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ABSTRACT: Structural alterations in the spleen of eel Anguilla anguilla L., following exposure to a
chemical spill in the Rhine h v e r in 1986, were investigated by means of light and electron microscopy.
Relative abundance of reticulum and blood cells was quantified in comparison to controls. The data
presented provide evidence of profound damage to the spleen and its cellular components. Histological
and cytological modifications varied within a wide range from minor changes to cell death. Major
cytological alterations of reticulum and blood cells included deviations in cytoplasmic density, loss of
surface differentiations (cell junctions, pseudopodia), swelling of rnitochondria, formation of rnyelin-like
membrane aggregations in the cytoplasm, mitochondria, lysosomes and nuclear membrane, as well as
augmentation of lipid droplets. Severely damaged and necrotic cells were found either diffusely or
focally distributed within the splenic reticulum. Melano-macrophages were strongly reduced in number
and melano-macrophage centres were lacking. In contrast, considerable numbers of macrophages with
intense lysosomal compartmentation, but free of pigments, were present. Spleens were further characterized by the absence of erythroblasts and plasma cells. Histological and cytological findings in the
spleen of exposed eel indicate a severe impairment of the efficiency of the central splenic functions, in
particular phagocytosis and cell-mediated immune response. Thus, chemical-induced patholopcal
processes in the spleen have most likely been a contributing factor to the fatality of the chemical spill to
the Rhine eel population. They are discussed in the context of earlier investigations on liver and
intestine pathology of Rhine eel. Finally, cytological alterations of fish spleen are suggested as a
potential biomarker for toxicant-induced damage in fish.

INTRODUCTION
Following a chemical accident at Basle in November
1986, large amounts of toxic chemicals including phosphate esters, chlorinated and heterocyclic hydrocarbons, urea derivatives, aromatic nitro and heavy metal
compounds were spilled into the Rhine River causing a
fish kill of hitherto unknown extent (Table 1). The
selective death of certain fish species, especially eel,
stimulated several investigations attempting to explain
the magnitude and the underlying mechanisms of the
fish kill (Kinzelbach & Friedrich 1990). Based on toxicant concentrations measured in the Rhine immediately
after the spill, no acute toxic effects were expected
(Deutsche Kommission zur Reinhaltung des Rheins
1986). However, no toxicological data were available
on sublethal unique effects of most of the single compounds or, in particular, on synergistic or antagonistic
effects of the chemical mixture.
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One approach to elucidating the combined effects of
the xenobiotics released was a thorough light and
electron microscopical investigation of surviving eels.
Severe injury of liver and intestine was revealed
(Braunbeck et al. 1990a, Burkhardt-Holm et al. 1990).
As a part of a complex syndrome of cytological alterations, tremendous invasion of macrophages and lymphocytes was observed in both hepatic and intestinal
tissues indicating inflammatory processes. According
to Vogelbein et al. (1987), mononuclear phagocytes
ultimately forming macrophage aggregates in the liver
are recruited from the peripheral circulation. Primary
source for monocytes is the head kidney, and lymphocytes originate from head h d n e y and spleen a s
important lymphatic organs (Chiller et al. 1969, Pontius
& Ambrosius 1972, Ellis & Sousa 1974, Ellis 1980).
Main functions of fish spleen comprise blood cell
formation (Haider 1967a to d , Kreutzmann 1976a, b,
1977b, 1978, Lehmann & Stiirenberg 1976, Bielek 1978,
1980, Zapata 1980, D'Ippolito et al. 1985), blood cell
storage and release (Miescher-Ruesch 1881, Stevens
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Table 1. Pesticides released into the Rhine River during the chemical spill at Basle in November 1986. Source: Deutsche
Kommission zur Reinhaltung des Rheins (1986)

Type of chemical

Compound

Phosphate esters

Dichlorvos
Disulfoton
Etrimfos
Fenitrothion
Formothion
Parathion
Propetamphos
Quinalphos
Thiometon
Captafol (phthalate derivative)
Endosulfan
Tetradifon
Atrazine (triazine)
Oxad~xyl
Dinitro-o-cresol
Metoxuron
Ethoxyethyl mercury hydroxide
Zineb (thiocarbamate)
Zinc phosphatide

Chlonnated hydrocarbons

Heterocyclic hydrocarbons
Aromatic nitro compounds
Urea derivatives
Heavy metal containing
pesticides

Maximal amount
released (kg)

Maximum
concentrations
in Rhine water
CL^ 1-7

Maximum r e s ~ d u e
concentrations
in Rhine fish
ocl kg-']

3
8700
1800
288
9
690
1500
18
3600
4.8
60
69
12
780
1620
321
60
21
0.39

nm
600
50
c10
nm
200
100
nm
500
nm
0.34
nm
2
80
nd
0.2
12
nm
nm

nm
1900
180
160
nm
34
58
nm
390
nm
bY

nrn
nm
111il

nm
nm
390
nm
nm

nd: not detected; nm: not measured

1968, Yamamoto et al. 1980), a s well a s destruction of
effete blood cells and foreign agents by cells of the nonspecific immune response (Zwillenberg 1964, Ellis et
al. 1976, Agius 1979, Fulop & McMillan 1984, Fange &
Nilsson 1985). Previous studies on structural and functional alterations of the haematological and immunological properties in rainbow trout showed that head
kidney and spleen react very sensitively towards stress
(Peters & Schwarzer 1985, Peters et al. 1991). Under
social stress, blood cells were damaged, haemopoiesis
was disturbed, and the activity of phagocytes in spleen
and head kidney was temporarily increased (Peters et
al. 1991). Thermal stress may induce a higher frequency of macrophage aggregates (Blazer et al. 1987).
Moreover, in different fish species, experimental conditions such as starvation and intoxication as well a s
certain infectious diseases and age were found to
induce similar alterations in blood parameters and
macrophage aggregates (Kreutzmann 1977a, Agius
1979, Poels e t al. 1980, Agius & Roberts 1981, W a s o w
1984, Brown & George 1985, Wolke et al. 1985, Herraez
& Zapata 1986, Blazer et al. 1987). These results suggest altered structure and function of fish spleen as a
biomarker of general environmental degradation and
possibly of the toxic effects of chemicals.
So far, toxicological studies on fish spleen have been
limited to light microscopic and immunologic tech-

