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Summary g

Exposure of fathead minnowrifnephales promeldsJapanese medak®rfyzias latipey and
zebrafish Danio rerig) to endocrine disrupting chemicals may result in histopathologicahalte
tions of gonadal strigre and microarchitecture. The diagnosis of such histopatholog
changes may, therefore, assist in the detection of endocrine disrupting chemicals. Givé
long historical background of piscine histtiology and diverse traditions in the terminolog
in different fish species and in different regions, there is a need for harmonization in org
facilitate nonbiased compasons of results from different laboratories and, thus, to optim
reproducibility and redbility of histopathological diagnose$he purpose of this document is
to provide guidance for the prepion and histopathological evaluation of gonads from fathe
minnow, Japanese medaka and afhn following exposure to chemicals potentially disruptin
the endarine system.

Throughoutthis document, the proposed procedures were derived from consensus opinid
various fish pathologists, recommendations from the Bilthoven (2002), Paris (2003) iand
delberg (2004) workshops, from information distilled from previous guidelines, arstitne
tific literature. Major sections of the guidance document comprise (ILmottm and hist-
technical proedures (chapter 2), (2) primary, secondary and additional gonadal histopathd
glossary and diagnastic criteria (chapters 3 and 4), and (@dgbstging criteria (chapter 5).

Note It is the intention of the authors to make this document available on the interneta-pre
bly on the OECD website. Further experience in the use of histopathological diagnoses of
crine-disruptorrelated changein testes and ovaries of fatheadhmaiw, Japanese medaka an
zebrafish should be incorporated into future updates of this guidance document.
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1. Purpose of this document

The purpose of this document is to provide guidelines for the preparation and histopathological eva
uation of gonads from fathead minnoRifephales promelasJapanese medak@ryziaslatipes and
zebrafish Danio rerio) following exposure t@hemicalgpotentialy disrupting theendocrinesystem

The goals of these guidelines are

a) to harmonize techniques for the preparation of histologipatimendor the diagnosis ofre
docrinerelaed histopathology in fish gonads,

b) to provideguidance for the diagnosis of histopathological alterations in fish exposed e pote
tial endocrinedisrupting cherntals according to

(1) the OECDfFish Screeninggs ay 0 ,( FSA)
(2) t h e FatigeadiMinnow?l-d Shortter m Repr oducti on Assayo, and

(3) any other assay designed for the detection of endedignepting chemicals and requiring
histological analyses of the gonads.

c) to supply template text for laboratory protocols, &ifidto facilitate norbiased comparisons
of resultsfrom different laboratories

Throughout this document, the proposed procedures were derived from consensus opinions of various
fish pathologists, recommendations from the Biltho{2002, Paris(2003 and Heidelberg2004
workshops, information ditled from previous guidelines, and the scientific literature.

This guidance document is divided into threainsections:
(1) postmortem andistotechnicaproceduregchapter 2)
(2) gonadalhistopathologyglossary andliagnosticcriteria (chapters 3 and 4)
(3) gonadalstagingcriteria(chapter 5)

In order to facilitate interspecies comparisotiiss document isiot partitioned according to species
instead, for each diagnosall three fishegfathead minnow, Japanese medaka, zebradfigh)cons
dered simultaeously whenever possible.
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2. Postmortem and histotechnical procedures

The purpose of this section is to outline pasirtem steps and procedures that occur prior to avalu
tion of histologi@al sections on glass slidascluding euthanasia, necropsy, tissue fixation, decakific
tion, tissue trimming, processing, embedding, microtomy, staining, -stipping, and slide lading.

2.1  Fixation of tissue sgcimens for gonad histopathologyg

Techniques were seledtéhat would most optimally
(1) preserve the cellular structuretbe gonads;
(2) maximize the amount of gonad tissue available for aigly
(3) sample the gonads in a representative and consiasiior; and
(4) allow the pathologist to erdine at leasB step sections of both gonads on a single glass slide.

In all three fish specieghe gomds are excised from the fish. In case very young individuals were
used, the gonads may alternatively be fixed inside the carcass. Howevetelintmallow optimal
penetration of the fixative, head and tail portions should be removed by means of sharp razor blades.

Davi ds o n Gssthe fecommended filive. Compared to other common fixatives, such a%10
neutr al buffer edxkaftarvnea!l itnh eo ra dBsoaunit nadgses &llowsf Davi ds

(1) the morphologic appearance of gonad sections is generally considered to be comparable to
st i ons fixed in Bouinbs fixative and superio

2)compared toiBeyi whs cthi x@antains picricnacid, |
sidered to be less noxious, less hazardous, and more easily disposed of;

Bt here is anecdot al information whi colobtaénugge st
in the near futue;

@4specimens fixed in Bouinbés fixative require
malin.

Formulation of Davidson’s fixativ1 L; Fournie et al., 2000):
Formaldehyde (3740 %) 200 ml

Glycerol 100 mi
Glacial acetic acid 100 mi
Absolut alcohol 300 ml
Distilled water 300 ml

Formul ation of Modi {liled Davidsondés Fixative
Formaldehyde (3740 %) 220 ml

Glacial acetic acid 115 ml
95% Ethyl alcohol 330 ml
Distilled water 335 ml
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For a photographic comparison of specimens fixed Davi dsonds versus Bouinbd
Pl ease be aware that different recipes and prod
aatually be modifications of the original for mul
used, this should be noted by the laboratory. If necessary, a decalcification solution (EDTA, acetic

acid) may be used. Factors that may affect the need for decalcification include the size of the individ

al fish, the length of time that the carcass was imawin fixative, and the extent to which the @bd

minal cavty came into contact with the fixative.

