and to assess 
homogeneity of variances.  These procedures were applied in the OECD validation 
programme using the PROC GLM in the Statistical Analysis System (SAS Institute, 
Cary, NC), version 8 (6)(7). 

52. A final report shall include:  

Testing facility: 
- Responsible personnel and their study responsibilities 

- Data from the Baseline Positive Control Test and periodic positive control data 
(see paragraphs 26 and 27) 

Test chemical: 
- Characterisation of test chemicals  

- Physical nature and where relevant physicochemical properties 

- Method and frequency of preparation of dilutions 

- Any data generated on stability 

- Any analyses of dosing solutions 

Vehicle: 
- Characterisation of test vehicle (nature, supplier and lot)  

- Justification of choice of vehicle (if other than water) 

Test animals: 
- Species and strain and justification for their choice 

- Supplier and specific supplier facility 
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- Age on supply with birth date 

- If immature animals, whether or not supplied with dam or foster dam and date of 
weaning 

- Details of animal acclimatisation procedure 

- Number of animals per cage  

- Detail and method of individual animal and group identification 

Assay Conditions: 
- Details of randomisation process (i.e., method used)  

- Rationale for dose selection 

- Details of test chemical formulation, its achieved concentrations, stability and 
homogeneity  

- Details of test chemical administration and rationale for the choice of exposure 
route 

- Diet (name, type, supplier, content, and, if known, phyto-oestrogen levels) 

- Water source (e.g., tap water or filtered water) and supply (by tubing from a large 
container, in bottles, etc.) 

- Bedding (name, type, supplier, content) 

- Record of caging conditions, lighting interval, room temperature and humidity, 
room cleaning 

- Detailed description of necropsy and uterine weighing procedures 

- Description of statistical procedures 

Results 

For individual animals: 
- All daily individual body weights (from allocation into groups through necropsy) 

(to the nearest 0.1 g) 

- Age of each animal (in days counting day of birth as day 0) when administration 
of test chemical begins 

- Date and time of each dose administration 

- Calculated volume and dosage administered and observations of any dosage 
losses during or after administration 

- Daily record of status of animal, including relevant symptoms and observations 

- Suspected cause of death (if found during study in moribund state or dead) 

- Date and time of humane killing with time interval to last dosing 

- Wet uterine weight (to the nearest 0.1 mg) and any observations of luminal fluid 
losses during dissection and preparation for weighing  

- Blotted uterine weight (to the nearest 0.1 mg) 
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For each group of animals: 
- Mean daily body weights (to the nearest 0.1 g) and standard deviations (from 

allocation into groups through necropsy) 

- Mean wet uterine weights and mean blotted uterine weights (to the nearest 0.1 
mg) and standard deviations 

- If measured, daily food consumption (calculated as grams of food consumed per 
animal) 

- The results of statistical analyses comparing both the wet and blotted uterine 
weights of treated groups relative to the same measures in the vehicle control 
groups. 

- The results of statistical analysis comparing the total body weight and the body 
weight gain of treated groups relative to the same measures in the vehicle control 
groups. 
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53. Summary of the important guidance facts of the test method 

 
 Rat Mice 

Animals 

Strain Commonly used laboratory rodent strain 

Number of animals A minimum of 6 animals per dose group 

Number of groups A minimum of 2 test groups (see paragraph 33 for guidance) and a negative control 
group 

For guidance on positive control groups see paragraphs 26 and 27 

Housing and feeding conditions 

T° in animal room 22°C ± 3°C 

Relative humidity 50-60% and not below 30% or above 70% 

Daily lighting 
sequence 

12 hours light, 12 hours dark 

Diet and drinking 
water 

Ad libitum 

Housing Individually or in groups of up to three animals (social group housing is recommended 
for immature animals) 

Diet and bedding Low level of phyto-oestrogens recommended in diet and bedding  

Protocol 

Method Immature non-ovariectomised method 
(the preferred one). 

Ovariectomised adult female method  

Ovariectomised adult female method 

Age of dosing for 
immature animals 

PND 18 at the earliest. Dosing should 
be completed prior to PND 25 

Not relevant under the scope of the current 
test method. 

Age of ovariectomy Between 6 and 8 weeks of age. 

Age of dosing for 
ovariectomised 

animals 

A minimum of 14 days should elapse 
between ovariectomy and the 1st day of 

administration. 

 

A minimum of 7 days should elapse between 
ovariectomy and the 1st day of 

administration. 

 

Body weight Body weight variation should be minimal and not exceed ± 20% of the mean weight. 

Dosing 

Route of 
administration 

Oral gavage or subcutaneous injection 

 

Frequency of 
administration 

Single daily dose 

 

Volume amount for 
gavage and injection 

 5ml/kg body weight (or up to 10 ml/kg body weight in case of aqueous solutions) (in 2 
injection sites for subcutaneous route) 

Duration of 3 consecutive days for immature model 7 consecutive days for the OVX model 
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administration Minimum of 3 consecutive days for the 
OVX model 

Time of necropsy Approximately 24 hours after the last dose 

Results 

Positive response Statistically significant increase of the mean uterus weight (wet and/or blotted) 

Reference oestrogen -ethinyl estradiol 

 

GUIDANCE FOR THE INTERPRETATION AND ACCEPTANCE OF THE RESULTS 

54. In general, a test for oestrogenicity should be considered positive if there is a 
statistically significant increase in uterine weight (p< 0.05) at least at the high dose level 
as compared to the solvent control group. A positive result is further supported by the 
demonstration of a biologically plausible relationship between the dose and the 
magnitude of the response, bearing in mind that overlapping oestrogenic and 
antioestrogenic activities of the test chemical may affect the shape of the dose-response 
curve.   

55. Care must be taken in order not to exceed the maximum tolerated dose to allow a 
meaningful interpretation of the data. Reduction of body weight, clinical signs and other 
findings should be thoroughly assessed in this respect.  

56. An important consideration for the acceptance of the data from the Uterotrophic 
Bioassay is the uterine weights of the vehicle control group.  High control values may 
compromise the responsiveness of the bioassay and the ability to detect very weak 
oestrogen agonists.  Literature reviews and the data generated during the validation of 
the Uterotrophic Bioassay suggest that instances of high control means do occur 
spontaneously, particularly in immature animals (2)(3)(6)(9). As the uterine weight of 
immature rats depends on many variables like strain or body weight, no definitive upper 
limit for the uterine weight can be given. As a guide, if blotted uterine weights in 
immature control rats are comprised between 40 and 45 mg, results should be 
considered as suspicious and uterine weights above 45 mg may lead to rerun the test. 
However, this needs to be considered on a case by case basis (3)(6)(8). When testing in 
adult rats incomplete ovariectomy will leave ovarian tissue that can produce endogenous 
oestrogen and retard the regression of the uterine weight. 

57. Blotted vehicle control uterine weights less than 0.09% of body weight for immature 
female rats and less than 0.04% for ovariectomised young adult females appear to yield 
acceptable results [see Table 31 (2)].  If the control uterine weights are greater than 
these numbers, various factors should be scrutinised including the age of the animals, 
proper ovariectomy, dietary phyto-oestrogens, and so on, and a negative assay result (no 
indication for oestrogenic activity) should be used with caution. 

58. Historical data for vehicle control groups should be maintained in the laboratory. 
Historical data for responses to positive reference oestrogens, such as 17 -ethinyl 
estradiol, should also be maintained in the laboratory.  Laboratories may also test the 
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response to known weak oestrogen agonists.  All these data can be compared to 
available data (2)(3)(4)(5)(6)(7)(8) to ensure that the laboratory’s methods yield 
sufficient sensitivity. 

59. The blotted uterine weights showed less variability in the course of the OECD 
validation study than the wet uterine weights (6)(7). However, a significant response in 
either measure would indicate that the test chemical is positive for oestrogenic activity. 

60. The uterotrophic response is not entirely of oestrogenic origin, however, a positive 
result of the Uterotrophic Bioassay should generally be interpreted as evidence for 
oestrogenic potential in vivo, and should normally initiate actions for further 
clarification (see paragraph 9 and the “OECD Conceptual Framework for the Testing 
and Assessment of Endocrine Disrupting Chemicals”, Annex 2). 
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Figure 1: Schematic diagram showing the surgical removal of the ovaries 

 

The procedure begins by opening dorso-lateral abdominal wall at the mid-point between the 
costal inferior border and the iliac crest, and a few millimetres lateral to the lateral margin of 
the lumbar muscle.  Within the abdominal cavity, the ovaries should be located.  On an 
aseptic field, the ovaries are then physically removed from the abdominal cavity, a ligature 
placed between the ovary and uterus to control bleeding, and the ovary detached by incision 
above the ligature at the junction of the oviduct and each uterine horn.  After confirming that 
no significant bleeding persists, the abdominal wall should be closed by suture, and the skin 
closed, e.g., by autoclips or suture.  The animals should be allowed to recover and the uterus 
weight to regress for a minimum of 14 days before use. 

 

Figure 2: The removal and preparation of the uterine tissues for weight measurement. 
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The procedure begins by opening the abdominal wall at the pubic symphysis.  Then, each 
ovary, if present and uterine horn is detached from the dorsal abdominal wall.  Urinary 
bladder and ureters are removed from the ventral and lateral side of uterus and vagina.  
Fibrous adhesion between the rectum and the vagina are detached until the junction of 
vaginal orifice and perineal skin can be identified. The uterus and vagina are detached from 
the body by incising the vaginal wall just above the junction between perineal skin as shown 
in the figure. The uterus should be detached from the body wall by gently cutting the uterine 
mesentery at the point of its attachment along the full length of the dorsolateral aspect of each 
uterine horn. After removal from the body, the excess fat and connective tissue is trimmed 
away.  If ovaries are present, the ovaries are removed at the oviduct avoiding loss of luminal 
fluid from the uterine horn.  If the animal has been ovarectomised, the stubs should be 
examined for the presence of any ovarian tissue.  The vagina is removed from the uterus just 
below the cervix so that the cervix remains with the uterine body as shown in the figure.  The 
uterus can then be weighed. 
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Appendix 1 

DEFINITIONS 
 

Antioestrogenicity is the capability of a chemical to suppress the action of estradiol 17ß in a 
mammalian organism. 

Chemical means a substance or a mixture. 

Date of birth is postnatal day 0. 

Dosage is a general term comprising of dose, its frequency and the duration of dosing. 

Dose is the amount of test chemical administered.  For the Uterotrophic Bioassay, the dose is 
expressed as weight of test chemical per unit body weight of test animal per day (e.g. mg/kg 
body weight/day). 

Maximum Tolerable Dose (MTD)  is the highest amount of a chemical that, when 
introduced into the body does not kill test animals (denoted by LD0) (IUPAC, 1993) 

Oestrogenicity is the capability of a chemical to act like estradiol 17ß in a mammalian 
organism. 

Postnatal day X is the Xth day of life after the day of birth. 

Sensitivity is the proportion of all positive/active chemicals that are correctly classified by 
the test. It is a measure of accuracy for a test method that produces categorical results, and is 
an important consideration in assessing the relevance of a test method. 

Specificity is the proportion of all negative/inactive chemicals that are correctly classified by 
the test. It is a measure of accuracy for a test method that produces categorical results and is 
an important consideration in assessing the relevance of a test method.  

Test chemical means any substance or mixture tested using this test method. 

Uterotrophic is a term used to describe a positive influence on the growth of uterine tissues. 

Validation is a scientific process designed to characterise the operational requirements and 
limitations of a test method and to demonstrate its reliability and relevance for a particular 
purpose. 
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NOTES TO THE FRAMEWORK 

Note 1: Entering at all levels and exiting at all levels is possible and depends upon the nature of 
existing information needs for hazard and risk assessment purposes 

Note 2: In level 5,ecotoxicology should include endpoints that indicate mechanisms of adverse 
effects, and potential population damage 

Note 3: When a multimodal model covers several of the single endpoint assays, that model would 
replace the use of those single endpoint assays 

Note 4: The assessment of each chemical should be based on a case by case basis, taking into 
account all available information, bearing in mind the function of the framework levels. 

Note 5: The framework should not be considered as all inclusive at the present time. At levels 3,4 
and 5 it includes assays that are either available or for which validation is under way. With respect 
to the latter, these are provisionally included. Once developed and validated, they will be formally 
added to the framework. 

Note 6: Level 5 should not be considered as including definitive tests only. Tests included at that 
level are considered to contribute to general hazard and risk assessment. 
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B.55. Hershberger Bioassay in Rats: A Short-term Screening Assay for (Anti)Androgenic 
Properties 

INTRODUCTION 

1. This test method is equivalent to OECD Test Guideline (TG) 441 (2009). The OECD 
initiated a high-priority activity in 1998 to revise existing guidelines and to develop new 
guidelines for the screening and testing of potential endocrine disrupters (1). One element of 
the activity was to develop a test guideline for the rat Hershberger Bioassay. After several 
decades of use by the pharmaceutical industry, this assay was first standardised by an official 
expert committee in 1962 as a screening tool for androgenic chemicals (2).  In 2001-2007, 
the rat Hershberger Bioassay has undergone an extensive validation programme including 
the generation of a Background Review Document (23), compilation of a detailed methods 
paper (3), development of a dissection guide (21) and the conduct of extensive intra- and 
interlaboratory studies to show the reliability and reproducibility of the bioassay.  These 
validation studies were conducted with a potent reference androgen (testosterone propionate 
(TP)),  two potent synthetic androgens (trenbolone acetate and methyl testosterone), a potent 
antiandrogenic pharmaceutical (flutamide), a potent inhibitor of the synthesis (finasteride) of 
the natural androgen (dihydrotestosterone-DHT),  several weakly antiandrogenic pesticides 
(linuron, vinclozolin, procymidone, p,p’ DDE),  a potent 5  reductase inhibitor (finasteride) 
and two known negative chemicals (dinitrophenol and nonylphenol) (4) (5) (6) (7) (8). This 
test method is the outcome of the long historical experience with the bioassay and the 
experience gained during the validation test programme and the results obtained therein. 

2. The Hershberger Bioassay is a short-term in vivo screening test using accessory tissues of the 
male reproductive tract. The assay originated in the 1930s and was modified in the 1940s to 
include androgen-responsive muscles in the male reproductive tract (2) (9-15).  In the 1960s, 
over 700 possible androgens were evaluated using a standardised version of the protocol (2) 
(14), and use of the assay for both androgens and antiandrogens was considered a standard 
method in the 1960s (2) (15).  The current bioassay is based on the changes in weight of five 
androgen-dependent tissues in the castrate-peripubertal male rat. It evaluates the ability of a 
chemical to elicit biological activities consistent with androgen agonists, antagonists or 5 -
reductase inhibitors. The five target androgen-dependent tissues included in this test method 
are the ventral prostate (VP), seminal vesicle (SV) (plus fluids and coagulating glands), 
levator ani-bulbocavernosus (LABC) muscle, paired Cowper’s glands (COW) and the glans 
penis (GP). In the castrate-peripubertal male rat, these five tissues all respond to androgens 
with an increase in absolute weight. When these same tissues are stimulated to increase in 
weight by administration of a potent reference androgen, these five tissues all respond to 
antiandrogens with a decrease in absolute weight. The primary model for the Hershberger 
bioassay has been the surgically castrated peripubertal male, which was validated in Phases 
1, 2 and 3 of the Hershberger validation programme.   

3. The Hershberger bioassay serves as a mechanistic in vivo screening assay for androgen 

 



  

agonists, androgen antagonists and 5 -reductase inhibitors and its application should be seen 
in the context of the “OECD Conceptual Framework for the Testing and Assessment of 
Endocrine Disrupting Chemicals” (Appendix 2). In this Conceptual Framework the 
Hershberger Bioassay is contained in Level 3 as an in vivo assay providing data about a 
single endocrine mechanism, i.e. (anti)androgenicity.  It is intended to be included in a 
battery of in vitro and in vivo tests to identify chemicals with potential to interact with the 
endocrine system, ultimately leading to hazard and risk assessments for human health or the 
environment.  

4. Due to animal welfare concerns with the castration procedure, the intact (uncastrated) 
stimulated weanling male was sought as an alternative model for the Hershberger Bioassay 
to avoid the castration step. The stimulated weanling test method was validated (24); 
however, in the validation studies, the weanling version of the Hershberger Bioassay did not 
appear to be able to consistently detect effects on androgen-dependent organ weights from 
weak anti-androgens at the doses tested.  Therefore, it was not included in this test method. 
However, recognising that its use may provide not only animal welfare benefits but also may 
provide information on other modes of action, it is available in OECD Guidance Document 
115 (25).   

INITIAL CONSIDERATIONS AND LIMITATIONS 

5. Androgen agonists and antagonists act as ligands for the androgen receptor and may activate 
or inhibit, respectively, gene transcription controlled by the receptor.  In addition, some 
chemicals inhibit the conversion of testosterone to the more potent natural androgen 
dihydrotestosterone in some androgen target tissues (5 -reductase inhibitors). Such 
chemicals have the potential to lead to adverse health hazards, including reproductive and 
developmental effects. Therefore, the regulatory need exists to rapidly assess and evaluate a 
chemical as a possible androgen agonist or antagonist or 5 -reductase inhibitor.  While 
informative, the affinity of a ligand for an androgen receptor as measured by receptor 
binding or transcriptional activation of reporter genes in vitro is not the only determinant of 
possible hazard. Other determinants include metabolic activation and deactivation upon 
entering the body, chemical distribution to target tissues, and clearance from the body. This 
leads to the need to screen the possible activity of a chemical in vivo under relevant 
conditions and exposure. In vivo evaluation is less critical if the chemical’s characteristics 
regarding Absorption – Distribution – Metabolism – Elimination (ADME) are known.  
Androgen-dependent tissues respond with rapid and vigorous growth to stimulation by 
androgens, particularly in castrate-peripubertal male rats.  Rodent species, particularly the 
rat, are also widely used in toxicity studies for hazard characterisation.  Therefore, the assay 
version, using the castrated peripubertal rat and the five target tissues in this assay, is 
appropriate for the in vivo screening of androgen agonists and antagonists and 5 -reductase 
inhibitors. 

6. This test method is based on those protocols employed in the OECD validation study which 
have been shown to be reliable and reproducible in intra- and inter-laboratory studies (4) (5) 
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(6) (7) (8).  Both androgen and antiandrogen procedures are presented in this test method. 

7. Although there was some variation in the dose of TP used to detect antiandrogens in the 
OECD Hershberger Bioassay validation programme by the different laboratories (0.2 versus 
0.4 mg/kg/d, subcutaneous injection) there was little difference between these two protocol 
variations in the ability to detect weak or strong antiandrogenic activity. However, it is clear 
that the dose of TP should not be too high to block the effects of weak androgen receptor 
(AR) antagonists or so low that the androgenic tissues display little growth response even 
without antiandrogen coadministration.  

8. The growth response of the individual androgen-dependent tissues is not entirely of 
androgenic origin, i.e. chemicals other than androgen agonists can alter the weight of certain 
tissues. However, the growth response of several tissues concomitantly substantiates a more 
androgen-specific mechanism.  For example, high doses of potent oestrogens can increase 
the weight of the seminal vesicles; however, the other androgen-dependent tissues in the 
assay do not respond in a similar manner. Antiandrogenic chemicals can act either as 
androgen receptor antagonists or 5 -reductase inhibitors. 5 -reductase inhibitors have a 
variable effect, because the conversion to more potent dihydrotestosterone varies by tissue.  
Antiandrogens that inhibit 5 reductase, like finasteride, have more pronounced effects in 
the ventral prostate than other tissues as compared to a potent AR antagonist, like flutamide. 
This difference in tissue response can be used to differentiate between AR mediated and 
5 reductase mediated modes of action. In addition, the androgen receptor is evolutionarily 
related to that of other steroid hormones, and some other hormones, when administered at 
high, supraphysiological dosage levels, can bind and antagonise the growth-promoting 
effects of TP (13). Further, it also is plausible that enhanced steroid metabolism and a 
consequent lowering of serum testosterone could reduce androgen-dependent tissue growth. 
Therefore, any positive outcome in the Hershberger Bioassay should normally be evaluated 
using a weight of evidence approach, including in vitro assays, such as the AR and oestrogen 
receptor (ER) binding assays and corresponding transcriptional activation assays, or from 
other in vivo assays that examine similar androgen target tissues such as the male pubertal 
assay, 15-day intact adult male assay, or 28-day or 90-day repeat dose studies. 

9. Experience indicates that xenobiotic androgens are rarer than xenobiotic antiandrogens. The 
expectation then is that the Hershberger bioassay will be used most often for the screening of 
antiandrogens. However, the procedure to test for androgens could, nevertheless, be 
recommended for steroidal or steroid-like chemicals or for chemicals for which an indication 
of possible androgenic effects was derived from methods contained in Level 1 or 2 of the 
conceptual framework (Appendix 2). Similarly, adverse effects associated with 
(anti)androgenic profiles may be observed in Level 5 assays, leading to the need to assess 
whether a chemical operates by an endocrine mode of action. 

10. It is acknowledged that all animal-based procedures should conform to local standards of 
animal care; the descriptions of care and treatment set forth below are minimal performance 
standards, and will be superseded by local regulations such as Directive 2010/63/EU of the 
European Parliament and of the Council of 22 September 2010 on the protection of animals 
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used for scientific purposes (26). Further guidance of the humane treatment of animals is 
given by the OECD (17). 

11. As in any bioassay using experimental animals, careful considerations should be given to the 
necessity to carry out this study.  Basically there may be two reasons for such a decision: 

- high exposure potential (Level 1 of the Conceptual Framework) or indications for 
(anti)androgenicity in in vitro assays (Level 2) supporting investigations whether such 
effects may occur in vivo; 

- effects consistent with (anti)androgenicity in Level 4 or 5 in vivo tests supporting 
investigations of the specific mode of action, e.g., to determine whether the effects 
were due to an (anti)androgenic mechanism.  

12. Definitions used in this test method are given in Appendix 1. 

PRINCIPLE OF THE TEST 

13. The Hershberger Bioassay achieves its sensitivity by using males with minimal endogenous 
androgen production. This is achieved through the use of castrated males provided an 
adequate time after castration for the target tissues to regress to a minimal and uniform 
baseline weight is allowed. Thus, when screening of potential androgenic activity, there are 
low endogenous levels of circulating androgens, the hypothalamic - pituitary - gonad axis is 
rendered unable to compensate via feedback mechanisms, the ability of the tissues to 
respond is maximised, and the starting tissue weight variability is minimised.  When 
screening of potential anti-androgenic activity, a more consistent tissue weight gain can be 
achieved when the tissues are stimulated by a reference androgen. As a result, the 
Hershberger Bioassay requires only 6 animals per dose group whereas other assays with 
intact pubertal or adult males suggest using 15 males per dose group. 

14. Castration of peripubertal male rats should be done in an appropriate manner using approved 
anaesthetics and aseptic technique. Analgesics should be administered on the first few days 
following surgery to eliminate post-surgical discomfort. Castration enhances the precision of 
the assay to detect weak androgens and antiandrogens by eliminating compensatory 
endocrine feed-back mechanisms present in the intact animal that can attenuate the effects of 
administered androgens and antiandrogens and by eliminating the large inter-individual 
variability in serum testosterone levels.  Hence, castration reduces the numbers of animals 
required to screen for these endocrine activities.  

15. When screening for potential androgenic activity, the test chemical is administered daily by 
oral gavage or subcutaneous (sc) injection for a period of ten consecutive days. Test 
chemicals are administered to a minimum of two treatment groups of experimental animals 
using one dose level per group.  The animals are necropsied approximately 24 hours after the 
last dose. A statistically significant increase in two or more target organ weights of the test 
chemical groups compared to the vehicle control group indicates that the test chemical is 
positive for potential androgenic activity (See paragraph 60). Androgens, like trenbolone that 
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cannot be 5 reduced have more pronounced effects on the LABC and GP versus TP, but 
all tissues should display increased growth. 

16. When screening for potential antiandrogenic activity, the test chemical is administered daily 
by oral gavage or subcutaneous injection for a period of ten consecutive days in concert with 
daily TP doses (0.2 or 0.4 mg/kg/d) by sc injection. It was determined in the validation 
programme that either 0.2 or 0.4 mg/kg/d of TP could be used as both were effective in the 
detection of antiandrogens and, therefore, only one dose should be selected for use in the 
assay. Graduated test chemical doses are administered to a minimum of three treatment 
groups of experimental animals using one dose level per group. The animals are necropsied 
approximately 24 hours after the last dose. A statistically significant decrease in two or more 
target organ weights of the test chemical plus TP groups compared to the TP only control 
group indicates that the test chemical is positive for potential antiandrogenic activity (See 
paragraph 61).   

