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Gill histopathological changes in Great sturgeon after exposure
to crude and water soluble fraction of diesel oil
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Abstract This study was conducted to provide baseline
data on the gill tissue lesions in Huso huso under exposure
to direct and water-soluble fraction of diesel oil. In both
condition, histopathological analyses exhibited many gill
lesions, including epithelial lifting, erythrocyte infiltration,
lamellar aneurism, hyperplasia, and lamellar fusion. We
report here the results on several abnormalities in the gill
structure of the studied fish under direct and water-soluble
fraction of diesel oil concentrations which could be used as
biomarkers of diesel oil pollution.
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Introduction

Histopathology is a useful tools for assessment the effects of
toxicants, in cells, tissues, and organs (Adams 2002). Today,
histopathological biomarkers have been widely used in fish
for detection and assessment the effects of exposure to
pollutants (Oliveira Ribeiro et al. 2006) as well as monitor-
ing the fish health status during exposure to pollutants
(Thophon et al. 2003).

Histopathological biomarkers allows evaluating specific
target organs, including gills, gonad and liver, that are
responsible for vital functions, and the advantage of this
fact is making them as biomarkers in monitoring programs
of water environments (Gernhofer et al. 2001). Moreover,
the changes detection of these organs are normally easier to
identify and would serve as warning signs of damage to fish
health (Fanta et al. 2003).

Since there are not many studies in the open literature
references, the damage of the great sturgeon gill under
exposure to the given pollutant is largely unknown. The
present study aimed on providing baseline data on the
prevalence of gill tissue lesions in Huso huso under direct
and water-soluble fraction of diesel oil exposure and com-
paring the sampling types and prevalence of lesions present,
for monitoring purposes.

Material and methods

Fish and chemical exposure

Great sturgeons with average weight of 200 g, were supplied
by fisheries research laboratory, Gorgan, Iran. Before toxi-
cological tests, fish were acclimated to laboratory conditions
(temperature, 20.1 °C; pH 7.44; DO, 7.89 mgO2L

−1) for a
minimum of 1 week in a 300-L tank filled 200-L with urban
tap water. During acclimated time, fish were fed with com-
mercial pellet two times a day (Hedayati and Safahieh 2011).

For preparation of water-soluble fraction of diesel oil
(WSD), a part of commercial diesel oil (Purchase from
Gas station, Gorgan, Iran) was added to four parts of water
in a glass container. The mixture was then exposed to
intense sunlight for 6 h, simulating a diesel spill in tropical
conditions. After that, the upper insoluble phase was dis-
charged and the remaining water phase was collected
(Simonato et al. 2008).

Fish were submitted to direct dose (5, 10, 20, and
40 ppm) and WSD dose (10, 100, 500, and 1,000 ppm)
for 0 h, 48 h, and 7 day static toxicity tests, performed in
tank of 200 L, each tank contained four fish. One control
group, consisting of seven fish exposed only to water (the
same as that used for acclimation), was sampled at each
experimental interval along with the experimental groups
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exposed to water plus WSD diesel oil. Three replicates were
carried out for each experimental time. During the experi-
ment, water was continuously monitored for temperature,
dissolved oxygen, pH, and conductivity (Hedayati et al.
2010).

Sampling and histological examination

Immediately after removing the fish from the tank, they
were anesthetized with clove powder, a small part of right
side gill was removed and examined macroscopically, sub-
sequently, fish were killed by cervical section (Hedayati et
al. 2010).

Gill samples were preserved by immersion in Bouin’s
fixative solution for 24 h. Dissected tissues were washed
in ice-cold 0.9 % sodium chloride solution, and subse-
quently fixed in 10 % formalin solution for 48 h. After
48 h, he tissues were transferred into 70 % ethanol
(Haschek et al. 2010). After incubation, dehydration,
xylene, and lastly xylene, paraffin mixture in tissue pro-
cessor (Triangle biomedical sciences USA), gill were
embedded in paraffin and sectioned using an ultra micro-
tome (Olympus CUT 4055E, USA) to obtain sections of
5 μm in size. The sectioned tissues were fixed on the
microscope slides and air-dried for 24 h. The slides were
later stained with hematoxylin and counter stained with
eosin (Haschek et al. 2010).

In this study, the understanding of morphological
abnormalities was with data derived from fixed images
of cells and tissues as seen through the light microscope
using digital optical imaging techniques. The incidence
of alterations was reported in a qualitative evaluation,
plus a semiquantitative scale scored in four categories
according to the intensity of alterations: (1) none, (2)
mild, (3) moderate, and (4) severe (Di Giulio and
Hinton 2008).

