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The histopathological effects of triphenyltin
hydroxide (TPTH) on the liver kidney and gill
of Nile tilapia (Oreochromis nilotica) one month
old was studied by light microscopy. Two
concentrations of TPTH were used: 1 mg lÿ1

and 3 mg lÿ1. The fish were sacrificed at the end
of one, two, three and four months. The results
showed that the hepatocytes underwent a variety
of changes from congestion and dilatation of
sinusoidal space, pallor of cytoplasm, vacuola-
tion and accumulation of hyaline droplets.
Subcapsular and scattered focal necrosis was
also observed. In the kidney, hydropic degen-
eration and accumulation of hyaline droplets in
the tubular epithelial cells were noted. In
addition, a congestion of peritubular capillaries
and detachment of tubular epithelial cells were
observed. In more severe case there was a
collapse of glomerular capillary tuft with a
widening of the Bowman’s capsule. There were
some changes in the gill filaments and lamellae,
namely hyperplasia of the covering gill epithe-
lium, congestion of gill capillaries and vessels,
and aneurysmal formation of gill lamellar
capillaries. These alterations were time-and
dose-dependent. Copyright# 1999 John Wiley
& Sons, Ltd.
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INTRODUCTION

In general, the histology of teleost fish liver differs
from that of mammals in that the parenchyma is an
indistinguishable lobule, comprising branched,
one- to two-cell thick laminae of hepatocytes,
separated by a sinusoid.1 In aquatic ecosystems
with abundant accumulation of pesticides and
related chemicals, the liver is usually the organ
with the highest pesticide accumulation and great-
est damage or impairment.2

Several studies had shown a variety of changes of
fish liver resulting from exposure to pesticides and
other toxic chemicals. Acute and extensive necrosis
of liver cells may occur in toxic conditions but focal
necrosis is more common.2,3 Couch2 found inflam-
mation and loss of glycogen and lipid in the livers
of estuarine fish after exposure to endrin, a lindane
and dichlobenil. General swelling of parenchymal
cells was observed occasionally in rainbow trout
(Salmo gairdneri) exposed to parathion and in red-
ear sunfish exposed to hydrothol.2

General changes observed in the hepatocytes
exposed to toxic chemicals are an abundance of fat
vacuoles, lipid deposition and pyknosis. Couch2

found pyknotic hepatocytes in bluegills exposed to
dichlobenil. Abundance of fat vacuoles was found
in several species of fish exposed to many types of
pesticides, particularly organochlorine and organo-
phosphate.4,5

In the tilapia,Oreochromis mosambica, exposed
to Aquatin (an organotin molluscicide) and Brestan
(triphenyltin acetate), Cruz6 observed extensive
necrotic hepatocytes and fibrosis and sinusoid
congestion in the liver. In addition, he also found
several pathological changes in kidney: necrosis of
renal tubule and depletion of hematopoietic tissue
resulting from the exposure to Aquatin.6 The
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exposureto the Brestan showed necrotic renal
tubules, eosinophilic casts in the tubule lumen,
depletionof hematopoietictissuesandlymphocytic
infiltration.6

The teleost gills consist of a gill arch, gill
filamentsandgill lamellae.The epitheliumcover-
ing thegills is thesquamousepithelium,usuallyat
leasttwo layersthick. The layersof epitheliumare
occasionallyseparatedby intercellularspacesthat
contain macrophages.Since gills are the organs
responsiblefor gasexchange,osmoregulationand
excretionof nitrogeneouswastes,changesin the
gill epithelium are a good warning of environ-
mentalimpactsandinfectiousdiseaseprocesses.7