DESCRIPTION OF THE METHOD 

Selection of species and strain  

17. The rat has been routinely used in the Hershberger Bioassay since the 1930s.  Although it is 
biologically plausible that both the rat and mouse would display similar responses, based 
upon 70 years of experience with the rat model, the rat is the species of choice for the 
Hershberger Bioassay.  In addition, since Hershberger Bioassay data may be preliminary to a 
long-term multigenerational study, this allows animals from the same species, strain and 
source to be used in both studies. 

18. This protocol allows laboratories to select the strain of rat to be used in the assay which 
should generally be that used historically by the participating laboratory. Commonly used 
laboratory rat strains may be used; however, strains that mature significantly later than 42 
days of age should not be used since castration of these males at 42 days of age could 
preclude measurement of glans penis weights, which can only be done after the prepuce is 
separated from the penile shaft. Thus, strains derived from the Fisher 344 rat should not be 
used, except in rare cases. The Fisher 344 rat has a different timing of sexual development 
compared with other more commonly used strains such as Sprague Dawley or Wistar strains 
(16). If such a strain is to be used, the laboratory should castrate them at a slightly older age 
and be able to demonstrate the sensitivity of the strain used. The rationale for the choice of 
rat strain should be clearly stated by the laboratory. Where the screening assay may be 
preliminary to a repeated dose oral study, a reproductive and developmental study, or a long-
term study, preferably animals from the same strain and source should be used in all studies. 

Housing and feeding conditions 

19. All procedures should conform to all local standards of laboratory animal care. These 
descriptions of care and treatment are minimum standards and will be superseded by more 
stringent local regulations, such as Directive 2010/63/EU of the European Parliament and of 

65  

 

http://www.parlament.gv.at/pls/portal/le.link?gp=XXV&inr=15434&code1=RIL&code2=&gruppen=Link:2010/63/EU;Year:2010;Nr:63&comp=


  

the Council of 22 September 2010 on the protection of animals used for scientific purposes 
(26). The temperature in the experimental animal room should be 22°C (with an approximate 
range ± 3°C).  The relative humidity should be a minimum of 30% and preferably should not 
exceed a maximum 70%, other than during room cleaning.  The aim should be relative 
humidity of 50-60%.  Lighting should be artificial. The daily lighting sequence should be 12 
hours light, 12 hours dark. 

20. Group housing is preferable to isolation because of the young age of the animals and the fact 
that rats are social animals.  Housing of two or three animals per cage avoids crowding and 
associated stress that may interfere with the hormonal control of the development of the sex 
accessory tissue.  Cages should be thoroughly cleaned to remove possible contaminants and 
arranged in such a way that possible effects due to cage placement are minimised.   Cages of 
a proper size (~2000 square centimetres) will prevent overcrowding.   

21. Each animal should be identified individually (e.g., ear mark or tag) using a humane method.  
The method of identification should be recorded. 

22. Laboratory diet and drinking water should be provided ad libitum.  Laboratories executing 
the Hershberger Bioassay should use the laboratory diet normally used in their chemical 
testing work.  In the validation studies of the Bioassay, no effects or variability were 
observed that were attributable to the diet.  The diet used will be recorded and a sample of 
the laboratory diet should be retained for possible future analysis.   

Performance Criteria for androgen-dependent organ weights 

23. During the validation study, there was no evidence that a decrease in body weight affected 
increases or decreases in the growth of tissue weights for target tissues (i.e., that should be 
weighted in this study).   

24. Among the different strains of rat used successfully in the validation programme, androgen-
dependent organ weights are larger in the heavier rat strains than in the lighter strains. 
Therefore, the Hershberger Bioassay performance criteria do not include absolute expected 
organ weights for positive and negative controls. 

25. Because the Coefficient of Variation (CV) for a tissue has an inverse relationship with 
statistical power, the Hershberger Bioassay performance criteria are based on maximum CV 
values for each tissue (Table 1).  The CVs are derived from the OECD validation studies.  In 
the case of negative outcomes, laboratories should examine the CVs from the control group 
and the high dose treatment group to determine if the maximum CV performance criteria 
have been exceeded. 

26. The study should be repeated when: 1) three or more of the ten possible individual CVs in 
the control and high dose treatment groups exceed the maximums designated for agonist and 
antagonist studies in Table 1 and 2) at least two target tissues were marginally insignificant, 
i.e.,  values between 0.05 and 0.10. 
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Table 1:  Maximum allowable CVs Determined for the Target Sex Accessory Tissues for the castrate 
model in the OECD Validation Studies1. 

Tissue  Antiandrogenic effects Androgenic effects 

Seminal vesicles 40%  40% 

Ventral prostate 40%  45% 

LABC 20%  30% 

Cowper's glands 35% 55% 

Glans penis 17% 22% 

PROCEDURE 

Regulatory compliance and laboratory verification 

27. Unlike the Uterotrophic assay (Chapter B.54 of this Annex), a demonstration of laboratory 
competence prior to the initiation of the study is not necessary for the Hershberger assay 
because concurrent positive (Testosterone Propionate and Flutamide) and negative controls 
are run as an integral part of the assay. 

Number and condition of animals 

28. Each treated and control group should include a minimum of 6 animals.  This applies to both 
the androgenic and antiandrogenic protocols. 

Castration 

29. There should be an initial acclimatisation period of several days after receipt of the animals 
to ensure that the animals are healthy and thriving.  Since animals castrated before 42 days of 
age or postnatal day (pnd) 42 may not display preputial separation, animals should be 
castrated on pnd 42 or thereafter, not before.  The animals are castrated under anaesthesia by 
placing an incision in the scrotum and removing both testes and epididymides with ligation 
of blood vessels and seminal ducts.  After confirming that no bleeding is occurring, the 
scrotum should be closed with suture or autoclips.  Animals should be treated with 
analgesics for the first few days after surgery to alleviate any post-surgical discomfort.  If 
castrated animals are purchased from an animal supplier, the age of animals and stage of 
sexual maturity should be assured by the supplier. 

1 The threshold CV for a given tissue was identified from a graph of CV values - arranged from smallest sequentially 
to largest - for all means from all experiments in the validation exercise using a specific model (agonist or 
antagonist). The threshold CV was read from the point at which the increments between to the next highest CVs in 
the series are dramatically larger than the preceding few CVs- the “breakpoint”. It should be noted that although this 
analysis identified relatively reliable “breakpoints” for the antagonist model of the assay, CV curves for the agonist 
assay showed a more uniform increase making identification of a threshold CV by this method somewhat arbitrary. 
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Acclimatisation after castration 

30. The animals should continue acclimation to the laboratory conditions to allow for the 
regression in the target tissue weights for a minimum of 7 days following castration.  
Animals should be observed daily, and any animals with evidence of disease or physical 
abnormalities should be removed.  Thus, treatment with initiation of dosing (on study) may 
commence as early as pnd 49 days of age, but not later than pnd 60.  Age at necropsy should 
not be greater than pnd 70. This flexibility allows a laboratory to schedule the experimental 
work efficiently. 

Body weight and group randomisation 

31. Differences in individual body weights are a source of variability in tissue weights both 
within and among groups of animals.  Increasing tissue weight variability results in an 
increased coefficient of variation (CV) and decreases the statistical power of the assay 
(sometimes referred to as assay sensitivity).  Therefore, variations in body weight should be 
both experimentally and statistically controlled. 

32. Experimental control involves producing small variations in body weight within and among 
the study groups.  First, unusually small or large animals should be avoided and not placed in 
the study cohort.  At study commencement the weight variation of animals used should not 
exceed ± 20 % of the mean weight (e.g. 175g ± 35g for castrated peripubertal rats). Second, 
animals should be assigned to groups (both control and treatment) by randomised weight 
distribution, so that mean body weight of each group is not statistically different from any 
other group.  The block randomisation procedure used should be recorded. 

33. Because toxicity may decrease the body weight of treated groups relative to the control 
group, the body weight on the first day of test chemical administration could be used as the 
statistical covariate, not the body weight at necropsy. 

Dosage 

34. In order to establish whether a test chemical can have androgenic action in vivo, two dose 
groups of the test chemical plus positive and vehicle (negative) controls (See paragraph 43) 
are normally sufficient, and this design is therefore preferred for animal welfare reasons. If 
the purpose is either to obtain a dose-response curve or to extrapolate to lower doses, at least 
3 dose groups are needed. If information beyond identification of androgenic activity (such 
as an estimate of potency) is required, a different dosing regimen should be considered. To 
test for antiandrogens, the test chemical is administered together with a reference androgen 
agonist. A minimum of 3 test groups with different doses of the test chemical and a positive 
and a negative control (See paragraph 44) should be used.  Except for treatment with the test 
chemical, animals in the control group should be handled in an identical manner to the test 
group subjects.  If a vehicle is used in administering the test chemical, the control group 
should receive the vehicle in the highest volume used with the test groups. 

35. All dose levels should be proposed and selected taking into account any existing toxicity and 
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(toxico-) kinetic data available for the test chemical or related materials.  The highest dose 
level should first take into consideration the LD50 and/or acute toxicity information in order 
to avoid death, severe suffering or distress in the animals (17) (18) (19) (20) and, second, 
take into consideration available information on the doses used in subchronic and chronic 
studies.  In general, the highest dose should not cause a reduction in the final body weight of 
the animals greater than 10% of control weight. The highest dose should be either 1) the 
highest dose that ensures animal survival and that is without significant toxicity or distress to 
the animals after 10 consecutive days of administration up to a maximal dose of 1000 
mg/kg/day (See paragraph 36) or 2) a dose inducing (anti)androgenic effects, whichever is 
lower.  As a screen, large intervals, e.g., one half log units (corresponding to a dose 
progression of 3.2) or even one log units, between dosages are acceptable.  If there are no 
suitable data available, a range finding study (See paragraph 37) may be performed to aid the 
determination of the doses to be used. 

Limit dose level 

36. If a test at the limit dose of 1000 mg/kg body weight/day and a lower dose using the 
procedures described for this study fails to produce a statistically significant change in 
reproductive organ weights, then additional dose levels may be considered unnecessary.  The 
limit dose applies except when human exposure data indicate the need for a higher dose level 
to be used. 

Considerations for range finding 

37. If necessary, a preliminary range finding study can be carried out with a few animals to 
select the appropriate dose groups [using methods for acute toxicity testing (Chapters B.1 
bis, B.1 tris of this Annex (27), OECD TG 425 (19))]. The objective in the case of the 
Hershberger Bioassay is to select doses that ensure animal survival and that are without 
significant toxicity or distress to the animals after ten consecutive days of chemical 
administration up to a limit dose of 1000 mg/kg/d as noted in paragraphs 35 and 36.  In this 
respect an OECD Guidance Document (17) may be used defining clinical signs indicative of 
toxicity or distress to the animals.  If feasible within this range finding study after ten days of 
administration, the target tissues may be excised and weighed approximately 24-hours after 
the last dose is administered. These data could then be used to assist the selection of the 
doses in the main study. 

Reference chemicals and vehicle 

38. The reference androgen agonist should be Testosterone Propionate (TP), CAS No 57-82-5.  
The reference TP dosage may be either 0.2 mg/kg-bw/d or 0.4 mg/kg-bw/d.  The reference 
androgen antagonist should be Flutamide (FT), CAS No 1311-84-7.  The reference FT 
dosage should be 3 mg/kg-bw/d, and the FT should be co-administered with the reference TP 
dosage. 

39. It is recommended that, wherever possible, the use of an aqueous solution/suspension be 
considered first. However, since many androgen ligands or their metabolic precursors tend to 
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be hydrophobic, the most common approach is to use a solution/suspension in oil (e.g. corn, 
peanut, sesame or olive oil).  Test chemicals can be dissolved in a minimal amount of 95% 
ethanol or other appropriate solvents and diluted to final working concentrations in the test 
vehicle.  The toxic characteristics of the solvent should be known, and should be tested in a 
separate solvent-only control group.  If the test chemical is considered stable, gentle heating 
and vigorous mechanical action can be used to assist in dissolving the test chemical.  The 
stability of the test chemical in the vehicle should be determined.  If the test chemical is 
stable for the duration of the study, then one starting aliquot of the test chemical may be 
prepared, and the specified dosage dilutions prepared daily using care to avoid contamination 
and spoilage of the samples. 

Administration of doses 

40. TP should be administered by subcutaneous injection, and FT by oral gavage. 

41. The test chemical is administered by oral gavage or subcutaneous injection. Animal welfare 
considerations and the physical/chemical properties of the test chemical need to be taken into 
account when choosing the route of administration.  In addition, toxicological aspects like 
the relevance to the human route of exposure to the chemical (e.g. oral gavage to model 
ingestion, subcutaneous injection to model inhalation or dermal adsorption) and existing 
toxicological information and data on metabolism and kinetics (e.g. need to avoid first pass 
metabolism, better efficiency via a particular route) should be taken into account before 
extensive, long-term testing is initiated if positive results are obtained by injection.  

42. The animals should be dosed in the same manner and time sequence for ten consecutive days 
at approximately 24 hour intervals. The dosage level should be adjusted daily based on the 
concurrent daily measures of body weight. The volume of dose and time that it is 
administered should be recorded on each day of exposure. Care should be taken in order not 
to exceed the maximum dose described in paragraph 35 to allow a meaningful interpretation 
of the data.  Reduction of body weight, clinical signs, and other findings should be 
thoroughly assessed in this respect. For oral gavage, a stomach tube or a suitable intubation 
cannula should be used. The maximum volume of liquid that can be administered at one time 
depends on the size of the test animal.  Local animal care guidelines should be followed, but 
the volume should not exceed 5 ml/kg body weight, except in the case of aqueous solutions 
where 10 ml/kg body weight may be used.  For subcutaneous injections, doses should be 
administered to the dorsoscapular and or lumbar regions via sterile needle (e.g. 23- or 25-
gauge) and a tuberculin syringe. Shaving the injection site is optional.  Any losses, leakage at 
the injection site or incomplete dosing should be recorded.  The total volume injected per rat 
per day should not exceed 0.5 ml/kg body weight.  

Specific procedures for androgen agonists 

43. For the test for androgen agonists, the vehicle is the negative control, and the TP-treated 
group is the positive control.  Biological activity consistent with androgen agonists is tested 
by administering a test chemical to treatment groups at the selected doses for 10 consecutive 
days.  The weights of the five sex accessory tissues from the test chemical groups are 
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compared to the vehicle group for statistically significant increases in weight. 

Specific procedures for androgen antagonists and 5 -reductase inhibitors  

44. For the test for androgen antagonists and 5 -reductase inhibitors, the TP-treated group is the 
negative control, and the group coadministered with reference doses of TP and FT is the 
positive control.  Biological activity consistent with androgen antagonists and 5 -reductase 
inhibitors is tested by administering a reference dose of TP and administering the test 
chemical for 10 consecutive days.  The weights of the five sex accessory tissues from the TP 
plus test chemical groups are compared to the reference TP-only group for statistically 
significant decreases in weights. 

OBSERVATIONS 

Clinical observations 

45. General clinical observations should be made at least once a day and more frequently when 
signs of toxicity are observed. Observations should be carried out preferably at the same 
time(s) each day and considering the period of anticipated peak effects after dosing. All 
animals should be observed for mortality, morbidity and general clinical signs such as 
changes in behaviour, skin, fur, eyes, mucous membranes, occurrence of secretions and 
excretions and autonomic activity (e.g. lacrimation, piloerection, pupil size, unusual 
respiratory pattern). 

46. Any animal found dead should be removed and disposed of without further data analysis. 
Any mortality of animals prior to necropsy should be included in the study record together 
with any apparent reasons for mortality.  Any moribund animals should be humanely 
terminated.  Any moribund and subsequently euthanised animals should be included in the 
study record with apparent reasons for morbidity. 

Body weight and food consumption 

47. All animals should be weighed daily to the nearest 0.1 g, starting just prior to initiation of 
treatment i.e., when the animals are allocated into groups. As an optional measurement, the 
amount of food consumed during the treatment period may be measured per cage by 
weighing the feeders. The food consumption results should be expressed in grams per rat per 
day. 

Dissection and measurement of tissue and organ weights 

48. Approximately 24 hours after the last administration of the test chemical, the rats should be 
euthanised and exsanguinated according to the normal procedures of the conducting 
laboratory, and necropsy carried out. The method of humane killing should be recorded in 
the laboratory report. 
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49. Ideally, the necropsy order should be randomised across groups to avoid progression directly 
up or down dose groups that could affect the data.  Any finding at necropsy, i.e., pathological 
changes/visible lesions should be noted and reported. 

50. The five androgen-dependent tissues (VP, SV, LABC, COW, GP) should be weighted.  
These tissues should be excised, carefully trimmed of excess adhering tissue and fat, and 
their fresh (unfixed) weights determined.  Each tissue should be handled with particular care 
to avoid the loss of fluids and to avoid desiccation, which may introduce significant errors 
and variability by decreasing the recorded weights.  Several of the tissues may be very small 
or difficult to dissect, and this will introduce variability.  Therefore, it is important that 
persons carrying out the dissection of the sex accessory tissues are familiar with standard 
dissection procedures for these tissues.  A standard operating procedure (SOP) manual for 
dissection is available from the OECD (21).  Careful training according to the SOP guide 
will minimise a potential source of variation in the study.  Ideally the same prosector should 
be responsible for the dissection of a given tissue to eliminate inter-individual differences in 
tissue processing. If this is not possible, the necropsy should be designed such that each 
prosector dissects a given tissue from all treatment groups as opposed to one individual 
dissecting all tissues from a control group, while someone else is responsible for the treated 
groups.  Each sex accessory tissues should be weighed without blotting to the nearest 0.1 
mg, and the weights recorded for each animal. 

51. Several of the tissues may be very small or difficult to dissect, and this will introduce 
variability.  Previous work has indicated a range of coefficient of variations (CVs) that 
appears to differ based upon the proficiency of the laboratory.  In a few cases, large 
differences in the absolute weights of the tissues such as the VP and COWS have been 
observed within a particular laboratory.   

52. Liver, paired kidney, and paired adrenal weights are optional measurements. Again, tissues 
should be trimmed free of any adhering fascia and fat.  The liver should be weighed and 
recorded to the nearest 0.1 g and the paired kidneys and paired adrenals should be weighed 
and recorded to the nearest 0.1 mg.  The liver, kidney and adrenals are not only influenced 
by androgens; they also provide useful indices of systemic toxicity. 

53. Measurement of serum luteinising hormone (LH), follicular stimulating hormone (FSH) and 
testosterone (T) is optional. Serum T levels are useful to determine if the test chemical 
induces liver metabolism of testosterone, lowering serum levels.  Without the T data, such an 
effect might appear to be via an antiandrogenic mechanism.  LH levels provides information 
about the ability of an antiandrogen to not only reduce organ weights, but also to affect 
hypothalamic-pituitary function, which in long term studies can induce testis tumors. FSH is 
an important hormone for spermatogenesis.  Serum T4 and T3 also are optional measures 
that would provide useful supplemental information about the ability to disrupt thyroid 
hormone homeostasis.  If hormone measurements are to be made, the rats should be 
anesthetised prior to necropsy and blood taken by cardiac puncture, and the method of 
anaesthesia should be chosen with care so that it does not affect hormone measurement. The 
method of serum preparation, the source of radioimmunoassay or other measurement kits, 
the analytical procedures, and the results should be recorded. LH levels should be reported as 
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ng per ml of serum, and T should also be reported as ng per ml of serum. 

54. The dissection of the tissues is described as follows with a detailed dissection guide with 
photographs published as supplementary materials as part of the validation programme (21). 
A dissection video is also available from the Korea Food and Drug Administration web page 
(22). 

 

- With the ventral surface of the animal upwards, determine if the prepuce of the penis 
has separated from the glans penis. If so, then retract the prepuce and remove the 
glans penis, weigh (nearest 0.1 mg), and record the weight; 

- Open the abdominal skin and wall, exposing the viscera.  If the optional organs are 
weighed, remove and weigh liver to nearest 0.1 g, remove the stomach and intestines, 
remove and weigh the paired kidneys and paired adrenals to the nearest 0.1 mg.  This 
dissection exposes the bladder and begins the dissection of the target male accessory 
tissues. 

- To dissect the VP, separate bladder from the ventral muscle layer by cutting 
connective tissue along the midline.  Displace the bladder anteriorly towards the 
seminal vesicles (SV), revealing the left and right lobes of the ventral prostate 
(covered by a layer of fat). Carefully tease the fat from the right and left lobes of the 
VP.  Gently displace the VP right lobe from the urethra and dissect the lobe from the 
urethra.  While still holding the VP right lobe, gently displace the VP left lobe from 
the urethra and then dissect; weigh to nearest 0.1 mg and record the weight. 

- To dissect the SVCG, displace the bladder caudally, exposing the vas deferens and 
right and left lobes of the seminal vesicles plus coagulating glands (SVCG). Prevent 
leakage of fluid by clamping a haemostat at the base of the SVCGs, where the vas 
deferens joins the urethra. Carefully dissect the SVCGs, with the haemostat in 
place trim fat and adnexa away, place in a tared weigh-boat, remove the 
haemostat, and weigh to the nearest 0.1 mg and record the weight. 

- To dissect the levator ani plus bulbocavernosus muscles (LABC), the muscles and the 
base of the penis are exposed.  The LA muscles wrap around the colon, while the 
anterior LA and BC muscles are attached to the penile bulbs.  The skin and adnexa 
from the perianal region extending from the base of the penis to the anterior end of the 
anus are removed.  The BC muscles are gradually dissected from the penile bulb and 
tissues.  The colon is cut in two and, the full LABC can be dissected and 
removed.  The LABC should be trimmed of fat and adnexa, weighed to the nearest 
0.1 mg, and record the weight. 

- After the LABC has been removed, the round Cowper's or bulbourethral 
glands (COW) are visible at the base of, and slightly dorsal to, the penile bulbs.  
Careful dissection is required to avoid nicking the thin capsule in order to prevent 
fluid leakage.  Weigh the paired COW to the nearest 0.1 mg, and record the weight. 

- In addition, if fluid is lost from any gland during the necropsy and dissection, this 
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should be recorded. 

55. If the evaluation of each chemical requires necropsy of more animals than is reasonable for a 
single day, the study start may be staggered on two consecutive days, resulting in the 
staggering of the necropsy and the related work over two days.  If staggered in this manner, 
one-half of the animals per treatment group should be used per day. 

56. Carcasses should be disposed of in an appropriate manner following necropsy. 

REPORTING 

Data 

57. Data should be reported individually (i.e. body weight, accessory sex tissue weights, optional 
measurements and other responses and observations) and for each group of animals (means 
and standard deviations of all measurement taken). The data should be summarised in tabular 
form. The data should show the number of animals at the start of the test, the number of 
animals found dead during the test or found showing signs of toxicity, a description of the 
signs of toxicity observed, including time of onset, duration and severity.  

58. A final report should include: 

Testing facility 
- Name of facility, location 

- Study director and other personnel and their study responsibilities 

- Dates the study began and ended, i.e., first day of test chemical administration and last 
day of necropsy, respectively. 

Test chemical 
- Source, lot/batch number, identity, purity, full address of the supplier and 

characterisation of the test chemical(s) 

- Physical nature and, where relevant, physicochemical properties; 

- Storage conditions and the method and frequency of dilution preparation 

- Any data generated on stability 

- Any analyses of dosing solutions/suspensions. 

Vehicle 
- Characterization of the vehicle (identity, supplier and lot #) 

- Justification of the vehicle choice (if other than water) 

Test animals and animal husbandry procedures 
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- Species/strain used and rationale for choice 

- Source or supplier of animals, including full address 

- Number and age of animals supplied 

- Housing conditions (temperature, lighting, and so on) 

- Diet (name, type, supplier, lot number, content and if known, phytooestrogens levels)  

- Bedding (name, type, supplier, content) 

- Caging conditions and number of animals per cage; 

Assay Conditions 
- Age at castration and duration of acclimatisation after castration; 

- Individual weights of animals at the start of the study (to nearest 0.1 g); 

- Randomisation process and a record of the assignment to vehicle, reference, test 
chemical groups, and cages 

- Mean and standard deviation of the body weights for each group for each weigh day 
throughout the study; 

- Rationale for dose selection 

- Route of administration of test chemical and rationale for the choice of exposure route 

- If an assay for antiandrogenicity, the TP treatment (dose and volume), 

- Test chemical treatment (dose and volume), 

- Time of dosing 

- Necropsy procedures, including means of exsanguinations and any anesthesia 

- If serum analyses are performed, details of the method should be supplied.  For 
example, if RIA is used, the RIA procedure, source of RIA kits, kit expiration dates, 
procedure for scintillation counting, and standardisation should be reported. 

