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Abstract

The effects of a moderate seasonal exposure to methylmercury on plasma low-density lipoprotein (LDL) oxidation and cardiovascular
risk indices are not known. The objective of the study was to assess the effects of a seasonal exposure to mercury at similar dose reported to
increase cardiovascular risk through fish consumption. Effects on lipoprotein cholesterol and fatty acid profiles, LDL oxidation, and blood
oxidant-antioxidant balance were to be assessed in sport fishermen presenting normal blood selenium and ω-3 fatty acid contents. Thirty-one
healthy James Bay sport fishermen were assessed for within-subject longitudinal seasonal variations in hair and blood mercury, plasma
oxidized LDL, lipophilic antioxidants, homocysteine, blood selenium, and glutathione peroxidase and reductase activities determined before
and after the fishing season and compared by matched-pair tests. Hair mercury doubled during the fishing season (2.8 ± 0.4 μg/g, P b .0001).
Baseline blood selenium, homocysteine, and erythrocyte fatty acid profiles did not change. Plasma high-density lipoprotein cholesterol
increased (+5%, P = .05), whereas very low-density lipoprotein cholesterol and oxidized LDL decreased (−8%, P = .05; −18%, P = .008).
Blood glutathione peroxidase (+9.7%, P = .001), glutathione reductase (+7.2%, P b .0001), and total glutathione (+45% P b .0001) increased
during the fishing season. Plasma total coenzyme Q10 (+13%, P = .02), ubiquinone-10 (+67%, P = .03), and β-carotene (+46%, P = .01)
also increased, whereas vitamin E status was unaffected. Pairwise correlations revealed no association between mercury exposure and any
of the biomarkers investigated. In contrast, strong predictors of cardiovascular risk such as high-density lipoprotein cholesterol, oxidized
LDL, and glutathione peroxidase improved during the fishing season despite elevated methylmercury exposure. The beneficial effects of
seasonal fishing activity and fish consumption on cardiovascular health may suppress detrimental effects of concomitant moderate
methylmercury exposure.
© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Among all contaminants present in aquatic ecosystems of
various fish consuming populations, methylmercury (MeHg)
remains a major concern to World Health Organization and
national public health authorities. Although fish consump-
tion is considered protective for coronary heart disease
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(CHD), MeHg intake from fish may potentially reduce if not
annihilate beneficial effects of ω-3 fatty acids. In contrast to
the neurotoxic effects of MeHg, which are well established,
the cardiovascular effects are still matters of intense debate
(reviewed by Clarkson and Magos [1] and by Clarkson et al
[2]). Several studies have reported statistical associations
between cardiovascular disease (CVD) and MeHg exposure.
One study found a direct relation between mercury
concentrations and the risk of myocardial infarction [3],
whereas a case-control study of more than 300000 male
health professionals found no such association [4]. Another
study from Finland reported that consumption of nonfatty
freshwater fish and consequent accumulation of mercury
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in Eastern Finnish men were associated with an increased
risk of CHD. Of interest, MeHg exposure was also
correlated with serum titers of immune complexes contain-
ing oxidized low-density lipoprotein (OxLDL) [5]. A
further prospective study by Salonen et al [6] showed that
mercury levels in Finnish men were associated with
accelerated progression of carotid atherosclerosis, as
revealed by ultrasonographic assessment of carotid intima-
media thickness. Considering that oxidative modification of
LDL in the arterial wall is a key process in atherosclerosis
(reviewed by Chisolm and Steinberg [7] and by Stocker and
Keaney [8]), it was proposed that accelerated progression of
atherosclerosis and excess risk of CHD may have resulted
from MeHg-stimulated lipid peroxidation [5,6]. Mercury
and MeHg were proposed to enhance lipid peroxidation, but
nevertheless do not seem to promote direct nonenzymatic
peroxidation of LDL as copper and iron [9]. On the other
hand, low selenium status was reported to contribute to the
excess risk of CVD detected in the Finnish cohort [10,11].
Whether such an effect can be related to lower selenium-
dependent antioxidant defenses, a condition supposed to
favor enhancement of lipid peroxidation by mercury [9], is
not known. In contrast to the Finnish studies, the Inuit from
Nunavik present a lower incidence of CVD than the
Southern Québec population, despite heavy exposure to
MeHg (and other persistent organic pollutants [12]) and
high prevalence of obesity and smoking [13]. This
population, however, is characterized by unusually high
blood selenium and n-3 polyunsaturated fatty acid (n-3
PUFA) contents in lipids. Furthermore, these Inuit show a
robust antioxidant defense status and low plasma OxLDL;
and no association was found between LDL oxidation and
MeHg exposure [14]. These observations suggest that the
phenotypic responses to MeHg exposure may ultimately
depend on complex interactions between mercury and
dietary factors such as n-3 PUFAs, selenium, and
antioxidant vitamins (eg, vitamin E, coenzyme Q10
[CoQ10]), besides intrinsic genetic factors. They also raise
the possibility that the selenium/vitamins-dependent anti-
oxidant defense status may be an important determinant of
the effects of MeHg, a documented source of oxidative
stress [15-19].

