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ABSTRACT

The histopathological effects of fumonisin @&B;) injected intraperitoneally (IP), was evaluated @atfish
(Ictalurus punctatus Fishes were divided into four Groups. Groupslil,and IV were treated IP with FB
injections of 1; 5 and 10 mg/kg bw/day, respedfiveluring 21 days. At the"7 14" and 2% day, fishes were
sacrificed. The livers were hystologicaly analybgdhe light and transmission electronic microscdgyers from
the 7" day showed organelles alterations, particularlytire granular endoplasmatic reticle, mitochondriacleus
and nucleolus mediated by FBoses. The occurrence of processes involved imélaeosis and apoptosis was
detected. At the highest Fose,the livers presented an intense responseawitdtcentuate tissue disorganization,

absence of cell limits and intense cytoplasm vazatbn. The image analysis showed the occurreficecrosis in
some areas, characterized by fully broken or swoltells. The apoptosis was observed as the cytoplas
contraction and the chromatin formed masses conatut in the edge of the nucleus. There was stemidence
that the numerous hepatocytes in the liver fromfigtees under the toxic dose of FBs were selegtigghoved by
the apoptosis process.
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INTRODUCTION intracellular accumulation, sphinganine /
sphingosine elevation and depletion of sphingolipid
Fumonisins (FBs) are produced by tRasarium complex (Tollesoret. al, 1999). Sphingolipids are
speciesthat contaminate especially the maize aniie main components of the biological membranes,
derived products (Westhuizen et al., 2003; Nikiemghich play an important role including growth
et al., 2004; Scaff & Scussel, 2004; Domijan et akggulation, cell differentiation and proliferation
2005). They have been intensively studied in tH&im et al., 1996). Fumonisin,BFB;) also affects
current micotoxicology due to serious animaihe cellular regulation sites, apparently independent
intoxication risk, as well as cancer promotingrom the rupture mechanism of lipid metabolism. It
effects including in human. Their structure igesults in cellular proliferation alteration, cell to
similar to sphingosine and they blode novo cell communication, cellular adhesion and
sphingolipid biosynthesis through the sphinganir@poptosis, oxidative stress induction and gene
(sphingosine) inhibition N- acyltransferase (Wangxpression modulation (Abado-Becognee et al.
et al.,, 1991). The consequence is the sphinganib®98; Tolleson et al., 1999; Mobio et al., 2000).
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FB, is associated with the equineMATERIALSAND METHODS

leukoencephalomalacia (ELEM) and acute

interstitial porcine pulmonary edema. Experimentd aterials

have reported hepatoxicity in the horses, pigs and

rats, hepatic cancer in the rats, nephropathfnimals

immunological system depression and borfdale young channel catfish (60) weighing around

malformation among other disturbances in sever@g from fish farms located in the Blumenau city

animal species (Harrison, 1990; Gelderbletral., in the state of Santa Catarina — Brazil, were used.

1991; Norred & Voss, 1994; Scott, 1993; Howard

et al., 1999; Bolger et al., 2001, Voss et al., 2008tandard

More recently, Riley et al. (2004) reported that FBThe FB was kindly donated by PROMEC,

can induce neural tubes defect (NTD) in the mice.TygerSberg, South Africa

Research on FBtoxicity in the fishes is scarce,

with some studies conducted particularly in thBeagentsand Stains

USA. Carps Cyprinus carpiol.), when treated Comassie bright blue (BioRad); glutardialdehyde

with FB,, presented pathological alterations in theEletron Microscopic Sciences);

parenchymal organs such as the liver, intestindraphormaldehyde  (Electron Microscopic

heart and kidney (Pepeljnjak et al., 2000). In ciences); spurr resin (Electron Microscopic

study carried out in catfishictalurus punctatys Sciences);  sodium  cacodilate  (Electron

treated with corn feed contaminated wif ~Microscopic  Sciences); ~ osmium  tetroxide

verticillioides (20 mg FB/kg), hepatic lesions and (Polysciences); historesin glycolmetacrilate (LKB);

inhibition of fish development was observediematoxylin, eosin (HE), Gomori tricromic, blue

(Lumlertdacha et gl. 1995). Liver glycogen toluidin, Comassie brilliant blue, Schiff periodic

elevation, vacuolization increase in nervous fibe@cid (SPA), sudan black.

and brain perivascular linphohystiocitic invasion

were observed in catfish treated witlF. Equipment

verticillioides culture containing 40 Fkg (Li et Microtome  (Reichert-Jung  4045),  optical

al., 1994). The sphingolipids in the catfish treatefnicroscope  (Olympus BH2) with camera

with the similar fungi culture presented a ratéOlympus C-35-AD); ultra microtome (Porter

elevation of the sphinganine and sphingosine in tidum MT2 Sorvall); transmission electronic

kidney, serum, liver and muscles (Goel et al. 1994yicroscope (JEOL 100CX) wre used.

