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ABSTRACT

The present study was planned aiming to investigateeffects of atrazine
herbicide exposure on stress biomarkers acetylobstierase activity (AchE) and
cortisol, oxidative stress responses and the hasitgfogical changes in liver of
femaleClarias gariepinus and the ameliorative effect of vitamin E supplema@on
(240mg/kg diet) on the degree of atrazine subldthacity (1.37mg/l) for 6 weeks.
Chronic exposure to atrazine revealed a markeditndm in the activity of AchE.
But, significant increase of serum cortisol levehsamrecorded. Moreover, atrazine
exposure was associated with a marked inducticoxiofative damage in liver tissue
as evidenced by increased level of lipid peroxatafiLPO) and reduced glutathione
(GSH) content. Atrazine exposure also led to aistgmt increase in the activities of
catalase (CAT) and superoxide dismutase (SOD).eurtbre, histopathological
examination of the liver of exposed fish showddtation and congestion of blood
vessels, fatty degeneration, necrosis and pykmuimdei of hepatocytes. However,
fish fed diet supplemented with vitamin E exhibifgwtective effect by minimizing
the atrazine-induced toxicity, through measuredie@slmore or less similar to the
control group fish.
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INTRODUCTION

Atrazine (ATR), is a triazine herbicide JUEPA, 1994) belonging to S-
triazine family of herbicides, which are one of thest significant water pollutants in
rain, fresh, marine and ground waters (Felding21&®d Taslet- al., 1996). It is used
as a selective pre—emergence herbicide for thealooit weeds in asparagus, maize,
sorghum, sugarcane and pineapple (US EPA, 1994).

Atrazine has been found to affect a variety of phlggical processes in
aquatic animals. As, animals have been found taraatate it in a variety of tissues
(Du Preez and van Vuren, 1992). In freshwater imbeates atrazine was known to
affect hydromineral balance or gill function in losa(Silvestreet al., 2002) and
hemocyanin function (Prasatlal., 1995). Moreover, in fish atrazine can also cause
damage to gill epithelium and kidneys, increasihg tenal excretion of sodium,
chloride and proteins in rainbow trou®ricorhynchus mykiss) (Fisher—Scherét al.,
1991) and common carpCyprinus carpio) (Neskovicet al., 1993). The brain and
muscle tissues of fish contain mostly Acfiilton and Key001) so, it could be used
as a biomarker of exposure to pesticides, as redsed in fish from the contaminated
sites by pesticide@orval et al., 2004).
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Cortisol, as the main end product of the physiaalyiresponse to stress,
regulates the hydromineral balance and energy moksab (Wendelaar Bonga, 1997)
and has been measured in fish blood and tissuesdaoate the response to several
stimuli (Barcelloset al., 2004).

Oxidative stress in aquatic organisms, principéity, has great importance
for environmental and aquatic toxicology. Becaugeative stress is induced by
many chemicals, including some pesticides, thesetaomnants may stimulate
reactive oxygen species and alteration in antioXidsystems. Pro-oxidant factor
actions in fish can be used to assess pollutiospetific areas or worldwide marine
pollution (Uneret al., 2006 and Slaninova al., 2009). Non-enzymatic antioxidants
such asa-tocopherol (vitamin E), ascorbate (vitamin @)carotene (vitamin A),
flavonoids (quercetin, rutin, etc.), selenium ahublt containing compounds such as
glutathione (GSH) can also act to overcome theaikid stress, being a part of total
antioxidant system (Siegt al., 1992). Vitamin E is an important biological free
radical scavenger in the cell membranes (Horw@t,6).

