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Changes in ovarian staging  ◄ 

 

See Chapter 5. 

 

4.3 Secondary diagnoses in fathead minnow, Japanese medaka and zebrafish follow-

ing exposure to endocrine disruptors ◄ 

 

4.3.1 Secondary diagnoses in male fathead minnow, Japanese medaka and zebrafish following 

exposure to endocrine disruptors ◄ 

 

Decreased proportion of spermatogonia  ◄ 

 

Care for Chapter 4.2.1 (Primary diagnoses in male fathead minnow, Japanese medaka and zebrafish 

following exposure to endocrine disruptors). 

 

Increased vascular or interstitial proteinaceous fluid  ◄ 

“Increased vascular or interstitial proteinaceous fluid” indicates homogenous dark pink translucent 

material, presumably vitellogenin, within the testicular interstitium or blood vessels. The presence of 

this fluid may cause a thickening of interstitial areas that might be misinterpreted as “stromal prolifera-

tion”. 

 

Proteinaceous fluid, interstitial (male or female) 

“Interstitial proteinaceous fluid” indicates homogenous dark pink translucent material, presumably 

vitellogenin, within the testicular or ovarian interstitium. In male fish especially, this finding has been 

associated with exposure to estrogenic substances. The presence of this fluid may cause a thickening 

of interstitial areas that might be misinterpreted as “stromal proliferation”. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 59. Proteinaceous fluid in the interstitium 

of ovaries of adult female fathead minnow: 

There is homogenous dark pink material in 

interstitial spaces (→; paraffin, H&E, bar = 

50 µm). 
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Proteinaceous fluid, intravascular (male or female) 

“Proteinaceous fluid in intravascular spaces” of male or female fish indicates homogenous dark pink 

translucent materials, presumably vitellogenin, within testicular or ovarian blood vessels. In male fish 

especially, this finding has been associated with exposure to estrogenic substances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 60. Proteinaceous fluid in blood vessels 

in the testis of adult male fathead minnow as 

homogenous dark pink material (→; GMA, 

H&E, bar = 25 µm). 

Fig. 61. Intravascular proteinaceous fluid (→) in (a) the testis of adult male Japanese medaka ex-

posed to 100 ng/L 17 ß-estradiol for 4 weeks (paraffin, H&E, bar = 25 µm. (b) Ovary of 8 weeks old 

Japanese medaka female after 8 week exposure to 90 µg/L 4-tert-octylphenol displays proteinaceous 

fluid (→; paraffin, H&E, bar = 50 µm). (c) Proteinaceous fluid is evident in zebrafish testicular and 

hepatic blood vessels (→) and also liver sinusoids (►). (d) Proteinaceous fluid in ovarian and pan-

creatic blood vessels (→) and also within the ovarian interstitium (►) of zebrafish (paraffin, H&E). 

 

 

the interstitium of ovaries of adult female fathead minnow: There is homogenous dark pink material 

in interstitial spaces (→; paraffin, H&E, bar = 50 µm). 

c d 

a b 
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Asynchronous gonad development  ◄ 

 

“Asynchronous gonad development” indicates the presence of more than one developmental phase of 

spermatogenic cell within a single spermatocyst enclosed by a Sertoli cell. For example, this term may 

be applied to a spermatocyst that contains a mixture of spermatocytes and spermatids, or a spermato-

cyst that contains more than one meiotic phase of primary spermatocytes (i.e., leptotene, pachytene, 

and/or zygotene). It also refers to the presence of distinctly different populations (i.e. developmental 

phases) of gametogenic cells in the right and left gonads. 

Fig. 62. Intravascular proteinaceous fluid (→) in (a) the testis of adult male Japanese medaka ex-

posed to 100 ng/L 17 ß-estradiol for 4 weeks (paraffin, H&E, bar = 25 µm. (b) Ovary of 8 weeks old 

Japanese medaka female after 8 week exposure to 90 µg/L 4-tert-octylphenol displays proteinaceous 

fluid (→; paraffin, H&E, bar = 50 µm). (c) Proteinaceous fluid is evident in zebrafish testicular and 

hepatic blood vessels (→) and also liver sinusoids (►). (d) Proteinaceous fluid in ovarian and pan-

creatic blood vessels (→) and also within the ovarian interstitium (►) of zebrafish (paraffin, H&E). 

 

 

the interstitium of ovaries of adult female fathead minnow: There is homogenous dark pink material 

in interstitial spaces (→; paraffin, H&E, bar = 50 µm). 

c d 

a b 
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Asynchronous development, gonad (male or female) 

“Asynchronous development” indicates the presence of distinctly different populations (i.e., range of 

developmental phases) of gametogenic cells in different regions of a gonad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 63. Asynchronous development in 

adult fathead minnow: With respect to 

developmental stage, there is a fairly 

distinct difference between the lower 

left region of testis (resembles Stage 

1) and the upper right region (resem-

bles Stage 3; GMA, H&E, bar = 100 

µm). 

Fig. 64. Asynchronous development 

in 8 weeks old Japanese medaka: This 

animal had been exposed for approx-

imately eight weeks to 27 µg/L 4-tert-

octylphenol. In addition to the pres-

ence of numerous testis-ova, the effe-

rent duct system is abnormally irregu-

lar, and spermatogonium-containing 

spermatocysts (→) are located in an 

atypical position adjacent to the ducts 

(asynchronous development; H&E, 

bar = 100 µm). 
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Asynchronous development, spermatocyst (male) 

“Asynchronous development in spermatocyst” indicates the presence of more than one developmental 

phase of spermatogenic cell within a single spermatocyst. For example, this term may be applied to a 

spermatocyst that contains a mixture of spermatocytes and spermatids, or a spermatocyst that contains 

more than one meiotic phase of primary spermatocyte (i.e., leptotene, pachytene, and/or zygotene). 

