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ABSTRACT

INTRODUCTION

Epidemiological evidences suggest an increased risk of cardiovascular diseases (CAD) as a result of inorganic mercury exposure. The underlying mechanisms underpinning this risk, as 

well as sex differences in response to mercury exposure, are not yet understood. Paraoxonase (PONase), an enzyme located in the high-density–lipoprotein (HDL) has been shown to 

protect against CAD. In order to investigate the association between inorganic mercury exposure and CAD, male and female rats were exposed to mercury (0.5, 1.0 and 1.5mg/kg) for 12 

weeks. PON activities towards paraoxon (PONase) and phenylacetate (AREase) in plasma, lipoproteins, hepatic and brain microsomal fractions were determined using standard methods.  

Inhibition of PONase and activation of AREase in plasma and HDL characterised the effects of inorganic mercury in both sexes. Inorganic mercury exposure inhibited PONase by 63% 

(plasma) and 67% (HDL) respectively in male animals, whereas the female enzyme was inhibited by 80 and 47% respectively. AREase activity was activated by 55 and 53% in male, 

whereas the activation in female amounted to 25 and 49% respectively. In the VLDL, inorganic mercury inhibited PONase in both sexes whereas AREase was activated in female animals 

but inhibited in male. In the hepatic microsomal fractions, only the PONase enzyme was inhibited in male animals whereas in female, activation was observed in both enzymes at the 

highest dose of inorganic mercury. Brain microsomal cholesterol was increased in male but decreased in female by inorganic mercury resulting in altered cholesterol/phospholipid ratios.  

Our findings indicate that inorganic mercury exposure exerts an inhibitory effect on PONase but activated AREase.  Modulation of PON activity may be an early biochemical step in the 

induction of CAD by mercury. This may also be mediated through changes in membrane fluidity brought about by changes in the concentration of cholesterol in the microsomes.

Mercury is one of the heavy metals known to be toxic for humans and other organisms (WHO, 1991). Originating from occupational or environmental sources, mercury is present in 

different industrial settings, in the air, as well as in drinking water and food, resulting in continuous exposure of the whole human population. It is found in both inorganic and 

organic forms and in different valence or oxidation states in the environment.

Mercury exposure results in a variety of adverse health effects including neurological, renal, respiratory, immune, dermatological, reproductive and developmental sequela (Risher 

et al., 2005; Sharma et al., 2007). Recent evidences also show that mercury causes severe oxidative damages (Kim et al., 2005). Mercuric chloride (HgCl ) is a widespread 2

environmental and industrial pollutant, which induces severe alterations in the tissues of both animals and men (Lund et al., 1993; Mahboob et al., 2001). One of the harmful effects 

of mercury action during its accumulation in a body in a region contaminated by mercury is the excessive release of reactive oxygen species and increased lipid peroxidation in the 

cells (Lund et al., 1993; Miller et al., 1993).

Paraoxonase (PON; aryldialkylphosphatase E.C. 3.1.8.1) is a Ca2+-dependent liver and plasma esterase that hydrolyses active metabolites of several organophosphorus insecticides 

(Costa et al., 2005a). It is also present in kidney, heart, brain and the lungs. Its role in these organs remains unknown (Rodrigo et al., 2001), although it has been postulated that it 

might be acting as an anti-oxidant enzyme in these organs (Rodrigo et al., 2001). PON is transported in plasma as a component of HDL. Recent interest in this enzyme derives from 

the observation that it might be involved in lipid metabolism by inhibiting oxidative modifications of LDL and HDL, thus protecting against the development of atherosclerosis 

(Costa et al., 2005ab).  PON also metabolises oxidized phospholipids and destroys lipid hydroperoxides, thus functioning as an antioxidant enzyme on HDL (Costa  et al.,2005ab).

Long ago, numerous reports have appeared in the literature indicating the involvement of PON in cardiovascular diseases (Jarvik et al., 2000; Mackness et al. 2003; Khan et al., 

2009). Given the association between mercury exposure and cardiovascular diseases and PON and cardiovascular diseases, it seems sensible to assume that the association between 

mercury poisoning and cardiovascular diseases may be mediated at the level of PON. The work reported in this paper explored this hypothesis.

