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Abstract: Fishes are used in studies on the possible toféctsfof heavy metals
even if they are susceptible to the accumulatiopepsistent pollution due also to their
presence in an aquatic habitat. Mercury is a heaetal, a significant environmental
pollutant of industrial discharge containing togigbstances contribute tremendously
to the pollution of aquatic ecosystem. The aim a6 tstudy was to analyze the
cytotoxicity of Mercuric chloride and the ameliavat effect of 5 % spirulina on the
histology of ovary in the freshwater catfis@ilarias gariepinus. Control, 0.5 mg/l
mercuric chloride and 5% Spirulina fed fishes exgabt 0.5mg/l mercuric chloride
were used in the basic test for a period of 60 dalge fishes were sacrificed after an
interval of 15, 30, 45 and 60 days respectivelye Tovaries were analysed by
histological method. The tissues of the ovary apgéghtly follicular damaged in a
few areas around the oocyte after 15, 30, 45, ahdd@y/s of mercury chloride
treatment. Pre-vitellogenic and vitellogenic oosytevere less in number. The
ameliorative effect of 5 % Spirulina fed treateshis showed Pre-vitellogenic and
vitellogenic oocytes. Loosening of tissue was aksoovered which earlier led to
necrosis when compared to the ovary of the fishtéak with HgCJ solely at the same
duration.

Keywords: Ovary of Clarias gariepinus, histological analysis, 0.5mg/l mercuric
chloride, 5% Spirulina.

INTRODUCTION

The aquatic environment is an extremely diverse faglly variable system, crucial for the continued
survival of life on planet earthAs we all know water is the prime necessity f#.lit directly influences

all the aspects of life. About 70% of earth surfeceovered by water. It is most common fluid irtuma.
General survey revealed that about 15 crore cubickwater is found on the average on the layers of
earth, but instead of such abundance only 0.03%vodfl’s total water runs through rivers, streatakes
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and ponds, which is available to man for variousvdies. Water pollution is generally associatedhw
heavy industrialization and dense population andeserally one of the major ecological problems,
industries are responsible for adding pollutantsinenvironment as a number of industrial efflseantd
emissions especially toxic substances and gasespegad into the environment. These major pollgtant
prevailing in environment are heavy metals, pedtisj synthetic polymers, aliphatic hydrocarbons,
petroleum products etc. Industrial discharges ¢omig toxic and hazardous substances including yheav
metals, contribute tremendously to the pollutionagfuatic ecosyste® Heavy metals cause serious
impairment in metabolic, physiological and struatursystem$ Their introduction into aquatic
environment is caused by direct or indirect agtigall and industrial discharges. The term heavyaimet
widely used in scientific literature with referenweseveral elements beginning with beryllium aonéhg
upto actinide3 The heavy metals are normally regarded as the baging an atomic no. of 22 to 92 in
all groups from period 3 to 7 in the periodic tdplacluding iron, copper, cobalt, chromium, nickefad,
cadmium, mercury, etc. Heavy metals may affect miggas directly by accumulating in their body or
indirectly by transferring to the next tropic lewslthe food chaih

Toxicology literally means “study of poisons”. Therd is derived from the Greek word toxicoeaning
arrow or poison and logos meaning study. “Toxicgltgthe study of the adverse physicochemical effec
of chemical, physical or biological agent on liviagganisms and the ecosystem, including the prarent
and amelioration of such as adverse effects”. Exangp such agents includes cyanide (chemical),
radiation (physical) and snake venom (biological).

Mercury is emitted to the atmosphere by naturabdsmg of the earth’s surface and by evaporation of
mercury vapour previously deposited on the eadhiface. Mercury is emitted in the form of eleménta
vapour (Hg). Annual natural emissions are estiméelte between 2700 and 6000 thrseme of which
originate from previous anthropogenic activity. Ampogenic sources of mercury are numerous and
worldwide. Mercury is produced by the mining ande#fing of cinnabar ore. Mercury is the only
common metal liquid at ordinary temperature. Itsstrimportant salts are mercury chloride (Corrosive
sublimate, poison), mercurous chloride and merciulyninate. Mercury has been recognized as
environmental contaminant since Minamata disastetapan in the late 1950s, which was caused by
consumption of fish living in the seawater that gaserely polluted with mercury from local induatri
discharg& Mercury toxicity is affected by temperature, siti, dissolved oxygen, and water hardness.

