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INTRODUCTION

Copper isamicronutrient essentia for al living or-
ganismsrequiredin small amounts, and important life
functionscannot function properly initsabsence®. Cop-
per dsoformsan essentid part of cytochromeoxidase,
isacomponent of many metaloenzymesandisinvolved
inessentia redox reactionswithinthecell@. However,
copper becomestoxic to aquatic biotawhenitscon-
centration exceedsthan thebiological requirement. The
toxic effect of copper isrelated toitscapacity for cata-
lyzing oxidativereactions, |eading to the production of
reactive oxygen species?. Infreshwater environments,
copper can act asNaana oguesand competitorsin gill
trangport systems, and out-compete Na, thereby bl ock-
ing transport systemg“.

Recent trendsin controlling and treating diseases
favour natural antioxidant, which could chelate heavy
metal sinto non-ionized and lesstoxic complex to be
excreted in urine or faeces. Taurine (2-aminoethane
sulphonicacid, "NH,CH,CH,SO,) isthemgor freeintra
cellular non protein sulphur amino acid® found in
milimolar concentrationsin many anima tissues®. Tau-
rineisaconditionally essential amino acid and iseither
derived fromfood/feed or biosynthesized intheliver!™.
Taurineisuniqueinthat itisnot linked to any protein by
apeptidebond and itisnot part of any proteint®. Tau-
rineispresent in high concentration in most tissues par-
ticularly inlymphocytes®. Thezwitterionicnatureof the

taurine gives it high water solubility and low
lipophilicity™. Taurineisinvolved inanumber of physi-
ological processesincluding bileacid conjugation, os-
moregul ation, detoxification of xenobiotics, cel mem-
branestabilization, modulation of cellular calciumflux,
and modul ation of neurona excitability?.

Garlicandgarlicextracts, used for millenniainfolk
medicineisgtill amainstay for varioustorments. It con-
tainsat | east 33 sulphur compounds, several enzymes,
17 amino acids, and mineralssuch asseenium™. The
conseguence of synergism between variouscompounds
isresponsiblefor theantioxidant activity of garlic. One
of themost biologicaly activecompounds, dlicin(didlyl
thiosulfinateor diadlyl disulfide) doesnot existingarlic
until itiscrushed or cut. Garlic compoundsare having
tremendous anti oxidant property which exertsactions
by scavenging ROS*2. Garlic extract has been found
to suppresstheactivity of ceruloplasminaccumulation
of heavy metals(copper and zinc) inthetissues of fish,
Oreochromisniloticug®¥.

Fishesareided organismsto monitor aquatic sys-
tems becausethey occupy positionstowardsthe apex
of food pyramidsand may, therefore, reflect effects of
heavy metal son other organismsincluding human be-
ingsaswell asdirect stresseson themselves'¥. Histo-
pathologicd indicatorsarebeneficia in that they show
thenet effect of biochemical and molecular changesin
the organism resulting from exposureto acontaminant.
Thiswork was designed to study theefficacy of taurine
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and garlic extract in aleviating the histopathol ogi cal
changesinduced by long-term exposureto copper sul-
phatein Clariasgariepinus.

MATERIALSAND METHODS

Test organism

TheAfrican catfish, Clariasgariepinusof average
weight 98.43+ 24.09 g and length 20.5 + 2.5 cm was
sdlected astest organisminthisstudy becauseof itshardy
natureand ability to acclimatisequickly inthelaboratory
conditions. Clariasgariepinusisanexaticfishandwas
brought to Indiain 1994 from neighbouring country
Bangladesh®™. Alive, hedlthy and diseasefree specimens
of catfish, Clariasgariepinusof either sex belongingto
asingle population were purchased on order from the
local fishmarket of Sagar (M.P). The specimenswere
trangported in plastic containersfilled with oxygenated
and cool water to reducetheir activity and stressbefore
reaching thefishlaboratory of the Department of Zool-
ogy, Dr. Harisngh Gour University, Sagar (M.P) India.
Beforeintroducing those in the aquariums, fish were
treated with 0.01% KMnO, solution for 15 minutesto
obviate any dermd infection. Fish werethenkept for a
period of fifteen daysfor acclimatizationin |aboratory
conditions. Faeca remainsand food residueswerere-
moved by net every other day.

Deter mination of median lethal copper sulphate
concentration (LC,)

After acdimatization experimenta fishweresd ected
at random and were kept in a static system of water.
Thefeeding was stopped one day prior the exposure
to CuSO, and fish were not fed throughout the test.
Theacutetoxicity testswere performed according to
the static non-renewabl e bioassay procedure® asde-
scribed inthe previous study!™” (Jiraungkoorskul etal.,
2007). Theexperimental design consisted of acontrol
and six concentrations (24, 31, 38, 44, 50 and 55) of
copper sulphate (CuSO,.5H.,0), two replicates per
group and withtwenty fish in each replicate. The 96h
LC,, wascomputed with probit analysis using statisti-
cal SPSS 16 package .

