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1. Introduction

1. Introduction

The general (clinical and pathological) examination procedures of teleost fish including
collection of body liquids, clinical samples and specimen for parasitological and microbiological
analyses, as well as anesthesia/killing methods, necropsy and dissection techniques have
previously been described in detail [1-4]. In the present guidelines, standardized tissue
sampling protocols are presented for ~40 organs and tissues. The guidelines are specifically
adapted to rainbow trout of 300-2000 g body weight, which are frequently used in
ecotoxicological studies [5-12]. The abundantly illustrated protocols will ensure an efficient
sampling of high-quality specimens, adequately representing the organs and tissues of
rainbow trout used in ecotoxicological studies’. The proposed necropsy- and sampling protocol
is hierarchically structured with regard to the fragility of organs and a conclusive, efficient
necropsy- and sampling process. For each organ/tissue, a step-by-step protocol is provided,
allowing the sampling of all ecotoxicologically relevant organs and tissues from a single
rainbow trout. The sampling and processing of specimens for (histo-) morphological as well
as molecular analyses from one organ/tissue location allows for the performance of different
analysis methods on the same organ/tissue location for the detection of toxic effects of test
substances, which may manifest in morphological, molecular and/or functional organ/tissue
alterations. The proposed sampling regime and sample processing are adjusted to subsequent
routine analyses. These include histopathology, molecular and biochemical analyses of DNA,
RNA, proteins, lipids or metabolites as well as analytical chemistry analyses (for convenience,
molecular, biochemical and analytical chemistry analyses are hereinafter combined under the
term “molecular analyses”). If macroscopically evident lesions are present, additional samples
should be taken from the altered sites for histopathology and microbiological, parasitological,
molecular etc. analyses, as appropriate. In the present guidelines, the cutting directions,
section planes, and processing steps for the downstream analyses of organ/tissue samples
are defined and indicated by pictograms (Figures 1-3).

"Ethics statement

For development, demonstration and validation of the methods shown in the present study, eight healthy
rainbow trout of both sexes with body weights ranging from 300-2000 g were sacrificed. The use of the
fish in this study was performed in accordance with the relevant legal regulations and with permission
of the local authorities, and was approved by the institutional ethics committee of the Institute of
Veterinary Pathology of the Ludwig-Maximilians-Universitat Munich via verbal consent. The fish were
obtained from the breeding facility of the Bavarian Environment Agency in Wielenbach, Germany. After
initial health status check, fish were sacrificed either by stunning (concussion) and exsanguination or
with tricaine methanesulphonate solution (500 mg/l, Tricaine Pharmag® 1000 mg/g (Pharmaq Ltd.,
United Kingdom)) and subsequent brain destruction after circulatory arrest, using a sharp 14 gauge
cannula (Braun® Sterican®, B. Braun Melsungen AG, Germany). In none of the examined fish, clinical,
macroscopic, and histological examination revealed indications of disease or pathological alterations.
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Figure 1. Schematic illustration of the section plane orientations. The section plane
orientations/directions used in the present guidelines are the (mid-) sagittal (i.e., vertical) section plane,
the horizontal section plane and the transverse (i.e., frontal or cross section in elongated or hollow
organs) section plane.
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Figure 2. Symbols used in the present guidelines regarding the sampling of histopathological
and molecular specimens. A. Section plane of the histological section orthogonal to the picture plane.
B. Specimen for molecular analyses, generated using scalpel or scissors. C. Specimen for molecular
analyses, generated using a biopsy punch. D. Section plane of the histological section parallel to the
image plane. E. Three-dimensional (3D) cutting level for histopathological analyses.

In general, specimens for histopathological analyses are immersion-fixed in neutrally
buffered 4% formaldehyde solution (formalin-fixed, FF) and embedded in paraffin (paraffin-
embedded, PE). The histological sections are routinely stained with hematoxylin and eosin
(HE). If other fixatives, embedding media or histological stains are more suitable, this is
explicitly mentioned in the corresponding chapters. If appropriate, immersion fixation can be
preceded by vascular perfusion fixation as illustrated in Chapter 2.3.2 and described earlier
[13]. For most organs, next to sampling for histopathological analyses also sampling for
subsequent molecular analyses is scheduled. For proper tissue preservation, samples for
molecular analyses are frozen (liquid nitrogen or dry ice) and stored at -20°C or -80°C (short-
term storage) depending on the intended analysis (analytical chemistry or molecular analysis).
For prolonged storage of tissue samples, storage at -150°C is recommended [14].
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Figure 3. Pictograms indicating initial and further organ-/tissue sample analyses. Weight
measurements are performed to the nearest g (fish body weight) or nearest mg (organs or tissue
samples), using a precision scale. For photodocumentation, information on the identity of the test fish
as well as a size scale are to be prepared and presented on the photograph. Specimens for routine light
microscopic histopathological analyses are fixed in neutrally buffered 4% formaldehyde solution and
embedded in paraffin (FF-PE), specimens for molecular analyses are snap-frozen using liquid nitrogen
or dry ice and stored at -20°C or -80°C for short-term storage (analytical chemistry or molecular
analysis), or at -150°C for prolonged storage of tissue samples (molecular analyses).

The proposed sampling regime is considered adequate for the demands of routine
ecotoxicology studies, whereas the generation of samples for more advanced analyses, such
as immunohistochemistry, in situ hybridization, electron microscopy or quantitative
stereological analyses are not in the scope of the present guidelines. In studies scheduling
advanced analyses of distinct organs/tissues, however, additional sampling efforts and
different tissue sample processing methods may be necessary. Depending on the objectives
and the experimental design of a given study, the number of organs and tissues to be sampled
as well as the applied sampling scheme and the sample numbers has to be adapted
accordingly. For quantitative stereological analyses, the interested reader is referred to the
standard textbooks of quantitative stereology [15-17] as well as standardized organ/tissue
sampling guides established for different experimental animal species and organ systems [13,
18-22].

The development of a structured, study-specific sampling protocol in advance to the
planned necropsy is highly recommended, inter alia considering the organ'sftissue’s
tendency to degrade or the technical and material requirements for organ/tissue sampling
and sample processing [21, 23].



2.1 Respiratory system (Gills)

2. Sampling guides for organs and tissues of rainbow trout used in
ecotoxicological studies

2.1 Respiratory system (Gills)

Relevant anatomical features/preparation

Gills are multifunctional organs. Next to their role in aquatic gas exchange they are involved in
excretion of nitrogenous waste, osmotic- and ionic- regulation processes or the regulation of
the acid-base balance [24]. Rainbow trout possess four pairs of gills (holobranchs I-1V),
bilaterally located in the opercular chamber and covered by the opercula [2, 24, 25]. The
pseudobranch (i.e., a vestigial gill arch), which is covered by opercular epithelium, does not
participate in gas- or ion exchange [26] and is not considered in the present gill tissue sampling
protocol. The sampling of the pseudobranch for molecular and histopathological analyses is
illustrated in detail in Chapter 2.11. All hemibranchs are composed of a gill arch with the
interbranchial septum and the gill filaments. The gill arch consists of the gill arch skeleton,
musculature and vasculature. The gill arch bears gill rakers at its concave margin and supports
the two rows of gill filaments (hemibranchs) extending from its convex margin [2, 24, 25, 27].
The hemibranchs consist of the macroscopically visible gill filaments (primary lamellae, PL),
which are supported by cartilaginous rods. Respiratory lamellae (secondary lamellae, SL)
originate from the ventral and dorsal surfaces of the PL [2, 24, 25]. In trout, the proximal one
to two thirds of the gill filaments are supported by an interbranchial septum, whereas the distal
portions of the gill filaments are not embedded in the septal tissue [2, 27]. The secondary
lamellae are the functional base unit of the gills. Histologically, they are composed of vascular
spaces which are delimited by the pillar cells (i.e., modified endothelial cells, specific to fish
gills and defining the vascular blood spaces with their cell flanges) and an epithelium
comprised mainly of pavement cells, but also e.g., chloride- and goblet cells [2, 4, 27].

A detailed description of the complex three-dimensional gill (histo-) architecture is provided in
Evans et al. [24] or Fiedler et al. [13]. Adequate killing methods for gill analyses as well as a
detailed description of the excision of gill samples is also provided in Fiedler et al. [13]. If
considered beneficial for the study purpose, vascular perfusion fixation may be performed, the
technique of perfusion fixation of rainbow trout tissue is described in Chapter 2.3.2 and
elsewhere [13]. Briefly, killing of fish by overdosed anesthetic is advantageous, since a blow
on the head may lead to gill hemorrhages. At necropsy, the gills are dissected immediately
after killing of the fish in order to preserve the fragile gill structures. After removal of the left
body wall and the opercula, the anterior portion of the esophagus is transected and gills are
excised by severing the cleithrum and the dorsal and ventral connection between the gill basket
and the skull. The gill basket is extracted from the head by gently pulling in ventral direction
and adhering organs and tissues are removed, subsequently the gill basket is carefully divided
in the midline (Figure 4B). The holobranchs of the left side, which are sampled for routine
histopathological analysis (Figures 5B and 6B), are immediately transferred to neutrally
buffered 4% formaldehyde solution for immersion fixation to prevent autolysis and deterioration
of tissue morphology. It is highly recommended to remove the bony gill arches before sample
embedding for histopathological analyses, otherwise the holobranchs should be decalcified in
advance [28, 29]. The gills of the right body side are separated for weighing, macroscopic
examination and sampling of fresh (i.e., unfixed) tissue specimens for molecular analyses
(Figures 5A and 6A). Remaining tissue is preserved (i.e., immediately transferred to adequate
fixative) to ensure that sufficient sample material is available for new or expanded scientific
issues arising from the analyses.
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ventral

Figure 4. Excision of the rainbow trout gill basket. A. Lateral aspect of the head after removal of the
left operculum and the gill basket. The gills are excised by severing the cleithrum, removal of the
operculum, transection of the esophagus and severing the dorsal and ventral connection between the
gill basket and the skull. The gill basket is removed from the head by gently pulling it in ventral direction
(refer to Fiedler et al. [13]). B. Caudo-ventral aspect of the excised gill basket. Adhering organs and
tissues (i.e., the cranial aspect of the esophagus, heart and parts of the flank) are carefully removed for
subsequent separation and immersion fixation. The gill basket is divided in the midline (black dashed
line), the fresh (i.e., unfixed) gills of the right body side are subject to the macroscopic examination and
sampling for molecular analyses, whereas the left half of the gill basket is immediately immersion-fixed
for standard histopathological analyses. The four holobranchs are numbered (I-1V) and important
morphological structures/orientations are indicated: GF: Gill filaments; GA: Gill arches; rv: Rostro-
ventral; cv: Caudo-ventral. Bars =1 cm.

General examination parameters

The holobranchs are macroscopically examined for pathological alterations and corresponding
findings are (photo-) documented before separation of left and right side of the gill basket and
immersion fixation of the left side of the gill apparatus. The four freshly excised and separated
holobranchs of the right body side are briefly dabbed dry using laboratory paper towel and the
weight is recorded. If appropriate, samples of altered gill tissue regions are generated from the
holobranchs for histopathological, molecular, parasitological or microbiological analyses.
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Figure 5. Schematic illustration of the medial aspects of the separated holobranchs with
indicated sampling locations for routine histopathological and molecular analyses. A. Unfixed
holobranchs with indicated sampling locations for molecular analyses (black circles). The freshly excised
gills of the right body side are separated and briefly dabbed dry with laboratory paper towel for
macroscopic examination and weighing. Gill filament tissue samples for molecular analyses are excised,
using a biopsy punch of 0.6 cm diameter. B. Immersion-fixed holobranchs with indicated sampling
locations for histopathological analyses. The gills of the left body side are immediately transferred to
fixative solution after excision and dividing of the gill basket. The fixed gills are separated and the bony
gill arches are removed before sampling and embedding of the holobranch specimens. I-1V: Number of
the corresponding gill arch; v: Ventral; d: Dorsal.

Sampling scheme for routine analyses of rainbow trout gills

1. Samples for molecular analyses of the gills

Location:

Number of samples:
Sample size:
Remarks:

Processing:

Downstream analyses:

Sampling locations are indicated in Figures 5A and 6A.

Two.

Full thickness tissue cylinder of 0.6 cm diameter, punched out by
biopsy punch.

Specimens containing interbranchial septum and gill filament
tissue are taken.

Samples are frozen (liquid nitrogen) and stored at -20°C or
-80°C (short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage
at -150°C is recommended.

DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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2. Samples for histopathological examination of the gills

Location & orientation of Sampling locations and orientations are indicated in Figures 5B

sections: and 6B. Two transverse sections (relative to the orientation of the
sectioned gill filaments) are generated, containing gill filaments
and interbranchial septum. Two sagittal sections, containing both
distal gill filaments (i.e., not embedded in septal tissue) and gill
filaments embedded in septal tissue, are generated.

Number of samples: Four.

Section plane size: Frontal section plane: approximately 0.5cm x 0.2 cm, sagittal
section plane: approximately 0.6 cm x 0.6 cm (length x width).

Fixation & embedding: FF-PE.

> right gills
./ | (fresh)

_____ . ~ left gills
E i \ AN ¢ » . (fixed)

v I ! 1] v

Figure 6. Sampling of standard gill tissue specimens in routine ecotoxicological studies.
A. Medial aspects of freshly excised (unfixed) gills of the right body side. Sampling locations for
molecular analysis specimens are indicated (black circles). B. Medial aspects of formalin-fixed gills of
the left body side. Sampling locations and section plane orientations for histopathological samples are
indicated (black lines for transverse sections, black dashed rectangle for sagittal sections, with black
triangles indicating the section orientation parallel to the picture plane). For demonstration purposes the
gill arches of the displayed gills are not removed, but their removal is recommended for histopathological
analyses. I-IV: Number of the corresponding gill arch; v: Ventral; d: Dorsal. Bars =1 cm.

Time requirements

Approximately 15 minutes are to be scheduled for dissection of the gills, macroscopic
examination, sampling and further processing of gill tissue samples. This estimate does not
include the time needed for killing the fish, prearrangement of sampling instruments and
materials, or the further processing of fixed/frozen specimens.
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Figure 7. Gill histology. A. Sagittal section of the distal (i.e., free) gill filaments. This section plane
orientation is preferred for histopathological analysis of the secondary lamellae as the site of gas- and
ion exchange. B. Transverse section of gill filaments supported by septal tissue. This section plane
orientation is preferred for the investigation of filamental vasculature and examination of distinct cell
compartments which are more prevalent in the epithelium of the gill filament edges, e.g., chloride cells
[2]. Important morphological structures are indicated: PL: Primary lamella; SL: Secondary lamella;
IBS: Interbranchial septum. FF-PE. HE. Bars = 100 um.

2

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Only few published ecotoxicological studies examining rainbow trout gill samples provide a
more explicit description of the sampling locations, such as the four gills of one side [30], a
sample of ~50 gill filaments from the second left gill arch [31], sampling of only the gill filament
tips [32] or the gill filament tissue of the first and/or second gill arch [33, 34]. In previous
ecotoxicological studies examining rainbow trout, the number of analyzed gill tissue samples
per fish, if indicated, ranges between one [31] to four samples [30].

Assuming that gill alterations, experimentally induced by exposure to aquatic pollutants, do not
significantly differ from one body side to the other, one side of the gill apparatus is processed
and sampled for routine histopathological analyses and the other for molecular analyses. A
previous study in rainbow trout has also shown that relevant quantitative morphological gill
parameters, such as the volume density of the secondary lamellae in the gill filaments, do not
significantly differ in right vs. left gills [13]. Related to the arrangement of the gills in four pairs
of holobranchs and the function of the gill as a sensitive target organ in ecotoxicological
studies, the number and sizes of gill tissue samples, as well as the sampling locations
proposed in the present guidelines are regarded to provide sufficiently representative gill tissue
specimens for examination of most (qualitative) morphological gill tissue alterations and
molecular analyses of trout gill tissue. Note that the sampling protocol may need to be modified,
if there is evidence of unilateral lesions (e.g., abnormal necropsy findings) since
histopathological and molecular examination of only side of the gill apparatus could falsify the
assessment of unilaterally occurring tissue alterations. Furthermore, the sampling protocol has
to be adapted, if additional analyses of the thyroid gland or cartilage tissue are planned. If it is
intended to examine thyroid tissue, the ventral aspect of the gill apparatus is not separated in
the midline but the ventral portions of the gill arches are separated from the gill basked floor
individually, so that the gill basket floor is preserved in total (Chapter 2.13.3; care must be
taken to preserve the gill filaments). If histopathological analysis of cartilaginous tissue is
intended, the gill arch of the second right holobranch is separated from the gill filaments as
illustrated in Chapter 2.10.2 for immersion fixation.
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2.2 Cardiovascular system: Heart and major blood vessels

2.2 Cardiovascular system: Heart and major blood vessels

Relevant anatomical features/preparation

The rainbow trout’s heart is situated in the pericardial cavity, anterior to the fibrous transverse
septum separating the pericardial and the peritoneal cavity, and ventral to the pharynx and
esophagus. Laterally, the heart is adjacent to the ventro-caudal branchial skeleton and the
pectoral girdle [2-4]. The heart morphology and thickness of the outer compact myocardium
may vary due to several factors, such as age, sex, life stage or environmental conditions [4,
35-37]. The heart is composed of four chambers: the sinus venosus, the atrium, the ventricle
and the bulbus arteriosus (sequence according to blood flow direction) (Figures 8 and 9) [4].
The atrium and the ventricle each consist of a single chamber. The apex of the muscular
pyramidal ventricle of the rainbow trout’s heart points caudo-ventrally [2, 4, 36]. Via the central
venous system (i.e., the main axial veins and the paired duct of Cuvier), venous blood enters
the thin-walled sinus venosus, which is embedded in the transverse septum. The lumen of the
sinus venosus is separated from the atrial lumen by sinoatrial valves. The atrium is irregularly
shaped and numerous trabeculae extend from the walls of the atrium into the atrial lumen
(Figure 9C). The atrium and ventricle are connected via the valved atrioventricular ostium. The
thick ventricle wall is composed of an outer compact myocardium (which in trout accounts for
~1/3" of the myocardium) and an inner spongy myocardium, forming numerous trabeculae
(Figure 10A-C) [2-4]. The ventricular systole pumps blood into the pale, highly elastic bulbus
arteriosus (Figure 8). Semilunar valves are located at the ventriculobulbar junction [2].

Via the ventral aorta (Figure 10D) and the afferent branchial arteries, the blood is pumped
from the heart to the gills and the blood is oxygenated within the blood spaces of the secondary
lamellae [2-4]. The post-gill or systemic arteries (such as the dorsal aorta and its segmental
and visceral artery branches) provide the systemic oxygen supply. In the venous system of
teleost fish, two portal systems (i.e., the renal and hepatic portal system) are evident;
deoxygenated venous blood from head and trunk is collected in the central venous system and
transferred to the sinus venosus [2]. At necropsy, the heart, the transverse septum and the
caudal portion of the ventral aorta are removed together with the gills and then isolated from
the detached gill apparatus, as previously described in detail in Fiedler et al. [13]. After external
macroscopic examination, the histopathological sample of the ventral aorta is transferred to
neutrally buffered 4% formaldehyde solution. Subsequently the heart is opened in the midline
parallel to the base-apex axis, dividing the bulbus arteriosus, the atrium and the ventricle
(Figure 9A&B). After internal macroscopic examination, the right half of the heart is transferred
to neutrally buffered 4% formaldehyde solution as specimen for histopathological analyses
(Figure 9C). After sampling for molecular analyses (Figure 9C) the remaining heart tissue is
also preserved (i.e., immediately transferred to an adequate fixative), to ensure that sufficient
extra sample material is available for new/expanded scientific issues arising from the analyses.

11



2.2 Cardiovascular system: Heart and major blood vessels

Figure 8. Photographic illustration of the rainbow trout’s heart. A. Ventral aspect of the rainbow
trout heart in situ. The skin and musculature of the anterior part of the ventral midline are severed, the
pericardial cavity is opened and the ventricle is exposed. The heart is situated within the pericardial
cavity, anterior to the transverse septum. B. Left (left image) and right aspect of the freshly excised
rainbow trout heart. Note the pyramidal shape of the ventricle, which is usually found in active, fast-
swimming fish such as trout. Morphological structures are indicated: A: Atrium; BA: Bulbus arteriosus;
V: Ventricle. Bars =1 cm.

General examination parameters

The dissected heart is briefly dabbed dry with a laboratory paper towel and weighed to the
nearest mg. The heart is macroscopically examined for pathological alterations, corresponding
findings are (photo-) documented. If present, samples of altered tissue locations are taken for
subsequent histopathological, molecular or microbiological analysis, as appropriate.

Sampling scheme for routine analyses of rainbow trout cardiovascular system

1. Sample for molecular analyses of the heart

Location: The sampling location is indicated in Figure 9C.

Number of samples: One.

Sample size: Approximately 0.3 cm x 0.3 cm x 0.2 cm (length x width x height).

Remarks: A homogenous sample is cut from the apex of the left ventricle
wall, containing the endocardium, myocardium and epicardium.

Processing: Sample is frozen (liquid nitrogen) and stored at -20°C or -80°C

(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of the
tissue sample for subsequent RNA- and protein analyses,
storage at -150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

12
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Figure 9. Schematic illustration of the sampling for routine analyses of the rainbow trout
cardiovascular system. A. Excised heart and caudal portion of the ventral aorta. The sampling location
for routine histopathological examination of the rainbow trout vessels (black line) and important
morphological structures are indicated: VA: Ventral aorta; BA: Bulbus arteriosus; A: Atrium;
V: Ventricle. B. Schematic illustration of the cranial aspect of the excised heart. For sampling for routine
analyses of the rainbow trout heart, the heart is divided in two halves along the sagittal midline (the
section plane is indicated by a dotted line). C. Sampling for histopathological examination and molecular
analyses of the rainbow trout’s heart. The sampling location of the specimen for molecular analysis
(black rectangle), as well as sampling location and orientation of the specimen for histopathological
examination (black dotted rectangle with black triangles, indicating the cutting level parallel to the picture
plane) are indicated.

2. Samples for histopathological examination of the heart and vessels

Heart

Location & orientation of Sampling location and orientation is indicated in Figure 9B&C. A

sections: sagittal section is cut from the right side of the heart. The section
plane location parallel to the base-apex axis (dividing the left and
right halves of the heart) is indicated by the black dashed line in
Figure 9B.

Number of samples: One.

Section plane size: The entire profile of the midline section plane, showing the walls

and lumen of the ventricle, the atrium and the bulbus arteriosus.
Fixation & embedding: FF-PE.

Ventral aorta
Location & orientation of Sampling location and orientation is indicated in Figure 9A.

sections: A cross section is cut from the caudal portion of the ventral aorta,
approximately 0.5 cm cranial to the bulbus arteriosus.

Number of samples: One.

Section plane size: Cross sections of the entire diameter of the ventral aorta, height

of the circular specimens is ~0.2 cm.
Fixation & embedding: FF-PE.

13
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Figure 10. Histology of the rainbow trout heart and wall of the ventral aorta. A. Sagittal section of
the ventricle (V) and the atrium (A). The atrium wall is thinner compared to the ventricle wall, both form
trabeculae extending into the lumen. The ventricle wall is supplied with blood via coronary vessels
(CA: Coronary artery), which run in the ventricle wall periphery. B. Sagittal section of the ventricle (V)
and the bulbus arteriosus (BA). C. Histology of the sagittally sectioned ventricle myocardium. It is
composed of an outer compact myocardium (Mc) and an inner spongy myocardium (Ms), which forms
numerous trabeculae. D. Histology of the cross-sectioned wall of the ventral aorta. As in other
vertebrates, the wall of the teleostean arteries (and veins) is composed of three major layers: the intima
(In) as the innermost layer with the endothelium lining the lumen of the blood vessel, the media (M), the
middle layer mainly composed of circular elastic fibers and some muscle cells, and the outer adventitia
(Ad), which is mainly composed of collagen fibers. FF-PE. HE. Bar = 500 um in A&B and = 100 pm in
D&C.

Time requirements

Approximately 10 minutes are to be scheduled for dissection of the heart (together with the
gills), isolation of the heart and ventral aorta from the gill apparatus, macroscopic examination,
sampling and further processing of the histopathological and molecular samples. This estimate
does not include the time needed for killing the fish, prearrangement of sampling instruments
and materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies that provide more detailed information on the
number or size of heart tissue samples of the rainbow trout, either sample the whole organ [38]
or divide the heart in two parts [39] for subsequent analyses.

The sampling location and section plane orientation for histopathological examination of the
rainbow trout heart is chosen according to the ecotoxicological study by Incardona et al. [40],
illustrating the sampling for the histopathological examination of the heart of pink salmon
(Oncorhynchus gorbuscha) exposed to crude oil. The sampling of the ventral aorta for the
histopathological examination of the blood vessel wall of the rainbow trout is chosen, since the
three major layers of the blood vessel walls are well developed in the ventral aorta [36], which
additionally can directly be removed together with the heart. The number and sizes of tissue
samples as well as the sampling locations proposed in the present guidelines are regarded to
provide sufficiently representative tissue specimens for the examination of the most
(qualitative) morphological alterations of the structures of the circulatory system and molecular
analyses of the rainbow trout heart.
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2.3 Digestive system

2.3 Digestive system

2.3.1 Tongue and teeth

Relevant anatomical features/preparation

In rainbow trout, tongue and teeth, as the entire gastrointestinal tract, are adapted to a
predatory diet. The tongue of fish is far less developed than that of other vertebrates. It is of
flattened pyramidal shape and can be divided in apex, body and root (Figure 11). All regions
have different roles in the food intake, e.g., catching or retaining of nourishments [1, 2, 41].
The entire dorsal surface of the tongue is covered by a non-keratinized stratified pavement
epithelium. Next to taste buds and fungiform-like papillae, teeth are present, supporting the
mechanical ingestion functions of the tongue [2, 4, 41]. The teeth are located at the lateral
edges of the apex and body of the tongue and are permanently replaced (polyphyodonty) [41,
42]. In contrast to many other bony fish and higher vertebrates, the muscular component of
the rainbow trout tongue is not strongly developed. Instead, several tissue types (including
adipose tissue, different types of connective tissue, cartilage or bone) perform different
mechanical functions (Figure 12A). Depending on the region of the tongue, the tissue
compartments are differently developed and distributed [41]. With several types of taste buds
located on the tongue (Figure 12B), it is also part of the gustatory system and responsible for
differentiation, selection and assessment of food. The rainbow trout is estimated to have a
more sensitive sense of taste than many other fish species [41, 43, 44].

In rainbow trout, teeth are associated with the tongue and the upper and lower jaws [42, 45].
The teeth of the rainbow trout are under permanent tooth exchange, which follows a certain
scheme that maintains a functionally integrated dentition [42, 45]. The tips of the conical teeth
point posteriorly, and the teeth lack dental roots [2, 42]. In teleosts, in the center of the tooth a
mesenchymal dental papilla is present, with dentin-secreting odontoblasts in its periphery
(Figure 12C). In the mature tooth, the dental pulp is surrounded by dentine. The upper free
part of the dentine core is covered by enameloid, which, in contrast to higher vertebrates, is
innervated and pervaded by odontoblast processes [1, 2, 36, 42].

At necropsy, the tongue is excised together with the gill apparatus as previously described in
detail [13]. The tongue is separated from the gill apparatus and immersion-fixed in neutrally
buffered 4% formaldehyde solution. The immersion-fixed tongue is parasagittally (and
optionally also crossly) sectioned (Figure 11) for histopathological analysis of the tongue and
teeth. After sampling, the remaining tissue of the tongue is preserved (i.e., immediately
transferred to an adequate fixative), to ensure that sample material is available for
new/expanded scientific issues arising from the analyses.

General examination parameters

After excision and separation from the gill apparatus, the tongue is macroscopically examined
for pathological alterations and corresponding findings are (photo-) documented, if appropriate.
Samples for subsequent histopathological or molecular analysis are taken from the altered
locations, if required.
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2.3.1 Tongue and teeth

Figure 11. Schematic illustration of the sampling of the tongue
and teeth for histopathological analyses. Rostro-dorsal aspect of
the opened orobranchial cavity of the rainbow trout. Note that for
demonstration purposes the tongue and gill apparatus are illustrated
as in situ. For sampling for histopathological analyses (and in case
of the gills, also for molecular analyses), the tongue and gill
apparatus are removed from the orobranchial chamber. The tongue
is situated on the floor of the oral cavity (outlines are indicated by the
red line). It can be divided in apex, body and root, all parts with
different functions in food intake. Next to taste buds and papillae, the
tongue also bears teeth on its dorsal surface. The sample locations
and section plane orientations of the samples for histopathological
analyses are indicated (black lines). For tongue- and teeth analyses
a parasagittal section is generated, the additional generation of a
cross section of the apex is optional (Figure 12C).