The objective of this work was to study the ameliime effect of vitamin E
supplemented diet on African catfishC. gariepinus exposed to sublethal
concentration of atrazine for different periodsotigh the determination of the
biochemical and the histopathological changesver li

MATERIALS AND METHODS

Fish and rearing conditions:

A total number of280 femaleC. gariepinus with average body weight 300+50g
were collected from Abassa fish farm, El-Sharkyaregonorate, Egypt. Fish were
transferred to the laboratory of Fish Diseases Madagement Department, Faculty
of Vet. Med., Cairo University in 150 litres in Welerated fiberglass tanks. The fish
were examined clinically to assure the absencenyf abnormalities or external
lesions according to Amlacher (1970). Then, fisheskept in identical glass aquaria
(80 x 40 x 40 cm) aerated with air pumps under nahjphotoperiod and temperature,
supplied with dechlorinated tap water and leftZoweeks for acclimation. Fish were
fed commercial ration containing 32% protein (Ralbim and Li, 1999).

Experimental chemicals:

a) Atrazine isa white, crystalline solid product of Ciba-Geigyr@@oGreensboro,
NC 27419-8300. The molecular weight of atrazin215.69 and its chemical formula
is: (2 — chloro- 4-ethylamino- 6 - isopropylamino -Satine)

Cl

CH; N|)\N
PGS

b) Vitamin E (DLw-tocopheryl acetate) was obtained as a soft gelagin
capsules under the patent name of E-viton (Kahharfaceutical and Chemical
Industeries Co.). It was supplied at a dose le¢8lradg/Kg diet according to Gatlet
al. (1992).
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Experimental design:

Two hundred and forty (240) fish were dividetb fourgroups (60 fish each),
distributed in glass aquaria at a rate of 10 f&sjuArium. Each group was exposed for
6 weeks to one of the following treatments:

Group I: Control group, fish were reared in decinlated tap water and fed on a
commercial diet (32% protein).
Group II: Control group, fish were reared in decimated tap water and fed on

a commercial diet (32% protein) supplemented & mg vitamin E/kg diet.
Group lll:  Fish were exposed to1/10 44&1.37mg/l) of atrazine and fed on a

commercial diet (32% protein), [ according to tleyious calculated half lethal

concentration of atrazine in Marzoakal. (2012)].

Group IV: Fish were exposed t01l/10 4¢@1.37mg/l) of atrazine and fed on a
commercial diet (32% protein) supplemented with gdpvitamin E/kg diet.

Blood and tissue samples were obtained from fishe studied groups af'1
2" 39 4" 5" and ' week of chronic exposure, for the investigation tbé
biochemical parameters and oxidative stress. Intiadd tissue specimens were
collected for detection of the pathological chanigdsser of exposed fish.
Biochemical examination:

Blood samples were collected from the @iabhdal vein using plastic syringes in
dry sterilized vials. The samples were allowed lot @t room temperature and
centrifuged, then serum was separated for detetimmaf AchE using Stanbio kit
according to the method described by Kendel andgBo{1967). serum cortisol was
measured byELISA Readerusing Monobind, Inc. kit according to the method
described by Foster and Dunn (1974). Samples ef tigsue were homogenized in a
Potter—Elvejhem glass/Teflon homogenizer and deged then the supernatamas
collected for estimation of LPO using Bio-Diagnoskit according to the method
described by Ohkaweet al. (1979). The activity of GSH was determined
calorimetrically according to the method describgdBeutleret al. (1963).The CAT
level was estimated by using Bio-Diagnostic kitading to the method described by
Aebi (1984). The SOD activity was measured by thlrametric method described
by Nishikimiet al. (1972).

Histopathological studies:

For histological examination portions of livewere immediately removed and
fixed in 10% neutral buffered formalin and dehyddathrough a graded series of
ethanol, cleared in xylol and embedded in paraffectioned at 4m thickness using
a rotary microtome. Sections were prepared andeslaivith Hematoxylin and Eosin
(Bancroftet al. 1996 and Roberts 2001).

Statistical Analysis:

Data were statistically analyzed using asialpf variance, one way "ANOVA",
and Duncan's multiple range tests to evaluate cosgrabetween means at P< 0.05
(SPSS, 2004).

RESULTS AND DISCUSSION

The aquatic environment is continuously being comated with chemicals
from agriculture activities. Hundreds of pesticiddsdifferent chemical structure are
extensively used to control a wide variety of agtieral pests and can contaminate
aquatic habitats due to leaching and runoff watanftreated areas.

