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OECD guidelines and validated methods for

in vivo testing of reproductive toxicity

Carmen Estevan, David Pamies, Miguel Angel Sogorb, and Eugenio Vilanova

INTRODUCTION

The OECD Guidelines for Testing of Chemicals are a package
of protocols and methods aimed at producing a toxicity test
sufficiently well designed to enable it to be carried out in a
similar manner in different countries and to produce results
that will be fully acceptable to different regulatory bodies.
Guidelines in this chapter are described for educational
purposes only. Therefore, the official original and updated
guidelines must be followed if intended for performing
assays for regulatory purposes. The reproductive toxicity
guidelines characterize the adverse effects against the repro-
ductive system attributable to the exposure to chemicals for
two purposes: (1) hazard characterization and (2) risk char-
acterization. The reproduction/ developmental studies,
included in the OECD Guidelines, are relevant in the risk
characterization of chemicals. The endpoints evaluated in
these protocols and the no-observed-adverse-effect levels
(NOAELs) obtained are taken into consideration not only
for the reproductive toxicity testing but also for the risk
assessment of general systemic effects. For example, the
NOAEL of systemic maternal toxicity in the teratogenicity
study is frequently considered for risk characterization in
short-term scenarios.

The results from these methods are recorded for the
evaluation of multiple endpoints. Some of them describe the
effects on the developmental process. The reproductive tox-
icity tests are relevant in the classification of substances. In
the European Union, the substances classified as CMR (car-
cinogenic, mutagenic, reprotoxic) have strong restrictions in
their use independently of the potential risk. The NOAEL
obtained from the teratogenicity study is used in the classifi-
cation and labeling of the substances. Also, the data of effects
in the reproductive organs or systems obtained from studies
of subchronic repeated dose are considered in the decisions
for classification and labeling.

In general, the severity of effects on endpoints relevant
to development or fertility should be evaluated relative to
the systemic general toxicity effects. The teratogenicity stud-
ies relevant to humans are not interpretable for secondary

Reproductive and Developmental Toxicology, Edited by Ramesh C. Gupta
ISBN: 978-0-12-382032-7

121

effects of maternal toxicity just because they are observed at
the same dose. However, in the fertility studies, the data are
more relevant if there is no effect to parental toxicity (either
the male or females in the F). If the development or fertility
impairment is observed at the same dose causing significant
systemic parental effects, it should be clarified that the effects
are not secondary to the parental damage. Further mechanis-
tic studies or additional ad hoc studies may be needed for
better interpretation.

The criteria for interpreting the relationship between
parental toxicity and effects on development or fertility are
frequently a matter of discussion among experts in agencies
making decisions for regulatory process. Table 10.1 summa-
rizes the methods adopted by the OECD regarding repro-
ductive toxicity. Method OECD 414 studies the effects of the
exposure to substances during the gestation process for the
evaluation of the effects in development. This test describes
the prenatal effects in the implantation and organogenesis in
test animals (rats/rabbits) and also the maternal effects pro-
duced during pregnancy.

In order to evaluate fertility in parental generation and
prenatal and postnatal systemic effects in the first generation,
method OECD 415 studies the toxicity to one generation in
the rat or mouse. The exposure starts in the parental genera-
tion before mating to observe effects in spermatogenesis or
the estrous cycle. After mating, only the pregnant female is
exposed to the substance during gestation until the end of
the nursing period.

A more complete method, OECD 416, not only describes
the systemic effects on the first generation but also the fertil-
ity and functionality of their reproductive system to produce
a second generation. The exposure to parental generation
starts before mating so as to detect effects on the fertility and
it lasts during mating, gestation and weaning of the F; gen-
eration. The F; offspring is administered the test substance
during its growth, adulthood, mating and gestation of the F,
generation until it is weaned.

Method OECD 421 is a screening test to detect postnatal
effects due to prenatal exposure, usually in rats. It is also
aimed to be used as a range-finding study for more detailed
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10. OECD GUIDELINES AND VALIDATED METHODS FOR IN VIVO TESTING OF REPRODUCTIVE TOXICITY

TABLE 10.1 This table shows a summary of the reproductive toxicity protocols validated by the OECD and compares the different
endpoints evaluated on each
Date Number and sex

OECD (adopted) EPA no. EU  Species of animals Dosage Administration Endpoints

414 2001 870.3700 B.31 rat/rabbit 20 females per 3 concentration + control  Oral — litters with implants
concentration — litters with live fetuses

415 1983 B.34 rat/mouse 20 females per 3 concentration + control ~ Oral — fertility
concentration - gestation

— viability index

- body weight

— necropsy

416 2001 870.3800 B.35 rat 20 pregnant females 3 concentration + control ~ Oral F;
per concentration - males during - growth
spermatogenesis — development
— females during - reproductive system
several estrus cycles F,
- growth
- development
421 1995 870.3550 rat 8 pregnant females 3 concentration + control  Oral — gross lesions
per concentration 2 weeks prior to mating — identified target organs
Males total of 28 days - infertility
Females until day — clinical abnormalities
3 postpartum — affected reproductive
and litter performance
- body weight changes
— effects on mortality
422 1996 870.3650 rat 8 pregnant females 3 concentration + control = Oral — live births and
per concentration 54 days approximately postimplantation loss;

— pups with abnormali-
ties, runts;

— time of death during
the study or whether
animals survived to
termination;

- implantations, corpora
lutea, litter size and
weights

426 2007 870.6300 rat 20 litters per 3 concentration + control ~ Oral — body weight and
concentration administered daily to clinical observations

mated females from -
the time of implanta- -
tion (gestation day 6) -
throughout lactation -
(PND 21)

brain weight
neuropathology
sexual maturation
other developmental
landmarks (eye
opening, incisor
eruptions)
— behavioral ontogeny
— motor activity
(including habituation)
— motor and sensory
function
- learning and memory

tests. In this protocol, males are exposed during approxi-
mately 4 weeks (2 weeks before mating and 2 weeks post-
mating). Females are exposed 2 weeks before mating and
then during pregnancy until weaning of the pups. The effects
observed include fertility of the parental generation and sys-
temic effects on the parental and first generation.