Experimental design

Experiment wassetupin sevengroups(viz. 1 to V1)
containing 20 fish (Clariasgariepinus) in each group
and werekept infiberglass aquariums (120L) with or

without S multaneoustreatment of water with copper sul-
phate, taurineand garlicextract. Thefishof group| were
kept as control and thefish of this group were main-
tained in water containing no added copper sul phate.
Thefishof groupsof 11, 1V and VI werechalenged with
4 ppm solution of copper sulphate, whereasgroupslil,
V and VIl were exposed to 8 ppm CuSO,. Simulta-
neously, groups |l and 111 were maintained as CuSO,
exposed non antioxidant trested control whereasgroups
IV andV weretreated with taurine (5 ppm) and groups
VI and VIl weretreated with garlic extract (5ppm) dur-
ing the entire experiment period of 90 days. Dose se-
lection and mode of administration of garlic extract and
taurine was based on published studies®. All thefish
werefedwithcommercidly availablefishpellet feed (To-
kyo®, Japan) throughout the experiment.

Taurine

Taurinewas purchased fromHiMediaL aboratories,
Dehi India

Prepar ation of gar lic powder

Fresh peded garlic doveswerewe ghed and spreed
onto sterilefilter-papersand dried at 40°C tempera-
turein hot air oven. They were alowed to cool and
thereafter, powderedin grinder asper themethod of 9.

Prepar ation of ethanolic garlic extract

Theethanolicgarlic extract wasprepared with dight
modification of*°. Dried garlic powder (100 g) was
dissolved in absolute 100 ml ethanol and 50 ml ditilled
water and left for 24h at room temperature. The mix-
turewasfiltered throughfilter paper and thefiltratewas
then subjectedto evaporationinlaminar air flow for the
separation of ethanol from garlic extract. Thereafter, 5
ppm of theextract was prepared asand when required
for experimentation.

Sour ce of copper and preparation of stock solu-
tion

Analytical grade copper sulphate (99%, CuSQO,.
5H,0) supplied by WebChem® was used as metal toxi-
cant throughout the experiment. Dilution of copper sul-
phate (CuSO,) for bioassay test was carried out by pre-
paring astock solution by dissolving the 50 g of copper
sulphatein 1litreof distilled water. Thissolution was
diluted directly into 40 liters of tap water in 120 liters
capacity aguariumsin sufficient amountsto providethe
4 and 8 ppm copper sulphate concentrationsin water.
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Thesubletha treatment (10and 20%of 96h LC_ ) was
cd culated from percentagemortaitiesof fish.

Histological study

Kidney of (control and treated) fishwereremoved
aseptically and werefixed in aqueous Bouin’s fluid.
Preserved tissues were washed under tap water and
dehydrated; clarified with xylene and embedded in
paraffin blocks. They were cut at 4-5  thickness by
using microtome and stained routinely with
haematoxylin and eosin (H & E) for histological ex-
amination®. Stained histopathological sectionswere
examined under binocular compound microscope
(Zeiss, PrimoStar) on different magnificationsand pho-
tographed.

Semiquantitativescoring

Histopathological aterationswas assessed accord-
ing to? by using ascoring ranging from —to +++ de-
pending on the degree and extend of thedterations: (-
) none, (+) mild occurrence, (++) moderate occurrence,
(+++) severeoccurrence. Five slideswere observed
from each organ and treatment.

RESULTS

Median lethal concentration (L C, ) of copper sul-
phate

Therewereno registersof death among thefish of
the control group (0 mg/l of CuSO,) during the deter-
mination of LC_-96h, asexpected. Initialy, on CuSO,
exposure, fish became agitated, |ooked for the water
surface. Susceptibility of catfish, Clariasgariepinus
to lethal effect of copper sulphate was duration and
concentration dependent asmortdity increased with an
increaseinitsconcentration. The 96h LC_ value based
on probit analysiswasfound to be40.38 ppm; thelower
and upper letha confidencelimitsfor copper sulphate
indicateawiderangeof 37.38t043.67 ppm (TABLE
landFigurel).

