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INTRODUCTION 

1.  This Guidance Document has been developed to support the use of the Test Guideline 443 on an 

Extended One Generation Reproductive Toxicity Study (EOGRTS). It is a compilation of various types of 

information. Section 1 provides clarification notes - mostly footnotes that were part of a previous version 

of the Test Guideline – as well as guidance notes on issues that were identified as being relevant issues for 

more guidance.  Sections 2 and 3 were appendices earlier included in the draft TG.  Section 4 gives some 

tables and outlines of the protocol developed to provide regulators and laboratories conducting the study 

with a better overview of the protocol. It should be noted that the Mutual Acceptance of Data (Council 

Decision C(81)30) applies to the Test Guideline itself and not to this Guidance Document. 

Guidance Document 43 on Mammalian Reproductive Toxicity Testing and Assessment also provides 

guidance on methodological aspects and interpretation of data in the testing of chemicals for potential 

human and other mammalian reproductive toxicity. Aspects already covered under GD 43 are therefore 

considered to lie outside the scope of the current Guidance Document, and GD 43 should be consulted for 

further information. 

 

1. TEST GUIDELINE CLARIFICATION NOTES AND GUIDANCE 

INITIAL CONSIDERATIONS 

Objective of the TG and endpoints covered (paragraphs 4 -5 of TG 443) 

2. The Extended One-Generation Reproductive Toxicity Study serves as a test for reproductive endpoints 

that require the interaction of males with females, pregnant females, and females with offspring.  This 

includes mating performance and success (e.g. sperm maturation, behavioural parameters, secondary sex 

organ function), pregnancy (e.g. fertilisation, pre-implantation embryo transport to the uterus, priming of 

the uterine epithelium for implantation, placentation, hormonal support of pregnancy), parturition, maternal 

behaviour and lactation, pre- and post-implantation embryo differentiation and development, foetal 

development, adaptation to extrauterine life, and postnatal development and function of the F1 generation 

until after sexual maturity, including their fertility and reproductive performance if mating of F1 is 

triggered to produce F2 litters (OECD, 2011). 
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3. When the study is used to characterize effects detected in previous repeat-dose studies, care should be 

taken to avoid an interference of these confirmatory investigations with the objective of obtaining 

sufficient litters at all dose levels. Depending on the effects observed in the repeat-dose study, specifically 

designed studies may often be more suitable for characterization.  

 

Guidance document for consideration 

4. In conducting the EOGRTS study, the guiding principles and considerations outlined in the OECD 

Guidance Document on the recognition, assessment, and use of clinical signs as human endpoints for 

experimental animals used in safety evaluation (OECD Guidance Document 19), in particular paragraph 63 

thereof, should always be followed. 

 

Benchmark dose 

5. As an alternative to using the NOAEL as point of departure (POD) for deriving the ADI, the 

benchmark dose (BMD) approach may be applied. In that case, the lower confidence bound of the 

benchmark dose (BMDL) may be used as the POD. Default values for the magnitude of the response for 

which the BMDL is derived (i.e. the benchmark response – BMR) as well as the recommended dose-

response models can be found in EFSA (2009). This European Food Safety Authority (EFSA) opinion also 

gives guidance to reporting the results of a BMD analysis. 

 

Reference: 

 

EFSA (2009), Guidance of the Scientific Committee on a request from EFSA on the use of the benchmark 

dose approach in risk assessment. The EFSA Journal, 1150, 1-72 

 

OECD (2011), Guidance Document on the Current Implementation of Internal Triggers in Test Guideline 

443 for an Extended One Generation Reproductive Toxicity Study, in the United States and Canada, Series 

on Testing and Assessment N° 117, OECD, Paris. 

PROCEDURES 

Particular dosing schedule and administration of doses (paragraphs 26-27 of TG 443) 

 Pre-mating exposure duration and spermatogenesis 

6. In adult testes all germ cell stages are present simultaneously. The action of a testicular toxicant on 

sensitive cell populations may therefore be detected by histopathology at a very early stage after the effect 

has been elicited, in many cases just a few days after the administration of the test compound. 

Collaborative studies and review papers have shown that for rodents a direct evaluation of testicular 
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changes, conducted 2-4 weeks after initiation of dosing, reliably detects effects on spermatogenesis and is 

more sensitive than a mating test [6, 7, 8, 9]. Because of the highly efficient process of sperm production in 

rodents, a severe decrease in sperm output is necessary to observe a reduction in male fertility and less 

obvious reductions may often go undetected in mating tests, even when the pre-mating exposure of males 

is extended to 10 weeks. Good testicular histopathology will also detect the more subtle effects, e.g. the 

partial loss of germ cell stages, at doses that do not yet prevent the male from siring litters, and may also 

allow an identification of the most sensitive cell population within the testis [10]. This TG, therefore, relies 

on the most sensitive method to examine effects on spermatogenesis, i.e. histopathological examination of 

the testes combined with the analysis of sperm counts, motility, and abnormalities. If P males are evaluated 

at weaning of the F1 generation, 8-10 weeks after initiation of dosing and F1 males at the age of 90 days, 

the total treatment period covers at least 4 cycles of the spermatogenic epithelium and will allow for 

accumulation and propagation of effects in the testis and in the epididymis. In addition, F1 weanlings may 

be examined for the appropriate onset of spermatogenesis. 

 

Adaptation of the pre-mating exposure scenario 

To be developed 

 

 

 Ensuring the production of an F1 generation when testing demonstrated or suspected reproductive 

toxicants 

7. The duration of the pre-mating treatment in males might be adjusted if the sensitive germ cell stage is 

known, to focus on the evaluation of maternal and offspring endpoints. Generally, premeiotic and meiotic 

spermatocytes are considered the most vulnerable cell populations. Any effect elicited at these stages 

would require 3-4 weeks to become visible as a reduction in epididymal sperm numbers.  Thus, a 2-week 

pre-mating treatment would be compatible with these males being still fully fertile during the subsequent 

2-week mating period. However, effects elicited on elongating/elongated spermatids may require a 

reduction in the duration of the pre-mating treatment in order to obtain litters at the affected dose levels.  

8. If the test substance is known to impair sperm function (e.g. decrease sperm motility) to an extent that 

is clearly incompatible with pregnancy induction, it may be advisable to pair untreated males with treated 

females at the respective dose levels in order to be able to evaluate effects on the dams and the F1. 

 

Litter size (paragraph 32 of TG 443) 

9. To be developed? 
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Gain in power with additional animals 

To be developed 

 

TEST SUBSTANCE 

Consideration of toxicokinetic data 

10. The review of existing data to draw conclusions on the toxicokinetic (ADME –Absorption, 

Distribution, Metabolism, Excretion) behaviour of a substance is extremely helpful for study planning (i.e. 

for selection of the route of administration, choice of vehicle, selection of animal species, selection of 

dosages, information on probable offspring exposure (in utero or via breast milk)) and for interpretation of 

data obtained from the conduct of the EOGRTS. 

11. Of special importance is the question of whether a substance can be absorbed: if it can be demonstrated 

that a substance is not absorbed, it cannot induce direct systemic effects and thus systemic toxicity studies, 

including a reproductive toxicity study, are not necessary. 

12.  If absorption has been demonstrated to occur (or if there is sufficient evidence that absorption takes 

place from the different types of data described below), selection of the appropriate dose levels should be 

performed based on TK information available for the substance of interest. Further, doses should be chosen 

in a way that at the highest dose level tested, toxic effects occur without severe suffering or even death of 

the animals. It is not uncommon that TK processes (e.g. absorption, metabolism) are saturated at the 

highest dose level tested. Under these circumstances, knowledge on non-linearity of TK processes helps 

interpreting the results obtained from reproductive toxicity testing. Alternatively, if information on non-

linearities of TK processes are known beforehand, dose selection can be based on that information (i.e. the 

highest dose tested is within the linear range of TK processes). 

13. Several types of data (which may not be exhaustive) can be utilized in order to design (and/or interpret) 

the EOGRTS: (1) structural and physico-chemical information, (2) data and information from structurally-

related compounds (structure-activity relationships, SAR), (3) information from in vitro testing, (4) results 

from toxicity studies (other than TK studies), (5) results from TK studies and (6) Physiologically-based 

toxikokinetic modeling (PBTK). The information that can be drawn from these different categories is 

described subsequently: 

14. Ad (1) structural and physico-chemical (PC) information 

Important PC parameters which allow a qualitative evaluation of TK behaviour are chemical structure, 

molecular weight, data on solubility, log P (log of octanol/water partition coefficient), physical state, 

vapour pressure and particle size. The informative value of the respective parameters is summarized in 

table 1 (this table gives a global overview for the different uptake routes (oral, dermal, inhalation); a more 

detailed and separate discussion for the different uptake routes is given in ECHA, 2008a). 
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Parameter Informative value Utilized for 

Chemical structure Ionisable groups, reactive groups Absorption (in general, ionized 

compounds do not readily 

cross biological membranes), 

possibility of degradation prior 

to absorption 

Molecular weight (MW) The smaller the molecule, the better the 

absorption: 

MW < 500:absorption favoured 

MW> 1000: absorption hindered 

 

The smaller the molecule, the wider the 

distribution, the better the urinary excretion 

Absorption, distribution, 

excretion 

 

Water solubility 

(should be assessed 

together with log P) 

Very low water solubility (< 1 mg/L) 

hinders absorption. 

Good water solubility (ca.100- 10,000 

mg/L) favours absorption. 

Very high hydrophilicity (above 10,000 

mg/L) might impair passive diffusion 

through biological membranes. Small 

water-soluble molecules and ions will 

diffuse through aqueous channels and 

pores. The rate at which very hydrophilic 

molecules diffuse across membranes could 

limit their distribution. 

Good water solubility favours urinary 

excretion 

Absorption, distribution, 

excretion 

Log P (should be assessed 

together with water 

solubility) 

Log P values between -1 and 4 favour 

absorption. 

If the molecule is lipophilic (log P > 0) 

distribution into cells is likely (i.e. 

intracellular concentration might be higher 

than extracellular concentration). 

If the molecule is highly lipophilic (log P > 

4): potential for accumulation (frequency of 

exposure has also to be considered). 

Lipophilicity (combined with water 

solubility) favours excretion via breast 

milk. 

Absorption, distribution, 

accumulative behaviour, 

excretion via breast milk 

Physical state Lipids and solids (dependent on their 

solubilities) can be applied by the oral and 

dermal route; gases can be applied by 

inhalation (and also by dermal route) 

Route of administration 

Vapour pressure Indicates whether a substance may be 

available for inhalation or whether a 

substance might evaporate after (non-

occlusive) dermal application (vapour 

pressure >25KPa (or boiling point below 

50°C): very high volatility; vapour pressure 

Route of administration, 

absorption 
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of less than 0.5 KPa (or a boiling point 

above 150°C): low volatility). 

