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ABSETRACT

As a component of a large research programme to evaluate the effects of contaminants
on fish health in the fields , histopathological studies have been conducted 1o help establish
meat of causal relationships between contaminants exposure and various biological responses
and use of those responses as biomarker to aquatic pollution . Two fish species C. carpio
and L. abu were sampled from four sites near of industrialize and human pollution areas from
Shatt Al-Arab River ,while the fifth place was considered as control because it's far located
from direct pollution sources . Some of histological and physiological alterations were
examined in both gills and blood . The alterations were significantly higher in fish collected
from two places ( 1 & 2 ) compare with other  sites , histological was represented by
hyperplasia , hypertrophy , bleeding , inflammations , edema , necrosis , epithelial separation
and clubbing shaped , while , physiological was represented by decrease of Na', K, Ca®?
concentrations , Chloride cells number and increase of rcspiratory diffusion distance , in
addition to , increase of micronuclear of red blood cells . all fish in fifth place didn't showed
any histological and physiological responses and retained their rates of the normal level

compares with other places .

INTRODUCTION

Biomarker research has been widely applied in field of environmental hazard
assessment ( 1), also , biomarker have increasingly been used not only as effective tools for
environmental monitoring , but also as early warning sentincls in ecological risk assessment
(2) . There was little studies about effect of environmental pollutants on some of
physiological and histological alteration in fish gills and erythrocytes and use of theses
alteration as biomarker for freshwater pollution ( 3 ) . The freshwater often carries many
pollutants which usually come from different sources such as the agriculture fields , factories ,
electricity power stations ....... etc. (4).

Fish gills are important organ because it have manifold functions such as the exchange
of gas and ions, acid and base balance and nitrogenous excretion { 5 ) . Gills usually are
provide most of extensive interface of the fish with the aquatic environment . The respiratory
surface is covered only by a thin epithelium , and forms a barrier between fish's blood and

surrounding water (6) , however , the gills contain different cells types such as chloride ,
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parament and mucous cells ( 7)) . Most of dissolved pollutants enter fish's blood via gills ( 8 )

. and so it will be the first organ which affected by aqueous exposure to toxicants  (9).1In
gills , many of histological and physiological alterations have been shown to be useful tools to
characterize the health status of fish ( 10), also , these alterations were used as an
indicator for sublethal effects by different toxicants { 11 ) , and assess of impacts of
environmenta! contaminations on aquatic organisms which be in direct contact with the
aquatic pollutants ( 12 ) , However, ionic and osmoregulation , number and function the
chloride cells may be effected by exposure to aquatic pellutanis (13 } .

Histological alteration in gill showed different histopathological symptoms such as
necrosis , fusion and edema ...ete. (14 }.

The genetic mutagens contain wide range of chemical materials , which have
ability to cause carcinogen diseases of fish . The many of cytogenetic studies in aquatic
envitonment used the fish and showed that chromosomes aberrations and sister chromatid
exchanges were induced by exposure to genotoxic agent in water, however , many of
micronuclear in erythrocytes were resulted by chromosomes broking after exposure to
different chemicals such as heavy metals , oil hydrocarbonate , pesticides and
organochemicals { 15 ).

In the aquatic environment , fish was considered as to be a suitable organisms choice
as biomarker for environmental pollution and located at the top of aquatic food chain as they
have high ability to accumulate toxicants ( 16 }.

In this study histological and physiological alterations in gills and number of
micronuclear in RBC were investigated in two species of freshwater fish ( Cyprinus carpio
and Liza abu ) . All these fish were collected from five stations located on Shatt Al-Araib
River bank , the sites 1, 2, 3 and 4 are locate ncar directly discharge sources for different

pollutants , while site 5 used as control because it's locate far with any directly pollution .

MATERIALS AND METHODS

Sample collection and handling

All fish sample ( C. carpio and L. abu ) were collected of Aprial 2005 from five sites in
Basrah — Shatt Al-Arab River , four sites were located near some of pollution sources ( Fig. 1
).