The name “Spirulina” is derived from the Latmord for “spiral” or “helix”, denoting the physical
configuration of the organism when it forms swigjmmicroscopic stands. Its length 350u, width 346y,
between two spiral distance 30-60l, a single spifdth 24-45u. Spirulindas microscopic blue- green
multi- cellular algae, which cannot be seen by dadges. Spirulina is a spiral steam generally found
fresh water, brine, and brackish water. Spirulinasists of 60-70% protein in dry weight. The pnotei
elements consist of 18 types of amino acid, sewgtainins, such as vitamin A, B, E, H and minerals,
fatty acid necessary to the body. Presently, itvésy useful nutritious food for preventive and
symptomatic treatment, such as antiviral activiypod nourishment, enhancing immunity against
bacteria or foreign substances for body and reguoshering convalescent period. Spiruliisaa rich source
of protein (60-70%), vitamins, essential amino acitinerals and essential fatty acids such as plasm
acid, linolenic acid and linoleic acid. Therefoitehas been used as a nutrient for fish lal¥Heand as an
ingredient in fish diet for juveniles and adult aoon carp®** Spirulina contain all the essential amino
acids, rich in chlorophyll, beta-carotene and @factors, and other natural phytochemicals. Antiari
defense system of fishes comprises of various eegywiz. superoxide dismutase, catalase, gluthathio
peroxidase etc.) non-enzymatic molecules like nailsefSe, Mn, Cu and Zn) proteins and vitamins which
operate to detoxify or scavenge these free radgaierated in the body. Spirulinathrospira platensis

is a freshwater blue-green filamentous alga, anid iteceiving increasing attention for its bioaetiv
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components such as vitamins, minerals, polyunsariatty acids, carotenes and other pigments that
have antioxidant®.

MATERIAL AND METHODS

The present work was carried out at the laboratbfyepartment of Zoology & Applied Aquaculture and

Zoology, Barkatullah University, Bhopal (M.P), ladiThe fishClarias gariepinus, with average length
of 12-15 cm and weight of 100 g were procured fiooal fish markets of Bhopal, M.P, Indi@he fishes
were brought to laboratory and were kept in thesglaquarium to observe any visible pathological
symptoms. The fishes were then treated with 0.1 RKIsolutions to obviate any dermal infection before
introducing in the aquarium where they were acdé@dao laboratory conditions for two weeks prior to
exposure. During that period the fish were fed 40heir body weight once daily (0900 hours) with
laboratory formulated fish feg@ able-1). Each aquarium was supplied with dechlorinateel]-aerated
tap water, which was changed once daily. Afterabeimation period, the fishes were randomly seléct
and stocked 20 fish per aquarium in 3 glass aquarathe experimental runs. Mercuric Chloride
(Ranbaxy, India) was used in original package fdBy.mixing with distilled water was used as stock-
solution by adopting the dilution technigéledDifferent test doses were prepared making difutié the
stock concentration. Fishes transferred to eaclaraqu and exposed to different concentrations of
HgCl. In all cases, control groups of fish were maimtédi Each experimental trial was carried out for a
period of 96 hours.10 fishes were exposed to sudlletoncentration. The mortality of the fish was
recorded at logarithmic time intervals that isenf24, 48, 72 and 96 hours of exposure. The tedtame
was renewed daily during the experimental peridte physicochemical characteristics test of the wate
such as temperature, pH, alkalinity, hardness, exygpncentration were conducted frequently follgvin
the standard procedufésThe effect of each concentration was tested astlen duplicate to verify
reproducibility. The data obtained in course of itheestigation were analyzed statistically to sdwtlier
there is any influence of different treatments (marirations) on the mortality of fish. The mediathél
concentration (L&) values and their 95% confidence limits for diffier exposure time were calculated
by using the computer software "Probit AnalysisPAEversion 1.5, USAThe LG, value came out to be

1 mg/l.