The objective of the present study was to assess the
effects of a seasonal exposure to MeHg on lipid and fatty
acid profiles, LDL oxidation, and blood antioxidant status in
sport fishermen working in a hydroelectric power plant
(Hydro-Québec) at James Bay. This target population group
was selected on the basis of previously documented normal
selenium status and elevated seasonal exposure to mercury
during summer (M Plante, Hydro-Québec, unpublished
data). Exposure and biochemical end points were deter-
mined at 2 time points, that is, before and after the fishing
season, in the same group of fishermen. This study design
provided the unique opportunity to assess seasonal differ-
ences for any end point in the same subject, that is, in the
absence of genetic variability.
2. Methods

2.1. Subjects

A total of 36 white men initially agreed to participate in
the study, which involved 2 interventions: hair and blood
sample collection before (June) and after (November) the
fishing season. The donors were all healthy sport fishermen
between the ages of 22 and 61 years (46.7 ± 1.3, mean ±
SEM) working at James Bay (Northern Québec) as white
collar employees of Hydro-Québec. Twelve of them were
current smokers. Any individual taking vitamin supplements
or medication affecting lipid profile and prooxidant/antiox-
idant status such as statins, fibrates, angiotensin-converting
enzyme inhibitors, and anti-inflammatory drugs was
excluded from the study, reducing the final number of
participants to 31. All of them signed a consent form
approved by the Université du Québec à Montréal Ethic
Committee and were interviewed to determine their current
health status, lifestyle, and medical history.

2.2. Blood collection

Fasting venous blood was taken in June (before fishing
season) and in November (after fishing season). Each blood
sample was split into 3 EDTA tubes. Sulfosalicylic acid and
phenylmethylsulfonyl fluoride were added to one of them for
glutathione (GSH) determinations [14]. Another tube was
immediately centrifuged to separate the plasma from blood
cells (500g, 5 minutes). All collection tubes, containing
plasma, blood cells, or total blood, were then immediately
filled with argon (to prevent ex vivo oxidation) and stored
at −80°C until analyzed. Samples were frozen within a
15-minute period after withdrawal.

2.3. Contaminants

Contaminant analyses were performed by the Laboratoire
de toxicologie de Québec. Blood and the first centimeter of
hair, corresponding to mercury exposure during the last
month, were analyzed for mercury by cold vapor atomic
absorption technique [20]. Blood selenium was analyzed by
inductively coupled plasma–mass spectrometry [21].

2.4. Lipoproteins and fatty acids

Plasma lipoproteins were separated by sequential ultra-
centrifugation: very low-density lipoprotein (VLDL) (den-
sity b1.006), LDL (density = 1.035-1.063), and high-density
lipoprotein (HDL) (density N1.063), according to previously
published methods [22]. Cholesterol and triacylglycerol
concentrations were measured enzymatically using an
RA-500 analyzer (Technicon, Tarry Town, NY). Levels of
apolipoprotein B (apo B) were determined by automated
immunonephelometry (Behring Nephelometer 100 Analy-
zer; Dade Behring, Marburg, Germany) [23]. Lipids from
erythrocyte membranes were extracted with chloroform-
methanol (2:1 by vol) [24], and fatty acids were methylated
using methanol-benzene (4:1 vol/vol) and acetyl chloride as