Results 
- Daily observations for each animal during dosing, including: 

 Body weights (to the nearest 0.1 g), 

 Clinical signs (if any), 

 Any measurement or notes of food consumption. 

-  Necropsy observations for each animal, including: 

 Date of necropsy, 

 Animal treatment group, 

 Animal ID, 
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 Prosector, 

 Time of day necropsy and dissection are performed, 

 Animal age,  

 Final body weight at necropsy, noting any statistically significant increase or 
decrease, 

 Order of animal exsanguination and dissection at necropsy, 

 Weights of the five target androgen dependent tissues: 

 Ventral prostate (to the nearest 0.1 mg) 

 Seminal vesicles plus coagulating glands, including fluid (paired, to 
nearest 0.1 mg) 

 Levator ani plus bulbocavernosus muscle complex (to nearest 0.1 mg) 

 Cowper’s glands (fresh weight – paired, to nearest 0.1 mg). 

 Glans penis (fresh weight to nearest 0.1 mg) 

 Weights of optional tissues, if performed: 

 Liver (to nearest 0.1 g) 

 Kidney (paired, to nearest 0.1 mg) 

 Adrenal (paired, to nearest 0.1 mg) 

 General remarks and comments 

-  Analyses of serum hormones, if performed. 

   - Serum LH (optional – ng per ml of serum), and 

   - Serum T (optional – ng per ml of serum) 

  General remarks and comments 

Data summarisation  

Data should be summarised in tabular form containing the sample size for each group, the 
mean of the value, and the standard error of the mean or the standard deviation. Tables 
should include necropsy body weights, body weight changes from the beginning of dosing 
until necropsy, target accessory sex tissues weights, and any optional organ weights. 

Discussion of the results  

Analysis of results 

59. Necropsy body and organ weights should be statistically analysed for characteristics such as 
homogeneity of variance with appropriate data transformations as needed. Treatment groups 
should be compared to a control group using techniques such as ANOVA followed by 
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pairwise comparisons (e.g. Dunnett’s one tailed test) and the criterion for statistical 
difference, for example, p  0.05. Those groups attaining statistical significance should be 
identified. However, "relative organ" weights should be avoided due to the invalid statistical 
assumptions underlying this data manipulation.  

60. For androgen agonism, the control should be the vehicle-only test group. The mode of action 
characteristics of a test chemical can lead to different relative responses amongst the tissues, 
for example trenbolone, which cannot be 5 alpha-reduced, has more pronounced effects on 
the LABC and GP than does TP. A statistically significant increase (p  0.05) in any two or 
more of the five target androgen-dependent tissue weights (VP, LABC, GP, CG and SVCG) 
should be considered a positive androgen agonist result, and all the target tissues should 
display some degree of increased growth. Combined evaluation of all accessory sex organs 
(ASO) tissue responses could be achieved using appropriate multivariate data analysis. This 
could improve the analysis, especially in cases where only a single tissue gives a statistically 
significant response.  

61. For androgen antagonism, the control should be the reference androgen (testosterone 
propionate only) test group. The mode of action characteristics of a test chemical can lead to 
different relative responses amongst the tissues, for example 5 alpha -reductase inhibitors, 
like finasteride, have more pronounced effects on the ventral prostate than other tissues as 
compared to potent AR antagonists, like flutamide.  A statistically significant reduction (p  
0.05) in any two or more of the five target androgen-dependent tissue weights (VP, LABC, 
GP, CG and SVCG) relative to TP treatment alone should be considered a positive androgen 
antagonist result and all the target tissues should display some degree of reduced growth. 
Combined evaluation of all ASO tissue responses could be achieved using appropriate 
multivariate data analysis. This could improve the analysis, especially in cases where only a 
single tissue gives a statistically significant response. 

62. Data should be summarised in tabular form containing the mean, standard error of the mean 
(standard deviation would also be acceptable) and sample size for each group. Individual 
data tables should also be included. The individual values, mean, SE (SD) and CV values for 
the control data should be examined to determine if they meet acceptable criteria for 
consistency with expected historical values. CVs that exceed CV values listed in Table 1 (see 
paragraphs 25 and 26) for each organ weight should determine if there are errors in data 
recording or entry or if the laboratory has not yet mastered accurate dissection of the 
androgen-dependent tissues and further training/practice is warranted.  Generally, CVs (the 
standard deviation divided by the mean organ weight) are reproducible from lab to lab and 
study to study. Data presented should include at least: ventral prostate, seminal vesicle, 
levator ani plus bulbocavernosus, Cowper's glands, glans penis, liver, and body weights and 
body weight change from the beginning of dosing until necropsy. Data also may be 
presented after covariance adjustment for body weight, but this should not replace 
presentation of the unadjusted data.  In addition, if preputial separation (PPS) does not occur 
in any of the groups, the incidence of PPS should be recorded and statistically compared to 
the control group using Fisher Exact test.  

63. When verifying the computer data entries with the original data sheets for accuracy, organ 
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weight values that are not biologically plausible or vary by more than three standard 
deviations from that treatment group means should be carefully scrutinised and may need to 
be discarded, likely being recording errors.   

64. Comparison of study results with OECD CV values (in Table 1) is often an important step in 
interpretation as to the validity of the study results.  Historical data for vehicle control groups 
should be maintained in the laboratory.  Historical data for responses to positive reference 
chemicals, such as TP and FT, should also be maintained in the laboratory.  Laboratories 
may also periodically test the response to known weak androgen agonists and antagonists 
and maintain these data. These data can be compared to available OECD data to ensure that 
the laboratory’s methods yield sufficient statistical precision and power.   
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Appendix 1 

DEFINITIONS 

Androgenic is a term used to describe a positive influence on the growth of androgen-dependent 
tissues 

Antiandrogenic is the capability of a chemical to suppress the action of TP in a mammalian 
organism. 

Chemical means a substance or a mixture. 

Date of birth is postnatal day 0. 

Dose is the amount of test chemical administered. For the Hershberger Bioassay, the dose is 
expressed as weight of test chemical per unit body weight of test animal per day (e.g. mg/kg body 
weight/day). 

Dosage is a general term comprising of dose, its frequency and the duration of dosing. 

Moribund is a term used to describe an animal in a dying state, i.e., near the point of death. 

Postnatal day X is the Xth day of life after the day of birth. 

Sensitivity is the capability of a test method to correctly identify chemicals having the property 
that is being tested for. 

Specificity is the capability of a test method to correctly identify chemicals not having the 
property that is being tested for. 

Test chemical means any substance or mixture tested using this test method. 

Validation is a scientific process designed to characterize the operational requirements and 
limitations of a test method and to demonstrate its reliability and relevance for a particular 
purpose. 
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NOTES TO THE FRAMEWORK 

Note 1: Entering at all levels and exiting at all levels is possible and depends upon the nature of 
existing information needs for hazard and risk assessment purposes 

Note 2: In level 5, ecotoxicology should include endpoints that indicate mechanisms of adverse 
effects, and potential population damage 

Note 3: When a multimodal model covers several of the single endpoint assays, that model would 
replace the use of those single endpoint assays 

Note 4: The assessment of each chemical should be based on a case by case basis, taking into 
account all available information, bearing in mind the function of the framework levels. 

Note 5: The framework should not be considered as all inclusive at the present time. At levels 3,4 
and 5 it includes assays that are either available or for which validation is under way. With respect 
to the latter, these are provisionally included. Once developed and validated, they will be formally 
added to the framework. 

Note 6: Level 5 should not be considered as including definitive tests only. Tests included at that 
level are considered to contribute to general hazard and risk assessment. 
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B.56 Extended One-Generation Reproductive Toxicity Study 

INTRODUCTION 

1. This test method is equivalent to OECD Test Guideline (TG) 443 (2012).  It is based on 
the International Life Science Institute (ILSI)-Health and Environmental Sciences 
Institute (HESI), Agricultural Chemical Safety Assessment (ACSA) Technical 
Committee proposal for a life stage F1 extended one generation reproductive study as 
published in Cooper et al., 2006 (1). Several improvements and clarifications have been 
made to the study design to provide flexibility and to stress the importance of starting 
with existing knowledge, while using in-life observations to guide and tailor the testing. 
This test method provides a detailed description of the operational conduct of an 
Extended One-Generation Reproductive Toxicity Study. The test method describes three 
cohorts of F1 animals:  

- Cohort 1: assesses reproductive/developmental endpoints; this cohort may be 
extended to include an F2 generation. 

- Cohort 2: assesses the potential impact of chemical exposure on the developing 
nervous system.  

- Cohort 3: assesses the potential impact of chemical exposure on the developing 
immune system.   

2. Decisions on whether to assess the second generation and to omit the developmental 
neurotoxicity cohort and/or developmental immunotoxicity cohort should reflect 
existing knowledge for the chemical being evaluated, as well as the needs of various 
regulatory authorities. The purpose of the test method is to provide details on how the 
study can be conducted and to address how each cohort should be evaluated. 

3. Procedure for the decision on the internal triggering for producing a 2nd generation is 
described in OECD Guidance Document 117 (39) for those regulatory authorities using 
internal triggers. 

INITIAL CONSIDERATIONS AND OBJECTIVES 

4.  The main objective of the Extended One-Generation Reproductive Toxicity Study is to 
evaluate specific life stages not covered by other types of toxicity studies and test for 
effects that may occur as a result of pre- and postnatal chemical exposure. For 
reproductive endpoints, it is envisaged that, as a first step and when available, 
information from repeat-dose studies (including screening reproductive toxicity studies, 
e.g. OECD TG 422 (32)), or short term endocrine disrupter screening assays, (e.g. 
Uterotrophic assay - test method B.54 (36); and Hershberger assay – test method B.55 
(37)) is used to detect effects on reproductive organs for males and females. This might 
include spermatogenesis (testicular histopathology) for males and oestrous cycles, 
follicle counts/oocyte maturation and ovarian integrity (histopathology) for females. The 
Extended One-Generation Reproductive Toxicity Study then serves as a test for 
reproductive endpoints that require the interaction of males with females, females with 
conceptus, and females with offspring and the F1 generation until after sexual maturity 
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(see OECD Guidance Document 151 supporting this test method (40)). 

5. The test method is designed to provide an evaluation of the pre- and postnatal effects of 
chemicals on development as well as a thorough evaluation of systemic toxicity in 
pregnant and lactating females and young and adult offspring. Detailed examination of 
key developmental endpoints, such as offspring viability, neonatal health, 
developmental status at birth, and physical and functional development until adulthood, 
is expected to identify specific target organs in the offspring. In addition, the study will 
provide and/or confirm information about the effects of a test chemical on the integrity 
and performance of the adult male and female reproductive systems. Specifically, but 
not exclusively, the following parameters are considered: gonadal function, the oestrous 
cycle, epididymal sperm maturation, mating behaviour, conception, pregnancy, 
parturition, and lactation. Furthermore, the information obtained from the 
developmental neurotoxicity and developmental immunotoxicity assessments will 
characterise potential effects in those systems. The data derived from these tests should 
allow the determination of No-Observed Adverse Effect Levels (NOAELs), Lowest 
Observed Adverse Effect Levels (LOAELs) and/or benchmark doses for the various 
endpoints and/or be used to characterise effects detected in previous repeat-dose studies 
and/or serve as a guide for subsequent testing.  

6. A schematic drawing of the protocol is presented in Figure 1. The test chemical is 
administered continuously in graduated doses to several groups of sexually mature 
males and females. This parental (P) generation is dosed for a defined pre-mating period 
(selected based on the available information for the test chemical; but for a minimum of 
two weeks) and a two-week mating period. P males are further treated at least until 
weaning of the F1. They should be treated for a minimum of 10 weeks. They may be 
treated for longer if there is a need to clarify effects on reproduction. Treatment of the P 
females is continued during pregnancy and lactation until termination after the weaning 
of their litters (i.e. 8-10 weeks of treatment). The F1 offspring receive further treatment 
with the test chemical from weaning to adulthood. If a second generation is assessed 
(see OECD Guidance Document 117 (39)), the F1 offspring will be maintained on 
treatment until weaning of the F2, or until termination of the study.  

7. Clinical observations and pathology examinations are performed on all animals for signs 
of toxicity, with special emphasis on the integrity and performance of the male and 
female reproductive systems and the health, growth, development and function of the 
offspring. At weaning, selected offspring are assigned to specific subgroups (cohorts 1-
3, see paragraphs 33 and 34 and Figure 1) for further investigations, including sexual 
maturation, reproductive organ integrity and function, neurological and behavioural 
endpoints, and immune functions.  

8. In conducting the study, the guiding principles and considerations outlined in the OECD 
Guidance Document n° 19 on the recognition, assessment, and use of clinical signs as 
humane endpoints for experimental animals used in safety evaluations (34) should be 
followed. 

9. When a sufficient number of studies are available to ascertain the impact of this new 
study design, the test method will be reviewed and if necessary revised in light of 
experience gained. 
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Figure 1: Scheme of the Extended One-Generation Reproductive Toxicity Study  

 

 

DESCRIPTION OF THE METHOD/PREPARATIONS FOR THE TEST 

Animals 

Selection of animal species and strain 

10. The choice of species for the reproductive toxicity test should be carefully considered in 
light of all available information. However, because of the extent of background data 
and the comparability to general toxicity tests, the rat is normally the preferred species, 
and criteria and recommendations given in this test method refer to this species. If 
another species is used, justification should be given and appropriate modifications to 
the protocol will be necessary. Strains with low fecundity or a well-known high 
incidence of spontaneous developmental defects should not be used.  

Age, body weight and inclusion criteria 

11. Healthy parental animals, which have not been subjected to previous experimental 
procedures, should be used. Both males and females should be studied and the females 
should be nulliparous and non-pregnant. The P animals should be sexually mature, of 
similar weight (within sex) at initiation of dosing, similar age (approximately 90 days) 
at mating, and representative of the species and strain under study. Animals should be 
acclimated for at least 5 days after arrival. The animals are randomly assigned to the 
control and treatment groups, in a manner, which results in comparable mean body 
weight values among the groups (i.e. ± 20% of the mean).  
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Housing and feeding conditions 

12. The temperature in the experimental animal room should be 22 °C (± 3°). Relative 
humidity should be between 30-70%, with an ideal range of 50-60%. Artificial lighting 
should be set at 12 hours light, 12 hours dark. Conventional laboratory diets may be 
used with an unlimited supply of drinking water. Careful attention should be given to 
diet phytoestrogen content, as a high level of phytoestrogen in the diet might affect 
some reproductive endpoints. Standardised, open-formula diets in which estrogenic 
chemicals have been reduced are recommended (2) (30). The choice of diet may be 
influenced by the need to ensure a suitable admixture of a test chemical when 
administered by this method. Content, homogeneity and stability of the test chemical in 
the diets should be verified. The feed and drinking water should be regularly analysed 
for contaminants. Samples of each batch of the diet used during the study should be 
retained under appropriate conditions (e.g. frozen at -20°C), until finalisation of the 
report, in case the results necessitate a further analysis of diet ingredients.  

13. Animals should be caged in small groups of the same sex and treatment group. They 
may be housed individually to avoid possible injuries (e.g. males after the mating 
period). Mating procedures should be carried out in suitable cages. After evidence of 
copulation, females that are presumed to be pregnant are housed separately in parturition 
or maternity cages where they are provided with appropriate and defined nesting 
materials. Litters are housed with their mothers until weaning. F1 animals should be 
housed in small groups of the same sex and treatment group from weaning to 
termination. If scientifically justified, animals can be housed individually. The level of 
phytoestrogens contained in the selected bedding material should be minimal. 

Number and identification of animals 

14. Normally, each test and control group should contain a sufficient number of mating 
pairs to yield at least 20 pregnant females per dose group. The objective is to produce 
enough pregnancies to ensure a meaningful evaluation of the potential of the chemical to 
affect fertility, pregnancy and maternal behaviour of the P generation and growth and 
development of the F1 offspring, from conception to maturity. Failure to achieve the 
desired number of pregnant animals does not necessarily invalidate the study and should 
be evaluated on a case-by-case basis, considering a possible causal relationship to the 
test chemical. 

15. Each P animal is assigned a unique identification number before dosing starts. If 
laboratory historical data suggest that a significant proportion of females may not show 
regular (4 or 5-day) oestrous cycles, then an assessment of oestrous cycles before start 
of treatment is advised. Alternatively, the group size may be increased to ensure that at 
least 20 females in each group would have regular (4 or 5-day) oestrous cycles at start of 
treatment. All F1 offspring are uniquely identified when neonates are first examined on 
postnatal day (PND) 0 or 1. Records indicating the litter of origin should be maintained 
for all F1 animals, and F2 animals where applicable, throughout the study. 

Test chemical 

Available information on the test chemical 
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16. The review of existing information is important for decisions on the route of 
administration, the choice of the vehicle, the selection of animal species, the selection of 
dosages and potential modifications of the dosing schedule. Therefore, all the relevant 
available information on the test chemical, i.e. physico-chemical, toxicokinetics 
(including species-specific metabolism), toxicodynamic properties, structure-activity 
relationships (SARs), in vitro metabolic processes, results of previous toxicity studies 
and relevant information on structural analogues should be taken into consideration in 
planning the Extended One-Generation Reproductive Toxicity Study. Preliminary 
information on absorption, distribution, metabolism and elimination (ADME) and 
bioaccumulation may be derived from chemical structure, physico-chemical data, extent 
of plasma protein binding or toxicokinetic (TK) studies, while results from toxicity 
studies give additional information, e.g. on NOAEL, metabolism or induction of 
metabolism.  

Consideration of toxicokinetic data 

17. Although not required, TK data from previously conducted dose range-finding or other 
studies are extremely useful in the planning of the study design, selection of dose levels 
and interpretation of results.  Of particular utility are data which: 1) verify exposure of 
developing foetuses and pups to the test chemical (or relevant metabolites), 2) provide 
an estimate of internal dosimetry, and 3) evaluate for potential dose-dependent 
saturation of kinetic processes.  Additional TK data, such as metabolite profiles, 
concentration-time courses, etc. should also be considered, if they are available. 
Supplemental TK data may also be collected during the main study, provided that it 
does not interfere with the collection and interpretation of the main study endpoints.  

As a general guide, the following TK data set would be useful in planning the Extended 
One-Generation Reproductive Toxicity Study:   

- Late pregnancy (e.g. Gestation Day 20) - maternal blood and foetal blood  

- Mid-lactation (PND 10) - maternal blood, pup blood and/or milk  

- Early post-weaning (e.g. PND 28) - weanling blood samples.  

Flexibility should be employed in determining the specific analytes (e.g. parent chemical 
and/or metabolites) and sampling scheme.  For example, the number and timing of 
sample collection on a given sampling day will be dependent upon route of exposure and 
prior knowledge of TK properties in non-pregnant animals. For dietary studies, sampling 
at a single consistent time on each of these days is sufficient, whereas gavage dosing may 
warrant additional sampling times to obtain a better estimate of the range of internal 
doses.  However, it is not necessary to generate a full concentration time-course on any 
of the sampling days.  If necessary, blood can be pooled by sex within litters for fetal and 
neonatal analyses.  

Route of administration 

18. Selection of the route should take into consideration the route(s) most relevant for 
human exposure. Although the protocol is designed for administration of the test 
chemical through the diet, it can be modified for administration by other routes 
(drinking water, gavage, inhalation, dermal), depending on the characteristics of the 
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chemical and the information required.  

Choice of the vehicle 

19. Where necessary, the test chemical is dissolved or suspended in a suitable vehicle. It is 
recommended that, where possible, the use of an aqueous solution/suspension is 
considered first, followed by consideration of a solution/suspension in oil (e.g. corn oil). 
For vehicles other than water, the toxic characteristics of the vehicle should be known. 
Use of vehicles with potential intrinsic toxicity should be avoided (e.g. acetone, 
DMSO). The stability of the test chemical in the vehicle should be determined. 
Considerations should be given to the following characteristics if a vehicle or other 
additive is used to facilitate dosing: effects on the absorption, distribution, metabolism, 
or retention of the test chemical; effects on the chemical properties of the test chemical 
that may alter its toxic characteristics; and effects on the food or water consumption or 
the nutritional status of the animals. 

Dose selection 

20. Normally, the study should include at least three dose levels and a concurrent control. 
When selecting appropriate dose levels, the investigator should consider all available 
information, including the dosing information from previous studies, TK data from 
pregnant or non-pregnant animals, the extent of lactational transfer, and estimates of 
human exposure. If TK data are available which indicate dose-dependent saturation of 
TK processes, care should be taken to avoid high dose levels which clearly exhibit 
saturation, provided of course, that human exposures are expected to be well below the 
point of saturation. In such cases, the highest dose level should be at, or just slightly 
above the inflection point for transition to nonlinear TK behaviour.    

21. In the absence of relevant TK data, the dose levels should be based on toxic effects, 
unless limited by the physical/chemical nature of the test chemical. If dose levels are 
based on toxicity, the highest dose should be chosen with the aim to induce some 
systemic toxicity, but not death or severe suffering of the animals.  

22. A descending sequence of dose levels should be selected in order to demonstrate any 
dose-related effect and to establish NOAELs or doses near the limit of detection that 
would allow for derivation of a benchmark dose for the most sensitive endpoint(s). To 
avoid large dose spacing between NOAELs and LOAELs, two- or four-fold intervals are 
frequently optimal. The addition of a fourth test group is often preferable to using a very 
large interval (e.g. more than a factor of 10) between doses.  

23. Except for treatment with the test chemical, animals in the control group are handled in 
an identical manner to the test group subjects. This group should be untreated or sham-
treated or a vehicle-control group if a vehicle is used in administering the test chemical. 
If a vehicle is used, the control group should receive the vehicle in the highest volume 
used.  

Limit test 

24. If there is no evidence of toxicity at a dose of at least 1000 mg/kg body weight/day in 
repeat-dose studies, or if toxicity would not be expected based upon data from 
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structurally- and/or metabolically-related chemicals, indicating similarity in the in 
vivo/in vitro metabolic properties, a study using several dose levels may not be 
necessary. In such cases, the Extended One-Generation Reproductive Toxicity Study 
could be conducted using a control group and a single dose of at least 1000 mg/kg body 
weight/day. However, should evidence for reproductive or developmental toxicity be 
found at this limit dose, further studies at lower dose levels will be required to identify a 
NOAEL. These limit test considerations apply only when human exposure does not 
indicate the need for a higher dose level.  

PROCEDURES 

Exposure of offspring  

25. Dietary exposure is the preferred method of administration. If gavage studies are 
performed, it should be noted that the pups will normally only receive test chemical 
indirectly through the milk, until direct dosing commences for them at weaning. In diet 
or drinking water studies, the pups will additionally receive test chemical directly when 
they commence eating for themselves during the last week of the lactation period. 
Modifications to the study design should be considered when excretion of the test 
chemical in milk is poor and where there is lack of evidence for a continuous exposure 
of the offspring. In these cases, direct dosing of pups during the lactation period should 
be considered based on available TK information, offspring toxicity or changes in bio-
markers (3) (4). Careful consideration of benefits and disadvantages should be made 
prior to conducting direct-dosing studies on nursing pups (5).  

Dosing schedule and administration of doses 

26. Some information on oestrous cycles, male and female reproductive tract histopathology 
and testicular/epididymal sperm analysis may be available from previous repeat-dose 
toxicity studies of adequate duration. The duration of the pre-mating treatment in the 
Extended One-Generation Reproductive Toxicity Study is therefore aimed at the 
detection of effects on functional changes that may interfere with mating behaviour and 
fertilisation. The pre-mating treatment should be sufficiently long to achieve steady-
state exposure conditions in P males and females. A 2-week pre-mating treatment for 
both sexes is considered adequate in most cases. For females, this covers 3-4 complete 
oestrous cycles and should be sufficient to detect any adverse effects on cyclicity. For 
males, this is equivalent to the time required for epididymal transit of maturing 
spermatozoa and should allow the detection of post-testicular effects on sperm (during 
the final stages of spermiation and epididymal sperm maturation) at mating.  At the time 
of termination, when testicular and epididymal histopathology and analysis of sperm 
parameters are scheduled, the P and F1 males, will have been exposed for at least one 
entire spermatogenic process ((6) (7) (8) (9) and OECD Guidance Document 151 (40)).   