1- Site (1} is near the electric power station of Harthaa .

2- Site (2) is near the papers factory .

3- Site (3) is near electric power station of Najebia

4- Site (4) is near of discharge sources of Kandic canal.

5. Site (5) is in south Shaat Al-Ariab River which regarded as control treatment .

At all sites the temperature was approximately ( 28 £ 1.5 ) c’, pH {(7.7+£035)and
hardness ( 630 = 45.5 ) .From each site , fifteen fish from each species were collected by cast
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net . The fish were approximately (55 + 5.3 and 38.45+ 3.74 ) g weight for ( C. carpio and L.
abu ) respectively

Fish were transited to laboratory and kept overnight in water from  breath

environmental which they had been caught without any supply of food , afterwards , they

were dissected and performance of histological and physiological tests .

Histological analysis

Directly after killing of fish , gills were isolaled from the section of secondary left arch
and fixed in ( 10 % con.) formalin solution , After 24hr,, processing of dehydrating and
clearing was preformed with alcohol and xylene , afterward , the tissues specimens were
impregnated and embedded in paraffin wax . All the sections were preparated by the

microtome ( 6 micrometer thickness Jand stained with hematoxylin and eosin ( 17 ).

Physiological analysis

The middle parts of secondary left arches of gills were isolated from live fish , and
placed in puffer solution { sodium chloride 0.98 mg\l ) during less than fifleen seconds ,
however , count of chloride cells were detected according o { 18 ). The Na* , K* and Ca*
ions concentrations wete measured in gills by Flim Photometer { ANA-10AL ) after
separating of ions from tissue by use of nitric acidic ( 19 ) .

The respiratory diffusion distance in gills was determined in all fish by use of
microocular measurement ( 9 ) .

The blood samples were taken from caudal vasculature with a heparinzed syringe for
count Micronuclear in erythrocytes . Smears of blood was prepared on slide and fixed
overnight in methanol solution and stained by Gemssa stain ( 20 ) .

RESULTS
Histopathelogical changes :-

The morphological shape of gills filament is similar among the different fish species (
21 ) . The histological structure of normal gills was consist of primary and secondary
respiratory lamellae which coverec:l by an epithelial layers, as it contains chloride , pillar and
mucosa cells and bleod sinuses { Fig. 2) .

Several tustopathological symptoms in filaments epithelium of the primary and
secondary lamellae were showed in fish which collected from ( Site 1 , 2, 3 and 4 ). Fish's
gills which captured at the site 2 and 4 was showed strongest damage in primary and
secondary lamellae , while , slightly damage was observed in site 1 and 3 , however ,
hyperplasia , hvpertrophy , necrosis , edema and acute degeneration , were observed in
secondary lamellar epithelium (Fig. 3 , 4, 5 and 6 ), also , bleeding , congestion and

inflammation states, as well as , fusion of neighboring secondary lamellae , hyper pigments ,
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epithelial separation and clubbing shapes were determined ( Fig. 7,8 ,9, 10and 11 ). Insite

5, fish's gills did not show any histopathological symptoms .

Physiclogical changes :-

Level the ions concentration ( Na', K* and Ca™ ) in gills was listed in table ( 1 ). The
ions concentrations were showed vacillant in different sites , the lowest were determined in
site 4 for both fish species compared with other sites , while , the highest were found in site §
which it's used as control location . A significant decrease ( P< 0.05 ) in ions level was
recorded in all specimens from site 2 and 4 compared with site 5 for both fish , while , the
Ca" jons appeared significant decrease ( P< 0.05 ) only in the sites 1 and 4 for C carpio fish
but in sites 2 and 4 for £. abu compared with site 5 .

The chloride cells number in gill filaments was represented in table (2,
Significant clevations ( P<0.05 ) was recorded in the fore sites compared with site 5 for both
fish . The values highest were found in site 2 and 4 compared with other sites .

