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In Brazil, parathion, O,0-diethyl O-p-nitrophenyl phosphorothioate is still in use
in many insecticide preparations, not only to protect crops, but also in aquaculture
to avoid larvae of predatory insects and some parasites that attack juvenile fish.

It has been demonstrated (Cunha Bastos ef al. 1992) that fish can metabolize
through oxidative desulphurization the non-toxic parathion into paraoxon, O,0-
diethyl O-p-nitrophenyl phosphate, the anticholinesterase oxon ester.
Considering that before reaching the organs where it causes toxic
acetylcholinesterase inhibition paraoxon may undergo hydrolysis catalyzed by
serum paraoxonase, which hydrolyses paraoxon into p-nitrophenol and diethyl
phosphate (Neal and Dubois 1965; Li et al. 1993; Pond et al. 1995), it is
reasonable to suppose that the more paraoxonase exists in an organism, the less
this organism will be affected by these insecticides.

As knowledge of enzymes from fish is still evolving and many significant
differences could exist among the great diversity of fish species dwelling in
Neotropical waters, we have been investigating whether some native fish of South
America would show enough paraoxonase in their sera for paraoxon
detoxification. The purpose of this paper is to show a comparison among the
paraoxonase activities in sera of four important Brazilian fish species and in mice.

MATERIALS AND METHODS

Sexually mature males and females specimens of fish were used. Cascudo
(Hypostomus punctatus Valenciennes, 1840, Loricariidae) weighed approximately
230 g and measured between 25 and 28 cm. Pacu (Piaractus mesopotamicus
Holmberg, 1887, Characidae) measured around 25 cm and weighed
approximately 350 g. Matrinxds (Brycon cephalus Gunther, 1869, Characidae)
measured around 33 cm and weighed approximately 400 g. Dourados (Salminus
brasiliensis Cuvier, 1816, Characidae) measured around 50 cm and weighed
approximately 1,400 g. Fish were maintained with no food in 1,000 L tanks for 10
days, before collecting blood. We collected blood from 10 individuals of each fish
species and from 10 adult Swiss mice. Clotted blood was centrifuged at 800 x g
for 5 min and the sera samples were collected and kept at 4 °C.
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Trichloroacetic acid (TCA), 2-amino-2-(hydroxymethyl-1,3-propanediol),
hydrochloric acid (HC1), paraoxon (O,0—diethyl O—p-nitrophenyl phosphate) and
dimethyl sulphoxide (DMSO) were purchased from Sigma Chemical Company,
St. Louis, MO, USA. Hexane specific for pesticide analysis was purchased from
Grupo Quimica Industrial Ltda., Rio de Janeiro, Brazil. All other chemicals were
of analytical grade.

Paraoxonase activity assay measured the p-nitrophenol resulting from serum
paraoxon hydrolysis. Assays were carried out at 30 °C in a Tris-HC1 0.1 M buffer
solution, pH 8.5, by mixing serum from fishes (50 uL) with 200 uL of the Tris-
HCI buffer containing 0.75 M NaCl and 6.25 mM CaCl,. To determine Swiss

mouse serum paraoxonase activity we used 15 pL of serum. Then, 50 puL of a
solution containing 45 mM paraoxon and 45% DMSO into the Tris-HCI buffer
were added. Appropriate volumes of each paraoxon solution were pipetted for
different paraoxon concentrations ranging from 0.015 to 7.5 mM. To stop the
reaction, 0.9 mL of 3% TCA (in water) were pipetted into the tubes after 20 min
of reaction. Volumes of 50 uL of fish serum or 15 uL of mouse serum, which had
been separately kept during the reaction under the same temperature of the
“assay” tubes, were added into the tubes named "blank" immediately after TCA
addition. Then, “assay” and “blank™ tubes were centrifuged at 2,300 x g for 15
min and 0.9 mL aliquots of each supernatant were mixed with 0.2 mL of a3 M
Tris-HCI buffer solution, pH 8.0. Absorbance was determined at 400 nm. One
unit of activity (U) corresponded to 1 pmol of p-nitrophenol produced per minute
of reaction.

In order to establish how much of the paraoxonase activity measured in dourado
serum could be associated with high-density lipoproteins, we carried out a KBr
density centrifugation of dourado serum in accordance with what has been
reported on pacu (Folly et al. 2001).

Data are presented as means = S.E.M. of triplicate assays carried out using ten
different serum samples, each one collected from ten specimens. Calculations
were done using GraphPad Prism version 3.0 for Windows, GraphPad Software,
San Diego, California, U. S. A.