able 1
ercury exposure, lipid and fatty acid profiles

nd point Fishing season P a Δ
change

Before After

lood Hg (nmol/L) 21.9 ± 3.7 35.6 ± 5.2 .0002 +63%
air Hg (μg/g) 1.4 ± 0.3 2.8 ± 0.4 b.0001 +100%
lood selenium (μg/L) 242.9 ± 6.2 247.7 ± 5.6 NS –
holesterol (mmol/L plasma)
TotalPlasma 4.89 ± 0.15 5.09 ± 0.17 NS –
VLDL 0.60 ± 0.04 0.55 ± 0.04 .05 −8%
LDL 2.43 ± 0.15 2.48 ± 0.14 NS –
HDL 0.77 ± 0.04 0.81 ± 0.05 .01 +5%
riacylglycerols (mmol/L plasma)
TotalPlasma 2.01 ± 0.18 2.06 ± 0.17 NS –
VLDL 1.69 ± 0.18 1.54 ± 0.15 .01 −9%
polipoproteins (g/L plasma)
Apo B-VLDL 0.29 ± 0.05 0.26 ± 0.06 NS –
Apo B-LDL 0.80 ± 0.04 0.80 ± 0.04 NS –
Apo A1-HDL 1.23 ± 0.04 1.32 ± 0.07 .1 +7.3%
LDL-C/apo B–LDL 3.09 ± 0.14 3.35 ± 0.26 NS –
rythrocyte fatty acids (%)
SFA 43.11 ± 0.16 43.85 ± 1.27 NS –
MUFA 19.36 ± 0.29 19.47 ± 0.73 NS –
n-3 PUFAs (EPA + DHA) 4.92 ± 0.20 5.30 ± 0.60 NS –

ean ± SEM, n = 31. NS indicates nonsignificant difference (P N .05); SFA,
aturated fatty acid; MUFA, monounsaturated fatty acid; EPA, eicosapen-
enoic acid; DHA, docosahexaenoic acid.
a All comparisons were made with matched-pair test. Statistically

ignificant difference for P b .05; trend for .05 b P b .1.
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previously published [25]. Fatty acid profiles were obtained
by gas-liquid chromatography (HP 5890; Hewlett Packard,
Toronto, Ontario, Canada) using an Innowax capillary
column (30m × 0.25 mm × 0.25 μm; Agilent, Mississauga,
Ontario, Canada). Chromatography was calibrated using a
mixture of 37 different fatty acids (FAME 37; Supelco,
Bellefonte, PA). Erythrocyte fatty acid profiles were
expressed as percentage of total fatty acids.

2.5. Determination of plasma OxLDL

Plasma OxLDL was measured by enzyme-linked immu-
nosorbent assay using the monoclonal antibody mAb-4E6
(Mercodia AB, Uppsala, Sweden). The mAb-4E6 is directed
against a conformational epitope of the apo B-100 moiety of
LDL [26].

2.6. Determination of blood glutathione peroxidase,
glutathione reductase, GSH, and plasma homocysteine

Glutathione peroxidase (GPx) and glutathione reductase
(GR) activities were determined by commercial enzymatic
assays (Randox Laboratories, Mississauga, Ontario, Canada).
Total blood GSH was measured using the enzymatic re-
cycling assay [27]. Total L-homocysteine in plasma was
quantitatively measured by fluorescence polarization immu-
noassay using an IMx analyzer (Abbott Laboratories, Abbott
Park, IL) [28].

2.7. Determinations of lipophilic antioxidants

Simultaneous monitoring of ubiquinol-10, ubiquinone-10,
tocopherols, and carotenoids was carried out by high-
performance liquid chromatography (HPLC) with coulo-
metric electrochemical detection as described by Finckh et al
[29]. The following calibration standards were purchased
from Sigma-Aldrich (St Louis, MO) or VWR Scientific: α-
tocopherol (α-TOH), α-tocopheryl quinone (α-TQ), γ-toco-
pherol (γ-TOH), ubiquinone-10, ubiquinone-9, tocotrienol,
and β-carotene. Ubiquinol-9 and ubiquinol-10 were prepared
from their respective ubiquinones according to Yamashita and
Yamamoto [30]. Plasma samples were extracted by a method
adapted from Menke et al [31]. Briefly, after addition of 4 ng
β-tocotrienol and 5 ng ubiquinol-9 as internal standards for
post-HPLC quantification purpose, 300 μL plasma was
thawed at 4°C in the dark and processed immediately by
addition of 2 mL of a methanol-ethanol (1:1) mixture and
vigorous shaking, followed by addition of 10 mL hexane. The
solvent was evaporated under a nitrogen stream, and the
dry sample was redissolved in 700 μL ethanol and injected in
a Gold HPLC system (Beckman, Coulter Canada Inc,
Mississauga, Ontario, Canada) with an autosampler con-
nected to a Prontosil column (150 × 4.0 mm; Bischoff
Chromatography, Atlanta, GA). The mobile phase contained
methanol-ethanol-isopropanol (88:24:10) and 15 mmol/L
lithium perchlorate. Oxidized and reduced forms of vitamins
and CoQ10 were detected using a Coulochem III (ESA,
Bedford, MA) coulometric electrochemical detector, as
described [29,31]. Each compound's concentration was
determined by use of calibration standard curves. No
oxidation of the ubiquinol-9 internal standard was detected
after plasma extraction and HPLC analysis.

