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Abstract

Increasing amount of industrial and commercial chemical discharge into the aquatic environment has led to
pathological side effects on aquatic organism. Water soluble fraction (WSF) of crude oil can pollute water and
cause histopathological alterations in fish. Therefore, sea water pollution with crude oil could detrimentally
impact the fish health. The aim of the present study was to assess the effect of different concentrations of WSF
on muscle of yellow fin sea bream. The fish were exposed to 0% (control), 2%, 4%, 8% and 16% of WSF for a
period of 21 days. The histopathological alterations were examined in four categories of circulatory,
degenerative, proliferative and inflammatory. Inflammatory changes in control group was lower than that in 8%
and 16% WSF exposed groups (p<0.01), and in 2 % and 4% WSF exposed groups was lower than that in 8% and
16% WSF exposed groups (p<0.01). In conclusion, the present study showed the effect of concentration and
period of exposure to WSF on yellow fin sea bream. Iran is one of oldest Middle East producers of crude oil, so
monitoring adverse histopathological effect of pollution could help keep yellow fin sea bream from waterborne

pollution and prepare the ground for further studies.
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Introduction

Introduction

Many studies investigated the effect of water quality
changes on the cellular changes and monitoring
histopathological changes can help to evaluation of
pathological side effects of water born pollution and
assessment histopathological alteration of fish in
response to organic trace pollution has provided
information to biomonitoring plan designed for
various aspects of environmental risk assessment.
Fish health monitoring is useful for assessment of
water toxicity and pollution and provides quantitative
data as well as valuable information of ecological
relevance to the chronic adverse effects by waterborne
pollution (Oost et al.,2003;Tayel et al.2013; Afifi et
al.2014).

In many studies, release of crude oil was a major
threat to marine environment. At the previous
studies, marine pollution was striking and toxic to
fish and environment and might have a negative
impact on marine ecosystem and fisheries resource
(Anderson et al., 1974; Lockhart et al., 1996;Jordi et

al., 2001).

Crude oil is a mixture of chemical material with
aliphatic, aromatic and polar components, which
could generate intoxication by toxic components
namely xylen, naphthalene, benzene and toluene.
(Garrett et al.,1998 ;Edema et al.,2007; Kim et
al.,2013).

Notwithstanding that water and oil are insoluble,
crude oil included a very small soluble section, called
water soluble fraction (WSF) (Edema, 2012). Fish
have a very high capability to accumulate WSF
(Collier et al. 1995). Water accommodated fractions
for three reasons could be the cause of the aquatic
toxicity: first chemical toxicity associated with
dissolved materials (from oil or dispersant), second
physical effects associated with contact with oil
droplets and third effect associated with enhanced
uptake resulting from direct animal oil contact

(Singer et al.,1998).

2015

WSF extracted from crude oil have detrimental effects
on water body population and decrease fish
population and prepare the ground for the
establishing histopathological alteration and with
interact with cellular and tissue processes in different
toxicity = (Anderson et
al.,1974;Solangi and Overstreet,1985;Gunderson et

ways to  produce

al.,1996).

Many studies investigated the impact of the
environmental pollution on histopathology of muscle
fiber and confirmed histopathological effect on
muscle and proposed monitoring the
histopathological pollutant effect on muscle fiber
might be bioindicator.(Tayel et al.2007;Jehaeshadevi

et al.2012; Nouh and Selim, 2013).

Iran is the most ancient Middle East producer of
crude oil and one of the area exposed the oil pollution
(Helio International 2006;Namdari et al.,2012). The
yellow fin sea bream is one of the valuable important
species throughout the world on the other hand;
yellow fin sea bream lives in estuaries and brackish
water and one of the important food resources for
local consumption (Gwo, 1994; Hu et al., 2007; Savari

et al.,2013).

As regard yellow fin sea bream is frequent in Persian
Gulf and Musa

contamination from the Persian Gulf transferred into

Estuary and considering
the Musa estuary and the fact that this estuary is
located around many small industries and the biggest
Iranian petrochemical complex, this site developed to
the risk of marine ecosystem pollution. (Scott ,1995).