Channel catfish has been an important species both

in commerce and sport not only in the USA, but in

the last ten years, also in Brazil. Fresh watdfethods

pisciculture has widely increased in the Southern

Brazil and the most cultivated fishes are theBiTreatment

American and African catfish. The FBas been The fishes were divided randomly into four groups

detected in the fish feed and cases of the catfigh 18 animals each and maintained in the Fish

poisoning have been reported in the southern Bragesearch Laboratory Aquarium with air and

during the summer leading to high mortality angontinuous water flow (I L/min) at 25 - 28°C for

economic losses (Scussel et al., 2004). 14/10 h light/dark cycles. Throughout the

Taking into account scarce literature on the effeexperiment, the water sanitation condition (oxygen,

of FB; in the subject in Brazil, a work was carriecammonia, pH) was kept constant. The fish were fed

out to study the FBinjected intraperitoneally (IP) with the balanced feed, previously analyzed for the

[high absorption surface for the FB® be rapidly mycotoxins (aflatoxins and EB and showing non-

transferred into circulation enabling fast response @gtectable levels of mycotoxins. After 15 days of

tissue / cell level] in order to evaluate the structuradcclimatizing, three groups of the fishes were

ultra structural and histochemical alterations in thgubmitted to a daily IP FBinjection treatment for

liver of the channel catfish. 21 consecutive days, with 1, 5 and 10
mg/kg.bw/day for Groups I, Ill, and IV,
respectively, with saline solution as carrier. The
Control Group (Group ) received only a saline
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solution IP. After ¥, 14"and 2% days, 6 fishes of

each group were sacrificed. Group Il (1 mgFB4/kg. bw/day)
Day 7"
Cat fish liver collection and fixation The liver structure of sacrificed fish by LM,

The fishes were anesthetized with 0.2 mpresented similarities to those of the Control
Ketalar/Rompum mixture (1:1) and then d&5roup, although the hepatocyte cords appeared
longitudinal incision in the ventral region was madeacuolated in some regions, characterized by the
with a bistoury blade, exposing the abdomen. Thpresence of clear and round intracitoplasmatic
liver was removed and sectioned from 0.1 to O&reas (Fig 1-2). An increase in the granular
mm fragments, and immediately fixed at 4°C irndoplasmic reticulum (GER) volume with
2.5% paraphormaldeyde for 2h for subsequeahlarged cistern aggregates was also observed,
hystological and photochemical analysis. For th®uggesting an increase in the protein synthesis (Fig
ultra-structural analysis, the material was fixed iti-3a) as confirmed by the overall protein test. The
2% glutaraldehyde for 2 h. cell limits (cell membranes) were clearly visible.

Light microscopy (LM) Day 14"

The tissue fragments sections of 5 tprid, soaked The hepatocyte from some areas in the liver was
in the glycolmetacrilate (historesin) and paraffitncreased in volume. Their nucleus also appeared
were prepared. The hystological stainingnlarged and their nucleolsiowed some contour
techniques used were hematoxilyn-eosin (HE§Jteration characterized by a "blurred" without
toluidin  blue and Gomori tricomic. Thedelineated aspect, where filamentous expansions
hystochemical methods for the total proteinvere projected. The nuclear contour was difficult
(comassie bright blue), carbohydrate (reaction to be clearly observed, suggesting loss of the
SPA — Schiff periodic acid) and lipids (Sudarmembrane integrity (Fig 1-4)When compared
black) were made according to Pearse (1985) awith the Control or the "7 collection animals (one

Brancoft et al. (1990). week before), it was found that the GER volume
was greatly increased, with annulamel shaped
Transmission electronic microscopy (TEM) cisterns often surrounding the mitochondria. The

After the prior fixation, the liver fragments werepresence of the lysossomes and autophagic
post fixed in the osmium tetroxide 1%, pH 7.2 andacuoles was also observed, many of them found
soaked in spurr resine for 18 h at 70°C. The ultia the vicinity of mitochondria and surrounded by
fine sections obtained in ultra-microtomeGER. Such a profile was an indication that they
counterstained with uranile acetate 1% anlld been encapsulated and involved by lysossomic
Reynolds lead citrate, were analyzed andacuoles (Fig. 1-4). Some images suggested the
photographed in the transmission electronitision occurring among them. It was observed in
microscope. The electron micrographies weidis animal Group (low FBconc.) that cytoplasm
obtained in Fuji film and revealed in Kodabromide&acuolization became evident, possibly due to an
RC-F4 paper. autophagic process.