Sampling scheme for routine histopathological analyses of rainbow trout
tongue and teeth

Location & orientation of Sampling locations and orientations are indicated in Figure 11.

sections: A parasagittal section of the right side of the tongue including all
three tongue regions and teeth is generated. Optionally, a cross
section of the apex is generated for more extensive analyses of
tongue- or teeth tissue.

Number of samples: One parasagittal section, optional: one cross section.

Section plane size: Approximately 1 cm x 0.7 cm (length x width).

Fixation & embedding: FF-PE.

Figure 12. Histology of the rainbow trout tongue and teeth. A. Parasagittal section of the body of
the tongue. Dorsally, the mucosa (M) is present, which covers the entire surface and the body of the
tongue. In deeper layers, developing teeth (T) and osteo-cartilaginous tissue (hyaline cartilage (C) and
bone tissue (B)) are present. B. Histology of the mucosa covering the dorsal surface of the tongue. The
mucosa is a stratified pavement epithelium (non-keratinized), containing mucous cells (MC) and taste
buds (TB) (detail enlargement). C. Cross section of the apex of the tongue, with a developing tooth
(detail enlargement). The apex is mainly comprised of irregular connective tissue (CT), adipose tissue
(AT), in the more caudal parts of the apex also osteo-cartilaginous tissue (OC) is present. In developing
teeth, the dental papilla (DP) with odontoblasts in its periphery is surrounded by dentin (D) and the
enamel organ (E). FF-PE. HE. Bars = 100 um.

Time requirements

5-10 minutes are to be scheduled for dissection of the gill apparatus and the tongue, the
macroscopic examination and sampling of the tongue and further processing of the rainbow
trout tongue sample(s) for histopathological analyses. This estimate does not include the time
needed for killing the fish, prearrangement of sampling instruments and materials, or the further
processing of fixed specimens.
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2.3.1 Tongue and teeth

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

According to the authors knowledge, the study of rainbow trout tongue and teeth has received
little attention in ecotoxicological research so far and is no standard practice in ecotoxicological
studies. However, since the function and structure of taste buds as compartment of the
gustatory system of teleost fish may be negatively affected by the exposure to several aquatic
contaminants (e.g., pesticides or heavy metals) [43] and the tongue and teeth are directly
exposed to the aquatic environment, these guidelines recommend the generation of tongue
and teeth samples for standard histopathological analyses. The generation of specimens for
molecular analyses is not included but may be performed if deemed appropriate for the study
design.

The present sampling protocol is suitable for the histological presentation of all tissues of the
tongue, including dental tissue. However, if the main focus is on the taste buds of the tongue
as part of the gustatory system, the protocol must be adapted accordingly. For this study
objective, a cross section through the root of the tongue is the recommended section plane
orientation respectively sample location, as taste buds are found especially on the root of the
tongue [41]. In these guidelines, examination of teeth located on the tongue is recommended,
since it is a time-saving method for the generation of tooth specimens. If further or more
advanced analyses of the teeth are intended, the sampling protocol needs be adapted
accordingly (e.g., by sampling the teeth of the upper and lower jaws).

17



2.3.2 Liver

2.3.2 Liver

Relevant anatomical features/preparation

The rainbow trout liver is situated in the anterior abdominal cavity and presents as a solid organ
without macroscopically evident lobulation. The liver size/weight as well as the
(histopathological) hepatic morphology is highly variable, depending on e.g., the season, the
nutritional status or pollutant exposure of the fish [2, 4, 36, 42]. In contrast to the mammalian
liver, the liver of rainbow trout is not divided into distinct liver lobules, a portal triad is missing,
and hepatocytes are arranged in tubules [4, 46]. The functions of the fish liver resemble that
of mammals, as the liver is involved in e.g., protein synthesis, detoxification and immunological
processes [2, 4].

At necropsy, the liver is removed from the abdominal cavity together with the gastrointestinal
tract after opening of the abdominal cavity and gill dissection. During liver dissection, attention
should be paid to not perforate the gall bladder. If deemed beneficial for the study purpose,
vascular perfusion fixation may be performed before dissection of the liver. The technique of
vascular perfusion fixation of rainbow trout tissue is described in the present chapter and
elsewhere [13].

Vascular perfusion fixation

haema

anal fin

Figure 13. Vascular perfusion fixation of the rainbow trout. A. Cardiac vascular perfusion. After
anesthesia and killing of the rainbow trout, the ventro-lateral body wall is promptly removed and the
transverse septum and the pericard are incised to expose the heart ventricle and the bulbus arteriosus.
The ventricle is punctured with a perfusion catheter cannula, after removal of the catheter cannula the
flexible catheter is carefully pushed into the bulbus arteriosus. When perfusion with phosphate buffered
saline (PBS) is started, the heart ventricle apex is punctured to create an outflow for the blood removed
from the circulation and for the perfusate/fixative solution. Note the pale color of the liver and the gills
after removal of the blood from the vascular system. B. Arterial retrograde vascular perfusion fixation.
The caudal portion of the rainbow trout is transected with a transversal section immediately caudal to
the adipose fin. The cannula is inserted into the lumen of the dorsal aorta, which is situated within the
haemal canal of the haemal spine. An outflow for blood/perfusate/fixative solution is created via opening
the ventricle of the exposed heart (as illustrated in A).
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2.3.2 Liver

Vascular perfusion fixation of fish removes cellular blood compartments from the vasculature
and allows for an excellent preservation of the morphological and cellular structure at light- and
electron microscopic levels due to the in situ fixation even of tissues/organs difficult to assess
[47, 48]. If deemed necessary or advantageous, a whole-body perfusion fixation of the rainbow
trout can be performed. A cardiac vascular perfusion fixation method using a gravity feed
perfusion apparatus is described in detail in Fiedler et al. [13]. Briefly, two containers are each
connected with infusion tubes and 3-way walves, one container is filled with isosmotic buffer
solution (e.g., phosphate buffered saline of ~310 mosmol/kg and a pH of ~7.5) [1, 49] of
ambient water temperature, the other contains fixative solution (e.g., neutrally buffered 4%
formaldehyde solution). According to the physiological blood pressure of the ventral aorta
(~40 mmHg) [50, 51], the containers are placed at a height of about ~50 cm above the rainbow
trout (referring to the level of liquid in the container). The heart and bulbus arteriosus are
exposed, and the heart ventricle is punctured with a perfusion catheter cannula. The catheter
is pushed into the bulbus arteriosus and connected to the perfusion tube. While starting the
perfusion with PBS, the ventricle apex is pierced to create an outflow for the blood and
perfusate. After successful removal of the blood from the circulation (indicated by a pale color
of qills or liver (Figure 13A)) after approximately 3 minutes, perfusion is subsequently
continued with fixative solution for additional 3 minutes. Well-fixed organs/tissues are
characterized by a firm consistency [48]. By cannulating the ventral aorta, the entire systemic
circulation is perfused [52], this perfusion fixation is recommended for analyses of cephalic
tissues (e.g., the gills or brain). Perfusion fixation can also be accomplished by retrograde
perfusion fixation through the dorsal aorta (e.qg., for liver analyses) (Figure 13B) [53]. The heart
is exposed as illustrated for cardiac vascular perfusion and the tail portion is removed by a
cross section caudal to the adipose fin. The dorsal aorta is embedded in the haemal canal of
the haemal spine at the ventral aspect of the vertebral column. A cannula is inserted into the
lumen of the dorsal aorta and the outflow for the blood and perfusate is created by piercing the
heart ventricle. It has to be considered that the dorsal aortic pressure differs from that of the
ventral aorta and the height of the containers has to be adjusted accordingly. (In teleosts, the
blood pressure of the dorsal aorta is between 15-30 mmHg [51, 52, 54]. Corresponding to a
blood pressure of 30 mmHg, the containers are hung ~40 cm above the level of the fish.) The
perfused organs/tissues are then postfixed by immersion in neutrally buffered
4% formaldehyde solution until further processing. Note that inadequately high perfusion
pressures and/or flow rates can easily cause severe (histo-) morphological artifacts in various
organs and tissues and substantially impede subsequent qualitative (and quantitative)
morphological analysis [13].

General examination parameters

The liver (including the gall bladder) is briefly dabbed dry with a laboratory paper towel and
weighed to the nearest mg. The liver is macroscopically examined for pathological alterations,
corresponding findings are (photo-) documented. If present, samples of altered tissue locations
are taken for subsequent histopathological, molecular or microbiological analyses, as
appropriate.
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Figure 14. A schematic illustration of the visceral surface (A) and the parietal surface (B) of the
liver with indicated sampling for routine histopathological and molecular analyses. Sample
positions of molecular analysis samples (black rectangles) and sample locations and section plane
orientations of samples for histopathological analyses (black lines) are indicated. The dotted
lines/rectangles indicate the position of the identical sampling locations shown in A. GB: Gall bladder.

Sampling scheme for routine analyses of the rainbow trout liver

1. Samples for molecular analyses of liver tissue

Location:

Number of samples:
Sample size:
Remarks:
Processing:

Downstream analyses:

Sampling locations are indicated in Figures 14 and 15B.

Two.

Approximately 0.3 cm x 0.3 cm x 0.3 cm (length x width x height).
Homogenous specimens of liver parenchyma are taken.
Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C
(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimens as well as
chemical (analytical) analyses.

2. Samples for histopathological examination of liver tissue
Location & orientation of Sampling locations and orientations are indicated in Figures 14

sections:

Number of samples:
Section plane size:
Fixation & embedding:

and 15B. One transverse and one horizontal sectional plane is
generated, both containing liver capsule and parenchyma.
Additionally, a longitudinal section through the gall bladder
containing the gall bladder wall and the adjacent liver
parenchyma is generated, as indicated in Figure 15B.

Three.

Approximately 0.5 cm x 0.5 cm (length x width).

FF-PE.
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2.3.2 Liver

Figure 15. Sampling of standard liver specimens in routine ecotoxicological studies. A. Lateral
(left) aspect of the necropsy situs after removal of the operculum and the gill basket, demonstrating the
anatomical location of the liver (arrow). B. Visceral (left) and parietal (right) aspect of a freshly excised
liver. Sampling locations and section plane orientations for histopathological and molecular analysis
samples are indicated. Bar =1 cm.
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Figure 16. Liver and gaII bladder hlstology A. Liver parenchyma. Note that the trout liver displays no
lobular organization pattern. B. Cross section of a biliary-arteriolar tract (BAT) and a venule (V). C. Gall
bladder wall. The cells of the columnar epithelium are ciliated. Perfusion-fixed liver. FF-PE. HE.
Bars = 100 pm.

Time and personal requirements

Approximately 5 minutes are to be scheduled for dissection, sampling and further processing
of liver tissue samples for histopathological and molecular analyses. This estimate does not
include the time needed for killing the fish, the prearrangement of sampling instruments and
materials, or the further processing of fixed/frozen specimens. If vascular perfusion fixation is
performed, at least additional 15 minutes should be scheduled.

A comparison of the proposed sampling scheme for routine analyses with

previously published studies

Only few published ecotoxicological studies examining rainbow trout liver samples provide a
specific description of the sampling locations, such as the anterior or posterior part of the liver
[55, 56] or the liver tip [57]. In previously published ecotoxicological studies using rainbow trout,
the number of analyzed liver samples per fish, if indicated, ranges between one (entire organ)
[58] to four samples [59].

Considering the comparably homogenous composition of liver tissue, the numbers and sizes
of liver samples as well as the sampling locations and section plane orientations proposed in
the present guidelines are regarded to provide sufficiently representative specimen for the
examination of the most (qualitative) morphological tissue alterations and molecular analyses
of the rainbow trout liver.
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2.3.3 Gastrointestinal tract

2.3.3 Gastrointestinal tract

Relevant anatomical features/preparation

The multifunctional gastrointestinal tract (GIT) of the rainbow trout as a predatory species is
relatively short and is composed of an esophagus, a stomach and the intestine. Compared to
mammals, the digestive tract of teleost fish has a simple structure [1, 4]. The short esophagus
ends in a thick-walled stomach, which is divided in cardia (non-secretory), fundus and pylorus
(both secretory). The pyloric sphincter marks the transition of the stomach into the intestine
[2]. The intestine can be divided into two (i.e., the anterior small intestine and the posterior
large intestine) [2, 36] or, somewhat more specifically, three different sections (i.e., the
anterior, mid and posterior intestine) (Figure 17) [60]. The anterior intestine (from the pyloric
sphincter to the last pyloric cecum) possesses numerous blind-ending diverticula, i.e., the
pyloric ceca, which are unique to fish and have histological features identical to the ones of the
anterior intestine [1, 2, 4, 60]. The mid intestine reaches from the most distal pyloric cecum to
the beginning of the posterior intestine, which differs from the proximal gut by a darker color
and annular rings (Figure 18). The posterior intestine ends at the urogenital papilla with a short
rectum [2, 36, 60].

The GIT is removed after excision of the gills and the liver. During dissection of the gills, the
abdominal cavity is opened by a transverse section in the ventral midline (the urogenital papilla
remains intact) and the cranial aspect of the esophagus is cut immediately behind the
transverse septum (Figure 19A, also compare to Chapter 2.1). After excision of the liver, the
mesenterial attachment of the bowel is carefully severed without perforating the swim bladder,
the vent-surrounding skin and muscle are severed and the GIT together with visceral adipose
tissue, spleen and the urogenital papilla is removed from the peritoneal cavity (Figure 19A). If
necessary, samples for histopathological adipose tissue analysis are generated from the
visceral fat depot, subsequently spleen and visceral fat not containing pyloric ceca are
separated (Figure 19B) and stored/sampled for further analysis, if required. Samples for
histopathological and molecular analyses are taken from the unopened wall of the esophagus,
stomach and intestine (Figure 20), adhering ingesta particles are removed by carefully
swiveling the specimens in neutrally buffered 4% formaldehyde solution (specimens for
histopathological analyses) or PBS buffer (specimens for molecular analyses). Subsequently,
the digestive tube is longitudinally opened for macroscopic examination using scissors with
rounded tips, if appropriate, samples of ingesta are appropriately stored and ingesta is carefully
removed by rinsing the GIT with physiological saline or PBS buffer. After sampling and
macroscopic examination, the remaining tissue is preserved (i.e., immediately transferred to
adequate fixative) to ensure that sufficient extra sample material is available for new/expanded
scientific issues arising from the analyses.

22



2.3.3 Gastrointestinal tract
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Figure 17. Schematic illustration of the gastrointestinal tract in situ. Lateral aspect of viscera of
the rainbow trout after removal of the left abdominal wall.
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Figure 18. Photographic illustration of the viscera in situ. Lateral aspect of the viscera of an adult
male rainbow trout after removal of the lateral (left) body wall. Pale color of the liver is due to a previous
vascular perfusion fixation (not obligatory for analyses of the GIT). Note the dark color and the annular
rings of the posterior intestine.

General examination parameters

Visceral fat and the spleen are removed from the freshly excised gastrointestinal tract and the
GIT is briefly dabbed dry and the weight is recorded to the nearest mg. After samples of
unopened stomach and intestinal parts are generated, the GIT is carefully opened using
scissors (rounded tips). If no fasting period preceded the necropsy, remaining ingesta is gently
removed rinsing the GIT with physiological saline or PBS buffer and GIT weight without ingesta
is recorded, if necessary. The mucosal and serosal surface are macroscopically examined for
pathological alterations and corresponding findings are (photo-) documented. If required,
samples of altered gut tissue regions are generated for histopathological-, microbiological- or
virological analyses.
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2.3.3 Gastrointestinal tract

Figure 19. Photographic illustration of the excised gastrointestinal tract with indicated sampling
locations for routine histopathological analyses. A. Unfixed gastrointestinal tract, freshly excised
with attached visceral adipose tissue (VAT), spleen (S) and urogenital papilla (UP). B. Spleen and
visceral adipose tissue not containing pyloric ceca are removed and the GIT is arranged at its full length
for macroscopic examination and sampling of histopathological and molecular specimens (see
Figure 20). Sampling locations and section plane orientations for histopathological analysis samples
are indicated (black bars and black dotted box). Bars = 1 cm.

Sampling scheme for routine analyses of the gastrointestinal tract of the
rainbow trout

1. Samples for molecular analyses of the gastrointestinal tract

Location: Sampling locations are indicated in Figure 20A.

Number of samples: Four.

Sample size: Approximately 1 cm x 0.2 cm.

Remarks: Circular samples are opened by scissors and carefully washed
with PBS buffer.

Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C

(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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2.3.3 Gastrointestinal tract

2. Samples for histopathological examination of the gastrointestinal tract
Location & orientation of Sampling locations and orientations are indicated in Figures 19B

sections:

Number of samples:

Section plane size:

Fixation & embedding:
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and 20A&B. Transverse sections of the distinct unopened
gastrointestinal sections (i.e., esophagus, stomach, pyloric ceca,
mid intestine, posterior intestine) are generated:

Esophagus: ~0.5 cm behind the cranial esophagus transection
line.

Stomach: ~1 cm proximal to the first pyloric cecum.

Pyloric ceca: Visceral adipose tissue containing pyloric ceca is
cut transversely in the midline of the lateral aspect (transverse to
the axis of the pyloric ceca).

Mid intestine: ~1-2 cm proximal to the beginning of the posterior
intestine.

Posterior intestine: In the mid portion of the posterior intestine,
~2 cm proximal to the urogenital papilla.

Five.

All histopathological specimens are transverse sections of the
entire bowel diameter, height of the circular specimens is
~0.2 cm. The sample containing pyloric ceca is ~1 cm x 1 cm
x 0.2 cm (length x width x height). Section plane size of all
samplesis ~1 cm x 1 cm.
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Figure 20. Sampling of gastrointestinal tract (GIT) tissue specimens in routine ecotoxicological
studies. A. Lateral aspect of the freshly excised GIT, attached adipose tissue (not containing pyloric
ceca) and spleen are removed. Sampling locations for histopathological and molecular analysis samples
are indicated. B. For sampling of the pyloric ceca, a specimen of visceral adipose tissue containing
pyloric ceca is cut out transversely as indicated in A&B. A histopathological sample of a size of ~1 cm
x 1 cm x 0.2 cm is taken from the middle of the formation of pyloric ceca and adipose tissue. C. Of the
four locations where both histopathological and molecular samples are taken, a cylindric gut sample of
~0.5 cm height is generated and separated in half by a cross section, using a sharp scalpel. One
cylindric sample is processed for histopathological analyses, the other cylindric gut sample is opened
using scissors, washed in PBS buffer and processed for subsequent molecular analyses.
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Figure 21. Gastrointestinal tract histology. A. Transverse section of esophagus wall. Inset:
Esophagus mucosa. The esophagus is the only section of the digestive tract (besides the anal sphincter)
of the GIT, where striated muscle is present. B. Transverse section of stomach wall. Note the prominent
tunica muscularis and the gastric glands in the lamina propria mucosae. Inset: Gastric mucosa.
C. Transverse sections of pyloric ceca, embedded in visceral adipose tissue (VAT). Between the pyloric
ceca, there is pancreatic tissue randomly dispersed in the adipose tissue (arrows). Inset: Villi of pyloric
ceca. Pyloric ceca are evaginations of the anterior intestine from which they differ in their smaller
diameters, but not in their histoarchitecture. D. Transverse section of the posterior intestine. The mucosa
contains numerous goblet cells (arrow). Inset: Posterior gut mucosa. FF-PE. HE. Bars = 100 um.
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Time requirements

Approximately 10 minutes are to be scheduled for dissection of the GIT, macroscopic
examination, sampling and further processing of GIT tissue samples. This estimate does not
include the time needed for killing the fish, dissection of gills/liver, prearrangement of sampling
instruments and materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previous published ecotoxicological studies that specify the sampling procedure of rainbow
trout gastrointestinal tract samples in more detail proceed according to varying sampling
protocols. Either the small intestine is sampled [56], a ~8 cm section of the posterior intestine
is sampled [61] or the three intestine sections and the stomach are sampled and analyzed
separately [60, 62, 63]. In previous ecotoxicological studies examining rainbow trout, the
number of analyzed GIT tissue samples per fish, if indicated, ranges between one [56, 61] to
four [60, 62] samples.

Related to the size of the GIT and the histopathological composition of the different intestinal
sections, the number and sizes of GIT tissue samples, as well as the sampling locations
proposed in the present guidelines are regarded to provide sufficiently representative GIT
tissue specimens for examination of most qualitative GIT tissue alterations and molecular
analyses of trout GIT tissue.
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2.3.4 Pancreas (Exocrine and endocrine pancreas)

Relevant anatomical features/preparation

The teleost pancreas comprises both exocrine and endocrine tissue. The exocrine pancreas
cells secrete digestive enzymes (e.g., proteases, lipase or amylase) and bicarbonates, the
different cell types of the endocrine pancreatic tissue secrete glucagon, insulin, somatostatin
and pancreatic polypeptide [2, 25]. Other than in mammals, the rainbow trout’s pancreas is
grossly not clearly delimited from the surrounding visceral adipose tissue. The pancreatic
tissue is diffusely scattered through the peritoneal cavity and is located within the mesentery,
associated with the gastrointestinal tract, blood vessels, liver and gall bladder. In trout, it is
mainly located within the adipose tissue surrounding the pyloric ceca [1, 2, 4, 36]. As an
accessory organ of the gastrointestinal tract (GIT), the exocrine pancreas is connected to the
proximal intestine and pyloric ceca via pancreatic ducts [1, 2, 36]. The endocrine pancreatic
tissue is organized in one compact islet organ (i.e., the Brockmann body), an aggregation of
endocrine pancreatic islands in a specific location of the exocrine pancreatic tissue nearby the
gall bladder (Figure 23A&B), and several smaller islets (i.e., the Langerhans islets) scattered
through the exocrine pancreas (Figure 23C) [25, 42, 64, 65]. In larger rainbow trout, the islet
organ is subdivided in several smaller islets by exocrine pancreatic tissue [64].

At necropsy, the pancreatic tissue is removed from the abdominal cavity together with the GIT,
the visceral adipose tissue and the spleen after excision of gills and liver. The abdominal cavity
is opened by a transverse section in the ventral midline, the GIT is excised by severing the
cranial portion of the esophagus and cutting out the vent (urogenital papilla). Spleen and
visceral fat not containing pyloric ceca are separated and stored/sampled for analysis, if
required. After sampling of the visceral adipose tissue with the diffusely distributed pancreas
(Figure 24) and storage of the specimens for histopathological pancreas analysis in neutrally
buffered 4% formaldehyde solution, the remaining adipose tissue and the GIT are preserved
(i.e., immediately transferred to an adequate fixative) to ensure that sufficient sample material
is available for new/expanded scientific issues arising from the analyses. The Brockmann body
is excised and adhering adipose tissue, connective tissue or blood vessels are carefully
removed before freezing for subsequent molecular analyses.
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Figure 22. Photographic illustration of the viscera of the rainbow trout in situ. Lateral aspect of
the viscera of an adult male rainbow trout after removal of the left lateral body wall. The pale color of the
liver is due to a previous vascular perfusion fixation (not obligatory for analysis of the pancreatic tissue).

The pancreas is diffusely scattered through the mesentery (mainly through the visceral adipose tissue
surrounding the pyloric ceca) and not macroscopically visible.
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2.3.4 Pancreas (Exocrine and endocrine pancreas)

General examination parameters

Gross findings in the visceral adipose tissue indicating pancreatic tissue involvement
(e.g., petechiae) may require (photo-) documentation and sampling of altered tissue regions
for histopathology, microbiology or virology. The weight of the dissected principal island is
recorded and the islet organ is macroscopically examined for pathological alterations,
corresponding findings are (photo-) documented. Samples are taken for subsequent
histopathological, molecular or microbiological analysis, if required.

Sampling scheme for routine analyses of rainbow trout pancreas

1. Sample for molecular analyses of the pancreas

Location: Sampling location is indicated in Figure 23A&B.

Number of samples: One.

Sample size: Entire islet organ.

Remarks: Oval, white-pink compact organ within the mesentery, located

nearby the gall bladder. Adhering adipose tissue, connective
tissue and blood vessels are removed.

Processing: The sample is frozen (liquid nitrogen) and stored at -20°C or
-80°C (short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
sample for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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Figure 23. Photographic illustration of the in situ location and the histopathology of the
Brockmann body. A. Lateral aspect of the dissected and formalin-fixed gall bladder and the
esophagus. The Brockmann body is macroscopically visible within the mesentery (arrow). Note that the
purpose of this figure is only to demonstrate the in situ location of the Brockmann body. For molecular
analyses, a fresh and unfixed specimen must be generated. v: Ventral; d: Dorsal. Bar = 1 cm. B. Detail
enlargement of the Brockmann body, encircled by the black dashed line. Bar = 1 cm. C. Histology of the
Brockmann body. The islet organ (i.e., the Brockmann body (BB)) is surrounded by exocrine pancreatic
tissue (Pex). Note the size difference between the islet organ and an islet of Langerhans (Pen).
FF-PE. HE. Bar = 100 pum.
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2.3.4 Pancreas (Exocrine and endocrine pancreas)

2. Samples for histopathological examination of the pancreas

Location & orientation of Sampling locations and orientations are indicated in Figure 24.

sections: The anterior and posterior part of the lateral aspect of the visceral
adipose tissue containing pyloric ceca and pancreatic tissue
(exocrine and endocrine) is cut transversely.

Number of samples: Two.

Section plane size: The samples of the visceral adipose tissue surrounding the
pyloric ceca and containing pancreatic tissue are ~1 cm x 1 cm
x 0.2 cm (length x width x height). Section plane size is ~1 cm x
1 cm (length x width).

Fixation & embedding: FF-PE.
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Figure 24. Sampling of pancreatic tissue specimen for histopathological analysis in routine
ecotoxicological studies. A. Freshly excised GIT and visceral adipose tissue containing pancreas and
pyloric ceca, arranged for macroscopic examination and sampling of histopathological specimens.
Sampling locations for histopathological analysis samples are indicated (black dashed boxes).
Bar = 1 cm. B. Schematic illustration of the lateral aspect of the excised gastrointestinal tract. Attached
visceral adipose tissue and spleen are removed. Sampling locations for histopathological analysis
samples are indicated (black dashed lines). C. For sampling of the exocrine and endocrine pancreas,
two specimens of are cut out transversely from the cranial and caudal parts of the formation of pyloric
ceca and visceral adipose tissue containing pancreatic tissue.
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Figure 25. Histology of the endocrine and exocrine pancreas. A. Transverse sections of visceral
adipose tissue (VAT), containing pyloric ceca (PC) and randomly dispersed exocrine (Pex) and
endocrine (Pen) pancreatic tissue. B. Histology of the endocrine pancreas acini with an associated
pancreatic duct (PD) and islets of Langerhans. FF-PE. HE. Bars = 100 um.
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2.3.4 Pancreas (Exocrine and endocrine pancreas)

Time requirements

Approximately 5 minutes are to be scheduled for excision, macroscopic examination and
further processing of the of the Brockmann bodies for molecular analyses. Another 3-5 minutes
are to be scheduled for the dissection of the GIT with attached spleen and adipose tissue
containing pancreatic tissue, macroscopic examination of the visceral adipose tissue, sampling
and further processing of the pancreas-containing tissue samples. This estimate does not
include the time needed for killing the fish, dissection of gills/liver, prearrangement of sampling
instruments and materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

To the authors knowledge, previously performed ecotoxicological studies examining salmonids
do not precisely indicate the number or sampling location of analyzed pancreatic tissue
specimens per fish, and the rainbow trout pancreatic tissue is the object of only few
ecotoxicological studies examining the effects of environmental pollutants [66-68]. In other
non-ecotoxicological studies examining the pancreas of rainbow trout, either the Brockmann
bodies are removed for subsequent analyses of the endocrine pancreas [69-71] or pancreatic
tissue located within the visceral adipose tissue is sampled [72-74].