1"1"1?(:

Bouin’s fIXALVE S s A 5 5 F D ‘W&

’1“\')"}: &1} *\
4?5(& S

Fig. 1. Fatheaminnow testis @, b andovary c,df i x ed i n BoaudandndiftdBcat i v e
vi ds on 6 sb, d. Coloadontrasewag slidgtsuperior in testes fixed withDalds on 6s f i xat.
and was <c¢learly superior in ovaries fixed- with I
nostcpuposes; however , Dexentuallysetectedl.s f i xati ve was
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2.2 Euthanasia and necropy g

Objectives
(1) Provide for the humane sacrifice of fish.
(2) Obtain necessary body weights and measurements.
(3) Onbtain specimens for vitellogenin analysis.
(4) Excise gonad specimefrsot required for Japanese medaka and zebrafigh
(5) Evaluate secondary sex characteridics required for Japanese medaka and zebrafigh

(6) Provide for adequate fixation of the gonads/aittiin the carcass.

Materials

(1) Fish transport container (~500 ml, contains water from the experimental tank or system
servoir).

(2) Small dip net.

(3) Euthanasia chamber (~500 ml vessel).

(4) Euthanasia solutio(see below).

(5) Electronic slide caliper (minimum display:0.1mm)
(6) Electronic analytical balance (minimum display0.1mg) and tared vessels.
(7) Stereoscopic microscope.

(8) Pinsand corkboard.

(9) Small scissors (e.g., iris scissors).

(10) Small forceps.

(11) Microdissection forceps.

(12) Microdissection scissors.

(13) Gauze sponges.

(14) Davi dsonosee2fli xati ve (
(15) Plastic syringe (3nl).

(16) Standard plastic tissue cassettes (one per fish).

(17) Fixation containes (100 ml, one per fish).

Euthanasiasolution (MS-222; tricaine methanesulfonate)

Tricaine methanesulfonate 100 mg
Sodium bicarbonate 200 mg
Tank or reservoir water 1L
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Procedures

(1) Fish should be sacrificed within one to two minutes prior to necrdp®refore, unless nhu
tiple prosectors are available, multiple fish should not be sacrificed airaalisly.

(2) Using the small dip net, singlefish is removed from the experimental chamber andstran
ported to the necropsy area in the transport containeedeh test chamber, all male fish are
sacrificed prior to the sacrifice of female fish; the sex of each fish is determined by external
body characteristicddthead minnowpresence or absence miiptial tubercles, dorsal pad;
medaka shape of dorsal arahal fing zebrafish: coloration, body shgpe

(3) The fish is placed into buffered M&22 (tricaine methanesulfongteolution. The fish isa-
moved from the solution when there is cessation of respiration and the fish is unresponsive to
external smuli.

(4) The fish is wet weighed, measured according to protocol, and a blood sample is obtained
from the caudal artefyein or heart.

(5) The fish is placed on a corkboard on the stage of a dissecting microscope. Using iris scissors
and small forceps, the abdomen is rgx via a carefully made incision that extends along
the ventral midline from the pectoral girdle to a point just cranial to the anus.

(6) The fish is placed in dorsal recumbency and the opposing flaps of body wall are pianed la
erally to expose the abdominascera (Fig. 2, 3).

(7) Using the small forceps and small scissors, the abdominal viscera (liver, gastrointestinal
tract, spleen, pancreatic tissue, and abdominal mesentery) are carefully removed en masse in
the fdlowing manner:

a. The intestine is severedgximal to the anus.

b. A forceps is applied to the terminal portion of the intestine. Using gentle traction and
taking care not to disturb the gonads, the viscera are dissected out of the abdominal
cavity in a caudal to cranial direction.

c. The distal esophagus severed just proximal to the liver.

(8) Fathead minnow Using a syringeappr oxi mately 0.5 ml of Davi c
gently applied to the gonadsn situ. Approximately 90 seconds following the application
of fixative, the liquid fixative within te abdomen is removed with a gauze sponge, and the
gonads are excised in a manner similar to the abdominal viscera:

a. Using the microdissection scissors, the spermatic ducts or oviducts are sevgred pro
imal to the genital pore.

b. Microdissection forceps aregh applied to the spermatic duotdducts. Using gentle
traction, the gonads are dissected out of the abdominal cavity in a caudal to ¢ranial d
rection, severing the mesorchirmkesovarial attachments as needed using the mgerodi
section scissors. The lathd right gonads may be excised individually or they may be
excised simultaneously and subsequently divided at their caudal attachment.

Japanese medaka, zebrafisbsing the microdissection scissors and forceps, the livesis di
sected from the viscera anetained for vitellogenin analysi&o to step (11).

(9) Fathead minnow The gonads (right and left) are placed into alpbeled plastic tissue sa
sette which is then placed into an individu.
by the abdominal vira. The volume of fixative in the container should be at least 10 times
the approximated volume of the tissues. The fixative container is gently agitated for five
seconds to diodge air bubbles from the cassette.
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(10) Fathead minnow Using the carcass, thendary sex characteristics are assessed (e.g.,
dorsal nape pad, ptial tubercles). The carcass is then added to the fixative cont@iodo.
step (12).

(11) Japanese medaka, zebrafisithe abdominal cavity igently flushed with 0.5 ml of Dav
s on6s ,fandxhantthe waecass and abdominal viscera are placed in an individual co
tainer of Davidsonés fixative. The vol ume
times the appramated volume of the tissugso to step (12).

(12) All tissues remain in Dav i dsonb6s f i x dotloivaddy tansferrta indgidual
containers of 100 neutral buffered formalin the next day. Containers with cassettes are
gertly agitated for 5 seconds to ensure adequate penetration of formalin into cassettes (it is
not necesary to rinse with water or perform multiple changes in formalin).