 

 

 

 

 

 

 

 

Asynchronous development, right and left gonads (male or female)  

“Asynchronous development between right and left gonads” indicates the presence of distinctly differ-

ent populations (i.e., developmental phases) of gametogenic cells in the right and left gonads. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 66. Asynchronous de-

velopment between right 

and left ovaries of an adult 

female zebrafish: Images 

(a) and (b) are contralateral 

ovaries from a single fish. 

(a) Stage 2 ovary. (b) Stage 

4 ovary (paraffin, H&E).  

 

Fig. 65. Asynchronous development 

within a spermatocyst in the testis of an 

adult male zebrafish exposed to 320 µg/L 

tamoxifen: Each spermatocyst contains 

multiple developmental phases of sper-

matogenic cells (l = leptotene, z = zygo-

tene, p = pachytene, sc = spermatocytes, 

st = spermatids; paraffin, H&E). 

a 

b 
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Altered proportions of spermatocytes or spermatids  ◄ 

 

“Altered proportions of spermatocytes or spermatids” indicates a change in the relative proportions of 

spermatocytes or spermatids to other spermatogenic cell types. Changes 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 types. Relative changes may also occur between spermatocytes and spermatids. 

 

Gonadal staging  ◄ 

 

See Chapter 5. 

 

4.3.2 Secondary in female fathead minnow, Japanese medaka and zebrafish following expo-

sure to endocrine disruptors ◄ 

 

Interstitial fibrosis (male or female) ◄ 

“Interstitial fibrosis” indicates the presence of increased fibrous connective tissue (collagenous fibers 

and fibrocytes or fibroblasts) within the testicular or ovarian interstitium (stroma). Collagen may be 

difficult to appreciate in early phases of fibrosis. In most cases, this term should be used in preference 

to terms such as “stromal hyperplasia.” 

 

 

 

 

 

 

 

 

 

 

Fig. 67. Interstitial fibrosis in adult male 

Japanese medaka: Green arrows indicate 

focally extensive interstitial fibrosis, whe-

reas red arrows indicate focal atrophy of 

the germinal epithelium (paraffin, H&E). 

Fig. 68. Interstitial fibrosis in adult fe-

male zebrafish: Arrows (→) point to bun-

dles of fibrous connective tissue and pos-

sibly increased perivascular smooth mus-

cle (paraffin, H&E; original mag. 20 ). 
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Egg debris in the oviduct  ◄ 

 

“Egg debris in the oviduct” indicates the presence of inspissated-appearing, homogenous, irregular, 

dense pink material, presumed to be yolk, within the oviduct. 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Granulomatous inflammation  ◄ 

 

In the early stages of inflammation, this process is characterized by the presence of epithelioid macro-

phages that typically form sheets or nodules (granulomas) due to desmosome-like cytoplasmic attach-

ments (Noga et al., 1989). When compared to histiocytic-type macrophages, epithelioid macrophages 

have larger, more open-faced, centralized nuclei and less abundant cytoplasm. During resolution of 

inflammation, the epithelioid macrophages may become flattened into fibrocyte-like cells. Lympho-

cytes, granulocytes, and multinucleated giant cells may also be components of granulomatous inflam-

mation. Granulomatous inflammation is intrinsically 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 presence of macrophage aggregates in the ovary or histiocytic 

cells in the lumen of the testis. 

D   − debris 
Ov  −  oviduct 

Fig. 69. Egg debris in the oviduct of an 

adult female fathead minnow (paraffin, 

H&E). 

Fig. 70. Egg debris in the oviduct of an 

adult female zebrafish: The oviduct is 

obstructed by a large yolk plug (→; pa-

raffin, H&E). 
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Fig. 71. Granulomatous inflammation. (a) Sheets of macrophages and other inflammatory cells ec-

lipse much of the germinative tissue in the testis of this adult male fathead minnow. (b) Relatively 

few viable-appearing oocytes remain in this ovary of an adult female fathead minnow. As in the 

testis photo, the inciting cause of the inflammation is not evident at this magnification (paraffin, 

H&E). 

a b 

Fig. 72. (a) Granulomatous in-

flammation in the ovary of an adult 

female zebrafish featuring multi-

nucleated giant cells, a hallmark of 

granulomatous inflammation 

(H&E, original mag. 20 ). (b) 

Ovary from an adult female zebra-

fish showing lightly pigmented 

sheets of histiocytic macrophages, 

which aid in the resorption of atret-

ic oocyte material (see: “pigmented 

macrophage aggregates”). This is 

actually not granulomatous in-

flammation, and it is usually not 

necessary to record this as a patho-

logic finding. It may be difficult to 

distinguish these two types of res-

ponses in some instances. To fur-

ther complicate matters, granulo-

matous inflammation may initiate 

from, and merge with, pigmented 

macrophage aggregates. (paraffin, 

H&E). 

a 

b 
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Decreased post-ovulatory follicles  ◄ 

 

“Decreased post-ovulatory follicles” indicates a decrease in the number of collapsed perifollicular 

sheaths, or membranous structures lined by granulosa cells, theca cells and surface epithelium, follow-

ing release of oocytes, in comparison to control fish. The granulosa cells are often hypertrophic, al-

though this appears to be species dependent (Saidapur, 1982). 

