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INTRODUCTION

Evaluation of the ovary is an important endpoint in tox-
icological assessments because xenobiotics that cause loss
of oogonia, oocytes, or supportive somatic cells may have
adverse effects on reproduction. To make an adequate histo-
logic assessment of the ovary, knowledge of all morphologic
components and an understanding of the changes that occur
during the normal estrous cycle and aging are required. A
thorough, qualitative light microscopic examination by a tox-
icologic pathologist will detect morphologic features associ-
ated with most functional alterations, including changes in the
relative number or density of ovarian components. Develop-
ment of consistent, reliable, and cost-effective quantitative
methods to evaluate ovarian toxicity has been challenging.
Much effort has been spent developing adequate methods for
quantification of small follicles. The publications by Bolon
et al. (1997) and Bucci et al. (1997) provide the most thorough
recent comparisons of follicle-counting techniques in mice.
These follicular-counting methods have been adopted and/or
modified for use as first-tier screening methods in some reg-
ulatory guidelines for reproductive toxicity studies.

Regulatory Guidance for Reproductive Toxicity Studies
Current guidelines for microscopic examination of repro-

ductive organs in reproductive toxicity studies are summa-
rized in Table 1. The U.S. Environmental Protection Agency
(EPA), U.S. Food and Drug Administration (FDA), and the
Organization for Economic Cooperation and Development
(OECD) guidelines for 2 generation reproductive studies rec-
ommend qualitative and quantitative evaluation of primordial
follicles in the ovary [U.S. EPA, 1998; U.S. FDA (food addi-
tives) 2000; OECD, 2001]. The number of animals, number
of sections, and selection of sections within the ovary are de-
termined by the sponsor, but must be adequate for statistical
analysis. In the EPA and OECD guidelines, quantification
is restricted to ovaries of the F1 generation, but the FDA
guideline for food additives (not pharmaceuticals) recom-
mends follicle counts for both generations. The FDA guide-
line also recommends a qualitative assessment of the presence
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or absence of growing follicles and corpora lutea. Regulatory
guidelines for general toxicity studies do not include ovarian
follicle counting.

Qualitative Assessment of the Ovary
Detection of female reproductive toxicity in reproductive

toxicity studies relies on a combination of methods, includ-
ing evaluation of estrous cycle duration, fertility assessments,
enumeration of corpora lutea at necropsy, organ weights, and
histopathology. The use of multiple assessment techniques
helps to ensure a thorough evaluation that minimizes the risk
of missing a true reproductive toxicant. The first step in the
histopathologic assessment of the ovary is a thorough quali-
tative histologic examination using sections stained with rou-
tine stains, such as hematoxylin and eosin. The histology and
physiology of the ovary necessary to make a thorough quali-
tative assessment have been reviewed (Manson and Mattson,
1992; Peluso, 1992; Peluso and Gordon, 1992; Davis et al.,
1999; Yuan and Foley, 2002). Immunohistochemical proce-
dures also have been developed that label small follicles and
make them easier to detect, such as immunohistochemistry
for nuclear CYP1B1 or PCNA in oocytes (Muskhelishvili
et al., 2002).

Qualitative microscopic examination is an excellent first-
tier screening tool for reproductive toxicity. With continu-
ous dosing, ovarian toxicity may occur in utero, between
birth and puberty or in adulthood. These exposure scenar-
ios and the fact that ovaries are routinely examined only in
adulthood in 2-generation reproductive studies contribute to
the variety of patterns and degrees of severity of lesions ob-
served in small follicles. Ongoing apoptosis or necrosis and
decreases in the reserve pool of small follicles usually are
detectable by qualitative microscopic examination. Degen-
eration of oogonia in utero or in the immediate postnatal
period may cause significant depletion of primordial folli-
cles that would likely be further exacerbated in adults due to
continued recruitment for growth from the already depleted
primordial pool (Mandl and Zuckerman, 1952; Krarup, 1969;
Murphy and Beamer, 1973; Hirshfield, 1994). These changes
are discernible to a pathologist conducting a focused qualita-
tive examination of the ovary. If the loss of primordial follicles
is complete or nearly complete, ovarian atrophy (character-
ized by an absence of follicles in all phases of maturation)
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TABLE 1.—Regulatory guidance for examination of female reproductive tissues in reproductive/fertility studies.

Guideline Organs to be weighed Organs to be collected/examined Special procedures

Pharmaceuticals
ICH S5A Detection of toxicity to
reproduction for medicinal products
(1994) and ICH S5B maintenance of the
ICH guideline on toxicity to male fertility:
An addendum to the guideline on
detection of toxicity to reproduction for
medicinal products (1996)

Ovaries and uterus for possible
examination and evaluation on a
case-by-case basis

Industrial and agrochemicals
OECD 416 2 generation reproductive
toxicity study (2001).