RESULTSAND DISCUSSION

Ultra Structural And Structural Analysis Day 21°
The TEM analysis showed retracted hepatocyte
Liver nucleus with many of them without nuclealus

The liver of catfish without FB treatment GER was highly altered with some areas
(Control Group) showed organization pattern (Figoresenting a high concentration of expanded
1-1), similar with other the fishes described in thecisterns and others where GER displayed a
literature (Grizzle & Rogers, 1985). In contrastdiscontinuous filamentous shape (Fig 1-3b). These
the treated livers (Groups Il to IV) showed fromfeatures indicated the occurrence of an intense

slight to deep alterations, which were dose an@rotein synthesis as a possible response of the cell
exposure time dependent. to recover its homeostasis through lysossomic
enzyme and membrane protein production. Some
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TEM images showed mitochondrial sets and th®ay 14"

membrane coated GER, possibly autophagiMany alterations in the cell membrane were
vacuoles, as a cell reorganization attempt througbbserved, with difficulty for identifying cell limits,

an autophagic process. The LM tissue showeds the membrane appeared fragmented (Fig 2-2).
vacuolated areas and the presence of thHe the TEM, the digestion of cell membrane
macrophages containing lysossomes. It ifragment by the lysossomes was identified (Figs 2-
important to point out that such a fact matche8; 2-4). Gelderblom et al(1996) observed the
with other researchers data. Haschek et al. (1992gduction of total lipids and free cholesterol by the
working on swine found similar hepatic profile FB; radiolabelling hepatocyte from rats. As an
(disorganization and hepatocyte  necrosis)ntegral component of the cell membranes, a
indicating that FB hepatotoxicity attacks decrease in free cholesterol may change the

mammals and fish in a similar way. membrane fluidity. Both, the cholesterol and the
sphingolipids contribute to cell functions,
Group I11 (5 mgFBy/kg. bw/day) including transport between membranes and signal

transduction (Harder and Simons, 1997).
Day 7"
As early as the "7 day of treatment, the hepatic Day 21%
parenchyma appeared disaggregated with the higkithough, at previous stages, some mitochondria
number of cavities. LM and TEM showed analterations were observed, at the end of this
accentuate anisokariosis, with some enlargedtreatment almost all the mitochondria had roundish
nuclei in contrastto others smaller ones whemorphology, in contrast with oval or elongated
compared with Control (Figs 1-1; 2-1). Theshape in the Control. The mitochondmastae
enlarged ones had globular aspect, the nucleolygsesented degenerative alterations, fragmented in
could be easily located and the karyotec integritaspect or were even absent (Fig 2-3). It would be
was remained. In contrast, the retracted nucleusorth pointing out that the most resistant to
hepatocyte, apparently did not presenvisible disintegration mitochondrial element was the outer
nucleolus. It had a diffuse nuclear membranemembrane, which maintained apparent integrity,
sometimes presenting somewhere in the karyoteeyven when most of inner elements had
which suggested extravasation of the nucleadisappeared. Such data pointed that the
content (Fig 2-1). composition and permeability between the
mitochondrial membranes could act as cell stress
sensor due to the quantity and accumulation of
glycolipids and specific lipids. Acute
accumulation of ceramids, directly or indirectly,
deeply affected the mitochondrial functions
(Alberts et al., 1999; Tomassini; Testi, 2002).
Another relevant alteration was observed in the
blood vases, mainly the capillars, which presented
an enlarged diameter with reduced surrounding the
conjunctive tissue.
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Figure 1 - [1-1] Light microscopy (LM): liver image of Control Grpushowing the hepatocytes and
veins (star); emphasis: structure of pancreas aeifs. Toluidin blue. 1000X1-2] LM: loss
of integrity in hepatocyte cords with vacuolatedind areas (arrow head); nucleus with
enhanced volume (arrow); hepatocytes (H); acinsq@); HE. 1000X][1-3] Ultrastructure
(US): (&) enhanced GER (asterisk); round mitochondria (Mj¢leus (N). 13.000X(b)
delated cisterns of GER (asterisk); mitochondrily§. (10.000X. [1-4] US: autophagic
vacuoles (arrow head) in the hepatocyte citoplddacrophages (arrow). 9.300X. Emphasis:
loss of karyotec integrity and nucleus materiat09X
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Figure 2 - [2-1] Light microscopy (LM): enlarged globular shapegdtecytes with necrotic cytoplasm
(arrow); necrotic areas (asterisk) and several suzdei (arrow head). HE. 1000X2-2] LM:
hepatic region with predominant areas of cellukecrosis (asterisk). HE. 1.000k2-3] Ultra
structure (US): many round mitochondrias showingeteration or absence ofistas (M) ;
nucleus (N). 6.500X; emphasis: autophagic vacuslgsorganells in digestion process (arrow

head). 12.000X[2-4] US: autophagic vacuoles (arrow head) and proéifeSER with varied
morphology (asterisk). 13.000X
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Group |V (10 mgFB./kg. bw/day) Day 14"