The study aimed to investigate the histopathological
alteration in muscle of yellow fin sea bream after
exposure to WSF prepared from Iranian light crude

oil.

Material and methods

Fish and acclimatization conditions

The yellow fin sea bream specimens with 111.68+1.52
gr body weight and 18.27+0.23 cm standard length
were collected during 2013 from Musa estuary in the

head of the Persian gulf using baited traps an
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acclimated to laboratory condition in south of Iran
aquaculture research center for 20 days before the
start the first experiment. During this period, fish
were maintained in 5 numbers of 1000 (40fish per
tank) liter polystyrene tanks filled with seawater from
the capture site and equipped whit filter and
oxygenation system under a natural photoperiod and
fed every two days with commercial food (chineh). No

mortality was seen during acclimatization period.

Chemicals

Light Iranian crude oil (API=36.70) was donated by
petroleum industry from Abadan oil refining
company. The crude oil barrels were kept and
protected in a safe and convenient place before

preparing the stock solution.

Preparation of water soluble fraction

The WSF was prepared according to the method
described by Anderson et.al., (1974). For preparation
of WSF, a part of crude oil was added to nine part of
water in container. The mixture container was capped
and covered with aluminum foil to reduce the
evaporation and avoid light. Then the solution was
stirred using a magnetic agitator with slow speed for
24 h at room temperature and allowed to settle 1 h to
separate the water and oil phases. The solution below
the oil phase siphoned off from the bottom of the
mixing container and this stock solution was lenis to
make up the nominal concentration for exposure.
Only the liquid phase of the WSF of crude was used

for the study. New solution was prepared daily.

Experimental treatment

For the entire duration of experiment a week before
creation of the contamination after acclimation
period fish were randomly transferred to stock tank
to 15 number of 300-liter polystyrene tanks (15fish
per tank), which had static system and continuous
aeration and fish were held in temperature-
controlled room on natural photoperiod with 13 h
light and 11 h darkness at equable 22+1°C during the
three weeks of experimental period and water was
continuously monitored for temperature, dissolved

oxygen, pH, water salinity and conductivity.

2015

Experimental design

The fish were divided into five groups. Four groups
were then exposed to different concentrations of WSF
and the control group was not exposed to the
pollutant and any group with three replicate per
exposure. In the present study each experimental
tank contained 300 liter seawater to which 2 (2p),
4(4p), 8(8p) and 16(16p) % of WSF were added. In
the control group, sea water was only used. Filtered
untreated Seawater was obtained from the musa

estuary.

Histopathological examination

The fish were quickly euthanized with (benzocaine,
60omg/liter) and measured for standard length and
body weight. Then, the fish muscle section from
individual fish of all groups was dissected and
immediately fixed in 10% neutral buffered formalin

for histopathological examination (Robert. 2001).

The tissue was later washed clean of formalin and
passed through a series alcohol concentration to
remove the water. The tissue were again passed
through a chloroform/alcohol and pure alcohol
therefore the muscle sections, 7 um thick, were cut
with semi automate rotatory microtome RM2245 and
then stained with hematoxylin and eosin and
mounted on glass slide. Images were analyzed by light
microscope and recorded with mioticcam 3000

photomicroscope.

Muscle histopathological alteration was assessed
semi-quantitatively by assortment the severity of
alteration according to bernet et al., (1999) into four
significant reaction pattern (rp). In general, four
major reaction patterns included circulatory
disturbances, degenerative disturbances, proliferative

changes and inflammatory changes.

Each reaction pattern divided into several alterations.
Circulatory disturbance (rp1) included pathological
condition of blood and tissue fluid that was
considered in four major parts (hemorrhage,
congestion). Degenerative disturbance (rp2) included

regressive alteration the lesion that can cause
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decreased muscle function or loss of muscle that was
considered in four major parts (edema, degeneration
of muscle fiber, atrophy of muscle fiber , necrosis,
focal hyaline degeneration, increase perimysial space
). Proliferative changes (rp3) included alteration leads
to an overactive cells or muscle function that was
considered in seven major parts (hypertrophy of
cells).