Fig. 2. Fatheadminnow, male: Excision of the testes during necrop&). The abdominal wall is
pinned laterally (b) The terminal intestine is severed and retractéat po removal(c) The testes are
grasped near the spermatic du@y Removal of the testes is complete.
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Fig. 3. Fathead minnow, female: Excision of the ovaries during necropsy. (a) The abdominal wall is
pinned laterally. (b)'he teminal intestine is severed and retracted prior to rem@oalThe ovaries

are grasped near the oviducts. (d) Removal of the ovaries is complete.

2.3

Tissueprocessing

Objectives

(1)
(2)
3)

Japanese medaka and zebrafisirim carcass for embedding and microtomy.

Dehydrate tissue to provide for adequate penetration of paraffin.

Impregnate the tissue with paraffin to maintain tissue integrity and create a firm surface for

microtomy.

Materials

(1)
(@)
(3)
(4)
(5)

Tissue processor.
Paraffin heating pots.
Processing unit oven.
Activated darcoal.

Paraffin (ParaplaS¥, or equivalent
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(6)
(7)
(8)
(9)

10% neutral buffered formalin.
Ethyl alcohol (absolute and dilutions as required).
Proprietary clearing agent (Clear R&E" or equivalent).

Xylene.

Procedures

(0) Japanese medakazebrafish. Head and taiare severed and removed prior to eduieg.

(1)
(2)

(3)

(4)

Labeled tissue cassettes are removed from formalin storage and are washedtiertap w

The cassettes are placed in the processing basket(s) in a single layer. The processing basket
areloaded into the tissue geessor.

The processing schedule is selected (see App
equivalent is selected ffathead minnow

After the tissue processor has completed the processing cycle, the basket(s) mag-be tran
ferred to the embeddingagion.

Schedule 1: Tissue Processing

Ststion Reagent PressuréVacuum Heat () GONAD. WHOLE -FISH
0. Cycle program (min.)  program (min.)

1 10% NBF On Ambient 40 60

2 70 % Ethanol On Ambient 40 60

3 80 % Ethanol On Ambient 40 60

4 95 % Ethanol On Ambient 40 60

5 95 % Ethanol On Ambient 40 60

6 100% Ethanol On Ambient 40 60

7 100% Ethanol On Ambient 40 60

8 100% Ethanol On Ambient 40 60

9 Clear Rite 3 On Ambient 60 80

10 Clear Rite 3 On Ambient 60 80

11 Paraffin on 60 45(60) 75(100)

12 Paraffin on 60 45(60) 75(100)

13 Paraffin on 60 45(60) 75(100)

14 Paraffin On 60 45 75

Drain and Clean Cycfe

& Neutral buffered formalin.

® Times are increased for processors that have theesuSour) final stations

¢ Automatic cleaningycle to be run after removal of tissues from the proce$suoe, temperature, and vacuum are preset by the
manufacturer.
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2.4

Embedding g

Objective

(1)

Properly orient the tissue in solidified paraffin for microtomy.

Materials

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Embedding station (thermal, dispensing and cryo consoles).
Paraffin heating pots.

Paraffin transfer pots.

Laboratory oven.

Thermometer.

Embedding molds.

Block drawers.

Forceps.

Scraper.

(10) Standard paraffin.

Procedures

(1)

(@)

3)

(4)

()

(6)

(7)

(8)
(9)

The cryaonsole of the embeddirggation is turned or{Power to the dispensing console and
thermal console should remain on at all times.)

The basket(s) of cassettefai® removed from the processor and immersed in dtradfin-
filled front chamber of the embedding station thermal clenso

The first cassette to be embedded is removed from the front chamber of the thermal console.
The cassette lid is removed and discarded, and the cassette label is checked against the an
mal records to resolve potential discrepancies prior to embedding.

An appropriately sized embedding mold is selected.
The mold is held under the spout of the dispensing console and filled with mariainp

The gonads are removed from the base of the cassette and are placed in the molten paraffin
in the mold.The two gmads (left and right) are oriented horizontal to their long axis in the
mold to dlow for longitudinal sectioning.

The base of the cassette is placed on top of the rAdHditional paraffin is added to cover
the bottom of the base.

The mold with the casgetbase is placed on the cooling plate of the cryo console.

After the paraffin has solidified, the block (i.e., the hardened paraffin containing the tissues
and the cassette base) is removed from the mold.

(10) Steps 3 through 10 are repeated for each cagedieeembedded.
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25  Microtomy g

Objective

(1) Create and mouthistologicalsections for staining.

Materials
(1) Microtome.
(2) Disposable microtome knives.
(3) Lipshaw Piké& oil (or equivalent lightweight, machine oil).
(4) Temperatureontrolled water bath.
(5) Ice.
(6) Microscope slides.
(7) Staining racks.
(8) Permanent slide marking pen.
(9) Forceps.
(10) Finetipped paint brush.
(11) Temporary labels.
(12) Slide warmefoven.

Procedures

(1) The temperature in the water bath is allowed to stabilize so that ribbons cuh&dissue
blocks will spread out uniformly on the surface without meltifilgis temperature asses
ment is a qualitative judgment made by the microtomist before and during microtomy.

(2) If necessary, a new blade is mounted onto the microtome and the mieristdubricated
with oil.

B The initial phase of microtomy i sllower med #Af a
a. The block is placed in the chuck of the microtome.

b. The chuck is advanced by rotating the microtome wheel and thick sections are cut
from the paraffin surface of the block until the knife reaches the embedded tissues.
This process is referred to as Arough tri:

c. The section thickness on the microtome is set betwed® 4nicrons.The chuck is
advanced and multiple sections aut ftom the block to remove any artifacts created
on the cut surface of the tissue during rough trimmindpi s process i s te
trimmingo of the bl ock.

d. The block is removed from the chuck and placed fiven on ice to soak the tissue.
e. Steps a. thnagh d. are repeated until all blocks to be microtomed have been faced.

f. If it is determined during facing that any block is not of acceptable quality foomicr
tomy, it is returned for rembedding before proceeding with micoly.
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g. Any extraneous pieces ohaffin are removed from the microtome and workstation
periodically during facing and before proceeding with the next phase of microtomy.

h. Japanese medakaThe block is faced from the dorsum towards the ventrum (through
the majority of the swim bladder) ulrthe fused left and right gonads are reached.