Respiratory diffusion distance in secondary filaments appeared significant increasing
(P<0.05 } in the fore sites compared with site 5 in both fish . The highest values was showed
in site 2 and 4 , while , the lowest values were recorded in site 5 compared with other sites .

In all fish the micronuclear number in sites 1, 2, 3 and 4 were significantly higher (
P<0.05 } comparedwith site 5 . the higher values were recorded in site 2 and 4 compared with
other sites (1able 2) .

DISCUSSION

In this study many of biomarker was represented the different of physiological and
histological responses in gills , these alterations were observed in two fish ( C. carpio and L.
abu ) which were from five sites of Shatt AL-Arab River .

Chemical analysis and limnlogical investigations in many studies confirmed that some
of pollutants such as heavy metals » pesticides , hydrocarbonate and organic or inorganic
materials were presented in  four models (sites 1 , 2 » 3 and 4}, sites 3 and 4 were appeared
highly pollution by different pollutants compare with sites 1 and 2 ( 22and 23) .

The present study aimed to asscssing the suitability of histological and physiological
responses as biomarker for water pollution ,

Gills tissues was selected as biomarker for water pollution because they are
representing useful tools for limitation the health state to aquatic system ( 24 ) . In fact the
chemical analysis of water and sediment alone often was insufficiently guide in limitation of
pollution level in aquatic environment , however , theses analysis often was represented only
the results obtained at a given time point (25},

Gills represent the first organ which affected by exposure to aqueous system toxicant
because the directly content them to external environment ( 8 ) . Histological and

physiological alterations in gills has been as reflection to different environmental conditions (

91




Bas.J.Vet.Res.Vol.5,No.2,2000. .
26 ) and Hypersensitive to aquatic poflutants (27 } , however , many of local studies showed
that the water and sediment in sites 3 and 4 were have higher pollution levels because increase
in level the toxic compounds e.g. heavy metals , hydrocarbonate , pesticides and sewage
discharge ....etc. , while the slighter pollution was showed in site 1 and 2 compared with site
5(22and 23).

Gills of fish in sites 1,2, 3 and 4 appeared with various in histological and
physiological effects . These effects were classified to strongly and slightly alterations in sites
3, 4 and 1, 2 respectively , Generally , theses effects could be detected in epithelial of
primary and secondary filaments of gill , respiratory diffusion distance , chloride cells and

Na', K" and Ca™ions .

Histological responses

The microscopic examinations was revealed each of hyperplasia in epithelial surfaces
of respiratory lamellae , hypertrophy in cells of secondary branchioles which often was
associated with increase in respiratory diffusion distance , proliferation in chloride cellé ,
clubbing lamellae shape , vascular stasis or congestion , hyperpigment , separation and
necrosis in epithelium and fusion of secondary lamellae . All theses pathological symptoms
were more apparent in fish's gill of sites 2 and 4 compare with sites 1 and 2, while , don't
regard any changes in fish's gills of site 5.

The hyperplasia and fusion of secondary lameliae may be caused by increase in
‘nflammation of lamellae cells and exudative inflammatory( 28 ) . Many researches were
emphasized that the acute inflammation usually cause separation in lamellac epithelial and
destruction in ionic and osmoregutation function { 29 ) and (30) . Cells swelling in secondary
lamellae may cause the water diffusion from external environmental into inside of secondary
lamellae cells , this state also may be reasoned of disturbance in ionic and osmoregulation
function after showed of edema state and destroy same of secondary lamellac cells (31).

Hyperplasia and hypertrophy of secondary lamellae could be often observed in
animals exposed to different chemical compounds in water and sediments , some of“ these
symptoms often lead to the completely fusion in two or more of neighboring secondai'y
lamellae ( 32 and 33) . Hyperplasia is considered the primary reason in increment of
respiratory diffusion distance between the blood and oxygen rich water , finally this state may
lead to an insufficient the oxygen supply to blood (29 and 30}

Some of inflammatory reactions was detected in some of gill tissues from sites 3 and 4
, however , these inflammatory reactions may be arrived as result of exposure to stress
because the direct contact for epithelial tissues with aquatic contaminations ( 34 and 26) .