2.8. Statistical analyses

Statistical analyses were carried out using JMP 4.0
software (SAS institute, Cary, NC). Although untransformed
values are shown in Tables 1 and 2, data were log transformed
to normalize their distribution. Matched-pairs analyses were
used to compare data before and after the fishing season.
Afterward, transformed continuous variables were compared
using multivariate analysis (pairwise correlations). Correla-
tions were considered statistically significant when P b .05.
3. Results

The 31 adult fishermen were nonobese men (baseline
body mass index, 27.7 ± 0.7 kg/m2; mean ± SEM). No
significant change in body mass index was observed after the
fishing season. As shown in Table 1, blood and hair mercury
concentrations increased during the fishing season by 63%
and 100% (P b .0001), respectively. In contrast, whole blood
selenium status was not altered and was similar to that found
in the Southern Québec population (E Dewailly, unpublished
data). No differences in plasma lipids, apolipoproteins, and
erythrocyte fatty acids were observed, except for a slight
decrease in VLDL cholesterol (−8%, P = .05) and VLDL
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ig. 1. High-performance liquid chromatogram of plasmatic lipophilic
ntioxidants from a James Bay fisherman presenting high level of
biquinone-10 (8). The plasma sample (300 μL) contained the following:
ng β-tocotrienol (internal standard) (1), 4.5 μmol/L α-TQ (2), 7.71 μmol/
γ-TOH (3), 41.8 μmol/L α-TOH (4), 5 ng ubiquinol-9 (internal standard)
), 2.22 μmol/L ubiquinol-10 (6), 0.45 μmol/L β-carotene (7), and 1.37
mol/L ubiquinone-10 (8). All compounds were separated according to
eir retention time. Detection sensitivity scale was adjusted to 2 μA for
copherols, 100 nA for ubiquinols and β-carotene, and 50 nA for
biquinone-10. The insert shows extension of the chromatogram region
pstream of ubiquinone-10 (8), where ubiquinone-9 elution was expected
hite arrow), but not detected.

Table 2
Oxidative and antioxidant/redox biomarkers

Biomarkers Fishing season P a Δ
change

Before After

Oxidation
OxLDL (U/L) 60.5 ± 3.6 49.6 ± 3.3 .008 −18%
OxLDL/apo B–LDL 73.6 ± 4.5 68.1 ± 5.0 .1 −7.5%
Homocysteine (μmol/L) 9.7 ± 1.0 9.9 ± 0.9 NS –
Blood antioxidant defense
GR (U/g Hb) 13.9 ± 0.4 14.9 ± 0.4 b.0001 +7.2%
GPx (U/g Hb) 75.1 ± 2.3 82.4 ± 2.8 .001 +9.7%
GSH (μmol/g Hb) 4.4 ± 0.2 6.4 ± 0.3 b.0001 +45%
Plasma antioxidant/redox
α-TOH (μmol/L) 26.5 ± 1.9 28.6 ± 1.4 NS –
α-TQ (μmol/L) 4.7 ± 0.4 4.2 ± 0.3 NS –
γ-TOH (μmol/L) 3.7 ± 0.3 3.9 ± 0.3 NS –
TocopherolsTotal (μmol/L) 34.9 ± 1.5 36.0 ± 1.8 NS –
α-TQ/α-TOH 0.18 ± 0.08 0.15 ± 0.06 NS –
Ubiquinol-10 (μmol/L) 1.3 ± 0.06 1.4 ± 0.08 NS –
Ubiquinone-10 (μmol/L) 0.15 ± 0.03 0.25 ± 0.03 .03 +67%
CoQ10Total (μmol/L) 1.5 ± 0.1 1.7 ± 0.1 .02 +13%
Ubiquinone-10/CoQ10Total 0.10 ± 0.02 0.14 ± 0.02 NS +39%
β-Carotene (μmol/L) 0.37 ± 0.04 0.54 ± 0.07 .01 +46%