Table-1: Showing contents of the control and experimental diet

Preparation of Experimental Diets/100 gm
Vitamin
Diets Fishmeal Wheat flour Cod- liver oil | Premix Additive
Control 79.07% 8.93% 10.00% 2.00% Nil
5%
5% Spirulina | 74.07% 8.93% 10.00% 2.00% Spirulina

The experiment was set for 60 days in aquaria Of IRe capacity. The fishes were divided into #re
groups. Group first was kept as unexposed contral;Group was exposed to sublethal concentratdéns
0.5 mg/l mercuric chloride and the Ilird group wad with 5% spirulina supplemented diet affectethwi
0.5 mg/l HgCI2.Histological studies were made after 15, 30,45 @bdlays of exposure. In acute and
chronic studies, feeding was stopped one day befmeexperiment started and under chronic studies.
Refeeding was done after one day of exposure. Vidatag changed after every fourth day in all acuari

Preparation of control and experimental diet: Artificial diet was prepared to feed the fingads with
various feed ingredients. Fish meal, wheat flourewénally ground and proximate analysis was
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performed using standard methods givef. iBased on this analysis, one practical diet wasditated
containing 40% protein. The finely ground ingredsewere thoroughly blend with cod liver oil using a
food mixer for 15 minutes. Vitamin and mineral mixeere then added by continuous mixing. Distilled
water was slowly added to the mixture to aim desg@nsistency for pelleting. This was then extruitied
hand pelletizer using a 1mm die and dried for 4ho6irs below 4% and subsequently dried in hot air
oven to reduce moisture. Dried feed was choppedgeliets in a blender passed through sieves tarens
a homogenous patrticle size (0.5 - 1.0 mm). The feasl then stored at room temperature in an ait tigh
jar. In every feed experimented, same amount bfrfieal was removed as 5% of Spirulina was added.
This was done due to the close range of proteiel levthe additives (60-65%).Dried feeds were kapt
air tight jars for experimental use.

Histological analysis: To study the histopathological changes induced éscaric chloride, the fishes
were exposed to 0.5 mg/l Hg@br 60 days. Fishes were sacrificed by decapitaditer 15, 30, 45 and 60
days. Ovary was removed for histological studies.

Tissues were washed and cleaned in normal salinésg about 4mm thick pieces of the tissues were
fixed in bouins fluid for 24 hours followed by tlmrgh washing in 70% alcohol and were dehydrated
through alcohol series. The tissues were transfeénrgylene and then in cedarwood oil for 36 haafter
washing in xylene they were embedded in paraffif=tC in incubator. Blocks were prepared and cut 6
micron thick. The ribbons were stretched on cldate ausing mayor’s albumin. They were stained with
haematoxyline and eosin stain and analysed usiightamicroscope. Pictomicrography was performed
thereafter to depict the results.

RESULTS

Group | (Control): T.S. of ovary ofClarias gariepinus of Group 1(Control) showed normal
histopathological details and did not show any platlical lesions in any fish of the control group

(Fig.1).

Group I1 (0.5 mg/l HgCl, treated): On day 18 the Ovary sections of the fishes treated withrigdl of
HgCl, revealed damaged follicular lining & disruptedand the oocytes (Fig.2). After 30 days the ovary
of exposed fishes showed more damaged follicutandi & disrupted around the oocytes. Damaged
stroma was evident. The developing oocytes wereesepted by primary oocytes only. Pre-vitellogenic
and vitellogenic oocytes were less in number (ffigh8ter 45 days the ovary of exposed fishes showed
the ovigerous lamellae and follicular lining weredly floating near the oocytes. Damaged stroma was
evident. The developing oocytes were representedpttijary oocytes only. Pre-vitellogenic and
vitellogenic oocytes were less in number, which mesult in decrease in the vitellogenic activitydan
yolk formation (Fig.4). After 60 days the ovary @fposed fishes showed the developing oocytes were
represented by few numbers of primary oocytes chenized by deshaped margins. Pre-vitellogenic and
vitellogenic oocytes were less in number. Loosewiissue with a sign of necrosis was seen (Fig.5)

Group I11 (0.5 mg/l HgCl, and treated with dietary 5% Spirulina supplemented feed): On day 1%
ovary of the fisheshowed recovery in damaged follicular lining & digtion around the oocytes (Fig. 6).
On day 38 the ovary of Spirulina fed fishes showed recoverhe recovery in damaged follicular lining
& recovery in disrupted oocytes. Damaged stromaaiss recovered as compared to the ovary of the fis
treated with HgGlsolely at the same duration (Fig. 7). On day) # Spirulina fed treated fishes showed
the ovigerous lamellae and follicular lining weredly floating near the oocytes. Recovery in dardage
stroma was evident as compared to the ovary ofishetreated with HgGlsolely at the same duration
(Fig. 8). On day 6D the Spirulina fed treated fishes showed Pre-vigghic and vitellogenic oocytes.
Loosening of tissue was also recovered which eddikto necrosis when compared to the ovary of the
fish treated with HgGlsolely at the same duration (Fig. 9).
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Fig.1 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group 1(Control) showing normal
histopathological details and did not show any pathological lesionsin any fish of the control group

X 200.