Inflammatory changes that related to other reaction

muscle cells, hyperplasia of muscle

pattern were considered in one major part

(Iymphocyte infiltration of interfasicular space).

Each reaction pattern had importance factor (IF) that
according to bernet et al.,, (1999) was divided into
three grades from grade one to grade three. Grade
one minimal pathological importance that they are
easily reversible as exposure to irritants end, grade
two moderate pathological importance that these
alteration is reversible in most cases if the stressor is
neutralized and grade three marked pathological
importance that they are generally irreversible,

leading partial or total loss of the organ function.

Every alteration was evaluated using score value (SV)
from grade o to grade 6 according to bernet et al.,
(1999), based on the severity of the alteration in the
tissue: grade (0) without alteration, grade (2) focal
and mild alteration, grade (4) moderate alteration
and grade (6) sever alteration. This rating was used to
collect an overall evaluation value of histopathological

alteration for each muscle of individual fish.

After determination of the SV and IF from the sum of
these both.

K alt was obvious from following formula:

Kalt =3 alt (Vorg rt att X Mforg re ait)

2015

And from of the sum of Y alteration for specific
alteration, K rt characterized by the following
formula:

Krt =Y altY alt (cVorg rt ait X Mforg re ait)
Eventually g,-swas determined by the following

formula:

Morg = Xrt Zait Vorg re att X Mforg re air)

Where (rt) is the reaction pattern, (alt) is the
alteration, (cvorg r¢ wie) is the SV for specific
alteration of reaction pattern, (org) is the organ that
represents muscle, (Mforg r¢ air) is the IF and (my;4)
is the muscle index that represents degree of damage

of the muscle from individual fish.

The tables included comparison between groups
exposed to 2p, 4p, 8p, 16p of WSF and control group
that at days o, 4, 8,12,16 and 20 were recorded and
after calculation of organ index from comparison
average value for each lesion tables for unraveling

were complete.

Statistical analysis

Data related to histopathological alterations were
analyzed using MIXED procedure. In addition,
LSMEANS statement was used to perform multiple
comparisons. All analyses were conducted in SAS
(SAS, 2008). Data are presented as mean + SD.

Differences with P < 0.05 were co

Results

Mortality

No fish died during the acclimatization period and no
obvious mortality rate in 2p ,4p and 8p groups and
control group except 2 cases from the 16p group on

days 8 and 16 was observed.

Table 1. Index of circulatory disturbance in different groups on Days 0, 4, 8, 12, 16 and 20 of experiment.

Circulatory disturbance

Day of experiment

Group 0 4 8 12 16 20

2p 2.00 + 0.063 2.00+0.89 2.17+0.75 2.50+0.84 2.17+0.98 1.83+0.98
4p 2.00 £ 0.63 2.00+0.63 2.33+0.52 1.83+0.98 2.17+0.75 1.83+0.97
8p 2.17 + 0.75 1.83+0.75 1.83+0.75 1.67+0.82 2.17+0.75 1.83 £ 0.75
16p 2.17+0.75 2.33£0.82 2.00+0.89 1.83+0.75 2.00+0.89 2.33+0.82
control 2.17+0.75 2.50+1.05 2.17+0.75 2.00+0.63 1.83+0.75 2.17+0.98
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Histopathological findings

The result of histopathological examination showed
in four major type of reaction pattern in Tables 1, 2, 3
and 4. In addition, in Table 5 organ index represent

the damage of the muscle.

2015

There was no effect of group and time on the

circulatory disturbances (P > 0.05; Table.1).

There was no effect of group and time on the

degenerative changes (P > 0.05; Table.2).

Table 2. Index of degenerative changes in different groups on Days 0, 4, 8, 12, 16 and 20 of experiment.