AchE activity provides a method for diagnosing poisg by chemicals such
as herbicides. Inhibition of AchE, which is respbies for the degradation of
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acetylcholine, will result in an excessive stimigdatof cholinergic nerves, resulting in
altered swimming behavior, tremors, convulsions alsd undesirable effects (Miron
et al., 2005). Regarding serum AchE results demonstratélchble (1), revealed that
there was a significant inhibition of AchE in th&pesed fish during the chronic
exposure in comparison to the control group fisksoAthe inhibition of AchE is

correlated with that of exposure concentration,rtmitwith exposure time as reviewed

by Roexet al. (2003).

Table 1: Serum (AchE) (u/l) activity of female. gariepinus exposed to different treatments for

different periods:

Weeks
ms\ 15 week 2" week 39 week 4" week 5" week 6" week
Group | 545.46+8.62 | 555.25+2.78 | 545.10+2.96 | 557.15+1.9%5 | 548.50+6.98 | 549.60+5.38
Group Il 566.05+3.17 | 562.53+2.9% | 561.10+4.4¥ | 550.87+4.8% | 557.14+3.9% | 560.53+4.2%F
Group Il 463.72+6.72 | 371.41+4.0¥ | 343.21+3.78 | 358.20+1.2% | 297.89+1.18 | 270.87+9.09
Group IV 514.15+3.38 | 472.21+3.43 | 382.50+5.09 | 383.27+5.65 | 388.14+3.15 | 362.47+4.65

Data are represented as means * SE (n = 10). Vaitleglifferent superscript letter in the same

column for each group are significantly differeRt<g 0.05).

Where:

Group I: Control group, fish were reared in dedhnlated tap water and fed on a commercial diet.
Group II: Fish were reared in dechlorinated tapewand fed on a commercial diet supplemented with
240 mg vit.E/kg diet.
Group lll: Fish were exposed tb.37mg/l) of atrazine and fed on a commercial.diet
Group IV: Fish were exposed t01/1045C1.37mg/l) of atrazine and fed on a commercial diet
supplemented with 240 mg vit. E/kg diet.

As, when AchE decreased, Ach is not broken and raatated within
synapses, causing overall decline in neural andcubaiscontrol (Dutta and Arends,
2003). The obtained results agreed with those ofaeket al. (2009) and Hamed
(2010). Also it is more or less in agreement whbse of Davidet al.(2007) who
recorded an increase in AchE activity @frrhinus mrigala fish exposed to L& of

malathion (3 micro/l) for 5 and 15 days but on

day of exposure all values

approached the normal ones. This may be attribitagcuperation and adaptation
phenomena . On the other hand the administratiomitamin E as an antioxidant
against the toxicity of atrazine herbicide parjialestore the activity of AChE in
atrazine—exposed fish. The results were in accerdmith Vermeaet al. (2007).

Blood cortisol is the major corticosteroid hormanefish and may have a
significant effect on its dynamics (Wendelar Bon§@97). Regarding serum cortisol
results demonstrated in Table (2), revealed thatetlwas a significant increase in
cortisol level of atrazine exposed fish during liveg term of exposure in comparison
to the control group. Our investigations agreedWiericatoet al. (2008) and Hamed
(2010). This may be explained by the activatiorhgbothalamo—pituitary-inter renal
axis with the release of steroid cortisol in blostdeam due to stress (Reddy and
Leatherland, 1998). Or it could be attributed te thcrease in osmotic water- influx,
which may cause a cortisol elevation, to restore llydromineral balance. This
osmoregulatory dysfunction might be harmful peraegd owing to sustained high
cortisol level which may cause several deleteriphgsiological changes, affecting
the immuno-competence, health status and survivilleofishes (Wendelaar Bonga,
1997). Also, increased cortisol may be importantiobilizing energy for responding
repairing damage caused by contaminants, rbay have negative
consequences for disease resistance and growthd@¥éam Bonga, 1997). On the
other hand, the results disagreed with that dematest by Nascimentet al. (2012)

to and
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who stated that no significant alteration in plasomatisol level ofProchilodus
lineatus exposed to atrazine. This difference could bebaitted to fish species and
pesticide variance. While, the administration admin E along with atrazine resulted
in statistically significant decrease in serum isoftlevel.