Histopathological study of gills
Group | (control)

Themicroscopic examination of gillsof Clarias
gariepinusreveal ed thenormal histoarchitecture (Fig-
ure1 & 2) and did not show recognizableadterationsin

any fish of control group throughout the experiment.
Gill archwas composed of primary lamellaewith two
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rowsof numeroussemicircular secondary lamellaethat
ran perpendicularly to each filament. These primary
lamellae congsted of cartilaginoussupportingrod, avas
cular sysemwith tracesof sinusoidal blood spacesand
multilayered epithelium. Secondary gill lamellaewere
lined by awavy singlelayer of respiratory S mple squa
mousepitheium composed of pavement cellswhichare
separated from the lamellar blood sinuses by abase-
ment membrane. Thesecondary lamellar epithdiumis
supported by pillar cells, which are contractileand sepa-
ratethecapillary channds. Each lamellawas composed
of anetwork of interconnected spaces called lacuna.
Chloridecdllsor ionocyteswereidentified aslarge epi-
thdid cdlswith granular gppearance, usudly present at
thetrailing edgesof thefilament andlamellaeand tend
to project from gill surface. Mucousgoblet cellswere
abundant onthesurface of lamellag, gppearing asgranu-
lar domesor vacuolated cells.

TABLE 1: Showingthemortality of Clariasgariepinusat

96h after treatment of different copper sulphate concentra-
tions.

CuSO,Conc.(ppm) Mortality No. of fish exposed
00 00 20
24 01 20
31 04 20
38 07 20
44 11 20
50 15 20
55 19 20

Probit vs Log Concentration

Probitof °°

Mortality -* 1
-1.0

-20

1.3 14 1.3 1.8 1.7 1

Log of Concentration
Graph 1: Showingthelinear relationship between probit re-
sponseand log sub-lethal concentration of copper sulphate
on Clarias gariepinus

Group I (4ppm CuSO,)

Thehistopathologica examination of gillsafter 15
and 30 days exposureto copper sulphate exhibited dis-
tinct histopathol ogiesincluding proliferation and hyper-
trophy of chloridecellsand mucous cellsat the base of
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gill filament. Abnormal increasein size of few second-
ary lamellaewas observed (Figure 3). Thereweresome

len due to blood cell congestion in the vessels and
breakdown of pillar cell system and di sappearance of
lacunae (Figure 4). After 60 and 90 days severe histo-

aresswheretipsof secondary lamdlaewerehighly swol-
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Plate |- Histology of C. gariepinus gill in control (Fig. 2 and 3} and copper sulphate exposed groups Il and 11l (4-11}. Fig 2 and 3. Normal gill (primary lamellae (PL),
secondary lamellae (SL), X100, X200, respectively. (Fig.4) exposed to 4ppm CuSOa after 15 days (swollen tips (ST), unusual elongation of secondary lamella (ESL),
interstitial edema (ISE) and hypertrophy of chloride cells (HCC). [ X280]. (Fig.5) exposed to 4ppm Cu504 after 30 days (hypertrophy of pavement cells (HPV), hyp-
erplasia of interlamellar cells (HIC) [X280]. (Fig.6) exposed to 4ppm CuSQa after 60 days (epithelial lifting (EL), lamellar aneurysms (AY) [X280]. (Fig.7) exposed to
Appm CuS04 after 90 days (hyperplasia of interlamellar cells (HIC), club-like lamellae tips (CLT) and haemorrhage (RG), [X280]. {Fig.B) exposed to 8ppm CuS0«
after 15 days (cytoplasmic vacuolation (CV) and hyperplasia of interlamellar cells (HIC) [X280]. (Fig.9) exposed to 8ppm CuS0a after 30 days ( haemorrhage (RG),
hypertrophy of pavement cells [HPV), fusion of secondary lamellae (FSL) [X280]. (Fig.10} exposed to 8-ppm CuSQ4 after 60 days (epithelial lifting (EL), hyperplasia

of inter llar cells (HIC),disintegration of pillar cell system (DPS), [X280]. (Fig.11) exposed to 8ppm CuS0a after 90 days (extensive hyperplasia of interlamellar
cells (HIC), club-like lamellae tips (CLT), fusion of secondary lamellae (FSL), epithelial lifting, (EL), [X280].
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pathological aterationsweredetectedingill filaments
and characterized primarily by dilation of the second-
ary lamdlar blood sinusesand vascular congestions (an-
eurysms) dueto disintegrationinpillar cdl system (Fig-
ure 5). Lifting of respiratory epitheliaand edemain the
filamentar epithelium was quite prominent. Excessive
infiltration of leucocytesand erythrocyteswas observed
in secondary lamellae and central blood sinuses. The
tips of secondary |amellae were swollen dueto con-
gestion of blood spacesby erythrocytesindicating cir-
culatory anomaly. Thefilamentary epithelium of gillsaf-
ter 90 days revealed decrease in interlamellar space
dueto extensive hypertrophy and hyperplasiaof the
chlorideand pavement cells (Figure 6)

Group 11 (8ppm CuSO,)