Degenerative changes Day of experiment

Group 0 4 8 12 16 20

2p 7.33 £ 1.03 7.17+0.98 7.50+1.64 6.67+£0.82 7.17+0.75 7.67+£0.52
4p 7.67 + 1.03 7.17 £ 0.98 6.83+ 0.75 717+ 0.98 7.50+0.84 7.50 % 0.55
8p 7.33 £ 0.82 7.33+1.03 7.50+0.84 7.00+£0.89 6.83+0.98 7.33+0.82
16p 7.00 = 0.89 7.83+1.33 7.50+£0.84 7.33+0.82 7.17+0.98 6.83+0.98
contorol 7.33 £ 0.82 6.67 £1.21 7.00+0.89 7.33+1.21 7.83+1.33 6.83+0.75

There was no effect of group and time on the

proliferative changes (P > 0.05; Table.3).

Inflammatory changes in control group (Fig.1) was
lower than that in 8p and 16p groups (p<0.01) and in
2p and 4p groups was lower than that in 8p and 16p
groups (p<0.01).

The inflammatory changes on Days 12, 16 and 20 was
higher than that on Day o (P<0.001). On Day 4
inflammatory changes was lower than that on Days
12, 16 and 20 (p<0.05) and the inflammatory changes
on Days 16 and 20 was higher than that Day 8
(Table4). Increase inflammatory cells infiltration

(Fig.2 and Fig. 3).

Table 3. Index of proliferative changes in different groups on Days 0, 4, 8, 12, 16 and 20 of experiment.

Proliferative changes

Day of experiment

Group o 4 8 12 16 20

2p 1.83+0.75 2.17+£0.75 2.33+0.82 2.00£0.89 2.00+0.89 1.83+0.75
4p 1.50£0.55 2.17+0.75 2.50+0.55 2.33+0.82 1.83+0.75 2.67+0.52
8p 2.17+0.75 2.33+0.82  2.17+0.41 2.334£0.52 2.50+0.55 2.50+0.55
16p 2.33+0.82 1.3340.52  2.17+0.75 2.50+0.55 2.33+0.82 2.67+0.82
Control 2.50+0.84 2.17+0.75 2.17+0.98 2.17+£0.98 1.67+0.52 2.17+£0.98

Organ index in the control group was lower than that
in the 8p and 16p groups (p<0.05). Organ index in 2p
group was lower than that in 16p group (p<0.01) and
in 4p group was lower than that in 16p group
(p<0.05). The organ index on Days 0 and 4 was lower
than that on Days 16 and 20 (p<0.01) and organ
index on Days 8 and 12 was lower than that on Day 16

(p<o.01; Table.5).

Discussion

Pollution by crude oil in fish especially in the oil

producing countries has been continually examined
(Anderson 1974; brand

Milinkovitch et al.,2011). However, in Iran, less has

et al., et al.,2001;

been studied on native species experimentally.
Classification of damage to muscle can be one of the
important  assessment ways to  diagnose
contamination with waterborne pollutants. There are
different methods and assessment scales for
evaluation of histological changes (Bernet et al., 1999;
Reddy and rawat, 2013). The aim of this study was to

evaluate the histopathological alteration in muscle of
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yellow fin sea bream after exposure to water soluble
fraction prepared from light Iranian crude oil and to
classify this alteration for easy evaluation of damage
to muscle of fish.

Marioara et al.2009 after chronic Cadmium

intoxication observed miolysis process in peripheral

muscular fibers manifested by contractile apparatus
alteration on large area that part of degenerative
alteration but in this study degenerative and
proliferative changes in all groups were not
significant after exposure to WSF. So the severity of
alteration could be affected by the time of exposure

and severity of the water pollution.

Table 4. Index of inflammatory changes in different groups on Days 0, 4, 8, 12, 16 and 20 of experiment.