RESULTS AND DISCUSSION

Toxicological conclusions drawn from enzyme activity levels in an animal should
consider the kinetics of the enzyme involved. Regrettably, too often it is seen that
many laboratories simply reproduce procedures established elsewhere, for diverse
organisms. In our hands, choosing the best specific conditions for assaying serum
paraoxonase was important to avoid deviation of the reaction from its initial
velocities, permitting very reproducible assays. Our paraoxonase assays, using 50
uL of sera from fish and 15 pL of sera from mouse, complied with an operative
steady-state up to 30 min, thus enzyme was rate limiting. Less than 5% of
paraoxon was utilized over the 20 min assay time at all substrate concentrations.
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Ky =0,1157 x10° M
 Vinay = 148,8 nmol xmin™ xmL”
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Figure 3. 1/v versus 1/[S] plot of paraoxonase activity from serum of Swiss
mouse. The assay media contained the following final concentrations of reagents
at 30 °C: 0.1 M Tris-HCI buffer, pH 8.5; 15 uL of serum; NaCl 0.5 M; 2 mM
CaCly; 7.5% DMSO and 0.025, 0.050, 0.075, 0.100, 0.150, 0.200, 0.250, 0.275,
0.350, 0.425, 0.500 mM paraoxon. The inserted v’ versus [S]” curve shows the
relationship between decimals of Vmx and the apparent Ky of the reaction. Each
point is the mean of ten assays = S.E.M. The coefficient of variation of each
determination was less than 8%.

There have been no available Vmax or Ky values for serum paraoxonase from any
fish species. One publication (Chemnitius et al. 1983), which used a test
concentration of 1 mM paraoxon in a pH 7.3 Tyrode buffer at 25 °C, reported that
blood of C. carpio and S. trutta had no appreciable paraoxon hydrolysing activity.
In fact, it has been reported that Ky values for plasma paraoxonase of rat were
3.7,4.0 or 2.7 mM (Zech and Ziircher 1974). Lower Ky values, ranging from 0.3
mM for sheep and dog to 0.8 mM for rabbit, including 0.6 mM/ for rat and 0.46
mM for humans, were also reported for serum paraoxonase (Eckerson et al. 1983;
Pellin et al. 1990). A problem in determining Ky for paraoxon hydrolysis is the
relatively poor paraoxon solubility. If paraoxon molecules are not available to the
active site of the enzyme, a "plateau" of a hyperbolic plot could indicate a false
approximation to a maximum velocity reached at pseudo non-saturating paraoxon
(insoluble) concentrations. This could lead one to calculate a low Ky assuming an
apparent saturation of the enzyme. Using 7.5% DMSO in the incubation media
allowed paraoxon concentrations up to 7.5 mM in our assays with less than 5% of
activity inhibition. Observing the inserted v' (v/V ) versus S' ([S]/Ky) plots in
Figs. 1, 2, 3 and 4 it is seen that 7.5 mM paraoxon did not correspond to the 10-
fold Kwv value, which would be the adequate kinetic substrate concentration to
ensure the experimental maximum velocity.
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Table 1. Paraoxonase activity of lipoprotein fractions obtained during lipoprotein
separation from serum of dourado.

Fraction Total Paraoxonase Yield
(nmol p-nitrophenol x min' x mL™") (%)

Serum 37.3 100.0

VLDL

density < 1.006 g/mL 0.0 0.0

LDL

density 1.02 - 1.06 g/mL 1.42 3.8

HDL

density 1.07 - 1.19 g/mL 354 95.0

Nonetheless, 7.5 mM paraoxon caused paraoxonase activity to reach more than
60% of Vmax in sera of the four fish (inserts of Figs. 1, 2, 3 and 4). This made it
feasible to choose the useful 25% to 70% Vmax best points of observed velocities
related to the experimental substrate concentrations for graphing weighed 1/v
versus 1/[S] plots, which allowed acceptable approximations for Ky calculation.
Therefore, the apparent Ky values ranging from 3.3 to 4.5 mM we found for
serum paraoxonase of dourado, pacu, cascudo and matrinx4, in the presence of 0.5
M NaCl, were calculated from kinetically adequate curves.

Comparing maximal velocities calculated from sera of the four fish with the
values found in Swiss mouse serum it is possible to see that serum paraoxonase
activity from dourado is at least 24% that of the mouse serum. Paraoxonase
activities found in the sera of the other three fish corresponded to less than 5%
that of Swiss mouse.

In a previous paper (Folly et al. 2001) we showed that paraoxonase was
associated with high density lipoprotein (HDL) in serum of pacu. Considering that
dourado serum showed an activity sixfold that of pacu serum, we decided to clear
up other activities that might also be present in serum of dourado totalling a
higher breakdown of paraoxon. Table 1 shows that 95% of the serum paraoxonase
activity of dourado serum was recovered in the HDL fraction. Therefore, we
concluded that our assays measured major specific paraoxonase activities, which
were not due to interference, for instance, from alkaline phosphatase.

Owing to the low values of paraoxonase found in sera of pacu, cascudo and
matrinxa, it is unlikely that serum paraoxonase would be protective in these fishes
against organophosphates blood concentrations higher than 20 nmol/mL, for such
low activities would only destroy very low levels of paraoxon molecules. On the
other hand, paraoxonase activity from serum of dourado reached values six times
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higher than the values found in pacu and cascudo, and 23 times the values found
in matrinxa. Therefore, despite the difficulties in extrapolating our in vitro kinetic
findings to in vivo detoxification events occurring in fish, it is reasonable to
suppose that when dourado specimens absorb parathion, biotransform it into
paraoxon, and eventually release paraoxon to the blood, their serum should be
able to destroy these anticholinesterase organophosphate molecules at a rate
sufficient for lowering their concentration. This would diminish the circulating of
sublethal concentrations of toxic oxons, helping dourados to cope with incidental
absorption of organophosphates.
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