After 15 days exposure the most common histo-
pathological gill changeswerelifting of thelamellar
epitheliumandincreaseinintracellular vacuolationin
pavement cellswhich resulted in edematous changes
dueto collapse of pillar cellsin secondary lamellae
(Figure 7). After 60 daysgillsexhibited severedistinct
histopathol ogiesincluding hyperplasaof interlamel lar
epithelia cellsresulted in complete fusion of second-
ary lamellae and disappearance of the space between
contiguous lamellae. Haemolysis and haemorrhage
were al so reported dueto severe conjestion of blood
(Figure 8). After prolonged exposures (60 and 90 days)
thegill tissuerevealed most frequent ateration inthe
secondary lamellae with severe edemaand rupture of
pavement cell layer (Figure 9). Thefusion of second-
ary lamellaeaong the entirelength was observed due
to severe hyperplasiaand hypertrophy of interlamel-
lar cells. Thepillar cell damageledtolossof support-
ive propertiesand degeneration of blood channelsat
the proximal portionwith subsequent mild accumula-
tion of blood cells (Figure 10).

Group IV (4 ppm CuSO, and 5 ppm taurine)

Thehigtoarchitecture of filamentary epithelium of
gill exhibited mild histopathol ogical dterationsinclud-
ing hypertrophy of chloride cellsat base of secondary
lamellaewith very dight hyperplasiaof mucouscells
after 15 days (Figure 11). Occasionally, dight lifting
of epithelium was also seen at the distal portion of
secondary lamellae after 30 days (Figure 12). Thehis-
topathological changes observed after 60 dayswere
mildlifting of lamdlar epitheium and mild hyperplasa
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of chlorideand mucouscells. At many placesrupture
of lamellar epithelium was al so reported. Occasion-
ally, blood channd of secondary lamellaeweredilated
and disorganized (Figure 13). Severeinfiltration of
leucocytes dueto hyperemiawas observed after 90
daysin secondary lamellaewith formation of lamellar
aneurysms. However, lessfrequent rupture of lamel-
lar epithelium with mild haemorrhage was also seen
(Figure14).

Group V (8ppm CuSO, and 5 ppmtaurine)

The histoarchitecture of gill exhibited mild histo-
pathol ogical dterationsindudingdight hyperplasiacf in-
terlamdlar cdlswithinterdtitid edema. Occasondly, the
blood s nusesét theproxima portionweredilated with
accumul ation of few erythrocytesafter 15 days(Figure
15). After 30 daysgill revealed dight hyperplasiaand
hypertrophy of epithelia cells with Infiltration of
leucocytes was al so reported in secondary lamellae
(Figure 16). Theblood channelsof secondary lamellae
were dilated with formation of aneurysm after 60 days
(Figure17). Hyperplasiaof interlamel lar cellswasseen
after 90 dayswith partial fusion of adjacent lamellae.
Occas ondly, edemaand epithdlid lifting werereported
at basesof lamellae (Figure 18).

Group VI (4ppm CuSO, and 5 ppm gar licextract)

Thehistopathol ogica examination of gillsafter 15
daysreveded dight lifting of secondary lamellaewith
accumulation of few blood cellsintheedematous spaces
infilamentary epithelium (Figure 19). After 30daysthe
gill sectionsreved ed mild higopathol ogica changesindud-
ing hypertrophy and hyperplasiacf themucousand chlo-
ride cellsat thebase of the secondary lamellae (Figure
20). Degeneration of blood channel at the proximal
portion and epithelid liftingin secondary lamellaewere
observed after 60 days. However, lessfrequent hyper-
plasiaand hypertrophy of chloride and mucouscells
werea so seen (Figure 21). After 90 days hypertrophy
of pavement cdll layer and epithelia liftingin secondary
lamellae with formation of edematous spaceswasre-
ported. Shrinkage of blood channel was observedin
proximal portion of few secondary lamellaedueto de-
generation of pillar cells(Figure22).

Group VII (8 ppm CuSO, and 5 ppm garlic ex-
tract)

Thegill reveded minor histopathological dterations
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Plate lI- Histology of C. gariepinus gill on in groups 1V and V exposed tocopper sulphate and Sppm taurine (12-19). {Fig. 12} exposed to 4ppm CuS04 and 5ppm taurine 2
15 days (mild hypertrophy of chloride cells (HCC), mild lamellar epithelial lifting (EL), [X280].  (Fig. 13) exposed to 4ppm CuS04 and Sppm taurine exposed todppm Cu
after 30 days (lamellar epithelial lifting (EL), slight disintegration of pillar cell system (DPS), [X280]. (Fig. 14) exposed to 4ppm CuSD4 and 5ppm taurine after 60
(edema (E), slight disintegration of pillar cell system (DPS)  mild hyperplasia of interlamellar cells (HIC}, [ X280]. (Fig. 15) exposed to 4ppm Cu504 and Sppm tau
after 90 days (hyperplasia of interlamellar cells (HIC), mild haemarrhage (HG), club-like lamellae tips (CLT), mild lamellar aneurysms (AY), [X280). (Fig. 16) exposed to 8
CuS04 and Sppm taurine after 15 days (accumulation of few erythrocytes (AE), mild hyperplasia of interlamellar cells (HIC) [X280].  (Fig. 17) exposed to 8ppm CuS04
Sppm taurine after 30 days (infiltration of leucocytes (LC),  slight hyperplasia of interlamellar cells (HIC) and mild rupture of pavement cell layer (RPV), [¥280]. (Fig
exposed to 8ppm CuS04 and  Sppm taurine after 60 days ( mild lamellar aneurysms (AN), hyperplasia of interlamellar cells {HIC), epithelial lifting (EL), [¥280]. {Fig. 19)
osed to 8ppm CuS04 and 5ppm taurine after 60 days  (curling of secondary lamellae (CSL), hypertrophy of chloride cells (HCC), hypertrophy of pavement cells (HPV),