niques. There is infomation about toxic effects on
general spleen histology (Poels et al. 1980, Moccia
et al. 1984, Spitsbergen et al. 1988a, b), on components
of the immune system and haematology (Kreutzmann
1977a, Wlasow 1984, Spitsbergen et al. 1986, Anderson
et al. 1989, Lauren et al. 1989, Wlasow & Dabrowska
1989), and on the coincident occurrence of melanomacrophage centres (Wolke et al. 1985, Herraez &
Zapata 1986, Kranz & Gercken 1987). However, there
are only insufficient data about the bioconcentration of
toxic substances in the spleen, which is generally regarded negligible ( h b e y r e & Boudou 1984, Kleemann
et al. 1986, Cossarini-Dunier et al. 1990).
Even under normal conditions, only few electron
microscopical studies have been conducted on spleen
cytology (Pulsford et al. 1982, Zapata 1982, Bodammer
et al. 1990), phagocytosis (Fulop & McMillan 1984),
pigment genesis (Agius & Agbede 1984), capillaries
(Graf & Schliins 1979), and blood cells (Bielek 1978,
1980, Zapata 1980, Ishizeki et al. 1984). There is a
complete lack of toxicological investigations on the
ultrastructure of fish spleen, although light microscopic
and related studies on this organ have already proven
valuable in the detection of pathological effects. Since
in other fish tissues, especially the liver, electron
microscopy has proved highly suitable for the demonstration of alterations induced not only by environ-
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mental factors such as temperature (Braunbeck et al.
1987), starvation and different diets (Segner & Braunbeck 1988), hibernation (Segner & Braunbeck 1990),
but also by various toxicants (Braunbeck et al. 1989,
1990a to c, 1992), toxicological investigations in fish
spleen including electron microscopy deserve particular interest. Therefore, a detailed investigation of the
spleen of Rhine eels exposed to the chemical spill in
1986 was initiated.

MATERIALS AND METHODS
Specimens. On 14 November 1986, 5 adult, sexually
immature eels Anguilla anguilla L., which had survived
the chemical spill at Basle (Rhine km 163) on 1 November 1986, were collected with nets from a groyne
on the right bank of the Rhine River at Ketsch near
Heidelberg (Rhine km 406), where the toxic wave
reached its maximum on 3 to 5 November. Individual
length ranged from 35 to 40 cm, mean weight was
100 g; a distinction between sexes by macroscopic
features was not feasible. Control specimens (length ca
40 cm; weight ca 100 g) were obtained from upstream
of Basle and from an eel hatchery in Obervolkach,
Germany. Controls were adapted to laboratory conditions for 4 wk without feeding in lots of 20 individuals
in glass aquaria containing 80 1 of permanently aerated
tap water (hardness 400 mg 1-' C a C 0 3 ; ammonia
< 0.01 mg 1 - l ; oxygen saturation between 90 and 95 % ;
21 k 1 "C; pH 7.7 ? 0.1). Water was constantly
replaced at a flow rate of 15 1 h-' equivalent to a 4-fold
exchange per day. Subsequently, control fish were fed
a mixture of ground trout pellets and cattle spleen at a
rate of 1 to 2 % wet wt d-' for 4 wk. No mortality
occurred throughout the experimental period.
Electron microscopy. To eliminate possible effects of
diurnal variation, all fixation procedures were carried
out in midmorning. For electron microscopy, 5 control
fish were anaesthetized in a saturated solution of benzocaine (ethyl-4-aminobenzoate) and perfused in situ
via the ventricle, first with 4 "C physiological saline
containing 2 % polyvinylpyrrolidone (PVP, Merck,
Darmstadt, Germany) and 0.5 % procainhydrochloride
(Merck) for 2 min to remove blood cells, and then icecold 1.5 % glutardialdehyde and 1.5 % formaldehyde
(freshly prepared from paraformaldehyde) in 0.1 M
sodium phosphate buffer (pH 7.6) containing 2.5 O/O
PVP for 10 to 15 min. The spleen was excised immediately after perfusion and immersed as small blocks of
size 2 to 3 mm in perfusion fixative for at least 45 min at
4 "C.
The spleens of specimens collected from the Rhine
River were fixed 1 h after capture by immersion of
small blocks in ice-cold perfusion fixative for at least

l h. In order to evaluate differences between perfusion and immersion fixation, 2 additional control
specimens were fixed by immersion, but no significant dilation of blood vessels in perfused spleens
could be observed.
Subsequently, tissue blocks of controls and exposed
specimens were cut into thin slices of 50 to 80 ym using
an Oxford vibratome. Fixation was continued in 2.5 "L,
glutardialdehyde in 0.1 M sodium cacodylate buffer
(pH 7.6) containing 4 O/O PVP and 0.05 '10 calcium
chloride a t 4 "C for 60 min. After rinsing in cacodylate
buffer, tissue slices were post-fixed for 60 to 90 min a t
4 "C in osmium ferrocyanide (Karnovsky 1971).
Following several passages in 0.1 M cacodylate a n d
0.05 M maleate buffer ( p H 5.2), the tissue was stained
en bloc with 1 % uranyl acetate in maleate buffer for a t
least 1 h at 4 "C. Specimens were dehydrated in a
graded series of ethanol and embedded in Spurr's
medium (Spurr 1969). Ultrathin sections were cut on a
Reichert ultramicrotome OM U2 at a mean thickness of
100 nm, stained with alkaline lead citrate (Reynolds
1963) for 20 to 40 S and examined in a Zeiss EM 9 S-2
electron microscope.
Light microscopy. Semithin plastic sections of 0.5 pm
were stained with methylene blue - Azur I1 (Richardson
et al. 1960; modified) and used for orientation in the
electron microscope. Sections were mounted in Entellan and examined in a Leitz Aristoplan photomicroscope.