 

4.4 Additional diagnostic criteria and an illustrated glossary of microanatomical and 

diagnostic terms ◄ 

 

In this section, a number of additional terms and diagnoses are listed alphabetically followed by work-

ing definitions or descriptions.  

 

Gender  

Since the genetic sex of a fish cannot be determined within the context of a screening assay, and be-

cause the external phenotypic sex may be an unreliable indicator and/or is not easily determined in 

some species, by convention the gender of a fish will be assigned according to the most abundant ma-

ture cell type that is present in the gonad. 

 

Germ Cell Neoplasms 

As spontaneous findings, germ cell neoplasms such as seminomas and dysgerminomas are rare in fat-

head minnow and Japanese medaka, although both spontaneous and carcinogen-induced seminomas 

may be relatively more common in zebrafish. There is currently little evidence to support the idea that 

such tumors are linked to endocrine disruptor exposure, and control animals seem to be affected as 

often as chemically-exposed individuals. In many fishes, distinguishing features of germ cell neo-

plasms include haphazard anatomic organization and progression of cell development, and a tendency 

to form mass-like lesions that distort the gonad architecture. In early life stage studies in which fish are 

exposed to potent hermaphroditic chemicals such as 17 ß-estradiol or 17α-ethinylestradiol, it may be 

difficult to distinguish germ cell neoplasms from malformed intersex gonads. 

Fig. 73. Germ cell neoplasms (following page): (a) Seminoma in a fathead minnow testis: This par-

ticularly well-differentiated tumor presents as a mass (→) that markedly deforms the contour of the 

testis (paraffin, H&E, bar = 250 µm). (b) Higher magnification of the tumor in Fig. a: Arrows (→) 

indicate the margin of the neoplasm (lower portion of image) relative to the non-neoplastic testis. As 

is the case for many fish seminomas, this tumor is “spermatocytic”; i.e., there is at least some deve-

lopmental progression toward more mature cell types within the tumor (paraffin, H&E, bar = 25 µm) 

(c) Dysgerminoma in Japanese medaka testis: The caudal pole of the testis is effaced by a mass (→) 

consisting of oogenic tissue (paraffin, H&E, bar = 250 µm). (d) Higher magnification of the tumor in 

Fig. c: The disorganization of the oogenic tissue is apparent. It is important to distinguish this neop-

lasm from other findings such as: asynchronous development, gonad (in which different areas of the 

gonad are in different stages of development that blend almost imperceptibly and do not form a 

mass); testis-ova formation (in which the scattered oocytes do not form a mass capable of distorting 

the gonad); and possibly from hermaphroditism (in which the anatomic arrangement and develop-

mental progression of the aberrant tissue is orderly and essentially resembles the normal gonad; pa-

raffin, H&E, bar = 50 µm). (e) Well-differentiated seminoma in a zebrafish testis. The large neoplas-

tic mass expands the abdomen and displaces other organs (paraffin, H&E, bar = 800 µm). (f) Higher 

magnification of the tumor in Fig. e: In this particular case, the neoplastic tissue closely resembles 

normal testis in terms of organization and cellular constituency, at least in some areas of the mass 

(paraffin, H&E, bar = 25 µm). (g) Poorly-differentiated seminoma in a zebrafish testis (paraffin, 

H&E, bar = 800 µm). (h) Higher magnification of Fig. g: There is loss of the normal testicular archi-

tecture (paraffin, H&E, bar = 25 µm). 
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a b 

c d 

e f 

f g 
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Germinal epithelium (female)  

The germinative parenchyma (epithelium) of the ovary is a membrane-bound structure and constitu-

tively contains oogonia, prefollicular and prethecal cells, epithelial cells, and occasionally small chro-

matin nucleolar (primary growth) oocytes (Norberg et al., 1999; Parenti and Grier, 2003). The germin-

al epithelium separates the ovarian lumen from the stroma, the latter of which often contains perinuc-

leolar, cortical alveolar, and vitellogenic follicles within a variably-apparent extravascular space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Germinal epithelium (male) 

The germinative intratubular (intralobular) parenchyma of the testis is a membrane-bound structure 

and consists of multiple spermatocysts in various phases of development. For fathead minnow and 

zebrafish, boundaries of the germinal epithelium at various locations throughout the testis include the 

interlobular interstitium, the lobular lumina, collecting ducts, and the tunica albuginea. For Japanese 

medaka, boundaries include the interlobular interstitium, efferent ducts, and the tunica albuginea. 

 

 

 

 

 

 

 

 

Fig. 74. The germinal epithelium 

(→) in the ovary of a normal adult 

Japanese medaka is a membranous 

structure that separates the ovarian 

lumen (L) from the extravascular 

space (EVS) of the ovarian stroma. 

(paraffin, H&E). 