epithelial lifting (EL),[ X280].

including hypertrophy of lamellar epithelium at thebase
of secondary lamellae. Increased infiltration of blood
cellswasreported in the dilated blood sinuses of sec-
ondary lamellaeand in central venoussinuses after 15
days (Figure 23). After 30 days curling and mild epi-
thelial lifting of secondary lamellaewasobserved (Fig-
ure 24). Severelifting of lamellar epitheiumwithfor-
mation edematous spaces was seen after 60 days (Fig-
ure 25). Disorganization of blood sinuses and mild
haemorrhage from secondary |lamellae werefound to-
gether with necrosis (Figure 26). After 90 days severe
hyperemia, lamellar aneurysms (tel eangiectasia) and
haemorrhageswith ruptureof lamellar epitheliumwas
seen (Figure 27).

DISCUSSION

Fish areaninvauabletest modd in environmental
toxicology for the determination of |etha and sublethal
effectsof aquatic pollutants. M onitoring histopathol ogi-
cal changesinfishisasensitiveand accurate way to
assesstheeffects of xenobiotics. Althoughthetoxico-
logical effectsof copper onfish arewell documented,
thevariability of thereported resultsarelarge® 24, This
study wasa so designed to eval uate the efficacy of pro-
tectiveeffectsof taurineagainst thecopper induced his-
topathological changesingill duetoitspotential anti-
oxidant activity.
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Plate Ill- Histology of C. gariepinus gill in groups V1 and VIl exposed copper sulphate and Sppm garlic extract (20-27). (Fig. 20) exposed to 4ppm CuS04 and Sppm garlic

extract after 15 days [ mild epithelial lifting (EL) and mild hyperplasia of interlamellar cells (HIC), [X280]. (Fig. 21) exposed to 4ppm CuS04 and S5ppm garlic extract
after 30 days (hypertrophy of pavement cells (HPV), hyperplasia of interlamellar cells (HIC), disintegration of pillar cell system (DPS) [X280]. (Fig. 22) exposed to 4ppm
Cus04 and 5ppm garlic extract after 60 days (hyperplasia of interlamellar cells (HIC), mild haemorrhage (RG), infiltration of leucocytes (LC) [X280]. (Fig. 23) exposed to
4ppm CuS04 and 5ppm garlic extract after 90days  (severe epithelial lifting (EL), hypertrophy of pavement cells (HPV), shrinkage of blood channe | (SBC)  [X280].
(Fig. 24) exposed to 8ppm CuSO4 and Sppm garlic extract after 15 days (hypertrophy of pavement cells (HPV), mild haemorrhage (RG), swollen secondary lamellae tips
(ST), [%280]. (Fig. 25) exposed to 8ppm CuSO4 and Sppm garlic extract after 30 days  (interstitial edema (ISE), epithelial lifting (EL) curling of secondary lamellae (CSL),

[%280]. (Fig. 26) exposed to 8ppm CuS04 and Sppm garlic extract after 60 days (showing severe epithelial lifting (EL), disintegration of pillar cell system (DPS), edema (E),

[ X280).. (Fig. 27) exposed to 8ppm CuS04 and 5ppm garlic extract after 90 days (laneurysms (AY), hyperplasia of interlamellar cells (HIC), haemorrhage (HG), (X280].