RESULTS
Histology of control eel spleen
The spleen of eel is a discrete elongate organ with a
massive connective tissue capsule, situated in the large
curvature of the stomach. Its blood supply is provided
by visceral arteries, and splenic veins join the hepatic
portal system (Fange & Nilsson 1985). Eel spleen is
traversed by many arteries and veins of different sizes,
among them sheathed arterial capillaries (ellipsoids).
Sinusoids without a continuous endothelium are not
developed in eel. Following perfusion fixation, larger
blood vessels were almost free of blood (Fig. l a ) ,
whereas a high blood cell content was characteristic of
the remaining splenic reticular tissue. In eel, this
reticulum is a non-septate cellular framework rich in
intercellular substance, with extended spaces serving
as pathways for migrating cells. Numerous large, dark
melano-macrophage centres of slightly irregular shape
and a diameter of up to 150 pm were distributed in the
tissue, mainly close to large vessels (Fig. l a ) . Outside
those melano-macrophage centres, neither vacuoles
nor dark inclusions were apparent.
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Table 2. Angu~llaanguilla. Cytological characterization of reticular and non-retlcular cell types In the spleen of control eel
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Histology of Rhine eel spleen

1

1

There were conspicuous histological alterations in
the spleens of eel exposed to the chemical spill (Fig. l b ) .
The tissue contained considerable amounts of transparent vacuoles and dark inclusions, both of varying
sizes. By means of electron microscopy, most vacuoles
were identified as swollen mitochondria or, to a smaller
proportion, dilated endoplasmic reticulum (ER), while
the dark inclusions represented residual bodies and
myelinated structures (see Figs. 3c, d, f , g, 4b, 5d, e).
Cytoplasmic density of spleen cells showed increased
variability, as compared to controls. Dark and light cells
were scattered randomly. As concluded from electron
microscopy, the dark cells mostly represented reticulum cells and blood cells, and a high percentage of
the light cells could be identified a s either dying cells or
as (non-pigmented) macrophages of 8 to 12 pm
in diameter, a cell type not detected in controls. In
contrast to controls, clearly defined, large melanomacrophage centres were not present in the spleen of
Rhine eel.

Ultrastructural organization of splenic reticulum
The different cell types characterized in detail in
Tables 2 (controls) and 3 (Rhine eel) could be divided
into 2 main categories: (1) reticulum cells (nonphagocytic and phagocytic) constituting the permanent
reticular framework, and (2) blood cells found temporanly in vessels and intercellular spaces (Fig. 2a).
Whereas for non-phagocytic reticulum cells no relation
to any other cell type could be documented, phagocytic
cells showed transitional stages to melano-macrophages, which, therefore, might be regarded as a third
(phagocytic) type of reticular cell. In controls, rnelanomacrophages were rarely found as single cells, but
integrated in melano-macrophage centres (Fig. 2b).
The cellular arrangement in controls appeared wellstructured: cellular junctions between reticulum cells
were regularly established, and amorphous intercellular substance formed branching cords of 3 to 5 pm
thickness lined by extensions of non-phagocytic
reticulum cells (Fig. 2a, cf. Fig. 3a).
In exposed eel, the splenic tissue was less clearly
structured (Fig. 2c-f). Intercellular substance appeared
reduced and condensed; single cords were rarely
thicker than 1.5 ,pm (Fig. 2c, d) and locally contained
collagen. Cytological damage ranged from minor
deviations (changes in cytoplasmic electron density,
pseudopod retraction, swelling of mitochondria, formation of myelinated structures and lipid droplets) to
complete necrosis of single cells or cell groups
distributed heterogeneously throughout the tissue.
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Table 3. Angullla anguilla. Cytological alterations of reticular and non-reticular cell types in the spleen of eel exposcd to the chemical s p ~ l in
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Spazier e t al.. Cytopathology of eel spleen

Extended areas without any change were rare. Within
necrotic areas, normal reticular organization was
replaced by a mixture of degenerating or necrotic
blood and reticulum cells, bleb-like cell remnants containing residual bodies, and other cellular debris of
unknown origin (Fig. 2e, f ) . Most intercellular junctions
between reticulum cells were disrupted.
Semiquantitative evaluation revealed changes in the
frequencies of different cell types (Table 4). Erythroblasts and plasma cells could not b e detected in
exposed eel. Melano-macrophage centres were not
present, a n d the total number of melano-macrophages
dispersed throughout the reticulum was reduced. In
contrast, hypertrophic macrophages without pigments
could only be found in exposed fish (Fig. 2d), often
accumulated close to necrotic areas.