The hepatocyte cytoplasm presented intense
The Group IV livers presented an intense respongiisorganization and vacuolization (Fig 4-1). In
for FB, with an accentuate tissue disorganizationsome regions of the liver, the necrosis prevailed,

absence of the cell limits and intense cytoplasriwhereas in others, apoptosis was involved in the

vacuolization from the first sampling. removal of hepatocytes as shown by nucleus
shrinking (Fig 4-2). In regions with the necrosis,
Day 7" the enlarged and broken cells showed a spherical

The TEM and LM analysis images suggested theonfiguration. Its cytoplasm appeared partially
occurrence of necrosis in some areasgmpty, aIthough the nucleus surrounded by some
characterized by the fully broken cells, ordisorganized, slightly stained material, in the more
increased volume and swollen aspectcentral cell region could be observed.
Macrophages and phagocytical vacuoles were ald¥evertheless, even if the cell peripherical region
observed, indicating an intense macrophagicdiresented the absence of normal cytosplasmatic
activity. (Figs 3-2; 3-3; 3-4; 4-4). These €lements, surrounding cells were maintained away,
corroborated the data obtained in swine; FBsuggesting that some liquid kept the intracellular
suggested by Haschek, et al. (1992) (oral anpnus.

intravenous - V). The authors found hepatocyte

disorganization and necrosis, as well as th®ay 21%

Kupffer cells with the multilamelar bodies. The TEM revealed wide tissue disorganization due
Lumlertdacha et al. (1995) findings matched tdo high the FBconcentration associated with the
ours, as they also reported hepatocytes swolldine of action on the fish liver. Through the
and had central nuclei in the liver from the catfistenalysis of the TEM of the cells that kept some
treated with all the concentrations of FBs. Presenftegrity, it was found that although the GER
data showed some hepatocyte nuclei with apparef@uld be observed all over the cytoplasm, parallel
integrity,  indicating the maintenance of Cistern aggregates could not be identified. Most
compartmentalization of the nuclear material bystructures were altered, and it was not possible to
the means of the karyotec preservation. In contragletect the presence of two distinct membranes.
other hepatocytes presented reduced nuclei, ridetron-dense myelin figures were well featured at
visible nucleolus and broken up of chromatinicthis stage (Fig 4-3). The presence of the
material, similar to those suggested in thdnitochondria showed the relative absence of the
literature as apoptotic process cells. Also it waghitochondrial cristag which were generally
possible to observe the margination of nucleafestricted to a small material waste in the
chromatin  (Fig 3-2, 3-3). Disruption of mitochondrial periphery.  The  alterations
sphingolipids metabolism and regulatory functiorPreviously described for all the collections’@nd
are, therefore, likely to be critical for the 14"), were at this stage much more accentuate,
cytotoxicity, —apoptosis and carcinogenicity thus leading to a more intense and comprehensive
resulting from the fumonisin exposure. There iglisorganization framework.

evidence that other factors are also involved,

including the cytokine tumor necrosis factar

(TNFa) (Voss et al.,, 2002). Bondy et al. (2000)

found an increase in the apoptotic cell incidence in

the rats liver treated with the FBnd FB at 2, 4

and &' days. Confirmation of apoptosis process

was reached using DNA marked fragments.

