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ABSTRACT

This work studied the effects caused by five diffeformulae of gasoline on the stability of theolyjomes isolated
from the liver of the tilapia fish (Oreochromisaticus). The functional integrity of the lysosoma@mbranes was
evaluated via the acid phosphatase activity. T®ilts showed that there were significant changehe stability
of the lysosomes exposed to the presence of thedaydons in the environment. Therefore, considgrihe
method’s simplicity, the sensitivity of the resgmnand its low cost the assessment of the lysosatiaity could be
an important tool for the study of the effectsafugion in the aquatic environments.
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INTRODUCTION crude oil, as the most toxic among all its
components. In this context, the use of biomarkers
Increasing pollution of the water environments inwhich are able to detect the presence as well as the
the rivers, lakes and seas is becoming a globédxic effects caused by those pollutants is
problem of serious consequences. Sarkar et ahcreasing in importance and is being increasingly
(2006) have described the various types of highlysed.
persistent polluting agents, among which are théhe biomarkers, according to Bodin et al. (2004),
derivatives of organochlorines such as pesticidegan be defined as the measurements carried out in
like DDT ((dichlorodiphenyltrichloroethane), the biological liquids, cells or tissues which
HCH (hexachlorocyclohexane) aldrin, dieldrin,indicate, in biological or cellular terms, the
phthalate esters, derivatives of nitro-aromatic angresence of contaminants or the magnitude of the
various toxic metals such as cadmium (Cd)response of organisms to their toxic effects.
mercury (Hg) and others. Okay et al. (2006)According to Bodin et al. (2004) and Pfeifer et al.
considered the aromatic polycyclic hydrocarbons(2005), the biomarkers as the enzymatic induction
natural components of gasoline, which constituteof cytochrome P4501A, inhibition of the activity
up to 20% of all the hydrocarbons found in theof acetylcholine esterase, integrity of DNA and
induction of metallothioneins have been used in
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the monitoring of the ecological impact of variousisolated from the liver cells of young Nile tilapia

pollutants in the aquatic environments. (Oreochromis niloticus).
The search for simple and cheap biomarkers has
led to the physicochemical and/or

histopathologycal studies of the lysosomes whicMATERIALS AND METHODS

are capable of detecting the slightest cellular

damage resulting from the exposure to toxiMescription of the species studied

polluting agents, mainly those with lipophilic Nile tilapia belonging to the class Actinopterygii,
characteristics such as the polycyclic hydrocarbonsrder Perciformis, family Cichlidae, subfamily
and their derivatives (Kohler et al. 2002). ThePseudocrenilabrinae, genus Oreochronis and
components of the lysosomal compartment argpecies niloticus, is part of the set of the cichlidae
primary lysosomes, auto and heterophagifish which is bred throughout the world, though
vesicles, secondary lysosomes (phagosomes) abglginally found in an area from the central South
the residual corpuscles are cellular organelles\frica to Syria. According to Bozano et al.,
multifunctional, rich in the hydrolytic enzymes, (1999), the spread of the tilapia around the world
responsible for the breakdown of all thehas been a result of subsistence fish breeding
constituents of the cells and macromoleculeprogrammes in the underdeveloped countries. In
derived from the extracellular space viaBrazil, Nile tilapia was introduced into the North

endocytosis. They are also involved in cell defencgast in 1971 and has since become one of the most
mechanisms, in the protection against the toxigultivated fish.

agents and infection by the viruses and bacteria

(Cuervo and Dice, 2000). The physicochemicaGasoline’s formulae

modifications which lead to the loss of theFive different formulae of gasoline, (Table 1),
integrity of the membranes of diverse componentgarying in composition of the aromatic
of the lysosomes are almost always associatéfydrocarbons, were used in the present
with cellular dysfunction, inflammatory and experiment. They were prepared from
degenerative diseases as well as apoptosis and gsdtrochemical sub products. The different
death (van Nierop et al., 2006). formulae were kept separate in sealed darkened

The aim of this work was to study the effectsglass flasks in a refrigerator &Gtuntil used in the
caused by five gasoline formulations on theexperiments.

stability of the membranes of the lysosomes

Table 1 -Percentages of aromatic hydrocarbons in the faenaf gasoline tested in the experiments.
Percentages (volume/volume) of aromatic hydrocarban

F-1 F-2 F-3 F-4 F-5
Benzene 2.86 15.86 16.02 10.15 15.01
Toluene 24.21 15.02 23.44 32.04 35.17
Ethyl benzene 1.95 4.04 7.19 10.22 11.30
0-m-p-xylenes 3.33 7.42 12.43 15.02 19.54
Polycyclic aromatics 2.62 10.91 15.43 16.90 17.62
Totals 34.97% 53.25% 74.51% 84.33% 98.64%