Considering that the piscine pancreas (containing both exocrine and endocrine components)
is scattered through the abdominal cavity within the mesentery and that there is an
incorporation of endocrine and exocrine pancreatic tissue in one compact organ
(i.e., Brockmann bodies), the number and sizes of pancreatic tissue samples as well as the
sampling locations proposed in the present guidelines are regarded to provide sufficiently
representative tissue specimens for the examination of the most (qualitative) morphological
exocrine and endocrine pancreatic tissue alterations and molecular/chemical analyses of
trout’s pancreas. If only the endocrine pancreatic tissue is to be examined, the interested
reader is referred to Chapter 2.13.2 where a detailed protocol for the sampling for
histopathological (and molecular) analyses of the endocrine pancreatic tissue is illustrated.
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2.3.5 Swim bladder

2.3.5 Swim bladder

Relevant anatomical features/preparation

Compared to other fish species, the salmonid swim bladder (also called gas bladder or air
bladder) is a simple organ comprised of a single chamber. The rainbow trout's swim bladder
is an elongated, transparent, sac-like structure situated retroperitoneal and dorsal to the
gastrointestinal tract (Figure 26) [1, 2, 4, 42]. The swim bladder is a derivate of the alimentary
tract. In rainbow trout, the connection of the swim bladder and the esophagus is retained as
the pneumatic duct. Therefore, the rainbow trout is referred to as a physostome [1, 2, 36, 75].
The rainbow trout’s swim bladder is an important hydrostatic organ involved in buoyancy
adjustment [2, 4, 75].

At necropsy, the swim bladder is removed from the abdominal cavity after excision of the gills,
the liver and the GIT (together with the visceral adipose tissue and the spleen). For removal,
the cranial end of the pneumatic duct is grasped with forceps and the swim bladder is gently
pulled in caudo-ventral direction. Depending on gonadal size, the ventro-laterally attached
gonads are either removed together with the swim bladder (compare to Figure 26B&C) or
(e.g., during spawning season) the gonads are carefully separated from the swim bladder and
removed from the peritoneal cavity in advance (refer to Chapter 2.6). If no fresh (i.e., unfixed)
tissue samples for molecular analyses are required, neutrally buffered 4% formaldehyde
solution is injected into the lumen before immersion fixation for enhanced tissue fixation
(Figure 26B).

Figure 26. Photographic illustration of the swim bladder of the rainbow trout. A. Ventro-lateral
aspect of the swim bladder and attached gonads (as in situ) after removal of the left lateral body wall,
liver, and gastrointestinal tract (GIT) together with spleen and visceral adipose tissue. B, C. Dissected
swim bladder with ventro-laterally attached ovaries. The swim bladder is dissected after excision of the
other viscera by grasping the anterior end of the pneumatic duct using forceps and gently pulling in
caudo-ventral direction. If no fresh (i.e., unfixed) tissue samples are required, neutrally buffered
4% formaldehyde solution is carefully injected into the lumen before immersion fixation. Bars =1 cm.

General examination parameters

After excision, attached gonads as well as adherent adipose- and connective tissue are
carefully removed and the swim bladder is briefly dabbed dry with a laboratory paper towel.
Subsequently, the swim bladder weight is recorded to the nearest mg. The swim bladder is
macroscopically examined for pathological alterations, corresponding findings are (photo-)
documented. If present, samples of altered tissue locations are taken for subsequent
histopathological, molecular or microbiological analysis, as appropriate.
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2.3.5 Swim bladder

Sampling scheme for routine analyses of the rainbow trout swim bladder

1. Samples for molecular analyses of the swim bladder

Location: Sampling locations are indicated in Figure 27A.

Number of samples: Two.

Sample size: Ring-shaped strips, height ~0.3 cm.

Remarks: Homogenous specimens of swim bladder tissue are taken, ~2 cm
apart from the anterior and posterior end of the swim bladder.

Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C

(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Samples for histopathological examination of the swim bladder

Location & orientation of Sampling locations and orientations are indicated in Figure 27A.

sections: Transversally oriented circular specimens of the swim bladder
are taken, each with ~2 cm distance to the anterior and posterior
end of the swim bladder and directly cranial to the sample site of
the specimens for molecular analyses. For an enhanced
presentation of the histopathology, the specimens are embedded
in agar after immersion fixation to maintain the position of the
swim bladder wall during further processing for paraffin
embedding (Figure 28A).

Number of samples: Two.

Section plane size: Circular specimen, including the entire swim bladder wall
diameter, height ~0.3 cm.

Fixation & embedding: FF-PE.
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Figure 27. Schematic illustration of the sampling of the swim bladder for routine
histopathological and molecular analyses. A. Schematic illustration of the swim bladder. Sample
positions of molecular analysis specimens (black rectangles) and sample locations and section plane
orientations of specimens for histopathological analyses (black lines) are indicated. PD: Pneumatic duct.
B. Generation of the specimens for histopathological and molecular analyses. Both histopathological
and molecular samples are taken from the same two sampling locations, ring-shaped tissue samples
are excised using a microtome blade. One sample is processed for histopathological analyses, the other
cylindrical specimen is opened using scissors and adequately processed for molecular analyses.
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2.3.5 Swim bladder
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Figure 28. Histology of the rainbow trout’s swim bladder. A. Immersion fixation and embedding of
histopathological swim bladder specimens. For the embedding of the histopathological specimens in
paraffin, the position and orientation of the swim bladder wall is maintained by embedding the ring-
shaped specimens in agar in advance. B. Swim bladder wall histology. Cross section of the swim
bladder wall. FF-PE. HE. Bar = 50um.

Time requirements

Approximately 2-3 minutes are to be scheduled for dissection, macroscopic
examination/weighing, sampling and further processing of swim bladder tissue sample. This
estimate does not include the time needed for killing the fish, dissection of gills and viscera,
prearrangement of sampling instruments and materials, or the further processing of
fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

According to the authors knowledge, the explicit examination of trout swim bladder tissue has
not yet been strongly highlighted in ecotoxicological studies and also previously performed
carcinogenicity studies examining the carcinogenic potential of different chemicals on the
rainbow trout swim bladder tissue do not provide precise information regarding the number
and location of the analyzed swim bladder specimens [76].

Considering the comparably homogenous composition of swim bladder tissue, the numbers
and sizes of the swim bladder samples as well as the sampling locations proposed in the
present guidelines are regarded to provide sufficiently representative specimen for
examination of most (qualitative) morphological swim bladder tissue alterations and molecular
analyses of the swim bladder.
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2.4 Adipose tissue

2.4 Adipose tissue

Relevant anatomical features/preparation

The adipose tissue of the poikilotherm rainbow trout is stored in several depots. The visceral
adipose tissue (VAT) is located in the peritoneal cavity and surrounds the gastrointestinal tract
(Figures 29A and 30). The subcutaneous adipose tissue (SCAT) is especially prominent in the
dorsal region cranial to the dorsal fin (Figure 29B) and in the abdominal wall ventral to the fish
bones, as part of the belly flaps [77-80]. Additionally, lipids are also stored in the liver and the
red and white musculature [78, 80, 81]. The fat content of the different adipose tissue depots
of teleosts may vary depending on the fish species, age, season or diet (the proportion of the
VAT in the total body weight can range from 2 to 25%) [80, 82-84]. The several fat depots differ
in their lipid composition as well as in their function [78-80]. The VAT tissue nearly completely
consists of (unilocular, white) adipocytes while intramuscular fat comprises adipocytes as well
as intracellular lipid droplets within the muscle cells [78, 80, 85, 86]. VAT as primary fat depot
has a high lipid storage capacity and is therefore suitable for long-term storage of lipids; during
starvation situations, lipids are mobilized primarily from the VAT [78, 82]. Next to energy
storage, the VAT with its resident leucocyte population is also of immunological function [87].
At necropsy, the VAT is removed from the abdominal cavity together with the gastrointestinal
tract (GIT) and the spleen after excision of the gills and liver. After removal, macroscopic
examination and (photo-) documentation, the samples for histopathological and molecular
analyses are generated. The sample for subsequent molecular analyses is excised from the
most caudal part of the fresh (i.e., unfixed) VAT. The sample for histopathological analyses is
generated from the posterior part of the VAT (Figures 29A and 30B). A further
histopathological sample of the scAT is generated from the dorsal trunk region between the
head and the dorsal fin (Figure 29) together with skin and the underlying epaxial skeletal
musculature. After sampling and storage of the samples for histopathological adipose tissue
analyses in neutrally buffered 4% formaldehyde solution, remaining adipose tissue and GIT
are preserved (i.e., immediately transferred to an adequate fixative) to ensure that sufficient
sample material is available for new/expanded scientific issues arising from the analyses.

General examination parameters

The VAT is briefly dabbed dry with a laboratory paper towel before macroscopic examination.
The VAT as well as the scAT tissue visible at the cutting surfaces is examined for pathological
alterations and corresponding findings are (photo-) documented. If present, samples of altered
tissue locations are taken for subsequent histopathological, molecular or microbiological
analyses, as appropriate.

34



2.4 Adipose tissue

e LG E L

dorsal sub-
cutaneous
adipose tissue

epaxial
il muscle

\ hypaxial
pyloric ceca visceral adipose tissue muscle

Figure 29. Schematic illustration of the sampling for histopathological and molecular analyses
of the adipose tissue of the rainbow trout. A. Lateral aspect of the VAT and embedded viscera in
situ, after removal of the left body wall. The sample position of the molecular analysis sample (black
rectangle) as well as sample locations and section plane orientations of the samples for
histopathological analyses (black lines) are indicated. The sample for molecular analyses is excised
after removal of the gills and excision of the liver and the GIT (together with the spleen and VAT) from
the peritoneal cavity. For sampling of the caudal portion of the VAT not containing pyloric ceca, a
specimen of VAT is cut out transversely after removal of the rearmost 0.5 cm. Samples for
histopathological adipose tissue analyses are generated after immersion fixation, the sample of the VAT
is cut transversely from the caudal portion of the mesenterial fat not containing pyloric ceca directly
cranial to the sample location of the specimen for molecular analyses. B. Schematic illustration of the
dorsal aspect of the trunk cross section ~1 cm cranial to the dorsal fin, containing the dorsal scAT depot.
The sampling location and section plane orientation of the histopathological analysis sample is indicated
(black dotted rectangle with triangles, representing the cutting level parallel to the picture plane). A block
of skin, dorsal scAT and underlying epaxial skeletal musculature is excised and a transversal section
plane is generated.
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Figure 30. Photographic illustration of sampling of the visceral adipose tissue of the rainbow
trout. A. Lateral aspect of the VAT and viscera in situ. B. Lateral aspect of the freshly excised visceral
adipose tissue (VAT) together with the embedded gastro-intestinal tract (the pyloric ceca are indicated
(PC)) and the spleen (S). The position and section plane orientation of the samples for molecular and
histopathological analyses of the VAT are indicated, the samples are generated from the most caudal
portion of the mesenterial fat. The rearmost portion (~0.5 cm) of the fresh (i.e., unfixed) VAT is removed
by a transverse incision and a homogenous VAT specimen is obtained by a second transverse section
~1 cm cranial to the first section for molecular analyses. The sample for histopathological analyses of
the VAT is generated directly cranial to the sample location of the specimen for molecular analyses, a
tissue block of approximately 0.5 cm thickness is cut transversely from the caudal portion of the
mesenterial adipose tissue not containing pyloric ceca. Bars = 1 cm.
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2.4 Adipose tissue

Sampling scheme for routine analyses of rainbow trout adipose tissue

1. Sample for molecular analyses of the adipose tissue
Location: The sample location is illustrated in Figures 29A and 30B. The
adipose tissue sample is cut from the caudal portion of the VAT,
~0.5 cm cranial to the posterior end of the visceral fat.

Number of samples: One.

Sample size: Approximately 1 cm x 0.7 cm x 0.3 cm (length x width x height).

Remarks: A homogeneous adipose tissue sample not containing any
pyloric ceca is cut from the VAT.

Processing: The sample is frozen (liquid nitrogen) and stored at -20°C or

-80°C (short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of the
tissue sample for subsequent RNA- and protein analyses,
storage at -150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Samples for histopathological examination of the adipose tissue

Location & orientation of Sampling locations and orientations are indicated in Figures 29

sections: and 30B. For histopathological examination, the VAT is sampled
immediately cranial to the sample site for molecular analyses.
The posterior part of the VAT is cut transversely over the full
width. For histopathological examination of the scAT, a
transverse section of the dorsal depot (with overlying skin and
surrounding musculature) is generated.

Number of samples: Two.

Section plane size: VAT: Approximately 1 cm x 0.3 cm (length x width).
SCAT: Approximately 1 cm x 1 cm (length x width).

Fixation & embedding: FF-PE.
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Figure 31. Histology of the rainbow trout adipose tissue. A. Transverse section of the dorsal
subcutaneous adipose tissue depot (dscAT). The abundant dorsal adipose tissue is located around the
transversal septum and adjacent to the white epaxial musculature (Epx). B. Detail enlargement of the
dorsal subcutaneous tissue depot (dscAT). Epaxial skeletal musculature (Epx) is visible at the lower
right corner. C. Transverse section of the visceral adipose tissue depot (VAT). Exocrine pancreatic
tissue (Pex) is distributed within the VAT. FF-PE. HE. Bars = 100 pm.
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2.4 Adipose tissue

Time requirements

3-5 minutes are to be scheduled for dissection, macroscopic examination, sampling and further
processing of the rainbow trout adipose tissue samples for histopathological and molecular
analyses. This estimate does not include the time needed for killing the fish, dissection of gills
and liver, prearrangement of sampling instruments and materials, or the further processing of
fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies examining trout adipose tissue either sample the
VAT depot [7, 88] or sample subcutaneous, intramuscular or intrahepatic lipids together with
the tissues/organs storing them [89-92].

According to the authors knowledge, the explicit examination of trout adipose tissue has not
yet been strongly highlighted in ecotoxicological studies. Nevertheless, these guidelines
specify the sampling of adipose tissue for molecular and histopathological routine analyses,
since lipophilic contaminants taken up from the environment may be stored in the adipose
tissue (and be released in the course of e.g., gonadal development or mobilization of energy
reserves, as fat is the predominant energy source for fish) [80, 93, 94]. Histopathological
examination should be performed, since it is a valuable tool for the identification of
morphological adipose tissue alterations that may be present. The locations and orientations
of the samples for histopathological analyses of the rainbow trout adipose tissue are chosen
so that both adipose tissue depots (SCAT and VAT) are represented in the histological sections.
The sample location of the adipose tissue specimens for molecular analyses is selected to
ensure that pure adipose tissue without adherent muscle tissue or intestinal components is
available for examination. The number and sizes of tissue samples as well as the sampling
locations proposed in the present guidelines are regarded to provide sufficiently representative
tissue specimens for the examination of the most (qualitative) morphological tissue alterations
and molecular analyses of the rainbow trout adipose tissue.
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2.5 Spleen

2.5 Spleen

Relevant anatomical features/preparation

The rainbow trout’s spleen is situated in the left lower abdomen, attached to (and often
embedded in) the visceral adipose tissue (Figure 32). It is a soft, dark-red, compact organ
whose size can vary due to antigen exposure (e.g., bacterial or viral infections) or changes in
the splenic erythrocyte reservoir volume (e.g., due to stress) [2, 95]. In rainbow trout, additional
smaller accessory spleens may be present [4]. In physiological state, the spleen margins are
sharp-edged [3]. In teleost fish, the spleen functions as a hematopoietic organ (i.e., site of
erythropoiesis) and erythrocyte reservoir [2, 36, 42]. In rainbow trout, the spleen also has
immunological function by acting as an “antigen trap” and by removing aged or infected blood
cells by phagocytosis [2-4]. A thin, fibrous capsule is surrounding the spleen matrix composed
of the red and white pulp, which are not as distinctly separated as in mammals [2, 36, 42]. A
distinct feature of the spleen of teleost fish is the melanomacrophage centers (MMC), typically
located next to splenic blood vessels [2-4].
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Figure 32. Photographic illustration of the viscera in situ. A. Lateral aspect of the viscera of a
rainbow trout after removal of the lateral body wall and excision of the gills. B. Ventral aspect of the
viscera of a rainbow trout after opening of the abdominal cavity by a transverse section in the ventral
midline. The spleen is attached to and partly embedded in the visceral adipose tissue (VAT).
Bars =1 cm.

VAT containing
pyloric ceca

At necropsy, the spleen is removed from the abdominal cavity together with the gastrointestinal
tract (GIT) and the visceral adipose tissue (VAT) after excision of the gills and the liver. The
abdominal cavity is opened by transverse section in the ventral midline, the liver is dissected
and the GIT is excised by severing the cranial esophagus and cutting out the vent (urogenital
papilla). The connection between the visceral aspect of the spleen and the visceral adipose
tissue is separated. After sampling for molecular and histopathological analyses (Figure 33B)
and transfer of the histopathology sample to neutrally buffered 4% formaldehyde solution, the
remaining caudal pole of the spleen is also preserved (i.e., immediately transferred to an
adequate fixative), to ensure that sample material is available for new/expanded scientific
issues arising from the analyses.
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2.5 Spleen

General examination pa

rameters

The dissected spleen is briefly dabbed dry with a laboratory paper towel and weighed to the

nearest mg. The spleen

is macroscopically examined for pathological alterations,

corresponding findings are (photo-) documented. If present, samples of altered tissue locations
are taken for subsequent histopathological, molecular or microbiological analysis, as

appropriate.

Sampling scheme for routine analyses of the rainbow trout spleen

1. Sample for molecular

Location:
Number of samples:
Sample size:

Remarks:
Processing:

Downstream analyses:

analyses of the spleen

Sampling location is indicated in Figure 33B.

One.

Entire cranial portion of the spleen from the cranial margin to the
location of the widest organ extension (i.e., the sample location
for histopathological analyses).

A homogenous sample is cut from the spleen.

The sample is frozen (liquid nitrogen) and stored at -20°C or
-80°C (short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of the
tissue sample for subsequent RNA- and protein analyses,
storage at -150°C is recommended.

DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

Figure 33. Sampling for hist

opathological examination and molecular analyses of the spleen.

A. Excised gastrointestinal tract and spleen attached to the visceral adipose tissue. The peritoneal
attachment at the visceral aspect of the spleen (arrow in B) is dissected using scissors. Bar = 1 cm.

B. Schematic illustration of

the excised spleen with indicated sampling locations for routine

histopathological and molecular analyses (upper image: visceral aspect; lower image: parietal aspect).
The sampling location of the specimen for molecular analysis (black rectangles), as well as sampling

location and orientation of the
Lines in the upper and lowe

specimen for histopathological examination (black lines) are indicated.
r image indicate the identical sampling locations and section plane

orientations for routine histopathological and molecular analyses. Both samples contain the spleen

capsule.
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2.5 Spleen

2. Sample for histopathological examination of the spleen
Location & orientation of Sampling location and orientation is indicated in Figure 33B.

sections: A transverse splenic tissue section is cut from the spleen at the
location of the widest organ extension.

Number of samples: One.

Section plane size: The sample size depends on organ size/diameter, thickness of

the tissue sample is ~0.2 cm.
Fixation & embedding: FF-PE.

Figure 34. Histology of the rainbow trout spleen. A. Transverse section of rainbow trout spleen
parenchyma, enclosed by a thin splenic capsule (a part of the splenic capsule is apparent in the upper
right corner). The parenchyma is composed of the red (RP) and white (WP) pulp. B. Transversely
sectioned spleen parenchyma. A feature of the rainbow trout spleen is the presence of
melanomacrophage centers (MMC), composed of pigment-laden macrophages which are involved in
the spleen’s immunological function. FF-PE. HE. Bars = 100 um.

Time requirements

2-3 minutes are to be scheduled for dissection of the GIT and the attached spleen,
macroscopic examination of the spleen, sampling and further processing of the histological
and molecular samples. This estimate does not include the time needed for killing the fish,
dissection of gills/liver, prearrangement of sampling instruments and materials, or the further
processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies examining rainbow trout spleen either sample
the whole organ [96-98] or examine spleen subsamples without distinct information regarding
sample number and size [99, 100].

The sampling location for histopathological analyses of the rainbow trout spleen is chosen in
accordance with the study by Schwindt et al. [101], where a tissue sample from the middle of
the spleen is generated for histological examination. Due to the homogenous composition of
the splenic parenchyma, the number and sizes of tissue samples as well as the sampling
locations proposed in the present guidelines are regarded to provide sufficiently representative
tissue specimens for the examination of most of the qualitative splenic tissue alterations and
molecular analyses of the rainbow trout spleen.
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2.6 Reproductive system

2.6 Reproductive system
2.6.1 Testes

Relevant anatomical features/preparation

The paired testes of the rainbow trout present as flattened structures, bilaterally and ventrally
located to the swim bladder and attached to the dorsal peritoneum and the serosa of the swim
bladder by the mesorchium. They can extend over the entire length of the peritoneal cavity
(Figure 35) [1, 2]. According to Winnemann et al. [102], testes weighing <500 mg and
presenting as small, pale pink strands are considered prepubertal. Testes weighing >500 mg
with a whitish appearance and an enlargement of the anterior testicular part are considered
pubertal (Figure 36). In sexual mature male trout the testes present as large organs and
macroscopic sex determination can be made (inter alia based on the size/weight and white
color of the testes due to spermatogenesis), the sex of premature rainbow trout cannot be
identified macroscopically but can e.g., be determined via measurement of the plasma
vitellogenin concentration or via molecular analyses [2, 102, 103]. Size and shape of the trout
testes depend on the spermatogenetic stage, season, and age; note that there are differences
in the maturity age of rainbow trout individuals [103-105]. Trout's sperm duct is evident at the
posterior-dorsal aspect of the testes and does end at the urogenital papilla. In spawning
season, milt is released through pores located at the urogenital papilla next to the urinary- and
the anal pore. In contrast to other vertebrates, the sperm-conducting structures occur
independently of the ureteral structures [2, 42, 103]. From the testicular capsule, septa of
connective tissue extend into the parenchyma and divide it into tubules (Figure 38) [42, 103].
Histologically, the tubules are composed of a germinal epithelium, where the spermatogenesis
occurs in so-called sperm-cysts (i.e., groups of synchronously maturing germ cells, surrounded
by Sertoli cells which build the blood-testis barrier), from which the spermatozoa are released
in the tubular lumen, which is connected to the efferent (sperm) duct system [2, 4, 42, 103,
105]. Next to the germinal compartment, the testes are composed of an interstitial
compartment between the lobules, comprising Leydig cells and connective tissue with
e.g., fibroblasts, blood vessels and nerve fibers [4, 42, 105].

At necropsy, the testes are removed after excision of the gills, the liver and the gastrointestinal
tract. Prepubertal testes are removed together with the swim bladder. Pubertal testes are
dissected by carefully severing the craniodorsal attachment of testes and swim bladder in situ
using scissors, care is taken to not perforate the swim bladder. After macroscopic examination
and sampling of fresh (unfixed) tissue specimen for molecular analyses, the testes are
immersion fixed in an adequate fixative (e.g., Davidson’s fixative for ~12 hours with
subsequent transfer to neutrally buffered 4% formaldehyde solution). After sampling for
histopathological analyses, the remaining tissue is preserved to ensure that sufficient sample
material is available for new/expanded scientific issues arising from the analyses.

General examination parameters

After excision and separation from the swim bladder, both testes are briefly dabbed dry and
the weight is recorded to the nearest mg. By means of the gonadosomatic index (GSI) (i.e., the
percentage of the body weight that is related to the weight of the testes) the reproductive status
may be monitored [2]. The testes are macroscopically examined for pathological alterations
and corresponding findings are (photo-) documented. Samples of altered tissue locations are
generated for histopathological, microbiological or molecular analyses, as appropriate.
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Figure 35. Schematic illustration of the in situ location of the testes. Ventral aspect of the
abdominal cavity after excision of gills, liver, gastrointestinal tract and spleen.
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Figure 36. Photographic illustration of the rainbow trout testes and sampling for
histopathological and molecular analyses. Dorsal aspect of the freshly excised right (r) and left (I)
testis of an adult male rainbow trout. The sperm duct is subdivided in two parts, the juxta-testicular part
(JT) adjacent to the testes and the “free” part (FP) connecting the posterior testis with the urogenital
papilla [42, 103]. Locations and orientations of histopathological (black lines) and molecular samples
(black rectangles) are indicated. Bar = 1 cm.

Sampling scheme for routine analyses of the rainbow trout testes

1. Samples for molecular analyses of the testes

Location: Sampling locations are indicated in Figures 36 and 37.
Number of samples: Two.
Sample size: Two specimens of ~0.5cm x 0.5cm (length x width) are

generated, including the dorsal and ventral testicular capsule and
the testicular parenchyma; therefore, the sample height depends
on testicular size.

Remarks: Homogenous samples of the testicular parenchyma are cut from
the anterior part of the left and the right testis, approximately 1 cm
apart from the cranial testicular end.

Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C
(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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2. Samples for histopathological examination of the testes

Location & orientation of Sampling locations and orientations are indicated in Figures 36

sections: and 37. After immersion fixation, two transverse section per testis
are prepared, from both the anterior and posterior testicular part
(approximately 2 cm apart from the cranial and caudal testicular
end). The sections contain testicular parenchyma, the sperm
duct and the entire parenchyma-surrounding testicular capsule.

Number of samples: Four.

Section plane size: All histopathological specimens are transverse sections of the
entire testicular cross diameter, with a thickness of approximately
0.3 cm.

Fixation & embedding: Davidson's-fixed and paraffin-embedded (DF-PE)*.
*The OECD Guidance Document for the Diagnosis of Endocrine-Related Histopathology of Fish Gonads [106],
dedicated to the performance of ecotoxicological studies using Fathead minnow (Pimephales promelas), Japanese
medaka (Oryzias latipes) and zebrafish (Danio rerio), recommends overnight immersion fixation with Davidson’s
fixative and subsequent transfer to neutrally buffered 4% formaldehyde solution for gonadal histopathology.
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Figure 37. Schematic illustration of the ventral and dorsal aspect of the excised left testis of a
male rainbow trout. Both testes are sampled, here the sampling locations for routine analyses are
exemplarily shown for the left testis (upper image: dorsal aspect, lower image: ventral aspect). Sample
location for molecular analyses (black rectangles) and sample location and orientation for
histopathological analyses (black lines) are indicated. The black lines and rectangles indicate the
identical sampling locations. All samples contain both the ventral and dorsal testicular capsule (i.e., the
samples extend over the entire testicular parenchyma thickness).

Time requirements

Approximately 5 minutes are to be scheduled for dissection of the testes, macroscopic
examination, sampling and further processing of testicular tissue samples. This estimate does
not include the time needed for killing the fish, dissection of gills and previously excised viscera,
prearrangement of sampling instruments and materials, or the further processing of
fixed/frozen specimens.
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Figure 38. Testicular histology. A. Transverse
connective tissue septa, subdividing the parenchyma in distinct tubules. Within the germinal department,
different germ cell stages are present. B. Transverse section of the testicular parenchyma of a male
trout in a progressed stadium of the spermatogenesis cycle. Present germ cell stages are indicated:
SG: Spermatogonia; SZA: Primary spermatocytes; SZB: Secondary spermatocytes; ST: Spermatids.
Cysts of spermatids rupture at the end of spermatogenesis and spermatozoon enter the tubule lumen.
FF-PE. HE. Bars = 100 pm.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

In previously performed ecotoxicological studies on trout testes, only few studies provide a
specific description of the sampling locations, such as midportions of the testes [107], the
anterior, middle and posterior part of the testes [108] or the testes in toto [109]. In previously
performed ecotoxicological studies using trout as experimental animals, the number of
analyzed testicular tissue samples per fish, if indicated, ranges from one [110] to three samples
[108]. For the performance of unbiased quantitative morphological analyses of testicular tissue
in ecotoxicological studies using rainbow trout, a comprehensive systematic uniform random
sampling (SURS) protocol is published by Wiinnemann et al. [102].