Particle size Indicates the presence of 

inhalable/respirable particles 

Aerodynamic diameter < 100 µm: potential 

for inhalation 

Aerodynamic diameter < 50 µm: potential 

to reach the thoracic region 

Aerodynamic diameter < 15 µm: potential 

to reach the alveolar region of the 

respiratory tract 

Absorption after inhalation 

exposure 

 

15. Ad (2) data and information from structurally-related compounds (structure-activity relationships, 

SAR) 

Information on structurally related compounds might give an idea on the TK behavior and the toxicity of 

the compound of interest. More detailed information can be found in ECHA (2008 a and b). 

16. Ad (3) information from in vitro testing 

Different types of in vitro data can be utilized to inform TK behaviour of a substance (not exhaustive), e.g. 

(a) data on permeation, (b) data on partition coefficients and (c) data on metabolism, metabolizing enzymes 

and transporters 

17. Ad (a): in vitro data on permeation through membranes or barriers can be used to draw conclusions on 

absorption by the dermal ,the oral and potentially the inhalation route of exposure. For in vitro dermal 

absorption, several internationally accepted guidelines have been published (e.g. OECD TG 427). With 

respect to permeation through cellular barriers (e.g. through Caco-2 cells or through MDCK cells) or 

through lipid membranes, internationally accepted guidelines have not yet been developed.  However, 

information obtained from these types of studies might be useful as part of a weight of evidence 

assessment. (Artusson et al., 2001, Matsson et al., 2005, Stenberg et al., 2002, Tavelin et al., 2002). 

18. Ad (b) partition coefficients describe the ratio of a chemical compound in two different (biological) 

media at equilibrium. They can be used to measure the maximally possible accumulation of a substance in 

a certain tissue and they help to judge whether a substance would be capable of being distributed into a 

certain tissue (e.g. into target tissues for reproductive toxicity, into placenta or into breast milk). 

19. Ad (c) in vitro data on metabolism and metabolizing enzymes can be used to draw conclusions on the 

metabolic pathway and on enzymes involved in the metabolism of a certain compound. With respect to the 

conduct of reproductive toxicity studies, knowledge on the metabolic pathway helps understanding 

whether parent compound or metabolite(s) is responsible for an effect. Knowledge on metabolizing 

enzymes may give information on differences in susceptibility between parental animals and offspring (e.g. 

offspring might be more susceptible if detoxyifying enzymes are not fully developed and less susceptible if 

toxifying enzymes are not fully developed) (Hines and McCarver, 2002; McCarver and Hines, 2002; Hines 

2009). Knowledge on the expression of xenobiotic metabolizing and transport enzymes can give further 

information on substance distribution (e.g. whether a substance might be able to pass the placenta during 

pregnancy and thus be capable of damaging the offspring) (Myllynen et al., 2009). 
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20. Several questions concerning the metabolism of the substance may be addressed with appropriate in 

vitro test systems. Freshly isolated or cultured hepatocytes and subcellular fractions (e.g. microsomes and 

cytosol or S9 fraction) from liver of various species, including human, may be used to study possible 

metabolites and potential species differences in biotransformation. In addition, data on local metabolism 

might be generated by using tissues of interest (e.g. reproductive organs), usually as microsomal fractions 

of target tissues. Studies with microsomes may be useful to address potential gender and life-stage 

differences and characterize enzyme parameters (Km and Vmax) which can aid in the assessment of dose 

dependency of metabolism in relation to exposure levels. In addition microsomes may be useful to identify 

the specific microsomal enzymes involved in the metabolism of the substance which can be relevant in 

species extrapolation. Data on metabolism and metabolizing enzymes can also be generated by using 

specific cell lines expressing relevant enzymes. The results from in vitro investigations may also have 

utility in the development of PBTK models (see (6)) (OECD, 2010). 21. Ad (4) results from toxicity 

studies (other than tissue TK studies) 

Data from already performed toxicological studies (e.g. acute or repeated short or long-term studies) can be 

used in order to estimate whether absorption occurs and in order to have some information on distribution. 

In general, if systemic toxicity occurs after administration of a test substance by the different uptake routes, 

absorption has occurred. However, no conclusions on the amount of absorption can be drawn from such 

observation. Care should be taken in the case of dermal administration (if grooming has not been 

prevented, the substance might have been – at least partially- ingested). Care should also be taken in order 

to avoid misinterpretation: some clinical signs might be a consequence of the application procedure and not 

be due to systemic effects of the substance (e.g. hunched posture or signs of discomfort). 

Further, data from other toxicological studies can be used for an estimation of tissue distribution. If target 

tissue toxicity occurs, the substance (or metabolite(s)) might have reached the target organ(s). In the case 

of coloured substances, coloration of certain organs is an indication of distribution into that particular 

organ. No quantitative figures can be derived from these observations. However, blood and plasma levels 

of parent compound/metabolite(s) might be also determined in repeat-dose studies from samples taken at 

the terminal kill. 

22. Ad (5) results from TK studies 

From TK data obtained by studies performed to internationally accepted guidelines (e.g. OECD TGs 417, 

427, 428), quantitative figures on all elements of ADME can be derived. Further, additional toxicokinetic 

parameters such as half-life (t1/2), area under the curve (AUC), time of maximal plasma concentration 

(tmax), maximal plasma concentration (cmax) as well as enzyme-specific parameters (Km, Vmax) can be 

obtained. Further, depending on study design, information on linearity of kinetics and saturation of kinetic 

processes, on sex differences in TK behaviour and on potential for accumulation may also be obtained. 

23. Ad (6) results from PBTK modelling 

Toxicokinetic models may have utility for the prediction of systemic exposure and internal tissue dose. 

Furthermore specific questions on mode of action may be addressed, and these models can provide a basis 

for extrapolation across species. Especially with respect to reproductive toxicity, such models may allow to 
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assess the toxicokinetic behaviour of a substance in reproductive, developmental and multigeneration 

studies. These models can be developed to simulate the internal disposition towards a chemical during 

pregnancy in the mother and in the embryo and foetus (Corley et al., 2003; Lee et al., 2002). Also the 

lactational transfer of a toxicant from the mother to the infant can be assessed by PBTK models 

(Byczkowski and Lipscomb, 2001; Faqi et al., 1998; You et al., 1999; Yoon and Barton, 2008). 
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TERMINAL OBSERVATIONS 

Clinical biochemistry / Haematology 

 General considerations 

24. In addition to the clinical biochemistry / haematological parameters required by the Test Guideline, the 

examination of other parameters may be suggested by the known effect profile of the test substance. Serum 

markers of acute tissue damage should be considered for chemicals in certain classes or on a case-by-case 

basis. If a specific potentially toxic effect of the test substance has been observed in repeated-dose studies 

using special techniques, these should also be incorporated in this study (e.g. cholinesterase activity in 

plasma, red blood cells, brain and peripheral nervous tissue for compounds known to inhibit these 

enzymes; blood methaemoglobin concentration for compounds known to increase methaemoglobin 

formation; specific hormone measurements for endocrine modulators). This is especially valuable when the 

effect has can be used to derive a NOAEL or LOAEL for non-reproductive toxicity in the animals. 

 

Thyroid hormones 

Thyroid Hormone Measurements 

25. The importance of maintaining appropriate systemic concentrations of thyroid hormones for normal 

development, especially maturation and function of the central nervous system, has been well established 

(Zoeller & Rovet, 2004; Yang et al., 2009).  The OECD rodent Extended One-Generation Reproductive 

Toxicity Test Guideline includes the measurement of thyroxin (T4) and/or thyroid stimulating hormone 

(TSH) in parental and F1 offspring at various life-stages to assess direct effects on thyroid function or 

indirect effects via the hypothalamic-pituitary-thyroid axis.  Since some thyroid toxicants have been 

reported to induce changes in total T4 without concomitant changes in TSH (Zoeller et al., 2005; Chang et 

al., 2007; Zorrilla et al., 2009), serum concentrations of both hormones are assayed when possible to 

provide information on the mode of action of the test chemical and its potential affect.  Apart from the 

limited quantity of blood in very young pups on PND 4 that necessitates the assay of only T4, both 

hormones are expected to be assayed at all other life-stages.  Notably, with diurnal fluctuations of thyroid 

hormones and pulsatile nature of TSH (review, Zoeller et al., 2007), care should be taken to collect blood 

samples in a consistent manner within a reasonable amount of time across treatment groups.  Statistically 

or biologically significant changes in either one or both hormones between treated and control groups can 

be evaluated in conjunction with any changes in thyroid gland weight and histopathology, as well as 

neurological or other developmental adversities used for risk assessment. 

Thyroid hormone assay validation (T4) and quality control (T4 and TSH) 

26. There are numerous immunoassay kits commercially available to measure total T4 and rodent TSH.  

Considering species specificity of TSH, commercial assay kits for rodent TSH are recommended (reviews, 
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Davies, 1993; Christian & Trenton, 2003).  Species specificity does not necessarily apply to T4; therefore, 

commercial T4 assay kits that have been developed for use with human serum can be validated and 

adopted for use with rodent serum (Veterinary Application Documents for Siemens Medical Solutions 

Diagnostics, 1993). 

27. Whether the assays are conducted ―in-house‖ or by a commercial clinical/endocrine laboratory, the 

initial validation of the T4 assay should be established and performance of T4 and rodent TSH assays 

should be assessed for each study using appropriate performance criteria. 

28. Apart from quality control samples that are usually supplied with commercial assay kits, each 

laboratory should prepare a relatively large volume of serum from several naive rodents to be used as a 

standard pool to determine the within- and between-assay variation as a routine parameter to be reported 

for each study.  In addition, a pooled sample of rodent serum should be prepared with and without the test 

chemical, assayed and reported since some chemicals may interfere in the dynamics of the assay system. 

29. In general, validation of the T4 assay should include an assessment of the parallelism of several (3 or 

more) different volumes of pooled rodent serum (diluted with the hormone-free calibrator used in the 

standard curve) against the human standard curve.  In addition, several different concentrations of 

exogenous T4 added to a fixed volume of pooled rodent serum should be tested and results should reflect 

the predicted concentration based on endogenous hormone plus the amount of exogenous hormone added..  