27. Pre-mating exposure scenarios for males could be adapted if testicular toxicity 
(impairment of spermatogenesis) or effects on sperm integrity and function have been 
clearly identified in previous studies. Similarly, for females, known effects of the test 
chemical on the oestrous cycle and thus sexual receptivity, may justify different pre-
mating exposure scenarios. In special cases it may be acceptable that treatment of the P 
females is initiated only after a sperm-positive smear has been obtained (see OECD 
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Guidance Document 151 (40)). 

28. Once the pre-mating dosing period is established, the animals should be treated with the 
test chemical continuously on a 7-days/week basis until necropsy. All animals should be 
dosed by the same method. Dosing should continue during the 2-week mating period 
and, for P females, throughout gestation and lactation up to the day of termination after 
weaning. Males should be treated in the same manner until termination at the time when 
the F1 animals are weaned. For necropsy, priority should be given to females which 
should be necropsied on the same/similar day of lactation. Necropsy of males can be 
spread over a larger number of days, depending on laboratory facilities. Unless already 
initiated during the lactation period, direct dosing of the selected F1 males and females 
should begin at weaning and continue until scheduled necropsy, depending on cohort 
assignment.  

29. For chemicals administered via the diet or drinking water, it is important to ensure that 
the quantities of the test chemical involved do not interfere with normal nutrition or 
water balance. When the test chemical is administered in the diet, either a constant 
dietary concentration (ppm) or a constant dose level in terms of the body weight of the 
animal may be employed; the option chosen should be specified.  

30. When the test chemical is administered by gavage, the volume of liquid administered at 
one time should not normally exceed 1 ml/100 g body weight (0.4 ml/100 g body weight 
is the maximum for oil, e.g. corn oil). Except for irritant or corrosive chemicals, which 
will normally reveal exacerbated effects with higher concentrations, variability in test 
volume should be minimised by adjusting the concentration to ensure a constant volume 
at all dose levels. The treatment should be given at similar times each day. The dose to 
each animal should normally be based on the most recent individual body weight 
determination and adjusted at least weekly in adult males and adult non-pregnant 
females, and every two days in pregnant females and F1 animals when administered 
prior to weaning and during the 2 weeks following weaning. If TK data indicate a low 
placental transfer of the test chemical, the gavage dose during the last week of 
pregnancy may have to be adjusted to prevent administration of an excessively toxic 
dose to the dam. Females should not be treated by gavage, or any other route of 
treatment where the animal needs to be handled, on the day of parturition; omission of 
test chemical administration on that day is preferable to a disturbance of the birth 
process.  

Mating 

31. Each P female should be placed with a single, randomly selected, unrelated male from 
the same dose group (1:1 pairing) until evidence of copulation is observed or 2 weeks 
have elapsed. If there are insufficient males, for example due to male death before 
pairing, then male(s) which have already mated may be paired (1:1) with a second 
female(s) such that all females are paired. Day 0 of pregnancy is defined as the day on 
which mating evidence is confirmed (a vaginal plug or sperm are found). Animals 
should be separated as soon as possible after evidence of copulation is observed. If 
mating has not occurred after 2 weeks, the animals should be separated without further 
opportunity for mating. Mating pairs should be clearly identified in the data.  

Litter size 
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32. On day 4 after birth, the size of each litter may be adjusted by eliminating extra pups by 
random selection to yield, as nearly as possible, five males and five females per litter. 
Selective elimination of pups, e.g. based upon body weight, is not appropriate. 
Whenever the number of male or female pups prevents having five of each sex per litter, 
partial adjustment (for example, six males and four females) is acceptable.  

Selection of pups for post-weaning studies (see Figure 1)  

33. At weaning (around PND 21) pups from all available litters up to 20 per dose and 
control group are selected for further examinations and maintained until sexual 
maturation (unless earlier testing is required). Pups are selected randomly, with the 
exception that obvious runts (animals with a body weight more than two standard 
deviations below the mean pup weight of the respective litter) should not be included, as 
they are unlikely to be representative of the treatment group.  

On PND 21, the selected F1 pups are randomly assigned to one of three cohorts of 
animals, as follows:  

- Cohort 1 (1A and 1B) = Reproductive/developmental toxicity testing 

- Cohort 2 (2A and 2B) = Developmental neurotoxicity testing  

- Cohort 3 = Developmental immunotoxicity testing  

Cohort 1A: One male and one female/litter/group (20/sex/group): priority selection for 
primary assessment of effects upon reproductive systems and of general toxicity.  

Cohort 1B: One male and one female/litter/group (20/sex/group): priority selection for 
follow-up assessment of reproductive performance by mating F1 animals, when 
assessed (see OECD Guidance Document 117 (39)), and for obtaining additional 
histopathology data in cases of suspected reproductive or endocrine toxicants, or when 
results from cohort 1A are equivocal. 

Cohort 2A: Total of 20 pups per group (10 males and 10 females per group; one male or 
one female per litter) assigned for neurobehavioral testing followed by 
neurohistopathology assessment as adults.   

Cohort 2B: Total of 20 pups per group (10 males and 10 females per group; one male or 
one female per litter) assigned for neurohistopathology assessment at weaning (PND 21 
or PND 22).  If there are insufficient numbers of animals, preference should be given to 
assign animals to Cohort 2A. 

Cohort 3: Total of 20 pups per group (10 males and 10 females per group; one per litter, 
where possible).  Additional pups may be required from the control group to act as 
positive control animals in the T-cell dependant antibody response assay (TDAR) at 
PND 56 ± 3. 

34. Should there be an insufficient number of pups in a litter to serve all cohorts, the cohort 
1 takes precedence, as it can be extended to produce an F2 generation. Additional pups 
may be assigned to any of the cohorts in case of specific concern, e.g. if a chemical is 
suspected to be a neurotoxicant, immunotoxicant or reproductive toxicant. These pups 
may be used for examinations at different timepoints or for the evaluation of 
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supplementary endpoints. Pups not assigned to cohorts will be submitted to clinical 
biochemistry (paragraph 55) and gross necropsy (paragraph 68). 

Second mating of the P animals 

35. A second mating is not normally recommended for the P animals, as it comes at the 
expense of losing important information on the number of implantation sites (and thus 
post-implantation and peri-natal loss data, indicators of a possible teratogenic potential) 
for the first litter. The need to verify or elucidate an effect in exposed females would be 
served better by extending the study to include a mating of the F1 generation. However, 
a second mating of the P males with untreated females is always an option to clarify 
equivocal findings or for further characterisation of effects on fertility observed in the 
first mating. 

IN-LIFE OBSERVATIONS 

Clinical observations 

36. For the P and the selected F1 animals, a general clinical observation is made once a day. 
In the case of gavage dosing, the timing of clinical observations should be prior to and 
post dosing (for possible signs of toxicity associated with peak plasma concentration). 
Pertinent behavioural changes, signs of difficult or prolonged parturition and all signs of 
toxicity are recorded. Twice daily, during the weekend once daily, all animals are 
observed for severe toxicity, morbidity and mortality. 

37. In addition, a more detailed examination of all P and F1 animals (after weaning) is 
conducted on a weekly basis and could conveniently be performed on an occasion when 
the animal is weighed, which would minimise handling stress. Observations should be 
carefully conducted and recorded using scoring systems that have been defined by the 
testing laboratory. Efforts should be made to ensure that variations in the test conditions 
are minimal. Signs noted should include, but not be limited to, changes in skin, fur, 
eyes, mucous membranes, occurrence of secretions and excretions and autonomic 
activity (e.g. lacrimation, piloerection, pupil size, unusual respiratory pattern). Changes 
in gait, posture, response to handling, as well as the presence of clonic or tonic 
movements, stereotypy (e.g. excessive grooming, repetitive circling) or bizarre 
behaviour (e.g. self-mutilation, walking backwards) should also be recorded.  

Body weight and food/water consumption  

38. P animals are weighed on the first day of dosing and at least weekly thereafter. In 
addition, P females are weighed during lactation on the same days as the weighing of 
the pups in their litters (see paragraph 44). All F1 animals are weighed individually at 
weaning (PND 21) and at least weekly thereafter. Body weight is also recorded on the 
day when they attain puberty (completion of preputial separation or vaginal patency). 
All animals are weighed at sacrifice.  

39. During the study, food and water consumption (in the case of test chemical 
administration in the drinking water) are recorded at least weekly on the same days as 
animal body weights (except during cohabitation). The food consumption of each cage 
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of F1 animals is recorded weekly commencing with selection to a respective cohort.  

Oestrous cycles 

40. Preliminary information of test chemical-related effects on the oestrous cycle may 
already be available from previous repeat-dose toxicity studies, and may be used in 
designing a test chemical-specific protocol for the Extended One-Generation 
Reproductive Toxicity Study. Normally the assessment of oestrous cyclicity (by vaginal 
cytology) will start at the beginning of the treatment period and continue until 
confirmation of mating or the end of the 2-week mating period. If females have been 
screened for normal oestrous cycles before treatment, then it is useful to continue 
smearing as treatment starts, but if there is concern about non-specific effects at the start 
of treatment (such as an initial marked reduction in food consumption) then animals 
may be allowed to adapt to treatment for up to two weeks before the start of the 2-week 
smearing period leading into pairing. If the female treatment period is extended in this 
way (i.e. to a 4-week pre-mating treatment) then consideration should be made to 
purchasing animals younger and to extending the period of male treatment before 
pairing. When obtaining vaginal/cervical cells, care should be taken to avoid disturbance 
of mucosa and subsequently, the induction of pseudopregnancy (10) (11). 

41. Vaginal smears should be examined daily for all F1 females in cohort 1A, after the onset 
of vaginal patency, until the first cornified smear is recorded, in order to determine the 
time interval between these two events. Oestrous cycles for all F1 females in cohort 1A 
should also be monitored for a period of two weeks, commencing around PND 75. In 
addition, should mating of the F1 generation be necessary, the vaginal cytology in cohort 
1B will be followed from the time of pairing until mating evidence is detected. 

Mating and pregnancy 

42. In addition to the standard endpoints (e.g. body weight, food consumption, clinical 
observations including mortality/morbidity checks), the dates of pairing, the date of 
insemination and the date of parturition are recorded and the precoital interval (pairing 
to insemination) and the duration of pregnancy (insemination to parturition) are 
calculated. The P females should be examined carefully at the time of expected 
parturition for any signs of dystocia. Any abnormalities in nesting behaviour or nursing 
performance should be recorded.  

43. The day on which parturition occurs is lactation day 0 (LD 0) for the dam and postnatal 
day 0 (PND 0) for the offspring. Alternatively, all comparisons may also be based on 
post-coital time to eliminate confounding of postnatal development data, by differences 
in the duration of pregnancy; however, timing relative to parturition should also be 
recorded. This is especially important when the test chemical exerts an influence on the 
duration of pregnancy.  

Offspring parameters 

44. Each litter should be examined as soon as possible after parturition (PND 0 or 1) to 
establish the number and sex of pups, stillbirths, live births, and the presence of gross 
anomalies (externally visible abnormalities, including cleft palate; subcutaneous 
haemorrhages; abnormal skin colour or texture; presence of umbilical cord; lack of milk 
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in stomach; presence of dried secretions). In addition, the first clinical examination of 
the neonates should include a qualitative assessment of body temperature, state of 
activity and reaction to handling. Pups found dead on PND 0 or at a later time should be 
examined for possible defects and cause of death. Live pups are counted and weighed 
individually on PND 0 or PND 1, and regularly thereafter, e.g. at least on PND 4, 7, 14, 
and 21. Clinical examinations, as applicable for the age of the animals, should be 
repeated when the offspring are weighed, or more often if case-specific findings have 
been made at birth. Signs noted could include, but may not be limited to, external 
abnormalities, changes in skin, fur, eyes, mucous membranes, occurrence of secretions 
and excretions and autonomic activity. Changes in gait, posture, response to handling, as 
well as the presence of clonic or tonic movements, stereotypy or bizarre behaviour, 
should also be recorded. 

45. The anogenital distance (AGD) of each pup should be measured on at least one occasion 
from PND 0 through PND 4. Pup body weight should be collected on the day the AGD 
is measured and the AGD should be normalised to a measure of pup size, preferably the 
cube root of body weight (12). The presence of nipples/areolae in male pups should be 
checked on PND 12 or 13.  

46. All selected F1 animals are evaluated daily for balano-preputial separation or vaginal 
patency for male/female respectively commencing before the expected day for 
achievement of these endpoints to detect if sexual maturation occurs early. Any 
abnormalities of genital organs, such as persistent vaginal thread, hypospadia or cleft 
penis, should be noted. Sexual maturity of F1 animals is compared to physical 
development by determining age and body weight at balano-preputial separation or 
vaginal opening for male/female respectively (13). 

Assessment of potential developmental neurotoxicity (cohorts 2A and 2B) 

47. Ten male and 10 female cohort 2A animals and 10 male and 10 female cohort 2B 
animals, from each treatment group (for each cohort: 1 male or 1 female per litter; all 
litters represented by at least 1 pup; randomly selected) should be used for neurotoxicity 
assessments. Cohort 2A animals should be subjected to auditory startle, functional 
observational battery, motor activity (see paragraphs 48-50), and neuropathology 
assessments (see paragraphs 74-75). Efforts should be made to ensure that variations in 
all test conditions are minimal and are not systematically related to treatment. Among 
the variables that can affect behaviour are sound level (e.g. intermittent noise), 
temperature, humidity, lighting, odors, time of day, and environmental distractions. 
Results of the neurotoxicity assays should be interpreted in relation to appropriate 
historical control reference ranges. Cohort 2B animals should be used for 
neuropathology assessment on PND 21 or PND 22 (see paragraphs 74-75). 

48. An auditory startle test should be performed on PND 24 (±1 day) using animals in 
cohort 2A.  The day of testing should be counterbalanced across treated and control 
groups. Each session consists of 50 trials.  In performing the auditory startle test, the 
mean response amplitude on each block of 10 trials (5 blocks of 10 trials) should be 
determined, with test conditions optimised to produce intra-session habituation.  These 
procedures should be consistent with test method B.53 (35). 

49. At an appropriate time between PND 63 and PND 75, the cohort 2A animals are 
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subjected to a functional observational battery and an automated test of motor activity. 
These procedures should be consistent with test methods B.43 (33) and B.53 (35).  The 
functional observational battery includes a thorough description of the subject’s 
appearance, behaviour and functional integrity. This is assessed through observations in 
the home cage, after removal to a standard arena for observation (open field) where the 
animal is moving freely, and through manipulative tests. Testing should proceed from 
the least to the most interactive. A list of measures is presented in Appendix 1. All 
animals should be observed carefully by trained observers who are unaware of the 
animals’ treatment status, using standardised procedures to minimise observer 
variability. Where possible, it is advisable that the same observer evaluates the animals 
in a given test. If this is not possible, some demonstration of inter-observer reliability is 
required. For each parameter in the behavioural testing battery, explicit operationally 
defined scales and scoring criteria are to be used. If possible, objective quantitative 
measures should be developed for observational endpoints, which involve subjective 
ranking.  For motor activity, each animal is tested individually. The test session should 
be long enough to demonstrate intra-session habituation for controls. Motor activity 
should be monitored by an automated activity recording apparatus which should be 
capable of detecting both increases and decreases in activity, (i.e. baseline activity as 
measured by the device should not be so low as to preclude detection of decreases, nor 
so high as to preclude detection of increases in activity). Each device should be tested 
by standard procedures to ensure, to the extent possible, reliability of operation across 
devices and across days. To the extent possible, treatment groups should be balanced 
across devices. Treatment groups should be counter-balanced across test times to avoid 
confounding by circadian rhythms of activity. 

50. If existing information indicates the need for other functional testing (e.g. sensory, 
social, cognitive), these should be integrated without compromising the integrity of the 
other evaluations conducted in the study. If this testing is performed in the same animals 
as used for standard auditory startle, functional observational battery and motor activity 
testing, different tests should be scheduled to minimise the risk of compromising the 
integrity of these tests. Supplemental procedures may be particularly useful when 
empirical observation, anticipated effects, or mechanistic/mode-of-action indicate a 
specific type of neurotoxicity. 

Assessment of potential developmental immunotoxicity (cohort 3)  

51. At PND 56 (±3 days), 10 male and 10 female cohort 3 animals from each treatment 
group (1 male or 1 female per litter; all litters represented by at least 1 pup; randomly 
selected) should be used in a T-cell dependant antibody response assay, i.e. the primary 
IgM antibody response to a T-cell dependent antigen, such as Sheep Red Blood Cells 
(SRBC) or Keyhole Limpet Hemocyanin (KLH), consistent with current 
immunotoxicity testing procedures (14) (15). The response may be evaluated by 
counting specific plaque-forming cells (PFC) in the spleen or by determining the titer of 
SRBC- or KLH-specific IgM antibody in the serum by ELISA, at the peak of the 
response. Responses typically peak four (PFC response) or five (ELISA) days after 
intravenous immunisation.   If the primary antibody response is assayed by counting 
plaque-forming cells, it is permissible to evaluate subgroups of animals on separate 
days, provided that: subgroup immunisation and sacrifice are timed so that PFCs are 
counted at the peak of the response; that subgroups contain an equal number of male and 
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female offspring from all dose groups, including controls; and that subgroups are 
evaluated at approximately the same postnatal age. Exposure to the test chemical will 
continue until the day before collecting spleens for the PFC response or serum for the 
ELISA assay.  

Follow-up assessment of potential reproductive toxicity (cohort 1B) 

52. Cohort 1B animals can be maintained on treatment beyond PND 90 and bred to obtain a 
F2 generation if necessary. Males and females of the same dose group should be 
cohabited (avoiding the pairing of siblings) for up to two weeks, beginning on or after 
PND 90, but not exceeding PND 120. Procedures should be similar to those for the P 
animals. However, based on a weight of evidence, it may suffice to terminate the litters 
on PND 4 rather than follow them to weaning or beyond.  

TERMINAL OBSERVATIONS 

Clinical biochemistry / Haematology 

53. Systemic effects should be monitored in P animals. Fasted blood samples from a 
defined site are taken from ten randomly-selected P males and females per dose group at 
termination, stored under appropriate conditions and subjected to partial or full-scale 
haematology, clinical biochemistry, assay of T4 and TSH or other examinations 
suggested by the known effect profile of the test chemical (see OECD Guidance 
Document 151 (40)). The following haematological parameters should be examined: 
haematocrit, haemoglobin concentration, erythrocyte count, total and differential 
leukocyte count, platelet count and blood clotting time/potential. Investigations of 
plasma or serum should include: glucose, total cholesterol, urea, creatinine, total protein, 
albumin and at least two enzymes indicative of hepatocellular effects (such as alanine 
aminotranferase, aspartate aminotransferase, alkaline phosphatase, gamma glutamyl 
transpeptidase and sorbitol dehydrogenase). Measurements of additional enzymes and 
bile acids may provide useful information under certain circumstances. In addition, 
blood from all animals may be taken and stored for possible analysis at a later time to 
help clarify equivocal effects or to generate internal exposure data. If a second mating of 
P animals is not intended, the blood samples are obtained just prior to, or as part of, the 
procedure at scheduled sacrifice. In the case animals are retained, blood samples should 
be collected a few days before the animals are mated for the second time. Unless 
existing data from repeated-dose studies indicate that the parameter is not affected by 
the test chemical, urinalysis should be performed prior to termination and the following 
parameters evaluated: appearance, volume, osmolality or specific gravity, pH, protein, 
glucose, blood and blood cells, cell debris. Urine may also be collected to monitor 
excretion of test chemical and/or metabolite(s). 

54. Systemic effects should also be monitored in F1 animals. Fasted blood samples from a 
defined site are taken from ten randomly selected cohort 1A males and females per dose 
group at termination, stored under appropriate conditions and subjected to standard 
clinical biochemistry, including the assessment of serum levels for thyroid hormones 
(T4 and TSH), haematology (total and differential leukocyte plus erythrocyte counts) 
and urinalysis assessments. 
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55. The surplus pups at PND 4 are subject to gross necropsy and consideration given to 
measuring serum thyroid hormone (T4) concentrations. If necessary, neonatal (PND 4) 
blood can be pooled by litters for biochemical/thyroid hormone analyses. Blood is also 
collected for T4 and TSH analysis from weanlings subject to gross necropsy on PND 22 
(F1 pups not selected for cohorts). 

Sperm parameters 

56. Sperm parameters should be measured in all P generation males unless there is existing 
data to show that sperm parameters are unaffected in a 90-day study. Examination of 
sperm parameters should be performed in all cohort 1A males. 

57. At termination, testis and epididymis weights are recorded for all P and F1 (cohort 1A) 
males. At least one testis and one epididymis are reserved for histopathological 
examination. The remaining epididymis is used for enumeration of cauda epididymis 
sperm reserves (16) (17). In addition, sperm from the cauda epididymis (or vas deferens) 
is collected using methods that minimise damage for evaluation of sperm motility and 
morphology (18).  

58. Sperm motility can either be evaluated immediately after sacrifice or recorded for later 
analysis. The percentage of progressively motile sperm could be determined either 
subjectively or objectively by computer-assisted motion analysis (19) (20) (21) (22) (23) 
(24). For the evaluation of sperm morphology, an epididymal (or vas deferens) sperm 
sample should be examined as fixed or wet preparations (25) and at least 200 
spermatozoa per sample classified as either normal (both head and midpiece/tail appear 
normal) or abnormal. Examples of morphologic sperm abnormalities would include 
fusion, isolated heads, and misshapen heads and/or tails (26). Misshapen or large sperm 
heads may indicate defects in spermiation.  

59. If sperm samples are frozen, smears fixed and images for sperm motility analysis 
recorded at the time of necropsy (27), subsequent analysis may be restricted to control 
and high-dose males.  However, if treatment-related effects are observed, the lower dose 
groups should also be evaluated. 

Gross necropsy 

60. At the time of termination or premature death, all P and F1 animals are necropsied and 
examined macroscopically for any structural abnormalities or pathological changes. 
Special attention should be paid to the organs of the reproductive system. Pups that are 
humanely killed in a moribund condition and dead pups should be recorded and, when 
not macerated, examined for possible defects and/or cause of death and preserved. 

61. For adult P and F1 females, a vaginal smear is examined on the day of necropsy to 
determine the stage of the oestrous cycle and allow correlation with histopathology in 
reproductive organs. The uteri of all P females (and F1 females, if applicable) are 
examined for the presence and number of implantation sites, in a manner which does not 
compromise histopathological evaluation. 

Organ weight and tissue preservation – P and F1 adult animals 
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62. At the time of termination, body weights and wet weights of the organs listed below 
from all P animals  and all F1 adults, from relevant cohorts (as outlined below), are 
determined as soon as possible after dissection to avoid drying. These organs should 
then be preserved under appropriate conditions. Unless specified otherwise, paired 
organs can be weighed individually or combined, consistent with the typical practice of 
the performing laboratory. 

- Uterus (with oviducts and cervix), ovaries 

- Testes, epididymides (total and cauda for the samples used for sperm counts) 

- Prostate (dorsolateral and ventral parts combined). Care should be exercised 
when trimming the prostate complex to avoid puncture of the fluid filled seminal 
vesicles.  In the event of a treatment-related effect on total prostate weight, the 
dorsolateral and ventral segments should be carefully dissected after fixation, and 
weighed separately. 

- Seminal vesicles with coagulating glands and their fluids (as one unit) 

- Brain, liver, kidneys, heart, spleen, thymus, pituitary, thyroid (post-fixation), 
adrenal glands and known target organs or tissues. 

63. In addition to the organs listed above, samples of peripheral nerve, muscle, spinal cord, 
eye plus optic nerve, gastrointestinal tract, urinary bladder, lung, trachea (with thyroid 
and parathyroid attached), bone marrow, vas deferens (males), mammary gland (males 
and females) and vagina should be preserved under appropriate conditions.  

64. Cohort 1A animals have all organs weighed and preserved for histopathology.  

65. For the investigation of pre- and postnatally induced immunotoxic effects, 10 male and 
10 female cohort 1A animals from each treatment group (1 male or 1 female per litter; 
all litters represented by at least 1 pup; randomly selected) will be subject to the 
following at termination: 

- weighing of the lymph nodes associated with and distant from the route of 
exposure (in addition to the weight of the adrenal glands, the thymus and the 
spleen, already performed in all cohort 1A animals) 

- splenic lymphocyte subpopulation analysis (CD4+ and CD8+ T lymphocytes, B 
lymphocytes, and natural killer cells) using one half of the spleen, the other half 
of the spleen being preserved for histopathological evaluation,  

Analysis of splenic lymphocyte subpopulations in non-immunised (cohort 1A) 
animals will determine if exposure is related to a shift in the immunological steady 
state distribution of "helper" (CD4+) or cytotoxic (CD8+) thymus-derived 
lymphocytes or natural killer (NK) cells (rapid responses to neoplastic cells and 
pathogens). 