A wide variety of pathologicalchangesin the
gills of trout (Salmo gairdneri and S. clarki),
bluegill (Lepomismacrochirus) andgoldfish(Car-
assius auratus) were induced after exposureto
acuteor chroniclevelsof pesticides.8 Gill damage
has also been describedin bluegills, goldfish or
trout after exposure to heavy metals, organic
toxicants,organic solvents,gasesand wood-fiber
waste.8 Proliferationof gill epitheliumandlamellar
hemorrhagein bluegillswerefoundafterfour days’
exposureto dichlobenil. The lesion was sharply
definedby blood vesselengorgedfilaments.Fused
lamellae were found after 63 days of exposure.
Adjacentlamellaefusedtogetherin fishexposedto
diuron for 21 days.8 Gill lesion,hyperplasiaof gill
epithelium,accumulationof hemorrhagicexudate
or clavateglobatelamellaecongestionwerefound
in blood of goldfishtreatedwith 1.0mglÿ1 mirex
for 56 days.8 Edemaof lamellaeandvasodilatation
of arteriolesand capillariesof gill filamentswere
inducedafter exposureto 6 mglÿ1 of the sodium
salt of 3-trifluoromethyl-4-nitrophenol (TFM) in
both larval lampreyandrainbowtrout.9

Cruz et al.6 reportedgill damagefor Oreochro-
mis mosambica by the molluscicides Aquatin
(AQTN) and Brestan (BTN). They observed
hyperplasiaandfusionof gill lamellaeastheresult
of AQTN. For BTN, therewas a slight epithelial
lifting, separationof capillariesfrom theepithelium
andhyperplasiaof gill lamellae.6 Similarly, Chlia-
movitch10 studied the effects of tributyltri oxide
(TBTO) on the gills of rainbowtrout andshowed
separationof thegill epitheliumfrom thebasement
membraneandpillar cells;therewasalsoaswelling
of the secondarylamellaeand dilatation of blood
vessels.

Sincethe Nile tilapia (Oreochromisnilotica) is
oneof theimportanteconomicfishof Thailand,it is
a major concern to investigatehistopathological
changesof the liver, kidney andgill asa resultof

pesticides, in this case triphenyltin hydroxide
(TPTH).

MATERIALS AND METHODS

Nile tilapia (O. nilotica) one month old were
obtained from the National Inland FisheriesIn-
stitute, Department of Fisheries, Ministry of
Agriculture andCooperatives,Bangkok,Thailand.
They wereacclimatedandraisedin 16 cylindrical
fiberglassaquaria130cm in diameterand80cm in
height

A total of 640fishweredividedequallyinto four
groupsasfollows:

GroupI Rearedin tankswith water
GroupII Reared in tanks with 0.0015% di-

methyl sulfoxide(DMSO)
GroupIII Rearedin tankswith 1 mglÿ1 triphe-

nyltin hydroxide(TPTH) in 0.0015%
DMSO

GroupIV Rearedin tankswith 3 mglÿ1 TPTH
in 0.0015%DMSO

Group I and II were the control groupswhile
groupsIII and IV were the experimentalgroups.
The experimentwas carriedout for four months.
During eachmonth, ten fish were sampledfrom
each tank. They were dissectedand the livers,
kidneysandgills wereremovedandfixed in 10%
bufferedformalin, pH 7.2 for 24–72h at ambient
temperature.Thetissuesweredehydratedthrougha
gradedseriesof ethanolinfiltratedandembeddedin
paraplast.Sections4�m thick werecut on a rotary
microtome, stainedwith hematoxylin and eosin,
and viewed underan OlympusBH-2 light micro-
scope.

RESULTS

Liver

Control groups
The histology of livers of the Nile tilapia treated
with 0.0015%DMSO andthosewithout treatment
was rather similar. The liver was made up of
hepatocytesthat were not oriented into distinct
lobulesbut werearrangedin branchedlaminaetwo
cells thick, separatedby sinusoids(Figs 1A, 1B).
Hepatocyteswere polygonal cells with a central
sphericalnucleusanda denselystainednucleolus.
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The hepatocytesinusoid came from branchesof
hepaticportal vein and hepaticartery. The blood
flowedfrom thesinusoidthroughthecentralvein to
the hepatic vein, which was surroundedby the
exocrinepancreaswithin theliver (Fig. 2A). Livers
of two- to five-month-oldfish of control groups
showednormal hepatocytesand hepatic capsule
(Figs1A; 1B, 2A, 2B; 3A, 3B). However,in some
specimensin the 0.0015%DMSO-treatedgroup,
thereweremild congestionof sinusoidalspacesand
slight wideningof subcapsularspace(Fig. 3B).