Therefore, the similarity between the present data

with the relevant literature indicated strong

evidence thathumerous hepatocytes in the fish

livers exposed to the FBs were selectively

removed the apoptosis process.
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Figure 3 - [3-1] Light microscopy (LM): panoramic view of hepatopesas of the Control Group;
hepatocytes (star); acini cells (asterisk); veiy (Wluidin blue (Tb). 400X[3-2] LM: high
hepatic tissue disorganization; retracted acinsogith vacuoles and nuclei disorganization
(asterisk); hepatocytes vacuoled, some are pregemiiclear disintegration (apoptosis)
(star); spaces resulting from cellular necrosisrof@r head). Tb. 400X.[3-3] ML:
enlargement of Fig.[3-2]; emphasis: citoplasmatiacuolization (asterisk); chromatin
disintegration (apoptosis) (arrow); necrotic areeth citoplasmatic absence (star). Tb.
1000X . [3-4] ML: hepatocytes in necrotic process with high dalunuclear volume
(asterisk); nuclei with differtent volumes (arroedd). HE. 1000X
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Figure 4 - [4-1] Ultra structure (US): hepatocytes with large arefsytoplasmatic necrosis (star).
2.500X. [4-2] US: hepatocytes showing loss of definition of theclaus contour (N);
mitochondrias with round morfology and cristas degation (M); GER (arrow head).
9.700X.[4-3] US: cytoplasm highly disorganizaded; emphasis: migefigures (arrrow).
13.000X. [4-4] US: macrophage with several pseudopodes and vacuuoddding
organelles (arrow). 19.000X
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Pancreatic Acini features were an irregular contour dark blue spot,
In the hepatic parenchyma from the Control Groupjghly undefined, not enabling thus, to estimate
small aggregates of the acinous cell were observibed nuclear envelope limits. In some cells, the
surrounding the branches of the portal vein. In LMjucleolus could even be observed. No positive
such cells appeared pyramidal in shape, witleaction for the total proteins was observed at the
strongly basophilic cytoplasm, mainly in the basand of the treatment in the pancreatic acini. In the
pole and apical accumulation of secretion granul€ontrol Group, this test was highly positive for the
that extend to 1/3 of the cell baso-apical length. Ifmncreatic acinous cells with an evidence of great
nucleus, with a visible nucleolus was located in theumber of rough granules intensively stained in
basal position (Fig 1-1; 3-1). On the other hand, ivlue.

the fishes submitted to IP of the fFHhjection

(Treated Groups), the acinous cells suffere@lycogen (PAS-amylase):

progressive alterations with the cell retraction anthere was a low reactiveness for glycogen in the
shrinking of the cell aggregates. Small vacuoldspatocytes of the Treated Groups, while in the
appeared in the cytoplasm, conferring a spongeo@sntrol Group the positive reaction was
aspect (Fig 3-2). At the end of the treatmentharacterized by the purple granulation in the
alterations occurred in the general organization bepatocyte cytoplasm. These results corroborated
the acini, either at the cellular level or architecturéo Bondy et al. (1995; 2000), who found that in the
The cell degradation and the compactation wéiser sections from the rats of the Controls, stained
followed by the reduction in the volume. Thewith the PAS, there was a generalized staining of
presence of the secretion granules was n¢patocyte cytoplasm while in the kidney from the
evidenced in the cytoplasm, which was furthefreated rats, the PAS positive cells were limited to
confirmed by the hystochemical test for the totaome groups, or isolated and contained fewer
proteins. An increase in the conjunctive tissugranules, indicating a reduced storage of the
around the acini might be an indicative of thglycogen in the liver. Similarly, Haschek et al.
healing areas development (Fig 3-2). Similar dafd992) working on swine, observed that treated
was obtained by Haschek et al. (1992) who fourahimal hepatocytes presented some reduction in
the acini cell degeneration in the porcine pancretds glycogen amounts.

treated orally with the FBs. They reported shrunken

acinous cells, with the condensed anHipid (Sudan Black)

hipereosinophilic cytoplasm in addition to &tain marked the Treated Groups animal

decreased number of the secretion granules. hepatocytes positively, revealing irregular and
coarse lipid material aggregate unevenly distributed

Histochemical Analysis through the hepatic parenchyma. In contrast, the
Control Group showed regular distribution of lipids

Total Protein (Comassie bright blue) in the hepatic cells that was shown by the presence

The hystochemical analysis was carried out at thef thin dark cytoplasmatic granulation.

end of 21 days of the treatment. The hepatocyte

cytoplasm of the Control Group presented a

positive reaction that appeared as fine granulatio@ ONCLUSIONS

thoroughly distributed. Nevertheless, in the

Treated Groups, mainly through more powerfulThis study showed intracellular organelles
magnifying lenses (17,000 x), it was possible talterations particularly in the nucleus, nucleolus,
observe that all the cells presented a positiv&€ER and mitochondria mediated by the;EBses
reaction; though some presented more intensa the catfish. Alterations and disruption in all the
reaction than the others. This provided a variety ahembranes (complex membranous) to the cellular
irregular shapes in the cells with dark spots ofevel were detected, as well as the karyotec
them. The cytoplasm acquired a lacelike aspectonstituents and organelles cytoplasmic membranes
which was derived from the cytoplasmaticsuch as mitochondria and GER. The occurrence of
structures similar to vacuoles. The nuclear materidhe processes involved in the necrosis and the
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