Cytology of reticulum cells and macrophages
Non-phagocytic reticulum cells in controls could b e
easily distinguished by their slender shape with
numerous long, branching extensions establishing
cellular contacts to other reticulum cells and by a clubshaped nucleus with considerable amounts of randomly dispersed heterochromatin (Fig. 3a). The cytoplasm contained few organelles in an irregular distribution, mainly mitochondria (Fig. 3b), and short
bundles of microfilaments. Lysosomes were very rare.
In Rhine eel, mitochondria were increased in frequency a n d showed polymorphism a s well as progressive swelling of up to double the control size (Fig. 3c).
Table 4 . Anguilla anguilla. Semiquantitative evaluation of
relative frequencies of reticular and non-reticular cell types in
the spleens of control eel and eel exposed to the chemical spill
in the Rhine h v e r in November 1986
Control
eel

Rhine
eel

Non-phagocytic reticulum cells
Phagocytic reticulum cells
Melano-macrophages
- reticulum
- melano-macrophage centres
Macrophages
Erythroblasts
Erythrocytes
Thrombocytes
Lymphocytes
Plasma cells
- reticulum
- ellipsoids
Heterophilic granulocytes
- not detected; + occasionally present; + + common;
+++ numerous; ++ ++ very numerous

Dis. aquat. Org. 14: 1-22, 1992

Fig. 3 . Anguilla anguilla. Non-phagocytic reticulum cells in controls demonstrating (a) club-shaped nucleus, slender extensions
linlng spaces w t h intercellular substance (IS) and ( b ) normal mitochondria in contrast to (c) mitochondrial alterations in exposed
eel like swelling and polymorphism as well as (d) different stages of myelin formation (arrowhead; arrow) in the intermembranous
space. (e) Phagocytic reticulum cell in controls displaying numerous lysosomes close to Golgi fields (Go) and a vermiform body
(arrowhead). Major alterations in phagocytic reticulum cells of Rhine eel include (f) concentric myelinated membranes in the
cytoplasm and (g) membranes arranged in parallel in lysosomes. (a) X 9600; (e) X 18 200; (b)-(d), (f), (g) x 42 000

Matrix density was decreased to almost transparency.
Mitochondrial membranes appeared thicker and
myelin-like membrane whorls could be found in the
intermembranous space (Fig. 3d). The degree of
mitochondrial alterations correlated with the general
damage level in the cell. Advanced injury of nonphagocytic reticulum cells was indicated by moderate
swelling of ER cisternae as well as the occurrence of

myelinated structures and lipid droplets in the cytoplasm.
Phagocytic reticulum cells in controls were of compact shape with lobular protrusions and showed an
oval to slightly irregular nucleus with only scant,
randomly dispersed heterochromatin. Numerous mitochondria, ER cisternae, Golgi fields and small-sized
lysosomes of different stages were scattered through-
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Fig. 4. Anguilla anguilla. Splenic melano-macrophages (refered to as pigment cells) heavily loaded with residual bodies (*)are (a)
arranged in a melano-macrophage centre of controls, but (b) scattered in the reticulum of exposed eel, where (c, d) macrophages
(labeled in nucleus) with numerous lysosomes and elongate cisternae of endoplasmic reticulum (ER) are common In (d), note
erythrocyte phagocytlzed by a macrophage. is: intercellular space; nu: nucleus. (a), (b) x 8500; (c) x 14 300; (d) x 9900

out the cytoplasm (Fig. 3e). Small multivesicular and
myelinated structures as well as vermiform bodies in
low numbers were common. Phagocytic reticulum cells
with single or few pigment-containing residual bodies
represented transitional stages to melano-macrophages.
The most important difference in phagocytic
reticulum cells of exposed eel was the increase of
rnyelin-like structures in organelles and cytoplasm

(Fig. 3f). Secondary lysosornes frequently contained
stacks of parallel membranes (Fig. 3g). The amount of
residual bodies was often augmented. Some of the
mitochondria displayed signs similar to those described
for non-phagocytic reticulum cells. T h e cisternae of
rough endoplasmic reticulum (RER) were often conspicuously narrowed.
Melano-macrophages in controls were sac-shaped
and characterized by a very high content of residual
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bodies with a diameter of 1 to 4 pm in contrast to the
sparsity of other organelles, in particular primary
lysosomes (Fig. 4a). Due to dense package of residual
bodies, several nuclei were compressed. Residual
bodies contained granular pigments of various size and
density, embedded in a moderately electron-lucent
matrix (Fig. 4a). Three types of pigments could b e
identified (terminology of Agius & Agbede 1984):
melanin (discrete oval granules, 0.3 to 0.5 pm,
uniformly very dense), lipofuscin (irregular shape, up
to 2.5 pm, varying size and electron density) and
haemosiderin (finely granular, clustered, electrondense). Melanin usually predominated. Occasionally,
multivesicular bodies and lipid droplets could be discerned. Some (premature?) melano-macrophages were
of smaller size (6 to 8 pm) and contained fewer and
smaller residual bodies than typical melano-macrophages, but a higher number of other organelles.
Whereas fully formed melano-macrophages were
less abundant in Rhine eel, smaller melano-macrophages with a reduced number of residual bodies, but
poorly developed ER and Golgi fields, were increased.
Melanin content was generally reduced, whereas fine
lamellar and granular materials with lipofuscin and
haemosiderin portions predominated (Fig. 4b). In
melano-macrophages, mitochondria did not show any
swelling.
Macrophages were only observed in Rhine eel
(Fig. 4c, d). They could b e distinguished from similar
phagocytic reticulum cells by their marked hypertrophy, being larger in size and showing more protrusions.
Their oval nucleus was poor in heterochromatin and
organelles were numerous in the electron-lucent cytoplasm. Compared to phagocytic reticulum cells in
Rhine eel, mitochondria were twice as frequent, narrowed RER cisternae appeared increased, Golgi fields
were extended, and lysosomes were more numerous
and frequently contained undigested material such as
erythrocytes (Fig. 4d). Moderate amounts of myelinated structures, lipid droplets, multivesicular and vermiform bodies could be observed. Some macrophages
showed symptoms of cellular-injury-like rupture of cell
membranes and release of cytoplasmic contents.