Typically, the rodent volume response curve should decrease in a linear manner between 90 and 10% 

specific binding and be parallel to the human standard curve and, after adjustment for endogenous T4, 

percent recovery should be close to 100% for each concentration of exogenous T4.  Once established and 

documented as a Standard Operating Procedure (SOP) according to Good Laboratory Practices (GLP), 

these T4 assay validation steps should not have to be repeated unless the assay is modified after the initial 

validation.  Nonetheless, the T4 validation results should be made available in each study report. 

30. Prior to accepting and examining the thyroid hormone results between treated and control groups for 

any study, the performance of the T4 and rodent TSH assays should be examined to determine that the 

standard reference curves, level of hormone sensitivity, quality control samples and within- and between-

assay coefficients of variation are within acceptable limits according to respective manufacture’s 

specifications and laboratory SOPs. 
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Immunology: Measurement of T-dependent antibody responses to assess potential immunotoxicity in 

Cohort 3 

31. SRBC (sheep red blood cells) and KLH (keyhole limpet haemocyanin) are T-dependent antigens that 

are often used to stimulate the production of IgM antibodies, and both are suitable for use in the Cohort 3 

offspring.  IgG may also be measured to assess immunoglobulin class switching, which is critical to 

production of protective antibodies. There are distinct advantages for each antigen. Immunologists often 

used SRBC as antigen when studying the primary (IgM) immune response in laboratory rodents, although 

a variety of other antigens have been used. Immunotoxicologists have adopted the use of SRBC to evaluate 

the effects of xenobiotics and drugs on the primary response to SRBC, thus generating a significant 

database of testing results that span several decades.  The response to immunization is expressed as the 

number of spleen cells producing antibody (referred to as the plaque forming cell or PFC assay) or as the 

concentration of antibody in the serum of a test animal.  Numbers of PFCs generally peak 4-5 days after 

immunization and circulating antibodies generally peak approximately 24 hours later.  Both the IgM 

(―primary‖) and IgG (―secondary‖) antibody response to SRBC can be determined, the later by a second 

injection of SRBC at least two weeks after primary immunization.  The PFC assay requires sacrificing 

spleen donors, whereas antibody concentration can be determined on small volumes of blood taken from 

anesthetized animals, and has the advantage of reflecting antibody synthesis in the spleen, lymph nodes 

and bone marrow.  Furthermore, IgM and IgG concentration data are collected on the same individuals. 

The antigenic potency of erythrocytes from different donors may vary; as such, a reliable source of 

immunogenic SRBC must be established.  SRBC also have a relatively short shelf life and can not be 

frozen for later use.   

32. Laboratories now also use KLH rather than SRBC to stimulate a humoral response.  Immunization is 

followed by assessing KLH-specific IgM in the serum when the response peaks, typically 5 days after 

immunization. The KLH-specific IgG response peaks approximately 14 days after primary immunization, 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WPT-4Y2GK71-1&_user=14684&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000001678&_version=1&_urlVersion=0&_userid=14684&md5=80d45204447c2ac8d6db19689d819b87#bbib127#bbib127
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and does not require a second injection of antigen.  As is the case for the response to SRBC, antibody 

present in the serum provides a holistic view of total antibody synthesis and allows comparison of IgM and 

IgG concentrations in the same individuals. It is also possible to evaluate production of antibody to KLH 

on a per spleen cell basis, similar to the SRBBC PFC assay. KLH is produced according GMP conditions, 

antigenicity is constant from batch to batch, is soluble and, when stored frozen as dried powder, is stable 

over long periods.   

33. Data generated with either antigen is accepted by regulatory agencies worldwide.  Current EPA testing 

guidelines for assessment of immunotoxicity in adult animals specifies the use of SRBC, although this 

policy is subject to revision as experience with KLH increases. Both antigens have been subjected to 

interlaboratory validation tests: For the PFC assay the reader is referred to Luster et al., 1988, Richter-

Reichhelm et al., 1995, The ICISIS Group Investigators, 1998, Ladics et al., 2007, Loveless et al., 2007; 

for the KLH assay the reader is referred to Gore et al, 2004; Smith et al, 2003; Herzych and Gore, 2004; D. 

Roman et al, 2004; Ulrich et al, 2004; White et al, 2007 and The ILLP study (manuscript in preparation). 

34. The developmental immunotoxicity literature clearly supports evaluation of the antibody response to a 

T-dependant antigen as a means to detect adverse immune system effects. The Immunotoxicity Experts 

Group concluded that either antigen is suitable for developmental immunotoxicity testing in Cohort 3 

animals, subject to each laboratory optimizing the chosen assay prior to use in testing. Optimization should 

include determining the peak day of antibody production or serum titers, as well as the optimum dose that 

induces a significant IgM response while retaining the ability to detect mild to moderate suppression of the 

antibody response. 
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Ovary examination 

 Number / Histopathology 

35. The post-lactational ovary of the P females should contain primordial and growing follicles as well as 

the large corpora lutea of lactation. Histopathological examination should be aimed at detecting qualitative 

depletion of the primordial and growing follicle populations population in P and F1 females as well as 

corpora lutea and developmental defects in follicle formation (e.g. multioocyte follicles) in F1 females.  

 

36. The objective of performing primordial and growing follicle counts on the F1 generation females is to 

assess if potential reproductive capacity has been affected by exposure in utero, before sexual maturation 

and through to maturity.  A reduction in the numbers of primordial follicles may indicate that ovarian 

development has been affected in utero or that there has been excessive follicular loss. A reduction in the 

number of growing follicles may signal changes in intra-ovarian or endocrine signalling, resulting in 

increased atresia or decreased primordial follicle activation.  In either case, a decrease in primordial and/or 

growing follicles may be indicative of decreased fertility and premature reproductive senescence.  

Likewise changes in corpora lutea counts may reflect altered fertility, resulting from impaired 

folliculogenesis or ovulation. 

37. Female reproductive senescence might be predicted from changes in the estrous cycle – usually initial 

increases in the incidence of prolonged phases of diestrus in the early stages, but commonly ending in 

extended periods of vaginal cornification.  Some decrease in litter size would be expected but this would 

normally not occur until females were 9 months old.   Changes in pregnancy rate may occur in younger 

animals and a decline in rat fertility of less than 6 months of age has been observed, particularly where the 

animals were obese as a consequence of being maintained on high protein breeding diets.  

38. As a minimum it is recommended that for a quantitative evaluation of F1 primordial and growing 

follicles, 5 sections (1%) are taken from an ovary in the high dose and control F1A females (n=20).   Each 

ovary should be trimmed down until the outer third has been removed and a clear rim of follicles/corpora 

lutea is established around the central stroma.  The ovary should then be sectioned at 5 µm thickness and 

every 20th section retained (ie 100 µm between sections over a total span of about 0.4 cm through the 

centre of the ovary).  It is recommended that follicle counting be restricted to two technicians and all slides 

on any one study should be read by a single technician to minimise variation.   

Different staining techniques may be employed to aid in the visualization of the follicles.  Traditional H&E 

staining is well documented and allows for proper identification of the follicle subtypes.  More recently a 

semi-automated image analysis of a PCNA stain has been shown to facilitate the assessment of follicle 

numbers and several research groups have reported successful results using this method. (Picut et al., 2008) 

39.   
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40. If the results are equivocal, or are such that statistical analysis is required for confirmation of an 

adverse effect, it is recommended that at least 5% (approximately 26 sections) of the right ovary be 

examined in at least 10 F1A or F1B control and high-dose animals.  If an effect is noted, then lower dose 

levels should also be examined.  

Testicular histopathology 

41. In addition to examining gross lesions such as atrophy or tumors, detailed testicular histopathology 

examinations are conducted on P males in order to identify treatment-related effects such as retained 

spermatids, missing germ cell layers or types, multinucleated giant cells or sloughing of spermatogenic 

cells into the lumen (Russell, L.D. et al., 1990). Examination of the intact epididymis should include the 

caput, corpus, and cauda, which can be accomplished by evaluation of a longitudinal section (Creasy, 

2003). The epididymis should be evaluated for leukocyte infiltration, change in prevalence of cell types, 

aberrant cell types, phagocytosis of sperm, and the absence of clear cells in the caudal epithelium (Lanning 

et al., 2002).   
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ADDITIONAL ENDPOINTS 

 Fat tissue and metabolic functions 

42. The pre- and postnatal developmental period has been identified as critical for the determination of 

metabolic set-points for various tissues, organs and organ systems that influence the responses of the 

organism to endogenous and exogenous substances (e.g. nutrients, hormones, toxicants) and other 

challenges (e.g. stress, reproduction, aging), as well as disease risk (e.g. infertility, diabetes, cardiovascular 

disease). A growing number of publications point to the possibility that metabolic disturbances (obesity, 

diabetes) can be programmed by prenatal and lactational exposure to pesticides, industrial chemicals, 

unbalanced nutrition or catch-up growth (reviewed by Heindel and vom Saal, 2009). It may become 

necessary, therefore, to include some additional endpoints for F1 animals to fulfill the TG's objective of 

evaluating specific life stages not covered by other types of toxicity studies by testing for metabolic effects 

that may occur as a result of pre- and postnatal chemical exposure. Adipose tissue is not only an important 

parameter in body composition and energy metabolism, it also has been recognised as an endocrine organ 

that produces peptide hormones (e.g. leptin, adipokines) and steroids (oestrogens, active corticosteroids) 

(reviewed by Ronti et al., 2006) with consequences for reproductive endpoints such as sexual maturation 

and fertility. In addition, the presence and inducibility of cytochrome P450 enzymes in white adipose tissue 

(Yoshinari et al., 2004) may result in a significant contribution to the metabolism of exogenous substances 

and endogenous steroid hormones.   