Table 2: Serum cortisol (pg/dl) level of femdle gariepinus exposed to different treatments for
different periods:

Weeks
Groups 1% week 2" week 34 week 4" week 5" week 6" week
Group | 8.49+0.28 | 8.71+0.3% | 9.14+0.5% 8.99+0.5% | 9.14+0.3% | 9.91+0.18
Group |l 8.3420.624 | 8.42+0.27 9.47+0.52 9.02+0.72 8.63x0.67 | 9.27+0.18
Group Il 16.07+0.47 | 22.10+0.81 | 31.37+0.46 | 34.79+0.78 | 37.59+0.49 | 45.61+2.60
Group IV 11.12+0.3%4 | 16.76+1.69 | 21.84+0.78" | 27.12+1.21 | 24.24+0.78 | 26.16+3.34

Data are represented as means + SE (n = 10). Valitksdifferent superscript letter in the same

column for each group are significantly differeRt< 0.05).

Where:

Group I: Control group, fish were reared in decinlated tap water and fed on a commercial diet.

Group II: Fish were reared in dechlorinated tapewand fed on a commercial diet supplemented with
240 mg vit.E/kg diet.

Group IlI: Fish were exposed tb.37mg/l) of atrazine and fed on a commercial.diet

Group IV: Fish were exposed tol/10 4,@1.37mg/l) of atrazine and fed on a commercial diet
supplemented with 240 mg vit. E/kg diet.

Many classes of environmental pollutants or theigtabolites may exert
toxicity related to oxidative stress and can camsdative damage in fish (Velisedt
al., 2011).

Regarding the LPO levels, Table (3) results revkaieat there was a
significant increase in LPO level in liver tissuefish during the chronic exposure in
comparison to the control group. The results aracitordance with Jigt al. (2010),
Velisek et al. (2011) and Xinget al. (2012). The increase in malondialdehde
following atrazine exposure may be attributed te thduction of reactive oxygen
species (ROS), which enhance the oxidation of pagturated fatty acids and lead to
lipid peroxidation (Liuet al., 2008).

Table 3: (LPO) (nmol/g tissue) level of femal: gariepinus exposed to different treatments for
different periods:

Weeks
\ 1% week 2" week 39 week 4N week 51 week 6" week
Groups

Group | 30.34+1.71 | 31.55+0.58 | 29.05+1.08 31.09+1.21 28.65+0.63 | 31.02+0.26
Group |l 33.44+2.4% | 32.890+1.51 | 29.19+0.61 34.69+1.79 33.24+1.97 | 31.86+0.76
Group Il 73.19+3.87 | 91.86+1.96 | 110.82+2.86 | 151.86+3.58 | 131.31+1.8D | 168.89+0.85
Group IV 46.93+1.86 | 69.64+5.34 | 86.40+1.31 | 116.38+2.42 | 98.33+1.48 | 105.48+3.98

Data are represented as means * SE (n = 10). Vaitleglifferent superscript letter in the same
column for each group are significantly differeRt< 0.05).

Where:

Group I: Control group, fish were reared in dedhnlated tap water and fed on a commercial diet.

Group II: Fish were reared in dechlorinated tapewand fed on a commercial diet supplemented with
240 mg vit.E/kg diet.

Group lll: Fish were exposed tb.37mg/l) of atrazine and fed on a commercial.diet

Group IV: Fish were exposed t01/1045C1.37mg/l) of atrazine and fed on a commercial diet
supplemented with 240 mg vit. E/kg diet.