Most of gills filaments in experiment fish which collected from sites 3 and 4 was
showed that swelling as clubbing , occurred at the many of secondary lamellae tips with

congestion in gil!'s blood sinuses . However , the exposure to different chemical compounds
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and for long times may cause the progression of cells swelling towards of lamellae bases

The thrombosis in the many of secondary lamellae had been turned into club shape ( 35).

Physiological responses

Chloride cells showed increment in the number in sites 1,2, 3 and 4 compared with
site 5, the values were found higher in site 2 and 4 compared with other sites , however , this
phenomenon was confirmed by several additional experiments (14 and 36 ) . The proliferation
in chloride cells may be well documented responses to toxic exposure to different chemical
compounds because the ability of cells to uptake of different ions by bronchial ( 36 ) . These
agents including many toxic chemicals compounds ( 37 and 33 ) , however , functions of
chlonde cells is transport of different ions such as Na™ , K* and Ca** between external
environment and fish , therefore , an increment in chloride cells number may be interpreted as
an adaptive tesponse to compensate the ions losses beeause of stress resulted by exposure to
aquatic contaminations ( 14 ).

(38 )and (39) suggested that increase of chloride cells number may resuited by
disproportionate in proliferation of chloride cells by the increment in immature pr
degenerative cells , so that they will be not able on engagement ( pursuit ) the normal function
and consequently , dysfunction in of ionic and osmoatic homeostasis was recerded . {40 )and
( 41 ) showed that the exposure to different concentrations of aquatic chemical compounds
may cause increase of gills permeability to water and salts , this state will result decline in
ions concentrations such as Na' , K” and Ca'? and by the result will cause dilution states by
water and movement facilitation of jons from intercellular fluids to extracellular fluids (42).
Many studies showed that most of organic and inorganic chemicals in aquatic system have
inhibitory effects on the carrier ATPase (Na”, K™ and Ca'? ) enzymes (43, 44 and 413,

Although all fish in sites 1 , 2 , 3 and 4 showed increase of micronuclear of RBC
compared with site 5 however, the sites 2 and 4 appeared the higher effect compared with
other sites . Micronuclear in erythrocytes may occur as a consequence of chromosome
breakage and spindle dysfunction . Hydrocarbonate class and heavy metals are important
groups in environmental mutagens \ carcinogens which has been implicated in the
development of tumors among of fish populations ( 45 and 46 ) .

Most the abnormalities nuclear in erythrocytes were showed in bullheads and mud
minnows fish which were exposed to different from genatoxic chemicals ( 47 ) . In fact the
determination of micronuclear was enumerated as a indicator on the genotoxic activity , { 48)
showed that preater incidence of mutagen was caused abnormality micrenuclear in fish
erythrocytes after exposure to different aquatic contaminations . In fact most of fish body
cells have slower rates from DNA repair compares with other vertebrates , so that these cells

will be more effected by the aguatic toxins and which caused clastogenic in erythrocytes ,
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thercfore , the long-term exposure to genotoxic agents may increase the frequencies of

micronuclear in circulating erythrocytes in fish (47 ).
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Ee

Fig 2: Normal gills of the C. carpio ( site 5) show.normal fi
((—* NHE (400X)

B ; e el
Fig 3 : Gills of the C. carpie (site 3 ) show the hypetplasia of filaments (a ), degeneration
of epithelium (b)) , necrosis (¢ y and inflammation (d ). H.E. (400X ).
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Fig 4 : Gills of L. abu ( site 2 ) show a hyperplasia in filaments (a ), epithelium separation {
b ). and fusion of neighboring secondary lamcllae (¢ ), H.E. (400X }.