43. Endpoints that are easy to measure at termination of the P and F1 animals include fasting insulin, 

glucose, and lipids (cholesterol, triglycerides) and amount of body fat. In contrast to blood chemistry data, 

body fat measurements are not typically included in regulatory toxicity studies. Total body fat can be 

determined in carcasses dried to constant weight by whole body Soxhlet extraction with chloroform 

(Plagemann et al., 2009) or by first dissecting fat depots, followed by extraction of dried carcass 

homogenate (Bachmanov et al., 2001). Alternatively, a partial determination could be made from the 

weights of visceral (gonadal, retroperitoneal, mesenteric, omental) and subcutaneous inguinal fat pads. The 

presence of abdominal fat in obesity has been associated with susceptibility to metabolic and 

cardiovascular disease (Dandona et al., 2005; Mathieu et al., 2009) in humans. Recently, an increased fat 

accumulation in the liver has been suggested as the primary link between obesity and insulin resistance 

(Yki-Järvinen, 2010). Therefore, the determination of liver fat may be a valuable additional endpoint for 

detecting developmental toxicity on the metabolic programming of the organism. 
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 Weanling mammary gland (paragraph 68 of TG 443) 

44. As very limited amounts of mammary gland tissue may be found in transverse sections of mammary 

glands, it is recommended that sections be cut parallel to the skin and include the inguinal lymph node and 

a large portion of the 4th mammary gland.  Alternatively whole mounts of mammary gland are also 

recommended.  These procedures provide large and representative samples of glandular tissue compared to 

the transverse sections, with no difference in tissue morphology (ATSDR, US). The parallel sections and 

whole mounts provide a histological specimen in frontal plane orientation. Because mammary glands are 

paired, both methods can ideally be applied in the same animal provided there is data validation and 

conformation of results.. Similar to whole mounts, with parallel sections one can examine the gland at 

virtually all anatomical levels (i.e., lobulo-alveoli, primary, secondary, and tertiary ducts, terminal end 

buds, etc.). Interpretive results for treatment-induced effects by both methods should be very similar for 

many endpoints (see Figure, Fenton et al., 2002). 
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45. Alterations in the pace of mammary gland development can be discerned in the weanling animal and 

may indicate the need to evaluate mammary tissue at or greater than 70 days. Development of the terminal 

end buds into differentiated structures is of particular interest. A positive association has been reported 

between mammary tumor incidence or multiplicity and increased numbers of terminal end buds relative to 

controls in post-pubertal control and chemically exposed rodents that have been challenged with a 

carcinogen (Brown et al., 1988; Russo and Russo, 1996) or allowed to potentially form spontaneous 

mammary lesions (Padilla-Banks et al., 2006; Vandenberg et al., 2008). 

 

References 

 

 

Brown NM, Manzolillo PA, Zhang JX, Wang J, Lamartiniere CA.(1998). Prenatal TCDD and 

predisposition to mammary cancer in the rat. Carcinogenesis. Sep;19(9):1623-9. 

 

Elizabeth Padilla-Banks, Wendy N. Jefferson, and Retha R. Newbold. 2006. Neonatal Exposure to the 

Phytoestrogen Genistein Alters Mammary Gland Growth and Developmental Programming of Hormone 

Receptor Levels Endocrinology. 147: 4871-4882, doi:10.1210/en.2006-0389  

 

Fenton, S.E., J.T. Hamm, L.S. Birnbaum, and G.L. Youngblood.  2002.  Early adverse effects of prenatal 

exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the rat mammary gland  Toxicol. Sci. 67: 63-

74. 

 

Fenton, Cesta, Latendresse, to be submitted. 

 

Russo J, Russo IH. (1996). Experimentally induced mammary tumors in rats. Breast Cancer Res Treat. 

39(1):7-20. 

 

http://www.ncbi.nlm.nih.gov/pubmed/9771934
http://www.ncbi.nlm.nih.gov/pubmed/9771934
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Russo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Russo%20IH%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Breast%20Cancer%20Res%20Treat.');


22 

 

Vandenberg L.N., Maffini M.V., Schaeberle C.M., Ucci A.A., Sonnenschein C., Rubin B.S., Soto A.M. 

(2008). Perinatal exposure to the xenoestrogen bisphenol-A induces mammary intraductal hyperplasias in 

adult CD-1 mice. Reproductive Toxicology, 26 (3-4), pp. 210-219 

 

 

AGD, nipple retention, preputial separation, adult mammary gland histopathology  

To be developed 

 

 

 

INTERPRETATION OF DATA – specific issues 

The influence of body weight changes on endocrine organ weights and other sensitive measures  

To be developed 

 

 

Critical windows  

To be developed 

 

 

Measurements of vaginal opening and first vaginal estrus  

46. The criteria used to determine time of puberty in the female rat may include vaginal opening (VO), the 

age at first vaginal estrus (after vaginal opening) and the first ovulation (typically examined on the day of 

first estrus). The use of these criteria varies considerably. Recent protocols almost always evaluate VO 

(e.g., OECD TG 416 DNT). In contrast, first ovulation is not typically examined given the non-invasive 

nature of the reproductive developmental guideline studies.  The day of first estrus is frequently, but not 

always, reported.  The US EPA Female Pubertal Protocol requires that VO and day of first vaginal estrus 

(as defined above) are evaluated.  Additionally, the female pubertal protocol requires that vaginal cytology 

be examined daily from the time of VO until the animals are terminated (generally PND 43).   In the 

extended one-generation reproductive study, this requirement was not included.  The rationale for this is 

that it is often difficult to discern regular ovarian cycles in the control females during the immediate post-

pubertal period. 

 

47. The information obtained from these different endpoints can be useful for determining how a test 

chemical influences the pubertal process.  By evaluating at minimum VO and the first day of estrus (which 
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typically indicates the first ovulatory cycle), one can identify a disruption of this process and obtain 

information about the potential adverse reproductive effects of the test substance.  For example, if the test 

chemical possesses estrogenic properties, exposure of the developing female will likely cause a significant 

advancement of the age of VO, but not necessarily advance first ovulation (e.g., Rodriguez et al., 1993). A 

similar dissociation between these two measures has been reported following prepubertal androgen 

exposure and has been linked to the presence of aromatase activity in the vaginal epithelium of immature 

rats (Mathews et al., 1987; Lephart et al., 1989), suggesting that the androgen, after local conversion to 

estradiol (Gupta et al., 1986; Rangaraj and Gupta, 1997), is acting directly to induce vaginal canalization. 

48. In most cases, environmental estrogens will cause early VO and a pattern of persistent vaginal estrus, 

(i.e., pseudo-precocious puberty) which may or may not continue as the animal matures.  Thus, evaluating 

the smear immediately following VO will indicate whether or not persistent vaginal estrus is developing.  

Additionally, evaluating the first vaginal estrus following VO will provide information as to whether there 

are group/dose differences in the timing of these two events that would signal an abnormal progression 

through puberty.  As indicated above, first estrus may be affected in time proportional to the appearance of 

VO, or the two may be disconnected, indicating independent alterations in response to a test chemical 

within the vagina and the hypothalamic-pituitary control of first ovulation at puberty (Firlit and Schwartz, 

1977).  Thus, in addition to complementing the measurement of VO, the measurement of first vaginal 

estrus provides a means to examine the disruption of timing between these two events and provide an 

indication of a potential adverse effect on the female’s reproductive process.    
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 Sexual dimorphism in Brain Structure and Function 

1. Effect of sex hormones on mammalian brain development – sexual differentiation 

49. According to the classical rodent model, differentiation of the male phenotype of the mammalian brain 

is achieved by estradiol-17 (E2) locally generated by aromatization of testosterone (McEwen et al., 1979; 

MacLusky and Naftolin, 1981). During the critical time-window (rat: gestational day 18 to end of 1st 

postnatal week), plasma testosterone increases in males (Weisz and Ward, 1980); it serves as a substrate 

for aromatase. Aromatase itself also shows increased expression and activity in brain at this time, with 

regional sex differences (George and Ojeda 1982; Lauber et al. 1997). In the classical model, the 

mammalian female phenotype is considered as default. 

50. However, this model needs revision. On the one hand, male sexual brain differentiation depends not 

only on estrogen receptor (ER)- but also androgen receptor (AR)-mediated effects. The latter appear to be 

the predominant mechanism of male sexual brain differentiation in anthropoid primates and humans 

(Wallen, 2005; Wisniewski et al., 2000; Hines et al., 2003). Recent data indicate that in rodents, AR are 

also more important than previously thought. Male sexual behavior is abolished and aggressive behavior 

strongly reduced in AR knockout (ARKO) as well as ER+ER or ER knockout (ERKO, ERKO) 

mice (Sato et al., 2004; Ogawa et al., 1998, 2000; see also Zuloaga et al., 2008). Male sexual behavior can 

be partially restored in adult gonadectomized ARKO mice by E2 (but not by dihydrotestosterone (DHT)) 

and in adult gonadectomized ERKO mice by DHT, suggesting that the behavior may depend on a 

coordinated activation of both receptor types. Experiments with administration of flutamide to female rats 

during late pregnancy indicate that activation of AR is required during the critical period of sexual brain 

differentiation (Goto et al., 2004). Both, AR and ER appear to be involved in ―masculinization‖ of the 

developing brain (expression of male-type behaviors), whereas ―defeminization‖ of the brain (suppression 

of female-type behaviors) appears to depend on ER (possibly ER) activation (Sato et al., 2004, Bodo and 

Rissman, 2006). 

51. Further challenging the classical rodent model for sexual differentiation of the brain, aromatase 

knockout experiments have shown that the female brain does not simply develop as a default in the 

absence of hormone action but that it also depends on estrogen (Bakker et al., 2002). Estradiol circulates at 

low levels in blood of male and female rodent fetuses (Habert and Picon, 1984) but remains bound to 

alpha-fetoprotein and, in contrast to testosterone which can be aromatised locally to defeminise the brain of 

male fetuses, does not seem to play a major role in the development of the female brain during the prenatal 

phase. There is some evidence that sexual dimorphic development of the female brain is initiated 

postnatally in the second week of life when the plasma levels of alpha-fetoprotein have declined and the 

estradiol prduction in the ovary begins (reviewed by Bakker and Brock, 2010). Female sexual behavior is 

estrogen-dependent in both, rodents and primates (Zehr et al., 1998; Wallen and Zehr, 2004), but in the 

latter, the action of estrogen is shifted to a higher level of brain organization: In female anthropoid 

primates, estrogen does not regulate the capacity to engage in sex (as in rodents), but rather, increases 

female sexual motivation.  



25 

 

52. Androgen and estrogen signaling in developing brain is mediated by nuclear AR and ER (ER alpha, ER 

beta). ERs are expressed and functional long before the onset of the critical period of determination of 

sexual phenotype, in 2- and 4-cell embryos and in blastocyst (Hiroi et al., 1999). Effects of endocrine 

active chemicals might also occur during these stages. It should be noted that non-classical membrane 

estrogen receptors have also been shown to mediate actions of estrogens on developing brain structures 

(Küppers et al., 2001), which means that an analysis of nuclear receptors does not provide a complete 

picture of the sensitivity of the brain for steroid hormone actions. Furthermore, sexual dimorphism in brain 

may not be fully explained by the actions of testosterone and its metabolite E2, as genes on the sex 

chromosomes other than the Sry (sex-determining region Y) gene also appear to be involved (Gatewood et 

al., 2006). 