Take into consideration that thiobarbituric acidateve substance (TBARS)
level may indicate an attempt to adapt and compersarbicide induced oxidative
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stress, due to possible atrazine retention of eegpéish (de Menezest al., 2011). Or
may be due to the induction of membrane peroxidatinich can cause change in
membrane fluidity and permeability, then enhance riite of protein degeneration,
and ultimately cell lysis (Tappel, 1973). But tlesults disagreed with Moraetal.
(2009) who recorded a significant decrease in hegdBARS) levels of the teleost
fish, Leporinus obtusidens exposed to clomazone and propanil for 90 ddyss
disagreement may be due to the difference in figties or the type of the herbicides
used. However, administration of vitamin E in condtion with atrazine exposure
resulted in statistically significant decrease PQ.of liver of the fish when compared
with fish exposed to atrazine alone. The resulteedywith EI-Gharielet al. (2010)
and Singhet al. (2011).

Concerning the results of reduced glutathione (G8eéthonstrated in Table
(4), revealed a marked decrease in liver GSH cordkatrazine exposed fish. The
results are similar to those ¥i et al. (2007) and Jiret al. (2010)who recorded a
marked decrease in GSH contentQalrassius auratus and adult female zebra fish,
Danio rerio exposed to alachlor and atrazine herbicides, oéspdy. This may be
explained by a direct action of atrazine on GSHitlsgsis or that GSH has been
depleted in scavenging free radical resulting sncbnversion to the oxidized form
GSSG (Bamela and Richard, 1994).

Table 4: (GSH) (mg/g tissue) activity of femal: gariepinus exposed to different treatments for
different periods:

Weeks
1% week 2" week 3 week 4" week 51 week 6" week
Groups
Group | 60.99+0.78 | 62.90+0.08 | 59.79+0.44 | 60.62+1.86" | 59.19+0.4> | 62.14+0.66
Group Il 60.05+0.52 | 61.23+0.72 | 60.86+1.39 | 62.85+0.59 | 60.37+1.08 | 62.14+0.59
Group |l 53.93+2.11 | 49.52+0.30 | 39.32+1.63 | 33.03+1.6% | 38.39+2.94 | 29.57+0.4%
Group IV 58.56+0.27 | 55.85+0.96F | 52.81+1.88 | 44.65+1.31 | 48.48+1.38 | 45.37+1.44

Data are represented as means + SE (n = 10). Valitksdifferent superscript letter in the same
column for each group are significantly differeRt< 0.05).

Where:

Group I: Control group, fish were reared in decinated tap water and fed on a commercial diet.

Group II: Fish were reared in dechlorinated tapewand fed on a commercial diet supplemented with
240 mg vit.E/kg diet.

Group IlI: Fish were exposed tb.37mg/l) of atrazine and fed on a commercial.diet

Group IV: Fish were exposed t01/10 44@1.37mg/l) of atrazine and fed on a commercial diet
supplemented with 240 mg vit. E/kg diet.

GSH protect the membrane-polyunsaturated fatty abigblrogen of
sulfohydryl group instead of methylene hydrogenuokaturated lipid (Arima and
Shiba, 1992)Moreover, GSH serves as a cofactor for glutathivaesferase, which
facilitates the removal of certain chemicals anldeotreactive molecules from the
cells. It can also interact directly with certai©®Rf (e.g., hydroxyl radical) for their
detoxification as well as perform other criticatigities in the cell (Starat al., 2012).
Vitamin E in combination with atrazine exposure wsbd that liver (GSH) content
was significantly improved from that of fish expdsé¢o atrazine individually
(p<0.05). The results are in accordance v@thghet al. (2011).Vitamin E, a term
that compasses a small group of related tocopherslsa major lipid-soluble
antioxidant responsible for protecting the unsaaddatty acid in membranes against
lipid peroxidation(Horwitt, 1986).Also, vitamin Ehas a capacity to act as free radical
scavengers in biological systdifontiet al., 1978).In addition, it acts as antioxidant
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breaking the free radical chain reactions as altredutheir ability to transfere a
phenolic hydrogen to peroxyl free radical of polyaturated fatty acid¢Mayes,

1993).

