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ABSTRACT

The present study investigated with the distributadf mercury chloride in muscle, liver and gills ldbplias
malabaricusontaminated through intraperitoneal injection|{g in 0.1mL of PBS) for a period of 24, 48, 72 and
96h. The liver, gill and muscle were analyzed fareury content in an ICP/AES (Varian Liberty Il)tlvivapor
generating accessory (VGA 77). The muscle and tigssues presented the same contamination pattemeasing
concentrations in 24 h of exposure with a decreiasélg concentration with 72 h and a new increaseHg
concentrations with 96 h of exposure. The Hg cotmatans in contaminated organisms were always aigan
the control although only for liver samples thefaliénce was statistically significant. Liver sangplalways
presented higher Hg contents when compared witlagd muscle samples.
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INTRODUCTION environmental compartments through which Hg is
transferred, aquatic ecosystems are very
Though mercury (Hg) occurs naturally in thesusceptible to MeHg contamination, as they host
environment, anthropogenic activities haveactive populations of Hg methylating bacteria
affected its global cycle by mobilizing the (Fitzgerald et al., 2007). Uptake and accumulation
increasing amounts of this metal in thestudies of inorganic mercury in fishes have
environment. described the relatively slow absorption and low
Currently, such mobilization of Hg is larger thanbioavailability of these metals from water or food
from natural processes (Fitzgerald and Lamborgand the importance of both administrative routes in
2005). The different chemical forms of Hg havedetermining the accumulation of this metal (Olson
varying toxicities and organic species of Hg.et al, 1973; Williams and Giesy, 1978; Huckabee
Especially methylmercury (MeHg), are more toxicet al, 1979; Stary et 3l.1981; Norrgren et al.
because of their ability to pass the blood-braii985; Borg et al.1988; Harrison and Klaverkamp,
barrier (Honda et al., 2006). Considering thel989; Glynn, 1991). The disposition of inorganic
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mercury in fishes has been characterized aftggharmacokinetic of the metal contamination for
water, oral, and intraperitoneal administrationfurther use in field assessment.

with the pattern of tissue distribution varying

depending on the administrative route. Regardless

of the exposure route, the liver and kidney tendeNMATERIALS E METHODS

to accumulate the highest quantities of these

metals (Weisbart, 1973; Sorenson, 1990). Thusioplias malabaricusspecimens were collected,
the estimates of the biological half-life after efat between July and October 2006 from the lakes
or oral dosing may be based downward becausel@cated at Itaocara municipality, northwest of Rio
significant portion of the eliminated metal may notde Janeiro State (21°40'44”S e 42° 04’ 53" W).
have been absorbed internally. Consequently, @rhe lakes are located in a forested area witle littl
improved understanding of the distribution andnfluence of anthropogenic and point sources of
elimination of mercury after intravascular injectio pollutants. No agricultural activities were pladed
would be useful in better characterizing thethe surroundings or in the lake catchment.
persistence of these compounds in fishes. After the sampling, the specimens were
The lack of information on the mercury kinetictransported to the lab in plastic bags. In the flab,
within fish constrains the understanding of itswounded and sick specimens (about 3% of the
distribution in these organisms and also th&ampling specimens) were discarded in order to
evaluation of potential risks for the human anduse only healthy specimens in the experiment. The
animal health. organisms were then placed in aquarium with
This work studied the acute exposures to Hg@l continuous water flux for seven days for
fish to evaluate and compare the average Hgcclimitization. Table 1 presents the number,
concentration measured in liver, muscle and gill ohverage weight and standard length (with the
Hoplias malabaricus exposed to inorganic standard deviation) of the specimens used in the
mercury. The necessary increase the biologica@lxperiment for each of the exposure times.
knowledge about this tropical species and the

Table 1 - Number of muscle (M), gill (G) and liver (L) sameglanalyzed in each time exposure experiments with
the average weight, standard length (with standaxdgation) and concentration tested in relatiorhwieigth of the
usedHoplias malabaricuspecimens.

Time(h) M L G Weight (g) Tested Concentration (Jg.9
24 8 8 8 99 + 34 0,0606
48 8 6 8 93 +17 0,0645
72 8 6 7 87 £ 23 0,0689
96 8 4 4 116 £11 0,0517

The mercury chloride solution was preparednuscular and gill tissue samples. The control
diluting 0.015g of HgGlin 0.5mL of 4 N HCl and samples were also collected from the fishes that
made to 250mL with PBSPhosphate Buffer were injected with 0.1mL PBS only.