Related to the homogenous composition of the testicular tissue, the number and sizes of
samples as well as the sampling locations proposed in the present guidelines for routine
analyses of the testes are regarded to provide sufficiently representative tissue specimens for
histopathological and molecular examination of rainbow trout’s testes in ecotoxicological
studies.
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2.6.2 Ovaries

Relevant anatomical features/preparation

The paired ovaries of the rainbow trout present as elongated structures, bilaterally and ventrally
located to the swim bladder and attached to the dorsal peritoneal wall and swim bladder by the
mesovarium. They can extend over the entire length of the dorsal peritoneal cavity [2, 4]. In
subadult trout, sex determination depends on e.g., histological differentiation, determination of
the plasma vitellogenin concentration or molecular analyses; a macroscopic sex determination
in female trout is feasible based on the developing ovarian lamellae during maturation (which
is often the first indication of sex differentiation) [2, 102]. In maturing trout, the thin ovaries
present as organs composed of small orange-white spheres. The ovaries and ova grow in size
towards the spawning season and the transversal lamellar folds of the ovaries become more
prominent. Mature ovaries with macroscopically visible eggs may account for up to 50-70% of
the body weight, while in non-spawning season the weight of the ovaries accounts for only a
small proportion of the body weight. Note that there are differences in the maturity age of
rainbow trout individuals [2, 3, 104, 111]. An ovocoel and an ovarian duct are missing in
salmonids, the eggs are released in the peritoneal cavity while ovulating. During spawning
season the eggs are released through pores located at the urogenital papilla next to the urinary
and the anal pore [2, 42, 111]. Histologically, the ovarian parenchyma is organized in lamellae
which are supported by connective tissue septa and are covered by germinal epithelium,
comprising germ cells and somatic cells. The latter are epithelial cells, which initiate the
folliculogenesis and become follicular granulosa cells. The ovarian follicle is the main ovarian
feature, containing the oocyte and follicle cells. The rainbow trout follicles are differentiated in
previtellogenic and vitellogenic follicles, and histologically divided into different types
depending on the developmental stage. A permanent pool of oogonia for population renewal
is present in contrast to mammalian ovaries. A basement membrane separates the germinal
epithelium from the mesenchymal stroma [2, 36, 103, 111, 112].

At necropsy, the ovaries are removed after excision of the gills, liver, spleen and
gastrointestinal tract. Depending on the size of the ovaries, the ovaries are removed together
with the swim bladder (Figure 40B) or the craniodorsal mesovarian attachment of the ovaries
is dissected in situ using scissors. Care is taken to not perforate the swim bladder. After
macroscopic examination and sampling of fresh (unfixed) tissue specimen for molecular
analyses, the ovaries are immersion fixed in neutrally buffered 4% formaldehyde solution. After
sampling for histopathological analyses, the remaining tissue is preserved to ensure that
sufficient sample material is available for new/expanded scientific issues arising from the
analyses.

General examination parameters

After separation from the swim bladder, both ovaries are briefly dabbed dry and the weight is
recorded to the nearest mg. The reproductive status can be monitored by means of the
gonadosomatic index (GSI) (i.e., the percentage of the body weight that is related to the weight
of the gonads). Both ovaries are macroscopically examined for pathological alterations,
corresponding findings are (photo-) documented. If required, samples of altered tissue
locations are generated for histopathological, molecular or microbiological analyses.
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Figure 39. Schematic illustration of the ovaries (as in situ). Ventral aspect of the ovaries of the
rainbow trout, bilaterally and ventrally located to the swim bladder. Ovaries are removed after excision
of gills, liver, gastrointestinal tract and spleen. Both ovaries are sampled, location of molecular samples
(black rectangles) as well as location and sample orientation of histopathological analyses specimens

(black lines) are indicated.

caudal

Figure 40. Photographic illustration of the rainbow trout ovaries. A. Ventral aspect of the freshly
excised left (I) and right (r) mature ovary of a female rainbow trout. Note the orange color and the
granular appearance due to enclosed, pigmented eggs. Locations of the molecular specimens (black
rectangles) as well as sample locations and sample orientations of histopathological specimens (black
lines) are indicated. GD: Gonaduct, build by the peritoneum, ending at the urogenital sinus and opened
to the abdominal cavity [112]. B. Freshly excised swim bladder with ventro-laterally attached ovaries.
Bars =1 cm.
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Sampling scheme for routine analyses of the rainbow trout ovaries

1. Samples for molecular analyses of the ovaries

Location:
Number of samples:

Sample size:
Remarks:

Processing:

Downstream analyses:

Sampling locations are indicated in Figures 39 and 40A.

Two. Both ovaries are sampled approximately 1 cm apart from
the cranial end of the ovaries, one sample per side.
Approximately 0.4 cm x 0.4 cm (length x width). Samples are
taken over the entire ovary height.

Homogenous samples of the ovary parenchyma are cut from
each ovary.

Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C
(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Samples for histopathological examination of the ovaries
Location & orientation of After immersion fixation, one specimen per ovary is sampled

sections:

Number of samples:
Section plane size:

Fixation & embedding:

approximately 2 cm apart from the cranial end of the ovary. One
transverse section and one sagittal section is prepared as
indicated in Figures 39 and 40A. Both sections contain ovarian
parenchyma and the dorsal and ventral mesovarium.

Two.

Both histopathological sections (transverse and sagittal) are
taken over the entire ovary height, with a thickness of
approximately 0.3 cm. Width of the sagittal section: ~1 cm.
FF-PE*.

*The OECD Guidance Document for the Diagnosis of Endocrine-Related Histopathology of Fish Gonads [106]
recommends overnight immersion fixation with Davidson’s fixative and subsequent transfer to neutrally buffered
4% formaldehyde solution for gonadal histopathology of fathead minnow, Japanese medaka and zebrafish. In the
authors experience, neutrally buffered 4% formaldehyde solution is also suitable and recommended for the
preparation of histological sections, as Davidson's fixative has the potential to harden the ovarian tissue (and
particularly mature eggs) and therefore preparation of histological sections may be challenging.
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Figure 41. Ovary histology. A. Sagittal section of the ovary parenchyma. Note the ovarian organization
in transversal lamellae. Different stages of oocyte development are present. Structures of interest are
indicated: L: Lamellae; St: Stroma; VG: Vitellogenic oocyte; CA: Cortical alveolar oocyte;
PN: Previtellogenic (perinucleolar) oocyte. B. Section of two vitellogenic oocytes (VG) with numerous
cortical alveoli, and one previtellogenic (perinucleolar) oocyte (PN). Structures of oocyte envelope are
indicated: ZP: Zona pellucida; FC: Follicle cells (granulosa); T: Theca. FF-PE. HE. Bars = 100 pm.

Time requirements

Approximately 5 minutes are to be scheduled for dissection of the ovaries, macroscopic
examination, sampling and further processing of ovarian tissue samples. This estimate does
not include the time needed for Killing the fish, dissection of gills and previously excised viscera,
prearrangement of sampling instruments and materials, or the further processing of
fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

In previously performed ecotoxicological studies on trout, only few studies provide a specific
description of the ovarian sampling locations, such as a sample the middle portion of the ovary
[9] or dividing the ovaries in two parts [108]. In previously performed ecotoxicological studies
using rainbow trout as experimental animals, the number of analyzed ovarian tissue samples
per fish, if indicated, ranges from one [9, 113] to two samples (either subsamples [114] or both
ovaries in toto with generation of three to six sections [115]).

Related to the homogenous composition of the ovarian tissue, the number and sizes of
samples, as well as the sampling locations proposed in the present guidelines for routine
analyses of the ovaries are regarded to provide sufficiently representative tissue specimens
for histopathological and molecular examination of rainbow trout’s ovaries in ecotoxicological
studies.
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2.7 Kidneys

Relevant anatomical features/preparation

The rainbow trout kidneys are located retroperitoneally, directly ventral to the spine. They
consist of two histologically and functionally different parts, the posterior kidney (i.e., the trunk
kidney (TK)) and the anterior kidney (i.e., the head kidney (HK)). Main function of the posterior
(excretory) kidney is the diuresis (i.e., excretion and osmoregulation), whereas the anterior
kidney is of hematopoietic and immunological function [2, 4, 36]. Macroscopically, the border
between the anterior and the posterior kidney, as well as the boundary between the bilateral
kidneys cannot directly be identified [2-4, 116]. For practical purposes, the border between the
broad anterior and the narrow posterior part of the kidney can be defined as an imaginary
transversal line at the level of the craniodorsal gonadal attachment (Figures 42-44).
Histologically, a clear organization in cortex and medulla (as in mammals) is missing. The head
kidney comprises hematopoietic, lymphoid (Figure 45A) and endocrine tissue
(i.e., corticosteroid-producing interrenal tissue (Figure 45B) and suprarenal tissue with
catecholamine-producing chromaffin cells) [2, 4, 42]. The trunk kidney is composed of
glomerular nephrons, embedded in loose interstitial tissue comprised of hematopoietic cells,
melanomacrophage centers and fibroblasts (Figure 46A), endocrine corpuscles of Stannius
are embedded in the parenchyma of the trunk kidney (Figure 46C). The rainbow trout nephron
is of the freshwater type, composed of renal corpuscles, a renal tubules system and a collecting
tubule-collecting duct system connecting the nephrons with the archinephric duct (i.e., the
mesonephric duct or ureter) (Figure 46B) [2, 4, 36, 42, 116]. The paired archinephric duct
fuses to the urinary bladder, which ends in the urogenital papilla [3, 42]. The rainbow trout's
kidneys have a renal portal system [2, 42].

If deemed beneficial for the study purpose, vascular perfusion fixation may be performed, the
technique of perfusion fixation of rainbow trout tissue is described in Chapter 2.3.2 and
elsewhere [13]. At necropsy, the kidneys are assessed after removal of the other viscera (gills,
heart, gastrointestinal tract, liver, spleen, swim bladder and gonads). Due to the delicate, soft
consistency of kidney tissue, samples of fresh kidney tissue are only taken for subsequent
molecular analyses, whereas the rest of the kidney remains connected to the spine as in situ
for fixation. To enhance immersion fixation of the renal tissue, the spine is cut cranially and
caudally of the kidney and adjacent skeletal muscles are spaciously removed (Figure 42)
before the tissue is transferred to the fixation solution (neutrally buffered 4% formaldehyde
solution).

General examination parameters

After fixation, the kidney is carefully dissected from the adjacent tissue, briefly dabbed dry with
laboratory paper towel to remove surplus fixation solution and weighed to the nearest mg. The
kidney is macroscopically examined for pathological alterations, corresponding findings are
(photo-) documented. If present, samples of altered tissue locations are taken for subsequent
histopathological, virological and microbiological analysis, as appropriate.
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Figure 42. Schematic illustration of the ventral aspect of the head kidney (HK) and trunk kidney
(TK). Sample positions of molecular analysis samples (black circles) as well as sample locations and
section plane orientations of samples for histopathological analyses (black lines) are indicated. The
border between the anterior and the posterior part of the kidney is defined as an imaginary transversal
line at the level of the craniodorsal gonadal attachment (red dashed line). The kidney remains connected
to the carcass, the spine is cut cranially and caudally of the kidney and adjacent skeletal muscles are
spaciously removed for enhanced immersion fixation.

Sampling scheme for routine analyses of the rainbow trout head and trunk

kidney

1. Samples for molecular analyses of the head and trunk kidney

Head kidney (HK)
Number of samples:
Location:

Sample size:

Remarks:

Trunk kidney (TK)
Number of samples:
Location:

Sample size:

Remarks:

Processing (HK & TK):

Downstream analyses:

One.

The sampling location is indicated in Figures 42 and 43B.

A full thickness tissue cylinder with 0.4 cm diameter is excised by
biopsy punch.

A homogenous specimen of (fresh, unfixed) HK parenchyma is
taken from the ventral aspect of the HK. The weight of the
specimen is recorded.

Two.

Sampling locations are indicated in Figures 42 and 43B.

Full thickness tissue cylinders with 0.4 cm diameter are excised
by biopsy punch.

Homogenous specimens of (fresh, unfixed) TK parenchyma are
taken from the ventral aspect of the TK. The weight of the
specimens is recorded.

Freezing (liquid nitrogen) and stored at -20°C or -80°C (short-
term storage) depending on the intended analysis (chemical or
molecular analysis). For prolonged storage of tissue samples for
subsequent RNA- and protein analyses, storage at -150°C is
recommended.

DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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Figure 43. Sampling of head and trunk kidney specimens for molecular analyses in
ecotoxicological studies. A. Ventro-lateral aspect of the necropsy situs after removal of the gills, the
gastrointestinal tract, liver and spleen. The border between the head kidney and trunk kidney, defined
by the cranial attachment of the gonads (G) to the kidney, is indicated by an arrow. SB: Swim bladder.
B. Ventral aspect of the in situ location of the head- and trunk kidney after removal of the gonads and
the swim bladder. The red dashed line indicates the border between the head- and the trunk kidney.
Sampling locations for molecular analysis samples are indicated (black circles). HK: Head kidney;
TK: Trunk kidney. Bars =1 cm.

2. Samples for histopathological examination of the head and trunk kidney

Head kidney (HK)
Number of samples:
Location & orientation of
sections:

Section plane size:
Fixation & embedding:

Trunk kidney (TK)
Number of samples:
Location & orientation of
sections:

Section plane size:
Fixation & embedding:

One.

The sampling location and orientation is indicated in Figures 42
and 44. After immersion fixation, the adherent skin and
musculature is removed from the kidney and the HK is separated
from the TK. One transverse section plane is generated,
containing the ventral and the dorsal organ capsule.
Approximately 0.4 cm x 0.6 cm (length x width).

FF-PE.

Two.

Sampling locations and orientations are indicated in Figures 42
and 44. After immersion fixation, the adherent skin and
musculature are removed and the TK is separated from the
carcass. The weight of the TK tissue is recorded. One cross and
one longitudinal section plane is generated from the TK
parenchyma, including both the ventral and dorsal organ
capsule.

Approximately 0.5 cm x 0.6 cm (length x width).

FF-PE.
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Figure 44. Dorsal (A) and ventral (B) aspect of a formalin-fixed kidneys (after dissection from the
adjacent carcass tissue) with indicated sampling locations for histopathological analyses in
routine ecotoxicological studies. Lines in A and B indicate the identical sampling locations and
section plane orientations for routine histopathological analyses. All samples contain both the ventral
and dorsal kidney capsule. The archinephric ducts (also called mesonephric ducts or ureters) on the
ventral aspect of the excretory kidney are indicated (AD). HK: Head kidney; TK: Trunk kidney.
Bars =1 cm.

Time requirement

Approximately 7-10 minutes are to be scheduled for the dissection of the head- and trunk
kidney and further processing of kidney tissue samples for molecular and histopathological
analyses. This estimate neither includes the time needed for kiling the fish, the
prearrangement of sampling instruments and materials and the removal of the other viscera,
nor the further processing of fixed/frozen specimens. If vascular perfusion fixation is
performed, at least 15 minutes should be scheduled additionally.
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B. Interrenal tissue. Corticosteroid-producing cells, arranged around posterior cardinal veins. The
venous vascular space is free of cellular blood compartments due to vascular perfusion fixation, a
detailed description of vascular perfusion fixation in rainbow trout is given in Chapter 2.3.2 or Fiedler et
al. [13]. FF-PE. HE. Bars = 100 pm.
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kidney tissue displays no separation in cortex and medulla as e.g.,in mammals. Nephrons are
embedded in loose interstitial tissue consisting of hematopoietic cells, melanomacrophage centers
(indicated by black arrows) and fibroblasts. Inset: Enlargement of a glomerulus (G: Glomerulus;
T: Tubule). B. Cross section of the archinephric duct (AD). C. Corpuscle of Stannius (CS) on the dorsal
aspect of the excretory kidney (K). FF-PE. HE. Bars = 100 um.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Only few previously performed ecotoxicological studies examining rainbow trout trunk kidney
(TK) samples provide a precise description of the sampling locations. Samples of the TK are
e.g., taken in the posterior part [117] or the middle portion of the posterior kidney [55]. In
previously performed ecotoxicological studies, the number of analyzed TK samples per fish, if
indicated, ranges from one (i.e., the entire organ) [58] to four samples [59]. In previously
performed ecotoxicological studies on trout head kidney (HK), the HK is either analyzed in toto
[56] or no specific sampling locations and numbers are provided for the HK analysis. For the
performance of unbiased quantitative morphological analysis of the TK in ecotoxicological
studies using rainbow trout, a comprehensive systematic uniform random sampling (SURS)
protocol is published by Winnemann et al. [102].

Considering the functional and histomorphological differences between the hematopoietic and
lymphatic HK tissue and the excretory TK, the anterior and posterior kidney are sampled and
analyzed separately. The sample number and sizes, as well as the sampling locations
submitted in the present guidelines are regarded to provide sufficiently representative
specimen for examination of the most qualitative (morphological) and functional HK and TK
alterations. The size and localization of the generated samples are selected so that they
contain hematopoietic, lymphatic and endocrine tissue components (HK) or excretory renal
tissue and sections of the archinephric ducts (TK). The endocrine tissues located in the
parenchyma of the head- and trunk kidney (i.e., the inter- and suprarenal tissue and the
corpuscles of Stannius) are addressed in detail in Chapters 2.13.4 and 2.13.5. Sampling of
the urinary bladder or urogenital papilla is not included in the present guidelines, if sampling
and analyses of these structures is scheduled, the sampling protocol has to be adapted
accordingly.
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2.8 Central nervous system: Brain and spinal cord

Relevant anatomical features/preparation

The rainbow trout’s central nervous system (CNS) is composed of the brain and the spinal
cord as in other vertebrates [36]. The CNS is surrounded by the primitive meninx, i.e., a single
meningeal layer [2, 118]. The brain is subdivided in three major divisions: the forebrain
(prosencephalon), the midbrain (mesencephalon) and the hindbrain (rhombencephalon). The
forebrain is composed of the paired telencephalon (with the olfactory bulb, the dorsal pallium
and the ventral subpallium) and the unpaired diencephalon (with the epithalamus (for sampling
of the pineal body refer to Chapter 2.13.6), the dorsal and ventral thalamus and the
hypothalamus). The pituitary gland is located ventral to the hypothalamus. The midbrain
comprises the tectum (with the prominent optic tectum) and the tegmentum. The hindbrain is
composed of the rostral metencephalon (with the ventral pons and the dorsal cerebellum,
which in salmonids forms an anteriorly directed valvula cerebelli) and the ventro-caudally
located medulla oblongata (myelencephalon) [2-4, 42, 118]. The posterior transition of the
medulla oblongata in the spinal cord is indistinct, the spinal cord runs the entire length of the
vertebral canal and is composed of the central grey and peripheral white matter [3, 118]. The
neurons of the teleost CNS resemble those of other mammals in their ultrastructure, with some
exceptions such as the giant Mauthner cells (Figure 50F) [3, 4, 118].

If deemed beneficial for the study purpose, vascular perfusion fixation may be performed. The
technique of perfusion fixation of rainbow trout tissue is described in Chapter 2.3.2 and
elsewhere [13]. At necropsy, the CNS is removed after excision of the gills and the viscera
(except the kidneys), the head remains connected to the body so as to avoid damaging the
head kidney (refer to Chapter 2.7). The cranial vault and supraorbital bones as well as the
dorsal aspects of the vertebral column with overlying skin and muscles are carefully removed
using scalpel and scissors or Liston forceps (Figure 47A). The two optic nerves are either
severed (Figure 49) or the circumorbital bones are carefully removed and the eyeballs
dissected from the orbit, so that eyes and optic nerves are excised together with the CNS
(Figure 47B&C). The spinal cord is severed by a cross section about 1 cm caudal to the
hindbrain. After excision, macroscopic examination and (photo-) documentation (if
appropriate), the samples for histopathological and molecular analyses of the spinal cord are
generated (Figure 47A). The freshly excised brain is longitudinally halved in the midline
(Figure 49A). The right brain half is transferred to neutrally buffered 4% formaldehyde solution
for subsequent histopathological analysis, the left (unfixed) brain half is sampled for molecular
analyses.
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Figure 47. Photographic illustration of the central nervous system. A. Dorsal aspect of the central
nervous system (brain and spinal cord) of a rainbow trout after removal of dorsal body musculature,
dorsal aspects of the scull and the vertebral neural spines. Sample positions of molecular analysis
samples (black rectangles) as well as sample locations and section plane orientations of samples for
histopathological analyses (black lines) of the spinal cord are indicated. B. Detail enlargement of the
exposed spinal cord, brain, optic nerves and ocular globes. C. Dorsal aspect of the dissected brain and
anterior part of the spinal cord. The ocular globes were carefully removed from the orbit and are still
connected to the brain via the optic nerves. Macroscopically visible structures are indicated.
Bars =1 cm.

General examination parameters

The dissected brain and spinal cord (optic nerves are severed and spinal cord is transected
about 1 cm caudal to the hindbrain) are briefly dabbed dry with a laboratory paper towel. The
brain and spinal cord are macroscopically examined for pathological alterations, corresponding
findings are (photo-) documented. The trunk spinal cord is sampled for histopathological and
molecular samples directly caudal to the hindbrain, subsequently the sole brain is weighed to
the nearest mg. If present, samples of altered tissue locations are taken for subsequent
histopathological, molecular or microbiological analysis, as appropriate.
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Figure 48. Photographic illustration of the freshly excised brain. A. Dorsal aspect of the excised
brain with the attached optic nerves and spinal cord. Important morphological structures are indicated:
ON: Optic nerve; OB: Olfactory bulb; CC: Cerebellar corpus; SC: Spinal cord; P: Pallium; OT: Optic
tectum; LT: Longitudinal torus. B. Ventral aspect of the excised brain. Important morphological
structures are indicated: OT: Optic tectum; HT: Hypothalamus; ILHT: Inferior lobe of the hypothalamus;
SV: Saccus vasculosus (choroid plexus which secrets cerebrospinal fluid for the third ventricle);
P: Pallium; ON: Optic nerve; SC: Spinal cord. Bars = 0.5 cm.
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Sampling scheme for routine analyses of rainbow trout brain and spinal cord

1. Samples for molecular analyses of the brain and spinal cord

Brain

Number of samples:
Location:

Sample size:

Remarks:

Spinal cord
Number of samples:
Location:

Sample size:

Remarks:

Processing (Brain
spinal cord):

Downstream analyses:

&

Three.

The sampling locations are indicated in Figure 49B.

Sample No.1: ~0.3cm x0.3cm x0.3cm (length xwidth
x height).

Sample No. 2: ~0.8 cm x 0.6 cm x 0.6 cm.

Sample No. 3: ~0.6 cm x 0.5 cm x 0.4 cm.

Specimens of (fresh, unfixed) brain tissue are taken from the left
brain half:

Sample No. 1: Telencephalon.

Sample No. 2: Diencephalon and mesencephalon. If advan-
tageous for the research issue, the sampling scheme may be
adapted by separating the two compartments for independent
analyses.

Sample No. 3: Rhombencephalon (including valvula cerebelli).

Two.

Sampling locations are indicated in Figure 47A. Molecular
samples are taken directly caudal to the sample sites of the
histopathological specimens.

Cylindrical specimens of (fresh, unfixed) spinal cord are
generated from the trunk and the caudal region of the spinal cord
with a cylinder height of approximately 0.5 cm.

Musculature and dorsal aspects of the neural spines of the
vertebrae are carefully removed and homogenous cylindrical
specimens of spinal cord are excised from the vertebral column.

Freezing (liquid nitrogen) and stored at -20°C or -80°C (short-
term storage) depending on the intended analysis (chemical or
molecular analysis). For prolonged storage of tissue samples for
subsequent RNA- and protein analyses, storage at -150°C is
recommended.

DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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Figure 49. Sampling for histopathological examination and molecular analyses of the brain.
A. Dorsal aspect of the excised brain and adherent spinal cord. Important morphological structures are
indicated: ON: Olfactory nerve; OB: Olfactory bulb; P: Pallium; OT: Optic tectum; CC: Cerebellar
corpus; SC: Spinal cord. The dotted line indicates the separation line of the right and left brain
hemisphere. B. lllustration of the excised and midsagittally halved brain with indicated sampling
locations for routine histopathological and molecular analyses. The sampling location of the specimen
for molecular analysis (black rectangles, left brain half), as well as sampling location and orientation of
the specimen for histopathological examination (black lines, right brain half) are indicated. Note that
samples for molecular analyses are generated from the fresh, unfixed brain tissue, whereas
histopathological samples are generated from formalin-fixed brain tissue. C. Lateral aspect of the right
brain half with indicated sample locations and section plane orientations for histopathological analyses.
Important morphological structures are indicated: OB: Olfactory bulb; P: Pallium; OT: Optic tectum;
CC: Cerebellar corpus; SP: Subpallium; HT: Hypothalamus; ILHT: Inferior lobe of the hypothalamus;

SC: Spinal cord.

2. Samples for histopathological examination of the brain and spinal cord

Brain

Number of samples:
Location & orientation of
sections:

Section plane size:

Fixation & embedding:

Spinal cord

Number of samples:
Location & orientation of
sections:

Section plane size:

Fixation & embedding:

Three.

The sampling locations and orientations are indicated in
Figure 49B&C. After midsagittal division of the brain and
immersion fixation of the right brain half, three transverse section
planes are generated from three defined levels:

15t level: Telencephalon (pallium and subpallium).

2" level: Mesencephalon (optic tectum, tegmentum) and
diencephalon.

39 level: Rhombencephalon (cerebellum and medulla
oblongata).

All transversal section planes contain the entire level section
profile of the right hemisphere, sample height is approximately
0.3 cm.

FF-PE.

Two.

Sampling locations and orientations are indicated in Figure 47A.
After removal of musculature and dorsal aspects of the vertebral
column and subsequent immersion fixation, a transverse
(i.e., cross) section plane is generated of each of the two regions
of the spinal cord (trunk and caudal region).

Cylindrical specimens of fixed spinal cord are generated, with a
height of ~0.3 cm. The section plane size is approximately
0.15 cm x 0.15 cm.

FF-PE.
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Figure 50. Histology of the rainbow trout brain and spinal cord (transverse sections). A. Pallium
(telencephalon). B. Mesencephalon with the rostro-dorsal optic tectum (OT) and the longitudinal torus
(LT). The optic tectum provides the roof of the tectal (third) ventricle (TV), the tegmentum forms the
ventricle floor. Ventrally attached is the hypothalamus (HT), which is usually strongly developed in fish
and has different regions (e.g., the paraventricular parts as portion of the paraventricular organ
composed of excretory cells or the inferior lobe of the hypothalamus). C. Detail enlargement of the optic
tectum, a structure that mainly receives visual input. The laminae of the optic tectum are indicated:
SM: Stratum marginale; SO: Stratum opticum; SFG: Stratum fibrosum et griseum superficiale;
SGC: Stratum griseum centrale; SAC: Stratum album centrale; SPV: Stratum periventriculare.
D. Cortex of the corpus cerebelli with the inner stratum granulosum (SGr), the middle stratum
ganglionare (SGg) and the outer stratum moleculare (SM). E. Cross-section of the ventral aspect of the
medulla oblongata at the level of the 3 section (compare to Figure 49B&C). The lateral and ventral
aspects are more highly developed, while the dorsal aspect of the fourth ventricle (FV) is only limited by
thin choroid plexus. F. Cross section of the trunk spinal cord, grey and white matter is well demarcated.
The dorsal horns of the grey matter are undivided and fuse to a single midsagittal horn, the dorsal and
ventral roots fuse to the spinal nerves. Important (histo-) morphological structures are indicated:
DH: Dorsal horn; VH: Ventral horn; C: Central canal; MA: Axons of the Mauthner cells. FF-PE. HE.
Bars = 100 pm.

Time requirements

Approximately 20 minutes are to be scheduled for the extraction and the macroscopic
examination of the brain and spinal cord and the sampling and further processing of the
histopathological and molecular samples. This estimate does not include the time needed for
killing the fish, dissection of other organs/tissues, prearrangement of sampling instruments and
materials, or the further processing of fixed/frozen specimens. If vascular perfusion fixation is
performed, at least additional 15 minutes should be scheduled.

58



2.8 Central nervous system: Brain and spinal cord

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previous publications of ecotoxicological studies that specify the sampling procedure of
rainbow trout brain samples in more detail, either describe the sampling of the whole organ
[58, 119] or the sampling of individual brain structures (physically) separated from each other,
e.g., medulla, cerebellum and optic tecta [120] or preoptic area, telencephalon, optic tectum,
hypothalamus, midbrain, cerebellum and hindbrain [121]. In previous ecotoxicological studies
examining rainbow trout, the number of analyzed brain tissue samples per fish, if indicated,
ranges between one [58, 119] to seven [121] samples.

The number and sizes of tissue samples as well as the sampling locations proposed in the
present guidelines are regarded to provide sufficiently representative tissue specimens for the
histopathological examination of the most (qualitative) morphological tissue alterations and
molecular analyses of the rainbow trout CNS, since they are based on the highly complex brain
architecture and the large number of functionally and morphologically different brain regions.
The brain is midsagittally halved and the right brain half is transferred to fixative for subsequent
histopathological analysis, while the left brain half is sampled for molecular analyses. This
approach is advantageous since it enables the collection of molecular and histopathological
analysis brain samples from the identical fish. The sampling locations for histopathological
analyses of the brain are chosen in such a manner that all brain divisions are available for
histopathological analysis.

