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ABSTRACT

The present study, considered histopathological changes in the two fish species, Persian
sturgeon Acipenser perstcus and Stellate sturgeon Acipenser stellatus. The aim was to describe the
different gill tissue changes in these two species of sturgeons. The prepared sections of gill were
stained with haematoxylin and eosin (HE) and observed under a light microscope. According to the
results of this case study, the important histological lesions observed in the gills of sturgeons were:
(1) hyperplasia of secondary lamellar epithelium (2) epithelial lifting of secondary lamellae (3)
leukocyte infiltration (4) hypertrophy of the respiratory epithelium (5) fusion of adjacent secondary
lamellae and (6) lamellar aneurysm. Hyperplasia of secondary lamellar epithelium was the most
frequent gill lesion and fusion of adjacent secondary lamellae as a result of hyperplasia,
proliferation of epithelial cells or epithelial lifting and in some cases hypertrophy was the second
frequent gill lesion.
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INTRODUCTION

The gills consist of four branchial arches each bearing pairs of primary filaments upon which
rows of secondary lamellae are situated. The filaments and lamellae are covered by epithelial cells
{(i.e., pavement cell, chloride cell (or Mitochondria rich cell) and mucous cell} supported by a complex
system of blood vessels. Hence, the gill epithelia provide an extensive surface of contact with the
environment (Wong and Wong, 2000; Mir and Channa, 2009; Movahedinia ef al., 2009). The fish
gill is a multifunctional organ involved not only in respiration but also in a variety of homeostatic
activities such as csmoregulation, metabolism of circulating hormones, nitrogen excretion, ionic
transport and acid-base balance (Haaparanta ef al.,, 1997, Wood, 2001; Evans et al., 2005,
Movahedinia ef al., 2009). Fish gills typically respond rapidly to various irritants resulting gill
lesions have a negative effect on the performance of fish and enhance its susceptibility to secondary
diseases and potentially cause fish mortality (Haaparanta et al., 1997; Al-Attar, 2007).

A variety of factors, including environmental pollutants and many parasites can induce

morphological anomalies in fish gills. Unfortunately, different irmtants may cause almost identical
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lesion and gill structural damage may merely reflect a generalized stress response rather than
toxicant, petroleum hydrocarbons or parasite-specific responses (Mallatt, 1985; Haaparanta et al.,
1997; Osman et al., 2009),

Most studies of gill alterations have focused on farmed fish or fish from laboratory studies.
Farmed fish are usually held under conditions favoring invasion by microbes and parasites,
whereas laboratory studies often use concentrations of irritants orders of magmtude higher than
those that occur in nature. Thus, laboratory tests do not reproduce real environmental conditions
and may under-or overestimate effects and the responses of these fish may be exaggerated
(Haaparanta et al., 1997; Alberto et al., 2005). Investigation on responses of natural populations
of wild fish species would be desirable.

The present study described histopathological alterations of gills in two commercially,
biologically and ecologically important fish species (that present only in the Caspian sea), Persian

sturgeon, Acipenser persicus and Stellate sturgeon, A. stellatus.

MATERIALS AND METHODS

The samples ranging from 42.5 to 94.2 ecm (n = 57) were collected from fishing ground along the
southern coasts of Caspian Sea (Arjan (n = 12), Ksmaili (n = 15), Kiashahr (n =11} and Cawviar
Processing Centre (n = 19) in Gilan and Golestan provinees) (Fig. 1). For each fish, gill sections
derived from the second arch of the gills on the right hand side of the head (Movahedinia et al.,
2009) were taken in the field, at the collecting places and fixed in 10% formalin (pH = 7.2-7.4) for
24 h. After serial dehydration in ascending percentages of ethanol, the gills were infiltrated with
xylene and embedded in paraffin. For each fish, two paraffin blocks were used. From each block,
a set of serial sections (5-6 pum of thickness) were cut, parallel to the long axis of the filament.
Sections (two slides from each block and two blocks per individual) were stained with haematoxylin
and eosin (H and E) (Haaparanta et al., 1997). The prepared sections of gill were observed on a
Nikon (Tokyo, Japan) light microscope. Slide preparations and microscopic evaluations were
conducted in the laboratories of both International Sturgeon Research Institute (Rasht, Iran) and
Tarbiat Modarres University (Noor, Iran), respectively. Different histological anomalies were
investigated and photos were taken from some of them. Those lesions that rarely observed in slides
were not, described.

Fig. 1: Sturgeons sampling areas, southern Caspian sea (Gilan and Golestan provinces)
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RESULTS

Most. gill changes were systemic and without any signs of causative agent. Hyperplasia of the
lamellar epithelium was the most frequent cbserved gill lesion in both species (4. persicus and
A. stellatus). The increase of cellular layers of the lamellar epithelium (Fig. 2) and alse diffusion
of distance between blood and aquatic medium was observed. Epithelial lifting of the secondary
lamellae because of an infiltration of fluid made oedematous space between epithelium and
basement membrane (Fig. 3). Similar to hyperplasia, this kind of lesion inhibited the respiratory
gas exchange by increasing diffusion distance and decreasing interlamellar distance. There were
blood cells (leukocytes) in leukoeyte infiltration within the cedematous space (Fig. 4). The other
observed lesion was Hypertrophy of the respiratory epithelium which referred to the numerous
swollen epithelial cells related to the volume regulatory processes disorders, degeneration of cells

in different phases, ete. (Fig. 5).