Experimental groups
Treated with 1 mglÿ1 TPTH. At one month’s
exposureto TPTH, mild sinusoid dilatation was
observedandasmallnumberof lipid dropletswere
found in the hepatocytecytoplasmof Nile tilapia
liver (Fig. 1C).

At two months’exposure,homogeneouseosino-
philic dropletsor hyalinedropletswerefirst seenin
the hepatocytecytoplasm. A few lipid droplets
werealsoobservedin thecytoplasmat this interval
(Fig. 1D). No necrosis of the liver cells was
observed.

At three months’ exposure,most specimens
showedabundanthyalinedropletsin thecytoplasm
(Fig. 2C). Some specimensstill revealed lipid
dropletsandmild sinusoidcongestion.

At the end of four months, more specimens
showedagreatnumberof hyalinedropletsandlipid
accumulationin the hepatocytes(Fig. 3C). Sinu-
soidswereslightly dilatedandcongested.Scattered
necroticcell areasaroundthevascularregionwere
seenin somespecimens.
Treated with 3 mglÿ1 TPTH. At this dosage,
changesin the liver weresimilar to thoseobserved
in the grouptreatedwith 1 mglÿ1 TPTH but they
occurredat an earlier time. At the endof oneand
two months’exposure,congestionanddilatationof
sinusoidal spacesand lipid accumulationin the
hepatocyteswereseen(Fig. 1E). Hyaline droplets
appearedat the end of two months’ exposure.
However,in somespecimensthe capsulesseemed
to benormalin appearance.

From threemonthsuntil the end of the experi-
ment,mostspecimensshoweda greaterdegreeof
sinusoidalcongestion,and numeroushyaline dro-
plets in the cytoplasm(Fig. 2D). Scatteredfoci of
necrosisandsubcapsularnecrosiswereseenonly in
a few specimens.Lipid vacuolationin the hepato-
cytecytoplasmwasfoundin almosteveryspecimen
andappearedmassive,particularlyat four months’
exposure(Fig. 3D). Lipid accumulationwasmore

severethanthat in the grouptreatedwith 1 mglÿ1

TPTH after thesameperiod.

Kidney

Control groups
Thehistologyof thekidneysof Nile tilapiafrom the
control groups(with or without 0.0015%DMSO)
showedsimilar results(Figs4A, 4B; 5A, 5B; 6A).
At one month’s exposure,the kidneys showeda
normal appearanceof nephronsand hemopoietic
tissues.After two to four months,mostspecimens
showed normal features,but some showed the
presenceof hyalinedropletson theepitheliumand
moredistortionandcongestionof glomeruli (Figs
5A, 5B, 6A).

Experimental groups
Treated with 1 mglÿ1 TPTH. At one and two
months,a few specimensshowedsomeeosinophi-
lic dropletsor hyalinedropletsin thecytoplasmof
thefirst proximaltubularcells(Fig. 4C).Glomeruli
weredistortedin somespecimensat theendof two
months.Fromthreeto four months,mostspecimens
showedmarkedaccumulationof hyalinedropletsin
thefirst proximal tubularepithelialcellsandalsoa
glomerulardistortion(Figs5C, 6B).
Treatedwith 3 mglÿ1 TPTH. During the first two
months,somespecimensexhibited small hyaline
dropletsin thefirst proximaltubuleepithelium.The
glomerulusshoweda mild dilatation; congestion
and distortion of capillaries were also observed
(Fig.4D).After threeto four months,similar results
to thoseof two months’ exposurewere observed,
but moresevere.Hyalinedropletswerelarger,and
increased in number. Glomeruli became more
distortedandcapillariesweremarkedlycongested,
especiallyat the end of the experiment(Figs 5D,
6C).

Gills

Control groups
Themostsensitivepartsof Nile tilapia gills arethe
gill filaments or primary lamellae which are
attachedto a cartilagenousgill arch.Anotherpart
is a leaf-likestructurethegill lamellaeor secondary
lamellae,which hasa singlelayerof thin epithelial
cells surrounding the capillary. Blood enters
lamellae from the afferent arteriole of filaments
andexits throughtheefferentarteriole.