Chemicals
Mercury chloride was products of Sigma-Aldrich, Missouri, USA.

Mercury determination

Whole blood (0.2ml) was digested in nitric and sulphuric acid mixture. Total mercury was determined using Inductively-coupled plasma mass spectrometry (ICP-MS). Results are 
expressed as µg Hg/ml

Determination of PON enzyme activities in plasma, HDL and VLDL
PON enzyme activities were measured against two different substrates (paraoxon and phenylacetate). PON activity towards phenylacetate (AREase) was determined in plasma in 
100mM Tris-acetate buffer pH 7.4 containing 10mM calcium chloride as described by Junge and Klees (1984). The rate of phenol generation was monitored at 270nm and 25°C. A 
molar extinction coefficient of 148 was used to calculate enzyme activity.

HDL and VLDL+LDL were obtained from plasma following precipitation with heparin-MnCl2 solution as described by Gidez et al. (1982). The VLDL+LDL precipitates were then 
brought to the original plasma volume by addition of 100mM Tris-acetate buffer pH 7.4 after which the PON activity associated with the lipoprotein fractions were determined as 
described for plasma

PON activity towards paraoxon (PONase) was determined as described by Furlong et al. (1989). Briefly, paraoxon (1.2mM) freshly prepared in 50mM Tris-HCl buffer pH 8.5 
containing 1.32mM CaCl2 was incubated at 37°C with appropriate volumes of either plasma, HDL or VLDL. The liberation of p-nitrophenol upon enzymatic hydrolysis of paraoxon 
was measured spectrophotometrically at 405nm

Determination of tissue PON activities
In the tissues, PON is associated with the microsomal fraction . Thus microsomal fractions were obtained from liver and brain as described by Gonzalvo et al. (1997). 

Microsomal fractions derived from each tissue were then solubilised by adding 0.75% Triton X-100. After vortex-mixing, they were stored at 4°C in an ice bath for 

30minutes and thereafter centrifuged at 105000xg for 60minutes at 4°C. The resultant supernatant fraction was used for determination of PON activities towards 

Extraction and determination of lipids in microsomal fractions.
Lipids were extracted from microsomal fractions using the method of Folch et al. (1957) with a slight modification. A 10% microsomal homogenate was prepared 

in chloroform-isopropanol (7:11, v/v) and vortexes every 5 minutes for 30minutes at room temperature. After centrifugation at 4°C, the supernatant was washed 

with ice-cold 0.05M KCl. The mixture was centrifuged again and the chloroform layer taken into Eppendorf tubes for lipid analyses. Cholesterol, triglyceride and 

phospholipids were determined as described by Allain et al. (1974), Kriketos et al. (2003) and Stewart (1979).

Statistical analysis
Results are expressed as mean ± SEM. One way analysis of variance (ANOVA) followed by Tukey's test and t-test was used to analyze the results with p<0.05 

considered significant. Associations among the parameters and their magnitudes were tested for by using Multiple Linear Regression analysis.

RESULTS

Fig.1: Effects of inorganic mercury on plasma and HDL paraoxonase activity. Each bar represents the means£±S.E.M. of 8 rats. Bars with different 
alphabets are significantly different from each other. *p<0.05, compared to male.

Values for blood are expressed as µgHg/ml. Each value is mean±S.E.M. for 8 rats. Values within a column with different superscripts are 
significantly different from each other at p < 0.05.
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Table 1: Mercury levels in blood of male and female rats after 12 weeks of inorganic mercury exposure

Exposure of the animals to inorganic mercury resulted in an accumulation of mercury in blood, although the accumulation was found to be more in female 
than in male animals in a dose-dependent manner (Table 1).

Mercury exposure resulted in a significant inhibition (p < 0.05) of the activity of PONase in the plasma of female than in male animals and in the HDL, more 
in male than female (Figure 1). Mercury resulted in activation of AREase activity in plasma and HDL of both sexes but more pronounced in male than in 
female animals (Figure 2). In all the cases, the inhibition and activation were not dose-dependent.