o

Fig 5 : Gills of C. carpio ( site 4 } show that edema (a)bleeding (b), necrosis (c),
congestion of blood sinuses ( d ) and epithelial separation (¢ ), HE. (400X ).
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Fig 6: Gills of L. abu ( site 2 ) show that inflammation (a}), hyperplasia { b ) and necrosis of
epithelium ( ¢, H.E. (400X )

£

Fig 7: Gills of L. abuy ( site 2 ) shéw that fusion of neighboring secondary lamellae (a)and
congestion of blood sinuses (b ), H.E. (400X ).
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io ( site 1) show that fusion of secondary lamellae (a),

Figure ( 8 } Gills of C. carp
sinuses { ¢ ), H.E. (400X).

epithelium necrosis ¢ b ) and congestion of blood

} show that clubbing shape in terminal filaments (2},
of blood sinuses ( ¢ ), H.E. (400X ).

Fig 9: Gills of L. abu (site 3
epithelium separation ( b) and congestion
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Fig 10: Gills of C. carpio ( site 1 ) show that epithelium necrosis {a),congestion of
blood sinuses { b}, separation of epithelium (¢ ), hyperplasia of epithetial (d } and cells
hyper pigment (e ), HL.E. (400X) .

%

Fig 11: Gills of L. abu ( site 3 ) show the necrosis (a) , separation
(b ). hyperplasia of epithelium ( ¢ y and cells degeneration ( d),HE. (400X).
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Figl2 : RBC of C. carpio ( Site 5 ) show that normal nuelear { ___}, Gemssa stain 400X

Fig 13: RBC of C. carpie ( Site 4 ) Show that micronuclear in some RBC (
stain 400X |




Bag.J. Vet.Res. Vol.5.No.2.2006,

Table (1) Concentrations level Na* » K" and Ca” ions in some of fresh water fish which
collected from different sites on Shatt-Alarib River .

(P< 0.05) Significant difference

TFis:s Tons Stations
s$ Con,
Sitel Site2 | site3 ]__sited | Site5
Na+ [ 50832142 | 48.7742.07 48'98:"24 46.70+1.45 || 56.78+2.00
a a ab a b P
C. carpio K+ I 91:4023.88 || 88.70£4.00 85'8::2'43 83.80+3.00 §f 97.99+2.4
a ab b c
cavt | 6187301 | 62454321 64'85:3'55 60.48+3.20 || 67.83:2.9
a ab L a a b
Na* f| 41-80£1.50 | 40.35:2.98 [ 38.45£2.60 || 34 421 a7 48.91+3.02
a A A b c
L abo
i [ 9483+2.08 || 92.3440.79 88.5022 09 || 83-40=1.81 | 105.444.58
a ab ' B ’ [\ d

Table (1) Number of gills chloride cells , RBC micronuclear and respiratory diffuse
distance some of fresh water fish which collected from differences sites on Shatt - Alarab

River,
(P<0.05) Significant difference
Fish .
Types J Parameters Stations
.
L Sitel Site2 Site3 Sited Site5
Chloride cell 1.38+0.08 1.41£0.05 1.57+0.035 ¥ 1.87+0.085 1.35+0.059
of Gilla a a B ¢ a
C - ———
carpio | REPIROY f13 |14 73 [ 12702041 14.35£0.15 §16.710.35 [ 10454041
, ab l a B ¢ d l
distance L
Micronuclear
of RBC 4.88:';)] .70 5.50:&;.00 4.38?].34 [ 6.85:;:)0.70 1.15£0.90
‘L_i— e 2 4*‘:
Chloride cell 1.74+0.098 1.85+0.019 1.94:0.020 §]2.0120.034 1.61+0,090
of Gilla A A B c 1 d
L. abo - pe—————
Respiratory J[), 200,86 || 16:8520.58 16.7120.66 || 15.95:0.45 || 11.85+0.05
diffuse a
. a A a b
distance
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