Uterus, ovaries Uterus with cervix, ovaries, vagina Weigh ovaries separately. Qualitative
examination of ovaries from F0 generation
to detect primordial follicle depletion.
Quantitative evaluation of F1 ovaries to
count number of primordial follicles (may
be combined with small growing follicles).
Number of animals, number of ovarian
sections, and section selection procedure
is optional but should be statistically valid.

Industrial and agrochemicals
OECD 421 Reproduction/developmental
toxicity screening test (1995)

Ovaries

Industrial and agrochemicals
U.S. EPA OPPTS 870.3800
reproduction and fertility effects (1998).

Ovaries, uterus
(with oviducts
and cervix)

Ovaries, uterus (with oviducts),
cervix, vagina

Qualitative examination of ovaries from F0
generation to detect primordial follicle
depletion. Quantitative evaluation of F1
ovaries to count number of primordial
follicles (may be combined with small
growing follicles). Number of animals,
number of ovarian sections, and section
selection procedure are optional but
should be statistically valid.

Industrial and agrochemicals
U.S. EPA OPPTS 870.3550
Reproduction/developmental toxicity
screening test (2000).

Ovaries, uterus Qualitative examination of ovaries should
detect primordial follicle depletion.

Agrochemicals
Japanese MAFF.∗ Requirements for safety
evaluation of agricultural chemicals (Nov.
24, 2000). Notification 8147

Ovaries, uterus All reproductive organs

Food additives and components
U.S. FDA Redbook 2000 IV.C.9.a
Guidelines for reproduction studies
(2000).

Ovaries, uterus Ovaries with oviducts, uterus with
cervix, vagina

Qualitative examination of ovaries to detect
primordial follicle depletion. Quantitative
evaluation of F0 and F1 control and high
dose ovaries to count number of
primordial follicles. Suggested procedure:
take 5 sections at least100 µ apart from
the inner third of each ovary. Count total
primordial follicles in all 10 sections.
Examination should also confirm presence
or absence of growing follicles and
corpora lutea relative to control ovaries.

∗Japanese Ministry of Agriculture, Forestry, and Fisheries.

as well as secondary atrophy of the uterus and vagina and
changes in mammary tissue will be observed in the qualitative
assessment.

Chemicals such as 4-vinylcyclohexene diepoxide and other
congeners of 1,3-butadiene and structurally related chem-
icals have very specific effects on primordial and primary
follicles. Although these lesions may not be readily apparent
in acute studies, these and similar chemicals cause signifi-
cant ovarian atrophy and ovarian tumors in chronic bioassays
(Morrissey et al., 1990; Hoyer and Sipes, 1996). Such potent
carcinogens and mutagens also are associated with male re-
productive toxicity and developmental toxicity (Morrissey
et al., 1990). Importantly, effects on primary follicles are
observed as increased atresia that is readily detected by
qualitative morphological assessment. Similarly, cyclophos-
phamide, dimethylbenz(a)anthracene (DMBA), and many
other chemicals known to target primordial follicles also af-
fect primary follicles (Mattison, 1983; Mattison et al., 1983;
Davis and Heindel, 1999). Such chemicals are also consid-
ered to be developmental and/or testicular toxicants because

of their mutagenic and cytotoxic activities. Thus, most if not
all ovarian toxicants leave their fingerprints for discovery in
careful qualitative histological evaluations. Moreover, most
chemicals that cause significant decreases in follicle counts
were identified as female reproductive toxicants by other as-
says. Indeed, in the proof of principle studies, the evaluations
of the utility of follicle counts were based on female repro-
ductive toxicants previously recognized by standard means
that did not include follicle counting (Mattison, 1983; Bolon
et al., 1997; Heindel, 1999). There is little evidence to suggest
that ovarian toxicants would be overlooked during careful
qualitative microscopic assessment.

Origins of Ovarian Follicular Counting
Prior to 1998, prenatal developmental toxicity (teratology)

study guidelines included the counting of corpora lutea by
gross inspection of the ovary to provide correlation with the
number of uterine implantation sites. However, studies in
mice and rats showed enumeration of follicles to be a sensitive
means of estimating the extent of ovarian toxicity in females
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exposed to xenobiotics (Toaff et al., 1979; Mattison et al.,
1983; Takizawa et al., 1984; Weitzman et al., 1992; Flaws
et al., 1994; Perez et al., 1997). The feasibility of using folli-
cle counts as a screen for chemically induced ovarian toxic-
ity in mice was assessed during Reproductive Assessment by
Continuous Breeding (RACB) bioassays in the National Tox-
icology Program (Bolon et al., 1997). Data from these studies
suggested that differential follicle counts can provide a quan-
tifiable endpoint of ovarian injury in conventional bioassays,
and in some instances, may provide a more sensitive indica-
tor of female reproductive toxicity than fertility assessments
in rodents.