Inflammatory changes Day of experiment

Group 0 4 12 16 20

2p 1.67+0.82 1.83+0.98 1.50+0.55 1.83+0.75 2.5041.05 2.00%1.10
4p 1.1740.41 1.50+0.84 1.67+£0.82 2.00£0.89 3.00£1.10 2.00%1.10
8p 1.5040.84 1.50+0.55 2.00+0.89 2.50+0.84 4.00+0.63 2.83+1.17
16p 1.5040.55 1.67+0.82 2.17+0.98 2.50+0.84 4.00+£0.89  3.17+1.17

contorl 1.17+£0.41 1.67+0.82 1.67+0.82 1.83£0.98 1.83£0.98 2.17+1.17

Table 5. Index of muscle in different groups on Days 0, 4, 8, 12, 16 and 20 of experiment.

Gill index Day of experiment

Group 0] 4 8 12 16 20

2p 12.83+0.75 13.17£1.72 13.50+1.38 13.00+1.10 13.83+1.33 13.33%1.75

4p 12.33+1.63 12.83+2.32 13.50+1.52 13.33+1.21 14.50+1.05 14.00+1.10
8p 13.17+1.33 13.00+£2.00  13.50+0.84 13.50+1.87 15.50+1.05 14.50+0.84
16p 13.00+0.63 13.17+2.23 13.83+1.72 14.17+1.47 15.50+1.97 15.00+1.55
control 13.17+£0.75 13.00£1.26 13.33+1.63 13.33+0.82 13.17+1.83 13.33+1.63

In this study inflammatory changes confirmed
increasing WSF of Iranian crude oil more than 16
present after 16-day exposure could be used as an
alarm to start of inflammatory responses.
Jeheshadevi et al. 2014 observed similar histological
alteration on muscle of Catla catla exposed to lethal
concentration of naphthalene same as mild
lymphocyte infiltration. Sharifpour 1997 has also
observed inflammatory responses and melanin
containing cells after injection of different materials
generally around the blood vessel. In this study the
same alteration observed in perivascular area in

muscle fibers.

In this study, pathological lesions in muscle increased
after 16 day exposure to 16% WSF in yellow fin sea
bream that following due to infiltration of
inflammatory cells and low degenerative disturbance
of peripheral muscle fiber and might be as result of

accumulated Oil derivatives in tissue that further

studies are needed Many studies confirmed
pathological side effects in muscle of fish after
waterborne pollution similar to our observation and
purposed the histopathological changes were useful
indicator  for  investigation @ of  waterborne
pollution(Marioara et al.2009 ,Al-beiruty et al. 2013;

Jeheshadevi et al. 2014).

Fig. 1. The muscle of control fish which represents
and showed a normal architecture whit the muscle

cell and muscle fiber (a) and muscle cell nucleus (b).
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6% WSF on

Day 20 which represents degenerative disturbance of

I

Fig. 2. The muscle of fish exposed to 1

peripheral muscle fiber (a) , necrotic muscle fiber (b),
increased in inflammatory cells(c)and increased

perimysial space (d).

&

Fig. 2. The muscle of fish exposed to 16% WSF on

Day 20 which represents infiltration of inflammatory
cells (a) alongside red blood cells (b) and the melanin

deposition within the perivascular area (c).

Al-beiruty et al 2013 observed increasing extracellular
space between muscle bundles and occasional area of
degeneration within individual muscle bundles after
10 days exposure of rainbow trout (Onchorhynchus
mykiss) to waterborne copper nanoparticle and
coppersulphate, histhopathological alteration
induced by studied indicated the muscle lesion index

on muscle after 16 days WSF exposed.

In conclusion, the present study showed the effect of
concentration and period of exposure to WSF in
yellow fin sea bream. Iran is one of the oldest Middle

East producers of crude oil, so monitoring adverse

histopathological effects of oil pollution could help
keep yellow fin sea bream from waterborne pollution

and prepare the ground for further studies.

Fig. 3. The muscle of fish exposed to 16% WSF on
Day 16 which represents infiltration of inflammatory
cells (a) and increased increased perimysial space

extracellular.
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