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ABSTRACT
Tac Nile fishh COreochromis niloticus was
subjected tc a subielnal concentration of 3 ppm.

Zn soelulicn for di davs. lwpvestigation of liver

ultea -structuers deconstrated a congrnent

medification of nepatocelluiar structure. The

most prominent caanges were concerned with the

nucleus, rER, mitochondria and lysosomes.

INTRODUCTION

Poilution and its effects on aquatic life are considered
az one of man's greatest crimes against himself. Metals are
well known pollutants causing disorders in population-function
of some, if not all, living organisms. Ecosystems which are
frequently exposed to metal pollution are known to be
biologically non-productive.

Zinc is an essential trace element in living organisms.
However, traces of this element are frequently toxic and can
remove all forms of animal life from streams (Michael,
1984) .Defining maximum safe level of any particular element is
difficult, as much ancillary informations such as : PH,
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temperature, dissoclved oxygen content, presence of other
elements which act synergistically (La Roche, 1972), length of
exposure, species and age of exposed fish, are required.

In Egypt, the toxicity of heavy metals on f£ish has been
studied by many authors (Hilmy et al., 1980 & 1984 ; El-Sarha,
1986; Mazhar et al., 1986 & 1987; Abd El-Rahman, 1987; Abou-
Zaid et al., 1988 a & b and Shenouda et al., 1992).

Normal background values of zinc in natural inland
surface waters may vary from 0.001 to 0.2 mg/L. However, the
concentration of zinc was found to reach 0.7 mg/L., during
spring, in the Nile water near Kafr El-Zayat (Shenouda et al.,
1992).

As the liver tissues of the fish represent the main
target for polutant (Abou-Zaid et al., 1988 a), the present
work is planned to evaluate the hepatotoxic effects of zinc on
the liver of the common Nile fish Oreochromis niloticus.

WATERIAL AMD METHODS

Individuals of the Nile fish Oreochromis niloticus were
caught from Kafr El-Zayat region (about 110 Km north of
Calro), during Spring. The physico-chemical properties of
water at this region were: PR 7.2, total hardness 16.4 mg/L.,
conductivity 400, heavy metal contents- Cr 0,02, Cu 0.007, Cd
0.004, Ti 0.001, Zn 0.30 and Pb 1.01 mg/L (Shenouda et al.,
1992).

A stock solution was prepared by dissolving 100 mg of
zinc acetate in one liter of distilled water. In order to
avoid metal precipitation, 1-2 drops of HCl were added to the
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stock solution ( PH 6.2 + 0.2 ). The stock solution was weekly
prepared and fresh dilutions were almost prepared for the
experiment.

Fishes were acclimated to laboratory conditions for 96
hs and to acidic media for 72 hs before the experiment. B
series of four glass aquaria ( 60 X 30 x 40 cm ) were
prepared, ten bealthy individuals were put in each aquarium.
Tuenty individusls were expuged 14 3.0 ppm zinc solution for

22 days. i trhog iy ol fiches was kept os contrel,

pivor Uhe traatment poriod (32 days) both of the tested

Ang ventool rloh wece dlesectod, Lue fiver was iaken, cutb into

smati  preces,  dined  in Cold cacodylate-buffered, %
glutsrelidehyde a0 FH 7.1 Lor 2 ks, rinsed szeveral times in the
buffer, then post fixed in celd 1.0% 0304 in 0.1 1 cacodylate
buffer for 2 hs. Samples were dehydrated in a series of graded
ethanols, placed into propylene oxide and embeded in araldite.
Ultra thin sections were stained with uranyl acetate and lead
citrate prior to examination under the electron microscope
(Zeiss EM 9 82 ).

RESULTS AND DISCUSSION
The ultrastructure of hepatocytes of the normal fish is
characterized by regularly arranged polygonal cells which are
subdivided into areas some predominantly containing organelles
and others - storage products. A rounded to oveid nucleus is
usually located in the center of the cell. It possesses a
prominent nucleolus and small amcunts of condensed

heterochromatin. Chromatin aggregates occur in certain
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preferable sites in the nucleus forming certain familiar

chromatin pattern. Such pattern of chromatin aggregates may be

designated as follows ( Fig. 1 ): )

1= Peripheral or marginal chromatin: Irregular-shaped masses
of chromatin adjacent to the nuclear envelope, between the
nuclear pores. There is a clear area devoid of hetero-
chromatin immediately behind the nuclear pores.

2- Chromatin centers: Randomly distributed chromatin
aggregates within the nuclear matrix.