Cytology of blood cells
Erythroblasts could in most cases be classified as late
basophilic stages according to Bielek (1978). The cytoplasm of the oval cells already contained haemoglobin,
but was still rich in organelles, mainly mitochondria
and irregular tubular smooth endoplasmic reticulum
(SER), as well as some Golgi fields, multivesicular
bodies and numerous free ribosomes (Fig. 5a). Occasionally, erythroblasts exhibited ring-shaped myeli-
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nated bodies close to the cell surface (Fig. 5a, b)
measuring 0.35 to 0.4 pm in diameter and consisting of
about 10 to 15 concentric membrane layers. In the
spleen of eel exposed to the chemical spill, erythroblasts were not detectable.
Erythrocytes. In the elliptical erythrocytes of controls, the oval nucleus displayed wide nuclear pores
and strongly condensed heterochromatin (Fig. 5c), the
amount of which clearly exceeded that of erythroblasts.
Except for few mitochondria and cisternae of SER, the
cytoplasm was extremely poor in organelles, but rich in
fine, homogeneously distributed haemoglobin. The
marginal microtubuli belt of the erythrocytes was about
0.2 pm thick and consisted of 8 to 10 microtubuli.
In erythrocytes of exposed eel, the nucleolus
appeared more prominent than in control fish (Fig. 6b).
The cytoplasm was of slightly increased density, but
almost or entirely free of organelles except for few
mitochondria. Some of these were swollen and showed
reduced cristae in an electron-lucent to transparent
matrix. Occasionally, myelin-like membrane whorls
could be found in the intermembranous space of
mitochondria (Fig. 5 d ) , as well as in the locally dilated
perinuclear sheath (Fig. 5e). In no case, however, were
these myelin-like membrane whorls found attached to
the cell surface as described for control erythroblasts.
Thrombocytes were spindle-shaped blood cells with
a n elongate nucleus displaying a characteristic longitudinal furrow and abundant, condensed heterochromatin (Fig. 5f). In controls, about 10 plasmalemmal
invaginations per section with a diameter of about
80 nm could be counted. The peripheral cytoplasm
contained 30 to 50 vesicles per section with a constant
diameter of 0.15 pm and a homogeneous matrix. Normally, the 0.5 to 1 pm thick belt of microtubuli surrounding the cell along its longitudinal axis was only
difficult to discern.
In exposed fish, both cell and nuclear length were
reduced in thrombocytes. The nuclear furrow was frequently less prominent (Fig. 5g). Plasmalemmal invaginations were reduced in number by about 50 %, and
their diameter was diminished to 50 nm. Each thrombocyte displayed 10 to 50 vesicles per section, with a
diameter increased by 30 O/O to 0.2 pm and a highly
variable matrix. Part of the mitochondria appeared
swollen with low matrix density and membranous
whorls in the intermembranous space. Similarly to erythrocytes, myelinated structures were occasionally
found in the perinuclear sheath. Golgi fields were
diminished, and some lysosomes and multivesicular
bodies were present. Due to a decrease in cytoplasmic
density of severely damaged thrombocytes, the longitudinal microtubuli belt was more evident (Fig. 5 g ) .
Lymphocytes were small, spherical blood cells
displaying numerous pseudopodia and a high
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nuclear : cytoplasmic ratio (Fig. 6a). Except for high
amounts of evenly distributed free ribosomes, the cytoplasm only contained some mitochondria, elongated
cisternae of SER and few small lysosomes.
In exposed fish, cell shape and nuclei of most lymphocytes were no longer spherical. Even cells without other modif~cations displayed a reduction of
pseudopodia, whereas the plasmalemma of severely
damaged lymphocytes appeared completely smooth
(Fig. 6b). In addition, the cytoplasmic density was
either drastically decreased or, more rarely, increased.
Further alterations included small membranous whorls
within mitochondria, partial vesiculation of SER and
increased density of lysosomes.
Plasma cells in control eel were more commonly
found in the wall of ellipsoids than in the reticulum
(Fig. 6c). Both elongate RER lamellae in parallel array
and highly swollen SER cisternae could be found in the
same cell. Free ribosomes were numerous. Several
large Golgi fields per section were arranged in groups
mainly in a perinuclear position. Golgi cisternae were
inflated and intensively fenestrated. Only few lysosomes were present. In the spleens of exposed fish,
plasma cells could not be detected.
Heterophilic granulocytes in controls contained an
oval to lobular nucleus and numerous small organelles
including mitochondria, short tubular to vesicular cisternae of SER, and primary lysosomes (Fig. 6d). These
lysosomes equivalent to the specific granules in light
microscopy had a characteristic elliptic shape and a
crystalline matrix. Abundant p-glycogen particles were
dispersed throughout the cytoplasm.
In Rhine eel, mitochondria of heterophilic granulocytes were reduced in number, some of them appeared
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heavily swollen, with reduced cristae in an almost
transparent matrix (Fig. 6e). The electron density of the
crystalline lysosomal matrix was increased, and lipid
droplets of 0.5 pm in diameter occurred in the cytoplasm. Heterophilic granulocytes were the only blood
cell type in exposed eel that were free of myelinated
structures.

DISCUSSION
The present study was designed to serve several
purposes: (1) to give a comprehensive account of the
histology and cytology of resident and free cells in the
spleen of eel, (2) to investigate the cytopathological
effects of the chemical spill into the Rhine h v e r at
Basle in November 1986 on eel spleen, (3) to assess
potential functional implications of splenic cytopathology in context with earlier findings on cytological alterations in liver and intestine (Braunbeck et al. 1990a,
Burkhardt-Holm et al. 1990), and, thus, ( 4 ) to evaluate
the utility of splenic alterations at the ultrastructural
level as a biomarker for toxicant-induced damage of
fish.
To date, rainbow trout Oncorhynchus mykiss is the
most-investigated species with regard to studies on fish
spleen. For many other species, including eel, data are
fragmentary. Except for melano-macrophage centres,
which have been described by Agius (1979, 1980),
Agius & Roberts (1981), Agius & Agbede (1984) and
Roberts (1975),histology and cytology of eel spleen has
not previously been investigated. A general outline of
histological and cytological investigations on fish
spleen is given in Tables 5 & 6.