In 1998, these findings led to the inclusion of ovarian folli-
cle counts in the guidelines for reproductive toxicity studies
(U.S. EPA, 1998) and subsequently, in the FDA reproductive
toxicity guideline for food additives (U.S. FDA, 2000) and the
Organization for Economic Cooperation and Development
(OECD) guideline for fertility studies (OECD, 2001). Using
data from the Bolon and Bucci reports, further discussion of
oocyte quantification and ovarian histology was presented
in a review article that was prepared for an International
Life Sciences Institiute (ILSI) workshop on reproductive end-
points for human health risk assessment (Heindel, 1999). De-
tailed methods of sectioning and counting are given elsewhere
(Smith et al., 1991; Bolon et al., 1997; Bucci et al., 1997;
Heindel, 1999). Most published reports of follicle-counting
methods, however, describe studies in the mouse, and it is un-
certain if the methods developed in mice reflect best practices
for rats or identify hazards not detected by other standard
methods used in risk assessment.

Quantitative Assessment of Small Follicles in Assessing
Ovarian Toxicity

Properly conducted follicle counts can supplement qual-
itative ovarian assessment to characterize ovarian toxicants,
understand their site of action, and assess primordial follicle
integrity when ovarian lesions are subtle. The utility of folli-
cle counts to detect female reproductive toxicity in rats that
cannot be detected by other means has not been demonstrated
adequately. Data submitted to regulatory agencies that may
support the use of follicle counting for this purpose gener-
ally are not publicly available. Data generated from follicle
counts can be highly variable with large standard deviations
both between animals and between groups, making interpre-
tation difficult. In part, this variability can be caused by sam-
pling methods that are inadequate for consistent quantitative
evaluation. As with other quantitative data, the methods used
to obtain the sections and the quality of the sections evaluated
are critical to the outcome. In addition to the high variability
of the data, follicle counts can be extremely time-consuming.
As a consequence, follicle counts may use up significant re-
sources without detecting follicle damage and/or ovarian tox-
icity. When depletion or lesions of small follicles are clearly
identified during a qualitative histologic examination, folli-
cle counts may add little or no additional information for
chemical hazard identification.

STP Recommendations
The evaluation of ovarian toxicity should use a weight-of-

evidence approach, considering the qualitative histopathol-

ogy data and other available data (fertility data, clinical obser-
vations, organ weights, male reproductive toxicity data, etc).
The Society of Toxicologic Pathology recommends a 2-tier
approach to evaluation of the rodent ovary in general toxicity
or reproductive toxicity studies. During the first-tier assess-
ment, ovarian sections should be evaluated qualitatively by
light microscopy. The examination should be conducted by
a toxicologic pathologist familiar with the normal reproduc-
tive cycle in the species, and should include evaluation of
all major components of the ovary (follicles, corpora lutea,
stroma, interstitium, and vasculature), with special attention
given to the qualitative assessment of primordial and pri-
mary follicles. This qualitative assessment of ovaries should
be done in conjunction with microscopic evaluation of the en-
tire reproductive tract, and with consideration of all ancillary
reproductive data (organ weights, estrous cyclicity, etc.).

Currently there is insufficient evidence to justify the use
of follicle counting as a first-tier screening method in rodent
toxicity studies. There is little published information sup-
porting the ability of follicle counting to detect reproductive
toxicity that could not be detected by qualitative microscopic
assessment or other standard methods. If performed appro-
priately, quantification of small follicles may provide addi-
tional information as a second-tier procedure to further char-
acterize suspected or demonstrated ovarian toxicants. The
decision to perform a quantitative assessment of small fol-
licles for purposes of risk assessment should be made on a
case-by-case basis considering all existing data. Factors that
might be considered when deciding whether or not to count
small follicles include qualitative histological changes in the
ovary such as increased atresia, changes in morphology or re-
duced numbers of corpora lutea or follicles; changes in ovar-
ian weights; decreased fertility; changes in estrous cyclicity;
the presence of testicular toxicity; evidence of developmental
toxicity in offspring; and whether or not the addition of quan-
titative data may alter risk assessment. Tissue sectioning and
follicle-counting methods developed in mice have not been
adequately assessed and optimized in rats. A retrospective
evaluation of follicle counts from rat studies, including those
studies submitted to regulatory agencies, would be helpful in
evaluating the methodology and utility of follicle counts in
risk assessment. Additional studies are needed to determine
and confirm a reliable standard method to prepare rat ovarian
sections for quantitative assessment and to demonstrate the
value of follicle counts in rats. As more information becomes
available, the value of quantification of small follicles as a
first-tier screening tool should be reassessed. Quantitative as-
sessment of ovarian follicles should be performed only when
it can improve risk assessment.
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