Note that the histopathological examination of only one hemisphere of the brain requires
careful and accurate sample processing. Furthermore, it should be noted that the
histopathological examination of only the right hemisphere can falsify the assessment of
unilaterally and/or asymmetrically occurring lesions. Therefore, if there is evidence of unilateral
lesions (e.g., clinical signs or abnormal necropsy findings) or if the study design requires
special investigation of particular brain areas, the sampling protocol may need to be modified
accordingly. The sampling of the endocrine organs/tissues associated with the CNS (i.e., the
pineal gland, the urophysis and the pituitary gland) is not in the scope of this chapter. For
sampling of these structures for histopathological analyses, the interested reader is referred to
Chapter 2.13.
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2.9 Integument: Scaled and non-scaled skin

Relevant anatomical features/preparation

The rainbow trout skin basically resembles that of vertebrates both in the organization
(epidermis and dermis) and in function. In addition to the protective function, the skin of teleosts
is considered to play an important role e.g., in the maintenance of the ion- and water balance,
excretion of nitrogenous waste, sensory perception and communication [2, 42, 122]. The skin
surface is covered by the cuticle, i.e., a mucopolysaccharide coating layer which is one
component of the skin's defense system and composed of mucus secreted by superficial
epithelial cells and bioactive immune molecules [2, 3, 122, 123]. The epidermis coats the body
surface (including the fins) and is a multilayered squamous epithelium of variable thickness,
depending on e.g., age, season, sex or body location. In trout, the epidermis is thinner in scaled
regions than in non-scaled regions such as e.g., the fins or the head [1, 3, 4, 124]. Unlike in
mammals, the cells of all epithelial layers of the epidermis are mitotically and metabolically
active [3, 4]. The epidermis of the rainbow trout comprises several cell types, inter alia the
epithelial (malphigian) cells as main cellular epidermal feature or the exocrine goblet cells
(Figure 53A) [2, 3, 42]. Separated from the epidermis by an acellular basal lamina lies the
dermis, which is composed of an upper stratum spongiosum and a lower stratum compactum
[36, 42]. The former is composed of a loose collagen- and reticulin fiber network as well as
blood vessels, nerves, different cellular components (e.g., fibroblasts, leukocytes, “scale
pocket” cells and pigment cells (chromatophores)) and scales [2, 3, 36, 42]. The stratum
compactum is composed of densely packed collagen fiber bundles with few scattered cells
(e.g., fibroblasts); its inner boundary is lined by the dermal endothelium. The dermis is
delimited from the skeletal muscle by the hypodermis, which is especially prominent in the
flank region [1, 2, 36, 42].

The scales are part of the dermal skeleton of fish [2]. In trout, numerous fine and flexible scales
originate in the “scale pockets” located in the connective tissue of the dermis, pointing caudally
and imbricating each other. The structure of fish scales differs from that of the scales of
e.g., reptiles/birds, since they are mineralized dermal collagenous structures instead of
keratinized epidermal material. Rainbow trout scales are elasmoid scales (i.e., mainly
composed of collagenous tissue, which mineralizes superficially in concentric circles (circuli))
of the cycloid type [1, 2, 42, 125].

At necropsy, the skin samples are generated after excision of the gills and the viscera (except
the kidneys); if analysis of the central nervous system is scheduled, the scale-less skin
samples are generated in advance. For the generation of skin samples in routine analyses, the
rainbow trout is consistently placed on the right body side and the scaled skin samples for
subsequent histopathological and molecular analyses are collected from the left body side after
evisceration, macroscopic examination and (photo-) documentation. The sample of the scale-
less skin is generated from the integument covering the cranial vault (Figures 51B and 52A);
the scale-including skin sample is generated at the level of the cranial margin of the dorsal fin
and centered between the lateral line and the dorsal median (Figures 51A and 52A). The skin
samples for subsequent molecular analyses are excised from the fresh (i.e., unfixed) rainbow
trout carcass together with underlying muscle using a biopsy punch. Before the samples are
frozen and adequately stored, the skin is separated from the underlying muscle by severing
the loose hypodermal fatty tissue (sampling location for molecular analysis of white skeletal
muscle and skin is identical, refer to Chapter 2.10.1). For generation of skin samples for
subsequent histopathological analysis, the carcass (including the kidneys) is trimmed for
enhanced tissue fixation by two cross sections (one caudal to the adipose fin removing the tail,
the other cranial to the head kidney, removing the head from the body) and removal of the right
hypaxial musculature. The remaining trunk is subsequently transferred to neutrally buffered
4% formaldehyde solution. After immersion fixation, the samples for histopathological skin
analysis are generated using scalpel and forceps. The remaining trunk (including the kidneys)
as well as head, tail and the removed body walls are preserved (i.e., immediately transferred
to an adequate fixative), to ensure that sample material is available for new/expanded scientific
issues arising from the analyses.
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Figure 51. Schematic illustration of sampling for histopathological and molecular analyses of
the skin of the rainbow trout. Sample positions of molecular analysis samples (black circles) as well
as sample locations and section plane orientations of samples for histopathological analyses (black
lines) are indicated. The samples for molecular analyses are excised by biopsy punch from the freshly
sacrificed fish after excision of the gills and viscera (except the kidneys). Subsequently, the spine is cut
cranially and caudally of the kidney and adjacent hypaxial musculature is spaciously removed for
enhanced immersion fixation of head and trunk. Samples for histopathological analyses are generated
from the immersion-fixed trunk/head using scalpel and forceps. A. Lateral aspect of the left body side of
a rainbow trout. The sampling location for molecular and histopathological analysis samples of scale-
containing skin is located at the level of the cranial margin of the dorsal fin and centered between the
dorsal midline and the lateral line. B. Dorsal aspect of the rainbow trout. The sampling locations for
molecular and histopathological analysis samples of non-scaled skin are located in the dorsal midline of
the skin covering the cranial vault.

General examination parameters

The integument is macroscopically examined for pathological alterations by inspection of the
skin covering the head, trunk, tail and fins, corresponding findings are (photo-) documented, if
appropriate. Samples for subsequent histopathological, microbiological or parasitological
analysis are taken from the altered locations, if required. If mucous coat and scales are to be
examined, it is recommended to collected mucus and scales from the dorsolateral fish
integument by gently scraping with a spatula from cranial to caudal (refer to Handy et al. [126])
before sampling and immersion fixation, as the cuticle is usually removed during processing
for histopathological examinations [123]. Scales can also be used for fish aging [1].
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Figure 52. Photographic illustration of the sampling for histopathological and molecular
analyses of the skin of the rainbow trout. A. Lateral aspect of the left body side of an intact rainbow
trout. (Note that the trout in this figure is remained intact for demonstration purposes, skin specimens
are collected after removal of the left abdominal wall, gills and viscera.) Sample positions of molecular
analysis samples (black circles) as well as sample locations and section plane orientations of samples
for histopathological analyses (black lines) are indicated. The entire integument (i.e., the skin covering
the head, trunk, tail and fins) is macroscopically examined for pathological alterations, corresponding
findings are (photo-) documented. B. Freshly excised scaled skin sample with underlying musculature.
The skin samples for molecular analysis are excised by biopsy punch. The skin is subsequently
separated from the underlying muscle by severing the loose hypodermal fatty tissue. Bars = 1 cm.

Sampling scheme for routine analyses of the rainbow trout skin

1. Samples for molecular analyses of the skin

Location: The sampling locations are illustrated in Figures 51 and 52A.
The sample of the scale-including skin is generated at the
midpoint of the imaginary line between the lateral line and the
cranial margin of the dorsal fin (Figure 51A). The sample of the
scale-less skin is generated from the integument covering the
cranial vault (Figure 51B).

Number of samples: Two.

Sample size: Samples are generated using a biopsy punch of 1 cm diameter.
For generation of the scaled skin specimen, a block containing
skeletal muscle and overlying skin is excised (approx. 1.5 cm
x 1.5 cm x 1 cm (length x width x height)), the specimen is placed
on the worktop with the skin facing downwards. The biopsy punch
is placed on the musculature and not on the skin surface to
minimize the loss of scales due to the rotational movement of the

biopsy punch.

Remarks: The skin is separated from the underlying skeletal muscle using
scalpel and tweezers.

Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C

(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.
Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted

analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses*.

*If deemed advantageous for subsequent molecular analyses, mucus is carefully removed using a soft laboratory

paper towel (refer to Raj et al. [127]).
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2. Samples for histopathological examination of the skin

Location & orientation of Sampling locations and orientations are indicated in Figures 51

sections: and 52A. The horizontal section of the scale-including skin is
generated at the midpoint of the imaginary line between the
lateral line and the cranial margin of the dorsal fin (Figure 51A).
For a satisfactory histopathological scale-containing skin sample
it is recommended to remove a block of skin and underlying
musculature of approx. 1 cm x 1 cm x 0.5 cm (length x width
x height), which is subsequently trimmed to appropriate sample
size with straight cutting edges orthogonal to the skin surface.
The transverse section of the scale-less skin is generated from
the integument covering the cranial vault (Figure 51B).

Number of samples: Two.

Section plane size: Non-scaled skin: Approx. 1 cm x 0.1 cm (length x width).
Scale-containing skin: Approx. 1 cm x 0.5 cm (length x width).

Fixation & embedding: Non-scaled skin: FF-PE, Scaled skin: FF-GME (formalin-fixed
and embedded in glycol methacrylate/methyl methacrylate
(GMA/MMA))*.

*If the preconditions for plastic medium embedding are not met, paraffin embedding (as an exception) is suitable
after the scale-containing skin sample is fixed in 10% formalin and then decalcified with a slow-acting decalcification
solution (e.g., Decalcifier DC1, histological decalcifier, slow-acting, Q Path, VWR Chemicals) for approx. 24-48
hours.
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Figure 53. Histology of the rainbow trout skin. A. Transverse section of the non-scaled skin. The
multilayered squamous epithelium of the epidermis is composed of a stratum basale (B), a stratum
germinativum (G) and a superficial epithelial cell layer. The epidermis mainly comprises epithelial cells
(EC), but also mucous goblet cells (GC). The epidermis is separated from the dermis by a basal lamina,
which is directly adjacent to the underlying stratum spongiosum (S) of the dermis. The stratum
compactum (C), mainly composed of densely packed collagen fiber bundles, is adjoining the stratum
spongiosum. FF-PE. HE. B, C. Horizontal section of the scale-containing skin. The epidermis (EP) is
thinner compared to the non-scaled skin covering the cranial vault. Scales (SC) originate in “scale
pockets” located in the connective tissue of the dermis and point caudally, imbricating each other. Note
the bony ridges of the circuli. Beneath the stratum spongiosum (S) lies the stratum compactum (C). The
dermis terminates with a dermal endothelium (i.e., a cell sheet composed of modified fibrocytes)
adjacent to the hypodermis (not shown). Note the bright pink staining of the epithelial mucous goblet
cells in the periodic acid-Schiff (PAS) staining. FF-GME. HE (B). FF-PE. PAS (C). Bars = 100 pm.

Time requirements

3-5 minutes are to be scheduled for dissection, macroscopic examination, sampling and further
processing of the rainbow trout skin samples for histological and molecular analyses. This
estimate does not include the time needed for killing the fish, dissection of gills and viscera,
prearrangement of sampling instruments and materials, or the further processing of
fixed/frozen specimens.
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A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies examining rainbow trout skin samples usually
sample the skin covering the dorsal parts of the trunk, like the dorsolateral part of the neck
[128] or the skin centrally located between the dorsal median and the lateral line with the cranial
insertion of the dorsal fin as caudal limit [129, 130]. Sample size in ecotoxicological studies
ranges, if indicated, from 0.75 cm? [128] to 1 cm? [131].

The locations and orientations of the samples for histopathological analyses of the rainbow
trout skin in the present guidelines are chosen so that both scaled and non-scaled skin is
represented in the histological section. The sample locations of the skin specimens are
selected to address the varying composition and difference in the epidermal thickness between
scaled and non-scaled skin separately. The number and sizes of tissue samples as well as the
sampling locations proposed in the present guidelines are regarded to provide sufficiently
representative tissue specimens for the examination of most of the (qualitative)
histopathological tissue alterations and molecular analyses of the rainbow trout skin. Since,
according to the authors investigations, the explicit examination of rainbow trout scales is not
strongly highlighted in ecotoxicological studies, a scale sampling scheme is not included in
these guidelines. If deemed necessary, individual scales (rough guide: 12 scales) can easily
be removed from the skin located beneath the dorsal fin (refer to Lennquist et al. [132]).
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2.10 Locomotor system

2.10.1 Skeletal musculature

Relevant anatomical features/preparation

The rainbow trout skeletal musculature can be subdivided in the cephalic musculature (i.e., the
mandibular- and the hyoid muscle plate with the muscles of the cheek region and the hyoid
apparatus, as well as the branchial muscle plates with the dorsal and ventral gill arch
musculature) and the fin- and body musculature. The latter is subdivided in the ventral
hypaxial-, the dorsal epaxial musculature and a lateral superficial muscle [2, 133]. The striated
musculature of the trunk- and caudal region (accounting for over 50% of the total body weight)
is moderately perfused and composed of myomeres (i.e., w-shaped folded and interlocked
blocks of muscle tissue, separated by tendinous myocommata (i.e., myosepta) and one
interdigitating with each other), symmetrically arranged on the left and right side of the body
(Figure 54B) [2, 4, 25, 42]. Two tendinous myosepta separate the body musculature in four
guadrants. The dorsal epaxial and the ventral hypaxial musculature of the trunk are separated
by one horizontal myoseptum. The left and right side of the trunk musculature are separated
by one median vertical myoseptum (Figure 55B) [2, 3, 25]. The streamlined shape of the fish
as well as the arrangement of the muscle fibers in myomeres enable the fish to move through
the water by body undulations. The myomeres are folded and interlocked in a way that muscle
contraction is transferred to adjacent myomeres and wide parts of the vertebral column. This
arrangement allows strong lateral undulating body movements [2, 3, 25]. The epaxial and
hypaxial myomeres are composed of white fast-contracting muscle fibers, whereas the highly
vascularized lateral superficial musculature consists of red slow-contracting muscle fibers [1-
4, 134]. The lateral superficial muscle is a wedge-shaped band of muscle fibers located on
both body sides beneath the lateral line organ (i.e., superior to the epaxial and the hypaxial
muscles at the level of the horizontal septum) (Figure 55B). This red muscle is designed for
long-lasting activities, has a high lipid content and is rich in myoglobin [1, 2, 4, 135]. In
salmonids, there are also pink muscle fibers located between the white and red muscle fiber
divisions (Figure 55B) [4, 135].

At necropsy, the skeletal muscle samples are generated after excision of the gills, the viscera
(except the kidneys) and the central nervous system (CNS), the muscle samples are generated
together with the samples for skin and lateral line analyses. After evisceration, macroscopic
examination and (photo-) documentation, the samples for histopathological and molecular
analyses of white and red skeletal musculature are taken (the white muscle sample for
molecular analyses is collected together with sample for molecular analyses of the scaled skin
(Chapter 2.9), the specimen for histopathological analyses of the red muscle is identical with
the sample for histopathological analysis of the lateral line system (Chapter 2.12.3). For
generation of muscle samples in routine analyses, the rainbow trout is consistently placed on
the right body side and samples are collected from the left body side. White musculature
specimens are taken from the epaxial muscles, the samples of the red (dark) musculature are
generated from the lateral superficial muscle (Figure 54A). The muscle samples for
subsequent molecular analyses are excised from the fresh (i.e., unfixed) rainbow trout carcass
using a biopsy punch of 1 cm diameter. Before the samples are frozen and adequately stored,
the skin is separated from the muscle samples by severing the loose hypodermal tissue. For
generation of muscle samples for subsequent histopathological analyses, the remaining
carcass (including the kidneys) is trimmed for enhanced tissue fixation by two cross sections
(one cranial to the head kidney, removing the head from the body and one caudal to the
adipose fin removing the tail) and removal of the right hypaxial musculature and is
subsequently transferred to neutrally buffered 4% formaldehyde solution. After immersion
fixation of the trunk, the samples for histopathological muscle analyses are generated using
scalpel and forceps. The remaining trunk (including the kidneys), head, tail and the removed
body walls are preserved (i.e., immediately transferred to an adequate fixative), to ensure that
sample material is available for new/expanded scientific issues arising from the analyses.
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Figure 54. Photographic illustration of the skeletal musculature sampling sites for
histopathological and molecular analyses. A. Lateral aspect of the left body side of a freshly
sacrificed, unfixed rainbow trout. (Note that the muscle specimens are collected after removal of the left
abdominal wall, gills, viscera and CNS. For demonstration purposes the fish shown in the present figure
is remained intact.) Sample positions of molecular analysis samples (black circles) as well as sample
locations and section plane orientations of samples for histopathological analyses (black line: cross
section of the red musculature; white dotted rectangle with triangles: parasagittal section of the white
musculature) are indicated. The samples for molecular analyses are excised from the freshly killed and
eviscerated fish using a biopsy punch. Subsequently the spine is cut cranially and caudally of the
kidneys and adjacent hypaxial muscles are spaciously removed for enhanced immersion fixation.
Samples for histopathological analyses are generated from the immersion-fixed trunk using scalpel and
forceps. B. Ventro-lateral aspect of the necropsy situs after removal of the gills and the viscera (except
the kidneys). The myomeres and myocommata of the hypaxial musculature can be assessed beneath
the transparent peritoneum. The white skeletal musculature is macroscopically examined for
pathological alterations, corresponding findings are (photo-) documented. The detail enlargement shows
the organization of the hypaxial musculature in myomeres, separated by myocommata. Bars = 1 cm.

General examination parameters

The white skeletal trunk musculature is macroscopically examined for pathological alterations
by inspection of the hypaxial musculature of the left and right abdominal wall (i.e., by inspection
of the walls of the peritoneal cavity (refer to Figure 54B) as well as of the removed hypaxial
muscle of the left body side). If required, conspicuous findings are photographed and additional
samples for subsequent histopathological, molecular or microbiological analysis are taken from
the altered locations.
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Figure 55. Schematic illustration of the rainbow trout musculature. A. Upper image: Lateral aspect
of the trunk- and caudal skeletal musculature. The overlying skin is removed and the myomeres of the
epaxial and hypaxial white muscles are visible. Two myomeres are removed to demonstrate the three-
dimensional w-shaped structure of the axial myomeres (i.e., two thin arms extend antero-dorsally and
antero-ventrally, the central large cone points anteriorly, the two outer smaller cones point posteriorly.
Laterally, the white musculature is covered by a band of red muscle fibers at the level of the horizontal
septum, i.e., the superficial lateral muscle. Lower image: Dorsal aspect of the exposed myomeres of the
epaxial musculature. B. Cross section through the trunk musculature. The white trunk musculature is
organized in myomeres, separated by tendinous myocommata. The dorsal muscle portion (i.e., the
epaxial muscle) is separated from the ventral muscle portion (i.e., the hypaxial muscle) by the horizontal
myoseptum, while the vertical myoseptum divides the musculature of the left and right body side of the
fish. The red superficial lateral muscle is a wedge-shaped band of muscle fibers located on both body
sides beneath the lateral line organ. In salmonids, there are also pink muscle fibers located between the
white and red muscle compartments.
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Sampling scheme for routine analyses of the rainbow trout skeletal muscles

1. Samples for molecular analyses of the skeletal muscles

Location: Sample locations are illustrated in Figure 54A. The white muscle
sample is excised from the left dorsal epaxial musculature, in the
midpoint of the imaginary line between the lateral line and the
cranial margin of the dorsal fin. The red muscle sample is taken
from the left lateral superficial muscle at the level of the adipose

fin.
Number of samples: Two.
Sample size: Samples are generated using a cylindrical biopsy punch of 1 cm

diameter. If the skin and scales are to be preserved, a block
containing skeletal muscle and overlying skin is excised (approx.
15cm x 1.5cm x 1cm (length x width x height)) and the
specimen is placed on the worktop with the skin facing
downwards so that the biopsy punch is placed on the
musculature and not on the skin surface. The sample height
(after removal of the skin) is ~1 cm for the epaxial muscle
specimen and ~0.5 cm for the lateral superficial muscle.

Remarks: Homogenous muscle samples are generated, the skin is
separated from the muscle samples using scalpel and tweezers.
Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C

(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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2. Samples for histopathological examination of the skeletal muscles

Location & orientation of Sampling locations and orientations are indicated in Figure 54A.

sections: A transverse section of the (red) superficial longitudinal muscle
is generated, including the skin and the lateral line canal. A
parasagittal section of the (white) dorsal epaxial musculature is
generated, including the overlying skin. Tissue blocks of ~1.5 cm
x 1 cm x 0.7 cm (length x width x height) are generated.

Number of samples: Two.

Section plane size: Approximately 1.5 cm x 1 cm (length x width).

Fixation & embedding: FF-PE.
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Figure 56. Histology of the rainbow trout skeletal musculature. A. Long|tud|nally sectioned white
muscle fibers, separated by myocommata. B. Cross section of the red muscle fibers of the lateral
superficial muscle, adjacent to the horizontal myoseptum (HM), flanked by the corium of the integument
and the white skeletal musculature on the other side. C. Cross section of the red muscle fibers.
FF-PE. HE. Bars = 100 um in A&C and = 500 um in B.

Time requirements

Approximately 5 minutes are to be scheduled for dissection, macroscopic examination,
sampling and further processing of the histological and molecular samples of the rainbow trout
skeletal musculature. This estimate does not include the time needed for killing the fish,
dissection of gills, viscera or CNS, prearrangement of sampling instruments and materials, or
the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies examining rainbow trout samples of white
muscle usually sample the dorsal musculature [136, 137]. If indicated more precisely, the
epaxial muscle is sampled adjacent to the anterior dorsal fin insertion [138] or behind the dorsal
fin [139]. Red muscle tissue is sampled between the pectoral and caudal fins from the lateral
line [139]. Sample weight ranges from 0.8-1g [139] up to 10 g [63]. The locations and
orientations of the samples for histopathological analyses of the rainbow trout skeletal
musculature are chosen so that white and red muscle fibers are represented in the histological
sections. The sample locations of the specimens for molecular analyses are selected to
address differently composed and vascularized muscle tissue compartments of white and red
muscle separately. The location for the red muscle sample was chosen according to the
publication of Lefévre et al. [140], which states that red muscle is most abundant at the level
of the adipose fin. The number and sizes of tissue samples as well as the sampling locations
proposed in the present guidelines are regarded to provide sufficiently representative tissue
specimens for the examination of most of the (qualitative) morphological tissue alterations and
molecular analyses of the rainbow trout skeletal musculature.
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2.10.2 Bones and cartilage

Relevant anatomical features/preparation

The skeleton of the rainbow trout is composed of the head skeleton (i.e., the chondro-
/neurocranium as the primary braincase, the bones of the viscero-/splanchnocranium (with
e.g., the hyoid bars or the branchial arches) and the bones of the dermatocranium (e.g., the
opercular bones)), the vertebral column, and the appendicular skeleton (i.e., the osseous fin
support system and the pectoral- and pelvic girdle, which articulate with the paired pectoral or
rather pelvic fin support system) [2, 42, 141, 142]. An additional part of the trout's
musculoskeletal system are the intermuscular fish bones (e.g., the dorsal or epineural ribs) [2,
42, 142]. In contrast to real ribs, these structures are located in the myoseptal connective tissue
and are built by desmal- instead of chondral ossification [2, 42]. The rainbow trout skeleton is
of various functions, such as the protection of the viscera, locomotion, buoyancy or
maintenance of physiological processes (e.g., calcium homeostasis) [2]. An important feature
of the fish skeleton is the lack of hematopoietic bone marrow. The medullary cavities found in
some bones (e.g., the vertebrae or the bones of the cranium) are filled with adipose tissue [2,
4, 42]. Bone formation in fish occurs either as the (perichondral and endochondral) ossification
of a hyaline cartilaginous template (i.e., the endoskeleton) or the direct formation of bony
structures in the dermis without a cartilaginous template (i.e., the dermal skeleton). Examples
for dermal bones are the bones of the opercular series or fin rays [1, 2, 141]. In salmonids, the
skeleton is composed of cellular bones, consisting of osteocytes in lacunae surrounded by
ossified bone matrix [1, 36, 42].

In bony fishes, there is a huge range of cartilaginous tissues, most of them not resembling
the “classic” hyaline mammalian cartilage [143-145]. The teleost cartilaginous tissue is
subdivided into several categories with according subtypes. Each category has special
histological staining characteristics and light microscopy appearance by which it can be
identified. The fish cartilage types also differ in their matrix macromolecules [2, 143-146]. Some
cartilage types are permanent and persist in adult fish, while others are degraded due to
ossification process [2, 145, 147].

At necropsy, bone samples are generated after excision of the gills, the viscera (except the
kidneys) and the sampling of muscles and skin. If analysis of the central nervous system (CNS)
is also scheduled, the samples of the vertebral bone (Figures 57 and 58) are generated after
sampling the spinal cord. For sampling of the spinal cord, the neural spines of the vertebrae
are carefully removed up to the level of the adipose fin, so that both the spinal cord can be
sampled and the vertebrae caudal to the adipose fin remain intact as specimens for
histopathological (and molecular) bone analyses (Figure 58B&C). The sample for subsequent
molecular bone analysis (together with cartilage-related tissue i.e., the notochord) is excised
from the freshly sacrificed rainbow trout by two cross sections immediately posterior to the
adipose fin, using scalpel and/or knife. Tissue adhering to the vertebrae is removed using
scalpel and scissors, and if compatible with the analysis method, the bone sample with
adhering tissue can be placed in 30% hydrogen peroxide for approximately 5 minutes in
advance [148]. For generation of samples for histopathological bone analyses, the samples
are generated after immersion fixation of the head and tail in neutrally buffered 4%
formaldehyde solution. For an enhanced immersion fixation (and to ensure that sample
material is available for further analysis of other organs/tissues or new/expanded scientific
issues arising from the analyses), the carcass is trimmed by a cross section cranial to the head
kidney removing the head from the trunk and removal of the right hypaxial musculature, before
transfer to neutrally buffered 4% formaldehyde solution. Trunk, head, tail (with caudal fin) and
the removed body walls are preserved (i.e., immediately transferred to an adequate fixative).
For histopathological analysis of hyaline cartilage, the outermost (first) gill of the right body
side is removed as a whole and immersion-fixed, subsequently the gill arch is separated from
the holobranch and midsagittally sectioned (relative to the gill axis, refer to Figures 57C and
58D). If gill analyses are scheduled, the first gill arch is separated from the holobranch after
sampling for molecular gill analyses and subsequently transferred to neutrally buffered 4%
formaldehyde solution.
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2.10.2 Bones and cartilage

Figure 57. Photographic illustration of the sample locations for histopathological and molecular
analyses of the skeleton of the rainbow trout. A, B. Sampling of the dermal and endochondral bones.
After sampling of the gills, viscera (except the kidneys), CNS, muscles and skin, the operculum as well
as the vertebrae are sampled for subsequent analyses, to adequately address the two bone types of
the rainbow trout (i.e., dermal bones or bones of the endoskeleton). The location and orientation of the
histopathological sample section plane of the dermal bone is indicated (black line) in A. For sampling of
the vertebrae, the caudal body portion is separated from the trunk by a cross section caudal to the
adipose fin (indicated by the anterior dashed circle). A slab of fresh (i.e., unfixed) tissue of ~1 cm
thickness and containing trunk musculature and vertebrae is subsequently generated by means of a
second cross section (indicated by the posterior dashed circle). The specimen containing trunk
musculature and vertebrae is subsequently trimmed as illustrated in Figure 58B. The bone samples for
subsequent histopathological analyses are generated after immersion fixation in neutrally buffered 4%
formaldehyde solution of the trimmed carcass. The sample for histopathological analysis of the vertebral
bone is generated from the separated caudal portion at the level of the posterior dashed circle, a cross
section through the vertebra is generated. C. Medial aspect of the dissected, formalin-fixed first gill of
the right body side (GA I). The gill arch is separated from the holobranchs (dashed black line) and
sagittally sectioned (relative to the plane of the gill arch). The dashed rectangle with the black triangles
is indicating the section plane orientation parallel to the picture plane. d: Dorsal; v: Ventral. Bars =1 cm.

70



2.10.2 Bones and cartilage

General examination parameters

All fins, the skull and the trunk are macroscopically examined for pathological alterations that
indicate pathological changes in the skeletal system (e.g., asymmetries, circumferential growth
or axis deviations), corresponding findings are (photo-) documented and bones of altered
locations are exposed and examined in more detail. While trimming the rainbow trout trunk or
generation of CNS samples, portions of the skull and the vertebral column are exposed and
available for macroscopic examination. Samples for subsequent histopathological and
molecular or microbiological analyses are taken from the altered locations, if required.