The histology of gills of the Nile tilpia of the
controlgroups(rearedin wateror 0.0015%DMSO)
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Figure 1 Nile tilapia livers of controlandTPTH-treatedgroupsafteroneto two monthsof exposure(�400).(A) Control(water).
Liver is composedof laminaeof hepatocytesarrangedarounda centralvein (V) into which bloodflows from sinusoids.(B) Control
(0.0015%DMSO),showingnormalfeaturesof laminaeof hepatocytesandsinusoids.(C) Treatedwith 1 mglÿ1 TPTHfor onemonth
showingnormalfeaturesof liver. Noteafew smalllipid vacuoles(L) aroundexocrinepancreas(P).(D) Treatedwith 1 mglÿ1 TPTH
for two months,showingnumerousvacuolesresultingfrom removalof lipid andglycogen(L). Hepatocytesremainnormal. (E)
Treatedwith 3 mglÿ1 TPTH, showing normalfeaturesof liver with a mild degreeof lipid vacuolation.
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Figure 2 Nile tilapia livers of control and TPTH-treatedgroupsafter threemonthsof exposure(�400). (A) Control (water),
showingnormalprofile of sinusoidsandhepatocytes.(B) Control (0.0015%DMSO),showing normalfeaturesof liver. (C) Treated
with 1 mglÿ1 TPTH, showinghepatocyteswith hyalinedroplets(arrowheads)anda mild degreeof lipid vacuolation.P, exocrine
pancreas.(D) Treated with 3 mglÿ1 TPTH, showing numeroushyaline droplets in hepatocytes(arrowhead),dilatation and
congestionof sinusoids(S).
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Figure 3 Nile tilapia livers of control and TPTH-treatedgroupsafter four monthsof exposure(�400). (A) Control (water),
showing normal hepatocytesand sinusoids.(B) Control (0.0015%DMSO), showing small hyaline dropletsin hepatocytes.P,
exocrinepancreas.(C) Treatedwith 1 mglÿ1 TPTH,showingcongestionof sinusoids(S)andcentralvein.Noteamarkedinereasein
lipid vacuolation(L). (D) Treatedwith 3 mglÿ1 TPTH, showingmoreseveresinusoidalcongestion(S) andlipid vacuolation(L).

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 749–763(1999)

754 P. VISOOTTIVISETH ET AL.



Figure 4 Nile tilapiakidneysof controlandTPTH-treatedgroupsafteroneto two monthsof exposure(�400).(A) Control(water),
showingnormalprofile of epithelialof first proximal tubule(P1)andsecondproximal tubule(P2).(B) Control (0.0015%DMSO),
showingnormalappearanceof renalcorpuscle(C), epithelialcellsof first (P1)andsecond(P2),proximal tubules,anddistal tubule
(D) (C). Treatedwith 1 mglÿ1 TPTH. Thereareno significantchangesin proximal (P1,P2) anddistal tubules.(D) Treatedwith
3 mglÿ1 TPTH, showingeosinophilichyalinedroplets(arrowhead)in proximal tubuleepithelial cells. Renalcorpuscles(C) and
distal tubulearenot altered.
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Figure 5 Nile tilapia kidneysof control andTPTH-treatedgroupsafter threemonthsof exposure(�400). (A) Control (water),
showingnormal renalcorpuscle(C). Note the presenceof hyalinedropletsin epithelial cells (arrowhead).(B) Control (0.0015%
DMSO),showingsimilar featuresto (A). Noteclustersof hyalinedropletsin first proximalepithelialcells(arrowhead).(C) Treated
with 1 mglÿ1 TPTH,showingmildly dilatedcapillariesin glomerulus(G) andnumeroushyalinedropletsin P1epithelialcells.(D)
Treatedwith 3 mglÿ1 TPTHshowingglomerulusdistortionandbroaderBowman’scapsule(arrowhead).Thearrowpointsto hyaline
droplets.
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Figure 6 Nile tilapia kidneysof control and TPTH-treatedgroupsafter four monthsof exposure(�400). (A) Control (water),
showingnormalappearanceof glomerulus(G) andrenalcorpuscle(C). Hyalinedroplets(arrowhead)in thefirst proximalepithelial
cells (P1) are observed.(B) Treatedwith 1 mglÿ1 TPTH, showing more severeglomeruluscontraction(G) and widening of
Bowman’scapsules(arrowhead).First proximalepithelialcells (P1)arefilled with largehyalinedroplets(arrow).(C) Treatedwith
3 mglÿ1 TPTH, showingnumerouslargehyalinedroplets(arrowhead)in epithelialcells of first proximal tubules.
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Figure 7 Nile tilapia gills of controlandTPTH-treatedgroupsafteronemonthof exposure.(A) Control (water),showingnormal
appearanceof gill filaments(F) andlamellae(L). Notestratifiedsquamousepitheliumcoveringgill filamentsanda thin single-layer
epitheliumof gill lamellae(�200).(B) Control (0.0015%DMSO),showingnormalgills (�200).(C) Treatedwith 1 mglÿ1 TPTH,
showingslightly thickenedepitheliumof filament(arrowhead)(�400).(D). Treatedwith 3 mglÿ1 TPTH,showingslightly thickened
epitheliumof filament(arrowhead)(�400).
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showedsimilarresults.At oneandtwomonths,most
gills showedthe normal epithelial lining of gill
filamentsandlamellae(Figs7A, 7B, 8A, 8B). The
gill filamentswere coveredwith a stratifiedsqua-
mousepithelium.Thegill lamellaehadasinglelayer
of thin epithelial cells surroundingthe capillary.
After threeandfour months,mostgills showedthe
normalappearanceof filamentsandlamellae(Figs
9A, 9B). Only some specimensshoweda mild
degreeof changeto lining epithelium.Gills were
edematousand the capillaries were dilated and
congested.Only a few specimensshoweda slight
thickeningof epitheliumof gill lamellae.