3- Nucleolus—asgbciated chromatin : Focal ajgregates of
chromatin granules along the periphery of the nucleclus.

Although the nucleolus contains mainly protein and RNA,
it has been shown that it also contains a small amount of DNA
(Miller and Beatty, 1969).

Around the nucleus, an extended layer of organelles are
arranged consisting of rough endoplasmic reticulum "rER",
mitochondria, peroxisomes and few lysosomes.

The membrane-bound passage of rER was found to be
continuous with the perinuclear cisternae and the nuter
membrane of the nuclear envelope was frequently studded with
some polyribosomes. One or two cisternae of the rER may also
run along the cell membrane and few short or vesicular
cisternae were found in a peribilar position (Fig. 1).

The smooth endoplasmic reticulum "sER" occupies focal
areas of cytoplasm, usually accompanied by glycogen rosettes.
Because of the abundance of glycogen, the sER was difficult to
visualize.

The mitochondria appear as elongated bodies 2.5x1.0 Unm.
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They contain numerous small cristae and a higher number of
electron dense granules. They are always accompanied by
membrane of rER.

The lysosomes constitute a group of membrane-bound
particles which contain acid hydrolases. These organelles are
considered to be the main part of the intracellular digestive
system, (sometimes referred to as the vascume or vacuolar
apparatus), capable of digesting or degrading a variety of
endogenous and exogenous substances (De Duve and Wattiaux,
1966). Among lysosomal elements found in the normal hepatocyte
of the fish are small, rcunded and single-membrane-bound
bodies with electron-dense contents. Larger lysosomes are
rare.

Large parts of the hepatocytes are occupied by stored
products. Glycogen is deposited in distinct field. The number
and size of fat inclusions show individual variations both
between the liver parenchymal cells of the same fish or
between the liver cells of different individuals.

The exposure of Oreochromis niloticus for 32 days to 3.0
ppm zinc solution results in many cytological alterations.
Cell size 1is slightly reduced, the intercellular
compartmentation is deteriorated, as evidenced by reduction
and sometimes disorganization of rER and by dissolution of the
distinct glycogen fields. In general, the most prominent
changes are concerned with the nucleus, rER, mitochondria and
lysosomes,

Electron microscopic picture of the hepatocytes of the
exposed fish shows that they have passed through massive
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necrosis including pyknosis and, to some degree, karyorrhexis.
Pyknosis involves a shrinkage of the nucleus and condensation
of the chromatin. In karyorrhexis, the nuclear chromatin is
aggregated or clumped into numercus masses, but the nuclear
envelope remains reasonably intact.

The present electron microscopic studies have, in fact,
focused the attention to a much commen and consistent pattern
of miclear change in the necrotic cell, which is sroken off as
chromatin margination. Here, a congensation of Lhe abromatir
occurs along or adjacent tc Lthe .nner merbranz of “he nuclasr
envelope, whiie chromatin is high!v decr—ased Lnan ather part
of the nucleus (Fig. 2. Many authors repoart2d such changes in
necrosis resulted from the action of various noxious agents
(Ghadially, 1988).

Margination of chromatin appears to be a fairly early
change that occurs in the nucleus after irreversible injury
leading to cell death. Trump et al. (1963 & 1965) studied this
phenomencon in slices of mouse liver incubated in a ééptic
condition for various periods of time, prior to fixation.

Parts of the rER appears to be sparsely populated by
ribcsomes. Since numerous ribosomes are often found Iyiﬁg in
the cytoplasm, it looks as if the ribosomes had dropped off
the rER into the cytoplasmic matrix (Fig. 2). This phenomencon
i1s called "degranulation" of rER, which is associated with a
loss of pelyribosome configuration so that scolitary ribosomes
are seen in the cytoplasmic matrix.

Degranulation of the rER is a distinct morphological
change and is accompanied by other morpholcgical alterations,
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such as dilatation, vesiculation of the rER and disagqregation
of polyriboscmes. These changes are referred to as
disorganization of rER.

Examples of degranulation of the hepatocyte TrER
suggesting a dropping off of ribosomes were seen in rat liver
after ethionine administration (Villa-Trevino et al., 1964;
Baglio & Farber, 1965 and Wood, 1965) or carbon tetrachloride
administration (Smuckler et al., 1962; Renolds, 1963 and
Krishan & Stenger, 1966).