Sampling scheme for routine analyses of the rainbow trout bone and cartilage

1. Sample for molecular analyses of the bone and cartilage
Location: Sample location is illustrated in Figure 58A&B. The sample for
molecular analysis is generated from the centrum of the
vertebrae included in the trunk tissue slab cut out posterior to the

adipose fin.

Number of samples: One.

Sample size: The sample is generated using scalpel/knife and forceps. Sample
size is approximately 0.5 cm x 0.3 cm x 0.3 cm (length x width
x height).

Remarks: A bone (and notochord) sample is generated, adhering muscles,
vessels, spinal cord and connective tissue are removed.

Processing: Sample is frozen (liquid nitrogen) and stored at -20°C or -80°C

(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of the
tissue sample for subsequent RNA- and protein analyses,
storage at -150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Samples for histopathological examination of the bone and cartilage

Location & orientation of Sampling locations and orientations are indicated in Figures 57
sections: and 58C&D. A horizontal section of the dermal bone of the
opercular series is generated at the level of the most caudally
extending part of the convex posterior margin of the gill cover.
The section includes the full thickness of the operculum.
A cross section of the bone of the vertebral body (built by
endochondral ossification) is generated.
For histopathological analysis of the cartilage, a midsagittal
section of the gill arch of the first right gill is generated.

Number of samples: Three.

Section plane size: Approximately 1.2 cm x 0.1 cm (length x width) for the section of
the operculum and 1.5cm x 1.5cm (length x width) for the
vertebra section. The isolated gill arch is sectioned in its entirety.

Fixation & embedding: FF-PE*.

*Due to the mineralized bone tissue, the samples are decalcified with a slow-acting decalcification solution for
approximately 24-48 hours (opercular and gill arch specimen) and approximately 4-5 days (vertebral specimen).
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Figure 58. Schematic illustration of the sampling for histopathological and molecular analyses
of the rainbow trout vertebral bone and hyaline cartilage. A. As illustrated in Figure 57, two cross
sections are performed on the trunk caudal to the adipose fin. B. The trunk tissue slab, containing red
and white trunk musculature and vertebrae, is processed in fresh, unfixed condition. Adhering trunk
musculature and connective tissue is removed. The haemal and neural spines (and therefore the neural
arch containing the spinal cord and the haemal arch containing the dorsal aorta) are removed, so that
the remaining centrum (i.e., bone and notochord tissue) is processed for molecular analyses (sample
location is indicated by the black rectangle). C. After immersion fixation of the tail, a second tissue slab
(thickness ~0.3 cm) is sectioned (i.e., posterior to the former cross section) and a square-shaped
transversal tissue specimen containing a section of the entire vertebral profile is excised for
histopathological analysis. D. Medial aspect of the dissected gill arch, separated from the gill filaments
of the first gill arch of the right body side (GA 1). The holobranch and the adhering soft tissue are removed
and the immersion-fixed gill arch is sagittally sectioned (relative to the plane of the gill arch). The dashed
rectangle with the black triangles is indicating the section plane orientation parallel to the picture plane.
d: Dorsal; v: Ventral.
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Figure 59. Histology of the rainbow trout bones. A. Transverse section of the vertebral body. The
spongy vertebral bone is built by endochondral ossification. In the center of the vertebral body lies the
notochord (NC) (i.e., a special primitive cartilage and an intermediate form of cartilage and connective
tissue [1]), which is delineated from the surrounding bone of the vertebral centrum (C) by chorda sheats.
The bone medullary cavities (BMC) are filled with adipose tissue. B. Horizontal section of the opercular
bone. The dermal bones of the opercular series are part of the cover of the orobranchial chamber and
are overlaid by non-scaled skin on the outer surface. The opercular bones are flat bones comprising
little to no bone cavities. A few osteocytes (OC) in their lacunae are present in the ossified bone matrix
(BM). The bone of the salmonids is of the cellular type. C. Sagittal section of the gill arch. The supporting
gill arch is composed of hyaline cartilage (HC), here a cell-rich hyaline cartilage is shown, surrounded
by a bone collar due to perichondral ossification (PO). The cartilage is undergoing hypertrophy and
resorption; a resting zone (RZ), a proliferation zone (PZ) and a zone of hypertrophic chondrocytes (HZ)
is visible. In the lower left corner, chondrocyte hypertrophy due to cartilage degradation in the context
of endochondral ossification is present. FF-PE. HE. Bars = 100 pm.

Time requirements

Approximately 5-7 minutes are to be scheduled for dissection, macroscopic examination,
sampling and further processing of the histopathological and molecular samples of the rainbow
trout bones. This estimate does not include the time needed for Killing the fish, dissection of
gills, viscera, CNS and skin- and muscle specimens, prearrangement of sampling instruments
and materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

According to the authors investigations, previously published ecotoxicological studies
examining trout bone tissue — if indicated — inter alia analyze the carcass [149, 150] or the
vertebrae [136, 148], without distinct information regarding sample number and size.

The sampling locations of the specimens for molecular analyses as well as the locations and
orientations of the samples for histopathological analyses of the rainbow trout bones are
chosen so that both types of bone (i.e., dermal bone and bone of the endoskeleton) are
represented and addressed separately. The number and sizes of tissue samples as well as
the sampling locations proposed in the present guidelines are regarded to provide sufficiently
representative tissue specimens for the examination of most of the (qualitative) morphological
tissue alterations and molecular analyses of the rainbow trout bones. For histopathological
cartilage analysis, the gill arch specimen and the section plane orientation are chosen so that
several subtypes of hyaline cartilage can be assessed. If the study design requires the
examination of additional categories of cartilage, cartilaginous tissue can also be examined in
the histopathological sections of e.g., the gills (Chapter 2.1), the tongue (Chapter 2.3.1) or the
eye ball (Chapter 2.12.4). Given that isolated examination of cartilage tissue has not yet
played a dedicated role in ecotoxicological studies using rainbow trout, these guidelines are
limited to the histopathological examination of cartilage tissue. For a more extensive analysis
of cartilage tissue, the sampling protocol must be adapted accordingly by the investigator.
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2.10.3 Fins

Relevant anatomical features/preparation

The body of the rainbow trout is subdivided in the head-, trunk- and tail region. The paired
pelvic and pectoral fins and the unpaired dorsal, anal and caudal fins (Figure 60) represent
the extremities of the trout. In salmonids, there is a second dorsal fin (i.e., the adipose fin)
which lacks fin rays and is no true extremity [2, 42]. Fins are important features for body
stabilization, propulsion and maneuvering locomotion [2, 25, 151]. The fleshy adipose fin is
suggested as a flow sensory organ with hydrodynamic function [152, 153]. Additionally, the
adipose fin of Oncorhynchus species is sexually dimorphic and a secondary sexual
characteristic [154, 155]. All fins (except for the adipose fin) are supported by muscles (body
and intrinsic fin musculature) and bony structures such as the flexible fin rays (lepidotrichia),
which are composed of paired hemitrichia [2, 3, 151]. The median unpaired dorsal and anal fin
are supported by the pterygiophores, i.e., bones or cartilaginous structures, located between
the neural or haemal vertebral spines and extending into the fins, articulating with the fin rays
[2]. The pectoral fins originate bilaterally on the cranio-ventral trunk and are attached to the
pectoral girdle by a group of bony pectoral radials, which articulate with the osseous pectoral
fin support system [2, 42]. The pelvic fins are bilaterally attached to the pelvic by the fin rays,
which insert at the basipterygia of the pelvic girdle located in the hypaxial trunk musculature
[42, 151]. The caudal fin is supported by the structurally modified caudal vertebrae; the
hypurals (i.e., haemal arches, modified to flat, bony plates) articulate with the caudal fin rays
[2].

At necropsy, fin samples are generated after excision of the gills, the viscera (except the
kidneys), the central nervous system (CNS) and the sampling of skin, musculature and bones.
After evisceration, macroscopic examination and (photo-) documentation, the samples for
histopathological and molecular analyses are collected from the adipose fin and the caudal fin
(Figure 60). Fin samples for molecular analyses are excised from the fresh (i.e., unfixed) fish
using scissors and forceps. Fin samples for histopathological analyses are excised after
immersion fixation of the trunk and tail in neutrally buffered 4% formaldehyde solution, using
scalpel and forceps. For enhanced immersion fixation and to ensure that sample material is
available for further analysis of other organs/tissues (e.g., kidney), the remaining carcass (after
evisceration and removal of the gills, the viscera and the CNS and the sampling for molecular
analyses (e.g., of skin, muscles, bones and fins) is trimmed by two transverse sections (one
cranial to the head kidney, removing the head from the body and one caudal to the adipose fin
removing the tail) and removal of the right hypaxial musculature and subsequently transferred
to neutrally buffered 4% formaldehyde solution. Trunk, head, tail (with caudal fin) and the
removed body walls are preserved (i.e., immediately transferred to an adequate fixative) after
sampling, to ensure that sufficient sample material is available for new or expanded scientific
issues arising from the analyses.
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Figure 60. Photographic illustration of the fins of the rainbow trout and the sampling for
histopathological and molecular fin analyses. The fusiformly shaped rainbow trout body is separated
in 3 body regions: head (from the snout to the caudal margin of the operculum), trunk (from the caudal
margin of the operculum to the urogenital papilla) and tail region (from the urogenital papilla to the caudal
margin of the caudal fin). All fins except the adipose fin are essential features for body stabilization and
maneuvering locomotion and are supported by trunk- and fin musculature and bony elements, such as
the flexible fin rays. The fleshy, non-rayed adipose fin is of mechanosensory and hydrodynamic function.
Additionally, it is sexual dimorphic in salmonids and a secondary sexual characteristic. Note, that the fin
specimens are collected after removal of the left abdominal wall, gills, viscera (except the kidneys) and
CNS, for demonstration purposes, the fish shown in the present figure is remained intact. Sample
positions of molecular analysis samples (black rectangles) as well as sample locations and section plane
orientations of samples for histopathological analyses (black lines) are indicated. The samples for
molecular analyses are excised from the freshly sacrificed and eviscerated fish using scissors,
subsequently the trunk is cut cranially and caudally to the kidneys and hypaxial muscles are spaciously
removed for enhanced immersion fixation. Samples for histopathological analyses are generated from
the immersion-fixed trunk and tail using scalpel and forceps. Bar =1 cm.

General examination parameters

All fins are macroscopically examined for pathological alterations, corresponding findings are
(photo-) documented, if appropriate. Particular attention is paid to the occurrence of fin erosion,
which appeared as a consequence of aquatic pollution in several studies [156]. It should be
noted, however, that fin erosions can be due to multiple other causes, such as physical injury
or infectious conditions [4]. Samples for subsequent histopathological and microbiological
analysis are taken from the altered locations, if required.
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Sampling scheme for routine analyses of the rainbow trout fins

1. Samples for molecular analyses of the fins

Location: Sample locations are illustrated in Figure 60. The sample for
molecular analyses of the caudal fin is generated from the tip of
the caudo-dorsal fin section. The adipose fin sample is generated
from the uppermost fin portion.

Number of samples: Two.

Sample size: Samples are generated using scissors and forceps. Sample size
is approximately 1 cm x 1 cm (caudal fin) respectively 1 cm
x 0.6 cm (adipose fin) (length x width), sample height depends
on the fin thickness.

Remarks: Full thickness fin samples are generated using scissors and
tweezers. For generation of the molecular adipose fin sample,
the uppermost fin portion is cut off ~0.6 cm below the fin tip.

Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C
(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Samples for histopathological examination of the fins

Location & orientation of Sampling locations and orientations are indicated in Figure 60.
sections: A horizontal section (relative to the fin axis) of the adipose fin is
generated, including the full fin thickness. A transverse section
(relative to the fin rays) of the dorsal portion of the caudal fin is
generated, including the left and right epidermal coating of the

fin.
Number of samples: Two.
Section plane size: Approximately 1 cm x 0.2 cm (length x width) for the adipose fin

and 1 cm x 0.1 cm (length x width) for the dorsal fin section.
Fixation & embedding: FF-PE*.

*Since the dorsal fin sample contains the ossified fin ray, the sample is decalcified with a slow-acting decalcification
solution for approximately 24-48 hours.

76



2.10.3 Fins

hemrlci

N

Figure 61. Histology of the adipose fin and the caudal fin. A. Horizontal section (relative to the fin
axis) of the adipose fin. The adipose fin is covered by the integument composed of the multilayered
stratified epidermal epithelium and the underlying dermis. The subdermal space is composed of loose
connective tissue, collagen bundles, blood vessels, nerves and cellular components (e.g., fibrocytes
and astrocyte-like cells). The fleshy adipose fin lacks fin rays. B. Transverse section (relative to the axis
of the fin rays) of the dorsal portion of the caudal fin. The fins are supported by special bony structures
(i.e., ossified fin rays (lepidotrichia), which are composed of paired hemitrichia) and are overlaid with a
stratified squamous epithelium. FF-PE. HE. Bars = 100 pm.

Time requirements

Approximately 2-3 minutes are to be scheduled for dissection, macroscopic examination of all
fins and the sampling and further processing of the histological and molecular samples of the
rainbow trout dorsal- and adipose fin. This estimate does not include the time needed for killing
the fish, dissection of gills, viscera, CNS, skin, bone tissue or musculature, prearrangement of
sampling instruments and materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies examining trout fins either sample several [157,
158] or specified individual fins (e.g., the caudal fin) [159], without distinct information
regarding sample number and size.

The sample locations of the specimens for molecular analyses as well as the locations and
orientations of the samples for histopathological analyses of the rainbow trout fins are chosen
so that both fin types (i.e., the non-rayed adipose fin with mechanosensory function and the
rayed fin as feature for body stabilization and locomotion) are represented and addressed
separately. The number and sizes of tissue samples as well as the sampling locations
proposed in the present guidelines are regarded to provide sufficiently representative tissue
specimens for the examination of most of the (qualitative) morphological tissue alterations and
molecular analyses of the rainbow trout fins.
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2.11 Pseudobranchs

Relevant anatomical features/preparation

The rainbow trout pseudobranchs are vestigial gill arches, situated in the orobranchial cavity
at the inner surface of the opercula (Figure 62). As reduced mandibular gill arches they are
positioned cranial to the main gills and are covered by the opercular epithelium. Therefore,
they have no direct contact with the aquatic environment [2, 26, 36, 160]. The pseudobranch
is composed of one row of gill filaments (i.e., a hemibranch) with numerous lamellae, which in
contrast to the lamellae of the main respiratory gills are fused and supplied with oxygenated
blood by post-gill arteries [26, 160, 161]. The rainbow trout pseudobranchs are mainly
composed of lamellae and connective tissue, but also filament cartilage and blood vessels.
The lamellae comprise pseudobranchial cells, pillar cells, blood spaces and lacunar tissue
(i.e., tissue filling the interlamellar space) (Figure 63) [26, 160]. Even if several
pseudobranchial functions (e.g., osmoregulation, association with vision or endocrine function)
have been assumed, the physiological role is still unclear and remains subject of further
experimental studies [3, 4, 26, 160, 162]. A respiratory function can be excluded, since the
pseudobranchs are perfused by oxygenated arterial blood and have no contact to the aquatic
environment [4, 26, 160].

If deemed beneficial for the study purpose, vascular perfusion fixation may be performed. The
technique of perfusion fixation of rainbow trout tissue is described in Chapter 2.3.2 and
elsewhere [13]. At necropsy, the pseudobranch samples are generated after excision of the
gills, the viscera (except the kidneys), and after sampling of the central nervous system (CNS),
the integument and the locomotor system. For the generation of pseudobranch samples in
routine analyses, the rainbow trout head is separated from the trunk by a transverse section
cranial to the head kidney. After macroscopic examination of the pseudobranchs
(and (photo-) documentation, if indicated), the fresh (i.e., unfixed) pseudobranch tissue sample
for molecular analyses is generated (Figure 62A) by cutting the opercular epithelium around
the right pseudobranch and lifting off the pseudobranch from the underlying muscle, using
scalpel and forceps. The opercular epithelium is removed and the specimen is frozen (liquid
nitrogen) and adequately stored. For generation of the pseudobranch specimen for
subsequent histopathological analysis, the remaining head portion is subsequently transferred
to neutrally buffered 4% formaldehyde solution (Figure 62B). After immersion fixation, the
entire left pseudobranch is carefully excised for histopathological analysis.

General examination parameters

After evisceration and separation of the head, the epithelium covering the pseudobranchs is
blotted dry and the pseudobranchs are macroscopically examined for pathological alterations.
Corresponding findings are (photo-) documented, if appropriate. Weight of the excised right
pseudobranch is recorded and samples for subsequent histopathological, microbiological or
parasitological analysis are taken from the altered locations, if required.
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Figure 62. Photographic illustration of the sampling for histopathological and molecular
analyses of the pseudobranchs of the rainbow trout. The sampling location of the molecular analysis
sample (black rectangle) as well as sampling location and section plane orientation of the sample for
histopathological analyses (black dotted rectangle with triangles) are indicated. A. Ventral aspect of the
roof of the orobranchial cavity and the head kidney (HK) after excision of the gills (together with the
tongue and the ventral wall of the orobranchial cavity) and after removal of the viscera. The
pseudobranchs are located on the inside of the opercula. In fresh (i.e., unfixed) condition they appear
as red gill-like structures covered by the opercular epithelium. After macroscopic examination and
(photo-) documentation, the right pseudobranch is removed as specimen for molecular analyses.
B. Caudo-lateral aspect of the orobranchial cavity of the immersion-fixed rainbow trout after removal of
gills, viscera, CNS and the right operculum. C. Detail enlargement of the left pseudobranch after
immersion fixation in neutrally buffered 4% formaldehyde solution. The left pseudobranch as the
specimen for histopathological analyses is carefully detached from the inside of the operculum. The
orientation of the sample section plane is indicated (black dotted rectangle with triangles: the
pseudobranch is sectioned parallel to the pseudobranch filaments). Bars = 1 cm.

Sampling scheme for routine analyses of the trout pseudobranchs

1. Sample for molecular analyses of the pseudobranchs

Location: The sampling location is illustrated in Figure 62A. The right
pseudobranch is taken as specimen for molecular analyses.

Number of samples: One.

Sample size: Entire right pseudobranch.

Remarks: The right pseudobranch is carefully detached from the inside of

the operculum using scalpel and forceps, the opercular
epithelium is removed.

Processing: The sample is frozen (liquid nitrogen) and stored at -20°C or
-80°C (short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of the
tissue sample for subsequent RNA- and protein analyses,
storage at -150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Sample for histopathological examination of the pseudobranchs

Location & orientation of Sampling location and orientation is indicated in Figure 62C. The

sections: immersion-fixed left pseudobranch is separated from the inner
side of the operculum and is embedded flatly with the visceral
side facing downwards (i.e., a sagittal section plane relative to
the pseudobranch axis).

Number of samples: One.

Section plane size: Entire pseudobranch profile.

Fixation & embedding: FF-PE.
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Flgure 63. Hlstology of the rainbow trout pseudobranch. A. Saglttal section of the pseudobranch.
The teleost pseudobranch is composed of gill-like structures, mainly of lamellae, but also filaments with
filament cartilage, blood vessels and connective tissue. B. Detail enlargement of a filament and fused
lamellae. The lamellar region comprises pseudobranch epithelial cells, lamellar blood spaces, pillar cells
and lacunar tissue. FF-PE. HE. Bars = 100 pm.

Time requirements

2-3 minutes are to be scheduled for dissection, macroscopic examination, sampling and further
processing of the rainbow trout pseudobranch samples for histopathological and molecular
tissue analyses. This estimate does not include the time needed for killing the fish, dissection
of gills, viscera, CNS, eyes, skin and locomotor system, prearrangement of sampling
instruments and materials, or the further processing of fixed/frozen specimens. If vascular
perfusion fixation is performed, at least additional 15 minutes should be scheduled.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published ecotoxicological studies examining rainbow trout either sample the
pseudobranchs without distinct information regarding sample number and size [163, 164] or
use trout of small body sizes so that the whole fish is sectioned and the pseudobranch section
profile is present in the histological section [165].

According to the authors knowledge, in ecotoxicological studies using rainbow trout the
pseudobranch has so far not been subject of detailed analyses. However, since pathological
pseudobranch tissue alterations are seen after exposure to several toxicants, e.g., herbicides,
pesticides or heavy metals [4], the present guidelines contain a sampling regime for
histopathological and molecular pseudobranch analyses. The number and sizes of
pseudobranch samples as well as the sampling locations and section plane orientations
proposed in the present guidelines are regarded to provide sufficiently representative tissue
specimens for the examination of most of the qualitative histopathological tissue alterations
and molecular analyses of the rainbow trout pseudobranch. Note that the sampling protocol
may need to be modified, if there is evidence of unilateral lesions (e.g., abnormal necropsy
findings) since histopathological and molecular examination of only one pseudobranch could
falsify the assessment of unilaterally occurring tissue alterations.
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2.12 Sensory system

2.12 Sensory system

A division is made in the acoustico lateralis system (consisting of the ear (hearing and
equilibrium) and the lateral line system (perception of vibration and pressure)), the
chemoreception- (i.e., the olfaction and gustation) and the visual system. The following chapter
contains a detailed sampling protocol of the olfactory tissue (Chapter 2.12.1), the sampling for
the histopathological analysis of the taste buds as part of the gustatory system is illustrated in
Chapter 2.3.1. The sampling of the inner ear (Chapter 2.12.2) as well as the lateral line
system (Chapter 2.12.3) for histopathological analyses is illustrated in the present chapter.
The sampling of the eye for analyses of the optic tissue is illustrated in Chapter 2.12.4.

2.12.1 Olfactory system

Relevant anatomical features/preparation

The olfactory system is a sensory system responsible for the reception of odorants
(i.e., environmental chemical stimuli) and their transmission to the central nervous system for
nerval processing [2, 25, 166]. In fish, fundamental behavior patterns like avoidance, feeding,
location of spawning grounds or reproduction are based on the perception and identification of
different odorants (e.g., pheromones or amino acids) in the aquatic environment [25, 166, 167].
In rainbow trout, the nostrils lead to the nasal pits, which are located latero-dorsally on the
shout and contain the olfactory epithelium (Figure 64). The nasal cavities and the olfactory
system are not associated with the respiratory system in teleosts [2, 3, 42]. The nostrils are
each divided by a skin flap and are therefore composed of an anterior inflow- and a posterior
outflow opening, allowing a permanent water circulation within the lumen of the nasal cavity
during swimming (Figure 64C) [2, 3, 36, 42]. The floor of the nasal cavity is uplifted by several
lamellae which develop from caudal to rostral and form an oval olfactory rosette (Figures 64
and 65A). In adult salmonids, additionally 5-10 secondary folds per lamella are present. The
olfactory rosette is directly exposed to the surrounding water and is the major component of
the peripheral olfactory system [2, 3, 168]. The primary sensory neurons of the olfactory system
are located in the epithelium of the lamellae of the olfactory rosette (Figure 65). The epithelium
is supported by a stromal sheet composed of connective tissue, blood vessels and axon
bundles separated from the epithelium by a basement membrane. In salmonids, the olfactory
epithelium is subdivided in a sensory and a non-sensory region. The former consists of a
columnar epithelium composed of different cell types, such as olfactory receptor cells, non-
sensory ciliated cells, goblet cells and basal cells. The sensory epithelium is consistently
interrupted by a non-sensory stratified squamous epithelium containing mucous goblet cells
[2, 36, 42]. There are three different types of bipolar olfactory neurons: ciliated sensory
neurons, microvillous sensory neurons and crypt cells. These sensory neurons are differently
distributed within the layers of the olfactory epithelium and differ in their cell morphology. It is
assumed, that morphologically different sensory neurons also differ in the odorant reception
and the mediated behavior patterns [166, 169, 170]. Via the olfactory nerve, the axons of the
bipolar olfactory sensory cells terminate in the olfactory bulb, which is closely situated to the
telencephalon [2, 166].

At necropsy, the olfactory rosette samples are generated after excision of the qills,
pseudobranchs and the viscera (except the kidneys), and after sampling of the central nervous
system (CNS), eyes, skin and locomotor system. For the generation of olfactory rosette
samples in routine analyses, the rainbow trout’s head is separated from the trunk by a
transverse section cranial to the head kidney. After macroscopic examination of the nostrils,
the skin fold separating the anterior and posterior openings of each nostril is transected and
the fresh (i.e., unfixed) olfactory rosette situated within the left nasal pit tissue is excised after
macroscopic evaluation. As specimen for molecular analyses, the left olfactory rosette is frozen
(liquid nitrogen) and adequately stored. For generation of the specimen for subsequent
histopathological analysis, the remaining head is subsequently transferred to neutrally buffered
4% formaldehyde solution. After immersion fixation, the entire right olfactory rosette is carefully
excised for histopathological analysis.
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2.12.1 Olfactory system

General examination parameters

After evisceration and separation of the head, the nasal openings are blotted dry and
macroscopically examined before severing the skin fold separating the anterior and posterior
openings of each nostril. The olfactory rosettes are macroscopically examined for pathological
alterations and corresponding findings are (photo-) documented, if appropriate. Samples for
subsequent histopathological, microbiological or parasitological analysis are taken from the
altered locations, if required.

Figure 64. lllustration of the sampling for histopathological and molecular analyses of the
olfactory rosettes of the rainbow trout. Sample position of the molecular analysis sample (black
rectangles) as well as sample location and section plane orientation of the specimen for
histopathological analyses (black lines) are indicated. (For demonstration purposes, the ocular globes
and the brain remain intact and as in situ in the present figure. At necropsy, the sampling of the olfactory
rosettes occurs after removal of the brain and eye globes.) A. Schematic illustration of the dorsal aspect
of the exposed brain (B) with the olfactory bulbs (OB), olfactory nerves (OIN) and the olfactory rosettes
(OR). The left olfactory rosette is sampled immediately after killing and necropsy for molecular analyses,
whereas the right olfactory rosette as specimen for histopathological analyses is sampled after
immersion fixation. B. Photographic illustration of the sampling for molecular analyses of the olfactory
rosette. At necropsy, brain and eye balls are removed, the nasal folds of both nostrils (N) are transected
for macroscopic examination, and the left olfactory rosette (OR) is dissected in fresh and unfixed state
for molecular analyses. C. Photographic illustration of the rostro-dorsal aspect of the nasal cavity and
the sampling for histopathological analyses of the immersion-fixed olfactory rosette (OR). The inset
shows the left nostril before transection of the skin fold (S) separating the anterior and posterior
openings. The skin folds are severed for macroscopic examination and enhanced immersion fixation of
the olfactory rosette. After immersion fixation, the surrounding skin and soft tissue are removed using a
scalpel and the olfactory rosette is dissected using scissors and forceps for subsequent
histopathological analyses. Bars = 1 cm.
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2.12.1 Olfactory system

Sampling scheme for routine analyses of the trout olfactory rosettes

1. Sample for molecular analyses of the olfactory rosettes

Location: Sampling location is illustrated in Figure 64A&B. The left
olfactory rosette is excised as specimen for molecular analyses.

Number of samples: One.

Sample size: Entire olfactory rosette.

Remarks: The left olfactory rosette is carefully excised from the nasal pit,
using scissors and forceps.

Processing: The sample is frozen (liquid nitrogen) and stored at -20°C or

-80°C (short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of the
tissue sample for subsequent RNA- and protein analyses,
storage at -150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.

2. Sample for histopathological examination of the olfactory rosettes

Location & orientation of Sampling location and orientation is indicated in Figure 64A&C.

sections: The immersion-fixed right olfactory rosette is carefully separated
from the nasal pit. A mid-sagittal section plane in relation to the
olfactory rosette axis is generated.

Number of samples: One.

Section plane size: Approximately 0.4 cm x 0.3 cm (length x width).

Fixation & embedding: FF-PE.
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Figure 65. Histology of the rainbow trout olfactory rosette. A. Section of the lamellae of the olfactory
rosette, rising from the nasal cavity floor. Several primary olfactory rosette lamellae (PL) are present,
bearing numerous secondary olfactory rosette lamellae (SL). The surface of the olfactory rosette is
covered by the olfactory epithelium (OE). B, C. Detail enlargement of the sensory epithelium of the
olfactory rosette. The olfactory epithelium (OE) is a sensory, pseudostratified, columnar epithelium,
composed of ciliated sensory cells (i.e., receptor cells) and ciliated non-sensory cells, as well as basal-
or goblet cells. The sensory receptor cells are bipolar primary neurons, the dendrites terminate as cilia
(C) at the epithelial surface. The axons of the sensory receptor cells form nerval axon bundles (NB) in
the submucosa, which run posteriorly merging to the olfactory nerve which ends in the olfactory bulb.
FF-PE. HE. Bars = 100 um.
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2.12.1 Olfactory system

Time requirements

3-5 minutes are to be scheduled for dissection, macroscopic examination, sampling and further
processing of the rainbow trout olfactory rosette samples for histopathological and molecular
analyses. This estimate does not include the time needed for killing the fish, dissection of gills,
viscera, CNS, eyes, skin and locomotor system, prearrangement of sampling instruments and
materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with

previously published studies

Previously published ecotoxicological studies examining rainbow trout usually sample the
entire isolated olfactory rosettes [171-174].