66. Cohort 1B animals should have the following organs weighed and corresponding tissues 
processed to the block stage:  

- Vagina (not weighed) 

- Uterus with cervix 
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- Ovaries  

- Testes (at least one) 

- Epididymides 

- Seminal vesicles and coagulating glands 

- Prostate  

- Pituitary 

- Identified target organs 
 

Histopathology in cohort 1B would be conducted if results from cohort 1A are 
equivocal or in cases of suspected reproductive or endocrine toxicants.  

67. Cohorts 2A and 2B: Developmental neurotoxicity testing (PND 21 or PND 22 and adult 
offspring). Cohort 2A animals are terminated after behavioural testing, with brain 
weight recorded and full neurohistopathology for purposes of neurotoxicity assessment. 
Cohort 2B animals are terminated on PND 21 or PND 22, with brain weight recorded 
and microscopic examination of the brain for purposes of neurotoxicity assessment. 
Perfusion fixation is required for cohort 2A animals and optional for cohort 2B animals, 
as provided in test method B.53 (35). 

Organ weight and tissue preservation – F1 weanlings 

68. The pups not selected for cohorts, including runts, are terminated after weaning, on 
PND 22, unless the results indicate the need for further in-life investigations. 
Terminated pups are subjected to gross necropsy including an assessment of the 
reproductive organs, as described in paragraphs 62 and 63. For up to 10 pups per sex per 
group, from as many litters as possible, brain, spleen, and thymus should be weighed 
and retained under appropriate conditions. In addition, mammary tissues for these male 
and female pups may be preserved for further microscopic analysis2 (see OECD 
Guidance Document 151 (40)). Gross abnormalities and target tissues should be saved 
for possible histological examination.    

Histopathology – P animals 

69. Full histopathology of the organs listed in paragraphs 62 and 63 is performed for all 
high-dose and control P animals. Organs demonstrating treatment-related changes 
should also be examined in all animals at the lower dose groups to aid in determining a 
NOAEL. Additionally, reproductive organs of all animals suspected of reduced fertility, 
e.g. those that failed to mate, conceive, sire, or deliver healthy offspring, or for which 
oestrous cyclicity or sperm number, motility, or morphology were affected, and all gross 
lesions should be subjected to histopathological evaluation.  

Histopathology – F1 animals 

2 Research has shown the mammary gland, especially in early life mammary gland development, to be a sensitive endpoint for oestrogen action. It is 
recommended that endpoints involving pup mammary glands of both sexes be included in this test method, when validated. 
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Cohort 1 animals 

70. Full histopathology of the organs listed in paragraphs 62 and 63 is performed for all 
high-dose and control adult cohort 1A animals. All litters should be represented by at 
least 1 pup per sex.  Organs and tissues demonstrating treatment-related changes and all 
gross lesions should also be examined in all animals in the lower dose groups to aid in 
determining a NOAEL. For the evaluation of pre- and postnatally induced effects on 
lymphoid organs also the histopathology on the collected lymph nodes and bone marrow 
should be evaluated of 10 male and 10 female cohort 1A animals next to 
histopathological evaluation of the thymus, spleen, and the adrenal glands already 
performed in all 1A animals. 

71. Reproductive and endocrine tissues from all cohort 1B animals, processed to the block 
stage as described in paragraph 66, should be examined for histopathology in cases of 
suspected reproductive or endocrine toxicants. Cohort 1B should also undergo 
histological examination if results from cohort 1A are equivocal. 

72. Ovaries of adult females should contain primordial and growing follicles, as well as 
corpora lutea; therefore, a histopathological examination should be aimed at detecting a 
quantitative evaluation of primordial and small growing follicles, as well as corpora 
lutea, in F1 females; the number of animals, ovarian section selection, and section 
sample size should be statistically appropriate for the evaluation procedure used. 
Follicular enumeration may first be conducted on control and high-dose animals, and in 
the event of an adverse effect in the latter, lower doses should be examined. 
Examination should include enumeration of the number of primordial follicles, which 
can be combined with small growing follicles, for comparison of treated and control 
ovaries (see OECD Guidance Document 151 (40)). Corpora lutea assessment should be 
conducted in parallel with oestrous cyclicity testing so that the stage of the cycle can be 
taken into account in the assessment. Oviduct, uterus and vagina are examined for 
appropriate organ-typic development. 

73. Detailed testicular histopathology examinations are conducted on the F1 males in order 
to identify treatment-related effects on testis differentiation and development and on 
spermatogenesis (38).  When possible, sections of the rete testis should be examined. 
Caput, corpus, and cauda of the epididymis and the vas deferens are examined for 
appropriate organ-typic development, as well as for the parameters required for the P 
males. 

Cohort 2 animals 

74. Neurohistopathology is performed for all high-dose and control cohort 2A animals per 
sex following completion of neurobehavioral testing (after PND 75, but not to exceed 
PND 90). Brain histopathology is performed for all high-dose and control cohort 2B 
animals per sex on PND 21 or PND 22. Organs or tissues demonstrating treatment-
related changes should also be examined for the animals in the lower dose groups to aid 
in determining a NOAEL. For cohort 2A and 2B animals, multiple sections are 
examined from the brain to allow examination of olfactory bulbs, cerebral cortex, 
hippocampus, basal ganglia, thalamus, hypothalamus, mid-brain (thecum, tegmentum, 
and cerebral peduncles), brain-stem and cerebellum. For cohort 2A only, the eyes (retina 
and optic nerve) and samples of peripheral nerve, muscle and spinal cord are examined. 
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All neurohistological procedures should be consistent with test method B.53 (35). 

75. Morphometric (quantitative) evaluations should be performed on representative areas of 
the brain (homologous sections carefully selected based on reliable microscopic 
landmarks) and may include linear and/or areal measurements of specific brain regions. 
At least three consecutive sections should be taken at each landmark (level) in order to 
select the most homologous and representative section for the specific brain area to be 
evaluated. The neuropathologist should exercise appropriate judgment as to whether 
sections prepared for measurement are homologous with others in the sample set and 
therefore suitable for inclusion, since linear measurements in particular may change 
over a relatively short distance (28).  Non-homologous sections should not be used. 
While the objective is to sample all animals reserved for this purpose (10/sex/dose 
level), smaller numbers may still be adequate.  However, samples from fewer than 6 
animals/sex/dose level would generally not be considered sufficient for the purposes of 
this test method. Stereology may be used to identify treatment-related effects on 
parameters such as volume or cell number for specific neuroanatomic regions. All 
aspects of the preparation of tissue samples, from tissue fixation, through the dissection 
of tissue samples, tissue processing, and staining of slides, should employ a 
counterbalanced design, such that each batch contains representative samples from each 
dose group. When morphometric or stereological analyses are to be used, then brain 
tissue should be embedded in appropriate media at all dose levels at the same time in 
order to avoid shrinkage artifacts associated with prolonged storage in fixative.  

REPORTING 

Data 

76. Data are reported individually and summarised in tabular form. Where appropriate, for 
each test group and each generation, the following should be reported: number of 
animals at the start of the test, number of animals found dead during the test or killed for 
humane reasons, time of any death or humane kill, number of fertile animals, number of 
pregnant females, number of females giving birth to a litter, and number of animals 
showing signs of toxicity. A description of the toxicity, including time of onset, 
duration, and severity should also be reported. 

77. Numerical results should be evaluated by an appropriate, and accepted statistical 
method.  The statistical methods should be selected as part of the study design and 
should appropriately address non-normal data (e.g. count data), censored data (e.g. 
limited observation time), non-independence (e.g. litter effects and repeated measures), 
and unequal variances. Generalised linear mixed models and dose-response models 
cover a broad class of analytical tools that may be appropriate for the data generated 
under this test method. The report should include sufficient information on the method 
of analysis and the computer program employed, so that an independent 
reviewer/statistician can evaluate/re-evaluate the analysis. 

Evaluation of results 

78. The findings should be evaluated in terms of the observed effects, including necropsy 
and microscopic findings. The evaluation includes the relationship, or lack thereof, 
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between the dose and the presence, incidence, and severity of abnormalities, including 
gross lesions.  Target organs, fertility, clinical abnormalities, reproductive and litter 
performance, body weight changes, mortality and any other toxic and developmental 
effects should also be assessed. Special attention should be given to sex-specific 
changes. The physico-chemical properties of the test chemical, and when available, TK 
data, including placental transfer and milk excretion, should be taken into consideration 
when evaluating the test results.  

Test report 

79. The test report should include the following information obtained in the present study 
from P, F1 animals and F2 animals (where relevant): 

Test chemical: 
- All relevant available information on the chemical, toxicokinetic and 

toxicodynamic properties of the test chemical;  

- Identification data; 

- Purity; 

Vehicle (if appropriate): 
- Justification for choice of vehicle if other than water; 

Test animals: 
- Species/strain used; 

- Number, age and sex of animals; 

- Source, housing conditions, diet, nesting materials, etc.; 

- Individual weights of animals at the start of the test; 

- Vaginal smear data for P females before initiation of treatment  (if data are 
collected at that time); 

- P generation pairing records indicating male and female partner of a mating and 
mating success; 

- Litter of origin records for adult F1 generation animals; 

Test conditions: 
- Rationale for dose level selection; 

- Details of test chemical formulation/diet preparation, achieved concentrations; 

- Stability and homogeneity of the preparation in the vehicle or carrier (e.g. diet, 
drinking water), in the blood and/or milk under the conditions of use and storage 
between uses; 

- Details of the administration of the test chemical; 

- Conversion from diet/drinking water test chemical concentration (ppm) to the 
achieved dose (mg/kg body weight/day), if applicable; 
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- Details of food and water quality (including diet composition, if available); 

- Detailed description of the randomisation procedures to select pups for culling 
and to assign pups to test groups; 

- Environmental conditions; 

- List of study personnel, including professional training;  

Results (summary and individual data by sex and dose): 
- Food consumption, water consumption if available, food efficiency (body weight 

gain per gram of food consumed, except for the period of cohabitation and during 
lactation), and test chemical consumption (for dietary/drinking water 
administration) for P and F1 animals; 

- Absorption data (if available); 

- Body weight data for P animals; 

- Body weight data for the selected F1 animals postweaning; 

- Time of death during the study or whether animals survived to termination; 

- Nature, severity and duration of clinical observations (whether reversible or not); 

- Haematology, urinalysis and clinical chemistry data including TSH and T4; 

- Phenotypic analysis of spleen cells (T-, B-, NK-cells); 

- Bone marrow cellularity; 

- Toxic response data; 

- Number of P and F1 females with normal or abnormal oestrous cycle and cycle 
duration; 

- Time to mating (precoital interval, the number of days between pairing and 
mating); 

- Toxic or other effects on reproduction, including numbers and percentages of 
animals that accomplished mating, pregnancy, parturition and lactation, of males 
inducing pregnancy, of females with signs of dystocia/prolonged or difficult 
parturition; 

- Duration of pregnancy and, if available, parturition; 

- Numbers of implantations, litter size and percentage of male pups; 

- Number and percent of post-implantation loss, live births and stillbirths; 

- Litter weight and pup weight data (males, females and combined), the number of 
runts if determined; 

- Number of pups with grossly visible abnormalities; 

- Toxic or other effects on offspring, postnatal growth, viability, etc.; 

- Data on physical landmarks in pups and other postnatal developmental data; 

- Data on sexual maturation of F1 animals; 

- Data on functional observations in pups and adults, as applicable; 
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- Body weight at sacrifice and absolute and relative organ weight data for the P and 
adult F1 animals; 

- Necropsy findings; 

- Detailed description of all histopathological findings; 

- Total cauda epididymal sperm number, percent progressively motile sperm, 
percent morphologically normal sperm, and percent of sperm with each identified 
abnormality for P and F1 males; 

- Numbers and maturational stages of follicles contained in the ovaries of P and F1 
females, where applicable; 

- Enumeration of corpora lutea in the ovaries of F1 females; 

- Statistical treatment of results, where appropriate; 

Cohort 2 parameters:  
- Detailed description of the procedures used to standardise observations and 

procedures as well as operational definitions for scoring observations; 

- List of all test procedures used, and justification for their use;  

- Details of the behavioural/functional, neuropathological and morphometric 
procedures used, including information and details on automated devices;  

- Procedures for calibrating and ensuring the equivalence of devices and the 
balancing of treatment groups in testing procedures;  

- Short justification explaining any decisions involving professional judgment;  

- Detailed description of all behavioural/functional, neuropathological and 
morphometric findings by sex and dose group, including both increases and 
decreases from controls;  

- Brain weight;  

- Any diagnoses derived from neurological signs and lesions, including naturally-
occurring diseases or conditions;  

- Images of exemplar findings;  

- Low-power images to assess homology of sections used for morphometry;  

- Statistical treatment of results, including statistical models used to analyse the 
data, and the results, regardless of whether they were significant or not;  

- Relationship of any other toxic effects to a conclusion about the neurotoxic 
potential of the test chemical, by sex and dose group;  

- Impact of any toxicokinetic information on the conclusions;  

- Data supporting the reliability and sensitivity of the test method (i.e. positive and 
historical control data);  

- Relationships, if any, between neuropathological and functional effects;  

- NOAEL or benchmark dose for dams and offspring, by sex and dose group;  

- Discussion of the overall interpretation of the data based on the results, including 
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a conclusion of whether or not the chemical caused developmental neurotoxicity 
and the NOAEL;  

Cohort 3 parameters: 
- Serum IgM antibody titres (sensitisation to SRBC or KLH), or splenic IgM PFC 

units (sensitisation to SRBC); 

- Performance of the TDAR method should be confirmed as part of the 
optimisation process by laboratory setting up the assay for the first time, and 
periodically (e.g. yearly) by all laboratories;   

- Discussion of the overall interpretation of the data based on the results, including 
a conclusion of whether or not the chemical caused developmental 
immunotoxicity and the NOAEL;  

Discussion of results 

Conclusions, including NOAEL values for parental and offspring effects 
 

All information not obtained during the study, but useful for the interpretation of the results 
(e.g. similarities of effects to any known neurotoxicants), should also be provided. 

Interpretation of Results 

80. An Extended One-Generation Reproductive Toxicity Study will provide information on 
the effects of repeated exposure to a chemical during all phases of the reproductive 
cycle, as necessary. In particular, the study provides information on the reproductive 
system, and on development, growth, survival, and functional endpoints of offspring up 
to PND 90. 

81. Interpretation of the results of the study should take into account all available 
information on the chemical, including physico-chemical, TK and toxicodynamic 
properties, available relevant information on structural analogues, and results of 
previously-conducted toxicity studies with the test chemical (e.g. acute toxicity, toxicity 
after repeated application, mechanistic studies and studies assessing if there are 
substantial qualitative and quantitative species differences in in vivo/in vitro metabolic 
properties). Gross necropsy and organ weight results should be assessed in context with 
observations made in other repeat-dose studies, when feasible. Decreases in offspring 
growth might be considered in relationship to an influence of the test chemical on milk 
composition (29).  

Cohort 2 (Developmental neurotoxicity) 

82. Neurobehavioral and neuropathology results should be interpreted in the context of all 
findings, using a weight-of-evidence approach with expert judgment. Patterns of 
behavioural or morphological findings, if present, as well as evidence of dose-response 
should be discussed. The evaluation of developmental neurotoxicity, including human 
epidemiological studies or case reports, and experimental animal studies (e.g. 
toxicokinetic data, structure-activity information, data from other toxicity studies) 
should be included in this characterisation. Evaluation of data should include a 

107  

 



  

discussion of both the biological and statistical significance. The evaluation should 
include the relationship, if any, between observed neuropathological and behavioural 
alterations. For guidance on the interpretation of developmental neurotoxicity results, 
refer to test method  B.53 (35) and Tyl et al., 2008 (31). 

Cohort 3 (Developmental immunotoxicity) 

83. Suppression or enhancement of immune function as assessed by TDAR (T-cell 
dependent antibody response), should be evaluated in the context of all observations 
made. Significance of the outcome of TDAR may be supported by other effects on 
immunologically-related indicators (e.g. bone marrow cellularity, weight and 
histopathology of lymphoid tissues, lymphocyte subset distribution). Effects established 
by TDAR may be less meaningful in case of other toxicities observed at lower exposure 
concentrations. 

84. OECD Guidance Document 43 should be consulted for aid in the interpretation of 
reproduction and neurotoxicity results (26). 
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Appendix 1 

MEASURES AND OBSERVATIONS INCLUDED IN THE FUNCTIONAL 
OBSERVATIONAL BATTERY (COHORT 2A) 

 

Home Cage & Open Field Manipulative Physiologic  

Posture Ease of removal Temperature 

Involuntary Clonic & Tonic Ease of handling Body weight 

Palpebral Closure Muscle Tone Pupil response 

Piloerection Approach Response Pupil size 

Salivation Touch Response  

Lacrimation Auditory Response  

Vocalisations Tail Pinch Response  

Rearing Righting Response  

Gait Abnormalities Landing Foot Splay  

Arousal  Forelimb Grip Strength  

Stereotypy  Hindlimb Grip Strength  

Bizarre Behaviour   

Stains   

Respiratory Abnormalities   
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Appendix 2 

 

DEFINITIONS 

 

Chemical: A substance or a mixture. 

Test Chemical: Any substance or mixture tested using this test method. 
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B.57. H295R Steroidogenesis Assay 

INTRODUCTION 

1. This test method is equivalent to OECD Test Guideline (TG) 456 (2011). The OECD 
initiated a high-priority activity in 1998 to revise existing, and to develop new, test 
guidelines for the screening and testing of potential endocrine disrupting chemicals. The 
2002 OECD Conceptual Framework for Testing and Assessment of Endocrine 
Disrupting Chemicals comprises five levels, each level corresponding to a different 
level of biological complexity (1). The in vitro H295R Steroidogenesis Assay (H295R) 
described in this test method utilises a human adreno-carcinoma cell line (NCI-H295R 
cells) and constitutes a level 2 “in vitro assay, providing mechanistic data”, to be used 
for screening and prioritisation purposes. Development and standardisation of the assay 
as a screen for chemical effects on steroidogenesis, specifically the production of 17 -
oestradiol (E2) and testosterone (T), was carried out in a multi–step process. The H295R 
assay has been optimised and validated (2) (3) (4) (5).  

2. The objective of the H295R Steroidogenesis Assay is to detect chemicals that affect 
production of E2 and T. The H295R assay is intended to identify xenobiotics that have 
as their target site(s) the endogenous components that comprise the intracellular 
biochemical pathway beginning with the sequence of reactions from cholesterol to the 
production of E2 and/or T. The H295R assay is not intended to identify chemicals that 
affect steroidogenesis due to effects on the hypothalamic-pituitary-gonadal (HPG) axis. 
The goal of the assay is to provide a YES/NO answer with regard to the potential of a 
chemical to induce or inhibit the production of T and E2; however, quantitative results 
may be obtained in some cases (see paragraphs 53 and 54). The results of the assay are 
expressed as relative changes in hormone production compared with the solvent controls 
(SCs). The assay does not aim to provide specific mechanistic information concerning 
the interaction of the test chemical with the endocrine system. Research has been 
conducted using the cell line to identify effects on specific enzymes and intermediate 
hormones such as progesterone (2).   

3. Definitions and abbreviations used in this test method are described in the Appendix. A 
detailed protocol including instructions on how to prepare solutions, cultivate cells and 
perform various aspects of the test is available as Appendix I-III of the OECD document 
“Multi-Laboratory Validation of the H295R Steroidogenesis Assay to Identify 
Modulators of Testosterone and Estradiol Production” (4). 

INITIAL CONSIDERATIONS AND LIMITATIONS 

4. Five different enzymes catalysing six different reactions are involved in sex steroid 
hormone biosynthesis. Enzymatic conversion of cholesterol to pregnenolone by the 
cytochrome P450 (CYP) cholesterol side-chain cleavage enzyme (CYP11A) constitutes 
the initial step in a series of biochemical reactions that culminate in synthesis of steroid 
end-products. Depending upon the order of the next two reactions, the steroidogenic 
pathway splits into two paths, the 5-hydroxysteroid pathway and 4-ketosteroid 
pathway, which converge in the production of androstenedione (Figure 1). 
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5. Androstenedione is converted to testosterone (T) by 17 -hydroxysteroid dehydrogenase 
(17 -HSD). Testosterone is both an intermediate and end-hormone product. In the male, 
T can be converted to dihydrotestosterone (DHT) by 5 -reductase, which is found in the 
cellular membranes, nuclear envelope, and endoplasmic reticulum of target tissues of 
androgenic action such as prostate and seminal vesicles. DHT is significantly more 
potent as an androgen than T and is also considered an end-product hormone. The 
H295R assay does not measure DHT (see paragraph 10). 

6. The enzyme in the steroidogenic pathway which converts androgenic chemicals into 
oestrogenic chemicals is aromatase (CYP19). CYP19 converts T into 17 -oestradiol 
(E2) and androstenedione into oestrone. E2 and T are considered end-product hormones 
of the steroidogenic pathway.   

7. The specificity of the lyase activity of CYP17 differs for the intermediate substrates 
among species. In the human, the enzyme favours substrates of the 5-hydroxysteroid 
pathway (pregnenolone), whereas substrates in the 4-ketosteroid pathway 
(progesterone) are favoured in the rat (19). Such differences in the CYP17 lyase activity 
may explain some species-dependent differences in response to chemicals that alter 
steroidogenesis in vivo (6). The H295 cells have been shown to most closely reflect 
human adult adrenal enzyme expression and steroid production pattern (20), but are 
known to express enzymes for both the 5-hydroxysteroid and 4-ketosteroid pathways 
for androgen synthesis (7) (11) (13) (15). 

 

CYP17

DHEA

Corticosterone Cortisol

Aldosterone

11-Deoxycorticosterone Deoxycortisol

PregnenoloneCholesterol

Testosterone Estrone

17 -OH Pregnenolone

17 -estradiol

AndrostenedioneProgesterone 17 -OH Progesterone

CYP11B1

CYP11B2

CYP11B1/B2

CYP21

CYP17

CYP19

CYP11A

CYP19

CYP17

17 -HSD

CYP21

3 -HSD
CYP17

3 -HSD3 -HSD

17 -HSD

 
Figure 1: Steroidogenic pathway in H295R cells. Enzymes are in italics, hormones are bolded and arrows 
indicate the direction of synthesis. Gray background indicates corticosteroid pathways/products. Sex 
steroid pathways/products are circled. CYP = cytochrome P450; HSD = hydroxysteroid dehydrogenase; 
DHEA = dehydroepiandrosterone. 

8. The human H295R adreno-carcinoma cell line is a useful in vitro model for the 
investigation of effects on steroid hormone synthesis (2) (7) (8) (9) (10). The H295R 
cell line expresses genes that encode for all the key enzymes for steroidogenesis noted 
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above (11) (15) (Figure 1). This is a unique property because in vivo expression of these 
genes is tissue and developmental stage-specific with typically no one tissue or one 
developmental stage expressing all of the genes involved in steroidogenesis (2). H295R 
cells have physiological characteristics of zonally undifferentiated human foetal adrenal 
cells (11). The cells represent a unique in vitro system in that they have the ability to 
produce all of the steroid hormones found in the adult adrenal cortex and the gonads, 
allowing testing for effects on both corticosteroid synthesis and the production of sex 
steroid hormones such as androgens and oestrogens, although the assay was validated 
only to detect T and E2. Changes recorded by the test system in the form of alteration in 
the production of T and E2 can be the result of a multitude of different interactions of 
test chemicals with steroidogenic functions that are expressed by the H295R cells. 
These include modulation of the expression, synthesis or function of enzymes involved 
in the production, transformation, or elimination of steroid hormones (12) (13) (14). 
Inhibition of hormone production can be due to direct competitive binding to an enzyme 
in the pathway, impact on co-factors such as NADPH (Nicotinamide Adenine 
Dinucleotide Phosphate) and cAMP (cyclic Adenosine Monophosphate), and/or 
increase in steroid metabolism or suppression of gene expression of certain enzymes in 
the steroidogenesis pathway. While inhibition can be a function of both direct or indirect 
processes involved with hormone production, induction is typically of an indirect 
nature, such as by affecting co-factors such as NADPH and cAMP (as in the case of 
forskolin), decreasing steroid metabolism (13), and or up-regulating steroidogenic gene 
expression. 