Experimental groups
Treated with 1 mglÿ1 TPTH. At one month’s
exposure,the Nile tilapia gills showed a slight
thickening of filament epithelium (Fig. 7C). This
change was considered non-specific and was
observed in some specimens.At two month’s
exposure,edemaandcongestionof lamellaewere
observed(Fig. 8C).

The Nile tilapia exposedto 1 mglÿ1 TPTH for
threeto four monthsshowedsimilarhistopathology
of thegills (Figs9C,9D). Thegill lamellaeshowed
edema,asrevealedby theseparationof epithelium
from the capillary (Fig. 9D). Therewerevasodila-
tationandcongestionof arteriolesandcapillariesof
lamellaein mostspecimens.Severallargeballs of
erythrocytesor aneurysmsat lamellae were ob-
served(Fig. 9C).
Treated with 3 mglÿ1 TPTH. At one month’s
exposure,theNile tilapia gills showedsomeedema
of gill lamellae,anda mild dilatationandconges-
tion of arteriolesandcapillaries(Fig. 7D). At two
months’ exposure,most gills exhibited edemaof
gill lamellae.A few aneurysmswerealsoobserved
at gill lamellae(Fig. 8D).

The Nile tilapia exposedto 3 mglÿ1 TPTH for
three to four months showedsimilar changesin
gill lamellae (Figs 9E, 9F). Thesechangeswere
relatively similar to thoseof Nile tilapia treated
with 1 mglÿ1 TPTH for threeto four months,but
they were more severe. Marked swelling or
edematouschange of the lamellae was evident
by the separationof the epithelium from the
capillary (Fig. 9F). Large aneurysms at gill
lamellaewere apparent(Fig. 9F). Therewas also
a slight thickeningof the gill filament epithelium
(Fig. 9F).

DISCUSSION

In the presentstudy, it is interestingto note that
histopathologicalchangesin the liver exposedto 1
and 3 mglÿ1 TPTH showed concentration-and
time-relatedinducedchanges,namelycongestions
of blood vessels and sinusoids, lightening of
cytoplasmof hepatocytes(which may be due to
the removal of glycogen and accumulation of
hyaline droplets),and presenceof vacuoleswith
sharp demarcationfrom fat accumulation,focal
necrosisand lamellar or subcapsularnecrosis.All
thehistopathologicalchangesarereversibleexcept
for the last two types of necrosis which are
irreversible.