A combined method, using method OECD 421 and repeated
dose toxicity studies, described in the protocol OECD 422 for
simultaneous evaluation, entails the effects of a repeated expo-
sure with a screening test of reproductive/developmental

toxicity. As a screening test its results are of limited use; it is
mainly used as a preliminary study to establish doses for fur-
ther studies.

Method OECD 426 describes the neurotoxic effects of
the test substance produced during the development of an
organism. The females of the parental generation are dosed,
from implantation (approximately day 6 after mating) to
weaning of the first generation (day 21 after birth). This
procedure allows the pups to be exposed during the neu-
rological developmental process (pre- and postnatally) and
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METHOD OECD 414 (PRENATAL DEVELOPMENTAL TOXICITY)

evaluate the effects produced by the test substance to the fetus
and newborns.

Apart from these validated methods, there are some other
methods (developmental immunotoxicity and one-genera-
tion extended reproduction toxicity study) that have not been
validated yet by the regulatory agencies.

A method that has not been adopted yet by the OECD
consists of the extension of the one-generation reproduc-
tion toxicity study (OECD 415) up to the sexual maturity
of the first generation. This method does not imply the
gestation of a second generation but a detailed study by
histological and functional analysis of the first generation
in order to detect any reasons for infertility and gesta-
tion of a new generation. The method for evaluating the
developmental immunotoxicity has not been adapted by
any international agency but it has been proposed by some
committees and expert groups. It is based on the different
immune response capacity by adult or developing organ-
isms against chemicals. However, in the OECD there are no
technical guidelines dedicated to immunotoxicity, either in
developmental or in adult animals. Moreover, there are no
legal requirements for the evaluation of developmental
immunotoxicity, so it is improbable that this method will
be adopted in the next few years.

Below, the methods adapted by the OECD and some other
protocols are described in detail, including the general prin-
ciples of the study, the main aspects of the procedure, the
endpoints and the observations, data reporting and criteria
for interpreting results, and summarizing the guidelines.
This summary must not be used as an actual protocol to be
performed for regulatory purposes. The original full OECD
Guidelines must be used.

METHOD OECD 414 (PRENATAL
DEVELOPMENTAL TOXICITY)

Among the methods for testing developmental toxicity,
OECD guideline 414 (OECD, 2001a) provides general infor-
mation concerning the effects of prenatal exposure on the
pregnant test animal and on the developing organism. This
protocol has its equivalents in the Environmental Protection
Agency (EPA, number 870.3700) and in the European Union
Test Method B.31. This includes the assessment of maternal
effects as well as death, structural abnormalities or altered
growth in the fetus. Although functional deficits are impor-
tant parts of development, they are not included in these
guidelines. Testing for these deficiencies and other postna-
tal effects are evaluated in the two-generation reproductive
toxicity study (OECD, 2001b) and the developmental neuro-
toxicity study (OECD, 2007).

The preferred rodent species is the rat and the pre-
ferred non-rodent species is the rabbit. The test substance
is administered to pregnant animals at least from implan-
tation (day 5 after mating) to one day prior to the day of
scheduled labor. The test examines the period of organo-
genesis (from day 5 to 15 in rats and 6 to 18 in rabbits)
and also effects from preimplantation, through the entire
period of gestation to the day before caesarean section. A
tested substance or vehicle is usually administered orally
by intubation. At least three dose levels and a concurrent
control are used. Each test and control group contains a
sufficient number of females to result in approximately
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20 female animals (Table 10.1) with implantation sites at
necropsy. Groups with fewer than 16 animals with implan-
tation sites may be inappropriate. Dose levels should be
selected taking into account any existing toxicity data.
The highest dose should produce developmental and/or
maternal toxicity (mild clinical signs or a decrease in body
weight) but not death or severe suffering.

Clinical observations are made and recorded once a day,
preferably at the same time(s) each day taking into consider-
ation the peak period of anticipated effects after dosing. Ani-
mals are weighed on day 0, on the first day of dosing, every
3 days during the dosing period and on the day of scheduled
labor. Food consumption is also recorded at 3-day intervals
and should coincide with days of body weight determina-
tion. Females should be killed 1 day prior to the expected
day of delivery. Females showing signs of abortion or pre-
mature delivery prior to scheduled kill should be sacrificed
and subjected to a macroscopic examination. At the time of
termination or death, the dam is examined macroscopically
for structural abnormalities or pathological changes (caesar-
ean section and subsequent fetal analyses).

Uterine contents

Immediately after termination or as soon as possible after
death, the uterus is removed and the pregnancy status of the
animals is ascertained. Uteri that appear non-gravid are fur-
ther examined. Gravid uteri including the cervix are weighed,
except from animals found dead during the study. The num-
ber of corpora lutea (indication of implants) for pregnant ani-
mals is determined. The uterine contents are examined for
numbers of embryonic or fetal deaths and viable fetuses.

Examination of fetuses

The sex and body weight of each fetus are determined. Each
fetus is examined for external skeletal and soft tissue altera-
tions (e.g., variations and malformations or anomalies). For
rats, half of each litter is prepared and examined for skeletal
alterations. For rabbits, all fetuses are examined for soft tis-
sue and skeletal alterations. The bodies of these fetuses are
evaluated by dissection for soft tissue alterations, which
include procedures for further evaluation of internal cardiac
structure. The heads of one-half of the fetuses examined are
removed and processed for evaluation of soft tissue altera-
tions (including eyes, brain, nasal passages and tongue),
using standard serial sectioning methods. The bodies of these
fetuses and the remaining intact fetuses are processed and
examined for skeletal alterations.