Table 5. Reviews and systematical investigations on histology a n d cytology of fish spleen
Species
(Review)
(Review)
(Review)
Teleosts (14 spp.; e.g. eel,
plaice, rainbow trout)
Agnatha, chondrichthyes a n d
osteichthyes (72 spp.)
Dogfish, eel, plaice, ralnbow
trout, tilapia
Dogfish, eel, plaice, rainbow
trout, sword tail, tilapia
Carp, crucian carp, golden ide,
perch, rainbow trout, tench

Method

Comment

Reference

Immune response in fish
Comparative study of lympho-myeloid tissue
in fish
Structure a n d function of fish spleen
Role of melano-macrophage centres in iron
storage of normal and diseased fish

(Review)
(Review)

Corbel (1975)
Fange (1982)

(Review)
HC, LM

Fange & Nilsson (1985)
Agius (1979)

Phylogenetic development of melano-macrophage centres
Pigment genesis in haemopoietic tissues

LM

Agius (1980)

EM

Agius & Agbede (1984)

LM, h 4 0

Agius & Roberts (1981)

Effects of starvation on melano-macrophage
centres
General anatomy and histology

EM: electron microscopy: HC: histochemistry; LM: light microscopy; MO: morphometry

LM

Haider (1966)

Perch
Perca fluvial~lis
Yellow perch
Perca Ilavescens
Ruffe
Cyrnnocephalus cernua
Sunfish
Lepomis gibbosus X L. cyanellus

Atlantic cod
Gadus rnorhua

Carp
Cyprinus carpio
Goldfish
Carassius auralus
Roach and goby
Rutilus rutilus, Gobio gobio
Loach
M s g u r n u s anguillicaudatus
Catfish
Heteropneusles fossjlis
Rainbow trout
Oncorhynchus mykiss

Ray
Raja clavata, Torpedo marmorata
Chimaera
Chimaera rnonslrosa
European eel
Anguilla angullla

Dogfish
Scyliorhinus canicula
Dogfish
Scyliorhin us stellaris

Species

LM, EM

Haemopoietic sites of eosinophilic granulocytez

Phagocytosis and filtering functions

LM, SEM, EM

LM
LM
LM, M O

Age-dependent accumulation of melano-macrophage aggregates
Effects of dioxin on lyrnphomyeloid tissue
Melano-rnacrophage centres under (pre-)tumorousconditions

Fulop & McMillan (1984)

Brown & George (1985)
Spitsbergen et al. (198813)
Kranz & Peters (1984)

Pontius & Ambrosius (1972)
IM, LM

Proliferation and differentiation of antibody-producing cells

Suppression of antibody-producing cells exposed to copper
Demonstration of immunocompetent cells
Effects of a n antibiotic (furnagillin) o n haemopoietic tissue
Blood cells and precursors in haemopoietic sites
Effects of oxidized fish oil on blood and tissue
Alterations in haemopoietic tissue under stress
Structural and functional alterations of phagocytes under stress
Long-term effects of polluted water on blood and tissue
Effects of dioxin on lymphomyeloid tissue and haemopoiesis
Effect of exercise on blood storage and release
Ontogenetic development of reticulo-endothelial system
Subacute effects of phenol on erythrocyte system
Anatomy, histology and physiology
Effects of adrenergic and cholinergic drugs
Adrenergic and cholinergic innervation
(Extra-)neuronal uptake of catecholamines

Anderson et al. (1989)
Chiller et al. (1969)
Lauren et al. (1989)
Lehmann & Stiirenberg (1976)
Moccia et al. (1984)
Peters & Schwarzer (1985)
Peters et al. (1991)
Poels et al. (1980)
Spitsbergen e t al. (1988a)
Stevens (1968)
Tatner & Manning (1985)
Wlasow (1984)
Zwillenberg (1964)
Holmgren & Nilsson (1975)
Nilsson & Grove (1974)
Ungell & Nilsson (1984)

Bano & Hasan (1990)

Ishizeki e t al. (1984)

Zapata (1982)

IM, TC, LM
IM LM, EM
H + S, LM
CC, LM
H+S,LM
H + S, LM, EM
H + S, LM, EM
H+S,LM
H + E, LM
H+S,W
LM
H+S,LM
LM, EM
TC
RI,, IMHC
RL

Flistopathological lesions by mercury

LM, EM

Structure and ultrastructure of lymphoid tissue

a n g e r (1983)
Kreutzmann (1977a)
Peters e t al. (1980)
Graf & Schliins (1979)
W a s o w & Dabrowska (1989)
Herraez & Zapata (1986)

Stress diagnosis by haematological and morphological methods
EfTects of 2 antibiotics on haemopoiesis
Physiology and morphology of blood under stress
Terminal capillaries (ellipso~ds)
Sublethal effects of ammonia on haemopoietic tissue
Effects of phenylhydrazine o n melano-macrophage centres
H+S,LM
CC. LM
H + S, LM
HC, EM
H + S, LM
MO

Fange & Sundell (1969)

Morphology and haemopoiesis of different lymphomyeloid tissues

D'IppoIito et al. (1985)

Pulsford et al. (1982)

Reference

Zapata (1980)