53. Due to the complexity of sexual differentiation processes in brain, the ―rodent model‖ cannot be 

expected to model precisely the potential effects of chemicals in humans. However, the rat can be 

considered to represent a valid model for assessing the potential of a chemical to interact with hormone-

dependent developmental processes in brain on a more general basis, since ER- as well as AR-mediated 

effects are involved also in rat brain differentiation, and since the sensitivity of molecular targets is similar 

in the two species. 

 

2. Sex hormone-dependent endpoints 

2.1. Behavior 

54. A distinction should be made between effects of a test chemical on sexually dimorphic behaviors and 

sex differences in the effects of the chemical on parameters not exhibiting a sexual dimorphism in the 

untreated animal. Direct information on interactions with sexual brain differentiation could be expected 

from analysis of sexually dimorphic behaviors such as partner preference, juvenile play behavior, sexual 

behavior, sweet preference, aggressive behavior, maternal behavior, and also by estrous cycle analysis. 

Sexual behavior should be studied in male and female offspring, since female sexual behavior is also of 

interest in view of the analogies of estrogen action in rats and humans. Effects of estrogen on mood 

(reduction of anxiety) and cognition (enhancement of prefrontal cortical- and hippocampus-dependent 

tasks) have been observed particularly in females and appear to be relevant because they occur in rodents 

as well as in primates and women (e.g., Spencer et al., 2008; Sava and Markus, 2005; Bodo and Rissman, 

2006; Walf et al., 2009; Sherwin and Tulandi, 1996). Analyses of these behaviors could be expected to 

yield valuable information on interactions of chemicals with hormone-dependent processes in the central 

nervous system, but it may be difficult to include them in EOGRTS because of logistic problems. Sex 

differences have also been observed in tests included in the DNT module of EOGRTS, open field, 

exploratory activity, reaction to novelty, and locomotor activity (Slob et al., 1986; Takase et al., 2009; 

Ogawa et al., 2003). 

 

2.2. Brain structure 
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55. One manifestation of developmental actions of sex hormones is sexual dimorphism in brain structure, 

which could result from effects on neurogenesis, migration, differentiation (cellular phenotype) or, as 

frequently observed, from programmed cell death (Forger, 2009). A short list of structural features that 

might be studied in neurohistopathology is given below. Differences in fine structure observed in a number 

of regions are not covered because they would require more detailed analyses.  

Sexually dimorphic brain regions involved in reproductive behaviors and functions 

56. The anteroventral periventricular nucleus (AVPV), which is involved in the ovulatory luteinizing 

hormone surge, is larger and contains more cells and more tyrosine hydroxylase expressing (THir) neurons 

in female rats (Forger, 2009; Simerly et al., 1985). Neonatal genistein and bisphenol-A have been found to 

affect THir numbers (Patisaul et al., 2006). 

57. The medial preoptic area (MPO) with the sexually dimorphic nucleus (SDN-POA) shows a prominent 

sexual dimorphism, due to apoptosis in the female (Bloch and Gorski, 1988; Madeira et al., 1999; Davis et 

al., 1996). From data on perinatal genistein, methoxychlor, bisphenol-A or phthalate exposure, it appears 

that SDN volume is a rather insensitive parameter (Faber and Huges, 1993; Lewis et al., 2003; Masutomi 

et al., 2003; Patisaul and Polston, 2008). Recent reports suggest that the subpopulation of calbindin-labeled 

SDN neurons may represent a more suitable endpoint (Scallet et al., 2004; Patisaul and Polston, 2008).  

58. The ventromedial hypothalamic nucleus (VMN) occupies a special position insofar as locally 

expressed steroidogenic factor 1 (SF-1) is involved in its differentiation (Tran et al., 2003). The volume of 

this nucleus, particularly of its ventrolateral subdivision (VMNvl) involved in sex behavior of both sexes, 

is greater in male rats, as a result of differences in neuropil (Matsumoto and Arai, 1983; Madeira et al., 

2001; Segovia et al., 2009). The volume difference develops under the control of AR (Dugger et al., 2007). 

In addition, neuronal volume, dendritic tree and dendritic spines vary with the estrous cycle, resulting in a 

reduction of the sex difference in VMNvl volume at proestrus (Madeira et al., 2001). So far, these 

morphological parameters appear to have received little attention in studies evaluating the effect of 

endocrine active chemicals, whereas there are several reports on changes in the nucleus at the molecular 

level. 

59. Sexual dimorphisms of volume and/or cell number have further been observed in bed nucleus of stria 

terminalis (reviewed by Forger 2009), medial amygdala (Hines et al., 1992; Vinader-Caerols et al. 1998), 

and spinal nucleus of bulbocavernosus (see Forger, 2009), but to our knowledge, there are no published 

reports on effects of chemicals. For some sexually dimorphic structures, effects of both, E2 and DHT have 

been demonstrated (Han and De Vries, 2003). 

 

Non-reproductive brain regions 

60. It is important to note that development of brain regions not directly involved in reproductive behaviors 

is also influenced by estrogens and/or androgens. The hippocampus has been particularly well studied and 

exhibits a number of sex hormone-regulated morphological and biochemical parameters. Spine density in 

CA1 hippocampal pyramidal cells, glutamate receptor subunits and synaptic proteins are regulated by E2 



27 

 

(McEwen, 2002; Waters et al., 2009; Fester et al., 2009). CA1 dendritic spine density varies with the 

estrous cycle (Woolley et al., 1990), but data from hippocampal cultures suggest that locally synthesized 

estrogen may be involved (Prange-Kiel et al., 2009). Neonatal hippocampus exhibits a transient increase in 

estrogen receptors and aromatase mRNA (O’Keefe and Handa, 1990; Ivanova and Beyer, 2000). E2 

regulates, i.e., expression of the growth factor BDNF (brain-derived neurotrophic factor) and enhances the 

(neurotrophic) depolarizing action of GABA on immature hippocampal neurons (Solum and Handa, 2002; 

Nuñez and McCarthy, 2009). E2 also influences the excitability of hippocampal and cortical neurons in 

fetal baboons (Nuñez et al., 2008). A perinatal AR-dependent mechanism appears to underlie a sexual 

dimorphism in the CA3 pyramidal cell layer that is correlated with water maze performance (Isgor and 

Sengelaub, 2003). Estrogens further play an important role in the development of midbrain dopamine 

neurons (Kipp et al., 2006). The analysis of morphological parameters such as dendritic spine density 

represents a considerable workload, and molecular markers are still difficult to link with defined 

phenotypes, as in other contexts. Thus, these endpoints in hippocampus (and cortex) may presently be of 

limited usefulness for EOGRTS, but might be considered in selected cases. 

 

Comment and outlook 

61. Data on changes in volume or cell number of sexually dimorphic brain regions could indicate the 

potential of a chemical to interact with hormone-dependent developmental processes, but they do not 

provide information on underlying mechanisms or functional significance. Also, the absence of this type of 

morphological changes would not prove that sexual brain differentiation had not been affected, because the 

available literature suggests that the sensitivity of the parameters is rather modest. 

62. Molecular, fine-structural, electrophysiological and behavioral analyses could be more conclusive. Part 

of the neural circuitry involved in control of gonadal functions and sexually dimorphic behaviors, 

including gene products relevant for steroid hormone actions and neurotransmission and some of the genes 

controlling developmental processes, are known, so that specific molecular targets can be studied in 

relation to functional changes. Acute exposure to endocrine active chemicals in adulthood or chronic 

exposure during ontogeny has been found to affect gene expression as well as methylation status at brain 

level (e.g., Loutchanwood et al., 2008; Yaoi et al., 2008; Navarro et al., 2009). Alterations of female sexual 

behavior have been correlated with local changes in progesterone receptor expression after acute as well as 

developmental exposure to estrogenic chemicals (Funabashi et al., 2003; Faass et al., 2009). The treatment 

designs used in these studies differ; more research with protocols analogous to generation studies and 

including new endpoints should be conducted. If validated, such molecular markers could yield additional 

endpoints. They could improve sensitivity and mechanistic specificity of the protocol and assist in 

comparisons with in vitro data and extrapolation to humans. 
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TRIGGERS 

63.  Guidance Document 117 on the Current Implementation of Internal Triggers in Test Guideline 443 for 

an Extended One Generation Reproductive Toxicity Study, in the United States and Canada was published 

under the Series on Testing and Assessment in July 2011 and provides guidance to users of TG 443 under 

regulatory authorities requiring internal triggers for the assessment of the second generation. 
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2. ENDPOINTS TO BE EVALUATED AS PART OF THE EXTENDED ONE-GENERATION REPRODUCTIVE 

TOXICITY STUDY 

Item Endpoints Comments and Considerations 

1 Oestrus Cyclicity (Vaginal Cytology?)  

 P females  Two weeks prior to start of exposures (only 

put cycling P females on study) 

 During 2-week prebreed exposure period 

for P (and F1?) (to see if agent affects EC)  

 During P/F1 mating until female is sperm or 

copulation plug positive. Each day during 

the mating period, the females should be 

examined for the presence of sperm or 

vaginal plugs. The number of day s until 

the plug is observed should be analyzed as 

an indirect indicator of sexual behavior. 

 F1 females  For 1-2 weeks after vaginal patency (to 

identify time at which Oestrous cycling is 

initiated in F1) 

 During the last 3 weeks of the postwean 

exposure period in F1 (to see if agent 

affects EC) 

 If the F1 animals are mated to generate the 

F2 offspring, during cohabitation until 

evidence of insemination 

 If the F1 animals are mated, after the 

weaning (and necropsy) of the F2 offspring 

for ~1 week in F1 (to see if EC is reinstated) 

 P and F1 females Stage of estrus at demise for P and F1 

(necropsy; compromise from necropsying all 

females on same stage of estrus) 

2 At necropsy of P and F1 dams in addition to 

current list:  examine grossly, weigh, and retain 

ovaries, uterus, and cervix and vagina in 

fixative.  Present weights as absolute and 

relative to body (and brain?) weight 

 

Endpoints in F1 females if masculinization is 

If appropriate, count implantation sites to 

calculate postimplantation loss 

 

 

 

 

Body weight, any unusual malformation or 
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indicated anomalies, count nipples and areolas 

(observed blind to treatment), record position 

of areolas and nipples, uterine abnormalities, 

including bi-or uni- lateral agenesis of 

oviducts, uterine horns, infections, 

hydrometrocolpous etc.  