Data reporting

Data are reported in tabular form, showing for each test group
the number of animals at the start of the test, the number of
animals found dead during the test or killed for humane rea-
sons, the time of any death or humane sacrifice, the number
of pregnant females, the number of animals showing signs
of toxicity, a description of the signs of toxicity observed,
including time of onset, duration, and severity of any toxic
effects, the types of fetal observations, and all relevant litter
data.
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Endpoints

Litters with implants are evaluated for developmen-
tal endpoints: number of corpora lutea as an indication
of implantations, number and percent of live and dead
fetuses and resorptions and number and percent of pre-
and postimplantation losses. Litters with live fetuses are
examined for the following developmental endpoints:
number and percent of live offspring, sex ratio, fetal body
weight, preferably by sex and combined; external, soft tis-
sue and skeletal malformations and other relevant altera-
tions, total number and percent of fetuses and litters with
any external, soft tissue or skeletal alteration, and types
and incidences of individual anomalies and other relevant
alterations.

Interpretation of results

p0105 A prenatal developmental toxicity study provides informa-
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50050

pO115
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p0125

tion on the effects of repeated oral exposure to a substance
during pregnancy. The results of the study should be inter-
preted in conjunction with the findings of subchronic, repro-
duction, toxicokinetic and other studies. Since emphasis is
placed on general toxicity and developmental toxicity end-
points, the results of the study allow for the discrimination
between developmental effects occurring in the absence of
general toxicity and those which are only expressed at levels
that are also toxic to the maternal animal.

METHOD OECD 415 (ONE-GENERATION
REPRODUCTION TOXICITY STUDY)

This protocol (OECD, 1983) has equivalence in the European
Test Method B.34.

Principles of the test

This test guideline is designed to provide general informa-
tion concerning the effects of the tested substance on male
and female reproductive performance, such as gonadal func-
tion, estrous cycle, mating behavior, conception, parturition,
lactation and weaning. The study also provides information
about developmental effects, such as neonatal morbidity,
mortality, behavior and teratogenesis.

This test is designed for use with rat or mouse. Males of
parental generation (F;) are dosed during growth and for
at least one spermatogenic cycle (approximately 56 days
in the mouse and 70 days in the rat) in order to elicit any
adverse effect on spermatogenesis by the tested substance.
Females of the parental generation are dosed for at least
two complete oestrous cycles (4 to 5 days) in order to elicit
any adverse effects on estrus by the test substance. The
animals are then mated. The test substance is administered
to both sexes during the mating period and thereafter only
to females during pregnancy and for the duration of the
nursing period.

At least three treatment groups and a control group are
used (Table 10.1). Each test and control group should con-
tain a sufficient number of animals to yield about 20 pregnant
females at or near term. Ideally, the highest dose level should
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induce toxicity but not mortality in the parental animals, the
intermediate dose should induce minimal toxic effects attrib-
utable to the tested substance and the lowest dose should
not induce any observable adverse effects on the parents or
offspring.

The objective is to produce enough pregnancies and off-
spring to assure a meaningful evaluation of the potential
of the substance to affect fertility, pregnancy and mater-
nal behavior in parental generation animals and suckling,
growth and development of the F; offspring from concep-
tion to weaning. Daily dosing of the parental males begins
when they are about 5 to 9 weeks old. In rats dosing is
continued for 10 weeks prior to the mating period (for
mice, 8 weeks). Males are killed and examined either at the
end of the mating period or may be retained on test diet
for the possible production of a second litter. For parental
females, dosing begins after at least 5 days of acclimatiza-
tion and continues for at least 2 weeks prior to mating.
Daily dosing of the parental females continues throughout
the 3-week mating period, pregnancy and up to the wean-
ing of the F, offspring.

Animals dosed during the fertility study are allowed to
litter normally and rear their progeny to the stage of weaning
without standardization. If standardization is carried out, the
following procedure is suggested: on day 4 after birth, the
size of each litter may be adjusted by eliminating extra pups
by selection to yield, as nearly as possible, four males and
four females per litter.

Endpoints

Behavioral changes, such as signs of difficulty or prolonged
parturition and all signs of toxicity, including mortality,
are recorded. During pre-mating and mating periods and
optionally during pregnancy, food consumption is mea-
sured weekly. After parturition, and during lactation, food
consumption measurements are made on the same day as
the litters are weighed. Parental generation is weighed on
the first day of dosing and weekly thereafter. Each litter
is examined as soon as possible after delivery to establish
the number and sex of pups, stillbirths, live births and the
presence of gross anomalies. Dead pups and pups killed at
day 4 are preserved and studied for possible defects. Live
pups are counted and litters weighed on the morning after
birth and on days 4 and 7 and then weekly until termina-
tion of the study, when animals are weighed individually.
Physical or behavioral abnormalities observed in the dams
or offspring are recorded.

At the time of sacrifice or death the animals of the paren-
tal generation are examined macroscopically for structural
abnormalities or pathological chances, with special attention
to the organs of the reproductive system. The ovaries, uterus,
cervix, vagina, testes, epididymides, seminal vesicles, pros-
tate, coagulating gland, pituitary gland and target organs of
all parental animals are preserved for examination. These
organs are microscopically examined in all high dose and
control animals and in animals which die during the study.
Organs showing abnormalities in these animals are then
examined in all other parental animals. In these instances
microscopic examination is made of all tissues showing
gross pathological changes. Reproductive organs of animals
suspected of infertility may be subjected to microscopic
examination.
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METHOD OECD 416 (TWO-GENERATION REPRODUCTION TOXICITY STUDY)

Data reporting

Data are summarized in tabular form, showing for each
test group the number of animals at the start of the test, the
number of fertile males, the number of pregnant females,
the types of changes and the percentage of animals dis-
playing each type of change (fertility, clinical abnormali-
ties, body weight changes, effects on mortality and any
other toxic effects).

Interpretation of the results

This reproductive toxicity study provides information on the
effects of repeated oral exposure to a substance. The results
of the study should be interpreted in conjunction with the
findings of subchronic, teratogenic (see comments for OECD
414 guideline above) and other studies. Extrapolation of the
results of the study to humans is valid to a limited degree,
although it provides useful information on no-effect levels
and permissible human exposure.