Fig. 75. Germinal epithelium, testis. (a) In the normal testis from an adult fathead minnow, the ger-

minal epithelium (↔) extends from the interlobular interstitium to the lobular lumen (GMA, H&E, 

bar = 25 µm). (b) In the testis of normal adult Japanese medaka, the germinal epithelium (↔)extends 

from the tunica albuginea to the efferent duct (paraffin, H&E). 

a b a 
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Germinal epithelium, atrophy/hypoplasia (male)  

“Germinal epithelium, atrophy/hypoplasia” indicates loss or underdevelopment of germinal epithe-

lium, respectively, this condition may be associated with interstitial fibrosis and increased prominence 

of interstitial cells in affected areas of the testis. It may be difficult to distinguish atrophy from hypop-

lasia. Care should be taken to avoid mistaking areas of collecting ducts for atrophy. Severity of this 

finding can vary from Grade 1 (minimum, focal) to Grade 4 (severe, diffuse). If thinning of the epithe-

lium appears to be caused by degenerative changes that are obvious in the section, the diagnostic term 

testicular degeneration should be used instead. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 c 

a b 

c 

 

 

Fig. 76. (a) Atrophy of germinal epithelium in 

the testis of an adult fathead minnow; also 

note the prominence of interstitial (Leydig) 

cells (red circles) and interstitial fibrosis. (b) 

Normal fathead minnow testis. (c) Normal 

collecting duct region in an adult male fat-

head minnow testis (GMA, H&E, bars = 25 

µm). The presence of pigment in the duct 

walls and the lack of interstitial cells are dis-

tinguishing features. 
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Fig. 77. Hypoplasia of the germinal epithelium: (a) Normal testis from an 8 weeks old control Japa-

nese medaka. (b) Higher magnification of the testis in Fig. a. (c) In the testis from an 8 weeks old 

male Japanese medaka exposed to 450 mg/L 4-n-amylaniline for approx. 8 weeks, the hypoplastic 

testis (→) is small and poorly formed. (d) Higher magnification of the testis in Fig. c: Clusters of 

primarily spermatogonia (S) are haphazardly arranged and are surrounded by mononuclear cell infil-

trates. Spermatozoa are present in a lumen-like space (paraffin, H&E, bars = 250 µm for Figs. A and 

c, bars = 25 µm for Figs. b and d). 

S 

S 

a b 

c d 
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Gonadal stromal tumors 

Among the three fish species, gonadal stromal tumors seem to be even less common than germ cell 

neoplasms. Examples include Sertoli cell tumors, granulosa cell tumors, and teratomas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a b 

c d 

Fig. 78. Gonadal stromal tumors: (a, b) Teratoma in a fathead minnow ovary: Disparate elements 

such as developing bone, CNS-type neural tissue, and ocular pigment cells are evident. (c)Teratoma 

in a Japanese medaka ovary represent generally uncommon, although not exceedingly rare, incidental 

findings. (d) In another tissue section from the same ovary as in Fig. c, the ocular tissue is remarkably 

well-formed (paraffin, H&E, bars in (a) = 100 µm, (b) = 25 µm, (c) = 100 µm, (d) = 50 µm) 
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Hepatocyte basophilia, increased/decreased 

A generally diffuse increase in hepatocellular cytoplasmic basophilia has been observed in male fish 

that have been exposed to compounds that are able to interact with hepatic estrogen receptors, includ-

ing 17ß-estradiol and 17α-methyldihydrotestosterone (Wester et al., 2003). This increase in basophilia, 

which is correlated with increased vitellogenin production, presumably mimics the heightened meta-

bolic state (e.g., increased endoplasmic reticulum) that is required for the production of vitellogenin in 

the reproductively-active female fish. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 79. Hepatocyte basophilia: (a) Liver from a control adult male fathead minnow: In addition to 

the overall coloration, note the hepatocellular cytoplasmic vacuolization as indicated by the arrows. 

(b) Liver from an adult male fathead minnow that was exposed to a compound with estrogenic activ-

ity: There is a diffuse increase in hepatocellular basophilia, a loss of cytoplasmic vacuolization, and 

hepatic blood vessels contain proteinaceous fluid (→; paraffin, H&E). (c) Liver from an adult con-

trol Japanese medaka. (d) Liver from an adult Japanese medaka exposed to 100 µg/L 4-tert-

octylphenol, an estrogenic substance (paraffin, H&E, bars = 25 µm). 

a b 

c d 
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Histiocytic cells (male) 

“Histiocytic cells” indicates the presence of individual or clustered cells with small eccentric nuclei 

and moderate to abundant, pale or vacuolated cytoplasm within the testicular lumen, germinal epithe-

lium, efferent ducts and/or ductus deferens. Such cells may contain intracytoplasmic cellular debris 

(presumably phagocytized). The origin of the histiocytic cells in each particular case may not be clear; 

for example, they may be hematogenous macrophages or Sertoli cells. Histiocytic cells should be dif-

ferentiated from macrophage aggregates (these variably pigmented cells are primarily interstitial) and 

granulomatous inflammation (which is predominately comprised of “epithelioid” macrophages and/or 

flattened, fibrocytic cells). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 80. Histiocytic cells in adult male fathead minnow: (a) Cells with small peripheral nuclei and 

abundant vacuolated cytoplasm are present within the germinal epithelium and are scattered 

throughout the tubule lumen (→). Some of these cells contain phagocytized cellular debris. (b) Simi-

lar cells (→) are evident within the lumen of the collecting duct (paraffin, H&E). 

a b 
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Increased/decreased cells, [insert cell type] (testis or ovary) 

It is recognized that endocrine active compounds may alter the proportional distribution of gametogen-

ic and supportive cell types in the testis or ovary. Certain types of alterations (for example, the prolife-

ration or absence of single cell population) may not be adequately documented by gonadal staging. 

This diagnostic term provides a mechanism for documenting such changes. For consistency, the pa-

thologist should presume that these semi-quantitative changes are: (1) relative to other cell types in the 

gonad; (2) relative to cell numbers in control animals; and (3) estimates only, versus actual cell counts. 