Zebrafish: The block is faced from the ventrum and towards the dorsum untilvthe le
el is reached at which the following anatomic landmarks are observed:

i. Testis: disappearance of the liver, prior to thpegpance of the rostral
swim bladder. There is greater than 500 microns of tissue thickness at this
level. Setions at this level do not contain intestine.

ii. Ovary: the appearance of the swim bladder.

(4) The next phase of microtomy is final sectioning amelinting of tissue sections on slides.
These procedures are conducted as follows:

a. Macroscopic lesions (if any) that are reported in the records are Qatexlis taken to
include any macroscopic lesions in the sections collected during final sectioning.

b. The block is removed from the ice and placed in the chuck of itretmme.

c. With the section thickness on the microtome seti® fim, the chuck is advanced by
rotating the microtome wheekect i ons are cut fromn-the bl
taining at least one acceptable section has been prodéAsegecessary during seatio
ing, the block may be removed from the chuck, placed on ice to soak the tissue, and
replaced in the chuck.

d. Each ribbon is floated flat on the surface of the water in the waterAatattempt is
made to obtain at least one section in the ribbon that contains no wrinkles and has no
air bubbles trappedeheath it.

e. A microscope slide is immersed beneath the best section in the floating ridEon.
section is lifted out of the water usitlge slideThi s process i st-referr
ingd the section on the slide.

f. A single slide is prepared for each fishA total of three step sections (each section
consisting of both the right and left gonad) are mounted on each slid€he first
sectim is obtained at the point where approximately half of the gonad has been
removed and the size of the section is maximizeéor both the testis and the
ovary, the second and third sections are taken at 50 micron intervals following
the first section.

g. With a slidemarking pen, the block number from which the slide was produced is
recorded on the slide.

h. The slide is placed in a staining rack.
i. The block is removed from the chuck and placed facedown for storage.

j.  Steps a. through h. are repeated for all bleckse microtomed.
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2.6  Staining, cover-slipping, and slide labeling g

Objectives

(1) Differential staining of intraand intercellular components of the gonads to facilitategdia
nostic examination by briglfield microscopy

(2) Permanently seal mounted and stained tissues.

(3) Permanently identify stained sections in a manner that allows complete traceability.

Materials
(1) Automated slide stainer (optional).
(2) Robot covesslipping machine (optional).
(3) Clarifier solution (Richard Allenoequivalent).
(4) Bluing reagent (Richard Allen or equivalent).
(5) EosinY (Richard Allen or equivalent, Appendix C).
(6) Hematoxylin2 (Richard Allen or equivalent, Appendix C).
(7) Xylene.
(8) Absolute ethyl alcohol (100% ETOH).
(9) 95% ETOH.
(10) 80% ETOH.
(11) Covetslipping mountanfPermount, DPex or equivalent).
(12) Glass coveslips, No. 1, 24 x 50 (or 60) mm.
(13) Slide flats.

Gill’'s Hematoxylin Solution(Gill et al. 1974)

Distilled water 730 ml
Ethylene glycol 250 mi
Hematoxylin, anhydrous 29
Sodium iodate 0.2¢g
Aluminum sulfate 1764¢g
Glacial acetic acid 20 mi

Eosin Solution

Eosin Y (1% aqueous solution) 100 mi
Ethyl alcohol, 95% 600 ml
Glacial acetic acid 4 ml
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Procedures
(1) Staining
a. Slides are routinely anried overnight before staining.

b. An example H&E stiming schedule for automated stainergiigen below A similar
schedule can be adapted for manual staining.

(2) Coverslipping
a. Coverslips can be applied manually or automatically.
b. A slide is dipped in xylene, and the excess xylene is gently knocked ofidibae s

c. Approximately 0.1 ml of mounting medium is applied near the end of the sliade opp
site to the frosted end.

d. A coverslip is tilted at a shallow angle as it is applied to the slide.
(3) Labeling
a. Each slide label should contain the following information:
i. Laboratory name
ii. Species
iii. Specimen NdSlide No.
iv. ChemicalTreatment group

v. Date (optional)

Schedule 2Hematoxylin andeosin Staining

Reagent Minutes in Reagent Reagent Maintenance
after 1% run after 2™ run

Xylene 4 Remove Remove
Absolute Alcohol 2 Remove Remove
80% Alcohol 1 Renew Renew
Water 1 T1 T1
Hematoxylin 3 T1 Remove
Water 2 T1 T1
Clarifier 1 Renew Renew
Water 1 T1 T1
Bluing 1 Renew Renew
Water 2 T1 T1
95% Alcohol 1 Renew Renew
Eosin 1 T1 Renew
Absolute Alcohol 4 Remove Remove
Xylene 3 Remove Remove
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3. Gonadal histopatholayy glossary and diagnostic criterigg

The purposes of this section are:
(1) to provide general guidance for the light microscopic evaluation of tisstiense
(2) to promote a common awareness of various pathological finthagisnay be lbserved; and

(3) to foster consistency in the use of diagnostic terminology.

3.1 General approach to reading studieg,

Studies are to be read by individuals experienced in reading toxicologic pathologg,samndievho

are famiiar with normalsmall fish gonad histology, with gonadal physiology, and with genesal re
ponses of the gonads to toxicologic insBithologists may be board certified (e.g. American College

of Veterinary Pathologists, The European ttenf Toxicologic Pathology, or other certifying organ
zations);however certification is not a requirement as long as the pathologist has obtained sufficient
experience with, and knowledge of, fish histology and toxicologic pathollaphnicians shouldot

be used to conduct readings due to the subtle nature of some changes and the need for subjective
judgments based on past expnce.