METHOD OECD 416 (TWO-
GENERATION REPRODUCTION
TOXICITY STUDY)

The protocol for studying the effects of a chemical sub-
stance in a two-generation study has been adopted by dif-
ferent agencies. The OECD adopted it in 2001 as method 416
(OECD, 2001b), while the EPA named it 870.3800 and the
European Union as B.35. This test is designed to provide gen-
eral information concerning the effects of a tested substance
on the integrity and performance of the male and female
reproductive systems, including gonadal function, the estrus
cycle, mating behavior, conception, gestation, parturition,
lactation and weaning, and the growth and development of
the offspring. The study also provides information about the
effects on the first generation (F;) including neonatal mor-
bidity, mortality and preliminary data on prenatal and post-
natal developmental toxicity. In addition to studying growth
and development of the F; generation (Table 10.1), the test is
also intended to assess the integrity and performance of the
male and female reproductive systems as well as growth and
development of the second generation (F,).

The tested substance is administered in graduated doses
(at least three doses and a control) to groups of males and
females. The rat is the preferred species for testing. Males of
the parental generation are dosed during growth and for at
least one complete spermatogenic cycle (approximately 56
days in the mouse and 70 days in the rat) in order to elicit
any adverse effects on spermatogenesis. Effects on sperm
are determined by some sperm parameters (e.g., sperm moz-
phology and motility) and in tissue preparation and detailed
histopathology. Females of the parental generation are dosed
during growth and for several complete estrus cycles in order
to detect adverse effects on estrus cycle normality produced
by the substance. The tested substance is administered to
parental animals during their mating, during the resulting
pregnancies and through the weaning of their F; offspring.
At weaning the administration of the substance is continued
to F, offspring during their growth into adulthood, mating,
gestation, until the F, generation is weaned.
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Each test and control group should contain a sufficient
number of animals to yield preferably not less than 20 preg-
nant females at or near parturition. The objective is to pro-
duce enough pregnancies to assure a meaningful evaluation
of the potential of the substance to affect fertility, pregnancy
and maternal behavior and suckling, growth and develop-
ment of the F; offspring from conception to maturity, and the
development of their offspring (F,) to weaning.

Dosing

Daily dosing of the parental males and females begins when
they are 5 to 9 weeks old. Daily dosing of the F; males and
females begins at weaning. During the lactation period,
direct exposure of the F; pups to the test substance may
already occur. For both sexes (Fy and F;), dosing continues
for at least 10 weeks before the mating period. Dosing is con-
tinued in both sexes during the 2-week mating period. Males
are humanely killed and examined when they are no longer
needed for assessment of reproductive effects. For parental
females, dosing continues throughout pregnancy and up to
weaning of the F; offspring. Treatment of F, and F; males and
females continues until termination.

Observations

This method studies different endpoints related to sperm
parameters, observations of the offspring, physical devel-
opment, functional investigations and pathological
changes with special attention to the organs of the repro-
ductive system. For the sperm parameters, the effects
on spermatogenesis are evaluated by histopathological
examination of testis and epididymis. Sperm evaluation
for abnormalities is conducted in control and high dose
Fy and F; males; or in all males in each dose group when
there are evidences from other studies of possible effects
on spermatogenesis. If the sperm evaluation parameters
have already been examined as part of a systemic toxicity
study of at least 90 days (in subchronic or chronic repeated
dose testing), they need not necessarily be repeated in the
two-generation study.

For observations of the offspring, physical development
of the offspring is recorded mainly by body weight gain.
Other physical parameters give supplementary information,
but these data are evaluated in the context of data on sex-
ual maturation (age and body weight at vaginal opening or
balano-preputial separation), and functional investigations
(motor activity, sensory function, reflex ontogeny) of the F,
offspring. The age of vaginal opening and preputial separa-
tion should be determined for F; weanlings selected for mat-
ing. Ano-genital distance should be measured at postnatal
day 0 in F, pups if triggered by alterations in F; sex ratio or
timing of sexual maturation.
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All parental animals (Fy and F;), all pups with external p0190

abnormalities or clinical signs, and at least one randomly
selected pup/sex/litter from both the F; and F, generation,
are examined macroscopically for any structural abnormali-
ties or pathological changes with special attention to the
organs of the reproductive system. The uteri of all primipa-
rous females are examined, in a manner which does not com-
promise histopathological evaluation, for the presence and
number of implantation sites.
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At the time of termination, body weight and the weight of
organs of all Fy and F; parental animals are determined (uterus,
ovaries; testes, epididymis (total and caudal); prostate; seminal
vesicles with coagulating glands and their fluids; brain, liver,
kidneys, spleen, pituitary, thyroid and adrenal glands and
known target organs). Terminal body weights for F; and F, pups
that are selected for necropsy are determined and the organs
(brain, spleen and thymus) from one selected pup/sex/litter are
weighed.

Parameters observed in a prenatal developmental toxicity
study (OECD, 2001a) about implantation and development
of the fetus are also evaluated and described in the OECD TG
416 for two-generation reproduction toxicity.

Reporting of data

The evaluation of the date provided in this test includes the rela-
tionship, or lack, between the dose of the tested substance and
the presence or absence, incidence and severity of abnormali-
ties, including gross lesions, identified target organs, including
necropsy and microscopic findings, affected fertility, clinical
abnormalities, affected reproductive and litter performance,
body weight changes, effects on mortality and any other toxic
effects. A two-generation reproduction toxicity study provides
information on the effects of repeated exposure to a substance
during all phases of the reproductive cycle. In particular, the
study provides information on the reproductive parameters,
and on development, growth and survival of offspring. The
results of the study should be interpreted in conjunction with
the findings of subchronic, prenatal developmental and toxico-
kinetic and other available studies.