See example of increased spermatozoa below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 81. Increased cells (spermatozoa in 

this case). (a) Testis from an adult control 

male fathead minnow. (b) Testis from an 

adult male fathead minnow exposed to 

300 µg/L prochloraz: Spermatozoa densi-

ty is increased relative to control. Ideally, 

comparisons should be made between 

same stage gonads (testis in (a) is Stage 

2, whereas testis in (b) is Stage 3) (paraf-

fin, H&E, bar = 25 µm). 

Fig. 82. Testis from an adult male zebra-

fish: increase in the proportion of sperma-

tocytes (paraffin, H&E). 

a 

b 
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(Pigmented) Macrophage aggregates 

(Pigmented) Macrophage aggregates are cell clusters constitutively present in the interstitium of the 

ovary primarily, although they may also be found in the fish testis (unusual for, e.g., tank-raised fat-

head minnow). These phagocytes usually have small condensed eccentric or peripheralized nuclei and 

various brown, yellow, red, or gold pigmented granules (lipofuscin, ceroid, hemosiderin, and/or mela-

nin) that often impart a slightly crystalline appearance to their comparatively abundant pale cytoplasm. 

In the normal ovary, macrophage aggregates are thought to be involved in the processing of break-

down products associated with atresia of non-spawned oocytes. It has been demonstrated that macro-

phage aggregates may become larger and/or more numerous following exposure to certain toxicants or 

infectious agents (Blazer et al., 1987). Whenever possible, macrophage aggregates should be distin-

guished from granulomatous inflammation, which is characterized by the presence of epithelioid ma-

crophages. This is not always easy, as macrophage aggregates often proliferate with, and become in-

corporated into, granulomatous inflammation. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 83. (a) Macrophage aggregates in adult female fathead minnow: Arrows (→) indicate multiple 

aggregates within the ovarian interstitium. (b) Large macrophage aggregate (→) in a Japanese me-

daka ovary (paraffin, H&E).  

a b 
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Mineralization (male or female) 

In both the testis and ovary, mineralization may be evident in the germinal parenchyma, luminal areas, 

or duct system. In H&E-stained sections it usually manifests in one of several forms:  

(1) dark purple, laminated, spherical concretions;  

(2) purple or dark blue, finely-granular deposits;  

(3) purple-discolored, fragmented, gonadal structures; or  

(4) irregular spicules of dystrophic mineralization in areas of granulomatous inflammation.  

The last form, when observed within ovaries, is often associated with resorption of atretic oocytes. In 

the testis, mineralization must be distinguished from testis-ova formation; on occasion, this may be 

difficult, as degenerating testis-ova may also become mineralized. Rarely, mineralization may be seen 

as a presumably non-endocrine treatment effect, possibly due to vehicle-induced changes in the expo-

sure water chemistry. 

 

 

 

 

 

 

 

 

 

 

 

 

a 

b 

Fig. 84. Mineralization: (a) Testis 

from an adult male fathead min-

now showing numerous foci of 

angular, roughly spherical, minera-

lization in the collecting ducts. 

Surprisingly, even this profound 

degree of mineralization is not 

usually associated with morpho-

logic evidence of obstructive dys-

function. (b) Ovary from an adult 

male zebrafish: Although difficult 

to say with certainty, this may 

represent mineralization of atretic 

oocyte material (paraffin, H&E, 

bars = 25 and 100 µm, respective-

ly). 
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Nephropathy 

“Nephropathy” indicates degenerative renal disease has been observed in a variety of fishes that have 

been exposed to compounds with estrogenic activity (Herman & Kincaid, 1988; Palace et al., 2002; 

Zillioux et al., 2001). Renal impairment presumably occurs due to increased production of vitellogenin 

(especially in males) that stresses the kidney via protein overload. Microscopic lesions may include 

swelling of tubular epithelial cells, tubular necrosis, dilation of Bowman’s capsule, interstitial fibrosis, 

casts, and hyaline droplets in tubules or glomeruli.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 86. Nephropathy: In contrast to the kidney from an untreated adult male Japanese medaka (a), 

the kidney from an adult female Japanese medaka exposed to 1 mg/L 4-tert-pentylphenol shows 

changes similar to those in fathead minnow in Fig. 85b. Arrow (→) indicates large hyaline droplet in 

glomerular capillary (paraffin, H&E, bars = 25 µm). 

b a 

Fig. 85. Nephropathy: In contrast to the kidney from an untreated adult male fathead minnow (a), the 

kidney from an adult male fathead minnow exposed to a compound with estrogenic activity (b) 

shows glomerular epithelial cell hypertrophy, vacuolar swelling and necrosis of the tubular epithe-

lium, and hyaline droplets within glomerular and tubular epithelia (paraffin, H&E, bars = 25 µm). 

a b 
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Oocyte membrane folding 

“Oocyte membrane folding” indicates a compound-associated, presumably degenerative (atretic) 

process characterized by abrupt, usually multiple, invaginations of the chorion. As an example, this 

particular lesion was observed in ZBF following exposure of adult females to the anti-estrogen tamox-

ifen (Wester, et al., 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 87. Membrane folding in adult female 

fathead minnow: two cortical alveolar oocytes 

show folding of the oocyte membrane (→; 

paraffin, H&E). 

Fig. 89. This high magnification image illu-

strates abrupt folding of the chorion with in-

corporation of the granulosa cells in this oo-

cyte from an adult female zebrafish exposed to 

320 mg/L tamoxifen (→; paraffin, H&E). 