It is recognized that there is a limited pool of pathologists with the necessary training and experience
that are avidable to read the gonadal histopathology for g Screening Assay¥§A) or the21-day
reproduction assayf an individual has toxicological pathology experience and is familiar with g
nadal histology in small fish species/stee may be trained toae the fish assdg). If pathdogists

with little experience are used to conduct the histopathological analysis, informaépeer may be
necessary.

Pathologists are to read the studies-htimded (i.e. with knowledge of the treatment group status of
individual fish). This is because endocérffects on histomorphology tend to be incremental, and
sibtle differences between exposed and unexposed animals may not be recognizable unless tissue
sections from high dose animals can be knowingly comparease fhom controls. Thyushe aim of

the initial evalation is to ensure that diagnoses are not missed (i.e., to avoiehéajaive results).
However, it is expected that any potential compereidted findings will be revaluated by thea

thologist in ablinded manner prior to reporting such findings, when appropiGaeain diagnostic

criteria, such as relative increases or decreases in cell populations, cannot be read in a blinded manner
due to the diagnosticedendence on control gonadss a rule,treatment groups should be evaluated

in the following ordercontrol, high-dose intermediatedose, andow-dose.

It is suggested that the pathologists be provided with all available information related to the study prior
to conducting their readingtformation regarding gross morphologic abnormalities, mortality rates,
and general test population performance and health are useful for pathologists to provide eemprehe
sive reports and to aid in the interpretation of findirg®. a more comprehensive dission of sta-

dard reading approaches for toxicologic pathology studies, please refer to the Society of Toxicologic
Pathaogy Best Practices for reading toxicologic histopathology studies (CrissmaaQs.

3.2  Diagnostic criteria g

Histopathology is a descriptive and interpretive science, and therefore somewhat sulbjectaer,
histopathological evaluations of the same study by any qualified pathologist should identify the same
treatmentrelated findings (Crissman et ,a22004). Therefore, we aim to define the diagnostic criteria
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that will likely be encountered during tinéstopathologicahnalysis of thé=SA or the 21-day repo-
duction assay in fhead minnowmedaka andr zebrafish

In the following text, aconsolidated sebf diagnostic criteriawill be introduced These criteria are

based on pathologistsd eistppatmoiogicachamgesahat decurdnéfa t ai n
head minnowmedaka andr zebrafishgonads in reponse to chemical exposuhmwever any adii-

tionalnovel findings that are exposurelated shall also beported.

The criteria below have been divided into teategoriegTable 1)
(1) primary criteria,
(2) secondary criteriand
(3) additional criteria.

The criteria are graded for severity on a nunaricale.Likewise, ay novel findings are either
graded on a numieal scale, or are qualitatively described.

Table 1. Primary and secondary diagnoses for histopathological changes in male and female fathead
minnow, Japanese medaka and zebrafish affevsexe to potential endocrine disruptors

Primary Diagnoses

For males For females:
1 Increased proportion of spermatogonia Increased oocyte atresia
2 Presence of testisva Perifollicular cell hyperplasia/hypertrophy
3 Increased testicular degeneration Decreased vitellogenesis
4 Interstitial (Leydig) cell hyperplasia/hypertrophy Changes in gonadal staging
Secondary Diagnoses
For males: For females:
1 Decreased proportion of spermatogonia Interstitial fibrosis
2 Increased vscular or interstitial proteinaceous fluid Egg debris in the oviduct
3 Asynchronous gonad development Granulomatous inflammation
4 Altered proportions of sgrmatozoa or spermatocytes  Decreased posivulatory follicles
5 Gonadal staging
6 Granulomatous inflammation

3.2.1 Primary criteria in the gonads of male fathead minnow, Japnese medaka and zebrafisp

The following criteria have been definedmale fishas diagnoses of primary interest:

(1) Increased proportion of spermatogonidncreases in the proportion of spermatogonia are
consequent of changes of the relative ratios of spermatogenicld¢eiscaild be due to an
increase in the number of spermatogonia, or a decrease in the number of other cell types,
such as spermatocytes, spermatids, and spermatBeoause the diagnosis of increased
proportion of spermatogonia éependenbn a comparison to otrols, it is necessary tse
tablish the normal range of the ratios of spermatogenic cells in control male fish testes prior
to making deterimations on relative proportions in dose groups.

(2) Presence of testieva The presence of one or more individualizeatlustered oogenic cells
within the testis. Oocytes within the testis may be determined to be perinucleolar, cbrtical a
veolar, vitellogenic, or atretid@.here is little or no evidence of ovarian architecture. Wiene
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er applicable, the term testiva stould be used in preference to less precise terms such as
Ai ntersexoodot edher maphr

Terms such akermaphrodismhermaphroditismintersex mixed sexsex reversalovotestis

ovatestis ovartestis testisova, testicular oocyte®r testicular oogenesiabound in the lower

vertebrate scientific literature. Three of these terms are listed in standard medical dictionaries
(Dorl andds, 1981; I'1TlTustrated St edndinté-s, 1982
sex the presence of both male and fen@laracteristics in the same individu@) hermagh-

rodism (= hermaphroditisrt the presence of male and female gonadal elements within the

same individual(3) ovotestis the presence of male and female gonadal elements within the

same gonad. The validityf many other terms is largely based on traditional usage, which has

not always been corssént.

(3) Increased testicular degeneratioifesticular degeneration is characterized by
a) individual or clustered apoptotic germ cells;
b) vacuolated germ cells; afud
¢) multinucleated (syncytial) cells in the germinal epithelium or testicular lumen.