One would expect that changes of the type mentioned
above would disturb protein synthesis and there is an ample
biochemical evidence that protein synthesis 1is, in fact,
impaired by pollutants which produce this change. For example,
it has been shown that after carbon tetrachloride poisoning
the synthesis of several export proteins was depressed
(Smuckler et al., 1962). The cell fractionation studies showed
that this defect was related to polyribosome disaggregation
and decreased capacity to incorporate aminc acids (Smuckler &
Benditt, 1963).

Examination of the mitochondria in hepatocytes of the
exposed fish indicates +the presence of mitochondrial
involution or dissclution in pathological situations. The
greater frequency may be icoked at as an activation of normal
mechanisms geared to the removal of organeiles that are
damaged by =zinc influence. Here, the way in which the
mitochondria appeared to be got rid off by the cell is
mitochondrial pyknosis (Figs 2&3).

The term "mitochondrial pyknosis”,which so succinctly
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describe this change was first employed by Wachstein & Besen
{1964) who demonstrated mitochondrial pyknosis in coagqulative
necrosis produced in renal tissue with DL-serine.

Many mitochondria have quite large intramitochondrial
Ilipidic inclusions; each is characterized by a rounded or
irregular form, an amorphous appearance and medium to high
electron density (Figs 2 & 3). Such inclusions have been notel
1n a great number of hepatocyte mitochendria or sthionine-fed
rats by Hinick et al., (1965},

The lyscsomes of the sunosed fish hnepatocytes show a
significant increase in number and most of them possess
altered morphology. They are larger in size and consist of
moderately dark malrix contalining ficrillar and glcbular
inclusions,

A close relationship between lysoscmes and heavy metals
was detected by Sternlieb & Goldfischer (1976). Horeover,
Gecrge (1982) stated that the accumulation of metals in
lysosomos upon exposive Lo environmental pollutants has been
gocumentues in a wide varietv <! aquatic crganisms. It was
proposad that wetals released hv lvsosomal degradation of
metal-biunding prote:ns are detoxified by binding to lipofuscin
grantles, The granulss of lipofuscin represent residual bodies
left behind in the cell after lysosomal activity. Lipofuscin
accumitlation is originated by various influences (Harris, 1966
and Wolman, 1975).

In the ultrathin sections of the present study
lipofuscin granules are found as rounded or irreqular bodies

limited by a single membrane. The contents are variable but,
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mainly they consist of highly electron-dense granular material
and one or more medium-dense or lucent lipid droplets (Figs 2
& 3).

The view that lipofuscir granules are lysosomal bodies
iw supportad by many studies which hava demcnatrated the
presence ¢- acld phoyphatass and obhsr acid hydrofase in then

(hdially, pdo0,

CUNCLUSIONS

Liver tiagsue i3 a ltarget organ for heavy metal toxicity
17 fish (Chernocif & Dooiey, 19739). Although some aspects of
accumulat lon kinetics are still under discussion, there is an
agraemeat that the iiver shows a significant zinc uptake
{Reynotds, 1963; Smuckler & Zenditt, 196£3; Baglic & Farber,
1965 Trump et al., 1963 and Abou-Zaid et al., 1988 b).
Reguli; of the present study fit well into that scheme of zinc
accunulation.

After exposure to sublethal concentration of zinc
acetate solutlon for 32 days the hepatocytes of the Nile fiah
Oreochiromis niloticus show massive necrosis, this includes
pyknesis and, to some degree, karyorrhexis. Chromatin
margination is common in exposed liver cells. Degranulation of
the rER is a distinct morpholegical change, it is accompanied
by other morphological alterations, such as dilatation ahd
veslculation of the rER and disaggregation of polyribosomes.
These changes are referred to as disorganization of the rER.
Hitochondrial pyknosis is frequantly found in the exposed
hepatocytes. Lysosomal lipofuscin granules are found as

¥
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rounded or irregular bodies containing highly electron- dense
granular material and one more medium -densy or lucent lipid
droplets.
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Pig. {1) : The ultrastructure of normal hepatocytes of
Qreochromis niloticus , showing the nucleclus (lis.) inside

the nucleus (N.) , nucleolus-associated chromatin {NAC.} ,
chromatin ceaters (CC.) , marginal chromatin (MC.), Lysos-
omes {Ly.) , rough endoplasmic reticulum (TER.), mitcchon-
dria (id.) and a limited amount of lipids (Lip.) .
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Flgures (2} and {3) show the ultrastructure of hepatocytes of

the exposed Oreochromis niloticus fishesa to 3 ppm. zinc salu-

tion for 32 days , in which there are : mitochondrial pykmosis
(i) , enlarged lysosomes (Ly) , chromatin margination {C) and

degranulation of the rough endoplasmic reticulum {r=R) .
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