The first line of defense against oxidative stresasists of the antioxidant
enzymes CAT and SOD, which convert superoxide an{@) into H,O, and then
into H,O and Q. Concerning the activity of CAT enzyme of atrazeosed fish,
the results demonstrated in Table (5) revealedrafgiant increase in CAT activity of
exposed fish (p<0.05) when compared with that oftrad group fish. The obtained
results agree more or less with the results demadest byJin et al. (2010) and Singh
et al. (2011).

Table 5: (CAT) enzyme (U/g tissue) activity of fdm&. gariepinus exposed to different treatments
for different periods:

Weeks
15t week 2" week 39 week 4™ week 5 week 6" week
Groups
Group | 118.37+0.8% | 116.74+0.56 | 112.97+1.36 | 120.96+1.18 | 117.27+1.9¥ | 119.86+0.27F
Group Il 114.94+1.67 | 114.69+2.01 | 121.19+0.59 | 118.87+1.3% | 117.54+2.28 | 119.23+0.6%
Group Ill 128.57+0.38 | 138.39+1.19 | 150.99+1.59 | 178.72+1.2% | 172.63+1.17 | 173.43+0.88
Group IV 123.91+2.13 | 130.49+0.49 | 140.79+0.79 | 160.79+2.08 | 161.22+1.08 | 158.65+0.48

Data are represented as means * SE (n = 10). Viaitleslifferent superscript letter in the same
column for each group are significantly differeRt< 0.05).

Where:

Group I: Control group, fish were reared in decinated tap water and fed on a commercial diet.

Group II: Fish were reared in dechlorinated tapewand fed on a commercial diet supplemented with
240 mg vit.E/kg diet.

Group IlI: Fish were exposed tb.37mg/l) of atrazine and fed on a commercial.diet

Group IV: Fish were exposed t01/1045CL.37mg/l) of atrazine and fed on a commercial diet
supplemented with 240 mg vit. E/kg diet.

The authors explained that the increase in theigcof CAT enzyme might
be contributed to the elimination of ROS from tle#l mduced by pesticide exposure
which converts oxygen free radical {Jointo H,O, and then into KD and Q (Jin et
al., 2010). On the other hand, the results disagnettdthose ofMoraeset al. (2009)
and Xinget al. (2012). These authors pointed out that the obseieedease in CAT
activity could be explained by the flux of superiradicals due to the oxidative
stress caused by pollutant exposure. Decrease ih &aivity could therefore be
caused by excessive production of (Bainy et al., 1996). Also, the reduction in
CAT activity changes the redox status of the celbere, ROS are generated in
excess or there is not enough oxygen radical sgawvgractivity, free radical chain
reactions are stimulated and interactions withgmtlipids and nucleic acids cause
cellular damage and even systemic disease in stteBsh (Sunet al., 2006).
However, administration of vitamin E caused a digant decrease in the hepatic
CAT activity. The results are in accordance v8ihghet al. (2011).

It is clearly evident from the data demonstratedable (6) that the exposure
to atrazine led to a marked increase in the agtofitSOD in the liver of exposed fish
all over the experimental period (p<0.05) when pared with the control group. The
results agree witinet al. (2010); de Menezes al. (2011) and Velisekt al. (2011).
The increase in the hepatic SOD level may be atkib to the elimination of ROS
from the cell induced by atrazine exposure (@ral., 2010). As, SOD plays an
important role in the defense against the toxieaff of ROS, which can clean up O
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to protect cells from lesions and maintain the hegabetween oxidant and antioxidant
(Li et al., 2003). The results disagreed with Guilherehal. (2012) and Xinget al.
(2012). The decrease in the hepatic SOD level neggrbbably due to dismutase O
and to decompose.B,. In some cases, L by itself or after its transformation to
H,0O, causes a strong oxidation of the cysteine in ttayrae and decreases the SOD
activity (Dimitrovaet al. 1994).