Solution). This solution was used in the acuteAliquots of approximately 1g (w/w) of liver, qills
intraperitoneal contamination experiment. Theand muscle samples were submitted to strong acid
volume of mercury chloride solution that wasdigestion in triplicate following a modified
injected into the peritoneal cavity of the studiednethodology described by Bastos et al. (1998). All
fish was 0.1mL with 6 pg of Hg/fish. The Hg determinations were done in a Varian ICP-
concentration tested in relation to the weight oAES (model Liberty II) with cold vapor generating
each individual is described in Table 1. The meaaccessory (VGA 77). In order to verify the
concentration tested in each fish was 0.0614 pg.gossible contamination of the extracts, chemical
After the injection of the Hg solution, the fish sva blanks were prepared and analyzed for each group
placed in the aquarium and in the intervals of 24f 10 samples.

48, 72 and 96 h the specimens were measuretihe precision of the methodology was tested
weighed and opened in order to remove the livethrough the analysis of certified reference materia
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— DORM 1 — supplied by the “Marine Analytical organisms. These results could be used to explain
Chemical Standards Programs”, Canada. Thihe impact of heavy metal toxicity on the
recovery of the certified value was 98.92%. Inorganisms in the field. Mercuric chloride has been
order to verify the differences among the Hgstudied extensively as a model of nephrotoxicity
concentrations within the distinct tissues at alfor several animal species. However, little
exposure times, an ANOVA (Main effects), withinformation is available on the toxic effect of
significance level of 95% (p < 0.05) was used. AHgCl, (Boujbiha et al., 2009).
Student T Test was also used to compare the Hche average Hg concentration measured in the
concentrations among the contaminated studidier was always higher (744.kg") than the
tissues. The statistical software used was Statistconcentrations measured in the gills (33%g")
for Windows version 6. and muscle (68y.kg"), and a significant
difference (p = 2.2 x 1If) was observed among the
studied tissues (Table 2).
RESULTS AND DISCUSSION The Hg concentration in muscle of the organisms,
initially increased in the first 48 h of
Laboratory studies on the analysis of stressontamination (58pg.kgand 90pg.kg). After 72
responses in the tissues of organisms exposed ho a decrease in Hg concentrations was observed
metal can help to understand the mechanisi$3.3p19.kg) and at 96 h another increase in Hg
through which metals exert their toxicity on theconcentration was observed (68.8ug)k@Fig. 1).

Table 2 - Average mercury concentrationsg(kg?) in muscle, gill and liver oHoplias malabaricusn all studied
exposure times.

E.T.* Liver Gill Muscle

Control 127124 54+13 5745
24 370+156 276 £ 108 5816.4
48 7141248 267 + 27 90+13.9
72 6331235 284+ 78 57+13.4
96 1260+753 529 £ 273 68+12.0

*Exposure time in hours.

100 -

@ Control
m Contaminated

Concentrations mercury

Time of exposure (hours)

Figure 1 - Average mercury concentrationsg(kg®) in fish muscle Kloplias malabaricu at
different times of exposure (hours).

The total mercury values measured in the muscldish of the same species collected from the Paraiba
of the control specimens collected from thedo Sul River (averages from 137 to Ag%g?),
lagoons of Itaocara-RJ were considered low whewhich was the source of fish for this region
compared to the total mercury values found for th€yallouz et al., 2000). Yet, comparing the mercury
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values measured in the muscles of “traira” injectedell as in the first three periods of exposure (24
with HgCl to theWHO values, the findings were 48 and 72 h) (average 276 + §4.kg"). After 96
below the established limit (500ng.g). h, the gills showed Hg concentrations three times
No significant difference was observed (p=0.56higher than the previous time of exposure and 10
when Hg concentrations from the contaminatedimes higher when compared to average
and control muscle samples were compared. Th&ncentrations of the control. When comparing the
could be explained by the short time of exposurgill Hg concentrations of the contaminated
of individuals to mercury, since the Hg isspecimens among the distinct exposure times, a
transported by the blood to the liver and othesignificant difference (p=0.004293) was observed.
tissues to then be stored in the muscle. A significant difference was also observed when
The Hg concentration results in the gills (Fig. 2)Hg concentrations in the control and contaminated
showed a more homogeneous pattern of Hg in treamples were compared (p = 5.79 X)10

control samples (average 54.4 + i®)kg") as
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Figure 2 - Average mercury concentrationgy(kg?) in fish gill (Hoplias malabaricusat different
times of exposure (hours).