Since various toxicants have the potential to alter morphology and function of the olfactory
sensory cells [175], the present guidelines provide a sampling regime for histopathological and
molecular olfactory rosette analyses. The number and sizes of olfactory rosette samples as
well as the sampling locations and section plane orientations proposed in the present
guidelines are regarded to provide sufficiently representative tissue specimens for the
examination of most of the (qualitative) histopathological tissue alterations and molecular
analyses of the rainbow trout olfactory epithelium. Note that the sampling protocol may need
to be modified, if there is evidence of unilateral lesions (e.g., abnormal necropsy findings),
since histopathological and molecular examination of only one olfactory rosette could falsify
the assessment of unilaterally occurring tissue alterations. The focus of the present chapter for
sampling of the olfactory system is placed on the olfactory rosette, sampling for molecular and
histopathological analyses of the olfactory bulbs is described in detail in Chapter 2.8. If
additional or more advanced olfactory system analyses are scheduled (e.g., the analysis of the
olfactory nerve), the sampling regime has to be adapted accordingly.
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2.12.2 Inner ears

2.12.2 Inner ears

Relevant anatomical features/preparation

Fish have well-developed inner ears, involved in sound detection and the localization of sound
sources, as well as in the perception and processing of angular- and linear acceleration or
gravity force (and therefore the maintenance of the equilibrium) [2, 3, 25, 176-178]. The
auditory- and vestibular end organs of the fish ear are important components in
e.g., communication, orientation, navigation, eye movement control or avoidance of predators
[176]. The fish inner ears are bilaterally located on the posterior angles of the cranium, an
osseous labyrinth within the skull skeleton encloses the membranous labyrinth [176].
Compared to terrestrial vertebrates, fish lack both the external and middle ear as well as the
cochlea [176, 177]. The inner ear of the rainbow trout is a statoacoustic organ, composed of
the three semicircular canals and the three otolithic organs (i.e., the utricle, the saccule and
the lagena) (Figure 66C). The semicircular canals and otolithic chambers are inter-connected
with each other, lined by a single-layered epithelium and filled with viscous fluid (i.e., the
endolymph) [1, 42, 176]. The base of the semicircular canals is expanded to the ampullae
containing the cristae ampullares, i.e., ridges of connective tissue, bearing the sensory
epithelium which is composed of sensory hair cells and ciliated supporting cells and is covered
by a gelatinous cupula (Figure 67A) [2, 42, 176]. The three otolithic end organs each contain
a sensory epithelium (i.e., the macula, also composed of sensory hair cells and supporting
cells) (Figure 67B&C), covered by an otolithic membrane and an overlying calcareous
structure (i.e., the otolith) [2, 42, 176, 179]. Otoliths are "ear-stones", acellular calcified
structures that are of fish species-specific shape and grow throughout life time. By means of
the periodic growth rings, the age of the fish can be estimated [176, 179-181]. The epithelium
of the sensory end organs contains ciliated supporting cells and hair cells
(i.e., mechanoreceptors, bearing several stereocilia and one kinocilium) and is covered by a
gelatinous cupula (semicircular canals) or an otolithic membrane and otolith (otolithic
chambers) [2, 25, 176]. Both, the cupula and the otoliths are closely situated upon the sensory
epithelial surface and mechanically coupled to the supporting cells and the kinaocilia of the hair
cells. The cilia of the sensory cells of the epithelium project into the endolymph and are
therefore sheared off by cupula/otolith movements due to their mechanic coupling to the
cupula/otolithic membrane [2, 25, 42, 176]. The relevant stimulus of the hair cells depends on
the associated end organ, within the ampullae of the semicircular canals the stimulus perceived
by the hair cells is the angular acceleration in different spatial directions and the resulting
cupula movements. In contrast, the hair cell cilia of the maculae of the otolithic end organs are
sheared off due to linear acceleration (e.g., due to gravity or as a consequence of passive
motion due to acoustic underwater waves) [2, 181].

At necropsy, the inner ears of the rainbow trout are sampled after sampling of the gills, viscera,
the central nervous system (CNS), the skin, the pseudobranchs, the locomotor- and remaining
sensory system. The inner ear end organs are enclosed by the osseous labyrinth, which is
bilaterally situated within the posterior skull, caudal to the orbita. The head is removed from
the trunk by a cross section cranial to the head kidney, subsequently the lower jaw is removed
using knife or scissors, the anterior portion of the remaining skull is removed by a transversal
section immediately caudal to the orbits. The remaining specimen containing skin, bone,
osseous labyrinth and the inner ear structures is immersion-fixed in neutrally buffered 4%
formaldehyde solution and decalcified.
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2.12.2 Inner ears
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Figure 66. Schematic illustration of the sampling for histopathological analysis of the inner ear
of the rainbow trout. A. Dorsal aspect of the ocular globes and brain after removal of the cranial vault
and dorsal portion of the orbital bones. The sample location and section plane orientation of the sample
for histopathological analyses of the inner ear (black line) is indicated, both inner ears are included in
the histological section. Note that the specimen of the inner ear is sampled after sampling of e.g., the
skin, CNS, eye and olfactory system. For demonstration purposes the ocular globes and the brain
remained intact and as in situ in the present figure. B. Lateral aspect of the left side of the head of the
rainbow trout. An external and middle ear is missing, the position of the inner ear is schematically
indicated. C. Schematic illustration of the lateral aspect of the left inner ear, isolated from the osseous
labyrinth. The inner ear of the rainbow trout is composed of three semicircular canals and three otolithic
organs, a cochlea is missing. Important morphological structures are indicated: aSC: Anterior
semicircular canal; pSC: Posterior semicircular canal; hSC: Horizontal semicircular canal; A: Ampulla;
U: Utricle; S: Saccule; L: Lagena. The grey structures within the otolithic chambers represent the
otoliths. The otolith of the saccule is named sagitta, the otolith of the utricle is called lapillus and the
otolith of the lagena is named asteriscus. Bars = 1 cm.

of the sensory epithelium of the crista ampullaris, the sensory end organ of the semicircular canals. The
ampullae semicirculares contain ridges of connective tissue (CR), bearing the sensory epithelium (SE)
which is composed of sensory hair cells and ciliated supporting cells and is covered by a gelatinous
cupula (C), which usually shrinks due to the processing for histological embedding. B, C. Histology of
the sensory epithelium (SE) of the sagitta (i.e., the macula). The sensory epithelium is composed of
supporting cells (SC) and mechanosensory hair cells (HC). The cilia (C) of the hair cells and ciliated
supporting are mechanically linked to the otolithic membrane and otolith (not present here due to the
immersion fixation and decalcification of the specimen). FF-PE. HE. Bars = 100 um.
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2.12.2 Inner ears

General examination parameters

In advance, attention should be paid to behavior patterns indicating morphological alterations
of the auditory system and/or an impairment of the (mechano-) sensory system by
environmental pollutants (e.g., abnormal swimming behavior), corresponding findings should
be recorded. The posterior head region as well as the inner aspect of the cranium (after
removal of the CNS) is macroscopically examined, corresponding findings are (photo-)
documented, if appropriate. Samples for subsequent molecular, histopathological or
microbiological analysis are taken from the altered locations, if required.

Sampling scheme for routine histopathological analyses of the inner ear of the
rainbow trout

Location & orientation of Sampling location and orientation is indicated in Figure 66A. A

sections: transverse section of the head, ~0.3 cm posterior to the orbits is
generated, containing both inner ears, the overlying skin and the
enclosing bone tissue. A tissue block of ~2.5cm x 2cm x 1 cm
(length x width x height) is generated.

Number of samples: One.

Section plane size: Approximately 2.5 cm x 2 cm (length x width).

Fixation & embedding: FF-PE*.

*The sample is fixed in 10% formalin and then decalcified with a slow-acting decalcification solution for approx.
5-7 days.

Time requirements

2-3 minutes are to be scheduled for dissection, macroscopic examination, sampling and further
processing of the rainbow trout inner ear sample for histopathological analyses. This estimate
does not include the time needed for killing the fish, dissection of other organs/tissues,
prearrangement of sampling instruments and materials, or the further processing of
fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

According to the authors knowledge, the examination of the trout inner ear is not standard
practice in ecotoxicological studies. If ecotoxicological studies using trout are conducted,
usually the sagittal otoliths are removed (e.g., for subsequent laser ablation inductively coupled
plasma mass spectrometric analyses) [182-184]. Since otoliths grow continuously, lack of
resorption and are metabolically inert, the otolith microchemistry may serve as a useful tool in
evaluation of environmental exposure history or environmental risk assessment [182, 183,
185]. Toxicity studies examining the inner ear end organs of other teleost fish, indeed analyze
the response of the sensory epithelium to the ototoxicity (e.g., loss or damage of hair cells) of
several chemicals and drugs [186]. Therefore, these guidelines recommend the generation of
inner ear end organ samples for standard histopathological analyses. Using light microscopy,
the sensory epithelium of each inner ear end organ is of the same composition (i.e., it contains
the two basic cell types (hair cells and supporting cells), an electron microscope analysis is
needed for identification of the different hair cell types). The sampling location and section
plane orientation proposed in the present guidelines is regarded to provide a sufficient
representative tissue specimen for the examination of the (qualitative) histopathological tissue
alterations of the rainbow trout inner ear sensory end organs. Note that the sampling protocol
needs to be adapted accordingly, if more advanced investigations of the structures of the inner
ear (e.g., molecular analyses) are intended, since the generation of specimens for molecular
analyses is not included in the present guidelines.
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2.12.3 Lateral line system

2.12.3 Lateral line system

Relevant anatomical features/preparation

The lateral line organ is involved in a majority of the known behaviors of teleosts [25]. Due to
the mechanosensory lateral line system, fish are capable of rheotaxis, i.e., behavioral
orientation in accordance with water displacements, mediated by hydrodynamic sensory
organs [187-189]. Furthermore, it contributes to e.g., schooling, prey detection or
communicational behavior [25, 189-193]. The lateral line canals in trout are comprised of the
head portion with several bilateral (temporal, supraorbital, suborbital and preopercular-
mandibular) canals and the trunk lateral line canal, bilaterally running the trunk at level of the
horizontal septum (Figure 68) [4, 188, 194]. Short tubular epithelial-lined segments located in
the lateral line scales (i.e., special scales supporting the lateral line canal on the teleost trunk)
form the fluid-filled lateral line canal. These overlapping and linearly arranged scales appear
as flattened plates with mounted tubes, which are connected via pores (infrascalar and
suprascalar), additional pores on the dorsal scale surfaces connect the canal lumen and the
external aquatic environment [2, 4, 187, 194]. The neuromasts are the sensory organs of the
lateral line system, in teleosts they are classified into superficial neuromasts and neuromasts
of the subdermal lateral line canals [25, 188, 189]. In trout, the canal neuromasts are more
abundant than the superficial neuromasts [195]. Neuromasts with their sensory hair cells are
situated at the basis of the canal chambers (Figure 69) and one neuromast is usually located
between one pair of pores. The cilia of the hair cells are embedded in the overlying gelatinous
cupula [1, 42, 189, 194, 196]. The hair cell receptors of the lateral line system respond to
aquatic environment disturbances (water movements created e.g., by moving objects or
animals) relative to the fish body surface. Water movements lead to a shift of the cupula and
the hair cell cilia are sheared off, the shearing movement is triggering a neural response of the
underlying nerve fibers [42, 189, 190, 194, 196]. The sensory hair cells are located in the upper
part of the neuromasts, the number of hair cells as well as the neuromast size increase in
correlation with increasing fish size [197]. The sensory cells are surrounded by supporting cells
and mantle cells. These non-sensory cells secret the gelatinous cupula substance or build the
boundary of the neuromasts to the surrounding lateral line epithelium [1, 2, 189, 196, 197].

At necropsy, the trunk lateral line canal is examined histopathologically on the same specimen
sampled for histopathological analyses of the red skeletal muscle. The specimen is therefore
sampled according to the sampling protocol given in Chapter 2.10.1. Briefly, the sample is
generated from the left body side after macroscopic examination, photographic documentation
and excision of gills, viscera (except the kidneys) and central nervous system (refer to
Figure 68). If analysis of further organs or tissues is scheduled, it may be advantageous to
trim the carcass for subsequent immersion fixation in neutrally buffered 4% formaldehyde
solution before sampling. The remaining trunk (including the kidneys), head, tail and the
removed body walls are preserved (i.e., immediately transferred to an adequate fixative), to
ensure that sample material is available for new/expanded scientific issues arising from the
analyses.
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2.12.3 Lateral line system

Figure 68. Schematic illustration of the sampling for histopathological analysis of the lateral line
system of the rainbow trout. Lateral aspect of the left body side of an intact rainbow trout. The position
of the head and trunk lateral line canals is indicated by the red dashed lines. (Note that the lateral line
specimen is collected after removal of the left abdominal wall and sampling of gills, viscera (except the
kidneys), central nervous system and locomotor system. The fish in this figure is remained intact for
demonstration purposes.) The sample location and section plane orientation of the sample for
histopathological analyses is indicated (black line). Bar =1 cm.

General examination parameters

In advance, attention should be paid to behavior patterns indicating morphological alterations
of the lateral line system and/or an impairment of the (mechano-) sensory system by
environmental pollutants, corresponding findings should be recorded. The integument covering
the head- and trunk lateral line canals is macroscopically examined for pathological alterations
by inspection of the skin and lateral line scales, corresponding findings are (photo-)
documented, if appropriate. While sampling, the lateral line canal profile on the section
surfaces is also macroscopically examined. Samples for subsequent histopathological,
molecular or microbiological analysis are taken from the altered locations, if required.

Sampling scheme for routine histopathological analyses of the rainbow trout
lateral line system

Location & orientation of Sampling location and orientation is indicated in Figure 68.

sections: A transverse section of the longitudinal superficial muscle and
the overlying skin is generated, including the lateral line scales
and the lateral line canal. A tissue blocks of ~1.5 cm x 0.4 cm
x 0.7 cm (length x width x height) is generated.

Number of samples: One.

Section plane size: Approximately 1.5 cm x 0.7 cm (length x width).

Fixation & embedding: FF-PE*.

*Due to the scale-containing skin, the sample is fixed in 10% formalin and then decalcified with a slow-acting
decalcification solution for approx. 24-48 hours.
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2.12.3 Lateral line system

Figure 69. Histology of the rainbow trout trunk lateral line canal. A. Cross section of the lateral line
canal. The lateral line is enveloped by a bony canal (BC) and lined by a thin epithelium (EL). The
mechanosensory organs (i.e., the neuromast organs (NO)) of the lateral line are situated on the floor of
the canal, innervated by some nerve fibers (NF) of the lateral line nerve. B. Detail enlargement of a
neuromast organ. The neuromasts are composed of the hair cells (HC) with their apical cilia (C) as basic
feature of the neuromast function. The cilia project into the gelatinous cupula and are sheared off by
cupula movement. This way water movements are transmitted to the sensory cells and a neural
response of the underlying lateral line nerve fibers (NF) is triggered. The gelatinous cupula covering the
neuromast hair cells usually shrinks due to the processing for histological embedding [42]. Next to the
hair cells, the neuromast organs are composed of supporting cells (SC) which are secretory active.
FF-PE. HE. Bars = 100 pm.

Time requirements

2-3 minutes are to be scheduled for dissection, macroscopic examination, sampling and further
processing of the rainbow trout lateral line canal sample for histopathological analyses. This
estimate does not include the time needed for killing the fish, dissection of gills, viscera and
central nervous system, prearrangement of sampling instruments and materials, or the further
processing of the fixed specimen.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

According to the authors knowledge, the examination of the lateral line system is not standard
practice in ecotoxicological studies of rainbow trout. On the other hand, toxicity studies
examining other teleost fish (e.g., the zebrafish (Danio rerio) or the sea bass (Dicentrarchus
labrax)) indeed analyze the response of the lateral line system on environmental contaminants
(e.g., heavy metals) [198-200]. The lateral line system is directly exposed to the aquatic
environment and therefore vulnerable to the effects of waterborne pollutants [201].
Consequently, these guidelines recommend the sampling of the lateral line system for
standard histopathological analyses, the generation of specimens for molecular analyses is
not included. Since the morphological differences between the neuromasts of the head- and
trunk canal are minimal [202], the sampling location proposed in the present guidelines is
regarded to provide a sufficient representative tissue specimen for the examination of the
(qualitative) histopathological tissue alterations of the rainbow trout’s lateral line system. If
more advanced investigations of the lateral line system are intended, the sampling protocol
needs be adapted accordingly.
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2.12.4 Eyes

Relevant anatomical features/preparation

The trout eye anatomy and histology basically resemble that of mammals, but in adaptation to
the aquatic environment it is endowed with some special features [203]. The eyes are situated
in the orbit region of the neurocranium, the eyelids are rudimentarily developed (in trout, there
is a fatty membrane surrounding the eye globe) [1, 4, 204]. The ocular globes display a flat
and ellipsoidal shape, the visual (i.e., antero-posterior) axis is shorter than the transverse axis
[204, 205] (refer to Figure 70A). Refraction capability is not provided by the flattened thick
cornea, but by the spherical lens, which is also responsible for accommodation (i.e., the lens
is moved within the ocular globe by the retractor lentis muscle) [2-4, 203, 204]. The cornea,
the limbus and the sclera with its supporting cartilaginous plate form the fibrous tunic of the
eyeball [4]. The vascular tunic is composed of the immobile iris, a rudimental ciliar body and
the choroid with the choroidal gland and the falciform process. The choroid gland is a choroidal
counter-current network of blood capillaries adjacent to the optic nerve, which is in
communication with the pseudobranch and is assumed to elevate arterial blood oxygen. The
falciform process is a choroid fold protruding through the retina, which is origin of the retractor
lentis muscle [3, 4, 204, 205]. The nervous tunic of the rainbow trout eyeball consists of the
retina, a multilayered and highly differentiated neuroepithelial structure which contains the
photoreceptor cells (i.e., rods and cones) [2, 3, 204, 205]. As a protective mechanism and for
adaptation to varying light intensity, the photoreceptors can be retracted into the retinal pigment
epithelial layer (i.e., the retinomotor response) [4, 203, 205]. Axons of the retinal ganglion cells
form the optic nerves, which intermingle at the optic chiasm [2].

At necropsy, the eyes are removed after excision of the gills and the viscera (except the
kidneys) and after sampling of the central nervous system, the integument and the locomotor
system. The head remains connected to the body so as to avoid damaging the head kidney.
Enucleation is performed according to the method described by Stoskopf [1]. Beginning at the
corner of the eye, the palpebral conjunctiva is grasped with tweezers and circularly dissected
between the bony orbit and the eyeball using fine curved scissors. Connective and adipose
tissue is loosened by blunt separation; eye muscles and optic nerves are dissected with fine
curved preparation scissors. Muscles and adipose tissue adhering to the enucleated eye globe
are carefully removed without damaging the fibrous tunic. If an examination of the brain/central
nervous system (CNS) is also required, eyes and brain can be removed connectedly, as
described in Chapter 2.8, the eyes are subsequently separated by severing the optic nerves.
After excision, macroscopic examination, weighing and photographic documentation (if
appropriate), the samples for histopathological and molecular analyses of the eyes are
generated. The right eye is transferred to neutrally buffered 4% formaldehyde solution for
subsequent histopathological analysis. Since the transfer of the eye into fixation solution leads
to a shrinkage of the eyeball, fixative is injected into the anterior eye chamber using an insulin
syringe, as illustrated in Reimann [206] and in Figure 72A, to prevent a sinking of the cornea
and to maintain the physiological cornea curvature. The left (unfixed) eye is sampled for
molecular analyses. Remaining tissue is preserved (i.e., immediately transferred to an
adequate fixative), to ensure that sample material is available for new/expanded scientific
issues arising from the analyses.
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Figure 70. Photographic illustration of the rainbow trout eyes. A. Cranio-dorsal aspect of the left
eye globe of a rainbow trout after removal of the cranial vault and supraorbital bones. For excision of
the eyes together with the brain/central nervous system (CNS), the optic nerves remain intact and eyes,
optic nerves and brain are dissected as illustrated in Chapter 2.8. If excision of brain/CNS is not
scheduled, eyes are dissected according to the method illustrated in Stoskopf [1] (i.e., the palpebral
conjunctiva is circularly dissected, connective and fatty tissue is loosened by blunt separation and eye
muscles and optic nerves are dissected with fine curved preparation scissors). B. Cranio-dorsal aspect
of the ocular globe, carefully dissected from the orbit. Macroscopically visible structures of the eyes are
indicated. Bars =1 cm.

General examination parameters

The dissected eyes are briefly dabbed dry with a laboratory paper towel and weighed to the
nearest mg. Both eyes are macroscopically examined for pathological alterations,
corresponding findings are (photo-) documented. Samples for subsequent histopathological,
molecular or microbiological analysis are taken from the altered locations, if required.

Sampling scheme for routine analyses of the rainbow trout eyes

1. Samples for molecular analyses of the eye

Location: Sampling procedure is illustrated in Figure 71.

Number of samples: All samples (three tissue samples, one sample of vitreous
humour, if indicated) for molecular analyses of the different eye
structures are collected from the left globe.

Remarks: A sample of vitreous humour (approx. 0.1 ml) is taken using an
appropriately sized syringe and cannula and transferred to a
centrifuge tube for subsequent freezing (Figure 71A). The
cornea is severed along the limbus and adequately stored, the
globe is then separated into its anterior and posterior portion and
the lens is removed (Figure 71B&C). The retina is carefully
removed from the pigment epithelium using tweezers and
scissors (Figure 71D). According to Negishi et al. [207], dark-
adaption of the fish for ~1 hour facilitates retina isolation.

Processing: Samples are frozen (liquid nitrogen) and stored at -20°C or -80°C
(short-term storage) depending on the intended analysis
(chemical or molecular analysis). For prolonged storage of tissue
samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

Downstream analyses: DNA-, RNA-, protein-, and other OMICS profiling- or targeted
analyses requiring cryo-conserved specimen as well as chemical
(analytical) analyses.
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Figure 71. Schematic illustration of the sampling for molecular analyses of the eyes. A. Freshly
excised (left) eye globe. If required, a sample of vitreous humour is taken, using an appropriately sized
syringe and cannula and transferred to a centrifuge tube. B. Upper image: Frontal aspect of the
enucleated eye globe; lower image: Lateral aspect of the enucleated eye globe. The cornea is dissected
by a circular section along the limbus (inner red dashed line), subsequently the anterior portion of the
eye globe is carefully separated from the posterior portion by a second circular section (outer red dashed
line). Both cuts are made using scalpel and forceps. C. The cornea and the lens are sampled in their
entirety and appropriately processed/frozen for subsequent molecular analyses. D. The retina is
carefully grasped using fine forceps and completely separated from the pigment epithelium using
scissors and subsequently appropriately processed/frozen.

fixative /

A

Figure 72. Schematic illustration of the sampling for histopathological examination of the eyes.
A. Freshly excised (right) eye globe. To preserve the physiological shape of the ocular structures,
appropriate fixative is injected in the anterior eye chamber (refer to Reimann [206]). The eye globe is
subsequently transferred to neutrally buffered 4% formaldehyde solution. B. The sampling location and
orientation of the specimen for histopathological examination is indicated (black dotted rectangle with
black triangles, indicating the cutting level parallel to the picture plane). The fixed eye globe is
midsagittally (i.e., antero-posteriorly) halved, the optic nerve is mid-axially sectioned. For optimal
paraffin embedding, a second cut parallel to the first one is made in the periphery. C. Schematic
illustration of the histological section profile of the eye globe (compare to Figure 73). Important
morphological structures are indicated: C: Cornea; L: Lens; CP: Cartilage plate; CH: Choroid;
S: Sclera; ChG: Choroidal gland; R: Retina; ON: Optic nerve; LM: Lens muscle; I: Iris.
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2. Sample for histopathological examination of the eye

Location & orientation of Sampling location and orientation is indicated in Figure 72. The

sections: right globe is opened midsagittally using a microtome blade. The
section plane contains all tunics of the eyeball, the lens and the
intraorbital portion of the optic nerve. The right half of the eye
globe is embedded in paraffin.

Number of samples: One.

Section plane size: The sample size depends on eye diameter, the entire right half
of the right eyeball (including the lens) is embedded.

Fixation & embedding: FF-PE*.

*Since the transfer of the eye into a container with fixation solution leads to a shrinkage of the eyeball, fixative is
isovolemically and fractionally injected into the anterior eye chamber using an insulin syringe. After paracentesis, a
small amount of agueous humour (approximately 0.1 ml) is removed from the anterior eye chamber and is replaced
by fixative solution until the intraocular pressure is regained. For an impeccable result, the injection of the fixative
has to be repeated (e.g., after 20 min, 1 h, 12 h and 24 h) to maintain the physiological cornea curvature.

Figure 73. Histology of the rainbow trout eye. Midsagittal section of the (right) rainbow trout eye.
A. Section of the globe posterior eye chamber (PEC) with the spherical lens (L). Section profiles of the
fibrous tunic (C: Cornea; S: Sclera), the vascular tunic (I: Iris; CH: Choroid) and the nervous tunic
(R: Retina) are shown. B. Section of the angle of the anterior eye chamber (AEC), bounded by the
cornea (C) and the immobile iris (I). The cornea is thickened in the periphery and covered by a thick
epithelium. An annular ligament in the angle of the anterior eye chamber interconnects iris and cornea.
C. Section of the ocular fundus. The sclera is supported by a cartilaginous plate (SC). A feature of the
rainbow trout eye is the choroid gland (CG) in the choroid, a rete mirabile providing oxygen and
functioning as “pressure pad”. The retina (R) (i.e., a layered neuroepithelial structure) is adjacent to the
vitreous body. D. Section of the ocular fundus composed of retina (R), choroid (CH) and sclera (S). The
optic nerve (ON) runs from the optic disc at the ocular fundus to the optic chiasm. The choroid gland
(CG) is located around the optic nerve. E. The spherical lens of the teleost eye has a high refractive
index and is moved by the retractor lentis muscle. The lens is composed of a lens capsule (LC), a lens
epithelium (LE) and a stroma with lens fibers (LF). F. The rainbow trout cornea is composed of a thick
multi-layered squamous epithelium (EL) and a homogenous corneal stroma (CS) composed of collagen
fiber bundles (i.e., corneal lamellae). The thickness of the cornea varies between the periphery and the
center. G. The retina is a neuroepithelial structure, converting visual signals in neuronal action
potentials. It is composed of different layers: ONFL: Optic nerve fiber layer; GCL: Ganglion cell layer;
IPL: Inner plexiform layer; INL: Inner nuclear layer; OPL: Outer plexiform layer; ONL: Outer nuclear
layer; VC: Visual cells (rods and cones); P: Pigment epithelium. H. Section of the optic nerve. The nerve
fibers appear as broad folded structures in the tubular sheet. FF-PE. HE. Bars = 100 pm.
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Time requirements

Approximately 5-7 minutes are to be scheduled for dissection, macroscopic examination,
sampling and further processing of the histopathological and molecular samples of the rainbow
trout eyes. This estimate does not include the time needed for killing the fish, dissection of
gills/viscera/CNS/integument/locomotor system, prearrangement of sampling instruments and
materials, or the further processing of fixed/frozen specimens.

A comparison of the proposed sampling scheme for routine analyses with
previously published studies

Previously published (eco)toxicological studies examining rainbow trout eye samples usually
excise and sample the whole eye globes [94, 208, 209] or remove distinct eye structures
(e.g., lens or vitreous humour) from the eye for separate processing and examination [210,
211].