Apoptotic germ cells are characterized by cell shrinkage, nuclear condensation, and{fragme
tation into spherical, membraib®und bodies, which are often phagocytized by ne&ighb

cells. There is no inflammation associated with these cHlisossible, testicular degerzer

tion should be differentiated fromecrosis which is characterized morphologically by-c
toplasmic coagulation or swelling, nuclear karyorrhggisstructivenuclear fragmentation)

or pyknosig(shrinkage of nuclei in conjunction with chromatin condensation of the eirom

tin to a central massassociated inflammation, a locally extensive pattern of tissue &volv
ment, angbr the involvement of different localssue elements (e.g., both germinal and
stromal tissues). Extensive testicular degeneration may lead to localized or generalized loss
of the germinal epitium.

(4) Interstitial cell (Leydig cell) hyperplasifypertrophy An increase in number afmt size of
the interstitial cells responsible for producing androgémsrstitial cells may have larger,
more rounded nuclei, and interstitial cell aggregates may occupy and expand some interstitial
spaces.

3.22 Primary criteria in the gonads of female fathead mnhnow, Japanese medaka and zebr
fish g

The following criteria have been definedfémale fish as diagnoses of primary interest:

(1) Increased oocyte atresiddn increase in degradation and resorption of oocytes at any point
in developmentAtresia is characterized by clumping and perforation of the choriogy, fra
mengtion of the nucleus, disorganization of the ooplasm/arttie uptake of yolk materials
by perifollicular cells.

(2) Perifollicular cell hyperplasighypertrophy Increase in the size or number of granulosa,
theca, antbr surface epithelium cells involved in a developing folliddénormal perifoll-
cular cell hypertrophy must be distinguished from the normally enlarged granulosa and theca
cells of a posbvulatory fdlicle.

(3) Decreased yolk formationA decrease in the amount of vitellogeyak material that is e+
posited in the developing oocyt@ecreased vitellogenesis is characterized by the presence
of oocytes in which yolk material is not present despite theitivelg large sizeNote that
oocytes may be affected to varying degré&asme affected oocytes have extremely fine v
tellogenic granules, and this is irgeeted as ineffective vitellogenesis.
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(4) Changesin gonadal staging Gonadal staging results are virtyaineaningless in terms of
individual fish {ersustreatment groups)his is because considerable ankteahnimal va-
iation in gonad cell proportions is to be expected, even among fish of the control groups, as a
consequence of spawning cycle asynchr&@@ynsequentlyfollowing the gonadal staging
of individual fish, each treatment group is assessed as a whole and compared to the a
propriate control group to determine if a compoundrelated effect has occurredHence,
gonadal staging cannot be performed iblinded manneiSincethe cell distribution pattern
is likely to vary throughout a given tissue sectitne gonad should be staged according to
the predominant pattern in that section Similarly, both gonads should be staged as a
single organ accordingto the predominant pattern. Gonads that cannot be reasonably
staged for various reasons (e.g., insufficient tissue, or extensive necrosis, inflammation, or
artifact) should be recorded B3’ S (unable to stage).

3.23 Secondary criteria in the gonads of rale fathead minnow, Japanese medaka and zedr
fish g

The following criteria have been defined in male fish as diagnosecohdry interest:

(1) Decreased proportion of spermatogoniBecreased relative proportion of speraggtnia to
other spermatogenic cell typeghis can be due to a decrease in the humber of sperratog
nia, or an increase in the number of other cell types, such as spermatocytes, spermatids, and
spematozoaBecause the diagnosis of decreased proportioparisatogonia is dependent
on a comparison to controls, it is necessary to establish the normal range of the ratios of
spermatogenic cells in control male fish testes prior to making determinations on relative
proportions in dose groups.

(2) Increased vasculaor interstitial proteinaceous fluid Homogenous dark pink translucent
material, presumably vitellogenin, within the testicular interstitium or blood vesHwsts.
presence of this fluid may cause a thickening of interstitial areas that might be misiaterpret
as Astroanalonpr ol i fer

(3) Asynchronous gonad developmerithe presence of more than one developmental phase of
spermatogenic calwithin a single spermatocyst enclosed by a Sertoli Eel.example, this
term may be applied to a spermatocyst thataios a mixture of spermatocytes and sgerm
tids, or a spermatocyst that contains more than one meiotic phase of primary spermatocyte
(i.e., leptotene, pachytene, @odzygotene)lt also refers to the presence of distinctly diffe
ent populations (i.e.avelopmental phases) of gametogenic cells in the right andbledtg.

(4) Altered proportions of spermatocytes or spermatilschange in the relative proportions of
spermatocytes or spermatids to other spermatogenic cell {@hesges in relative ratios
could be due to an increase in the number of spermatocytes or spermatids, or to a decrease in
the number of other cell typeRelative changes may also occur between spermatocytes and
spermatids.

(5) Gonadal staging Gonadal staging results are virtually meateésg in terms of individual
fish (versus treatment groupg)his is because considerable anittahnimal variation in
gonad cell proportions is to be expected, even among fish of the control groups, as-a cons
quence of spawning cycle asynchro@pnsequetty, following the gonadal staging of ird
vidual fish, each treatment group is assessed as a whole and compared to the appropriate
control group to determine if a compourelated effect has occurreldence, gonadal sga
ing cannot be performed in a blindethnner.Because the cell distribution pattern is likely
to vary throughout a given tissue sectitiie gonad should be staged according to the
predominant pattern in that section Similarly, both gonads should be staged as a single
organ according to thepredominant pattern. Gonads that cannot be reasonably staged for
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(6)

various reasons (e.g., insufficient tissue, or extensive necrosis, inflammation, or artifact)
should be recorded &8T'S (unable to stage).