Fig. 2: Distal hyperplasia of the secondary lamellar epithelium (4. persicus), The epithelial cell
proliferation occurred preferentially at tip of lamella, Scale bar 100 pm

Fig. 3. Epithelial lifting of secondary lamellae (4. stellatus), A space (named oedematous space
(0.8)) growth between epithelial cells and beneath tissues (pillar cells and blood capillaries),
Scale bar 50 pm
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Fig. 6(a-b): Fusion of adjacent secondary lamellae (a) Hyperplasia of the epithelial cells at tips
caused fusion of the adjacent secondary lamellae (A. stellatus), Lamellae are free in the

middle and base areas, Scale bar 50 pm, (b) Advanced cell proliferations and mucous
secretion lead to fusion of secondary lamellae {A. persicus), Scale bar 50 um

Fusion of adjacent. secondary lamellae (Fig. 6) was the second frequent gill lesion in the studied
species. This was a result of hyperplasia of epithelial cells, lamellar epithelial lifting and mucous
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Fig. 7. Lamellar aneurysm (A. stellatus), Mucous secreted in a large amount toe and occupied the
interlamellar space, Scale bar 100 pm

cell proliferation or in some cases hypertrophy of epithelial cells. Lamellar aneurysm characterized
by accumulation of the blood cells in the secondary lamellae (Fig. 7). All explained lesions were
observed in both A. persicus and A. stellatus.

DISCUSSION

The histopathological changes observed in the gills of Acipenser persicus and A. stellatus have
been previcusly described in other wild fish (Laurent and Perry, 1991; Haaparanta et al., 1997,
Wood, 2001; Handy et al., 2002) or exposed to different pollutants (Arellano ef al., 1999; Van den
Heuvel et al., 2000; De Boeck et al., 2001; Thophon et al., 2003; Pane et al., 2004; Monteiro ef al.,
2008; Abdel-Moneim et al., 2008; Bais and Lokhande, 2012). In these earlier studies, no clear
relationship was found between the different histopathological changes nor the prevalence of
lesions and the exposure of animals te a specific pollutant at the different concentrations and times
of exposure (Monteiro et al.,, 2008). The sturgeons studied in the present study were usually caught
when they were several years cld and they were exposed to various irritants during their lifetime.
It 1s known that hyperplasia is a lesion that appears as a response to many different irritants. As
it is expected, the hyperplasia was the most frequent lesion found in the gill tissue of these fishes
{both species from each area).

Copious mucous secretion of the gills with hyperplasia and hypertrophy of mucous-producing
epithelial cells were widely reported as histopathological effects of toxicant such as erude oils and
their products. The epithelial lifting and fusion of the secondary lamellae were previously described
as the structural effects of petroleum hydrocarbons on marine fish, too. It was mentioned that
fusion of adjacent secondary lamellae was frequent because some anomalies like hyperplasia and
proliferation of epithehal cells in the acute phase resulted in lamellar fusion. This anomaly (fusion)
may be parasitic (if enly two or three neighboring lamellae fuse together) or systemie (if the fusion
occurred 1n more vast areas). The hyperplasia, hypertrophy and fusion of adjacent lamellae appear
to be a protective response to toxicants that causes less load of the toxicant to the blood
{Kantham and Richards, 1995; Singhadach et al., 2009).

The appearance of extended lamellar cedematous spaces, sometimes containing infiltrated cells,
seems to implicate a protective and csmoregulatory manifestation of the gills. The infiltration of
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eosinophihe granular cells and other mononuclear granular cells into the gill epithelium has been
described as an inflammatory reaction by various workers in the response to different toxic chemical
substances (Kantham and Richards, 1995; Authman and Abbas, 2007). These granular cells might
have an antitoxic effect although the exact mechanism involved is unknown.

The epithehal lifting appears to be one of the initial reactions of the gill to a variety of pollutants
(Smart, 1976) and previously described as a frequent gill lesion of fish expoesed to toxicants
{Mallatt, 1985; Arellano ef al., 1999; Pane et al., 2004; Schwaiger et al., 2004; Authman and Abbas,
2007; Monteiro et al., 2008, Singhadach et al., 2009). [t may act as a protective measure by
increasing the pollutant-blood diffusion distance. Such changes are typical of an acute
inflammatory response.

Marked dilation of the blood spaces in the secondary lamellae is an interesting histological
feature. The decrease of branchial vascular resistance was accompanied by increases in the heart
rate and blood pressure suggesting an increased rate of blood flow through the gills (Smart, 1976).
Aneurysms were previcusly observed using a variety of toxcants and their severity was
demonstrated to vary with pollutant levels and exposure times (Van den Heuvel ef al., 2000;
Thophon ef al., 2003; Schwaiger et al., 2004; Al-Attar, 2007, Bais and Lokhande, 2012). Aneurysms
might be used as a sensitive and reliable biomarker of acute toxicant exposure e.g., copper
{(Monteiro ef al., 2008). In the present study, aneurysms were found in a few slides.

Numerous studies have indicated that the stress plays a significant role in increasing the fish
susceptibility to diseases. The factors such as overcrowding, handling and poor water quality
constitute various types of stress (Smart, 1976; Osman et al., 2009). The histopathological changes
in the gill structure which occurred after prolonged exposure to toxicants may seriously reduce the
oxygen diffusing capacity of the gills so that death may result primarily from insufficient oxygen
uptake. Alternatively, the fish may be able to maintain their oxygen uptake over the long exposure
periad in the nature by compensatory cardicvascular and respiratory changes, though their activity
may be curtailed.

CONCLUSION

In conclusion, the exposure of sturgeons to various biotic and abiotic stressors during several
years through their life span can cause remarkable general anomalies especially the hyperplasia,
hypertrophy and related lesions like fusion of adjacent lamellae. Although these histopathelogical
alterations are protective responses at the initial phase but they can cause reduction of the fish gill
capabilities and finally follow more acute diseases and death of fish. Observed and described
histopathelogical lesions, were similar in both species.
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