The location and orientation of the sample for histopathological analyses of the rainbow trout
eye is chosen so that all relevant eye structures are represented in the histological section.
The specimens for molecular analyses are selected to address the complex eye structure
comprised of several differently composed tissues. The number and sizes of tissue samples
as well as the sampling locations proposed in the present guidelines are regarded to provide
sufficiently representative tissue specimens for the examination of most of the (qualitative)
tissue alterations and molecular analyses of the rainbow trout eyes. Note that the sampling
protocol may need to be modified, if there is evidence of unilateral lesions (e.g., abnormal
necropsy findings or clinical signs), since histopathological and molecular examination of only
one eye could falsify the assessment of unilaterally occurring tissue alterations.
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2.13 Endocrine system

Several environmental pollutants, such as oral contraceptives, heavy metals or pesticides,
have the potential to negatively affect the fish endocrine system (e.g., by acting as hormone
agonists/antagonists or enzyme inhibitors/inducers) and, as a consequence, to adversely
affect fish health, reproduction and behavior [212, 213]. For many countries, the identification
of the potential impact of so-called endocrine-disrupting chemicals (EDCs) in ecological risk
assessment is a regulatory mandate [214]. Next to other fish species, the rainbow trout is a
commonly used model system suitable for ecotoxicological studies and therefore also for the
identification of the morphological and functional effects of the EDC exposure [9, 212, 213,
215-219]. Therefore, this chapter includes information on the anatomy, histology, species-
specific features and the sampling scheme for the following compartments of the endocrine
system of the rainbow trout: pituitary gland (hypophysis), endocrine pancreas, thyroid gland,
interrenal- and suprarenal tissue, corpuscles of Stannius, epiphysis (pineal gland), urophysis
(caudal neurohypophysis) and ultimobranchial gland (Figure 74). Due to the particular
importance of the gonads in ecotoxicological studies, a separate chapter (Chapter 2.6) is
dedicated to the sampling of the testes and ovaries. For convenience only and in the sake of
user comfort, the sampling of the endocrine pancreas is included in Chapter 2.3.4 (pancreas),
and the sampling of the inter- and suprarenal tissue is illustrated in Chapter 2.7 (kidneys).
Therefore, for these organs/tissues the present chapter rather serves as a supplement,
including the most important anatomical and histological features. Details on tissue-/organ-
specific sampling methods are only specified if deemed necessary (e.g., for more extensive
analysis). For the other endocrine organs/tissues, sampling for histopathological analyses is
illustrated, whereas the generation of specimens for molecular analyses is not featured.
According to the authors knowledge, previously published ecotoxicological studies examining
endocrine organs/tissues of rainbow trout either sample the whole organs/tissues or lack
distinct information regarding sample number and size. Therefore, if the study design requires
molecular analyses of a certain endocrine tissue or organ, the authors recommend sampling
the corresponding organ/tissue in toto, unless otherwise stated. Samples for molecular
analyses are frozen (liquid nitrogen or dry ice) and stored at -20°C or -80°C (short-term
storage) depending on the intended analysis (analytic chemistry or molecular analysis). For
prolonged storage of tissue samples for subsequent RNA- and protein analyses, storage at
-150°C is recommended.

pineal gland interrenal tissue and gonad
chromaffin cells

hypothalamic-
pituitary system

thyroid gland ultimobranchial gland  pancreas corpuscles of Stannius

Figure 74. Schematic illustration of the endocrine system of the rainbow trout. The location of the
endocrinologically active organs and tissues of the rainbow trout are schematically indicated. The
endocrine system of rainbow trout resembles that of other teleosts. Compared to terrestrial vertebrates,
the fish endocrine system exhibits some (functional and morphological) modifications in adaption to the
aquatic environment (e.g., the formation of the urophysis and corpuscles of Stannius, which are both
involved in the regulation of the calcium homeostasis). In contrast to mammals, the thyroid gland and
the adrenal gland are not organized in discrete and compact glands. Bar =1 cm.
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2.13.1 Pituitary gland (Hypophysis)

Relevant anatomical features

The pituitary gland or hypophysis of the rainbow trout is located ventral to the diencephalon
and comprised of two histologically and functionally differing parts: the neurohypophysis (pars
nervosa), which is of neural origin, derives from the ventral aspect of the diencephalon and is
situated in the hypophyseal center; and the adenohypophysis, which is of ectodermal origin
and derives from the pharyngeal epithelium [2, 3, 25, 36, 65].

The neurohypophysis comprises a core composed of glial cells (i.e., pituicytes) and ependymal
cells and a stalk with neurosecretory axonal fibers of hypothalamic neurons (i.e., the
neurohypophyseal tract), which extends into the neurohypophyseal center [65]. Known
hormones of the teleost neurohypophysis are vasotocin (i.e., a vasopressin-like peptide) and
isotocin (i.e., an oxytocin-like peptide) [2, 4, 25]. The adenohypophysis is organized in the
rostral and proximal pars distalis and the pars intermedia, all arranged around the
neurohypophyseal core. The pars intermedia encloses the major part of the neurohypophyseal
core and accounts for up to 60% of the pituitary volume in salmonids [2, 42, 65]. The teleost
adenohypophysis differs from that of many other vertebrates, since the different hormone-
producing cell types are located in defined regions [25, 65]. The adenohypophysis is source of
different hormones. Adrenocorticotropic hormone (ACTH) and prolactin are produced in
different cells of the rostral pars distalis. In the proximal pars distalis, two gonadotropins
(GT-1 and GT-2) (in trout, gonadotrops also appear in the rostral pars distalis), growth hormone
(GH) and thyroid-stimulating hormone (TSH) are produced, whereas the pars intermedia is
origin of somatolactin and melanocyte-stimulating-hormone (a-MSH) [2, 4, 36, 65, 220]. The
functions of the hypophyseal hormones range from regulation of hormone synthesis and
secretion (e.qg., of corticosteroids, thyroid hormones or melanin) to involvement in growth, up
to reproduction or ionic- and metabolic regulation [2, 4, 25, 65, 220].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of the rainbow trout pituitary gland

At necropsy, the pituitary gland is excised together with the central nervous system (CNS), as
illustrated in detail in Chapter 2.8. Briefly, the CNS is removed after excision of the gills and
the viscera (except the kidneys). The cranial vault, supraorbital bones and dorsal aspects of
the vertebrae are carefully removed and the spinal cord is severed by a cross section ~1 cm
caudal to the hindbrain. Chapter 2.8 illustrates sampling and processing of all brain structures
for histopathological and molecular analyses. After excision, macroscopic examination,
weighing and (photo-) documentation (if appropriate), the specimens of the spinal cord and
brain are generated. Through cautious dissection it is possible to remove the pituitary gland
attached to the brain (Figure 75A), but in most cases the pituitary gland detaches during
dissection and needs to be carefully removed separately, using fine forceps. For the
histopathological examination of the pituitary gland independent of the sampling and
processing of the brain specimens, it is recommended to generate a midsagittal section of the
formalin-fixed and paraffin-embedded (FF-PE) (isolated) pituitary gland for the proper
presentation of both the neuro- and the adenohypophysis (Figure 75B). The pituitary gland is
embedded in agar prior to the processing for paraffin embedding, to maintain the orientation
of the pituitary gland and ensure proper midsagittal section plane orientation. The FF-PE
section is either stained with hematoxylin and eosin (HE) or with staining methods enabling an
enhanced differentiation of the various cell types, e.g., periodic acid-Schiff (PAS) or
Heidenhain-Azan [36]. For an even more comprehensive investigation, some previously
published studies examining rainbow trout also make use of serial sectioning of the pituitary
gland [9, 221].
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Figure 75. lllustration of the sampling for histopathological analyses of the pituitary gland of the
rainbow trout. A. Schematic illustration of the lateral aspect of the excised brain with the ventrally
attached pituitary gland. Important morphological structures are indicated: OB: Olfactory bulb;
P: Pallium; OT: Optic tectum; CC: Cerebellar corpus; SP: Subpallium; HT: Hypothalamus; PG: Pituitary
gland; ILHT: Inferior lobe of the hypothalamus; SC: Spinal cord. B. Schematic illustration of the
midsagittally sectioned pituitary gland of the rainbow trout, the cranial aspect is to the left. The
midsagittal section plane is indicated (black dashed rectangle with black triangles). The
neurohypophysis/pars nervosa (Pn) is situated in the hypophyseal center and is source of e.g., isotocin
or vasotocin. The adenohypophysis is composed of a rostral (rPd) and proximal (pPd) pars distalis and
a pars intermedia (Pi), all regions are source of different hormones: rPd: Adrenocorticotropic hormone
(ACTH), endorphin or prolactin; pPd: Gonadotropin 1 and 2 (GT-1 and GT-2), growth hormone (GH)
and thyroid-stimulating hormone (TSH); Pi: Somatolactin, B-endorphin or melanocyte-stimulating-
hormone (a-MSH). v: Ventral; d: Dorsal. C. Midsagittal section of the neurohypophysis and the
adenohypophysis of the pituitary gland of the rainbow trout. FF-PE. HE. Bar = 100 um.

2.13.2 Endocrine pancreas

Relevant anatomical features

The rainbow trout pancreas is of the actinopterygian type, i.e., it is scattered through the
abdominal cavity. The exocrine pancreatic tissue is mainly located within the visceral adipose
tissue between the pyloric ceca [4, 42, 65]. Endocrine pancreatic islets of Langerhans are
scattered through the exocrine pancreatic tissue, additionally some pancreatic islets are fused
to the “islet organ” or “Brockmann body” situated nearby the gall bladder. The aggregated islets
of the islet organ are surrounded by exocrine pancreatic tissue, which in larger fish may invade
the endocrine pancreatic tissue and subdivide it in smaller groups [4, 25, 42, 64, 65]. This
compact structure is usually macroscopically visible, as illustrated in Figure 76A. The hormone
synthesis and secretion of the endocrine pancreas proceeds in histologically and functionally
distinct cell types: a-cells, B-cells, &-cells and F-cells. The endocrine pancreatic hormones
resemble that of other vertebrates: glucagon, insulin, somatostatin and pancreatic polypeptide
[25]. In physiological state, islet changes may occur due to e.g., age, migration, season or diet
[3, 42, 65].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of rainbow trout endocrine pancreas

The excision, macroscopic examination, sampling for histopathological and molecular
analyses and further processing of the exocrine and endocrine pancreas is illustrated in detail
in Chapter 2.3.4. Briefly, the pancreatic tissue is excised together with the gastrointestinal
tract. For histopathological analysis of the endocrine islets scattered through the exocrine
pancreatic tissue, two cross sections of the visceral adipose tissue located between the pyloric
ceca are generated. The sampling regime proposed in Chapter 2.3.4 is recommended for
analyses of both compartments of the pancreas. If the primary focus is on the endocrine
pancreas, it is recommended to divide the freshly excised islet organ by a transverse section
in an anterior and a posterior portion. This way, a transverse section plane for histopathological
examination is generated, the posterior half of the Brockmann body is immersion-fixed in
neutrally buffered 4% formaldehyde solution, embedded in paraffin and the histological section
is stained with HE. The remaining anterior half of the islet organ is either processed for further
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analyses (e.g., molecular analyses) or is preserved (i.e., immediately transferred to an
adequate fixative), to ensure that sample material is available for new/expanded scientific
issues arising from the analyses.

Figure 76. lllustration of the sampling for histopathological analyses of the endocrine pancreatic
tissue of the rainbow trout. A, B. Lateral aspect of the dissected and formalin-fixed gall bladder and
the esophagus. The Brockmann body is macroscopically visible within the mesentery (arrow). Note that
the purpose of this figure is only to demonstrate the in situ location of the Brockmann body. In routine
histopathological (and molecular) analyses, the specimen is generated in fresh and unfixed condition.
The sample location and section plane orientation for histopathological analysis of the Brockmann body
is indicated (black line) in the detail enlargement of the islet organ (encircled by the black dashed line)
in B. v: Ventral; d: Dorsal. Bars = 1 cm. C. Histology of the Brockmann body. The Brockmann body is
composed of endocrine pancreatic tissue (Pen), surrounded by exocrine pancreatic tissue (Pex).
FF-PE. HE. Bar = 100 pm.

2.13.3 Thyroid gland

Relevant anatomical features

The thyroid gland of the rainbow trout is not a compact gland but consists of diffusely
distributed thyroid follicles, predominantly localized in the ventral pharyngeal region adjacent
to the ventral aorta [2-4]. As in mammals, the basic unit of the thyroid gland of adult rainbow
trout are roundly shaped thyroid follicles, composed of colloid-filled follicular cavities lined by
a simple cuboidal epithelium (in juvenile stages, rather tubular elements may be found) [4, 25,
42]. The histological staining characteristics of the colloid substance as well as the shape of
the epithelial cells may vary depending on the glandular activity [36]. Under stimulation by
adenohypophyseal TSH, synthesis and secretion of (predominantly) thyroxine (T4) occurs in
the secretory active epithelial cells. The thyroid hormones are involved inter alia in regulation
of growth, metabolism, reproduction and development [2, 4, 36].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of the rainbow trout thyroid gland

In the external macroscopic examination, special attention should be paid to the skull and oral
cavity, since various abnormalities in this region (e.g., distortion of skull bones) may indicate
pathological alterations of the thyroid gland [4]. At necropsy, the specimen for histopathological
analysis of the thyroid follicle is generated from the floor of the gill basket (i.e., the base of the
gill arches) (Figure 77A), therefore the left and right gill arches are excised as illustrated in
Fiedler et al. [13] and in Chapter 2.1. For isolation of the floor of the gill basket from the
remaining gill apparatus, the ventral aspects of the gill arches are carefully severed, care is
taken to not damage the fragile gill filaments. Additionally, the tongue is also separated from
the floor of the gill basket by a transverse section (refer to Chapter 2.3.1). Subsequently, the
gill basket base is transferred to an adequate fixative (neutrally buffered 4% formaldehyde
solution) and subsequently to a slow-acting decalcification solution for ~2-3 days. A midsagittal
section is generated for histopathological analyses. The formalin-fixed, decalcified and

99



2.13.4 Interrenal and suprarenal tissue

paraffin-embedded (FF-PE) histological section is stained with hematoxylin and eosin (HE)
(Figure 77B).
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Figure 77. lllustration of the sampling for histopathological analyses of the thyroid gland.
A. Cranio-dorsal aspect of the freshly excised gill basket. The four gill arches are numbered (I-IV) and
the sample location and section plane orientation for histopathological analysis of the thyroid gland is
indicated (black line). Bar = 1 cm. B. Histology of the thyroid follicles, composed of a single epithelium
of cuboidal cells, surrounding the colloid-filled lumen. FF-PE. HE. Bar = 100 um.

2.13.4 Interrenal and suprarenal tissue

Relevant anatomical features

A discrete, compact adrenal gland is missing in the rainbow trout. The analog of the
mammalian adrenal cortex is the interrenal tissue, composed of corticosteroid hormone-
producing cells. The interrenal cells are closely associated with the chromaffin (suprarenal)
cells, which are the analog of the adrenal medullary cells and produce catecholamines. The
inter- and suprarenal cells built a diffuse organ residing within the head kidney tissue, which is
closely associated with the postcardinal veins [1, 2, 4, 25, 42]. Histologically, the steroidogenic
cells appear as pale cells with round nuclei and prominent nucleoli and are partially arranged
in an epithelial-like pattern (Figure 78A). Their histological appearance may vary during the
reproduction cycle or e.g., due to stress, pharmaceuticals or changes of the salinity of the
aquatic environment [4, 42]. Compared to the steroidogenic cells, catecholaminergic cells
histologically stain weaker and the cell nuclei are less uniformly shaped (Figure 78B), but their
appearance also varies in dependence on different exogenous and endogenous influence
factors [4, 36, 42]. The interrenal cells mainly produce and secrete cortisol, which is an
important component of e.g., the stress response, ion- and water balance or energy
metabolism. The chromaffin cells produce e.g., adrenalin, noradrenalin or dopamine, which
are inter alia involved in the regulation of the blood supply of various organs or the regulation
of cardiac contraction and heart rate [2, 4, 25].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of rainbow trout interrenal and suprarenal tissue

At necropsy, the inter- and suprarenal tissue is excised together with the head kidney, the
preparation and sampling scheme for routine histopathological analyses of the rainbow trout
kidney is illustrated in detail in Chapter 2.7. Briefly, the head kidney is assessed after removal
of the other viscera. After macroscopic examination, the sample for molecular analyses is
generated. Due to the soft consistency of the kidney, the remaining renal tissue stays
connected to the spine (as in situ) after trimming of the trunk for enhanced immersion fixation.
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2.13.5 Corpuscles of Stannius

The tissue is transferred to an adequate fixation solution (neutrally buffered 4% formaldehyde
solution), for histopathological analyses of the inter- and suprarenal tissue, a transverse
section plane is generated, containing the ventral and the dorsal organ capsule (Chapter 2.7).
The FF-PE histological section is stained with HE or with Masson’s trichrome stain, if the
different histochemical characteristics of the inter- and suprarenal cells are to be displayed
more prominently [36].
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Figure 78. Histopathology of the interrenal and suprarenal tissue of the rainbow trout.
A. Transverse section of the interrenal tissue residing within the anterior (head) kidney of the rainbow
trout. The corticosteroid-producing cells of the interrenal tissue are situated within the hematopoietic
tissue, in association with the postcardinal veins. B. Transverse section of the chromaffin cells of the
suprarenal tissue. The chromaffin cells usually are located around the postcardinal veins in close
association with the steroidogenic cells, but may also appear as isolated islets within the tissue of the
head kidney. FF-PE. HE. Bars = 100 pm.

2.13.5 Corpuscles of Stannius

Relevant anatomical features

The corpuscles of Stannius (CS) are exclusively found in teleosts (and holostean fish). The CS
of salmonids are discrete structures situated in the parenchyma of the trunk kidney, surrounded
by a capsule. In rainbow trout, the CS number usually ranges between 2 to 6, and they are
commonly visible as whitish nodular structures on the kidney surface (Figure 79) [3, 4, 42].
Septa of connective tissue organize the glandular tissue into lobules which comprise epithelial
cells surrounding the central cavities of the lobules (i.e., the pseudolumina). The CS are richly
supplied with blood vessels and nerves, excretory ducts are missing [1, 4, 36, 42] (Figure 80).
The hormone produced and secreted by the CS is stanniocalcin, a glycoprotein involved in the
control and regulation of the calcium homeostasis [2, 4, 25].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of the rainbow trout corpuscles of Stannius

At necropsy, the sample for the histopathological analyses of the corpuscles of Stannius is
excised from the trunk kidney, the preparation and sampling scheme for routine
histopathological analyses of the rainbow trout trunk kidney is illustrated in detail in
Chapter 2.7. Briefly, the kidneys are assessed after removal of the other viscera, the samples
for molecular analyses are generated after macroscopic examination from the fresh
(i.e., unfixed) tissue. Due to the soft consistency of the renal tissue, the remaining kidneys stay
connected to the spine (as in situ) and the trunk is trimmed for an enhanced immersion fixation.
The tissue is transferred to an adequate fixation solution (neutrally buffered 4% formaldehyde
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solution) and for histopathological analyses of the CS, a transverse section plane is generated,
containing the CS together with the entire section profile of the trunk kidney. The CS are usually
macroscopically visible as small whitish structures situated in the renal parenchyma
(Figure 79). Their number and anatomical distribution is quite variable, so no fixed sample
location is determined.

trunk kidney

cranial caudal

Figure 79. lllustration of the sampling for histopathological analyses of the corpuscles of
Stannius of the rainbow trout. A. Dorsal aspect of the formalin-fixed, isolated trunk kidney of the
rainbow trout. Three corpuscles of Stannius are visible as whitish, nodular structures embedded in the
trunk kidney parenchyma (white arrows). The black rectangle marks the trunk kidney region containing
the corpuscles of Stannius (refer to B). B. Detail enlargement of the trunk kidney region containing three
macroscopically visible corpuscles of Stannius (red dashed circles). The sample location and section
plane orientation for histopathological analysis of the corpuscles of Stannius is indicated (black line).
Bars =1 cm.
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Stannius of the rainbow trout. A. Transverse section of the corpuscle of Stannius (CS), embedded in
the trunk kidney parenchyma. The glandular CS tissue is organized into lobules by septa of connective
tissue (black arrows). B. Detail enlargement of the glandular CS tissue. FF-PE. HE. Bars = 100 um.
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2.13.6 Pineal gland (Epiphysis)

Relevant anatomical features

The pineal gland (epiphysis) of rainbow trout is a neuroendocrine structure, situated in the
median dorsal to the diencephalon and anterior to the tectum of the mesencephalon
(Figure 81A) [4, 36, 42]. It is surrounded by a capsule of connective tissue, and comprises a
broadened saccular body (i.e., the pineal end-vesicle) and a pineal stalk whose lumen is
continuous with the third brain ventricle [25, 42, 222]. The pineal organ is composed of
pinealocytes (i.e., photosensitive and secretory active receptor cells), ependymal cells and
neurons, and is highly vascularized [25, 42, 222]. The pineal gland is a photosensory organ.
The photoperiod information modulates the pineal synthesis and release of melatonin, an
indoleamine which is involved in e.g., growth- or reproduction processes or the regulation of
circadian locomotor activity [2, 25, 222].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of the rainbow trout pineal gland

At necropsy, the pineal gland is excised together with the central nervous system (CNS), as
illustrated in detail in Chapter 2.8. Briefly, the CNS is removed after excision of the gills and
viscera. The dorsal aspects of the vertebrae, the cranial vault and supraorbital bones are
removed, care is taken to not damage the pineal gland which is situated adjacent to the dorsal
cranial roof. The spinal cord is severed by a cross section ~1 cm caudal to the hindbrain. After
excision, the brain and the attached pineal gland are macroscopically examined and alterations
are photographically documented, if appropriate. The sampling regime for histopathological
and molecular analyses of the spinal cord and brain presented in Chapter 2.8 is not suitable
for optimal histopathological presentation of the pineal gland. Therefore, if no analyses of
further brain structures are scheduled, the whole brain with the attached pineal gland is
immersion-fixed using an adequate fixative (neutrally buffered 4% formaldehyde solution) to
retain the in situ orientation and localization of the epiphysis, and a midsagittal section of the
FF-PE pineal gland and brain is generated (Figure 81A). If immersion fixation of the entire
brain is not in conformity with the study design, the epiphysis is carefully detached from the
brain (as illustrated in a previous ecotoxicological study using rainbow trout by for molecular
analyses [217]) and immersion-fixed separately. A midsagittal section of the FF-PE pineal
tissue is generated and stained with HE.
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Figure 81. lllustration of the sampling for histopathological analyses of the pineal gland of the
rainbow trout. A. Schematic illustration of the lateral aspect of the midsagittally sectioned brain of the
rainbow trout with the attached pineal gland. Important morphological structures are indicated:
OB: Olfactory bulb; P: Pallium; PG: Pineal gland; V3: Third brain ventricle; OT: Optic tectum;
CC: Cerebellar corpus; SP: Subpallium; HT: Hypothalamus; HP: Hypophysis (pituitary gland);
ILHT: Inferior lobe of the hypothalamus; SC: Spinal cord. The illustration represents a section of the
brain with attached pineal gland and maintained physiological position of the epiphysis. The detail
enlargement of the epiphysis (black frame) illustrates the sampling for histopathological analyses of a
pineal gland detached from the brain, the black dashed rectangle with the black triangles indicates the
section plane orientation parallel to the paper plane and the anterio-posterior axis of the pineal gland.
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B, C: Histopathology of the pineal gland of the rainbow trout. Midsagittal section of the pineal gland,
important morphological structures are indicated: OT: Optic tectum; P: Pallium; SD: Saccus dorsalis;
PEV: Pineal end-vesicle; BV: Blood vessel; ESD: Epithelium of the saccus dorsalis; EPG: Epithelium
of the pineal gland. FF-PE. HE. Bars = 100 pm.

2.13.7 Urophysis

Relevant anatomical features

The urophysis (also called neuro-hemal complex) is a fish-specific neurosecretory system with
a structure similar to the pituitary neurohypophysis [2, 4, 25, 42]. The urophysis is a small,
highly vascularized expansion of the ventral aspect of the posterior end of the spinal cord at
the level of the last vertebrae. It is composed of the axons of the Dahlgren cells
(i.e., specialized neurosecretory neurons situated in the spinal cord), which terminate in the
urophysis and secrete urotensin hormones (urotensin | and Il) [1, 2, 4, 42]. The axons are in
close association to blood capillaries and the urophysis is surrounded by loose connective
tissue [42]. The urophyseal hormones are inter alia involved in osmoregulation and are of
vasoactive, lipogenic and ionoregulatory effect [2, 4].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of the rainbow trout urophysis

At necropsy, the specimen for histopathological analyses of the urophysis is excised after
sampling of the gills, viscera, central nervous system (CNS), integument, locomotor- and
sensory system. For histopathological analyses of the neurohemal organ, the most posterior
~1.5 cm of the spine (the urophysis sample is generated directly posterior to the sample
location for vertebral bone analyses) is excised by two cross sections. Adhering skin and
skeletal muscle are spaciously removed for subsequent immersion fixation in neutrally buffered
4% formaldehyde solution and decalcification with a slow-acting decalcification solution for
approximately 5-7 days. The lateral aspects of the centra of the formalin-fixed and decalcified
vertebrae are removed using a microtome blade and the remaining vertebral column is
embedded in paraffin. A midsagittal section of the urophysis within the neural arch of the neural
spine is generated and stained with HE.
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Figure 82. lllustration of the sampling for histopathological analyses of the urophysis of the
rainbow trout. A. Lateral aspect of the caudal region of the rainbow trout with the schematically
indicated posterior vertebral column and caudal fin support. The sample location and section plane
orientation are indicated (black dashed rectangle with black triangles, indicating the section plane
orientation parallel to the picture plane), the neural spine with the neural arch containing the urophysis
(ventral to the spinal cord), is sectioned midsagittally. Bar = 1 cm. B. Histology of the urophysis. Sagittal
section of the urophysis, situated ventral to the spinal cord within the neural canal of the
neural spine. FF-PE. HE. Bar = 100 pm.
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2.13.8 Ultimobranchial gland

Relevant anatomical features

The ultimobranchial gland (also called suprapericardial, postbranchial or subesophagial
gland/body) of the rainbow trout is assumed to be the functional equivalent to the mammalian
parathyroid gland, which is missing in fish [1, 3, 223]. In salmonids, the ultimobranchial gland
is a paired gland, situated in the transverse septum ventral to the esophagus [4, 42, 224]. The
ultimobranchial bodies are surrounded by a capsule of connective tissue, a thin sheet of
connective tissue separates the two lobes in the midline. An epithelium composed of columnar
epithelial cells and some goblet cells is lining irregularly shaped cysts/follicles within the
glandular tissue [1, 4, 42, 224, 225]. The ultimobranchial gland is responsible for the synthesis
and secretion of calcitonin, which is assumed to be a calcium-regulating hormone [2, 4, 225].

Macroscopic examination, preparation and sampling scheme for routine
histopathological analyses of the rainbow trout ultimobranchial gland

At necropsy, the ultimobranchial bodies are sampled after excision and sampling of the gills
(illustrated in detail in Chapter 2.1). For excision of the gill apparatus, the transverse septum
(i.e., the septum separating the heart from the abdominal cavity (Figure 83A)) is excised from
the body of the rainbow trout after transection of the esophagus. The gill apparatus is
separated from the attached organsf/tissues (e.g., heart, pharynx, cranial portion of the
esophagus and transverse septum). After removal of the heart, the transverse septum with the
cranial portion of the esophagus and a portion of the sinus venosus is immersion-fixed in
neutrally buffered 4% formaldehyde solution. Since the glandular bodies cannot always be
accurately identified macroscopically, the entire ventral portion of the septum (with portions of
esophagus and sinus venosus) is embedded in paraffin, with the front side down. This way, a
transverse section plane is created. The FF-PE section is stained with HE.

Figure 83. Photographic and schematic illustration of the sampling for histopathological
analyses of the ultimobranchial gland of the rainbow trout. A. Photographic illustration of the in situ
localization of the transverse septum (black arrow) after opening of the abdominal cavity and transection
of the cranial portion of the esophagus. The transverse septum separates the abdominal cavity and the
pericardial vault. Bar = 1 cm. B. Schematic illustration of the cranial aspect of the transverse septum (as
in situ), containing a portion of the esophagus (E) and of the sinus venosus (SV). The paired
ultimobranchial gland (UG) is located within the transverse septum, ventral to the esophagus and dorsal
to the sinus venosus. The sample location and section plane orientation of the specimen for
histopathological analyses are indicated, the black dashed rectangle with the black triangles indicates
the section plane orientation parallel to the paper plane. C. Histology of the ultimobranchial gland.
A detail enlargement of the epithelium of the ultimobranchial gland is shown in the inset. Bars = 100 um.
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