9. The H295R assay has several advantages: 

- It allows for the detection of both increases and decreases in the production of 
both T and E2; 

- It permits the direct assessment of the potential impact of a chemical on cell 
viability/cytotoxicity. This is an important feature as it allows for the 
discrimination between effects that are due to cytotoxicity from those due to the 
direct interaction of chemicals with steroidogenic pathways, which is not possible 
in tissue explants systems that consist of multiple cell types of varying 
sensitivities and functionalities; 

- It does not require the use of animals; 

- The H295R cell line is commercially available.  

10. The principle limitations of the assay are as follows: 

- Its metabolic capability is unknown but probably quite limited; therefore, 
chemicals that need to be metabolically activated will probably be missed in this 
assay. 

- Being derived from adrenal tissue, the H295R possesses the enzymes capable of 
producing the gluco-, and mineral-corticoids as well as the sex hormones; 
therefore, effects on the production of gluco-, and mineral corticoids could 
influence the levels of T and E2 observed in the assay.  

- It does not measure DHT and, therefore, would not be expected to detect 
chemicals that inhibit 5 -reductase in which case the Hershberger assay (16) can 
be used. 
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- The H295R assay will not detect chemicals that interfere with steroidogenesis by 
affecting the hypothalamic-pituitary-gonadal axis (HPG) axis as this can only be 
studied in intact animals.  

PRINCIPLE OF THE TEST 

11. The purpose of the assay is the detection of chemicals that affect T and E2 production.  
T is also an intermediate in the pathway to produce E2. The assay can detect chemicals 
that typically inhibit or induce the enzymes of the steroidogenesis pathway.  

12. The assay is usually performed under standard cell culture conditions in 24-well culture 
plates. Alternatively, other plate sizes can be used for conducting the assay; however, 
seeding and experimental conditions should be adjusted accordingly to maintain 
adherence to the performance criteria.  

13. After an acclimation period of 24 h in multi-well plates, cells are exposed for 48 h to 
seven concentrations of the test chemical in at least triplicate. Solvent and a known 
inhibitor and inducer of hormone production are run at a fixed concentration as negative 
and positive controls. At the end of the exposure period, the medium is removed from 
each well. Cell viability in each well is analysed immediately after removal of medium. 
Concentrations of hormones in the medium can be measured using a variety of methods 
including commercially available hormone measurement kits and/or instrumental 
techniques such as liquid chromatography-mass spectrometry (LC-MS). Data are 
expressed as fold change relative to the solvent control and the Lowest-Observed-
Effect-Concentration (LOEC). If the assay is negative, the highest concentration tested 
is reported as the No-Observed-Effect-Concentration (NOEC). Conclusions regarding 
the ability of a chemical to affect steroidogenesis should be based on at least two 
independent test runs. The first test run may function as a range finding run with 
subsequent adjustment of concentrations for runs 2 and 3, if applicable, if solubility or 
cytotoxicity problems are encountered or the activity of the chemical seems to be at the 
end of the range of concentrations tested. 

CULTURE PROCEDURE 

Cell Line  

14. The NCI-H295R cells are commercially available from the American Type Culture 
Collections (ATCC) upon signing a Material Transfer Agreement (MTA)3.   

Introduction   

15. Due to changes in the E2 producing capacity of the cells with increasing age/passages 
(2), cells should be cultured following a specific protocol before they are used and the 
number of passages since the cells were defrosted as well as the passage number at 
which the cells were frozen and placed in liquid nitrogen storage should be noted.  The 

3 ATCC CRL-2128; ATCC, Manassas, VA, USA, [http://www.lgcstandards-atcc.org/]. 
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first number indicates the actual cell passage number and the second number describes 
the passage number at which the cells were frozen and placed in storage. For example, 
cells that were frozen after passage five and defrosted and then were split three times (4 
passages counting the freshly thawed cells as passage 1) after they were cultured again 
would be labelled passage 4.5. An example of a numbering scheme is illustrated in 
Appendix I of the validation report (4). 

16. Stock medium is used as the base for the supplemented and freezing mediums. 
Supplemented medium is a necessary component for culturing cells. Freezing medium is 
specifically designed to allow for impact-free freezing of cells for long-term storage. 
Prior to use, Nu-serum (or a comparable serum of equal properties that has been 
demonstrated to produce data that meets the test performance and Quality Control (QC) 
requirements), which is a constituent of supplemented media, should be analysed for 
background T and E2 concentrations. The preparation of these solutions is described in 
Appendix II of the validation report (4). 

17. After initiation of an H295R cell culture from an original ATCC batch, cells should be 
grown for five passages (i.e. the cells are split 4 times).  Passage five cells are then 
frozen in liquid nitrogen for storage. Prior to freezing the cells, a sample of the previous 
passage four cells is run in a QC plate (See paragraph 36 and 37) to verify whether the 
basal production of hormones and the response to positive control chemicals meet the 
assay quality control criteria as defined in Table 5.   

18. H295R cells need to be cultured, frozen and stored in liquid nitrogen to make sure that 
there are always cells of the appropriate passage/age available for culture and use. The 
maximum number of passages after taking a new4 or frozen5 batch of cells into culture 
that is acceptable for use in the H295R assay should not exceed 10. For example, 
acceptable passages for cultures of cells from a batch frozen at passage 5 would be 4.5 
through 10.5. For cells started from these frozen batches, the procedure described in 
paragraph 19 should be followed. These cells should be cultured for at least four (4) 
additional passages (passage 4.5) prior to their use in testing. 

Starting Cells from the Frozen Stock  

19. The procedure for starting the cells from frozen stock is to be used when a new batch of 
cells is removed from liquid nitrogen storage for the purpose of culture and testing. 
Details for this procedure are set forth in Appendix III of the validation report (4). Cells 
are removed from liquid nitrogen storage, thawed rapidly, placed in supplemented 
medium in a centrifuge tube, centrifuged at room temperature, re-suspended in 
supplemented medium, and transferred to a culture flask. The medium should be 
changed the following day. The H295R cells are cultivated in an incubator at 37oC with 
5% CO2 in air atmosphere and the medium is renewed 2-3 times per week. When the 
cells are approximately 85-90% confluent, they should be split. Splitting of the cells is 
necessary to ensure the health and growth of the cells and to maintain cells for 
performing bioassays. The cells are rinsed three times with phosphate-buffered saline 
(PBS, without Ca2+ Mg2+.) and freed from the culture flask by the addition of an 

4 “New batch” refers to a fresh batch of cells received from ATCC. 
5 “Frozen batch” refers to cells that have been previously cultured and then frozen at a laboratory other than ATCC.  
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appropriate detachment enzyme, e.g. trypsin, in PBS (without Ca2+ Mg2+). Immediately 
after the cells detach from the culture flask, the enzyme action should be stopped with 
the addition of supplemented medium at a ratio of 3X the volume used for the enzyme 
treatment. Cells are placed into a centrifuge tube, centrifuged at room temperature, the 
supernatant is removed and the pellet of cells is re-suspended in supplemented medium. 
The appropriate amount of cell solution is placed in the new culture flask. The amount 
of cell solution should be adjusted so that the cells are confluent within 5-7 days. The 
recommended sub-cultivation ratio is 1:3 to 1:4. The plate should be carefully labelled. 
The cells are now ready to be used in the assay and excess cells should be frozen in 
liquid nitrogen as described in paragraph 20. 

Freezing H295R Cells (preparing cells for liquid nitrogen storage)   

20. To prepare H295R cells for freezing, the procedure described above for splitting cells 
should be followed until the step for re-suspending the pellet of cells in the bottom of 
the centrifuge tube. Here, the pellet of cells is re-suspended in freezing medium. The 
solution is transferred to a cryogenic vial, labelled appropriately, and frozen at -80 C for 
24 hours after which the cryogenic vial is transferred to liquid nitrogen for storage. 
Details for this procedure are set forth in Appendix III of the validation report (4). 

Plating and Pre-incubation of Cells for Testing 

21. The number of 24-well plates, prepared as outlined in paragraph 19, that will be needed 
depends on the number of chemicals to be tested and the confluency of the cells in the 
culture dishes. As a general rule, one culture flask (75 cm2) of 80-90% confluent cells 
will supply sufficient cells for one to 1.5 (24-well) plates at a target density of 200,000 
to 300,000 cells per ml of medium resulting in approximately 50-60% confluency in the 
wells at 24 hours (Figure 2). This is typically the optimal cell density for hormone 
production in the assay. At higher densities, T as well as E2 production patterns are 
altered. Before conducting the assay the first time, it is recommended that different 
seeding densities between 200 000 and 300 000 cells per ml be tested, and the density 
resulting in 50-60% confluency in the well at 24 hours be selected for further 
experiments.  
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Figure 2: Photomicrograph of H295R cells at a seeding density of 50% in a 24 well culture plate at 24 hours 
taken at the edge (A) and centre (B) of a well. 

22. The medium is pipetted off the culture flask, and the cells are rinsed 3 times with sterile 
PBS (without Ca2+Mg2+). An enzyme solution (in PBS) is added to detach the cells from 
the culture flask. Following an appropriate time for detachment of the cells, the enzyme 
action should be stopped with the addition of supplemented medium at a ratio of 3X the 
volume used for the enzyme treatment. Cells are placed into a centrifuge tube, 
centrifuged at room temperature, the supernatant is removed, and the pellet of cells is re-
suspended in supplemented medium. The cell density is calculated using e.g. a 
haemocytometer or cell counter. The cell solution should be diluted to the desired 
plating density and thoroughly mixed to assure homogenous cell density. The cells 
should be plated with 1 ml of the cell solution/well and the plates and wells labelled. 
The seeded plates are incubated at 37°C under 5% CO2 in air atmosphere for 24 hours to 
allow the cells to attach to the wells. 

QUALITY CONTROL REQUIREMENTS 

23. It is critical that exact volumes of solutions and samples are delivered into the wells 
during dosing because these volumes determine the concentrations used in the 
calculations of assay results.   

24. Prior to the initiation of cell culture and any subsequent testing, each laboratory should 
demonstrate the sensitivity of its hormone measurement system (paragraphs 29-31).  

25. If antibody-based hormone measurement assays are to be used, the chemicals to be 
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tested should be analysed for their potential to interfere with the measurement system 
used to quantify T and E2 as outlined in paragraph 32 prior to initiating testing. 

26. DMSO is the recommended solvent for the assay. If an alternative solvent is utilised, the 
following should be determined: 

- The solubility of the test chemical, forskolin and prochloraz in the solvent; and 

- The cytotoxicity as a function of the concentration of solvent. 

It is recommended that the maximum allowable solvent concentration should not exceed 
a 10x dilution of the least cytotoxic concentration of the solvent. 

27. Prior to conducting testing for the first time, the laboratory should conduct a qualifying 
experiment demonstrating that the laboratory is capable of maintaining and achieving 
appropriate cell culture and experimental conditions required for chemical testing as 
described in paragraphs 33-35.   

28. When initiating testing using a new batch, a control plate should be run before using a 
new batch of cells to evaluate the performance of the cells as described in paragraphs 36 
and 37.     

Performance of the Hormone Measurement System 

Method sensitivity, accuracy, precision and cross-reactivity with sample matrix 

29. Each laboratory may use a hormone measurement system of its choice for the analysis 
of the production of T and E2 by H295R cells so long as it meets performance criteria, 
including the Limit of Quantification (LOQ). Nominally these are 100 pg/ml for T and 
10 pg/ml for E2, which are based on the basal hormone levels observed in the validation 
studies. However, greater or lower levels may be appropriate depending upon the basal 
hormone levels achieved in the performing laboratory. Prior to initiation of QC plate 
and test runs, the laboratory should demonstrate that the hormone assay to be used can 
measure hormone concentrations in supplemented medium with sufficient accuracy and 
precision to meet the QC criteria specified in Tables 1 and 5 by analysing supplemented 
medium spiked with an internal hormone control. Supplemented medium should be 
spiked with at least three concentrations of each hormone (e.g. 100, 500 and 2500 pg/ml 
of T; 10, 50 and 250 pg/ml of E2; or the lowest possible concentrations based upon the 
detection limits of the chosen hormone measurement system can be used for the lowest 
spike concentrations for T and E2) and analysed. Measured hormone concentrations of 
non-extracted samples should be within 30% of nominal concentrations, and variation 
between replicate measurements of the same sample should not exceed 25% (see also 
Table 8 for additional QC criteria). If these QC criteria are fulfilled it is assumed that the 
selected hormone measurement assay is sufficiently accurate, precise and does not 
cross-react with components in the medium (sample matrix) such that a significant 
influence on the outcome of the assay would be expected.  In this case, no extraction of 
samples prior to measurement of hormones is required. 

30. In the case that the QC criteria in tables 1 and 8 are not fulfilled, a significant matrix 
effect may be occurring, and an experiment with extracted spiked medium should be 
conducted. An example of an extraction procedure is described in Appendix II of the 
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validation report (4). Measurements of the hormone concentrations in the extracted 
samples should be made in triplicate.6 If it can be shown that after extraction the 
components of the medium do not interfere with the hormone detection method as 
defined by the QC criteria, all further experiments should be conducted using extracted 
samples. If the QC criteria cannot be met after extraction, the utilised hormone 
measurement system is not suitable for the purpose of the H295R Steroidogenesis 
Assay, and an alternative hormone detection method should be used.  

Standard curve 

31. The hormone concentrations of the solvent controls (SC) should be within the linear 
portion of the standard curve. Preferably, the SC values should fall close to the centre of 
the linear portion to ensure that induction and inhibition of hormone synthesis can be 
measured. Dilutions of medium (or extracts) to be measured are to be selected 
accordingly. The linear relationship is to be determined by a suitable statistical 
approach. 

Chemical interference test 

32. If antibody-based assays such as Enzyme-Linked Immunosorbent Assays (ELISAs) and 
Radio-Immuno Assays (RIAs) are going to be used to measure hormones, each 
chemical should be tested for potential interference with the hormone measurement 
system to be utilised prior to initiation of the actual testing of chemicals (Appendix III 
of the validation report (4)) because some chemicals can interfere with these tests (17). 
If interference occurs that is  20% of basal hormone production for T and/or E2 as 
determined by hormone analysis, the Chemical Hormone Assay Interference Test (such 
as described in Appendix III of the validation report (4) section 5.0) should be run on all 
test chemical stock solution dilutions to identify the threshold dose at which significant 
(  20% ) interference occurs.  If interference is less than 30%, results may be corrected 
for the interference.  If interference exceeds 30%, the data are invalid and the data at 
these concentrations should be discarded. If significant interference of a test chemical 
with a hormone measurement system occurs at more than one non-cytotoxic 
concentration, a different hormone measurement system should be used. In order to 
avoid interference from contaminating chemicals it is recommended that hormones are 
extracted from the medium using suitable solvent, possible methods can be found in the 
validation report (4). 

Table 1: Performance criteria for hormone measurement systems  

Parameter Criterion 

Measurement Method Sensitivity Limit of Quantification (LOQ) 

T: 100 pg/ml; E2: 10 pg/ml a 

Hormone Extraction Efficiency 
(only when extraction is needed) 

The average recovery rates (based on triplicate measures) 
for the spiked amounts of hormone should not deviate more 
than 30% from amount that was added. 

Chemical Interference (only No substan

6 Note: If extraction is required, three replicate measurements are made for each extract.  Each sample will be extracted only once.   
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antibody based systems) respective hormone) cross-reactivity with any of the 
hormones produced by the cells should occur b, c   

a Note:  Method measurement limits are based on the basal hormone production values provided in Table 5, 
and are performance based. If greater basal hormone production can be achieved the limit can be 
greater. 

b Some T and E2 antibodies may cross-react with androstendione and oestrone, respectively, at a greater 
percentage.  In such cases it is not possible to accurately determine effects on 17 -HSD.  However, the 
data can still provide useful information regarding the effects on oestrogen or androgen production in 
general.  In such cases data should be expressed as androgen/oestrogen responses rather than E2 and T. 

c These include: cholesterol, pregnenolone, progesterone, 11-deoxycorticosterone, corticosterone, 
aldosterone, 17 -pregnenolone,17 -progesterone, deoxycortisol, cortisol, DHEA, androstenedione, 
oestrone. 

Laboratory Proficiency Test 

33. Before testing unknown chemicals, a laboratory should demonstrate that it is capable of 
achieving and maintaining appropriate cell culture and test conditions required for the 
successful conduct of the assay by running the laboratory proficiency test.  As the 
performance of an assay is directly linked to the laboratory personnel conducting the 
assay, these procedures should be partly repeated if a change in laboratory personnel 
occurs. 

34. This proficiency test will be conducted under the same conditions listed in paragraphs 
38 through 40 by exposing cells to 7 increasing concentrations of strong, moderate and 
weak inducers and inhibitors as well as a negative chemical (see Table 2). Specifically, 
chemicals to be tested include the strong inducer forskolin (CAS no. 66575-29-9); the 
strong inhibitor prochloraz (CAS no. 67747-09-5); the moderate inducer atrazine (CAS 
no. 1912-24-9); the moderate inhibitor aminoglutethimide (CAS no. 125-84-8); the 
weak inducer (E2 production) and weak inhibitor (T production) bisphenol A (CAS no. 
80-05-7); and the negative chemical human chorionic gonadotropin (HCG) (CAS no. 
9002-61-3) as shown in Table 2. Separate plates are run for all chemicals using the 
format as shown in Table 6. One QC plate (Table 4, paragraphs 36-37) should be 
included with each daily run for the proficiency chemicals. 

Table 2: Proficiency chemicals and exposure concentrations 

aSolvent (DMSO) control (0), 1 μl DMSO/well 

Exposure of H295R to proficiency chemicals should be conducted in 24 well plates 
during the laboratory proficiency test. Dosing is in μM for all test chemical doses. Doses 
should be administered in DMSO at 0.1% v/v per well. All test concentrations should be 
tested in triplicate wells (Table 6). Separate plates are run for each chemical. One QC 
plate is included with each daily run.  

Proficiency chemical Test Concentrations [μM] 
Prochloraz 0a, 0.01, 0.03, 0.1, 0.3, 1, 3, 10 

Forskolin 0 a, 0.03, 0.1, 0.3, 1, 3, 10, 30 

Atrazine 0 a, 0.03, 0.1, 1, 3, 10, 30, 100  

Aminoglutethimide 0 a, 0.03, 0.1, 1, 3, 10, 30, 100  

Bisphenol A 0 a, 0.03, 0.1, 1, 3, 10, 30, 100 

HCG 0 a, 0.03, 0.1, 1, 3, 10, 30, 100 
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35. Cell viability and hormone analyses should be conducted as provided in paragraphs 42 
through 46. The threshold value (lowest observed effect concentration, LOEC) and 
classification decision should be reported and compared with the values in Table 3. The 
data are considered acceptable if they meet the LOEC and decision classification in 
Table 3.  

Table 3: Threshold values (LOECs) and decision classifications for Proficiency Chemicals   

 CAS no. LOEC [μM] Decision Classification  

  T E2 T E2 

Prochloraz 67747-09-5   + a (Inhibition)  +  (Inhibition) 

Forskolin 66575-29-9     +   (Induction)   +  (Induction) 

Atrazine 1912-24-9     +   (Induction)    +  (Induction) 

Aminoglutethi
mide 

125-84-8   +   (Inhibition)  +  (Inhibition) 

Bisphenol A 80-05-7     +   (Inhibition)    +  (Induction)  

HCG 9002-61-3 n/a n/a   Negative  Negative  
a +, positive  
n/a:  not applicable as no changes should occur after exposure to non-cytotoxic concentrations of negative 

control. 

Quality Control Plate 

36. The quality control (QC) plate is used to verify the performance of the H295R cells 
under standard culture conditions, and to establish a historical database for hormone 
concentrations in solvent controls, positive and negative controls, as well as other QC 
measures over time.  

- H295R cell performance should be assessed using a QC plate for each new 
ATCC batch or after using a previously frozen stock of cells for the first time 
unless the laboratory proficiency test (paragraphs 32-34) has been run with that 
batch of cells. 

- A QC plate provides a complete assessment of the assay conditions (e.g. cell 
viability, solvent controls, negative and positive controls, as well as intra- and 
inter-assay variability) when testing chemicals and should be part of each test 
run. 

37. The QC test is conducted in a 24-well plate and follows the same incubation, dosing, 
cell viability/cytotoxicity, hormone extraction and hormone analysis procedures 
described in paragraphs 38 through 46 for testing chemicals. The QC plate contains 
blanks, solvent controls, and two concentrations of a known inducer (forskolin, 1, 10 
μM) and inhibitor (prochloraz, 0.1, 1 μM) of E2 and T synthesis.  In addition, MeOH is 
used in select wells as a positive control for the viability/cytotoxicity assay. A detailed 
description of the plate layout is provided in Table 4. The criteria to be met on the QC 
plate are listed in Table 5.  The minimum basal hormone production for T and E2 
should be met in both the solvent control and blank wells. 

Table 4: Quality control plate layout for testing performance of unexposed H295R cells and 
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cells exposed to known inhibitors (PRO = prochloraz) and stimulators (FOR = forskolin) of E2 
and T production. After termination of the exposure experiment and removal of medium, a 70% 
methanol solution will be added to all MeOH wells to serve as a positive control for cytotoxicity 
(see cytotoxicity assay in Appendix III of the validation report (4)) 

 1 2 3 4 5 6 

A Blank a Blank a Blank a Blank a 

(+ MeOH) b 

Blank a 

(+ MeOH) b 

Blank a 

(+ MeOH) b 

B DMSOc  

1 μl 

DMSO c  

1 μl 

DMSO c  

1 μl 

DMSO c 
1 μl  

(+ MeOH) b 

DMSO c 
1 μl  

(+ MeOH )b 

DMSO c 
1 μl  

(+ MeOH) b 

C FOR   1 μM FOR   1 μM FOR   1 μM PRO 0.1 μM PRO 0.1 μM PRO 0.1 μM 

D FOR 10 μM FOR 10 μM FOR 10 μM PRO    1 μM  PRO    1 μM  PRO    1 μM 

a Cells in Blank wells receive medium only (i.e. no solvent). 
b Methanol (MeOH) will be added after the exposure is terminated and the medium is removed from these 

wells. 
cDMSO solvent control (1 μl/well). 

Table 5: Performance criteria for the Quality Control Plate 

 T E2 

Basal Production of hormone 
in the solvent control (SC) 

  

Induction (10 μM forskolin)   

Inhibition (1μM prochloraz)   

CHEMICAL EXPOSURE PROCEDURE 

38. The pre-incubated cells are removed from the incubator (paragraph 21) and checked 
under a microscope to assure that they are in good condition (attachment, morphology) 
prior to dosing.  

39. The cells are placed in a bio-safety cabinet and the supplemented medium removed and 
replaced with new supplemented medium (1 ml/well). DMSO is the preferred solvent 
for this test method. However, if there are reasons for using other solvents the scientific 
rationale should be described. Cells are exposed to the test chemical by adding 1 μl of 
the appropriate stock solution in DMSO (see Appendix II of the validation report (4)) 
per 1 ml supplemented medium (well volume). This results in a final concentration of 
0.1% DMSO in the wells. To assure adequate mixing it is generally preferred that the 
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appropriate stock solution of the test chemical in DMSO is mixed with supplemented 
medium to yield the desired final concentration for each dose, and the mixture added to 
each well immediately after removal of old medium. If this option is used, the 
concentration of DMSO (0.1%) should remain consistent among all wells. The wells 
containing the greatest two concentrations are visually assessed for formation of 
precipitates or cloudiness as an indication of incomplete solubility of the test chemical 
by using a stereo microscope. If such conditions (cloudiness, formation precipitates) are 
observed, wells containing the next lesser concentrations are examined as well (and so 
forth) and concentrations that did not completely go into solution are to be excluded 
from further evaluation and analysis. The plate is returned to the incubator at 37oC under 
a 5% CO2 in air atmosphere for 48 hours. The test chemical plate layout is shown in 
Table 6. Stocks 1 -7 show placement of increasing doses of test chemical.  