METHOD OECD 421 (REPRODUCTION/
DEVELOPMENTAL TOXICITY
SCREENING TEST)

The test is used as part of a set of initial screening tests
for existing chemicals for which little or no toxicological
information is available, as a dose range finding study for
more extensive reproduction/developmental studies. The
OECD Guideline 421 (OECD, 1995) was adopted by the
EPA as Method 870.3550. This test does not provide com-
plete information on all aspects of reproduction and devel-
opment. It offers only limited means of detecting postnatal
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manifestations of prenatal exposure, or effects that may be
induced during postnatal exposure. Due to the relatively
small numbers of animals, the selectivity of the endpoints
and the short duration of the study, this method does not
provide evidence for definite claims of no effects. Of course,
negative data do not indicate absolute safety with respect to
reproduction and development. This information may pro-
vide some reassurance if actual exposures were clearly less
than the dose related to the NOAEL of repeated dose sub-
chronic or chronic dose studies.

Principle of the test

Males should be dosed for a minimum of 4 weeks, includ-
ing the day before scheduled labor. This includes a minimum
of 2 weeks prior to mating, during the mating period and,
approximately, 2 weeks post-mating. In view of the limited
pre-mating dosing period in males, fertility may not be a
particular sensitive indicator of testicular toxicity. Therefore,
a detailed histological examination of the testes is essential.
The combination of a pre-mating dosing period of 2 weeks
and subsequent mating/fertility observations with an over-
all dosing period of at least 4 weeks, followed by detailed
histopathology of the male gonads, is considered sufficient
to enable detection of the majority of effects on male fertility
and spermatogenesis.

This guideline is designed for performing the test with
rats. Females should be dosed throughout the study. This
includes 2 weeks prior to mating (with the objective of
covering at least two complete estrous cycles), the variable
time to conception, the duration of pregnancy and at least
4 days after delivery, up to and including the day before
scheduled labor. Duration of study, following acclimatiza-
tion, is approximately 54 days (at least 14 days pre-mating,
(up to) 14 days mating, 22 days gestation, 4 days of lacta-
tion), as indicated in Figure 10.1, but it depends on female
performance.

The guideline recommends the test substance to be
administered orally, daily for 7 days a week, and each
group should start with at least 10 animals of each sex.
Except in the case of marked toxic effects, it is expected
that this will provide at least eight pregnant females per
group, which is the minimum acceptable number per
group. At least three test groups and a control group are
used. Two- to four-fold intervals are frequently optimal for
setting the descending dose levels.

OPTIONAL EXTENDED

MALES MALES/SIRES
EXPOSURE

MALES

+ PUPS

FEMALES PREGNANT FEMALES DAMS
FEMALES

NON-PREGNANT FEMALES
Premating period  Mating Gestation Lactation
(14 days) (maximum 14 days) (approx. 22 days)
Start of the study Necropsy
—> > >

1 14 28 42 50 54

FIGURE 10.1 Temporal schedule for the Method OECD 421, indicating the period (days) of exposure.
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METHOD OECD 422

Dosing of both sexes begins at least 2 weeks prior to
mating and mating begins soon after the animals have
attained full sexual maturity (10-12 weeks of age). Dosing
is continued in both sexes during the mating period. Males
should further be dosed after the mating period at least
until the minimum total dosing period of 28 days (Table
10.1) has been completed. Parental female dosing should
continue throughout pregnancy and at least up to, and
including, day 3 postpartum. For studies where the test
substance is administered by inhalation or by the dermal
route, dosing is continued at least up to, and including,
day 19 of gestation.

Observations

Food consumption and body weight are evaluated in
males and females the first day of dosing, at least weekly
during the test and at termination. Adult animals are
examined macroscopically for abnormalities or pathologi-
cal changes. Special attention is paid to the organs of the
reproductive system. The number of implantation sites is
recorded. The counting of corpora lutea is strongly recom-
mended for estimating successful implantations over total
implantations in order to deduce the number of implanta-
tion losses. The testes and epididymides of all male adult
animals are weighed. Dead pups and pups killed at day
4 postpartum are carefully examined externally for gross
abnormalities. The ovaries, testes, epididymides, accessory
sex organs and all organs showing macroscopic lesions of
all adult animals are preserved.

Detailed histological examination is performed on the
ovaries, testes and epididymides (with detailed study on
stages of spermatogenesis and histopathology of interstitial
testicular cell structure) of the animals of the highest dose
group and the control group. Examinations are extended to
the animals of other dosage groups when changes are seen in
the highest dose group.

Data reporting

The evaluation includes the relationship between the dose
of the test substance and the presence or absence, incidence
and severity of abnormalities, including gross lesions,
identified target organs, infertility, clinical abnormalities,
affected reproductive and litter performance, body weight
changes, effects on mortality and any other toxic effects.
Because of the short period of treatment of the male, the
histopathology of the testis and epididymis should be con-
sidered along with the fertility data, when assessing male
reproductive effects.

The results that are reported from this test include body
weight and food consumption changes; toxic response data
by sex and dose, including fertility, gestation and other signs
of toxicity; gestation length, toxic or other effects on repro-
duction, offspring, postnatal growth, etc.; nature, severity
and duration of clinical observations; number of live births
and postimplantation loss; number of pups with grossly vis-
ible abnormalities, number of runts; time of death; number
of implantations, corpora lutea, litter size and litter weights;
organ weight data for the parental animals; necropsy find-
ings; microscopic findings of the male genital tract and in
other tissues and absorption data.
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METHOD OECD 422 (COMBINED
REPEATED DOSE TOXICITY STUDY
WITH THE REPRODUCTION/
DEVELOPMENTAL TOXICITY
SCREENING TEST)

s0110

This protocol (OECD, 1996) has also been adopted by the p0255

Environmental Protection Agency as 870.3650. This test is
intended for identification of possible health hazards likely
to arise from repeated exposure over a relatively limited
period of time. The method comprises a reproduction/devel-
opmental toxicity screening test and, therefore, is also used
to provide initial information on possible effects on male and
female reproductive performance such as gonadal function,
mating behavior, conception, development of the conceptus
and parturition. This test does not provide complete informa-
tion on all aspects of reproduction and development. It only
offers limited means of detecting postnatal manifestations
of prenatal exposure, or effects that may have been induced
during postnatal exposure. It can also be used as a dose range
finding study for more extensive reproduction/developmen-
tal studies. In this test, the dosing period is longer than in a
conventional 28-day repeated dose study. However, it uses
fewer animals of each sex per group.