CC, LM

EM

Method

Erythropoiesis and thrombopoiesis

Blood precursor cells in haemopoietic sites

Cytology of splenic cell types

Comment

Table 6. Histological and cytological investigations o n spleen of single fish species
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In contrast to rainbow trout (Zwillenberg 1964), the
splenic reticulum of eel is characterized by a complete
lack of sinusoids. However, sheathed arterial capillaries (i.e. ellipsoids) resembling those in carp spleen
(Graf & Schluns 1979) are present, and intercellular
substance including a thick capsule is abundant.
Whether or not there are actually 2 separate types of
reticulum cells in eel spleen remains a question of
debate. According to our observations, a clear-cut
distinction between phagocytic and non-phagocytic
reticulum cells 1s possible. In contrast, intermediate
stages between these 2 cell types in flsh reticular tissues have been reported in ruffe spleen by Kranz (pers
comm.) and in roach and gudgeon kidney by Zapata
(1979).The occasional observation of lysosomes (autophagocytosis?) in non-phagocytic reticulum cells and of
microfilaments (cell skeleton?) in phagocytic reticulum
cells of eel spleen, however, cannot fully confirm the
existence of transitional stages between the 2 reticular
cell types in this species.
Blood cell morphology, as revealed in the present
study, basically coincides with the descriptions by
Klinger (1983) and Kreutzmann (1976a, b, 1977b,
1978). The concentric, myelinated structures observed
at the cell surface of eel erythroblasts resemble those
described in rainbow trout erythroblasts (Sekhon &
Beams 1969, Bielek 1978). According to Sekhon &
Beams (1969), these lamellar bodles are extruded during erythroblast maturation. Among granulocytes, we
could only document the heterophilic type, but failed to
demonstrate eosinophilic and basophilic cells (Kreutzmann 197613). Normal haemopoietic activity in eel
spleen is low, which is in line with findings in most
other teleost species (Pontius & Ambrosius 1972, Fange
& Nilsson 1985).After stimulation by blood withdrawal,
granulopoiesis in eel is restricted to the head kidney,
but erythropoiesis, thrombopoiesis and lymphopoiesis
can also be documented in the spleen (Kreutzmann
1976a, b, 197713, 1978).
The data presented provide clear evidence of extensive damage in the spleen of eel exposed to the chemical spill in the Rhine River in November 1986. The
pathological syndrome affects all splenic cell types a n d
ranges from slight deviations to complete destruction of
cellular components and final cell death. Most striking
alterations include a lack of erythi-oblasts, plasma cells
and melano-macrophage centres, as well as the occurrence of necrotic areas in association with macrophages.
In our previous studies, a prominent immigration of
macrophages into the liver parenchyma and the intestinal mucosa and submucosa was evident (Braunbeck et
al. 1990a, Burkhardt-Holm et al. 1990). Cytological
similarities between splenic macrophages and phagocytic reticulum cells support the hypothesis that macro-
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phages in the spleen, and possibly other organs, might
arise from phagocytic reticulum cells representing a
reservoir of fixed macrophages, as already suggested
for fish kidney and spleen (Bertin 1958, Zapata 1979,
Peters & Schwarzer 1985).Moreover, macrophages (i.e.
histiocytes) in fish tissues might additionally originate
from monocytes imported via blood circulation, as
documented for mammals (Sutton & Weisser 1966) and
fish (Vogelbein et al. 1987).
Lkewise, the relationship of melano-macrophages to
resident phagocytic reticulum cells or to mobile macrophages is subject to discussion. Since, from a cytological point of view, premature stages of melano-macrophages can b e recognized a s transitions between
phagocytic reticulum cells and mature melano-macrophages, a derivation from reticulum cells appears
plausible. O n the other hand, melano-macrophages are
capable of active migration allowing them to (temporarily) sett!e in me!ano-~acrophage centres, and.
thus, share important characters with common macrophages (Ellis et al. 1976, Ferguson 1976, Kranz &
Gercken 1987).
The lack of melano-macrophage centres in the
spleen of exposed Rhine eel is a striking phenomenon
hitherto not reported. Due to the important function of
melano-macrophage centres as repositories for metabolically inert or recycled materials (Roberts 1975) a n d
as units competent in immune defense against microbial attack in fish ('primitive germinal centres'; Roberts
1975, Ellis et al. 1976, Ferguson 1976), their absence
implicates significant negative consequences for
splenic metabolism and immune defence. It is well
documented that number a n d size of melano-macrophage centres in fish are highly variable in adaptation
to actual requirements. Various adverse conditions
associated with extended tissue breakdown a n d
haemolysis cause enlargement of melano-macrophage
centres in eel and other species (Agius 1979, Agius &
Roberts 1981, Wolke et al. 1985, Herraez & Zapata
1986), whereas exposure of plaice Pleuronectes platessa to potassium dichromate results in fragmentation
of splenic melano-macrophage centres along with
increased numbers of melano-macrophages in splenic
blood vessels (Kranz & Gercken 1987). These authors
conclude a decreased ability of melano-macrophages
to accumulate, possibly d u e to a toxicant-induced
reduction of chemotactic activity (Weeks et al. 1986).
Similar processes may have been active in intoxicated
Rhine eel. However, since dissipation of melanomacrophage centres should give rise to elevated numbers of scattered melano-macrophages, this hypothesis
fails to explain the apparent reduction of the number of
splenic melano-macrophages in total, unless emigration from the spleen is taken into account.
Even the damage of non-phagocytic reticulum cells