Median lethal concentration (L C, ) of copper sul-
phate

In present study there was corresponding increase
inmortdity responseof thetest fishwithincreased ex-
posure and time. Forgoing resultsof Finney’s probit
analysisrevealed 40.38 ppmas L C_, value of copper
sulphate exposed to Clariasgariepinusfor 96h. The
resultsof thisinvestigation support theobservations, in
this regard, forwarded by® who reported 72h LC_
valueof CuSO, as40.6 mg/l in Oreochromisniloticus
and*who evaluated 17.5 mg/l asthe96h LC,_ vaueof
copper sulphateon juvenilesof Col ossomamacropomum
Copper was found significantly more toxic to
Oreochromisniloticusthan the catfish?” and the 96h
LC,, valuesfor Oreochromis niloticus and Clarias
gariepinus were revealed to be 58.837 and 70.135

mg/l, respectively. The96h LC_ val uesof copper re-
ported for Colisa fasciatus was 4 mg/l'®, for N.
notopterusas 30 mg/l by'? and for Esomusdanricus
as5.5mg/l by, The 96h medianletha concentration
(LC,,) value for copper sulphate on Ictalurus
punctatus was 6.89 mg/l and on Morone chrysops
was 3.35 mg/I®, However, in contrast to our study,
much lower LC,_ values of copper werereported on
Poronotus triacanthus as 502.95 ng/11%¢ and Danio
rerio as 73.83 ug/1%2 which suggeststhat these fishes
arelesstolerant to toxic effect of copper.
Marineteleosts are more less sensitive, with re-
ported 96h LC_ values of 800-1000 g/l range for
spiny dog fish, Squalusacanthiag®, of 1140 ug/1for
sheepshead (Archosargus probatocephal us), of 5660
ug/1 for Atlantic croacker, Micropogan undulatusand
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of 2750 pg/1 for pinfish, Lagadon rhomboides4.
Toadfish, Opsanus beta are even moreresistant with
the 96h LC_, between 21,600 and 36,100 pg/1%3. The
observed differencesintheLC,_ va uesof copper might
be dueto thephysicochemica characterigticsof thetest
medium, speciesand ages of fishesused and their sus-
ceptibility rates, which resulted in their subsequent dif-
ferent toxicity values.

HISTOPATHOLOGICAL STUDY

Thehistological characteristicsof specific organs
expresscondition and represent timeintegrated endog-
enous and exogenous i mpacts on the organism stem-
ming from alterationsat thelower level of biological
organization™!, Thegillshavean extensvesurfacearea
with minimum diffusion distance, which participatein
many important functionsin fish, such asrespiration,
osmoregul ation and excretion, remainin cl ose contact
withtheexterna environment, and particularly sensitive
to changesinthequality of thewater, are considered
the primary target of the contaminantg3"=,

Histologica study of thegillsinpresentinvestiga-
tionshowed atypicd sructurd organization of thelame-
lae in the untreated control group |. However, fish
(Clarias gariepinus) exposed to 4 ppm and 8 ppm
concentrations of copper sulphatein group Il and 111
respectively after 15, 30, 60 and 90 daysreved ed sev-
eral histopathological dterations. Moreover, theame-
liorative efficacy of antioxidants (5 ppmtaurineand 5
ppm garlic extract) was found to minimizethe histo-
pathol ogical changesin gillson respectiveintervals.
Thesegill histopathol ogica dterationshasbeen previ-
ously observed by severd authorsinfish submitted to
copper®43. In Prochilodus scrofa asaresult of cop-
per exposure hyperplasiaand thickening inthegill as
well aslamellar te angiectasiswasreported by“l. Some
pathologica changeslikethickening of the epithelium
aswell astelangiectasiswasreported intheof gillsof
fish exposed copper sulphate“, similarly samelesions
inthegill of rainbow trout werea so reported after acute
exposureto 0.135 mg/l copper sulphate at 48hourg“el.
According to“? such aterationsare non-specific and
may beinduced by different typesof contaminants.

Theforegoing resultsof hisopathol ogica investiga:
tion of gillsarein good agreement with“! who reported
several histological aterationson exposureof 0.5, 1.0

and 2.5 mg/| to copper for aperiod of 21 daysin Nile
tilapia, Orenchromishiloticus Smilarly, histopathologicd
changesingillsof O. niloticuswhichwere positively
corrdlated initseffectswith theincrease of copper con-
centration andtimeof exposuré??. Somestudiesreveded
that intergtitid edemaisoneof themorefrequent lesons
observedin gill epithdium of fish exposed to heavy met-
ag*1. Theresultsof thisstudy confirmthe occurrence of
edemaindependently of copper levels, asin other fish
specied®®¥, Thelifting of lamdlar epithdiumisother his-
tologica changeobserved, probably induced by thein-
cidence of severe edemd®*3. According to®¥ thisle-
sion caninducechangesin pillar cell normal structure,
with consequent lossof their support function and prob-
ably, and wasresponsiblefor theemergenceof lamel lar
aneurysmsin fish exposed to cadmium.