Table 6: (SOD) enzyme (U/g tissue) activity of féen@. gariepinus exposed to different treatments
for different periods:

Weeks
1%t week 2" week 39 week 4™ week 51 week 6" week
Groups
Group | 1318.58+1.70 | 1313.25+1.80 | 1316.29+1.6T | 1320.36+0.89 | 1316.44+1.28 | 1320.11+1.15
Group Il 1314.78+0.9% | 1314.08+0.48 | 1315.14+1.9% | 1313.17+0.7% | 1316.94+2.3% | 1318.18+1.02
Group Il 1335.54+1.89 | 1344.4+2.3% 1361.04+2.19 | 1356.89+1.4F | 1359.23+0.6%4 | 1351.64+1.90
Group IV 1324.21+1.%7 | 1338.78+0.6% | 1352.29+1.42 | 1337.34+2.35 | 1334.71+1.30 | 1329.58+1.2%

Data are represented as means * SE (n = 10). Vaitleglifferent superscript letter in the same
column for each group are significantly differeRt< 0.05).

Where:

Group I: Control group, fish were reared in decinated tap water and fed on a commercial diet.

Group II: Fish were reared in dechlorinated tapewand fed on a commercial diet supplemented with
240 mg vit.E/kg diet.

Group lll: Fish were exposed tb.37mg/l) of atrazine and fed on a commercial.diet

Group IV: Fish were exposed t01/1045CL.37mg/l) of atrazine and fed on a commercial diet
supplemented with 240 mg vit. E/kg diet.

Meanwhile, the administration of vitamin E as arti@adant against the
toxicity of atrazine herbicide showed a significal®crease in hepatic SOD activity
when compared to fish exposed to atrazine alone.réhults are in accordance with
Singhet al. (2011).

In this study, the normal histological structurefish liver have been greatly
damaged after atrazine exposure. Examination oflittee of C. gariepinus fish
exposed to atrazine showed necrotic changes, pgkmnotclei (photomicrographs
2and8), dilatation of central vein (photomicrographinfiltration of leucocytic
inflammatory cells (photomicrographs 4,6,9 and 1@jated blood vessel
(photomicrographs 6 and 10), vacuolar necrosis t@ghmgrograph10), degenerative
changes (photomicrographs 9and11) and haemorri{pgetomicrographs 5,12 and
13). These results are supported by the findingslarhed (2010) and Xingt al.
(2012). The appearance of inflammation in the preséudy means movement of
fluid and leukocytes from blood circulation to ties(Rubin, 2000).Moreover, the
hepatic necrosis and the loss of plasma cell memebraay be a consequence of
increased (LPO) and decreased (GSH) levels initlee bf atrazine exposed fish
(Veliseket al., 2011 and Xinget al., 2012). The present results disagreed Wigtisek
et al. (2011)who recorded no histopathological alterations ia likker of fish. This
may be attributed to the difference in the typegesticide used (terbutryn) and fish
speciesCyprinus carpio.

Liver sections fronC. gariepinus fish exposed to atrazine and fed on vitamin
E supplemented diet showed an obvious reductiodaimage observed in case of
atrazine exposure alone. These ameliorative effeeitamin E on liver tissues are
likely to be related to antioxidant potential. lidition to its other damage preventive
properties such as inhibition of nitrosamine, station of immune system and
enhancement of cell communication (Van Poppel aaddén Berg, 1997).
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It seems that all manifestation of vitamin E on mi@ning cellular structure is
secondary to inhibited peroxidation of polyunsateda fatty acid in biological
membrane leading to preservation of plasma membrnategrity and protection
against necrosis. Moreover, vitamin E is involved stabilization of lysosomal
membrane, therapy inhibiting the release of hydedaand subsequent cellular
dystrophy (Whiteet al., 1978).

In conclusion, the present study indicated thtazine at sub-lethal levels
under laboratory conditions had the capacity teerathe normal physiological
functions of female African catfisi€. gariepinus. It also increased oxidative stress
and altered antioxidant status in the liver of esqabfish which may compromise their
competitive ability and predator avoidance leadmg@ higher mortality in nature. The
incorporation of vitamin E in fish ration of female gariepinus could minimize the
oxidative stress of fish exposed to atrazine tdxi@nd so enhancing the physiological
status of exposed fish and in turn raising thesrstance.
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LEGAND OF PHOTOMICROGRAPHS

Photomicrograph 1: section in liver of control fden@larias gariepinus (H&E, X400).

