Histopathological evaluation and plasma vitellogenin
measurements in a fish screening assay for endocrinemodulating compounds
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In a 3-week screening assay (validation work under Organization for Economical Co-operation and
Development OECD) adult fathead minnows (Pimephales promelas) were exposed to an estrogen agonist
or an aromatase-inhibitor and investigated histopathologically. Vitellogenin was determined from the
blood collected at necropsy. The estrogen agonist caused in the testes an increase of spermatogonia
and a decrease of spermatocytes, spermatids and spermatozoa in the seminiferous tubules. An increase
of interstitial fluid, liver basophilia and plasma vitellogenin levels corresponded with the testicular
findings. In females, no clear treatment-related findings were observed in the gonads.
The aromatase-inhibitor caused oocyte degeneration and basophilic staining of vitellogenic oocytes
in females. In treated males, the testes appeared more mature. In females, plasma vitellogenin levels
were significantly decreased. An influence on liver staining with increased basophilia in males and
decreased basophilia in females was seen at higher dose levels only. Thus, gonadal histology and
plasma vitellogenin proved to be equally sensitive as relevant endocrine-specific biomarkers in fish.
Gonadal histology detected more specifically the impact of endocrine-modulating compounds on the
development and condition of the gametes.
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Histopathology and Vitellogenin Results
4-tert-pentylphenol:
Intercurrent mortality was increased at the high dose level.
The testes were smaller compared to controls (fig. 2 and 3) and increased numbers of spermatogonia (Inc. SPG), reduced
numbers of spermatocytes (Dec. SPC), spermatids (Dec. SPT) and spermatozoa (Dec. SPZ) were observed in the positive
control with E2 (fig. 5) and at the mid and high dose level (fig. 6). The liver of males showed increased basophilia from the
low dose on and in the positive control (figures 7, 8 and 9) indicating the production of vitellogenin. In both sexes, interstitial
and intravascular proteinaceous fluid was observed from the low dose on (fig. 5, 8 and 9). A survey is given in table 1. The
doses at which clear findings were observed are separated by a red line, the dose with incipient findings is marked by a
dotted line. The testis findings are evidence of an inhibiting effect on germ cell maturation. The ovaries showed no clear
induced findings.
Blood plasma vitellogenin was increased significantly in males from the mid dose on and in the positive control. In females,
it was increased in the positive control (diagram 1).
Diagram 1: 4-tert-pentylphenol: Vitellogenin Plasma Levels

Table 1: 4-tert-pentylphenol - findings in males

Fish and FSA test design:
4.5 to 5.5 month (post hatch) old and sexually mature fathead minnows
(Pimephales promelas) with a total group size of 10 males and 10 females
were exposed under flow-through conditions in replicate test chambers
(5 males and 5 females per each chamber) including spawning substrates
(5 stainless steel substrates per each chamber) for the test duration of 21
days (figure 1). Due to intercurrent mortality, the number of fish was lower
than 10 per sex in some groups at test termination.
Dose levels (nominal):
Weak-acting estrogen agonist 4-tert-pentylphenol (4-TPP): 3 concentrations (100, 320, 1,000 µg/L), water control, positive control (strongacting) 17 β-estradiol (E2): one concentration (0.1 µg/L).
Weak-acting aromatase-inhibitor Prochloraz (PRO): 3 concentrations
(20, 100, 300 µg/L), water control, positive control (strong-acting) fadrozole
(FAD): 1 concentration (100 µg/L)
Exposure duration: 21 days, under flow-through conditions.
The fish were sacrificed (anesthetized with MS-222) at test termination.
Selected test compounds and concentrations were given and distributed
by the OECD for all ring-test laboratories.
Vitellogenin (egg yolk precursor protein):
Blood plasma samples were collected via caudal artery/vein with heparinized
microhematocrit capillary tubes incl. aprotinin solution after sacrifying of
the fish. Measurement of vitellogenin levels in blood plasma was performed
with a commercially produced enzyme-linked immunoabsorbant assay
raised to FHM VTG (homologous ELISA kit purchased from EnBioTec, Japan).
Histopathology:
Fixation in Davidson’s fixative after ventral incision of the body. Three
transverse levels of the fish containing the gonads liver, kidneys, intestine
and pancreas were embedded in Paraplast, cut at an approximate thickness
of 4 m and stained with Hematoxylin and Eosin (H&E). Additional sections
of females exposed to PRO or FAD were stained with the Gram stain.
Histopathological investigations were performed using a semi-quantitative
scoring system.
Figure 1:
Replicate with 5 male
and 5 female fathead
minnows and spawning
substrates
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Prochloraz :
In the ovaries, the high dose and positive control caused degeneration of early vitellogenic oocytes (Deg. EVO), degeneration
of late vitellogenic oocytes (Deg. LVO) (fig. 13, 14) and basophilia of late vitellogenic oocytes (Bas. LVO) (fig. 11, 12), which
also showed thickened and degenerated vitelline envelope (fig. 16). At the mid dose level,degeneration of late vitellogenic
oocytes (Deg. LVO) was increased. No effects were discernible at the low dose level. A survey is given in table 2. The doses
at which clear findings were observed are separated by a red line. The dose with incipient findings is separated by a dotted
line.In females, the liver showed a reduced basophilia at the high dose level and in the positive control.
Corresponding to this finding blood plasma vitellogenin was significantly decreased in females at the high dose level and in
the positive control (diagram 2). The findings are evidence of a treatment effect on vitellogenin production in the liver and
integrity of oocytes.
The testes showed a tendency to a higher grade of maturation with increased spermatids and spermatozoa. Although there
was no clear dose-correlation of this effect similar findings in males were reported by Ankley et al. 2002 after fadrozole,
hence a treatment-relation can not be excluded.
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For the detection of endocrine-disrupting chemicals (EDC) a 21-day short
term in vivo Fish Screening Assay (FSA) in adult, sexually mature fish was
validated under OECD (inter-laboratory study, OECD 2004). One objective
of the second part (phase 1B) of validation work on the FSA with the focus
on weak-acting compounds was to compare the sensitivity and reliablity
of gonad histopathology and other biomarker endpoints as vitellogenin
plasma levels and secondary sexual characteristics. Bayer CropScience AG,
Monheim, Germany, participated in phase 1B and the results of gonad
histopathology and vitellogenin are presented. Sexually dimorphic male and
female fathead minnows (Pimephales promelas) were exposed together
under spawning conditions to the weak estrogen agonist 4-tert-pentylphenol
or to the weak aromatase-inhibitor prochloraz against respective positive
controls.
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Figure 11:

H&E-stained section of an ovary from a female
water control fish.

Ovary with reduced eosinophilia of late
vitellogenic oocytes after FAD stained
with H&E. This corresponds with a clearly
reduced blood plasma vitellogenin level.
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Exposure to the weak estrogen agonist 4-tertpentylphenol or to the weak aromatase-inhibitor
prochloraz caused both, significant changes in
gonad histology and effects on blood plasma
vitellogenin levels with equal sensitivity and clear
dose-correlation. With both compounds, incipient
histopathological findings were already present
at a lower dose level whereas vitellogenin
measurements did not reveal a significant effect.
But these findings, as interstitial fluid, minimal
basophilic liver staining in males or degeneration
of late vitellogenic oocytes could be found also
in controls and/or were not reliably reproducible
because of the low grade and incidence of the
findings. Moreover, vitellogenin measurements in
the FHM showed a particularly high variation
which could give an explanation for the absence
of statistically significant changes concomitant
with incipient histopathological findings in lower
dose levels.
The results suggest that gonad histopathology
and plasma vitellogenin levels are both relevant
and valuable tools in fish to detect specifically
endocrine modulating compounds (weak- and
strong-acting estrogen agonists and aromatase
inhibitors). But whereas elevated vitellogenin
levels are regarded as indicative of exposure to
estrogenic compounds, decreased vitellogenesis
may have multiple causes (Kime 2001). An
advantage of histopathology is the visualization
of the actual influence of a test compound on
the gonad condition (Leino et al. 2005). Together
with the other biomarker endpoints a first profile
of potential endocrine modulation can be
generated with this Fish Screening Assay. In case
of positive findings in the FSA at environ-mentally
relevant concentrations chronic tests like fish
partial or full life-cycle tests (including development
and/or reproduction) may be triggered.
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mid spermatogenic testis of a male fish,
water control. H&E stain

testis of a male fish exposed to E2
showing decreased spermatozoa,
reduced size of spermatogenic cysts and
increased spermatogonia. Proteinaceous
fluid is visible at the right side of the
image.
H&E stain

Ovary after exposure to the weak aromatase
inhibitor PRO. The oocytes are more eosinophilic
than after fadrozole in the H&E stain. This
corresponds with a less pronounced reduction
of blood plasma vitellogenin after PRO.

ovary of a female fish with a large
number of degenerating oocytes, PRO,
high dose. Gram stain.

Figure 6:

Figure 7:

Figure 14:

Figure 15:

testis of a male fish exposed to 4-TPP,
high dose level, showing decreased
spermatozoa and increased spermatogonia as after E2. Spermatogenic
cysts are nearly absent.
H&E stain

liver of a control male with eosinophilic
staining of hepatocellular cytoplasm.
H&E stain

Degenerative changes of follicles after
exposure to the aromatase-inhibitor PRO
(high dose), Gram stain.

normal vitelline envelope of a late
vitellogenic oocyte from a female water
control with intact follicular cell layer, Gram
stain.

Figure 8:

Figure 9:

Figure 16:

liver of a male fish exposed to the E2
(positive control) with markedly increased
basophilia of the hepatocellular cytoplasm
indicating increased production of
vitellogenin in the liver. There is an
increased amount of proteinaceous fluid
in several blood vessels. H&E stain

liver of a male fish exposed to the 4-TPP(high dose) with increased basophilia of the
hepatocellular cytoplasm indicating
increased production of vitellogenin in the
liver. There is an increased amount of
proteinaceous fluid in the blood vessel in
the center of the image. H&E stain

Higher magnification of a degenerated
vitelline envelope and degenerated follicular
cells of a late vitellogenic oocyte of a fish
exposed to PRO (high dose), Gram stain.
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