has serious consequences for splenic functions. In necrotic areas, the reticular architecture with its rich intercellular space is broken down, and, thereby, pathways
for migrating cells and blood filtration are obstructed.
High amounts of tissue fragments result in a n additional congestion and obstruction of the remaining
intercellular space. In turn, damage of splenic phagocytes leads to a reduction of the phagocytotic capacity
of the spleen.
Likewise, for some of the observations in blood cells
of exposed Rhine eel, possible functional implications
may be speculated. The failure to detect erythroblasts
might indicate disturbance of erythropoiesis, at least in
the spleen as a secondary erythropoietic organ, or
reduced import of erythroblasts from the peripheral
circulation. Together with a n increased number of erythrocytes ingested by macrophages, this implies a significant reduction of erythrocytes in the spleen and,
possibly, other organs. Oxyqen depletion might result
and account for part of the damage of mitochondria
observed in liver (Braunbeck et al. 1990a), intestine
(Burkhardt-Holm et al. 1990) and spleen.
Morphological alterations in cellular a n d nuclear
shape of lymphocytes, lower electron density of their
cytoplasm and reduction of pseudopodia in combination with the absence of fully differentiated plasma
cells indicate a n impairment of specific immune defense.
The augmentation of macrophages in the spleen and
the induction of their phagocytic activity as indicated
by an elevated number of lysosomal elements are
clearly of adaptive nature. This stimulation may have
been a direct effect of the chemicals, or, more likely, a
consequence of the high degree of toxicant-induced
necrosis resulting in debris that has to be removed.
Normally, the phagocytotic capacity of the spleen in eel
and other species is mainly associated with number
and extent of melano-macrophage centres (Agius &
Roberts 1981, Wolke et al. 1985).In Rhine eel, however,
increased numbers of macrophages may even have
taken over part of the phagocytic function of disintegrated melano-macrophage centres.
In contrast to adaptive phenomena, many cytopathological reactions in the spleen of exposed fish
must be interpreted as degenerative. Deviations from
normal cytoplasmic density are regarded typical of
dying cells (Wyllie 1981), reflecting changes in the
cytoplasmic osmolality caused by disturbed plasmalemma1 permeability. The early loss of surface differentiations such as pseudopodia or cell junctions, as
observed in lymphocytes and non-phagocytic reticulum cells, is another common feature of cell death
(Wyllie 1981). Possibly d u e to impeded oxygen supply,
mitochondria display degenerative symptoms such as
swelling, destruction of cristae, formation of membrane
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whorls in the intermembranous space a n d reduced
matrix electron density. In necrotic cells, similar
changes were discussed by Wyllie (1981) in connection
with altered ATP-levels.
The ER is known to be particularly sensitive to toxic
impact (Wyllie 1981, Braunbeck et al. 1989, 1990a-c). A
dilat~onor vesiculation of ER cisternae as revealed in
exposed eel is regarded a non-specific reaction that can
be observed together with numerous functional disturbances (Wyllie 1981). Myelin formation as a prominent feature in many splenic cells may be the morphological equivalent of toxicant-induced disturbance
in biomembrane synthesis, e.g., synthesis of non-functioning membranes that only consist of phospholipids
(Rez 1986, Phillips et al. 1987). Such membranes fold
up to form myelin-like structures and are rapidly subjected to lysoson~aldestruction, a s frequently observed
in phagocytic reticulum cells.
As indicated by the impairment of vital functions of
the spleen in Rhine eel such as erythropoiesis,
phagocytosis including blood clearance, concentrated
deposition of non-degradable materials, as well as
slight decline and damage of cells involved in the
specific immune response, degenerative mechanisms
apparently dominated over adaptive ones. Adaptive
processes may be active in the early phases of intoxication or during exposure to very low concentrations of
toxicants. Such processes have also been initiated in
liver and intestinal tract of Rhine eel (Braunbeck et al.
1990a, Burkhardt-Holm et a1.1990),thus demonstrating
that biochemical and morphological defense mechanisms were induced prior to death of the eels. However,
as with any detoxification system, sequestration of foreign compounds, proliferation of phagocytic cells as
well as lysosomal compartmentation and accumulation
of contaminants can only be effective as long a s the
capacity of the organelles is not overloaded (Hutterer et
al. 1968, Ghadially 1982, Moore 1985, Braunbeck &
Volkl 1991), or the respective organelles are not
irreversibly damaged by the contaminants. Apparently
these defense systems were insufficient to meet the
challenge in exposed Rhine eel.
From a comparison with findings in Liver and gut of
the same eels revealing high similarities in degree and
nature of the cytopathological syndrome, it can b e
concluded that most of the splenic reactions towards
the toxicants are not specific for spleen. The results of
the alterations in all 3 organs of the Rhine eel taken
together, however, give a highly complex pathological
syndrome which may be specific of the accident in
November 1986.
The non-specificity of splenic reaction may also be
concluded from a comparison of toxicant-induced
changes in Rhine eel spleen with alterations in blood,
spleen and head kidney of rainbow trout under stress
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conditions. Peters & Schwarzer (1985) a n d Peters et al.
(1991) revealed severe damage to blood cells and disturbances of blood cell formation, as well as initially
increased phagocytosis in combination with long-term
immunosuppression. The functional alterations could
be correlated to morphological deviations in rainbow
trout spleen and kidney, closely resembling many of
those observed in the spleen of intoxicated Rhine eel.
As a n interesting similarity, necrosis of macrophages is
also induced in the head kidney of stressed rainbow
trout (Peters e t al. 1991).
Ultrastructural studies in spleen provide important
information about mechanisms underlying a pathological syndrome. However, purely qualitative observations have proved not sufficient to fully appreciate the
processes active during intoxication. Since major
environment-induced alterations in spleen occur in size
and composition of different cell populations, quantitative evaluation appears necessary, e.g. estimation of
relative cell numbers or morphometric measurements
of cell size. In addition, a determination of splenic
phagocyte index (relative numbers of phagocytic cells
per tissue area) and phagocytosis rate (as a measure for
phagocytotic activity; Peters et al. 1991) might help to
evaluate the extent of the toxic impact a n d its significance for the organism.
With regard to the chemical spill at Basle in
November 1986, the data presented document that not
only changes in liver and gut, but also cytopathological
alterations in the spleen, may have made a significant
contribution to the fatal consequences for the eel population in the Rhine. Most important, disturbances in
central splenic functions may have resulted in a longterm deterioration of the immunological status of the
fish giving rise to secondary infection and increased
susceptibility to disease.
The present study provides a detailed inventory of
possible morphological modifications resultant from
exposure to a complex mixture of xenobiotic compounds in the spleen of eel. With respect to the intricacy of possible interactions between the chemicals
and the sparsity of investigations on cytological effects
even of single toxic conlpounds, it appears too speculative to attribute particular alterations to particular compounds at the present state. Laboratory studies on
structural a n d functional effects of selected toxic chemicals involved in the chemical spill in various organs of
eel have been initiated.
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