Mean ± SEM, n = 31. Hb indicates hemoglobin.
a All comparisons were made with matched-pair test. TocopherolsTotal

is defined as the sum of α-TOH, α-TQ, and γ-TOH. Statistically significant
difference for P b .05.
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triacyglycerols (−9%, P = .01), with a concomitant increase
in HDL cholesterol (+5%, P = .01). As shown in Table 2, the
mean concentration of plasma OxLDL was lower (−18%,
P = .008) after the fishing season, with concomitant trend
toward lower extent of LDL oxidation per LDL particle
(OxLDL/apo B–LDL, −7.5%, P = .1). Homocysteine
plasma levels, another biomarker of oxidation associated
with cardiovascular risk, were unaffected and in the
reference range reported for white persons [32]. All blood
GSH-related antioxidant biomarkers, GR and GPx enzy-
matic activities, and total GSH (GSH + GSSG glutathione
disulfide), increased during the fishing season (+7.2%, 9.7%,
and 45%, respectively). No significant changes in concen-
trations of plasma tocopherols including α-TOH, α-TQ, and
γ-TOH; total tocopherols; and α-TOH redox state (α-TQ/α-
TOH) were detected. Of note, although baseline α-TOH
plasma levels were in the reference range [33], baseline α-
TQ levels and baseline α-TQ/α-TOH ratios were both
unusually high in this group of men, about 3-fold higher than
in other studies (Discussion). All plasma samples contained
exogenous β-tocotrienol and ubiquinol-9 added as internal
standards (a) for quantification purpose and (b) for
assessment of potential artifactual oxidation of ubiquinols
during plasma sample preparation and analysis, which would
yield ubiquinone-9. The chromatogram shown in Fig. 1
provides an example of lipophilic antioxidant HPLC profile
showing that no ubiquinone-9 was detected, even in a case
with unusually large amount of plasma ubiquinone-10.

In contrast to the unaffected tocopherol status, total
CoQ10 concentration in plasma was higher after the fishing
season (+13%, P = .02), the rise being associated with a
major increase in ubiquinone-10 (+67%, P = .03) but not
ubiquinol-10 (Table 2). The seasonal oxidation of ubiquinol-
10 produced a 39% rise in ubiquinone-10–CoQ10Total redox
ratio, which, however, did not reach statistical significance
because of the limited number of participants available in the
study. Depending on which published study is used for
comparison, the baseline ubiquinone-10–CoQ10Total redox
ratio was in the reference range [31] or about 2-fold higher
than in other populations [29,30,34]. Finally, plasma β-
carotene also showed a major seasonal rise (+46%, P = .01)
above a normal baseline level [33].
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Pairwise correlations revealed no significant associations
(Pearson coefficients) between blood mercury and any of the
biomarkers assessed before and after the fishing season.
Oxidized LDL, on the other hand, correlated with α-TQ
(0.39, P b .05 before; 0.62, P b .005 after) and α-TQ/α-TOH
redox state (0.40, P b .05 after), but not with ubiquinone-10
or ubiquinol-10–CoQ10Total redox ratio. In addition, ubiqui-
nol-10 correlated with α-TOH (0.73, P b .0001 before; 0.50,
P b .005 after), whereas β-carotene correlated with both
ubiquinol-10 (0.41, P = .02) and ubiquinone-10 (0.36, P b
.05) after the fishing season.
4. Discussion

Our objective was to assess the effects of a moderate
seasonal exposure to MeHg through fish consumption on
blood oxidant-antioxidant balance, lipid and fatty acid
profiles, and LDL oxidation status of James Bay sport
fishermen featuring “normal” selenium and fatty acid status.
Although several seasonal changes in antioxidant and LDL
oxidation status were observed, none of these were found
associated with mercury exposure. How significant was this
exposure? Before the fishing season, baseline hair and blood
mercury contents were 2- to 3-fold higher than those reported
for North American white populations [35-37]; and their hair
mercury increased by a factor of 2, to reach 2.8 ± 0.4 μg/g
(mean ± SD) by the end of the fishing season. This mercury
level was thus 4- to 6-fold higher than those reported for
North American and European populations [3] and about
3-fold higher than that reported for sport fishermen from
Montreal who were eating fish more than once a week [37].
However, it was 3-fold lower than that in Inuit from Nunavik
[14], but comparable with that of relatively exposed Finnish
fishermen (third tertile) [38] for which excess risk of CVD
has been associated with mercury exposure.