Edemawithlifting of lamd lar epithdiumcould serve
asamechanism of defense, because separation of epi-
theliaof thelamdlaeincreasesthedistance acrosswhich
waterborne pollutantsmust diffuseto reach the blood-
stream®, Asaconsequence of theincreased distance
betweenwater and blood dueto epithdid lifting, theoxy-
genuptakeisimpaired. However, fisheshavethe capac-
ity toincreasetheir ventilation rate, to compensatelow
oxygen uptake®!, The compensatory changesmay be-
comemal adaptiveif the duration of the stressfactor(s)
exceedsthebiologicd tolerancelimitd®. According td™
any discontinuity of epithdid lining of thegill duetomas-
sivewear and tear may lead to anegativeion baance
and to changesin haematocrit and mean cdllular haemo-
globin vaues of blood. The edematous spaces, along
with hypertrophied epithelid lining, resultsininadequate
gasexchangeand consequently areduced diffusion ca
pacity, although they have created an additiond barrier
for prevention of penetration of waterbornexenohiotics.
However, these changes a so can be dueto the exposi-
tiontodifferent kindsof pollutants, such asendosul fan™,
arsenic®™, drugs®® and other heavy metadls, as au-
minium®, lead®!, cadmiumi®!, and nickd®. Thus, this
sgnifiesthat thesedterationsarenot specificaly induced
by copper or other heavy metals.

Most part of the gill lesions caused by sublethal
exposures affectslamellar epithelium however, some
dterationsin blood vesse smay a so occur, whenfishes
suffer amore severetype of stress. Inthiscase, dam-
aged pillar cellscan result in anincreased blood flow
inddethelamellag, causngdilation of themargina chan-
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nel, blood congestion or even an aneurysm(®2¢3, The
formation of ananeurysmisrelated to theloss of adhe-
sion between the epithdlia cellsand underlying pillar
cdl system accompanied by acollapseof structurd entity
of secondary lamelld®! dueto alarger quantities of
blood flow that push thelamelar epithelium outward®!
or even because of thedirect effects of coppert®:¢I on
these cells. Thetel eangiectasiamay affect blood circu-
lationleading torespiratory impairment. Evaluatingthe
effectsof the copper ion on P. scrofa juvenilesduring
96h of exposure®” found aneurysmsin the secondary
lamellae of specimens exposed to 20.0, 25.0 and 29.0
ugCu/l, and in some cases could observe rupture of the
secondary lamellaeand bleeding Theseresultscorrobo-
rate those of the present study, where copper caused
haemolysisand haemorrhageat high concentrations. It
istheconditioninwhich blood congestsinthegill, due
to the presence of metabolitesand an overall change.
When thetissueincreasesits activity, thereisawell
characterized fal inthe partia pressure of oxygenand
pH, anincreaseinthepartia pressureof carbon diox-
ide, and arisein temperature and the concentration of
potassium ions. Theblood vesselsnear theinjury site
dilate, the permeabiility of the capillary wallsincreases,
which producesan exudation of thefluidwhich leadsto
acongestion of the blood cellsin these vessels. The
blood-derived exudate can enter nearby epithelia®.

Dueto continuation of subletha copper sulphateex-
pasurein present study, uncontrolled degeneration of gills
takesplaceand pavement cellsbecome haphazardly ar-
ranged. Consequently, the space between the
neighbouring secondary lamd laewasdmog entirdy filled
with polygond epithdium and gill filamentsappeared a
solidmassof cells. Accumulaion of cellular debrisonthe
gill lamdlawasoneof thehistopathol ogicfindings. Con-
tact of fish gill with copper sulphate can cause access
mucus secretion and because of substantia net negeative
chargeof gill surface, gill haveahighaffinity for cationic
metas. Therefore, theaccumulation of superficid debris
may bearesult of precipitation of copper ionsinmucus
secretiong®. Hypertrophy and proliferation of mucous
cdlswasdsoreportedin presentinvestigationinthefused
surface of the secondary lamellae. Thismay beconsid-
ered asaprotectiveresponseto carry out thetransport
of toxins. Cdll proliferaionwiththickening of gill filament
epitheliumisonehistologica changefoundinfishex-
posed to copper by several authorg®7074,

—=> RegUlOr Peper

During the present investigation, thenumber of the
chloridecellsintheepithelia liningsof C. gariepinus
increased S gnificantly following exposureto copper sul-
phate sol ution. Proliferation of chloridecellsarethought
to be compensatory responseto ion lossand was ob-
served following exposureto water-borne copper in
H. fossilis by in Ctenopharyngodon idella, and
therefore chloride cell hyperplasiamay therefore be
good biomarker of adaptation'™!. Thechloridecdll hy-
perplasiainthelamellaefollowing exposureto heavy
metal saltshavead so been observed by 3. Following
ZnCl, exposure, thenumber of such cellspresentinthe
respiratory epitheliaof the secondary lamellae of the
gillsdsoincreassesat severd stagesof exposure™. Also,
thepathologica changesin thechloride cellson expo-
sureto heavy metalsmay indicate osmoregul atory dys-
function, which isthe main function of the chloride
celld™., Chloridecellsproliferation may bedueto an
added function of oxygen transport duetoinjury togill
tissue proper. Leukocytesinfilteration caused their ac-
cumulation in the subepithelial spacesof secondary
lamellae and necrotic gill tissues. Thismay beanin-
flammatory reaction response to copper!™ or to ph-
agocytethe copper particlesand tissue debrises ™.