The samples were agitated in a homogenizer &ishes were not fed for the next 24 h and kept at a
150 rpm for 15 minutes and then diluted 1/10 wittconstant temperature of Z2 In the controlled

the fresh water in Mariotti flasks which were experiment, the fishes were held in similar aquaria
subsequently stirred for 20 hours. After this, theyontaining only the fresh water. All the
were left to decant for a further hour. The samplesxperiments were carried out in triplicate. Some
of the water soluble part were carefully removeghysicochemical parameters such as the amount of
and final dilutions of 1/500 and 1/1000 were madedissolved oxygen (OD meter — Orion), pH
These solutions were poured into 8 L aquariunfProcyon pH meter), ammonium (Procyon ion
each with four young tilapias (13.5 + 0.7cm). Themeter) and temperature were evaluated at the
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beginning and the end of each experiment. Onlyefrigerated at %«C, where it was minced by a small
the experiments carried out with the dilutions ofscissor and washed twice to remove the blood. The
1/1000 were continued. Almost all the fishes pufragments of each liver were suspended in a
into the 1/500 solutions did not survive and theproportion of 1g of the tissue to 10 mL of another
mortality rate was extremely high. buffered solution containing manitol 25;A0M,

TRIS 2,10° M, EDTA 4,10° M, disodium
Separation of the various components of the phosphate 1® M and monopotassium phosphate
lysosomal compartment from the liver of young 102 M, adjusted to pH 7.4, and homogenized in a
tilapia Potter-Elvejhem homogenizer, at 250 rpm for a
Each fish was killed individually by the oxygen maximum of 2 minutes, in a bath of melting ice.
suppression and had its liver immediately removed@he various components of the lysosomal
and put into a labelled beaker containing 50 mL ofompartment were separated by the fractionated
buffered sucrose/phosphates solution (sucroseentrifugation and refrigerated at°@, according
25,10° M, disodium phosphate fOM and to the scheme described in Figure 1.
monopotassium phosphate 20M) pH 7.4,

HOMOGENATE
| 900 g - 10 min.
SEDIMENT I SUPERNATANT I
(intact cells, fibers, merbrares .
and celllay chbries) | 1500 g - 10 min.
-discarded- l l
SEDIMENT IT SUPERNATANT I
{fraction rich in rcled)
-discarded- | 12.000 g- 20 min.
SEDIMENT II SUPERNATANT IT
fraction rich in mitochondria)
(frae i —— ) | 22000 g - 20 min.
SEDIMENT I'V SUPERNATANT IV
(fraction rich in lysosomes) -discarded-

Figure 1 - Fractional centrifugation for the separation of tisosomal fraction from the tilapia
liver.

The 22,000 g sediment, which contained most gbhosphatase activity, (Roy et,al1971), and the
the lysosomes, was re-suspended to the sartmtal protein content of each experiment was
volume as the initial homogenized material withassayed according to the technique described by
the same buffered solution and divided into ZKomsa-Penkova et al1996. The results of the
tubes. 4,18 M of digitonin was added to one of experiments were compared to the controls using
them and both were incubated on ice for 2ANOVA and the Tukey-Kramer multiple
minutes. After this, they were spun down, onceomparison test. The values were considered to be
more, at 22,000 g for 20 minutes with the aim tcsignificant if p<0.05 (Smith, 1995). The isolation
collect the intact lysosomes (Rodrigues, et algonditions of the lysosomes was controlled by the
1998). The stability of the components of thedigitonin test which, according to Ishisaka et
lysosomal fraction was assessed by the acidl.(1998), breaks down all the lysosomes.
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RESULTS lysosomes to the external medium has been used

as one of the safest parameters for the evaluation
The functional integrity of the membranes fromof the physicochemical stability of their
the lysosomal components, isolated in theénembranes (Petrovic et ,a2004). Table 2 shows
sediment at 22,000 g was evaluated by measuririge activity of the acid phosphatase in the
the activity of the acid phosphatase in the floatingxperiments. The digitonin test (42.0 + 4.1
material which resulted from the IlastmU/mg) demonstrated a four time higher activity
centrifugation. In this material, higher enzymein the treated lysosomes than the control (10.5 +
activity is related to greater fragility of isolated2.7 muU/mg). This difference was highly
lysosomes. The migration of the enzymes of theignificant: p<0.002.

Table 2 - Acid phosphatase activity, expressed in mU/mgtaltproteins, of the lysosomal fraction from tiver
of tilapias, exposed to different formulae of gasal

Samples Acid phosphatase activity (mU/mg protein) Statistical significance
Control 10.5+2.7

Digitonin 42.0+4.1 S

Formula 1 149+2.8 ns
Formula 2 17.2+£3.2 S

Formula 3 22.1+£39 S

Formula 4 23.9+4.0 S

Formula 5 244+4.1 S

ns = not statistically significant; s = statistically sfggant.