The vacuolation of cytoplasm by removal of
lipid, andaccumulationof glycogenin hepatocyte
cytoplasm were the predominant findings. Fat
vacuolationis a non-specificchange.Almost any
toxic agentwould producethis. However, in this
seriesof experimentsthe degreeof fat accumula-
tion was time- and dose-dependent.Similarly,
glycogenaccumulationinducedby TPTH wasalso
time- anddose-dependent.Glycogenaccumulation
seemsto bemoreprominentin theearlierperiodof
the experimentwhereaslipid accumulationpre-
dominatedin longer-durationexposures.Hepato-
cellular vacuolationhad been reportedby many
authors. Wester and Canton11,12 reported that
bis(tri-n-butyltin) oxide (TBTO) and di-n-butyltin
dichloride (DBTC) had similar effects causing
glycogenand fat accumulationin the hepatocyte
cytoplasmof medaka(Oryziaslatipes) andguppy
(Poecilia reticulata). Bruno and Ellis13 also
reported similar result of vacuolation in the
hepatocytesof Atlantic salmon(Salmosalar) after
exposureto tributyltin (TBT). Thehigherdegreeof
vacuolationin longerfishexposuresis still unclear.

Fat accumulationis also commonly found in
pesticide-treatedlivers, particularly pesticidesin
the organochlorineand organophosphategroups.
King4 and Mount5 found lipid droplets in the
hepatocytesof browntrout andbluntnoseminnows
after exposureto DDT and endrin, respectively.
Furthermore, Couch2 noted the marked lipid
accumulationin sheepheadminnow hepatocytes
after treatmentwith Dursbaninsecticide.Increase
of fat vacuolation was common in fatty-liver
degenerationwhich affectedmicrosomaland mi-
tochondrial functions and thus precluded the
synthesisof lipoprotein.11 However,it was found
that massivefat accumulationin the liver did not
affect its function.11

The impaired glycogenbreakdownthat caused
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Figure 8 Nile tilapia gills of controlandTPTH-treatedgroupsaftertwo monthsof exposure.(A) Control(water),showingnormal
appearanceof gill filaments(F) and lamellae(L) (�200). (B) Control (0.0015%DMSO); mostgill filamentsand lamellaeshow
normalappearance(� 200).(C) Treatedwith 1 mglÿ1 TPTH,showing edema(arrowhead)andcongestionof lamellae(�200).(D)
Treatedwith 3 mglÿ1 TPTH, showinggill lamellaepackedwith erythrocytes(arrowhead)(�400).
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Figure 9 Nile tilapia gills of controlandTPTH-treatedgroupsafterthreeto four monthsof exposure(magnification�200).(A, B)
Controls (water and 0.0015%DMSO), showingnormal appearanceof gill filaments (F) and lamellae(L). (C, D) Treatedwith
1 mglÿ1 TPTH,showingedematouslamellae(arrowhead)(C) andaneurysm(arrow)(D). (E).Treatedwith 3 mglÿ1 TPTH,showing
markedswellingor edematouschangesof gill lamellae(arrowhead).(F). Treatedwith 3 mglÿ1 TPTH,showinga markedaneurysm
at mostlamellae(arrowhead).
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glycogen accumulation could be a result of
interferenceof TBT with thekey enzymesdirectly
(e.g. phosphorylase,phosphokinase)or indirectly
via inhibition of induction of cAMP production.
Glycogendepletionwasalsofoundin rainbowtrout
fry exposed to TBTC. Wester and Canton11

described hyaline droplets, and homogeneous
eosinophilicgranules,in the hepatocytesof guppy
after exposureto b-hexachlorocyclohexane.They
suggestedthat thesephosphoproteindropletswere
causedby a proliferationof theroughendoplasmic
reticulum so as to increase protein synthesis.
Moreover, the necrosis of rat liver exposedto
dibutyltin chloride was shown.15 Studiesemploy-
ing lead nitrate [Pb(NO3)2] and mercuricchloride
(HgCl2) revealeddisorganizationof hepaticplates
and focal hepatocytenecrosis with portal and
peritubularinfiltration of inflammatorycells.16