Table 6: Dosing schematic for the exposure of H295R cells to test chemicals in a 24 well plate 

 1 2 3 4 5 6 

A DMSO DMSO DMSO Stock 4 Stock 4 Stock 4 

B Stock 1 Stock1 Stock 1 Stock 5 Stock 5 Stock 5 

C Stock 2 Stock 2 Stock 2 Stock 6 Stock 6 Stock 6 

D Stock 3 Stock 3 Stock 3 Stock 7 Stock 7 Stock 7 

40. After 48 hours the exposure plates are removed from the incubator and every well is 
checked under the microscope for cell condition (attachment, morphology, degree of 
confluence) and signs of cytotoxicity. The medium from each well is split into two 
equal amounts (approximately 490 μl each) and transferred to two separate vials 
appropriately labelled (i.e. one aliquot to provide a spare sample for each well). To 
prevent cells from drying out, medium is removed a row or column at a time and 
replaced with the medium for the cell viability/cytotoxicity assay. If cell 
viability/cytotoxicity is not to be measured immediately, 200 μl PBS with Ca2+ and 
Mg2+ is added to each well. The media are frozen at -80ºC until further processing to 
analyse hormone concentrations (see paragraphs 44-46). While T and E2 in medium 
kept at -80°C are generally stable for at least 3 months, hormone stability during storage 
should be documented within each laboratory.   

41. Immediately after removing the medium, cell viability/cytotoxicity is determined for 
each exposure plate.  

Cell Viability Determination 

42. A cell viability/cytotoxicity assay of choice can be used to determine the potential 
impact of the test chemical on cell viability.  The assay should be able to provide a true 
measure of the percentage of viable cells present in a well, or it should be demonstrated 
that it is directly comparable to (a linear function of) the Live/Dead® Assay (see 
Appendix III of the validation report (4)). An alternative assay that has been shown to 
work equally well is the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide] test (18). The assessment of cell viability using the above methods is a relative 
measurement that does not necessarily exhibit linear relationships with the absolute 
number of cells in a well.  Therefore, a subjective parallel visual assessment of each 
well by the analyst should be conducted, and digital pictures of the SCs and the two 
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greatest non-cytotoxic concentrations are to be taken and archived to enable later 
assessment of true cell density if this should be required. If by visual inspection or as 
demonstrated by the viability/cytotoxicity assay there appears to be an increase in cell 
number, the apparent increase needs to be verified. If an increase in cell numbers is 
verified, this should be stated in the test report. Cell viability will be expressed relative 
to the average response in the SCs, which is considered 100% viable cells, and is 
calculated as appropriate for the cell viability/cytotoxicity assay that is used. For the 
MTT assay, the following formula may be used: 

% viable cells = (response in well – average response in MeOH treated [=100% dead] 
wells) ÷ (average response in SC wells - average response in MeOH treated [=100% 
dead] wells) 

43. Wells with viability lower than 80%, relative to the average viability in the SCs (=100% 
viability), should not be included in the final data analysis. Inhibition of steroidogenesis 
occurring in the presence of almost 20% cytotoxicity should be carefully evaluated to 
ensure that cytotoxicity is not the cause for the inhibition. 

Hormone Analysis 

44. Each laboratory can use a hormone measurement system of its choice for the analysis of 
T and E2.  Spare aliquots of medium from each treatment group may be used to prepare 
dilutions to bring the concentration within the linear part of the standard curve. As noted 
in paragraph 29, each laboratory should demonstrate the conformance of their hormone 
measurement system (e.g. ELISA, RIA, LC-MS, LC-MS/MS) with the QC criteria by 
analysing supplemented medium spiked with an internal hormone control prior to 
conducting QC runs or testing of chemicals.  In order to ensure that the components of 
the test system do not interfere with measurement of hormones, the hormones may need 
to be extracted from the media prior to their measurement (see paragraph 30 for the 
conditions under which an extraction is or is not required). It is recommended to 
conduct extraction following the procedures in Appendix III of the validation report (4). 

45. If a commercial test kit is being used to measure the hormone production, the hormone 
analysis should be conducted as specified in the manuals provided by the test kit 
manufacturer. Most manufacturers have a unique procedure by which the hormone 
analyses are conducted. Dilutions of samples need to be adjusted such that expected 
hormone concentrations for the solvent controls fall within the centre of the linear range 
of the standard curve of the individual assay (Appendix III of the validation report (4)). 
Values outside of the linear portion of the standard curve should be rejected.    

46. Final hormone concentrations are calculated as follows: 

Example:   

Extracted:  450 μl medium  

Reconstituted in:   

Dilution in Assay:  1:10 (to bring the sample within the linear range 
of the standard curve)  
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Hormone Concentration in 
Assay:   

150 pg/ml (already adjusted to concentration per 
ml sample assayed) 

Recovery: 89 % 

Final hormone concentration =  (Hormone concentration (per ml) ÷ recovery) 
(dilution factor) 

Final hormone concentration =  (150 pg/ml) ÷ (0.89) × (250 μl/450 μl) × 10 = 
936.3 pg/ml 

Selection of test concentrations 

47. A minimum of two independent runs of the assay should be conducted. Unless prior 
information such as information on solubility limits or cytotoxicity provides a basis for 
selecting test concentrations, it is recommended that the test concentrations for the 
initial run be spaced at log10 intervals with 10-3 M being the maximum concentration. If 
the chemical is soluble, and not cytotoxic at any of the tested concentrations, and the 
first run was negative for all concentrations, then it is to be confirmed in one more run 
using the same conditions as the first run was conducted (Table 7). If the results of the 
first run are equivocal (i.e. the fold-change is statistically significant from the SC at only 
one concentration) or positive (i.e. the fold change at two or more adjacent 
concentrations is statistically significant), the test should be repeated as indicated in 
Table 7 by refining the selected test concentrations. Test concentrations in runs two and 
three (if applicable) should be adjusted on the basis of the results of the initial run 
bracketing concentrations that elicited an effect using ½-log concentration spacing (e.g. 
if the original run of 0.001,  0.01, 0.1, 1, 10, 100, 1000 μM resulted in inductions at 1 
and 10 μM, the concentrations tested in the second run should be 0.1, 0.3, 1, 3, 10, 30, 
100 μM), unless lower concentrations need to be employed to achieve a LOEC. In the 
latter case, at least five concentrations below the lowest concentration tested in the first 
run should be used in the second run using a ½-log scale. If the second run does not 
confirm the first run (i.e. statistical significance does not occur at the previously 
positively tested concentration ± 1 concentration-increment), a third experiment is to be 
conducted using the original testing conditions. Equivocal results in the first run are 
considered negative if the observed effect could not be confirmed in any of the two 
subsequent runs. Equivocal results are considered as positive responses (effect) when 
the response can be confirmed in at least one more run within a ± 1 concentration 
increment (see section 55 for the Data Interpretation Procedure).   

Table 7: Decision matrix for possible outcome scenarios 

Run 1 Run 2 Run 3 Decision 
Scenario Decision Scenario Decision Scenario Positive Negative 
Negative Confirma Negative Stop   X 
Negative Confirma Positive Refineb Negative  X 

Equivocalc Refineb Negative Confirma Negative  X 
Equivocalc Refineb Negative Confirma Positive X  
Equivocalc Refineb Positive   X  
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Positive Refineb Negative Confirma Positive X  
Negative Confirma Positive  Refineb Positive X  
Positive Refineb Positive Stop  X  

a  Confirm previous run using the same experimental design.  
b Re-run assay at ½-log concentration spacing (bracketing the concentration that tested significantly 

different in the preceding experiment). 
c Fold-change at one concentration is statistically significantly different from the SC 

Quality Control of the Test Plate 

48. In addition to meeting the criteria for the QC plate, other quality criteria that pertain to 
acceptable variation between replicate wells, replicate experiments, linearity and 
sensitivity of hormone measurement systems, variability between replicate hormone 
measures of the same sample, and percentage recovery of hormone spikes after 
extraction of medium (if applicable; see Paragraph 30 regarding extraction 
requirements) should be met and are provided in Table 8. Data should fall within the 
acceptable ranges defined for each parameter to be considered for further evaluation. If 
these criteria are not met, the spreadsheet should note that QC criteria were not met for the 
sample in question, and the sample should be re-analysed or dropped from the data set.   

Table 8:  Acceptable ranges and/or variation (%) for H295R assay test plate parameters.  
LOQ: Limit of Quantification of the hormone measurement system. CV: Coefficient of 
variation; SC: Solvent Control; DPM: Disintegrations per minute. 

 Comparison Between T E2 

Basal hormone production in SCs Fold-greater than LOQ -fold -fold 

Exposure Experiments - Within Plate CV 
for SCs (Replicate Wells)  

Absolute 
Concentrations 

  

Exposure Experiments - Between Plate CV 
for SCs (Replicate Experiments) 

Fold-Change   

Hormone Measurement System –
Sensitivity 

Detectable fold-
decrease relative to SC 

-fold -fold 

Hormone Measurement System – 
Replicate Measure CV for SCsa 

Absolute 
Concentrations 

  

Medium Extraction – Recovery of Internal 
3H Standard (If Applicable) 

DPM  

 
a Refers to replicate measures of the same sample 

DATA ANALYSIS AND REPORTING  

Data Analysis 

49. To evaluate the relative increase/decrease in chemically altered hormone production, the 
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results should be normalised to the mean SC value of each test plate, and results 
expressed as changes relative to the SC in each test plate. All data are to be expressed as 
mean ± 1 standard deviation (SD).   

50. Only hormone data from wells where cytotoxicity was less than 20% should be included 
in the data analysis.  Relative changes should be calculated as follows: 

Relative Change = (Hormone concentration in each well) ÷ (Mean hormone 
concentration in all solvent control well). 

51. If by visual inspection of the well or as demonstrated by the viability/cytotoxicity assay 
described in paragraph 42 there appears to be an increase in cell number, the apparent 
increase needs to be verified. If an increase in cell numbers is verified, this should be 
stated in the test report.  

52. Prior to conducting statistical analyses, the assumptions of normality and variance 
homogeneity should be evaluated. Normality should be evaluated using standard 
probability plots or other appropriate statistical method (e.g. Shapiro-Wilk’s test). If the 
data (fold changes) are not normally distributed, transformation of the data should be 
attempted to approximate a normal distribution. If the data are normally distributed or 
approximate a normal distribution, differences between chemical concentration groups 
and SCs should be analysed using a parametric test (e.g. Dunnett’s Test) with 
concentration being the independent, and response (fold-change) being the dependent 
variable. If data are not normally distributed, an appropriate non-parametric test should 
be used (e.g. Kruskal Wallis, Steel’s Many-one rank test). Differences are considered 
significant at p  0.05. Statistical evaluations are done based on average values for each 
well that represent independent replicate data points. It is anticipated that due to the 
large spacing of doses in the first run (log10 scale) in many cases it will not be possible 
to describe clear concentration-response relationships where the two greatest doses will 
be on the linear portion of the sigmoid curve. Therefore, for the first run or any other 
data sets where this condition occurs (e.g. where no maximum efficacy can be 
estimated) type I fixed variable statistics as described above will be applied.   

53. If more than two data points lie on the linear portion of the curve and where maximum 
efficacies can be calculated - as is anticipated for some of the 2nd runs that are conducted 
using a semi-log spacing of exposure concentrations - a probit, logit or other appropriate 
regression model should be utilized to calculate effective concentrations (e.g. EC50 and 
EC20).    

54. Results should be provided both in graphical (bar graphs representing mean +/- 1 SD) 
and tabular (LOEC/NOEC, direction of effect, and strength of maximum response that 
is part of the dose-response portion of the data) formats (see Figure 3 for an example). 
Data assessment is only considered valid if it has been based on at least two 
independently conducted runs. An experiment or run is considered independent if it has 
been conducted at a different date using a new set of solutions and controls. The 
concentration range used in runs 2 and 3 (if necessary) may be tailored on the basis of 
the results of run 1 to better define the dose response range containing the LOEC (see 
paragraph 47). 
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 Figure 3: Example of the presentation and evaluation of data obtained during the conduct of the 
H295R Assay in graphical and tabular format. Asterisks indicate statistically significant differences 
from the solvent control (p<0.05). LOEC: Lowest observed effective concentration; Max Change: 
Maximum strength of the response observed at any concentration relative to the average SC 
response (=1). 

Data Interpretation Procedure 

55. A test chemical is judged to be positive if the fold induction is statistically different (p  
0.05) from the solvent control at two adjacent concentrations in at least two independent 
runs (Table 7). A test chemical is judged to be negative following two independent 
negative runs, or in three runs, comprising two negative runs and one equivocal or 
positive run. If the data generated in three independent experiments does not meet the 
decision criteria listed in Table 7, the experimental results are not interpretable. Results 
at concentrations exceeding the limits of solubility or at cytotoxic concentrations should 
not be included in the interpretation of results. 

Test Report  

56. The test report should include the following information: 

Testing facility 
- Name of facility and location; 

- Study director and other personnel and their study responsibilities; 

- Dates the study began and ended; 

Test chemical, reagents and controls 
- Identity (name/CAS no. as appropriate), source, lot/batch number, purity, 

supplier, and characterisation of test chemical, reagents, and controls; 

- Physical nature and relevant physicochemical properties of test chemical; 

Chemical  LOEC  Max Change 

Forskolin 0.01  0.15 fold 

Letrozole 0.001  29 fold 
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- Storage conditions and the method and frequency of preparation of test 
chemicals, reagents and controls; 

- Stability of test chemical; 

Cells 
- Source and type of cells; 

- Number of cell passages (cell passage identifier) of cells used in test; 

- Description of procedures for maintenance of cell cultures; 

Pre-test requirements (if applicable) 
- Description and results of chemical hormone-assay interference test; 

- Description and results of hormone extraction efficiency measurements; 

- Standard and calibration curves for all analytical assays to be conducted; 

- Detection limits for the selected analytical assays; 

Test conditions 
- Composition of media; 

- Concentration of test chemical; 

- Cell density (estimated or measured cell concentrations at 24 hours and 48 hours) 

- Solubility of test chemical (limit of solubility, if determined); 

- Incubation time and conditions; 

Test results 
- Raw data for each well for controls and test chemicals--each replicate measure in 

form of the original data provided by the instrument utilised to measure hormone 
production (e.g. OD, fluorescence units, DPM, etc.); 

- Validation of normality or explanation of data transformation; 

- Mean responses +/- 1 SD for each well measured; 

- Cytotoxicity data (test concentrations that caused cytotoxicity); 

- Confirmation that QC requirements were met; 

- Relative change compared with solvent control corrected for cytotoxicity; 

- A bar graph showing relative (fold change) at each concentration, SD and 
statistical significance as stated in paragraph 49-54; 

Data interpretation 
- Apply the data interpretation procedure to the results and discuss findings; 

Discussion 
- Are there any indications from the study regarding the possibility that the T/E2 

data could be influenced by indirect effects on the gluco-, and mineral-corticoid 
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pathways? 

Conclusions 
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APPENDIX  

DEFINITIONS 

Confluency refers to the coverage or proliferation that the cells are allowed over or 
throughout the culture medium. 

Chemical means a substance or a mixture. 

CV refers to the coefficient of variation, and is defined as the ratio of the standard deviation 
of a distribution to its arithmetic mean.  

CYP stands for cytochrome P450 mono-oxygenases, a family of genes and the enzymes 
produced from them that are involved in catalyzing a wide variety of biochemical reactions 
including the synthesis and metabolism of steroid hormones. 

DPM are disintegration per minute. It is the number of atoms in a given quantity of 
radioactive material that is detected to have decayed in one minute. 

E2 is 17 -oestradiol, the most important oestrogen in mammalian systems. 

H295R cells are human adreno-carcinoma cells which have the physiological characteristics 
of zonally undifferentiated human foetal adrenal cells and which express all of the enzymes 
of the steroidogenesis pathway. They are available from the ATCC. 

Freeze medium is used to freeze and to store frozen cells.  It consists of stock medium plus 
BD NuSerum and dimethyl sulfoxide. 

Linear Range is the range within the standard curve for a hormone measurement system 
where the results are proportional to the concentration of the analyte present in the sample. 

LOQ stands for “Limit of Quantification”, and is the lowest quantity of a chemical that can 
be distinguished from the absence of that chemical (a blank value) within a stated confidence 
limit. For the purpose of this method, the LOQ is typically defined by the manufacturer of the 
test systems if not specified differently. 

LOEC is the Lowest Observed Effect Concentration, the lowest concentration level at which 
the assay response is statistically different from that of the solvent control. 

NOEC is the No Observed Effect Concentration, which is the highest concentration tested if 
the assay does not provide a positive response.  

Passage is the number of times that cells are split after initiation of a culture from frozen 
stock. The initial passage that was started from the frozen stock is assigned the number one 
(1). Cells that were split 1 time are labelled passage 2, etc.  

PBS is Dulbecco’s phosphate buffered saline.  

Quality Control, abbreviated QC, refers to the measures needed to assure valid data. 
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Quality control plate is a 24 well plate containing two concentrations of the positive and 
negative controls to monitor the performance of a new batch of cells or to provide the 
positive controls for the assay when testing chemicals. 

Run is an independent experiment characterised by a new set of solutions and controls. 

Stock medium is the base for the preparation of other reagents. It consists of a 1:1 mixture of 
Dulbecco’s Modified Eagle’s Medium and Ham’s F-12 Nutrient mixture (DMEM/F12) in 15 
mM HEPES buffer without phenol red or sodium bicarbonate. Sodium bicarbonate is added 
as the buffer, see Appendix II of the validation report (4).  

Supplemented medium consist of stock medium plus BD Nu-Serum and ITS+ premium 
mix, see Appendix II of the validation report (4).  

Steroidogenesis is the synthetic pathway leading from cholesterol to the various steroid 
hormones. Several intermediates in the steroid synthesis pathway such as progesterone and 
testosterone are important hormones in their own right but also serve as precursors to 
hormones farther down the synthetic pathway. 

T stands for testosterone, one of the two most important androgens in mammalian systems. 

Test chemical is any substance or mixture tested using this test method. 

Test plate is the plate on which H295R cells are exposed to test chemicals. Test plates 
contain the solvent control and the test chemical at seven concentration levels in triplicate.   

Trypsin 1X is a dilute solution of the enzyme trypsin, a pancreatic serine protease, used to 
loosen cells from a cell cultivation plate, see Appendix III of the validation report (4).  
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B.58. Transgenic Rodent Somatic and Germ Cell Gene Mutation Assays 

INTRODUCTION 

1. This test method is equivalent to OECD Test Guideline (TG) 488 (2013). EU test 
methods are available for a wide range of in vitro mutation assays that are able to detect 
chromosomal and/or gene mutations. There are test methods for in vivo endpoints (i.e. 
chromosomal aberrations and unscheduled DNA synthesis); however, these do not 
measure gene mutations. Transgenic Rodent (TGR) mutation assays fulfil the need for 
practical and widely available in vivo tests for gene mutations.  

2. The TGR mutation assays have been reviewed extensively (24) (33). They use 
transgenic rats and mice that contain multiple copies of chromosomally integrated 
plasmid or phage shuttle vectors. The transgenes contain reporter genes for the detection 
of various types of mutations induced in vivo by test chemicals. 

3. Mutations arising in a rodent are scored by recovering the transgene and analysing the 
phenotype of the reporter gene in a bacterial host deficient for the reporter gene. TGR 
gene mutation assays measure mutations induced in genetically neutral genes recovered 
from virtually any tissue of the rodent. These assays, therefore, circumvent many of the 
existing limitations associated with the study of in vivo gene mutation in endogenous 
genes (e.g. limited tissues suitable for analysis, negative/positive selection against 
mutations).  

4. The weight of evidence suggests that transgenes respond to mutagens in a similar 
manner to endogenous genes, especially with regard to the detection of base pair 
substitutions, frameshift mutations, and small deletions and insertions (24). 

5. The International Workshops on Genotoxicity Testing (IWGT) have endorsed the 
inclusion of TGR gene mutation assays for in vivo detection of gene mutations, and 
have recommended a protocol for their implementation (15) (29).  This test method is 
based on these recommendations. Further analysis supporting the use of this protocol 
can be found in (16). 

6. It is anticipated that in the future it may be possible to combine a TGR gene mutation 
assay with a repeat dose toxicity study (Chapter B.7 of this Annex). However, data are 
required to ensure that the sensitivity of TGR gene mutation assays is unaffected by the 
shorter one day period of time between the end of the administration period and the 
sampling time, as used in the repeat dose toxicology study, compared to 3 days used in 
TGR gene mutation assays. Data are also required to indicate that the performance of 
the repeat dose assay is not adversely affected by using a transgenic rodent strain rather 
than traditional rodent strains. When these data are available, this test method will be 
updated.  

7. Definitions of key terms are set out in the Appendix. 
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INITIAL CONSIDERATIONS 

8. TGR gene mutation assays for which sufficient data are available to support their use in 
this test method are: lacZ bacteriophage mouse (Muta Mouse); lacZ plasmid mouse; 
gpt delta (gpt and Spi ) mouse and rat; lacI mouse and rat (Big Blue ), as performed 
under standard conditions.  In addition, the cII positive selection assay can be used for 
evaluating mutations in the Big Blue  and Muta Mouse models.  Mutagenesis in the 
TGR models is normally assessed as mutant frequency; if required, however, molecular 
analysis of the mutations can provide additional information (see paragraph 24). 

9. These rodent in vivo gene mutation tests are especially relevant to assessing mutagenic 
hazard in that the assays’ responses are dependent upon in vivo metabolism, 
pharmacokinetics, DNA repair processes, and translesion DNA synthesis, although 
these may vary among species, among tissues and among the types of DNA damage. An 
in vivo assay for gene mutations is useful for further investigation of a mutagenic effect 
detected by an in vitro system, and for following up results of tests using other in vivo 
endpoints (24). In addition to being causally associated with the induction of cancer, 
gene mutation is a relevant endpoint for the prediction of mutation-based non-cancer 
diseases in somatic tissues (12) (13) as well as diseases transmitted through the 
germline. 

10. If there is evidence that the test chemical, or a relevant metabolite, will not reach any of 
the tissues of interest, it is not appropriate to perform a TGR gene mutation assay.   

PRINCIPLE OF THE TEST 

11. In the assays described in paragraph 8, the target gene is bacterial or bacteriophage in 
origin, and the means of recovery from the rodent genomic DNA is by incorporation of 

the extraction of genomic DNA from the rodent tissue of interest, in vitro processing of 
poration of 

plasmids to recover the shuttle vector), and subsequent detection of mutations in 
bacterial hosts under suitable conditions. The assays employ neutral transgenes that are 
readily recoverable from most tissues.   

12. The basic TGR gene mutation experiment involves treatment of the rodent with a 
chemical over a period of time. Chemicals may be administered by any appropriate 
route, including implantation (e.g. medical device testing). The total period during 
which an animal is dosed is referred to as the administration period. Administration is 
usually followed by a period of time, prior to sacrifice, during which the chemical is not 
administered and during which unrepaired DNA lesions are fixed into stable mutations. 
In the literature, this period has been variously referred to as the manifestation time, 
fixation time or expression time; the end of this period is the sampling time (15) (29). 
After the animal is sacrificed, genomic DNA is isolated from the tissue(s) of interest and 
purified. 

13. Data for a single tissue per animal from multiple packaging/ligations are usually 
aggregated, and mutant frequency is generally evaluated using a total of between 105 
and 107 plaque-forming or colony-forming units. When using positive selection 
methods, total plaque-forming units are determined with a separate set of non-selective 
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plates. 

14. Positive selection methods have been developed to facilitate the detection of mutations 
in both the gpt gene [gpt delta mouse and rat, gpt  phenotype (20) (22) (28)] and the 
lacZ gene [MutaTMMouse or lacZ plasmid mouse (3) (10) (11) (30)]; whereas, lacI gene 
mutations in Big Blue® animals are detected through a non-selective method that 
identifies mutants through the generation of coloured (blue) plaques.  Positive selection 
methodology is also in place to detect point mutations arising in the cII 
bacteriophage shuttle vector [Big Blue® mouse or rat, and MutaTMMouse (17)] and 

red and gam genes [Spi  selection in gpt delta mouse and rat 
(21) (22) (28)].  Mutant frequency is calculated by dividing the number of 
plaques/plasmids containing mutations in the transgene by the total number of 
plaques/plasmids recovered from the same DNA sample. In TGR gene mutation studies, 
the mutant frequency is the reported parameter. In addition, a mutation frequency can be 
determined as the fraction of cells carrying independent mutations; this calculation 
requires correction for clonal expansion by sequencing the recovered mutants (24). 

15. The mutations scored in the lacI, lacZ, cII and gpt point mutation assays consist 
primarily of base pair substitution mutations, frameshift mutations and small 
insertions/deletions. The relative proportion of these mutation types among spontaneous 
mutations is similar to that seen in the endogenous Hprt gene. Large deletions are 
detected only with the Spi  selection and the lacZ plasmid assays (24). Mutations of 
interest are in vivo mutations that arise in the mouse or rat. In vitro and ex vivo 
mutations, which may arise during phage/plasmid recovery, replication or repair, are 
relatively rare, and in some systems can be specifically identified, or excluded by the 
bacterial host/positive selection system. 