Fig.2 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCI, treated)
after 15 days showing damaged follicular lining & disrupted around the oocytes X 200.

Fig.3 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCI, treated)
after 30 days showing more damaged follicular lining & disrupted around the oocytes. Damaged
stroma was evident. The developing oocytes were represented by primary oocytes only. Pre-
vitellogenic and vitellogenic oocytes were lessin number X200.
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Fig.4 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCI, treated)
after 45 days showing the ovigerous lamellae and follicular lining were freely floating near the
oocytes. Damaged stroma was evident. The developing oocytes were represented by primary oocytes
only. Pre-vitellogenic and vitellogenic oocytes were less in number, which may result in decrease in
the vitellogenic activity and yolk formation X200.

Fig.5 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCI, treated)
after 60 days showing the developing oocytes wer e represented by few numbers of primary oocytes
characterized by deshaped margins. Pre-vitellogenic and vitellogenic oocytes were less in number.
L oosening of tissue with a sign of necrosis was seen X200.

Fig.6 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCl, and
treated with dietary 5% Spirulina supplemented feed) after 15 days showing recovery in damaged
follicular lining & disrupted around the oocytes X 100.
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Fig.7 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCl, and
treated with dietary 5% Spirulina supplemented feed) after 30 days showing recovery in damaged
follicular lining & recovery in disrupted oocytes. Damaged stroma was also recovered as compared
tothe ovary of thefish treated with HgCl, solely at the same duration X200.
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treated with dietary 5% Spirulina supplemented feed) after 45 days showing the oviger ous lamellae
and follicular lining wer e freely floating near the oocytes. Recovery in damaged stroma was evident
as compared tothe ovary of thefish treated with HgCl, solely at the same duration X200.
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Fig.9 Pictomicrograph of T.S. of ovary of Clarias gariepinus of Group Il (0.5 mg/l HgCI, treated)
after 60 days showing Pre-vitellogenic and vitellogenic oocytes.. Loosening of tissue was also
recovered which earlier led to necrosis when compared to the ovary of the fish treated with HgCl,
solely at the same duration X200.
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DISCUSSION

In the present study, the exposure of mercuricriddoin fish Clarias gariepinus resulted in marked
degenerative changes in the ovary. These changesléd damaged follicular lining & disrupted around
the oocytes, Pre-vitellogenic and vitellogenic desywere less in number,follicular lining were fyee
floating near the oocytes. Damaged stroma was ey/i@ary of the fisheshowed recovery in damaged
cells when the fishes were fed with 5% Spirulina.

A significant atresia in the ovary with major dareai® younger oocytes iRuntius conchonius, after
exposure to zinc on gondds Partial lysis, swelling, atresia and changelnleus after exposure for 20
dayg”. Carbaryl treatment arrested ovarian activitied eaused increase in atrectic folliclesGhanna
punctatus™. The impact of carbofuran in the oocyte maturatbmatfish,Clarias gariepinus and found
the degeneration of follicular walls, connectigstie and vacuolization in the oopld%rfish exposed to
toxicologically safe concentration (0.5 ppm) of HgGhowing normal behavior the ovaries showed
inhibition of early vitellogenesis as they werel fofl concurrently degenerating oogonials and immeatu
oocyte$’. B-carotene of Spirulina reduced cell damage, thaging the role in the repair of regeneration
process of damaged céfls

The results of the study will be helpful to spedbfe levels of concentrations of Mercuric chlorideéhe
aquatic biodiversity especially the fish whichhe tmain dietary content of the present human ptipala
It will also bring in record the damages causeditferent organs of the fish by different concetitnas
of this heavy metal and the recovery by using $ipaun the feed of the fishes. On the basis ofcht
may be suggested that how far the use of fishbeilinjurious for human health toxicological sigo#nce
and after recovery fish could serve as a very gonodel system to study its effects on tissues altgl ce
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