The first proximal tubules of the Nile tilapia
kidney were most affected,with hyaline droplet
accumulation.Someglomeruli were collapsedor
distorted with dilated and congestedcapillaries.
These lesions were dose- and time-dependent.
Similar findings were confirmedby Hickman and
Trump,17 who notedthat renalchangesin visceral
glomerularandtubularepithelialcells(particularly
the proximal tubule) in fish were the result of
filtration andsubsequentresorptionandlysosomal
degradation of macromolecules. Furthermore,
Westeret al.14 reportedthat the glomerulusand
proximaltubulesof guppyexposedto b-hexachloro-
cyclohexaneshowedan accumulationof hyaline
droplets, confirmed by slab-gel electrophoresis.
Thesehyalinedropletswerefound not only in the
renal epitheliumbut also in the glomerularBow-
man’s capsule,hepatocytesand heart endothelial
cells.

Pathologicalchangesresultingfrom exposureto
triorganotins have been reported in medakaex-
posed to (TBTO) and DBTC.12 Predominant
changes in renal tubules such as dilatation,
epithelial atrophy,degeneration,regenerationand
proteinaceouscasts,including cellular debris (tu-
bulonephrosis)wereobserved.Glomerularlesions
includeddilatation of glomerularloops and Bow-
man’s capsuleand glomerulopathy.12 However,it
was concludedthat the lack of knowledgeon the
toxicologicalpathologyof thisorganin fishandthe
lack of specific antibodiesto investigatefurther
possibleimmune-mediated glomerulopathies pre-
cludedfurther interpretationof this change.

The Nile tilapia gills exposedto 1 and3 mglÿ1

TPTH exhibited very prominent lesions. These
includedseparationor edemaof gill filamentsand

lamellae,congestionof lamellae (that often pro-
gressedto becomea largeball of packederythro-
cytes i.e. an aneurysm.).Thesehistopathological
changesare dose- and time-dependent,i.e. the
highertheconcentrationof TPTH, themoresevere
andrapid wasthe incidenceof lesions.

There are several studies that report on gill
lesionsafter exposureto pesticides.Christie and
Battle3 found that 3-trifluoromethyl-4-nitrophenol
(TFM) inducededemaof lamellaeandvasodilata-
tion of arteriolesandcapillariesof thegill filaments
in both larval lamprey,Entosphenuslamottei and
rainbowtrout.In addition,Gilderhus18 reportedthat
the gill lamellae of bluegills exposed to the
herbicide sodium arsenite becameswollen and
edematousor packed with erythrocytes. Eller8

notedthat the gills of goldfish treatedwith mirex
showedepithelial hyperplasiaalong the filament
andaneurysm.

Histopathologicalchangesresulting from orga-
notin exposurehavebeenreportedin S. gairdneri
treated with TBTO.10 The lesions were detach-
ments of the gill epithelium from the basement
membrane,swelling of secondarylamellae,dilata-
tion of blood vessels,thickeningof epitheliumat
thebasesof secondarylamellae,andvacuolization
of secondarylamellae.10 Chliamovitch noted that
the toxicity of TBTO in gill lesionwould provoke
rapid suffocationby destructionof the gill epithe-
lium and inhibition of the main metabolic path-
ways. Trialkyltin causesswelling not only of
mitochondriabut also of erythrocytes.Neverthe-
less, the swelling of red blood cells might be a
consequenceof a lower oxygenpressure.

The Atlantic salmon,Salmosalar, exposedto
TBT showed lamellar separationand multiple
points of epithelial hyperplasia at the tip of
lamellae.13 Thesefeatureswere explainedin that
tributyltin might interferewith the normal growth
processof fish gills. Furthermore,the treatmentof
O. mosambica with Aquatin (20% organotins
compound)andBrestan(60%triphenyltin acetate)
showed similar alterationsof the gills, such as
epithelial hyperplasia and separation of the
epithelial layer from supportive tissue.4 These
alterations were usually directly related to gill
functiondisorders,which might affect thephysiol-
ogy or causefish death.8,10 Smith andPiper20 and
Mitchell et al.21 reported that hyperplasiaand
separation of the epithelium associated with
asphyxiation,partial or completelossof secretory
or excretory function, impairment of oxygen–
carbon dioxide exchange and loss of plasma
electrolytesor protein.
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