Fig. 88. Membrane folding in adult female 

fathead minnow: This is actually not an exam-

ple of membrane folding. The arrow (→) indi-

cates the micropyle, which is a normal funnel-

shaped structure located at the animal pole of 

the oocyte. The inset demonstrates this struc-

ture at a higher magnification and a different 

angle (paraffin, H&E). 
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Ovarian cysts 

Although ovarian cysts are relatively common in the ovaries of adult female fathead minnow, no ref-

erences to these structures were found in the scientific literature. Large cysts may be grossly visible. 

By light microscopy they present as single or multiple, thin-walled, spherical to irregular structures 

(~50 - 500 µm) that are lined by a mildly vacuolated, ciliated, cuboidal epithelium that rests on a very 

fine basement membrane. On occasion the cyst lumen may contain uniform pale eosinophilic material, 

and/or a few exfoliated cells, but usually it appears completely empty. In rare cases, these cysts may 

comprise a large percentage of the ovary and crowd out much of the oogenic tissue. To date there have 

been no compound exposure effects associated with ovarian cysts. Their developmental origin has not 

been determined, although it is suspected that they most likely represent spontaneous congenital or 

developmental anomalies. Ovarian cysts should not be confused with post-ovulatory follicles, which 

usually have a thicker wall, are often collapsed, and are never lined by ciliated cells. 

 

 

 

 

 

 

 

 

 

Fig. 90. Ovarian cyst: (a) Low magnification view of three ovarian cysts in adult female fathead 

minnow (paraffin, H&E, bar = 100 µm). (b) Higher magnification of two cyst walls from Fig. a to 

demonstrate the ciliated epithelium (bar = 25 µm). 

a b 
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Ovarian spermatogenesis 

“Ovarian spermatogenesis” indicates the presence of non-neoplastic spermatogenic cells, usually im-

mature, within the ovary. There is little or no evidence of lobular or tubular testicular architecture. 

Care should be taken to distinguish ovarian spermatogenesis from mitotically dividing oogonia; a key 

feature of ovarian spermatogenesis is the presence of multiple spermatogenic phases. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 91. Oogonia dividing mitot-

ically in the ovaries of adult 

female fathead minnow: Groups 

of cells resembling spermato-

cytes (→) are situated between 

perinucleolar and cortical alveo-

lar oocytes. This should not be 

mistaken for spermatogenesis 

(paraffin, H&E). 

Fig. 92. Ovarian spermatogene-

sis in adult female Japanese 

medaka: Aggregates of sperma-

togenic cells including sperma-

togonia (large arrow), sperma-

tocytes (small arrow), and sper-

matozoa (►) are located be-

tween ovarian follicles (paraf-

fin, H&E). 
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Retained peritoneal attachments/gonadal duct feminization (male) 

“Retained peritoneal attachments/gonadal duct feminization” has been recognized in male zebrafish 

that have been exposed to estrogen (17ß-estradiol; van der Ven and Wester, 2004). In normal (con-

trol) fish, the cranial attachment of the testis to the peritoneum is lost prior to reproductive maturity. 

Conversely, the testes of affected fish retain both of their cranial and caudal peritoneal attachments, 

thus forming an ovarian-like cavity. A similar response to compounds with estrogenic activity has 

also been reported for juvenile fathead minnow (Panter et al., 2006; Van Aerle et al., 2002). In ad-

dition to retention of the membranous peritoneal attachments, the lining of these membranes may 

become transformed into a ciliated simple or pseudostratified columnar epithelium that strongly 

resembles oviduct epithelium (unpublished data). 

 

 

 

 

 

 

 

 

 

 

Fig. 93. Retained peritoneal attachments: (a) Peritoneal cavity and testes of an untreated 6 weeks old 

male zebrafish: Arrows (→) indicate normal loss of cranial peritoneal attachments (paraffin, H&E, 

coronal section). (b) This 6 weeks old male zebrafish was exposed (lifetime) to 1 nM 17ß-estradiol, 

and has retained its cranial peritoneal attachment (→; paraffin, H&E, coronal section).  

a b 
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a b 

c d 

* 

Fig. 94. Feminization of gonadal ducts: (a) Testis from a control male fathead minnow 120 days post-

hatch (dph): Note the single attachment site of the gonadal duct (→) that is appropriate for the testis. 

(b) Testis from a male fathead minnow 120 dph exposed to a xenoestrogen from early embryo stage: 

The two attachment sites (→) form an intervening ovarian-like cavity (*) that is lined by oviduct-type 

epithelium. In this instance, the cavity contains spermatozoa, exfoliated cells, and cellular debris. (c) 

Testis from another male fathead minnow 120 dph exposed to a xenoestrogen: Similar appearance to 

Fig. b, and, in addition, with a single oocyte in the testicular parenchyma. (d) Ovary from a control 

female fathead minnow 120 dph, which was included to illustrate normal oviduct epithelium for 

comparison with Figs. b and c (paraffin, H&E, transverse sections). 
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Sertoli cell hypertrophy 

Exposure of male fish to estrogen-active compounds has been reported to cause enlargement of Sertoli 

cells, with or without Sertoli cell proliferation (Kinnberg et al., 2000; Miles-Richardson et al., 1999a, 

b; van der Ven et al., 2003). In the scientific literature, the light microscopic appearance of hypertro-

phic Sertoli cells tends to be ambiguous, as Sertoli cells resemble spermatogonia in some descriptions 

and images. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sperm necrosis 

“Sperm necrosis” has been observed occasionally as a focal, or more often multifocal, lesion in fat-

head minnow testes that are otherwise well-preserved. It is characterized by patchy areas of increased 

pallor and fragmentation +/- swelling of spermatozoa within testicular lumina. To date, sperm necrosis 

has not been related to compound exposure. Sperm necrosis can be seen concurrent with overt testicu-

lar mineralization, and it may well be a more subtle manifestation of mineralization. 