In the VLDL, the same trend of inhibition and activation was observed with PONase and AREase respectively, more pronounced in male than female animals 
(Figure 3). 

In the brain microsomes, inorganic mercury caused a significant (p<0.05) inhibition of female PONase whereas AREase of the same sex was not affected 
while a significant activation in male PONase and inhibition of AREase in the fraction was observed (Figure 4). In the hepatic microsomes, mercury caused 
activation of PONase activities in female animals but does not affect that of the male animals (Figure 5). The activation was not dose-dependent.

Since PON is a membrane-bound enzyme and its activity may be affect by the lipid environment, we determined the lipid concentrations of both hepatic and 
brain microsomes  and thereafter calculated the cholesterol/phospholipid ratios (a measure of membrane fluidity) (Figs. 6-9). As indicated in Figs. 6 and 7, 
mercury exposure resulted in a significant increase (p < 0.05) in brain microsomal cholesterol but a decrease in the hepatic microsomes of the male animals 
and triglyceride concentrations of the two  microsomal fractions of male animals were decreased significantly  (p > 0.05) whereas female animals were not 
affected. 

In the hepatic and brain microsomes of both sexes, phospholipid concentrations were increased significantly (p > 0.05) as shown in figure 8 but not dose 
dependent.

The cholesterol/phospholipid ratios of both the hepatic  and brain microsomes as depicted in Figure 9 indicate that inorganic mercury induced decreases in 
these ratios but more pronounced in female animals.

The associations between blood mercury levels and PON activities in plasma, HDL, VLDL are depicted in Table 2. Blood mercury levels correlated positively 
with AREases whereas with a few exceptions, blood mercury levels were negatively associated with PONases .

Fig.2: Effects of inorganic mercury on plasma and HDL arylesterase activity. Each bar represents the means£±S.E.M. of 8 rats. 
Bars with different alphabets are significantly different from each other. *p<0.05, compared to male

Fig.3: Effects of inorganic mercury on VLDL paraoxonase and arylesterase activity. Each bar represents the means£±S.E.M. 
of 8 rats. Bars with different alphabets are significantly different from each other. *p<0.05, compared to male.

Fig.4: Effects of inorganic mercury on brain microsomal paraoxonase and arylesterase activity. Each bar represents the 
means£±S.E.M. of 8 rats. Bars with different alphabets are significantly different from each other. *p<0.05, compared to 

Fig.5: Effects of inorganic mercury on hepatic microsomal paraoxonase and arylestease activity. Each bar represents the 
means£±S.E.M. of 8 rats. Bars with different alphabets are significantly different from each other. *p<0.05, compared to male.

Fig.6: Effects of inorganic mercury on brain and hepatic microsomal cholesterol concentration. Each bar represents the 
means£±S.E.M. of 8 rats. Bars with different alphabets are significantly different from each other. *p<0.05, compared to male.

Fig.7: Effects of inorganic mercury on brain and hepatic microsomal triglyceride concentrations. Each bar represents the means£±S.E.M. of 
8 rats. Bars with different alphabets are significantly different from each other. *p<0.05, compared to male

Fig.8: Effects of inorganic mercury on brain and hepatic microsomal phospholipid concentrations. Each bar represents the means£±S.E.M. of 8 rats. Bars 
with different alphabets are significantly different from each other. *p<0.05, compared to male.
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The findings of this study indicate that sub-chronic exposure to inorganic mercury is associated with decreased PONases and increased AREases. This may 

affect its physiological role and may be an early biochemical event in the cardiovascular effects of mercury. In addition, the inhibition of PON by mercury may 

be mediated through changes in membrane fluidity brought about by changes in the concentration of cholesterol in the microsomes.

Table 2: Association among blood mercury levels, arylesterase and paraoxonase activity (units/ml) in the plasma, HDL and VLDL compartments

Fig.9: Effects of inorganic mercury on brain and hepatic microsomal cholesterol/ phospholipid ratio. Each bar represents the means£±S.E.M. of 8 rats. Bars 
with different alphabets are significantly different from each other. *p<0.05, compared to male.
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