Principle of the test

This study is designed for use with rats. The tested sub-
stance is administered orally to at least three test groups of
males and females and a control. Males are dosed for a mini-
mum of 4 weeks (2 weeks before mating, during the mating
period and approximately 2 weeks post-mating). In view of
the limited pre-mating dosing period in males, fertility may
not be a particularly sensitive indicator of testicular toxicity.
Therefore, a detailed histological examination of the testes is
essential. The combination of a pre-mating dosing period of
2 weeks and subsequent mating/fertility observations with
an overall dosing period of at least 4 weeks, followed by
detailed histopathology of the male gonads, is considered
sufficient to enable detection of the majority of effects on
male fertility and spermatogenesis.

Females are dosed throughout the study. This includes
2 weeks prior to mating (to cover at least two complete
estrous cycles), the time to conception, the duration of preg-
nancy and at least 4 days after delivery, up to and including
the day before scheduled labor.

Procedure

The guideline recommends each group to start with at least
10 animals of each sex. Except in the case of marked toxic
effects, it is expected that this will provide at least eight
pregnant females per group which normally is the mini-
mum acceptable number of pregnant females per group.
The objective is to produce enough pregnancies and off-
spring to assure a meaningful evaluation of the potential
of the substance to affect fertility, pregnancy, maternal and
suckling behavior, and growth and development of the F;
offspring from conception to day 4 postpartum. Two- to
four-fold intervals are frequently optimum for the dosing.
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The animals are dosed with the test substance daily for
7 days a week.

After animals of both sexes have been acclimatized for at
least 5 days, 2 weeks prior to mating, dosing begins. Mat-
ing begins soon after the animals have attained full sexual
maturity (10-12 weeks of age). Males are dosed after the mat-
ing period at least until a minimum total dosing period of 28
days (Table 10.1). Daily dosing of the parental females contin-
ues throughout pregnancy and at least up to, and including,
day 3 postpartum or the day before sacrifice.

Observations

General clinical observations are made daily. Once before
the first exposure and at least once a week thereafter,
detailed clinical observations are made in all animals.
Changes in skin, fur, eyes, mucous membranes, occurrence
of secretions and excretions, sensory reactivity to stimuli
and autonomic activity (e.g., lacrimation, piloerection,
pupil size, unusual respiratory pattern) is evaluated. The
duration of gestation should be recorded and is calculated
from day 0 of pregnancy. Each litter is examined as soon
as possible and live pups are counted and sexed, and lit-
ters are weighed within 24 hours of parturition. Males and
females are weighed on the first day of dosing, weekly
thereafter and at termination. Food consumption is mea-
sured weekly.

Hematological examinations are made in five males and
five females randomly selected from each group and the
following parameters are measured: hematocrit, hemoglo-
bin concentration, erythrocyte count, total and differential
leukocyte count, platelet count and a measure of blood clot-
ting time/potential. Clinical biochemistry determinations
to investigate major toxic effects in tissues and, specifically,
effects on kidney and liver, are performed on blood samples
obtained from the selected five males and five females of
each group. Other determinations should be carried out if the
known properties of the test substance may, or are suspected
to, affect the metabolic profiles.

All adult animals in the study are subjected to a full,
detailed, gross necropsy which includes careful examina-
tion of the external surface of the body, all orifices and the
cranial, thoracic and abdominal cavities and their contents.
Special attention is paid to the organs of the reproductive
system. The testes and epididymides of all adult males are
weighed and the ovaries, testes, epididymides, accessory
sex organs and all organs showing macroscopic lesions
of all adult animals are preserved. For five adult males
and females, randomly selected from each group, the
liver, kidneys, adrenals, thymus, spleen, brain and heart
are trimmed of any adherent tissue, as appropriate, and
their wet weight taken as soon as possible after dissection.
Of the selected males and females, the following tissues
are also preserved: all gross lesions, brain (representative
regions including cerebrum, cerebellum and pons), spinal
cord, stomach, small and large intestines, liver, kidneys,
adrenals, spleen, heart, thymus, thyroid, trachea and
lungs, uterus, urinary bladder, lymph nodes (preferably
one lymph node covering the route of administration and
another one distant from the route of administration to
cover systemic effects), peripheral nerve (sciatic or tibial)
preferably in close proximity to the muscle, and a section
of bone marrow (or, alternatively, a fresh mounted marrow

10. OECD GUIDELINES AND VALIDATED METHODS FOR IN VIVO TESTING OF REPRODUCTIVE TOXICITY

aspirate). These examinations should be extended to ani-
mals of other dosage groups, if treatment-related changes
are observed in the highest dose group.

Data reporting

Due to the limited dimensions of the study, statistical
analysis in the form of tests for “significance” is of lim-
ited value for many endpoints, especially reproductive
endpoints. The findings of this toxicity study are evalu-
ated in terms of the observed effects, necropsy and micro-
scopic findings. The evaluation includes the relationship
between the dose of the tested substance and the pres-
ence or absence, incidence and severity of abnormalities,
including gross lesions, identified target organs, infertility,
clinical abnormalities, affected reproductive and litter per-
formance, body weight changes, effects on mortality and
any other toxic effects. Because of the short period of treat-
ment of the male, the histopathology of the testis and epi-
didymis must be considered along with the fertility data,
when assessing male reproduction effects.

The test report must include body weight changes, food
consumption, toxic response data by sex and dose, including
fertility, gestation and any other signs of toxicity, gestation
length, toxic or other effects on reproduction, offspring, post-
natal growth, nature, severity and duration of clinical obser-
vations, sensory activity, grip strength and motor activity
assessments, hematological and clinical biochemistry tests,
number of live births and postimplantation loss, number of
pups with grossly visible abnormalities, number of runts,
time of death during the study or whether animals survived
to termination, number of implantations, corpora lutea
(recommended), litter size and litter weights at the time of
recording, body and organ weight data for the parental ani-
mals; necropsy findings, histopathological findings, absorp-
tion data and statistical treatment of results.