Fig. 95. Nuclear enlargement of Sertoli cells 

(large arrows) is evident in the testes of adult 

male zebrafish after exposure to 17 α-methyldi-

hydrotestosterone for 10 days (b, c) as com-

pared to the Sertoli cell nuclei of an adult male 

control (a; small arrows; paraffin, H&E). 

a 

b 

c 

Fig. 96. Sperm necrosis in adult male fathead 

minnow: Within testicular lumen, spermatozoa 

are pale and fragmented (paraffin, H&E, bar = 

25 µm). 
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Vitellogenic oocyte 

A vitellogenic oocyte is an oocyte that contains microscopically visible yolk material. Generally, such 

material is strongly eosinophilic and slightly refractile in hematoxylin- and eosin-stained sections. This 

material may be present in the form of spherical, globular, yolk granules (fathead minnow, zebrafish). 

In some scholarly sources (e.g., Iwamatsu, et al., 1998), the term “vitellogenic” has been applied to 

cortical alveolar oocytes, which lack eosinophilic yolk granules/globules (although their amphophilic 

or clear cortical alveoli are also known as yolk vesicles). 
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5. Gonadal staging criteria ◄ 

 

The goal of gonadal staging is to determine if the administration of a particular endocrine-active sub-

stance affects the reproductive cycle status of adult male and female fish. The purpose of this section 

is to describe a rapid, semi-quantitative method for assessing the proportions of various gametogenic 

cell types (gonadal staging) based on the light microscopic examination of hematoxylin and eosin- 

(H&E-)stained histological sections.  

Semi-quantitative gonadal staging has been proposed for, or employed in, studies involving fathead 

minnow and other fish species (Ankley et al., 2002; Jensen et al., 2001; Miles-Richardson et al., 

1999a; Nichols et al., 2001; US Environmental Protection Agency, 2002). Although such studies gen-

erally included excellent descriptions of the different gametogenic maturation stages (e.g., spermato-

gonium through spermatozoa for the testis), they did not incorporate pre-defined categorical guidelines 

for evaluating and reporting the reproductive cycle status of an individual fish. To maintain scientific 

integrity across the board in a program that involves multiple studies, multiple laboratories, and large 

numbers of animals, it is essential that observations are recorded on a fish-by-fish basis. The use of a 

categorization system can improve the consistency and objectivity of reported observations within and 

among experiments; consequently, comparisons of the results are more meaningful.  

Categorization systems also have some drawbacks and limitations, the most significant of which are 

(1) the potential loss of discriminatory data when similar, but not identical, types of observations are 

combined (binned) into a single class; (2) the questionable biological relevance of the classification 

criteria in some cases; and (3) the inability of any single classification system to address every type of 

observation (either predicted or unforeseen). 

To address this last limitation, gonadal staging is accompanied by a complete histopathological evalu-

ation of the gonads; in this manner, the loss or overabundance of a specific gametogenic cell type, for 

example, can be documented.  

The semi-quantitative gonadal staging scheme selected for analysis of fish gonads is a modification of 

a system adopted by the United States Department of the Interior, U.S. Geological Survey, Biological 

Resources Division as part of the “U.S. Biomonitoring of Environmental Status and Trends (BEST) 

Program” (McDonald et al., 2000). The authors of the BEST system credit previous work by Treasurer 

and Holiday (1981), Nagahama (1983), Rodriquez et al. (1995), and Goodbred et al. (1997). The 

foremost benefits of this system are speed and ease of use, especially when compared to fully-

quantitative staging. The basis of the BEST system is a visual assessment of the density of gametogen-

ic precursors as compared to mature gametocytes in one or more gonad sections. Accordingly, the 

stage numbers (testis: Stages 0 to 4; ovary: Stages 0 to 5) increase in direct relationship to the relative 

proportion of mature cells.  

Although the BEST system was initially developed to assess reproductive function in seasonal spawn-

ers such as carp (Cyprinidae) and black basses (Centrarchidae), the same stage categories can be ap-

plied to fractional spawners such as fathead minnow. This was demonstrated at the October 2003 

meeting of the histopathology subcommittee of the Fish Drafting Group at the Paris meeting, at which 

the participants were asked to briefly evaluate the applicability of a modified BEST system using ac-

tual histological specimens of the three species fathead minnow, medaka and zebrafish. In general, the 

participants agreed that they could readily recognize the various gonadal stages as defined by modified 

BEST criteria. The participants acknowledged that the terminal stages of the system (testis: Stage 4, 

“Spent”; ovary: Stage 5, “Post-ovulatory”) would be minimally present (or possibly not present at all) 

among reproductively-active adult fathead minnow, medaka and zebrafish, because they are not sea-

sonal spawners. Similarly, it was thought that Stage 4, “Late development/hydrated”, would be rarely 

observed in the test fishes, due to the very transient nature of this stage in fractional spawners. 