The experiments in which the lysosomal activity,of the tilapias. Only the result for the activity

treated with the digitonin, were lower than tworelated to the first formula was not statistically
times the respective activity of the control weredifferent from the control. All the other formulae

ignored and considered that the experimentdiad significant labilising effects on the hepatic
isolation conditions had interfered with thelysosomes of the fishes. Formulae 3, 4 and 5
stability of the lysosomes. Only those in which thedisplayed acid phosphatase activity more than
activities, after the treatment with digitonin, weredouble of that from the control. Formula 1 had the
at least three times higher were included in théowest amount of the aromatic hydrocarbons
study. Table 2 shows the results of the tests fdB84.97%, v/v) and formula 4 the highest

enzyme activity of the lysosomes from the liverg98,64%,v/v).
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Figure 2 - The labilising effects of gasoline formulae on toenponents of the lysosomes isolated
from tilapias livers.
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The treatment of the lysosomes with 4318  According to Kohler et al. (2002), the
concentration of the digitonin was capable ofimorphological alterations and/or the stability of
labilising 100% of these corpuscles and allowed tthe lysosomal membranes determined the loss of
calculate the percentages of the Ilysosomahe characteristic enzymes of these organelles as a
components broken down by the treatment witmesult of the effect of various xenobiotics.
the different formulae. These results are presentéddowadays, the techniques that make use of the
in Figure 2. various components of the lysosomal compartment
The formulae 3, 4, and 5 broke down more thamare increasingly being used in the monitoring of
half of the lysosomes isolated from the livers othe effects of the anthropogenic toxic substances in
the tilapia. Only the formulae 1 and 2 labilised lesshe most diverse of species of the aquatic biota
than 50% of the lysosomes. The results suggestadch as molluscs, crustaceans, fish, larva, worms,
the possibility of a labilising effect on the etc. Among them, the most reliable are those that
lysosomal membranes directly linked to theevaluate the activity of the marker enzymes such
concentration of the aromatic cyclic hydrocarbonss acid phosphatase (EC 3.1.3.B}N-acetyl-
from the different gasoline formulae. hexosaminidase (EC 3.2.1.52), cytochrome C

oxidase (EC 1.9.3.1), neutral esterase (EC 3.1.1.1),

cathepsin B (EC 3.4.22.1) angtglucuronidase
DISCUSSION AND CONCLUSION (EC 3.2.1.31) (Strdmhaug et,al998, Petrovic et

al.,, 2004, Marigbmez et al2005 and van Nierop
The use of the biomarkers capable of detecting tref al, 2006).
first effects on the biota of the aquaticAccording to Koukouzika and Dimitriadis (2005),
environments showed to be an important tool fothe assessment of the lysosomal stability,
the control, preservation and the monitoring of théneasured by the techniques related to the
changes in these environments. The eccautophagy or endocytosis of the pigments, such as
toxicological effects on the various populations ofneutral red and cresyl violet, demonstrated the
the ecosystems are a result of the interactions aeasonal changes which depended on the species
the molecular, cellular and tissue levels of theinder the study, as well as on the inherent
polluting agent with the biota (Fent, 2001).characteristics of the locations from where the
According to Winkaler et gl.(2001), most of the specimens were collected. Furthermore, the
techniques used to assess the toxic effects of tfiermation of the pigment containing
chemical substances on the aquatic organisms, heterophagosomes depends, among other things,
recent decades, have been based on the simple the involvement of cellular receptors located in
laboratory assay of the polluting agents using ththe plasmatic membranes which vary according to
samples taken from the ecosystems, or in toxicitthe species. These receptors are extremely
tests, generally using one of the species from thgensitive to the fluctuations in the extracellular
threatened environment. However, expensive anenvironment (Strdmhaug et al. 1998).
often technically complicated, most of these do nothese results corroborate the results of Hwang et
take into account the effect of possible interactionsl., (2004) and Okay et al(2006), who showed
between the environment and the different types dhat there were significant alterations in the
the toxic agents, such as the heavy metalstability of the lysosomes isolated from the liver of
xenobiotic agents of an organic nature andilapias which was exposed to the hydrocarbons in
organometallic compounds (Sarkar et &006). the environment. According to Martins et al.
The trend, according to Petrovic et al. (2004), wa§2005), the lysosomes are sub cellular particles
to choose the biomarkers which traced thavhich are directly linked to the endocytosis,
cytophysiological or histopathological alterationsimmunoreactions and defense. The
occurring in the aquatic organisms due to theiphysicochemical integrity of their membranes is
exposure to the contaminants. In this regard, theonsidered an important biomarker for the
lysosomes appeared to be sensitive biomarkers agtvironmental modifications. Therefore, given the
directly linked to the biochemical mechanisms ofsimplicity of the method, the sensitivity of the
the response and defence against the aggressdgsponse and its relatively low cost, this lysosomal
Furthermore, it involves the use of a simple, lowevaluation technique, assayed through the acid
cost technical approach. phosphatase activity, could be an important tool
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