The study provides an evaluation of reproduction/
developmental toxicity associated with administration of
repeated doses. In particular, since emphasis is placed on
general toxicity and reproduction/developmental toxic-
ity endpoints, the results of the study allow for the dis-
crimination between reproductive/developmental effects
occurring in the absence of general toxicity and those
which are only expressed at levels that are also toxic to
parent animals. It could provide an indication of the need
to conduct further investigations and could provide guid-
ance in the design of subsequent studies and for justifica-
tion of waiving full studies.

The experimental schedule for the study duration of this
test is similar to that shown in method 421 (see Chapter 11),
with a maximum duration of the study of 54 days.

METHOD OECD 426 (DEVELOPMENTAL
NEUROTOXICITY STUDY)

Developmental neurotoxicity studies are designed to pro-
vide data, including dose-response characterization, on
the potential functional and morphological effects on the
developing nervous system of the offspring that may arise
from exposure in uterus and during early life. A develop-
mental neurotoxicity study can be conducted as a separate
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METHOD OECD 426 (DEVELOPMENTAL NEUROTOXICITY STUDY)

study, incorporated into a reproductive toxicity and/or
adult neurotoxicity study, or added onto a prenatal devel-
opmental toxicity study.

This method was adopted by the OECD as Guideline 426
(OECD, 2007) and by the EPA as Method 870.6300.

Procedure

The preferred test species is the rat while other species can
be used when appropriate. Each test and control group
should contain a sufficient number of pregnant females
to be exposed to the test substance to ensure that an ade-
quate number of offspring (20 litters are recommended per
dose level) is produced for neurotoxicity evaluation. On or
before postnatal day (PND) 4, the size of each litter should
be adjusted by eliminating extra pups by random selection
to yield a uniform litter size for all litters. The litter size
should not exceed the average litter size for the strain of
rodents used (8-12).

At least three dose levels and a concurrent control should
be used. The highest dose level should be chosen with the
aim of inducing some maternal toxicity and may be lim-
ited to 1,000mg/kg body weight. The tested substance (or
vehicle) should be administered by the most relevant route
to potential human exposure, and based on available metab-
olism and distribution information in the test animals. The
tested substance (or vehicle) should, at least, be administered
daily to mated females from the time of implantation (gesta-
tion day 6) throughout lactation (PND 21), so that the pups
are exposed to the test substance during pre- and postnatal
neurological development (Table 10.2).

TABLE 10.2  Timing of the assessment of physical and developmental
landmarks, and functional/behavioral endpoints (number of times when
measurements are performed) for OECD Guideline 426

Age periods

Pre-weaning Adolescence Young adults

Endpoints
Physical and developmental landmarks

Body weight
and clinical
observations

Brain weight PND 22

Neuropathology =~ PND 22 at termination

Sexual maturation - as appropriate —

Other as appropriate — -
developmental
landmarks

weekly at least every

two weeks

at least every
two weeks

at termination

Functional/behavioral endpoints

at least two measures
1-3 times - once

Behavioral ontogeny

Motor activity
(including
habituation)

Motor and sensory —
function

Learning and -
memory

once once

once once
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Observations

During the treatment and observation periods, detailed
clinical observations are conducted periodically (a minimum
of twice during the gestational and the lactational dosing
period) using at least 10 dams per dose level. Clinical observa-
tions include changes in skin, fur, eyes, mucous membranes,
occurrence of secretions and autonomic activity (lacrimation,
piloerection, pupil size, unusual respiratory pattern and/or
mouth breathing and any unusual signs of urination or def-
ecation). Unusual responses with respect to body position,
activity level (decreased or increased exploration of the stan-
dard area), coordination, posture, reactivity to environmental
stimuli, presence of clonic or tonic movements, convulsions,
tremors, stereotypies, bizarre behavior (biting or excessive
licking, self-mutilation, walking backwards, vocalization) or
aggression should be recorded.

Signs of toxicity should be recorded, including the day
of onset, time of day, degree and duration. Animals are
weighed at the time of dosing at least once a week through-
out the study, on or near the day of delivery, and on PND 21.
For gavage studies dams should be weighed at least twice
weekly. Food consumption is measured weekly at a mini-
mum during gestation and lactation.

For the offspring (at least one pup/sex/litter), during the
treatment and observation periods, detailed clinical observa-
tions are conducted. The observations should be the same as
for the dams. Changes in pre-weaning landmarks of devel-
opment (pinna unfolding, eye opening, incisor eruption) are
highly correlated with body weight, so this may be the best
indicator of physical development.

Neuropathological evaluation of the offspring is con-
ducted using tissues from animals. For offspring killed
through PND 22, brain tissues should be evaluated; for ani-
mals killed at termination (PND 70), both central nervous
system (CNS) tissues and peripheral nervous system (PNS)
tissues are evaluated. All gross abnormalities appearing at
the time of necropsy should be noted. Tissue samples taken
should represent all major regions of the nervous system.
The purposes of the qualitative examination are to identify
regions within the nervous system exhibiting evidence of
neuropathological alterations, types of neuropathological
alterations resulting from exposure to the test substance and
to determine the range of severity of the neuropathological
alterations. Morphometric (quantitative) evaluation should
be performed as these data may assist in the detection of a
treatment-related effect and are valuable in the interpre-
tation of treatment-related differences in brain weight or
morphology.