Granulomatous inflammation This process is characized by the presence of epithelioid
macrophages that typically form sheets or nodules (granulomas) due to desrhiksaye
toplasmic attachments (Noga et al., 1989hen compared to histiocyttgpe macrophages,
epthelioid macrophages have larger, mopenfaced, centralized nuclei and less abundant
cytoplasm.During resolution of inflammation, the epithelioid macrophages may become
flattened nto fibrocytelike cells.Lymphocytes, granulocytes, and multinucleated giant cells
may also be components abgulomatous inflammatioiGranulomatous inflammation is-
trinsically a pathologic process that is often associated with reactions to infectious agents,
foreign materials or the aftermath of necrosis; therefore, it is important to distinguish this, if
possible, from the praence of histiocytic cells in the lumen of the testis.

3.24 Secondary criteria in the gonads of female fathead minnow, Japanese medaka ared z

brafish g

The following criteria have been definedfémale fish as diagnoses of secondary interest:

3.3

(1)

(2)

(3)

(4)

Interstitial fibrosis: The presence of increased fibrous connective tissue (collagenous fibers
and fibrocytes or fibroblasts) within the ovarian interstitium (stro@ajlagen may be diiff
cult to appreciate in €& phases of fibrosis.

Egg debris in the oviductThe presence of inspissatadpearing, homogenous, irregular,
dense pink material, presumed to be yolk, within the oviduct.

Granulomatous inflammation This process is characterized by the presence dietipid
macrophages that typically form sheets or nodules (granulomas) due to desriksaye
toplasmic attachments (Noga et al., 1989hen compared to histiocyttgpe macrophages,
epthelioid macrophages have larger, more efa@ed, centralized nugil and less abundant
cytoplasm.During resolution of inflammation, the epithelioid macrophages may become
flattened nto fibrocytelike cells.Lymphocytes, granulocytes, and multinucleated giant cells
may also be components of granulomatous inflammaBeemulomatous inflammation ig-
trinsically a pathologic process that is often associated with reactions to infectious agents,
foreign materials or the aftermath of necrosis; therefore, it is important to distinguish this, if
possible, from the psence ofmacrophage aggregates in the ovary.

Decreased postvulatory follicles A decrease in the number of collapsed perifollicular
sheaths, or membranous structures lined by granulosa cells, theca cells and surface epith
lium, following release of oocytes, in mparison to control fishThe granulosa cells ard-o

ten hypertrophic, lthough this appears to be species dependent (Saidapur, 1982).

Severity gradingg

In toxicologic pathology, it is recognized that compounds maytesubtle effects on tissues that are
not adequately represented by simple binary (positive or negative) respdesesty gradingrn-
volves a semguantitative estimation of the degree to which a particular histomorphaleg@&nge is
present in a tsue section (Shackelford et al., 200P)e purpose of severity grading is to provide an
efficient, semiobjective mechanism for comparing changes (including potential compelaidd
effects) among amals, treatment groups, and studies.
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Severity gradig will employ the following system:

Not remarkable
Grade 1 (minimal)
Grade 2 (mild)
Grade 3 (moderate)
Grade 4 (severe)

A grading system needs to be flexible enough to encompass a variety of different tissue ¢hanges.
theory, there are three broad catégs of changes based on the intuitive manner in which people tend
to quantify observations in tissue sections:

(1) Discrete these are changes that can be readily coubeaimples include atretic follicles,
oocytes in the testis, and clusters of apoptaitsc

(2) Spatiat these are changes that can be quantified by area measurdrhinitscludes lesions
that are typically classified as focal, multifocal, coalescing, or diffapecific examplest
clude granulomi@mus inflammation and tissue necrosis.

(3) Global these are generalized changes that would usually require more sophisticated me
surement techniques for quantificatidexamples include increased hepatocyte basophilia,
Sertoli cellinterstitial cell hypertrophy, or quantitative alterations in cell patomhs.

General severity grading scale

1 Not Remarkable This grade is used if there are no findings associated with a particular d
agnostic criterion.

1 Grade 1: Minimal Ranging from inconspicuous to barely noticeable but so minor, small, or
infrequent asd warrant no more than the least assignable gfaafediscrete changes, grade
1 is used when there are fewer than 2 aenges per microscopic field, or-2 occurences
per section.For multifocal or diffuselydistributed alterations, this grade is diséor
processes whe@20 % of the tissue in the secti@involved.

1 Grade 2: Mild A noticeable feature of the tissuor discrete changes, grade 2 is used when
there are 3 5 occurrences per microscopic field or per tissue seddonmultifocal ordif-
fusely-distributed alterations, this grade is used for processes @fef0 % of the tissue in
the sectiorareinvolved.

1 Grade 3: ModerateA dominant feature of the tissuor discrete changes, grade 3 is used
when there are 68 occurrences penicroscopic field or per tissue sectiétar multifocal or
diffusely-distributed alterations, this grade is used for processes Wwher80 % of the ts-
sue in the sectioareinvolved.

1 Grade 4: SevereAn overwhelming feature of the tissueor discrete lsanges, grade 4 is
used when there are more than 9 occurrences per microscopic field or per tissuersgction.
multifocal or diffuselydistributed alterations, this grade is used for processes wiatréo
of the tissue in the secti@meinvolved.

At least some of the histomorphologichanges that have been associated with EDCs in fish are co
sidered to be exacerbations of d@Anor mal o0, physi ol
Tyler and Sumpter, 1996\t the discretion of the patholalj theseverity of a given change should

be scored according to one of the following two methods

(1) score compoundxposed animals relative to the severity of the same change in comrol an
mals, or

(2) score all ani mal s r el athievep attoh ofil noogrinsatl 60s aesx pdeel
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For each impdant (i.e., treatmerassociated) finding, the method that was used should be stated in
the Materials and Methods section of the pathology narrative reporsgsten3.5: Histopathology

report format). By conwention, severity grading shoufit be influenced by the estimated physglo

ic importance of the changsince this would add further layer of subjectivity to the findings that
complicates intedlaboratory results comparisaniSor example, the presencé twvo oocytes in the
testis should not be graded as fAsevereo, geven
nificant in terms of enotrine modulation.