The high mercury concentrations observed in theoncentrations within 48 h after the contamination
gill of the fishes under a regime of 96 h exposurevas observed (370pgkgn 24 h; 714ug.Kg in
were probably a consequence of its afted8 h) with a decrease in concentrations after 72
metabolization release to the water andours of exposure (633ugKgand a second
reabsorption by the gills. increase in Hg concentrations after 96 h of
Mercury distribution in the liver of contaminated exposure time (1.260ug.%grig. 3). A significant
specimens followed the same pattern described fdifference was observed between the liver
the gill, although the observed concentrations wereontaminated samples and liver control samples
higher. Therefore, an increase of Hg(p=2.7 x 10).
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Figure 3 - Average mercury concentrationgg(kg?) in fish liver (Hoplias malabaricu} at
different exposure times (hours).
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The average observed Hg concentration in thAccording to Régine et al. (2006), who compared
liver and muscle of the fishes differed signifidgnt the Hg distribution in different fishes, there waas

(p = 2.2 x 10). The average values weregreat difference based on the feeding habit of each
744.09.kg" and 68g.kg", respectively (Table 2).  species, besides that, the structural and fundtiona
The average Hg concentrations obtained from theharacteristics of each species could modify the
contaminated organs followed the sequence: Livesrganotropism of Hg. Cano (2001) highlighted that
> Gill > Muscle. According to Frodello et al. the chemical form of Hg (organic or inorganic),
(2000) and Gonzalez et al. (2005), theconcentration, the contamination path (exposure or
demethylation from the organic to the inorganidngestion), and depuration/excretion mechanism
Hg occurs in the hepatocytes. Besides that, tiee bitould interfere the Hg kinetics within organisms.
released by the liver during the digestion mighfrhe muscle tissue has been indicated for the
cause the dispersion of the Hg to other tissuemssessment of mercury contamination levels in the
(Allen et al.,, 1988). Similar results were fishes from impacted environments, because of the
mentioned by Simon and Boudou (2001) inpreference of the organic form for that tissue
Ctenopharyngodon idella contaminated with (Akagi, 1995; Richardson et al., 1995). However,
HgClL and MeHg and by Kenedy (2003) inas it could be observed on the concentrations
Carassius auratusexposed to inorganic Hg obtained from the different tissues here analyzed,
originated from the dental amalgam. Oliveira-the muscle tissue was not the best tissue to assess
Ribeiro et al. (1996) and Schultz et al. (1996palsthe level of contamination by inorganic mercury.
observed the same tendency Tmichomycterus Carvalho et al., (2009) analyzing the mercury
zonatusexposed to HgGlin water andctalarus levels in the muscles of “Tilapia” observed that th
punctatus injected with HgCl respectively. concentrations of mercury in this tissue could be
Similar results were obtained by Liao et al. (2005)nsignificant in comparison to other organs. This
with higher Hg concentrations observed in liverobservation was relevant, since the fish tissue
followed by kidney and muscle. In both the studiegonsumed by humans was the muscle tissue and
(present and Liao et al, 2005), the HgTilapia” showed resistance to the absorption of
concentrations observed in all the tissues were raercury in the muscle, even when exposed to high
consequence of the exposure time and the injectedncentrations of that element, a conclusion
concentration. In natural environment, highsimilar to the one reached in the present study.
concentrations of Hg in the liver and kidneys ofThe distribution of mercury in the fish tissues
aquatic animals were observed by Frodello et atesults in the actions and interactions between the
(2000) in the species of Cetacea, by Régine et dhctors such as the exposure condition (importance
(2006)inAcnodon oligacanthy$seudodancistrus of the entrance path via water/diet or
barbatus  Semaprochilodus  varii Doras intraperitoneal injection) and the chemical forms
micropoeusHoplias aimaraand Cynodon gibbus of the metal (inorganic mercury Hg(ll)/MMHg)
by Afonso et al. (2007) iMphanopus carb@nd (Boudou and Ribeyre, 1997; Jackson, 1998;
by Raldua et al. (2007) iBarbus graellsiand Wiener et al., 2003; Régine et al., 2006). Thus, th
Alburnusalburnus intraperitoneal administration path of the HgCl
Schultz and Newman (1997) observed the sanmmontributed to the high total concentrations of Hg
trend as the present study after the firsbbserved in the liver and gill of the fish. Aftéret
administration of inorganic Hg to a channelintraperitoneal injection, the chemical quickly
catfish. Most of the Hg eventually becameenters the bloodstream through the portal vein,
concentrated in the liver with only trace quantitie which drains the blood directly to the liver, where
accumulating in skeletal muscle. However, soméhe mercury and nutrients are absorbed by the
species presented the inverse Caprinus carpio digestive system, metabolized and distributed
(Goldstein et al., 1996),.eporinus friderici and through the systemic bloodstream, which carries
Leporinus fasciatugRégine et al., 2006), which the non-oxygenated blood that passes through the
showed higher Hg accumulation in the skeletaheart and is pumped to the gills, where it is
muscle instead of the previously mentionedxygenated. Only then the blood is distributed to
organs. Gonzalez et al. (2005) studied th¢he body.

bioaccumulation of Hg iDanio rerio fed with a On the other hand the muscular tissue did not
diet containing MeHg (5.0 and 13.5mgHgg present affinity with inorganic mercury forms,
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