Neuropathological evaluation should include an exami-
nation for indications of developmental damage to the ner-
vous system, in addition to the cellular alterations. Some
significant changes are alterations in the gross size or shape
of the olfactory bulbs, cerebrum or cerebellum; alterations in
the relative size of various brain regions, including changes
in the size of regions resulting from the loss or persistence of
normally transient populations of cells or axonal projections;
alterations in proliferation, migration and differentiation, as
indicated by areas of excessive apoptosis or necrosis, clus-
ters or dispersed populations of ectopic, disoriented or mal-
formed neurons or alterations in the relative size of various
layers of cortical structures; alterations in patterns of myelin-
ation, including an overall size reduction or altered stain-
ing of myelinated structures; evidence of hydrocephalus, in
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particular enlargement of the ventricles, stenosis of the cere-
bral aqueduct and thinning of the cerebral hemispheres. For
each type of lesion, the characteristics used to define each
severity grade should be described, indicating the features
used to differentiate each grade. The frequency of each type
of lesion and its severity grade should be recorded and a sta-
tistical analysis should be performed to evaluate the nature
of a dose-response relationships.

Data and reporting

A developmental neurotoxicity study provides information on
the effects of repeated exposure to a substance during prena-
tal and early postnatal development. Since emphasis is placed
on both general toxicity and developmental neurotoxicity end-
points, the results of the study allow for the discrimination
between neurodevelopmental effects occurring in the absence
of general maternal toxicity, and those which are only expressed
atlevels that are also toxic to the maternal animal.

The test report for this test should include the following
results (Table 10.2): number of animals at the start and at the
end of the study; number of animals and litters used for each
test method; identification number of each animal; litter size
and mean weight at birth by sex; body weight and body weight
change data, including terminal body weight for dams and off-
spring; food consumption data, and water consumption data if
appropriate; toxic response data by sex and dose level, includ-
ing signs of toxicity or mortality, including time and cause of
death; detailed description of clinical observations; score on
each developmental landmark (weight, sexual maturation and
behavioral ontogeny); detailed description of all behavioral,
functional, neuropathological, neurochemical, electrophysi-
ological findings by sex; necropsy findings; brain weights; diag-
noses derived from neurological signs and lesions, including
naturally occurring diseases or conditions; images of exemplar
findings; low power images to assess homology of sections used
for morphometry; absorption and metabolism data; statistical
treatment of results and list of study personnel.

The discussion of results in the report must contain dose—
response information, by sex and group; relationship of any
other toxic effects to a conclusion about the neurotoxic poten-
tial of the test chemical, by sex and group, impact of toxico-
kinetic information on the conclusions, similarities of effects
to any known neurotoxicants, data supporting the reliabil-
ity and sensitivity of the test method, relationships between
neuropathological and functional effects and NOAEL or
benchmark dose for dams and offspring, by sex and group.

OTHER METHODS NOT INCLUDED
IN THE OECD

Developmental immunotoxicity

The Agricultural Chemical Safety Assessment (ACSA) Tech-
nical Committee developed in 1999 a database for develop-
mental immunotoxicity. The developing immune system can
be significantly more sensitive than the adult immune system
to xenobiotic-induced insult (Dietert and Holsapple, 2007).
There are distinct differences between the immune system
surrounding birth and that in the mature adult as well as dif-
ferences in the nature of immunotoxic changes based on age.

10. OECD GUIDELINES AND VALIDATED METHODS FOR IN VIVO TESTING OF REPRODUCTIVE TOXICITY

Immunosuppression is not the only concern. Immunotoxic
changes that increase the risk for allergic or autoimmune
responses should also be considered. Therefore, researchers
should not assume that immunotoxicity assays validated
for adult exposure assessment are inherently the most pre-
dictive for developmental immunotoxicology (DIT) evalua-
tion. Many of those adult-based protocols were developed
solely to detect immunosuppression, whereas DIT concerns
include shifts in immune balance. However, majority of par-
ticipants at the April 2008 ECETOC-ECVAM expert workshop
(ECETOC-ECVAM, 2008) believe it is premature to include a
DIT module in the enhanced one-generation technical guide-
line for the following reasons: no regulatory data requirement
for DIT exists anywhere in the world, and only a handful of ad
hoc “special studies” have been requested to date. Only recently
one pesticide regulator has codified a requirement for an adult
immunotoxicity study, so no contribution can be claimed to fur-
ther international harmonization of hazard and risk assessment
approaches. No standardized or validated methodology or
OECD technical guidelines currently exist for the evaluation of
immunotoxicity in either adult or developing animals, although
discussions among experts have taken place (Holsapple ef al.,
2005). Although an enhanced one-generation study would be
suited for general use, DIT data are of dubious relevance out-
side the pesticides sector (Vogel et al., 2010).

One-generation extended reproduction
toxicity study

This method has been proposed by different groups (Reuter
et al., 2003; Vogel et al., 2010) in order to produce a more effi-
cient protocol for testing the reproductive/developmental
effects of chemical substances using one generation. This
proposal uses a smaller number of animals, with benefits in
economic effort and also ethically.

Previous evaluations of multi-generational tests (Reuteret al.,
2003; Cooper et al., 2006; Myers et al., 2008) show that in nearly
all cases, the effects produced by the chemical had already been
shown in the first generation and only in a minimal number of
cases had the effect been visible in the second generation.

This method consists of the extension of the one-genera-
tion study (OECD 415) with detailed evaluation of different
endpoints in F; generation. The F; generation is examined
for functional, histological and pathological changes in its
system and most exhaustively in the reproductive organs.
Although this proposed method has not been approved by
official organisms, it has already been used by industry. The
benefits from using this method have been stated before and
are related to the reduction in the number of animals and
ethical reasons. Some of the arguments stated by industry for
avoiding the use of this method are the expensive costs of
detailed and exhaustive examinations of histopathology and
functional changes in the animals.

CONCLUDING REMARKS AND
FUTURE DIRECTIONS

Different organizations at international levels (OECD, EPA,
EU) have developed in vivo protocols for testing the reproduc-
tive toxicity of chemicals. These protocols are used all over
the world and have been previously validated, so they are
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considered reliable. The endpoints evaluated in those meth-
ods cover toxicity in the fertility in the parental generation to
effects in the developmental process and include the birth of
new generations of animals. The evaluation of the adverse
effects produced on these tests provides useful information
for the characterization of the toxic potential of a chemical.
New protocols are being developed in order to reduce the
number of animals used in the assessment and to improve
the predictability for identification of human health hazards.
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