Taurinesupplementationthroughwater at 5ppmin
groups|V andV seemsto bebeneficia upto someex-
tent todleviate copper sulphateinducedtoxicity intissue
damageingill asobservedinmicroscopic changesinthe
present sudy. Thelesonswerelesssevereingillswhen
compared to those observed in thefish from group 1
andV. Thebeneficid effectscould bedttributed itszwit-
terionic natureand concur to those of ™. However, fish
do contain high concentration of tauring® andthe ex-
tra-supplementation might have protected thegillstod-
leviate Cutoxicity. Thepretreatment with taurine after
cyclophosphamideinjection produced asignificant de-
creaseinurinary bladder weight (edema) and amarked
decreaseinvascul ar congestion and haemorrhage, aswell
asaprofound improvement in histologica structure ™.,

Mild degeneration of chloridecdlsfoundintaurine
treated fishes might be due an antioxidant property of
taurineto maintain membraneorgani zation and thuspre-
ventsion|eakage and water influx, and subsequently,
avoid cdl swelling or hypertrophy!”&3, Thestahilizing
effect of taurine on cellular membrane has been sug-
gested to be associated with theinteraction between tau-
rineand polyunsaturated fatty acidsin themembrang®l.



440

Efficacy of taurine and garlic extract in alleviating the histopathological changes

RRBS, 7(11) 2013

Reguler Peper ==

Thisproperty of taurinemay also partly account for its
protection against copper induced gill necrosis.

Addition of garlicextract a 5 ppmtogroup VI and
VI found to be effective to reduce copper sulphate
induced histopathol ogica changesin gills. Occurrence
of mild hyperplasiaof interlamellar cellsand lessfre-
quent hypertrophy of chlorideand mucouscellsexpli-
catesthat garlicextract might beinvolvedinthedlevia-
tion of copper toxicity due to its antidotal and
immunomodul atory activitieg®# and presence of se-
leniumi®#, Thisfinding concur tothoseof 9 who noted
that cadmium induced histopathol ogical aterationsin
ratsweresignificantly alleviated by garlic administra-
tion and attributed this protectiverole of garlictoits
potentia to chelate metal and enhance the anti oxidant
defense system. Similarly®® used agqueousgarlic ex-
tract toamdioratethehistopathol ogical changesinduced
by acetic acidin colon of rats.

It could be concluded that theintoxication by cop-
per resulted severe histopathol ogica changesinthegills
of Clariasgariepinus. Garlic and taurine supplemen-
tation counteracted thesetoxic effects partly and bring-
ingstructura improvementingills. Thiscouldbedueto
their cytoprotective propertiesand antioxidant nature,
which combinesfreeradical scavenging with metal

chelating properties.

ABBREVIATIONS
AE = Accumulaionof erythrocytes
AY = Aneurysn
BC = Bloodcongestion
C = Chondrocytes
CC = Chloridecdls
CLT = Clublikelamdlaetips
CSL = Curlingof secondary lamella
DG = Dilaedglomerulus
DPS = Didgntegrationof pillar cell system
DSE = Desquamationof epithelid layer
E = Edema
EL = Epithdid lifting
ESL = Elongationof secondary lamella
FSL = Fusonof secondary lamellae
HCC = Hypertrophy of chloridecells
HG = Haemorrhage
HIC = Hypeplasaofinterlamelar cdls
HL = Haemolyss

HMC = Hypertrophy of mucouscells
HPC = Hypertrophy of chloridecells
HPV = Hypertrophy of pavement cells
ISE = Interditid edema
LC = Infiltrationof leucocytes
MBC = Margind Blood channd
MC = Mucouscdls
PC = Pavementcdls
Pl = PRllarcdls
PL = Primaylamdla
PN = Pycnoticnucle
PPM = Patspermillion
RBC = Redbloodcdls
RPV = Ruptureof pavement cel layer
RSL = Reductionof secondary lamella
SBC = Shrinkageof blood channe
SL = Secondary lamélla
ST = Swadllentips
Pl = PRllarcdls
PL = Primaylamdla
PN = Pycnotichucle
PPM = Patspermillion
RBC = Redbloodcdls
RPV = Ruptureof pavement cdl layer
RSL = Reductionof secondarylamella
SBC = Shrinkageof blood channe
SL = Secondarylamdla
ST = Swadllentips
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