3 Histopathology initially on high dose and 

control retained tissues from P and F1 females 

(randomly selected, 10/group) 

 If an apparent treatment-related effect is 

observed, perform histopathology on the 

organ of interest in the lower dose groups 

(ALL) and perform histopathology on all 

remaining organs of interest in high dose 

and control females 

 Step section ovaries and count the stages of 

development from primordial follicles to 

Graafian follicles (10/group, high dose and 

control; see above for progression)  

4 Acquisition of puberty (vaginal patency) for 

F1 females (absolute age and covaried by body 

weight at acquisition and by body weight on a 

fixed day; e.g., PND 30) 

 Include if vaginal thread 

 Begin observations on PND 25 for CD 

(SD) rats unless the test material is known 

to have estrogenic activity (then start 

examinations earlier) 

 

5 Anogenital distance between pnd 0 and PND 

4 and if an effect is noted, also on PND 21 (at 

weaning), and at adult necropsy (absolute and 

covaried by body weight at measurement)  

Probably most sensitive male measurement 

for anti-androgens  

6 In addition to standard endpoints (body weight, 

feed consumption, clinical observations, 

including mortality/morbidity checks):  (1) date 

of pairing, (2) date of insemination, and (3) date 

of parturition 

 

 To calculate precoital interval (pairing to 

insemination) 

 To calculate gestational length 

(insemination to parturition) 

7 Data for F1 and F2 progeny for PND 0-21 

(wean): 

 

  Number of pups (total/live/dead), individual 

sex, gross examination, body weight, and 

anogenital distance (uniquely identify by paw 

tattoo); on PND 0 

 On PND 0 (or however date of birth is 

designated), 4, 7, 14, and 21 

  Number of pups (total/live/dead), individual 

sex, gross examination, body weight; on 

PND 4, 7, 14, and 21 

 

  On PND 4:  standardize pups to 10 (sex ratio 

5:5, 6:4, 4:6) for CD (SD) or to 8 (4:4, 5:3, 

3:5) for strains with smaller litter size 

 To remove the confounder of litter size on 

survival, growth, body weights, acquisition 

of developmental landmarks, etc. 
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  Developmental landmarks  e.g., pinna detachment, surface righting 

reflex, pilation, eye opening, acquisition of 

auditory (acoustic) startle (opening of 

auditory canal), incisor eruption, testis 

descent (usually PND 15-21) 

  PND 21 females:  For F1 and F2 weanling 

culls (if any), histopathological examination 

of treatment-related abnormalities noted at 

macroscopic examination should be 

considered, if such evaluation were deemed 

appropriate it would contribute to the 

interpretation of the study data 

 

 See 2 and 3 above for details  

8 Weaning (PND 21) F1 offspring, anogenital 

distance, body weight 

 All continue on study (based on 

discussions at EPA on 11/8-9/06 see 

Attachment 2) 

 F2 offspring:  necropsy anogenital distance and 

body weight at weaning, necropsy, organ 

weights and retain in appropriate fixative 

Organ weights reported as absolute and relative 

to body (and brain?) weight 

Histopathology of retained tissues initially in 

10/sex/group and only high dose and control 

groups (see #3) 

 Systemic organs (both sexes):  brain, CNS, 

PNS (dorsal root ganglia), liver, kidneys, 

spleen, adrenal glands, pituitary (weigh 

postfixation), thyroid (weight postfixation), 

thymus, GI tract, trachea, lungs, urinary 

bladder, bone marrow, eye plus optic 

nerve; identified target organs 

  Plus male:  testes, epididymides, seminal 

vesicles with coagulating glands, prostate 

  Plus female:  ovaries, uterus, cervix and 

vagina 

 

Male Endpoints 

Item Endpoints Comments and Considerations 

1   

 P  males:   

Dosing 

 

In 10 week dosed PO males, do standard 

necropsy when at time F1 pups are weaned 

with careful attention to male reproductive tract 

and andrology, thyroid hormones and histology 

of the reproductive tract. 

 

 4-10 weeks prior to start of exposures (see 

text for details) 

 F1and F2 males,  

Anogenital distance, all animals 
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Areola/nipples 

 

What, where and how many, in both 

males and females on PND 13 

 Acquisition of puberty (preputial separation) 

for all F1 males (absolute age and covaried by 

body weight at acquisition and by body weight 

on a fixed day; e.g., PND 42) 

 Note and record any threads 

 Begin observations on PND 42 for CD 

(SD) rats unless the test material is known 

to have androgenic activity (then start 

examinations earlier) 

 

2 At necropsy of P and F1 males, in addition to 

listed endpoint organs, histopathological 

examination of treatment-related abnormalities 

noted at macroscopic examination should be 

considered to assist in data interpretation.  

 

Detailed observations of genitalia of all male 

pups at necropsy for abnormalities (hypospadia, 

vaginal pouch, undecended, partially decended 

testes, etc.) 

 

TSH, T4, thyroid weight, thyroid histology, all 

at necropsy 

Record testis weight (individually one for 

sperm numbers and one for histology).  Weigh 

corpus plus caput epidymides and cauda 

epididymides (one for sperm one for 

histology).  

Weigh seminal vesicle, plus coagulating 

glands with fluid as a unit.   

Weigh kidneys, adrenals, liver, levator ani 

plus bulbocavernosus, Cowper’s gland (as a 

pair) and glans penis 

 

Record testis location (descended, 

undescended, attached, floating).  Note 

malformation, agenensis or inappropriate 

presence of any of the sex organs (e.g., is 

prepuce partially or entirely detached from 

glans penis, prostate agenesis, presence of 

uterus in male).  

Count nipples and areolas and record position 

of each.   

Record prostate weight by lobe (ventral and 

dorsolateral) 

Note if prepuce is partially or entirely 

detached from glans penis, note presence of 

persistent thread 

Note if inguinal regions are soiled with urine. 

Note if gubernacular cords or cranial 

suspensory ligaments are present or absent 

Examine prostate, seminal vesicles and 

coagulating glands are small or absent, 

infected or one side larger than the other. 

Note if kidneys display hydronephrosis, 

calcium deposits and the presence of 

hydroureter, bladder stones or blood.   
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3 Histopathology initially on high dose and 

control retained tissues from P and F1 males 

(randomly selected, 10/group) 

 

 If an apparent treatment-related effect is 

observed, perform histopathology on the 

organ of interest in the lower dose groups 

(ALL) and perform histopathology on all 

remaining organs of interest in high dose 

and control males 

 

5 Anogenital distance on between PND 0 and 

PND 4, and if an effect is noted, also on PND 

21 (at weaning), and at adult necropsy (absolute 

and covaried by body weight at measurement) 

Probably most sensitive male measurement for 

anti-androgens  

6 In addition to standard endpoints (body weight, 

feed consumption, clinical observations, 

including mortality/morbidity checks):  (1) date 

of pairing, (2) date of insemination*, and (3) 

date of parturition 

*  

 To calculate precoital interval (pairing to 

insemination) 

 To calculate gestational length 

(insemination to parturition) 
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3. RELEVANT DATA THAT CAN BE OBTAINED FROM REPEAT-DOSE STUDIES 

 

General information 

 Selection of dosages 

 Food and water consumption 

 Toxic response data by sex and dose level 

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

 Sensory activity, grip strength and motor activity assessments 

 Data on ADME, if available and other toxicokinetic information 

 Tissue weights 

 

Haematology data with relevant base-line values 

 Haematocrit 

 Haemoglobin concentration 

 Erythrocyte count 

 Total and differential leucocyte count 

 Platelet count 

 Blood clotting time/potential 

 

Clinical biochemistry 

 Sodium, potassium, glucose, total cholesterol, urea, creatinine, total protein, albumin, enzymes 

indicative of hepatocellular effects (e.g. alanine aminotransferase, aspartate aminotransferase, 

alkaline phosphatise, gamma glutamyl transpeptidase, sorbitol dehydrogenase) 

 Other parameters, as far as available (e.g. specific hormones, methaemoglobin, cholinesterase) 

 

Reproductive system 

 Tissue weight and tissue histopathology (gonads, accessory sex organs (e.g. uterus, prostate) 
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 Spermatogenesis (testicular histopathology) 

 Sperm production 

 Sperm integrity/function 

 Oestrus cycle 

 Follicle counts/oocyte maturation 

 Ovarian integrity (histopathology) 

 

Immune system 

 Tissue weight / histopathology /gross necropsy of e.g. thymus, spleen, large intestines with Peyer’s 

patches, lymph nodes associated with and distant from the route of exposure, bone marrow 

 

Central and peripheral nervous system 

 Tissue weight / histopathology / gross necropsy of brain (and representative regions thereof), 

spinal cord, peripheral nerves 
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4. DRAFT OUTLINES OF THE PROTOCOL 

 Two alternate ways of presenting the protocol are presented: 

Draft Outline 1:  

 

EXTENDED ONE GENERATION REPRODUCTIVE TOXICITY STUDY IN THE RAT 
Designed to meet developing EOGRTS design 

(for testing of chemicals, pesticides and toxic substances) 
 

GLP Compliant 
 

Test substance: To be advised 

Room occupancy: Approximately 28 weeks (assuming triggered F1 mating phase) 

otherwise ending after about 22 weeks 

. 

 

Treatment regime: P generation  

Males – 2 weeks pre-pairing to necropsy after selection of the F1 

generation (approximately 10 weeks) 

Females  – 2 weeks pre-pairing to necropsy on or soon after Day 28 of 

lactation following selection of the F1 generation 

F1 generation  

Cohort 1A:  treated from weaning to 13 weeks of age 

Cohort 1B:  treated from weaning to 14 weeks of age or for a further 

10 weeks if F1 breeding triggered 

Cohort 2:  treated from weaning to 9 weeks of age  

Cohort 3:  treated from weaning to 8 weeks of age  
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Route: Dietary (constant concentration) 

Species: Rat (Charles River CD or Harlan Han Wistar) 

Age at start of 
treatment: 

P generation - Approximately 11 weeks 
F1 generation – Approximately 3 weeks 

Age at pairing: P generation - Approximately 13 weeks 
F1 generation – Approximately 13 to14 weeks 

Groups: 1 2 3 4 

Treatment: Control Low Intermediate High 

Animals. No. per sex: 
P generation 
F1 generation Cohort 1A 
F1 generation Cohort 1B 
F1 generation Cohort 2 
F1 generation Cohort 3 
 

 
25 
20 
20 
10 
10 

 
25 
20 
20 
10 
10 

 
25 
20 
20 
10 
10 

 
25 
20 
20 
10 
10 
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Week of stduy 
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1
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1
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1
8 

1
9 

2
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2
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2
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2
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2
5 

2
6 

2
7 

P 
generation       F1 generation       

Triggered F1 
breeding 

          Cohorts               

          
Cohort 3 DIT 
male             

          
Cohort 2 DNT 
male              

Mal
es                

Cohort 1A - tox and repro 
path  male         

           
Cohort 1 B - spare - for 
triggered breeding        

  

M
a
t

e 
Gest 
tion 

Lac 
tation              

Gestati
on 

Lactati
on 

           
Cohort 1 B - spare for triggered 
breeding        

Fe
mal
es         

Cohort 1A - tox and repro 
path  female         

          
Cohort 2 DNT 
female            

          
Cohort 3 DIT  
female             

                           
 
 
 
 
 
 

Serial Observations: 

Parameter  P generation Occasions Details 

Clinical observations: Daily, as appropriate  

Bodyweights: P males – Weekly 
P females – Weekly until 
pairing, then Days 0, 6, 13 
and 20 after mating and 
Days 1, 4, 7, 14, and 21 of 
lactation. 
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Serial Observations: 

Food consumption: P males and females – 
Weekly until pairing 
P females – Approximately 
weekly, matching 
bodyweight schedule up to 
pairing, during pregnancy 
and lactation. 