Photomicrograph 2: section in liver of femalarias gariepinus exposed to 1.37mg
atrazine /I for 1 week, showing necrotic changegknptic nuclei (thin arrow)
which became more dark than that of the contrdl lsmemorrhagic signs (thick
arrow) (H&E, X 400).

Photomicrograph 3: section in liver of fem&egariepinus exposed to 1.37mg atrazine/l
for 2 and 3 weeks, showing congested, dilated akwéin (thin arrow) (H&E, X
400).

Photomicrograph 4: section in liver of fem&egariepinus exposed to 1.37mg atrazine/l
for 4 weeks, showing a mass of concentrated bilgmpnts (thick arrow)
surrounded by necrotic liver cells and fibrous uessinvaded with some
inflammatory cells (thin arrow) (H&E, X 400).

Photomicrograph 5: section in liver of fem&egariepinus exposed to 1.37mg atrazine/l
for 5 weeks, showing severe vacuolar necrosis pynotic nuclei (thin arrow),
haemorrhage is clear through the hepatic cellskthirow) (H&E, X 400).

Photomicrograph 6: section in liver of fem&egariepinus exposed to 1.37mg atrazine/l
for 6 weeks, showing degeneration of some of thgate cells (thick arrow),
dilated blood vessel (thin arrow) (H&E, X 400).

Photomicrograph7: section in liver of control femaC. gariepinus fed on diet
supplemented with vit E (240 mg/kg diet) (H&E, X330

Photomicrograph 8: section in liver of fem&egariepinus exposed t01.37mg atrazine/l
for 1 week and fed diet supplemented with vit EQ(2#g/kg diet), showing
necrotic changes (thin arrow), pyknotic nuclei amthmmatory cells within fibre
tissue (Thick arrow), dilated sinusoids, infilt@ti of mononuclear chronic
inflammatory cells in a highly thickened wall ofoold vessel and between
hepatocytes (thick arrow) (H&E, X 400).

Photomicrograph 9: section in liver of fem&egariepinus exposed t01.37mg atrazine/
for 2 weeks and fed diet supplemented with vit BO(2ng/kg diet), showing
degeneration of some cells (thin arrow), infilteatiof chronic inflammatory cells
within blood vessel and between hepatocytes (Taiobw) (H&E, X 400).

Photomicrograph 10: section in liver of fem&legariepinus exposed to1.37mg atrazine/l
for 3 weeks and fed diet supplemented with vit #)(Ehg/kg diet), showing severe
vacuolar necrosis (thin arrow) , dilated blood etssfiltrated with inflammatory
cells (thick arrow) (H&E, X 400).

Photomicrograph 11: section in liver of femé&legariepinus exposed to1.37mg atrazine/I
for 4 weeks and fed diet supplemented with vit BO(2ng/kg diet), showing
degeneration of the hepatic cells (thick arrow)atéid central vein filled with
inflammatory cells (thin arrow) beside the appeeeanof iron pigments
(haemosiderin) (Short arrow) (H&E, X 400).

Photomicrograph 12: section in liver of fem&legariepinus exposed t0o1.37mg atrazine/l
for 5 weeks and fed diet supplemented with vit #)(Eng/kg diet), showing nearly
normal hepatic cells (thin arrow), an invasion wflammatory cells through the
hepatic tissue (thick arrow), haemorrhage is qual&ar (short arrow) (H&E, X
400).

Photomicrograph 13: section in liver of fem&legariepinus exposed to1.37mg atrazine/I
for 6 weeks and fed diet supplemented with vit EXBhg/kg diet), showing nearly
normal hepatic tissue (thin arrow), inflammatoryisén the dilated central vein
(thick arrow) and haemorrhage is clear (short ayrd¥&E, X 400).
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