Results

The gill tissue of the control fish in both conditions
follows the normal status that was described for teleost
fish. The severity of histopathological abnormality of
the gill tissue elevated along with the increasing dose
of diesel oil in both experimental conditions. No mor-
tality occurred during the experimental test, but the
morphological lesions observed in gills revealed serious
alterations throughout the experiment. The tissue dam-
ages during direct exposure to diesel oil and gill injuries
after WSD exposure to diesel oil are summarized in
Tables 1 and 2, respectively. Histological appearance
of the gill tissue in control and trial tanks is exhibited
in Fig. 1.

Diesel oil induced various pathological alterations in gill
of Great sturgeon in both condition. The lesion indices of
gill showed a significant difference between control and trial
groups. The most frequent pathological altrations included
epithelial lifting, erythrocyte infiltration, lamellar aneurism,
hyperplasia, and lamellar fusion.

Discussion

Gill is a well-known organ in fish, which is the first target
organ reacting to pollutants. However, available information
on the toxicity of diesel oil in freshwater fish species is
scarce. This study presents results concerning the sublethal
effects of diesel oil on H. huso with respect to gill histology.
In the present study, the serious histopathological effects of
diesel oil on the gills were epithelial lifting, erythrocyte
infiltration, lamellar aneurism, hyperplasia, and lamellar
fusion.

The most common gill lesions induced by toxic substan-
ces and other chemicals are hyperplasia, hypertrophy, rup-
ture of gill tissues, lamellar fusion, hypersecretion,
proliferation of mucous cells, alterations in chloride cells,
and vascularization (Mallat 1985).

Table 1 Summarized gill lesions of Great sturgeon during direct
exposure to diesel oil

Lesion Direct exposure (ppm)

0 5 10 20 40

Epithelial lifting − − + ++ ++

Erythrocyte infiltration − + ++ ++ +++

Lamellar aneurism − − + + +

Hyperplasia − − − ++ ++

Lamellar fusion − ++ + ++ +++

None (−), mild (+), moderate (++), and severe (+++)

Table 2 Summarized gill lesions of Great sturgeon during WSD
exposure to diesel oil

Lesion WSD exposure (ppm)

0 10 100 500 1000

Epithelial lifting − − − + +

Erythrocyte infiltration − − + + ++

Lamellar aneurism − − − + +

Hyperplasia − + − + +

Lamellar fusion − + + ++ +

None (−), mild (+), moderate (++), and severe (+++)
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In order to increase the epithelial area for diffusion as
well as reduction the contaminant absorption into the blood,
epithelial hyperplasia is considered as a protective response
to toxics, irritants, and environmental stressors (Mallat
1985; Roberts 2001). For example in Hoplias malabaricus,
the branchial surface and the affinity of hemoglobin to
oxygen for adaption to different levels of hypoxia was
increased (Fernandes et al. 1994).

In the present study, the severe damage in gill epithelium
observed in fish exposed to higher diesel oil concentrations
could result in hypoxia of tissue and finally death. This is in
accordance with the previous studies which revealed epithe-
lia lifting and lamellar and filamental congestion in fish
exposed to pollutants (Roberts 2001). On the other hand,
similar findings in Stizostedion vitreum exposed to hydro-
gen peroxide suggesting a strong correlation between gill
damage and toxic concentration (Tort et al. 2002). Similar to
this finding, a higher water concentration of chemicals and
toxics in the water lead to lamellar alterations such as
edema, severe epithelial separation and increase in the cap-
ilar permeability with circulatory changes (Roberts 2001)

and subsequent lifting of live cells and necrotic ones lead to
death as observed inMetynnis orinocensis exposed to higher
pollutant concentrations.

The absorption of pollutants by cells occurs via diffusion
of neutrally charged chlorocomplexes, because pollutants
inhibit ATPase and ion channels involved in active transport
(Roesijadi and Robinson 1994). Gill pathologies such as
thickening of secondary lamellae and other cellular prolif-
erations were previously observed in Trichomycterus brasi-
liensis exposed to mercury (Oliveira Ribeiro et al. 1996).
Similar types of gill lesions have been observed in some
studied fish species.

The histological alterations observed in the present study
indicate that the fish responds to the both crude and WSD
effects of the diesel oil as much as to the secondary effects
caused by stress. In conclusion, the present investigation
indicated that diesel oil is a toxic substance in Great stur-
geon and crude and WSD tested concentrations may cause
several alterations in the histological indices of the studied
fish and we can apply these alterations as biomarkers of
diesel oil pollution detection.

Fig. 1 Histological appearance
of the gill tissue a control (H
and E stain, ×100), b epithelial
lifting (H and E stain, ×100), c
erythrocyte infiltration (H and E
stain, ×100), d lamellar
aneurism H and E stain (×400),
e hyperplasia (star), lamellar
fusion (arrow; H and E stain,
×100)
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