 

Oestrous cycle 
monitoring: 

P females – For 14 days 
prior to pairing (dry 
smears) 
 

 

Clinical chemistry and 
haematology 

10 randomly selected M+F 
to include regular 
parameters and T4+TSH 

 

Pairing: Up to 2 weeks Vaginal smears (pipette lavage) daily 
until evidence of mating 
 

Littering observations: Duration of 
gestation/parturition. 
Litter size – Daily 
 
 
 
 
 
 
Individual pup weights 
F1 – All offspring – Days 1, 
4, 7, 14 and 21 of age 
F1 – Selected offspring – 
Days 25 and 28 of age, 
then weekly. 
 
F1 – All litters 
 – Sex  ratio – Days 1, 4 
and 21 of lactation   

 
 
Cull on Day 4 of age. 
CD rats – Cull to 10 rats per litter (5 
males + 5 females, where possible) 
Wistar rats – Cull to 8 rats per litter (4 
males + 4 females, where possible) 
 
 
 
Measurement of anogenital distance at 
birth,  
Monitoring of nipple count in males at 
D12 of age 
 
 

F1 Post-weaning 
observations: 

Sexual maturation (vaginal 
opening, balano-preputial 
separation) 
 

Observations recorded for 3 pups per 
sex per litter (60 animals per sex) ie all of 
the three cohorts selected below 

Necropsy and pathology At completion of breeding 
phase:  full necropsy, 
retention of tissues and 
microscopic examination - 
see table of procedures 

CASA for males, 
Qualitative follicle assessment for 
females 

Cohort 1A:  general tox data and repro pathology 
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Serial Observations: 

Bodyweights: Males and females – 
Weekly until termination 
after 13 wks 
 

 

Food consumption: Males and females – 
Weekly until termination 
after 13 wks 
 

 

Oestrous cycle 
monitoring: 

Females assessed daily 
from time of vaginal 
opening until first estrus - 
wet smears 
14 days dry smears from 
Day 75 of age to establish 
cyclicity 
 

Estimated 4 days smearing per female at 
sexual maturation 

Clinical chemistry and 
haematology 

Haematology and clin 
chemistry including T4 and 
TSH 
 

10 per sex per group randomly selected 
 
 
 

Necropsy and pathology At completion of treatment 
period 13 weeks old:  full 
necropsy, retention of 
tissues and microscopic 
examination - see table 

CASA for males, 
Quantitative follicle assessment for 
females 

   
Cohort 1 B:  reserve group for triggered breeding test 

Bodyweights: Males and females – 
Weekly until termination 
after 14 wks 
 

 

Food consumption: Males and females – 
Weekly until termination 
after 14 wks 
 

 

Triggered breeding Paired 1:1 within groups 
and allowed to litter:  
records to follow P 
generation breeding to 
pup weaning 

Only required if adverse effects upon 
reproduction require further investigation  
- to be performed at extra cost (build in 
resource reservation fee for 8 extra 
weeks animal room usage) 

Necropsy and pathology At completion of treatment 
period 13 weeks old:  full 
necropsy, limited retention 
of tissues and microscopic 
examination - see table of 
procedures 

CASA for males - extra  
Quantitative follicle assessment for 
females 
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Serial Observations: 

   

Cohort 2:  DNT in vivo testing 
 
Bodyweights: Males and females – 

Weekly until termination 
after 9 wks 
 

 

Food consumption: Males and females – 
Weekly until termination 
after 9 wks 
 

 

Functional observation 
battery 

Functional observation 
battery at about D56,  
 

10 male and 10 female per group  

Motor activity Motor activity at D60 10 male and 10 female per group 

Necropsy and pathology Perfusion fixation at about 
D70 of age:  retention of 
brain and nerve samples 
Detailed brain pathology 
and morphometrics 

Optional extra perfusion fixation and 
examination of nervous tissue from 10 + 
10 animals per group at weaning 

Cohort 3:  DIT in vivo testing 

Cohort 3:  DIT in vivo 
testing 

10 male/10 female per 
group primed with SRBC 
and spleen evaluated for 
plaque cell forming assay 
and lymphocyte 
phenotyping 

Monitored to age 56 days before priming 
with sheep red blood cells for immunotox 
testing 
(5 extra animals for cyclophosphamide 
positive reaction as positive control) 

Cohort 3:  DIT  necropsy  
and pathology 

Full necropsy and limited 
tissue retention - see table 
of procedures 

 

   
Terminal observations:   

Seminology: P males  and F1A males – 
All animals 

Vas deferens (left side) 
- Sperm from all males for motility 

assessment (by CASA) #. 
-     Sperm smear from all males for 

visual morphology analysis.   

Cauda epididymis (left side) 

- Weighed for all males and retained.  
Homogenised and number of sperm 
counted for cauda sperm reserves 
(by CASA).  
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Serial Observations: 

Testis (left side) 

-     Weighed for all males and 

retained.  Homogenised and number 

of homogenised-resistant 

spermatids counted (by CASA).  

#   Sperm motility is assessed from all 

animals as a fresh sample and all groups 

are reported.  All other examinations are 

initially confined to High dose and 

Control groups only plus any other males 

with suspected reduced fertility, at the 

discretion of the Study Director. 

 

Macroscopic 
examination: 

F0/F1 adult males – All 
animals. 
F0/F1 adult females – All 
animals. 
F1/F2 offspring (non-
selected) – Up to3 males 
and 3 females per litter. 
 

 
 
 
Including terminal smear and count of 
implantation sites 

Organ weights and 
preservation: 

P generation 
 
F1 cohorts 

See procedure table 
 
See procedure table 
 

Histology: P generation 
 
F1 cohorts 

See procedure table 
 
See procedure table 
 

Data treatment: Statistical evaluation as appropriate 

Pharmacy/Analytical Chemistry: 

Formulation: Weekly 
 

By Huntingdon Life Sciences 

Formulation Analysis: 3 suitable occasions Stability and homogeneity data in the 
specified diet (SDS VFR 1) will be 
required as part of the programme. 
Achieved concentration on 3 suitable 
occasions e.g.: first week of treatment (P 
and F1 generation) 
Last week of the F1 generation 
Last week of F1 generation 
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Serial Observations: 

Data: 

Archives: 1 year 
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Procedure table for organ weight/ retention/histopathology and microscopic examination 

 

  Generation /  Cohort 

  P offspring 1A 1B offspring  2 3 

Cohort designation Parental Culled at D 

21  

Repro 

/tox 

Repro 

spare 

DNT, D21 DNT 

maturity 

DIT 

Groups assessed for pathology C/H   C/H   C/H C/H ALL 

Treatment period (weeks) 10 3 14 15 3 10 8 

Age at necropsy (weeks) 21 3 14 15 3 10 8 

Animals per sex per group 24 1 M/1F/ 

litter 

20 20 10 10 10 

Tissue and regions to be 

examined     

Processes to be performed 

Abnormalities WRHP WRHP WRHP WHRP WRHP WRHP WRHP 

Target organs, if possible ^ WRHP WRHP WRHP WHRP WRHP WRHP WRHP 

Adrenals WRHP   WRHP         

Bone marrow R             

Brain (multiple sections) WRHP WR WRHP   WRHP WRHP   

Epididymides (caput, corpus and 

cauda) 

WRHP   WRHP WRH       

Eyes RHP       RHP RHP   

Femur (longitudinal section through 

joint) 

RHP             

Gastro intestinal tract  - Ileum  RHP             

Gastro intestinal tract  - Oesophagus RHP             

Gastro intestinal tract - Caecum RHP             

Gastro intestinal tract - Colon RHP             

Gastro intestinal tract - Duodenum RHP             

Gastro intestinal tract - Jejunum RHP             

Gastro intestinal tract - Pancreas RHP             

Gastro intestinal tract - Rectum RHP             

Gastro intestinal tract-Stomach RHP             

Heart (including auricular and 

ventricular regions) 

WRHP   WRHP         

Kidneys WRHP   WRHP         

Liver (section from two lobes) WRHP   WRHP         

Lungs (section from two major lobes 

including bronchi) 

WRHP   WRHP         

Mammary area – caudal RHP             

Optic nerves RHP       RHP RHP   

Ovaries  WRHP   WRHP# WRH       

Oviducts RHP             

Pituitary WRHP   WRHP WRH       
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Prostate dorsolateral and ventral 

combined 

WRHP   WRHP WRH       

Sciatic nerves RHP       RHP RHP   

Seminal vesicles (with coagulation 

gland) 

WRHP   WRHP WRH       

Skeletal muscle  RHP       RHP RHP   

Skin with mammary glands (inguinal 

area) 

RHP             

Spinal cord (transverse and 

longitudinal sections at the cervical, 

thoracic and lumbar levels) 

RHP       RHP RHP   

Spleen WRHP WR WRHP       W C 

Testes WRHP##   WRHP## WRH       

Thymus WRHP WR WRHP         

Thyroid with parathyroids (post 

fixation) 

WRHP   WRHP         

Trachea RHP             

Urinary bladder RHP             

Uterus with cervix and oviducts WRHP   WRHP WRH       

Vagina  RHP     RH       

Vas deferens RHP             

        

W - tissue weighed # - quantitative counts of primordial follicles    

R - tissue retained ## - CASA on testis/epididymis/vas deferens   

H - tissue processed to block stage C - counts of cell types     

P - tissue examined microscopically        

        

Brain sections to include: olfactory bulbs, cerebral cortex, hippocampus,basal ganglia olfactory bulbs, cerebral cortex, 

hippocampus, basal ganglia thalamus, hypothalamus, mid brain (tectum, tegmentum cerebral peduncles), brain stem and 

cerebellum 
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Draft outline 2:  