DESCRIPTION OF THE METHOD 

Preparations 

Selection of animal species 

16. A variety of transgenic mouse gene mutation detection models are currently available, 
and these systems have been more widely used than transgenic rat models. If the rat is 
clearly a more appropriate model than the mouse (e.g. when investigating the 
mechanism of carcinogenesis for a tumour seen only in rats, to correlate with a rat 
toxicity study, or if rat metabolism is known to be more representative of human 
metabolism) the use of transgenic rat models should be considered.  

Housing and feeding conditions 

17. The temperature in the experimental animal room ideally should be 22oC (±3oC). 
Although the relative humidity should be at least 30% and preferably not exceed 70% 
other than during room cleaning, the goal should be to maintain a relative humidity of 
50-60%. Lighting should be artificial, with a daily sequence of 12 hours light, followed 
by 12 hours dark. For feeding, conventional laboratory diets may be used with an 
unlimited supply of drinking water. The choice of diet may be influenced by the need to 
ensure a suitable admixture of a test chemical when administered by this route. Animals 
should be housed in small groups (no more than five) of the same sex if no aggressive 
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behaviour is expected. Animals may be housed individually if scientifically justified.  

Preparation of the animals 

18. Healthy young sexually mature adult animals (8-12 weeks old at start of treatment) are 
randomly assigned to the control and treatment groups. The animals are identified 
uniquely. The animals are acclimated to the laboratory conditions for at least five days. 
Cages should be arranged in such a way that possible effects due to cage placement are 
minimised. At the commencement of the study, the weight variation of animals should 
be minimal and not exceed ± 20% of the mean weight of each sex. 

Preparation of doses 

19. Solid test chemicals should be dissolved or suspended in appropriate solvents or 
vehicles or admixed in diet or drinking water prior to dosing of the animals. Liquid test 
chemicals may be dosed directly or diluted prior to dosing. For inhalation exposures, 
test chemicals can be administered as gas, vapour or a solid/liquid aerosol, depending on 
their physicochemical properties. Fresh preparations of the test chemical should be 
employed unless stability data demonstrate the acceptability of storage.  

Test Conditions 

Solvent/vehicle 

20. The solvent/vehicle should not produce toxic effects at the dose volumes used, and 
should not be suspected of chemical reaction with the test chemical. If other than well-
known solvents/vehicles are used, their inclusion should be supported with reference 
data indicating their compatibility. It is recommended that wherever possible, the use of 
an aqueous solvent/vehicle should be considered first. 

Positive Controls 

21. Concurrent positive control animals should normally be used. However, for laboratories 
that have demonstrated competency (see paragraph 23) and routinely use these assays, 
DNA from previous positive control treated animals may be included with each study to 
confirm the success of the method. Such DNA from previous experiments should be 
obtained from the same species and tissues of interest, and properly stored (see 
paragraph 36). When concurrent positive controls are used, it is not necessary to 
administer them by the same route as the test chemical; however, the positive controls 
should be known to induce mutations in one or more tissues of interest for the test 
chemical. The doses of the positive control chemicals should be selected so as to 
produce weak or moderate effects that critically assess the performance and sensitivity 
of the assay. Examples of positive control chemicals and some of their target tissues are 
included in Table 1.  

 
Table 1: Examples of positive control chemicals and some of their target tissues 

Positive control 
chemical and CAS 
No. 

EINECS name 
and 

Characteristics 

 

Mutation Target Tissue  

Rat Mouse 
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EINECS No. 

N-Ethyl-N-
nitrosourea  

[CAS no. 759-73-9] 

N-Ethyl-N-
nitrosourea 

[212-072-2] 

Direct acting 
mutagen 

Liver, 
lung 

Bone 
marrow, 
colon, 
colonic 
epithelium, 
intestine, 
liver, lung, 
spleen, 
kidney, 
ovarian 
granulosa 
cells, male 
germ cells 

Ethyl 
carbamate 
(urethane)  

[CAS no. 51-79-6] 

Urethane 

[200-123-1] 

Mutagen, requires 
metabolism but 
produces only 
weak effects 

 Bone 
marrow, 
forestomach, 
small 
intestine, 
liver, lung, 
spleen 

2,4-
Diaminotoluene 
[CAS no. 95-
80-7] 

4-Methyl-m-
phenylenediamine 

[202-453-1] 

Mutagen, requires 
metabolism, also 
positive in the Spi- 
assay  

Liver Liver 

Benzo[a]pyrene 
[CAS no. 50-
32-8] 

Benzo[def]chrysene 

[200-028-5] 

Mutagen, requires 
metabolism 

Liver, 
omenta,  

Bone 
marrow, 
breast, colon, 
forestomach, 
glandular 
stomach, 
heart, liver, 
lung, male 
germ cells 

Negative controls 

22. Negative controls, treated with solvent or vehicle alone, and otherwise treated in the 
same way as the treatment groups, should be included for every sampling time. In the 
absence of historical or published control data showing that no deleterious or mutagenic 
effects are induced by the chosen solvent/vehicle, untreated controls should also be 
included for every sampling time in order to establish acceptability of the vehicle 
control. 

Verification of laboratory proficiency 

23. Competency in these assays should be established by demonstrating the ability to 
reproduce expected results from published data (24) for: 1) mutant frequencies with 
positive control chemicals (including weak responses) such as those listed in Table 1, 
non-mutagens, and vehicle controls; and 2) transgene recovery from genomic DNA (e.g. 
packaging efficiency). 
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Sequencing of mutants  

24. For regulatory applications, DNA sequencing of mutants is not required, particularly 
where a clear positive or negative result is obtained. However, sequencing data may be 
useful when high inter-individual variation is observed. In these cases, sequencing can 
be used to rule out the possibility of jackpots or clonal events by identifying the 
proportion of unique mutants from a particular tissue. Sequencing approximately 10 
mutants per tissue per animal should be sufficient for simply determining if clonal 
mutants contribute to the mutant frequency; sequencing as many as 25 mutants may be 
necessary to correct mutant frequency mathematically for clonality. Sequencing of 
mutants also may be considered when small increases in mutant frequency (i.e. just 
exceeding the untreated control values) are found. Differences in the mutant spectrum 
between the mutant colonies from treated and untreated animals may lend support to a 
mutagenic effect (29). Also, mutation spectra may be useful for developing mechanistic 
hypotheses. When sequencing is to be included as part of the study protocol, special 
care should be taken in the design of such studies, in particular with respect to the 
number of mutants sequenced per sample, to achieve adequate power according to the 
statistical model used (see paragraph 43). 

PROCEDURE 

Number and Sex of Animals 

25. The number of animals per group should be predetermined to be sufficient to provide 
statistical power necessary to detect at least a doubling in mutant frequency. Group sizes 
will consist of a minimum of five animals; however, if the statistical power is 
insufficient, the number of animals should be increased as required. Male animals 
should normally be used. There may be cases where testing females alone would be 
justified; for example, when testing human female-specific drugs, or when investigating 
female-specific metabolism. If there are significant differences between the sexes in 
terms of toxicity or metabolism, then both males and females will be required.  

Administration Period 

26. Based on observations that mutations accumulate with each treatment, a repeated-dose 
regimen is necessary, with daily treatments for a period of 28 days. This is generally 
considered acceptable both for producing a sufficient accumulation of mutations by 
weak mutagens, and for providing an exposure time adequate for detecting mutations in 
slowly proliferating organs. Alternative treatment regimens may be appropriate for some 
evaluations, and these alternative dosing schedules should be scientifically justified in 
the protocol. Treatments should not be shorter than the time required for the complete 
induction of all the relevant metabolising enzymes, and shorter treatments may 
necessitate the use of multiple sampling times that are suitable for organs with different 
proliferation rates. In any case, all available information (e.g. on general toxicity or 
metabolism and pharmacokinetics) should be used when justifying a protocol, especially 
when deviating from the above standard recommendations. While it may increase 
sensitivity, treatment times longer than 8 weeks should be explained clearly and 
justified, since long treatment times may produce an apparent increase in mutant 
frequency through clonal expansion (29). 
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Dose Levels 

27. Dose levels should be based on the results of a dose range-finding study measuring 
general toxicity that was conducted by the same route of exposure, or on the results of 
pre-existing sub-acute toxicity studies. Non-transgenic animals of the same rodent strain 
may be used for determining dose ranges. In the main test, in order to obtain dose 
response information, a complete study should include a negative control group (see 
paragraph 22) and a minimum of three, appropriately-spaced dose levels, except where 
the limit dose has been used (see paragraph 28). The top dose should be the Maximum 
Tolerated Dose (MTD). The MTD is defined as the dose producing signs of toxicity 
such that higher dose levels, based on the same dosing regimen, would be expected to 
produce lethality. Chemicals with specific biological activities at low non-toxic doses 
(such as hormones and mitogens), and chemicals which exhibit saturation of 
toxicokinetic properties may be exceptions to the dose-setting criteria and should be 
evaluated on a case-by-case basis. The dose levels used should cover a range from the 
maximum to little or no toxicity.  

Limit Test  

28. If dose range-finding experiments, or existing data from related rodent strains, indicate 
that a treatment regime of at least the limit dose (see below) produces no observable 
toxic effects, and if genotoxicity would not be expected based upon data from 
structurally related chemicals, then a full study using three dose levels may not be 
considered necessary. For an administration period of 28 days (i.e. 28 daily treatments), 
the limit dose is 1000 mg/kg body weight/day. For administration periods of 14 days or 
less, the limit dose is 2000 mg/kg/body weight/day (dosing schedules differing from 28 
daily treatments should be scientifically justified in the protocol; see paragraph 26).  

Administration of Doses 

29. The test chemical is usually administered by gavage using a stomach tube or a suitable 
intubation cannula. In general, the anticipated route of human exposure should be 
considered when designing an assay. Therefore, other routes of exposure (such as 
drinking water, subcutaneous, intravenous, topical, inhalation, intratracheal, dietary, or 
implantation) may be acceptable where they can be justified. Intraperitoneal injection is 
not recommended since it is not a physiologically relevant route of human exposure. 
The maximum volume of liquid that can be administered by gavage or injection at one 
time depends on the size of the test animal. The volume should not exceed 2 ml/100g 
body weight. The use of volumes greater than this should be justified. Except for 
irritating or corrosive chemicals, which will normally reveal exacerbated effects at 
higher concentrations, variability in test volume should be minimised by adjusting the 
concentration to ensure a constant volume at all dose levels. 

Sampling Time  

Somatic Cells 

30. The sampling time is a critical variable because it is determined by the period needed 
for mutations to be fixed. This period is tissue-specific and appears to be related to the 
turnover time of the cell population, with bone marrow and intestine being rapid 
responders and the liver being much slower.  A suitable compromise for the 
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measurement of mutant frequencies in both rapidly and slowly proliferating tissues is 28 
consecutive daily treatments (as indicated in paragraph 26) and sampling three days 
after the final treatment; although the maximum mutant frequency may not manifest 
itself in slowly proliferating tissues under these conditions. If slowly proliferating 
tissues are of particular importance, then a later sampling time of 28 days following the 
28 day administration period may be more appropriate (16) (29). In such cases, the later 
sampling time would replace the 3 day sampling time, and would require scientific 
justification.  

Germ Cells 

31. TGR assays are well-suited for the study of gene mutation induction in male germ cells 
(7) (8) (27), in which the timing and kinetics of spermatogenesis have been well-defined 
(27). The low numbers of ova available for analysis, even after super-ovulation, and the 
fact that there is no DNA synthesis in the oocyte, preclude the determination of 
mutation in female germ cells using transgenic assays (31).  

32. The sampling times for male germ cells should be selected so that the range of exposed 
cell types throughout germ cell development is sampled, and so that the stage targeted in 
the sampling has received sufficient exposure.  The time for the progression of 
developing germ cells from spermatogonial stem cells to mature sperm reaching the vas 
deferens/cauda epididymis is ~49 days for the mouse (36) and ~70 days for the rat (34) 
(35).  Following a 28-day exposure with a subsequent three day sampling period, 
accumulated sperm collected from the vas deferens/cauda epididymis (7)(8) will 
represent a population of cells exposed during approximately the latter half of 
spermatogenesis, which includes the meiotic and postmeiotic period, but not the 
spermatogonial or stem cell period.  In order to adequately sample cells in the vas 
deferens/cauda epididymis that were spermatogonial stem cells during the exposure 
period, an additional sampling time at a minimum of 7 weeks (mice) or 10 weeks (rat), 
after the end of treatment is  required.  

33. Cells extruded from seminiferous tubules after a 28 + 3 day regimen comprise a mixed 
population enriched for all stages of developing germ cells (7) (8).  Sampling these cells 
for gene mutation detection does not provide as precise an assessment of the stages at 
which germ cell mutations are induced as can be obtained from sampling spermatozoa 
from the vas deferens/cauda epididymis (since there is a range of germ cell types 
sampled from the tubules, and there will be some somatic cells contaminating this cell 
population).  However, sampling cells from seminiferous tubules in addition to 
spermatozoa from the vas deferens/cauda epididymis following only a 28 + 3 day 
sampling regimen would provide some coverage of cells exposed across the majority of 
phases of germ cell development, and may be useful for detecting some germ cell 
mutagens. 

Observations 

34. General clinical observations should be made at least once a day, preferably at the same 
time(s) each day and considering the peak period of anticipated effects after dosing. The 
health condition of the animals should be recorded. At least twice daily, all animals 
should be observed for morbidity and mortality. All animals should be weighed at least 
once a week, and at sacrifice. Measurements of food consumption should be made at 
least weekly. If the test chemical is administered via the drinking water, water 
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consumption should be measured at each change of water and at least weekly. Animals 
exhibiting non-lethal indicators of excess toxicity should be euthanatised prior to 
completion of the test period (23).  

Tissue Collection 

35. The rationale for tissue collection should be defined clearly. Since it is possible to study 
mutation induction in virtually any tissue, the selection of tissues to be collected should 
be based upon the reason for conducting the study and any existing mutagenicity, 
carcinogenicity or toxicity data for the chemical under investigation. Important factors 
for consideration should include the route of administration (based on likely human 
exposure route(s)), the predicted tissue distribution, and the possible mechanism of 
action.  In the absence of any background information, several somatic tissues as may be 
of interest should be collected. These should represent rapidly proliferating, slowly 
proliferating and site of contact tissues. In addition, spermatozoa from the vas 
deferens/cauda epididymis and developing germ cells from the seminiferous tubules (as 
described in paragraphs 32 and 33) should be collected and stored in case future analysis 
of germ cell mutagenicity is required.  Organ weights should be obtained, and for larger 
organs, the same area should be collected from all animals. 

Storage of Tissues and DNA 

36. Tissues (or tissue homogenates) should be stored at or below  70°C and be used for 
DNA isolation within 5 years. Isolated DNA, stored refrigerated at 4 ºC in appropriate 
buffer, should be used optimally for mutation analysis within 1 year. 

Selection of Tissues for Mutant Analysis 

37. The choice of tissues should be based on considerations such as: 1) the route of 
administration or site of first contact (e.g. glandular stomach if administration is oral, 
lung if administration is through inhalation, or skin if topical application has been used); 
and 2) pharmacokinetic parameters observed in general toxicity studies, which indicate 
tissue disposition, retention or accumulation, or target organs for toxicity. If studies are 
conducted to follow up carcinogenicity studies, target tissues for carcinogenicity should 
be considered. The choice of tissues for analysis should maximise the detection of 
chemicals that are direct-acting in vitro mutagens, rapidly metabolised, highly reactive 
or poorly absorbed, or those for which the target tissue is determined by route of 
administration (6). 

38. In the absence of background information and taking into consideration the site of 
contact due to route of administration, the liver and at least one rapidly dividing tissue 
(e.g. glandular stomach, bone marrow) should be evaluated for mutagenicity. In most 
cases, the above requirements can be achieved from analyses of two carefully selected 
tissues, but in some cases, three or more would be needed. If there are reasons to be 
specifically concerned about germ cell effects, including positive responses in somatic 
cells, germ cell tissues should be evaluated for mutations.  

Methods of Measurement 

39. Standard laboratory or published methods for the detection of mutants are available for 
the recommended transgenic models: lacZ lambda bacteriophage and plasmid (30); lacI 
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mouse (2) (18); gpt delta mouse (22); gpt delta rat (28); cII (17). Modifications should 
be justified and properly documented. Data from multiple packagings can be aggregated 
and used to reach an adequate number of plaques or colonies. However, the need for a 
large number of packaging reactions to reach the appropriate number of plaques may be 
an indication of poor DNA quality. In such cases, data should be considered cautiously 
because they may be unreliable. The optimal total number of plaques or colonies per 
DNA sample is governed by the statistical probability of detecting sufficient numbers of 
mutants at a given spontaneous mutant frequency. In general, a minimum of 125 000 to 
300 000 plaques is required if the spontaneous mutant frequency is in the order of 3 x 
10-5 (15). For the Big Blue® lacI assay, it is important to demonstrate that the whole 
range of mutant colour phenotypes can be detected by inclusion of appropriate colour 
controls concurrent with each plating. Tissues and the resulting samples (items) should 
be processed and analysed using a block design, where items from the vehicle/solvent 
control group, the positive control group (if used) or positive control DNA (where 
appropriate), and each treatment group are processed together. 

DATA AND REPORTING 

Treatment of Results 

40. Individual animal data should be presented in tabular form. The experimental unit is the 
animal. The report should include the total number of plaque-forming units (pfu) or 
colony-forming units (cfu), the number of mutants, and the mutant frequency for each 
tissue from each animal. If there are multiple packaging/rescue reactions, the number of 
reactions per DNA sample should be reported. While data for each individual reaction 
should be retained, only the total pfu or cfu need be reported. Data on toxicity and 
clinical signs as per paragraph 34 should be reported. Any sequencing results should be 
presented for each mutant analysed, and resulting mutation frequency calculations for 
each animal and tissue should be shown. 

Statistical Evaluation and Interpretation of Results 

41. There are several criteria for determining a positive result, such as a dose-related 
increase in the mutant frequency, or a clear increase in the mutant frequency in a single 
dose group compared to the solvent/vehicle control group. At least three treated dose 
groups should be analysed in order to provide sufficient data for dose-response analysis. 
While biological relevance of the results should be the primary consideration, 
appropriate statistical methods may be used as an aid in evaluating the test results (4) 
(14) (15) (25) (26). Statistical tests used should consider the animal as the experimental 
unit.  

42. A test chemical for which the results do not meet the above criteria in any tissue is 
considered non-mutagenic in this assay. For biological relevance of a negative result, 
tissue exposure should be confirmed. 

43. For DNA sequencing analyses, a number of statistical approaches are available to assist 
in interpreting the results (1) (5) (9) (19). 

44. Consideration of whether the observed values are within or outside of the historical 
control range can provide guidance when evaluating the biological significance of the 
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response (32). 

Test report 

45. The test report should include the following information:  

Test chemical: 
- identification data and CAS n°, if known;  

- source, lot number if available; 

- physical nature and purity;  

- physiochemical properties relevant to the conduct of the study;  

- stability of the test chemical, if known; 

Solvent/vehicle: 
- justification for choice of vehicle;  

- solubility and stability of the test chemical in the solvent/vehicle, if known; 

- preparation of dietary, drinking water or inhalation formulations; 

- analytical determinations on formulations (e.g., stability, homogeneity, nominal 
concentrations);  

Test animals: 
- species/strain used and justification for the choice;  

- number, age and sex of animals;  

- source, housing conditions, diet, etc.;  

- individual weight of the animals at the start of the test, including body weight 
range, mean and standard deviation for each group;  

Test conditions: 
- positive and negative (vehicle/solvent) control data;  

- data from the range-finding study;  

- rationale for dose level selection;  

- details of test chemical preparation; 

- details of the administration of the test chemical;  

- rationale for route of administration;  

- methods for measurement of animal toxicity, including, where available, 
histopathological or haematological analyses and the frequency with which 
animal observations and body weights were taken;  

- methods for verifying that the test chemical reached the target tissue, or general 
circulation, if negative results are obtained;  

- actual dose (mg/kg body weight/day) calculated from diet/drinking water test 
chemical concentration (ppm) and consumption, if applicable;  

150 150 



 

- details of food and water quality;  

- detailed description of treatment and sampling schedules and justifications for the 
choices; 

- method of euthanasia; 

- procedures for isolating and preserving tissues; 

- methods for isolation of rodent genomic DNA, rescuing the transgene from 
genomic DNA, and transferring transgenic DNA to a bacterial host; 

- source and lot numbers of all cells, kits and reagents (where applicable); 

- methods for enumeration of mutants; 

- methods for molecular analysis of mutants and use in correcting for clonality 
and/or calculating mutation frequencies, if applicable; 

Results: 
- animal condition prior to and throughout the test period, including signs of 

toxicity;  

- body and organ weights at sacrifice; 

- for each tissue/animal, the number of mutants, number of plaques or colonies 
evaluated, mutant frequency; 

- for each tissue/animal group, number of packaging reactions per DNA sample, 
total number of mutants, mean mutant frequency, standard deviation;  

- dose-response relationship, where possible; 

- for each tissue/animal, the number of independent mutants and mean mutation 
frequency, where molecular analysis of mutations was performed; 

- concurrent and historical negative control data with ranges, means and standard 
deviations;  

- concurrent positive control (or non-concurrent DNA positive control) data; 

- analytical determinations, if available (e.g. DNA concentrations used in 
packaging, DNA sequencing data); 

- statistical analyses and methods applied; 

Discussion of the results 

Conclusion 
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Appendix  

DEFINITIONS 

Administration period: the total period during which an animal is dosed. 

Base pair substitution: a type of mutation that causes the replacement of a single DNA 
nucleotide base with another DNA nucleotide base. 

Capsid: the protein shell that surrounds a virus particle. 

Chemical: a substance or a mixture. 

Clonal expansion: the production of many cells from a single (mutant) cell. 

Colony-forming unit (cfu): a measure of viable bacterial numbers. 

Concatamer: a long continuous biomolecule composed of multiple identical copies linked in 
series. 

Cos site: a 12-nucleotide segment of single-stranded DNA that exists at both ends of the 
bacteriophage lambda's double-stranded genome. 

Deletion: a mutation in which one or more (sequential) nucleotides is lost by the genome. 

Electroporation: the application of electric pulses to increase the permeability of cell 
membranes. 

Endogenous gene: a gene native to the genome. 

Extrabinomial variation: greater variability in repeat estimates of a population proportion 
than would be expected if the population had a binomial distribution. 

Frameshift mutation: a genetic mutation caused by insertions or deletions of a number of 
nucleotides that is not evenly divisible by three within a DNA sequence that codes for a 
protein/peptide. 

Insertion: the addition of one or more nucleotide base pairs into a DNA sequence. 

Jackpot: a large number of mutants that arose through clonal expansion from a single 
mutation. 

Large deletions: deletions in DNA of more than several kilobases (which are effectively 
detected with the Spi  selection and the lacZ plasmid assays). 

Ligation: the covalent linking of two ends of DNA molecules using DNA ligase. 

Mitogen: a chemical that stimulates a cell to commence cell division, triggering mitosis (i.e. 
cell division). 

Neutral gene: a gene that is not affected by positive or negative selective pressures. 
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Packaging: the synthesis of infective phage particles from a preparation of phage capsid and 
tail proteins and a concatamer of phage DNA molecules. Commonly used to package DNA 
cloned onto a lambda vector (separated by cos sites) into infectious lambda particles. 

Packaging efficiency: the efficiency with which packaged bacteriophages are recovered in 
host bacteria. 

Plaque forming unit (pfu): a measure of viable bacteriophage numbers. 

Point mutation: a general term for a mutation affecting only a small sequence of DNA 
including small insertions, deletions, and base pair substitutions. 

Positive selection: a method that permits only mutants to survive. 

Reporter gene: a gene whose mutant gene product is easily detected. 

Sampling time: the end of the period of time, prior to sacrifice, during which the chemical is 
not administered and during which unprocessed DNA lesions are fixed into stable mutations. 

Shuttle vector: a vector constructed so that it can propagate in two different host species; 
accordingly, DNA inserted into a shuttle vector can be tested or manipulated in two different 
cell types or two different organisms. 

Test chemical: Any substance or mixture tested using this test method. 

Transgenic: of, relating to, or being an organism whose genome has been altered by the 
transfer of a gene or genes from another species." 
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