3.4 Data recording g

An Excel worksheet form has been created that includes worksheets for primary, secondaryi; and add
tional diagnoses to facilitate histopathology data collectiorthis worksheet, each data entry cell
represents an individual fisAdditional sheets aravailable for comments and additional findirfes:

each fish, the pathologist records a severity score associated with the diagnasist{seg: Sevei-

ty Grading). Diagnostic criteria with nomemarkable findings shall be denoted usi)glf thereis no
reasonably appropriate diagnostic term for a particular finding, the pathologist can create a term that
can be recorded in the AfAndufficientitissue élavaithblesfay diamrs e s 0
sis, this should be recorded Ids (insuficient tissug. If a target tissue is missing, this should be-re
orded asMT (missing tissue

Adding amodifier term to a diagnosis may help to further describe or categorize a finding in terms of
chronicity, spatial distribution, color, ettn many insances, modifiers are superfluous or redundant
(e.g., fibrosis is always chronic); therefore, the use of modifiers should be kept to a mimum.
ocaasionally important modifier for evaluating paired gonadangateral (UNI); unless specified in

this manner, all gonad diagnoses are assumed to be bilaftrar modifier codes can be created as
needed by theathologist.

3.5 Histopathology report format g

Each histopathology narrative report should contain the follpWie sections:

Introduction

Materials and Methods
Results

Discussion
SummaryConclusions
(References)

The Introduction section briefly outlines the experimental desighe Materials and Methods sec-

tion describes any items or procedures that are egenlifferent from Section 1: Poshortem and
Histotechnical Procedure#s applicable, sgific severity grading criteria (see Severity Grading)
should also be listed in this sectiofhe Results section should report findings that afé) can-
poundrelaed; (2) potentially compoundelated;(3) novel or unusualDetailed histomorphologas
descrptions need only be included for findings that differ substantially from diagnoses presented in
Section4 (Glossary andliagnosticcriteria). It is intended thathe Results section should be as obje
tive as possible (i.e., opinions and theories should be reserved for the Discussion 3é&Discus-

sion section, which contains subjective information, should address relevant findings thaewere r
ported in the Bsults sectionOpinions and theories can be included in this section, preferably backed
by references from peeeviewed sources, but unsupported speculation should be avéluegum-
mary/Conclusionssection should encapsulate the most important infeomdtom the Results and
Discussion sections.
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4. Glossary and diagnostic criteriag

The purposes of this section are:

(1) to provide photomicrographs of normal gonadal structure in fathead mimmeslgka and
zebrafish,

2t o provide a common technical ilanguageo and

(3) to create a reference atlas of both microanatomical structures andgiqtatitological fidl-
ings.

The information in this section is derived from a number of sources including scientific articles, conf
rence proceedings, related guidelines, toxicologic pathology textbooks, medical dictionaries, and the
personal experience oéxious fish pathologistfegarding the last, opinions were solicitéala ques-
tionnaire that was circulated among conference participants following the October 2003 meeting of the
histopathology subcommittee of the Fish Discussion Group in FRaoissenss replies to this que
tionnaire form the basis for naming many of these teAudditional guidance was provided by patho

ogists attending the"20ECD meeting of the Fish PathologiSubcommittee at theniversity of Heé-

delberg, Germany, November 223, 2004.0Other considerations include traditional usage andscie

tific precedence, and attributes such as clarity and brevity.

In addition to illustrating standard microanatomical featurelapanese medakfathead minnowand
zebrafishgonads, this docunmt presents an array of histopathological diagnoses and their associated
morphologic criteria. Whereas a few of these diagnoses have been consistently liekelddone
disruptorexposure under certain sjféed laboratory conditions, many other findingse less well
established as EDC markers. It is also important to recognize that the utility of a given diagnosis for
detecting EDC effects mayegend greatly on the species and age of the test subjects, the effective
dose of the test compound, and otfaators such as husbandry practices. For example, juvenile and
adultJapnese medakseem to be relatively more susceptible to estrégeuced testimva formation

than eithelfathead minnowor zebrafish however, another excellent response to estrogerdocrine
disruptos that has been primarily reported in juveridéhead minnowandzebrafishis retained per

toneal attachmenfgoredal duct feminization of the testis. On the other hand, while preliminary ev
dence inttates that decreased yolk formatimay be a reliable marker for aromatase inhibitors and
nonraromatizable androgens in reproductivatyive adult femaldapanese medakadzebifish, this

effect seems to be less robust in similargated femaléathead minnowConversely, adult malit-

head minnow appear to be particularly wedlited for observing interstitial cell hypeapl
sigdhypertrophy of the testis as a reaction to tleeogtogenesis inhibitor ketoconazole. One should
also keep in mind thandocrine disruptaermay induce differareffects at highversuslow exposure
concentations.

Chapterd is arranged as follows:
4.1 Normal testicular architecture
4.2 Primary diagnoseis males and females
4.3 Secondary diagnosé@s males and females

4.4  Additional diagnostic criteria
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4.1  Normal gonadal architecture infathead minnow, Japanese medaka and zebrafigh

4.1.1 Normal testicular architecture in male fathead minnow, Japanese medaka and zed#fish g

Spermatogonia The largest of the spermatoge

cells (~ 5- 10 um), spermatogonia generally ha
pale vesicular nuclei, prominent nucleoli, variak
distinct nuclearmembranes, perinuclear cytogiac

granules, and moderate amounts of granular-c
plasm.Spermatogonia B are smaller than speane
gonia A, and spermatogonia B are usually preser
larger clusters (e.g., > 4 cells). If at all possible,
attempt shouldbe made to classify these cells

spermatogonia rather than to label them with an

speci fic term such as
b

Fig. 4. Spermatogonia A in mal@athead min

now (a; GMA, H&E), Japanese medaka; (

paraffin, H&E and zebrafish (c paraffin,
c H&E)
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