A few modifications have been made to the BEST system to adapt it for use. For example, there is 

currently no provision in the system for gonads that are comprised entirely of spermatogonia or oogo-

nia. Although it is intended that reproductively mature fish are used, it is possible that an occasional 
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animal may not attain sexual maturity by the time the experiment is terminated, or that certain test 

compounds might cause reversion of the gonads to a juvenile phenotype. Therefore, a pre-staging cat-

egory called “juvenile” has been added for both male and female fish as one modification of the BEST 

system. Another modification to the system involves an apparent discrepancy between the BEST sys-

tem and Goodbred et al. (1997) concerning the thickness of the testicular germinal epithelium as a 

staging criterion. As indicated by Goodbred et al. (1997), the germinal epithelium becomes thinner as 

the testis stage increases, whereas the reverse occurs according to the BEST system (as presented in 

McDonald et al., 2000). Although it is difficult to find corroborating statements in the scientific litera-

ture, empirical evidence indicates that Goodbred et al. (1997) is correct on this point. A third modifica-

tion to the system is the option to subdivide a stage into two subordinate stages (e.g., Stages 3A and 

3B), if the pathologist believes that this tactic would reveal a subtle, compound-related effect that 

might otherwise be missed. Other modifications to the system are relatively minor and primarily in-

volve rewording for clarification. 

The cell distribution pattern is likely to vary throughout a given tissue section, the gonad should be 

staged according to the predominant pattern in that section. Both gonads should be staged as a single 

organ according to the predominant pattern. Gonads that cannot be reasonably staged for various rea-

sons (e.g., insufficient tissue, or extensive necrosis, inflammation, or artifact) should be recorded as 

UTS (unable to stage). 

 

5.1 Criteria for staging testes in fathead minnow and zebrafish ◄ 

 

 Juvenile: gonad consists of spermatogonia exclusively; it may be difficult or impossible 

to confirm the sex of these individuals. 

 Stage 0 – Undeveloped: entirely immature phases (spermatogonia to spermatids) with no 

spermatozoa. 

 Stage 1 – Early spermatogenic: immature phases predominate, but spermatozoa may al-

so be observed; the germinal epithelium is thinner than it is during Stage 2. 

 Stage 2 – Mid-spermatogenic: spermatocytes, spermatids, and spermatozoa are present 

in roughly equal proportions; the germinal epithelium is thinner than Stage 1, but thicker 

than Stage 3. 

 Stage 3 – Late spermatogenic: all stages may be observed, however, mature sperm pre-

dominate; the germinal epithelium is thinner than it is during Stage 2. 

 Stage 4 – Spent: loose connective tissue with some remnant sperm. 
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Fig. 97. Examples of staging system applied to four testes from fathead minnow: There is progres-

sive thinning of the germinal epithelium and expansion of the lobular lumen with each increase in 

stage. Note that no spermatozoa are present as in the Stage 0 image (GMA, H&E). 

Fig. 98. Examples of staging system applied to testes from zebrafish: The zebrafish testis is essential-

ly similar to the fathead minnow testis in terms of staging. For some reason, spermatozoa are some-

what sparse in the illustrated testes (paraffin, H&E). 
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5.2 Criteria for staging testes in Japanese medaka ◄ 

 

To derive each stage score, the estimated width of the germinal epithelium (EWG) can be compared to 

the estimated width of the testis (EWT) in the following manner: 

• Stage 1: EWG > ⅔ EWT 

• Stage 2: EWG ⅔ to > ½ EWT 

• Stage 3: EWG ½ to > ¼ EWT 

• Stage 4: EWG < ¼ EWT 

Fig. 99. Examples of staging system applied to testes from Japanese medaka: Black arrows (↔) 

represent the estimated width of the testis (EWT), and red arrows (↔) represent the estimated width 

of the germinal epithelium (EWG; measurements are illustrated unilaterally for simplicity). In order 

to obtain comparable sections, it is imperative that each section contains a portion of the central duct 

(CD), preferably at its widest and longest extent (paraffin, H&E). 
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5.3 Criteria for staging ovaries in fathead minnow, Japanese medaka and zebrafish ◄ 

 

The following are morphologic criteria for staging female fathead minnow, Japanese medaka and ze-

brafish: 

 Juvenile: gonad consists of oogonia exclusively; it may be difficult or impossible to con-

firm the sex of these individuals. 

 Stage 0 – undeveloped: entirely immature phases (oogonia to perinucleolar oocytes); no 

cortical alveoli 

 Stage 1 – early spermatogenic: vast majority (e.g., > 90%) are pre-vitellogenic follicles, 

predominantly perinucleolar through cortical alveolar. 

 Stage 2 – mid-development: at least half of observed follicles are early and mid-

vitellogenic. 

 Stage 3 – late development: majority of developing follicles are late vitellogenic. 

 Stage 4 – late development/hydrated: majority of follicles are late vitellogenic and ma-

ture/spawning follicles; follicles are larger as compared to Stage 3. 

 Stage 5 – post-ovulatory: predominately spent follicles, remnants of theca externa and 

granulosa. 

Fig. 100. Examples of the staging system applied to the ovaries of the fathead minnow: Due to its 

transient nature in fathead minnow, Stage 4 is not often observed (paraffin, H&E). 
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Stage 0 Stage 1 

Stage 2 Stage 4 

Fig. 101. Examples of the staging system applied to the ovaries of adult Japanese medaka (paraffin, 

H&E). 



 

OECD Guidance Document for the Diagnosis of 

Endocrine-related Histopathology of Fish Gonads   Page 94/96 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 102. Examples of the staging system applied to the ovaries of adult zebrafish (paraffin, H&E). 

Juvenile 

Stage 1 Stage 2 

Stage 0 

Stage 3 Stage 4 
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