Table 1. Endpoints related to P and F1 animals (applicable to all cohorts) 

Examined parameters P males (all, unless 

otherwise 

specified) 

P females (all, 

unless otherwise 

specified) 

F1 males (at least 

3/litter/dose* 

unless otherwise 

specified) 

F1 females (at least 

3/litter/dose* 

unless otherwise 

specified) 

General clinical observation: 
- Pertinent behavioral changes 
- All signs of toxicity 
- Morbidity 
- Mortality 
 

Once a day 
× 
× 
× 
× 

Once a day 
× 
× 
× 
× 

Once a day 
× 
× 
× 
× 

Once a day 
× 
× 
× 
× 

More detailed clinical examination  
(when animals are weighed), including: 
 
 
- External abnormalities 
- 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, presence of 
clonic or tonic movements, stereotypy (e.g. excessive 
grooming, repetitive circling) or bizarre behaviour (e.g. self-
mutilation, walking backwards) 
- record of date of pairing, date of insemination, date of 
parturition 
- examination for signs of dystocia, abnormal nesting 
behaviour, nursing performance 

Once a week 
 
 
 
× 
× 
 
 
 
× 
 

Once a week 
 
 
 
× 
× 
 
 
 
× 
 
 
 
× 
 
× 
 

When animals are 
weighed, as 
applicable for the 
age of the animals 
× 
× 
 
 
 
× 
 

When animals are 
weighed, as 
applicable for the 
age of the animals  
× 
× 
 
 
 
× 
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Examination of the litter:  
Number and sex of pups, stillbirths, live births, and presence 
of gross anomalies (externally visible abnormalities, 
including cleft palate; subcutaneous haemorrhages; 
abnormal skin colour or texture; presence of umbilical cord; 
lack of milk in stomach; presence of dried secretions). 

  × 
 

Clinical examination of the neonates, e.g. qualitative 
assessment of body temperature, state of activity and 
reaction to handling 

  × 
 

× 
 

Evaluation of physical parameters, e.g. pinna detachment, 
auditory canal and eye opening, incisor eruption, hair 
growth, surface righting reflex, attainment of hearing 
ability/auditory startle response 

  
 

× 
 

× 
 

Body weight × 
- 1st day of dosing 
and at least weakly 
thereafter. 
- At sacrifice 
 

× 
- 1st day of dosing 
and at least weakly 
thereafter. 
- Lactation: 
weighed on the 
same days as the 
pups. 
- At sacrifice 

× 
- On PND 0 (or 1), 
4, 7 and 14 
- At weaning (PND 
21) and at least 
weekly thereafter. 
- At puberty. 
- At sacrifice 

× 
- On PND 0 (or 1), 4, 
7 and 14 
- At weaning (PND 
21) and at least 
weekly thereafter. 
- At puberty. 
- At sacrifice 

Food consumption  (or water consumption, if substance 
administered in the drinking water) 

At least weekly 
(same day as 
weighing) 

At least weekly 
(same day as 
weighing) 

At least weekly 
from weaning 
(PND 21) 

At least weekly from 
weaning (PND 21) 

Oestrous cycles (by vaginal cytology)  × 
At the beginning of 
treatment period 
until mating. 
 

 × 
For all cohort 1A 
females. 
- Daily from onset of 
vaginal patency until 
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At termination 1st oestrus 
- Daily, for 2 weeks 
from around PND 75 
 
For all cohort 1B 
females: from 
pairing until mating. 
If F1 generation 
mated. 
 
For all F1 females: at 
termination 

Anogenital distance   × 
Between PND 0 
and 4 

× 
Between PND 0 and 
4 

Presence of nipples/areolae   × 
 

× 
 

Check for sexual maturity 
- vaginal patency 
- balano-preputial separation 

   
 
× 

 
× 
 

Check for abnormalities of genital organs such as vaginal 
thread, hypospadia or cleft penis 

  × × 

Monitoring for systemic effects 
 
 
- haematology 
- clinical biochemistry 
- assay of T4 and TSH 
- other examinations (depending on test substance profile) 
- Urinalysis 

10 males, at 
termination 
 
× 
× 
× 
× 
×, prior to 

10 females,  at 
termination 
 
× 
× 
× 
× 
×, prior to 

10 males/ dose 
from Cohort 1, at 
termination (1A) 
× 
× 
× 
 
× 

10 females/ dose 
from Cohort 1, at 
termination (1A) 
× 
× 
× 
 
× 
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termination termination   

Macroscopic examination (at termination) × × × × 

Weighed and preserved organs, at termination 

 Uterus (with oviducts and cervix), ovaries 

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

 Prostate (dorsolateral and ventral part combined). 
 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 

 
 
× 
 
× 
× 
 
× 
 
 

 
× 
 
 
 
 
 
× 

× 
See table 2 for relevant cohorts 

Fixed organs (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), and 
mammary gland (males and females)) 

× 
 

× 
 

× 
 

× 
 

Full histopathology of all organs listed in the 2 cells above 
(organs weighed and fixed) 

× 
- in high dose and controls 
- and in lower doses if treatment related 
change is shown 
- and reproductive organs of all animals 
suspected of reduced fertility 

× 
- in high dose and controls (cohort 1A) 
- and in lower doses if treatment related 
change is shown  
- reproductive and endocrine organs of 
cohort 1B examined for histopathology in 
cases of suspected reproductive or 
endocrine toxicants, or results from 
cohort 1A are equivocal 

Examination of the uteri for presence and number of 
implantation sites (at termination) 

 ×  ×, If applicable 

Ovaries histopathology: 
 

  
 

 quali and quanti 
evaluation 
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 - primordial follicles 
- growing follicles 
- corpora lutea  

× (qualitative) ×  
× 
× 

Sperm parameters (quantitation of epididymal sperm, 
analysis of functional and morphological sperm parameters) 
    - Detailed histopathological examination of one testis and 
one epididymis 
   - From one epididymis : 
          - enumeration of cauda epididymis sperm reserves 
          - evaluation of sperm motility and morphology 

Optional under 
certain conditions 
× 
 
 
× 
× 

 at termination 
(Cohort 1) 
× 
 
 
× 
× 

 

* 3.5/litter/sex/dose from birth until weaning and 3 /litter/sex/dose from weaning 
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Table 2: Examinations specific to cohorts 

Examined parameters Cohort 1 Cohort 2 Cohort 3  Animals not selected for 
cohorts  
(culled on PND 4 and /or 
terminated on PND21) 

Cohort 1A Cohort 1B 

Assessment of neurotoxicity 
- Functional observation battery 
 
 
- Motor activity 
 
 
 
- Neurohistopathology : Multiple 
sections are examined from the brain 
to allow examination of olfactory 
bulbs, cerebral cortex, hippocampus, 
basal ganglia, thalamus, hypothalamus, 
mid-brain (thecum, tegmentum, 
cerebral peduncles), brain-stem and 
cerebellum. In addition, for cohort 2A 
only, the eyes, (retina and optic nerve) 
and samples of peripheral nerve, 
muscle and spinal cord are examined. 
 
- other 

  
×, between PND 63 – 
75 (cohort 2A) 
 
×, at least once 
between PND63-75 
(cohort 2A) 
 
× 
- on PND21 or 22 
(cohort 2B)  
- between PND 75 and 
90 (cohort 2A), on 
control and high dose 
animals and in lower 
doses if treatment 
related changes are 
shown 
 
 
×, if needed 

 × on PND 21 (optional) 
 

Assessment of immunotoxicity 
- primary IgM antibody response to a T 
cell dependant antigen (immunization 
as part of the test) 

   
×, PND 56 ± 2-3 days 
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Monitoring for systemic effects 
 
 
- haematology 
- clinical biochemistry 
- assay of T4 and TSH 
- Urinalysis 

On 10 
animals/sex/ 
dose 
× 
× 
× 
× 

    
 
 
 
 
× 
 

Oestrous cycles (by vaginal cytology) × 
- Daily from 
onset of 
vaginal 
patency 
until 1st 
oestrus 
- Daily, for 2 
weeks from 
around PND 
75 
- at 
termination 

× 
- From 
pairing until 
mating. If F1 
generation 
mated. 
- At 
termination 

- At termination - At termination  

Weighed and preserved organs, at 
termination: 

 Vagina 

 Uterus (with oviducts and 
cervix), ovaries 

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

 Prostate (dorsolateral and 
ventral part combined). 

 
 
 
× 
× 
 
 
 
× 
 
× 

 
 
× 
× 
× 
 
 
 
× 
 
× 

Neurohistpathology 
(see above) 

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

 Brain, spleen, thymus,  
 Liver, kidneys, heart, , 

pituitary, thyroid (post-
fixation), adrenal glands 

 Known target organs or tissues 

 Gross abnormalities 
 

Preserved organs at termination: 
Samples of peripheral nerve, muscle, 
spinal cord, eye plus optic nerve, 
gastrointestinal tract, urinary bladder, 
lung, trachea, bone marrow, vas 
deferens (males), mammary gland 
(males and females) and vagina 

 
 
× 
× 
 
 
× 
× 
 
× 

 
 
 
 
 
 
× 
 

 
 

× 
 
 
 

× 
× 
 

Optional preservation of 
mammary glands 

Full histopathology of organs listed 
above 

× 
On all high 
dose and 
control. In 
lower dose 
group if 
treatment 
related 
findings 

In case of 
suspected 
repro or 
endocrine 
toxicant 
and/or if 
results from 
cohort 1A 
are 
equivocal 

  Gross necropsy, including 
an assessment of 
reproductive organs 
 
Possible histologic 
examination of gross  
abnormalities and target 
tissues 

Ovaries histopathology (qualitative and 
quantitative evaluation) 
- primordial follicles 
- growing follicles 

 
 
×  
× 

As 
appropriate 
× 
× 
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- corpora lutea × × 

Investigation of pre and postnatally 
induced toxic effects on non 
reproductive tissues: 
- splenic lymphocyte subpopulation 
analysis (CD4+ and CD8+ T 
lymphocytes, B lymphocytes, and NK 
cells) using one half of the spleen 
- Weighing of lymph nodes associated 
with and distant from the route of 
exposure 
- histopathology on the collected 
lymph nodes and bone marrow 

On 10 
animals/sex/ 
dose 
× 
 
 
 
× 
 
× 
 

  
 
 
 
 

 
 
 
 
 

 

Sperm parameters 
- Histopathological examination of one 
testis and one epididymis 
- From one epididymis : 
       - enumeration of cauda epididymis 
sperm reserves 
       - evaluation of sperm motility and 
morphology 

 
×, at 
termination  
×, at 
termination 
 
 

    

 