Baseline tocopherol plasma content of the James Bay
fishermen was in the reference range reported for other
white populations [39,40], whereas mean baseline CoQ10-
Total was 30% to 50% higher than those reported for healthy
subjects of different countries [30,34,39-42]. It seems likely
that the elevated baseline and seasonal CoQ10 levels in
these fishermen were largely due to fish consumption all
year round, which is an established source of exogenous
CoQ10 [43]. Baseline α-TQ plasma content and α-TQ/α-
TOH redox ratio, which were not affected by the fishing
season, were surprisingly high, that is, 4- to 10-fold those
reported in other studies [44,45]. The reason for this
unusual α-TOH redox state is not known. It was unlikely to
be artifactual oxidation of α-TOH during plasma sample
preparation and analysis because all precautions were taken
to minimize ubiquinol oxidation during sample preparation
and HPLC analysis, as recommended [29,31,34], and no
oxidation of ubiquinol-9 (added as internal standard, more
susceptible than α-TOH to oxidation) was detected (Fig. 1).
Moreover, normal α-TQ/α-TOH ratios were obtained for an
Inuit population from Nunavik, as determined in our
laboratory using exactly the same experimental protocol
(Bélanger et al, unpublished data).

In contrast to the α-TOH redox status, which was
unaffected by the fishing season, a major rise in ubiqui-
none-10 and ubiquinone-10–CoQ10Total redox ratio was
observed, suggesting that the James Bay fishermen experi-
enced some kind of seasonal oxidative challenge. The
increase in ubiquinone-10–CoQ10Total ratio has been used as
a sensitive biomarker of oxidative stress in various
pathological conditions [34,46,47]. The selective rise of
CoQ10 redox ratio (vs constant α-TQ/α-TOH redox state)
observed in the James Bay fishermen is thus in agreement
with the previous demonstration that ubiquinol-10 is an
endogenous antioxidant of LDL featuring higher reactivity
toward oxidants than either tocopherols or carotenoids in
inhibiting LDL oxidation [48]. Whether this rise in
ubiquinol-10 oxidation was related to antioxidant protection
of LDL or other redox-related function(s) is not known. On
the other hand, the concomitant increase in 3 major
components of the GSH redox cycle, that is, the GSH,
GPx, and GR activities, may be consistent with seasonal
oxidative stress. It is conceivable that the rise in GSH and
related enzymes reflected an adaptive response to a seasonal
oxidative challenge. Whichever was the origin of the
putative oxidative challenge, our results suggest that it was
not related to mercury exposure. Increased physical activity
is one of the potential lifestyle changes associated with the
fishing season that may have induced adaptive responses of
antioxidant defense systems [49,50]. On the other hand, the
seasonal rise in β-carotene plasma content (∼50%) is likely
to reflect a change in diet associated with increased
consumption of fruits, vegetables, and fishes such as rainbow
trout that are rich in both carotenoids and CoQ10. A seasonal
increase in serum β-carotene of similar magnitude was
reported for Spanish men [51] and for United Kingdom
smokers after a fish oil–supplemented diet rich in fruits
and vegetables [52]. The correlation observed between
β-carotene and CoQ10 plasma contents of the James
Bay fishermen after but not before the fishing season
suggests that the major source of seasonal β-carotene was
probably fish.

Despite increasing mercury exposure of the James Bay
fishermen, the fishing season appeared to have several
beneficial effects related to cardiovascular health. Positive
effects included lowering OxLDL plasma content and
elevating blood GPx activity and HDL cholesterol, 3 major
predictors of cardiovascular risk [26,53-55]. Mean OxLDL
plasma concentrations after the fishing season (49.6 ±
3.3 U/L) was lower than that reported for healthy controls in
a German study (70.4 U/L) [56] but close to that determined
in Inuit from Nunavik (44.4 ± 1.7 U/L) [14]. Increased
consumption of dietary antioxidants during summer may
have contributed to reduce LDL oxidation by elevating LDL
ubiquinol-10 and carotenoid contents and by preserving or
increasing paraoxonase-1 activity, an HDL-associated
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esterase that can hydrolyze and reduce lipid peroxides in
lipoproteins and in arterial cells [57]. Modest but statistically
significant seasonal increase in HDL cholesterol and
concomitant decrease in VLDL cholesterol were additional
effects expected to reduce the risk of coronary artery disease
[55]. Moreover, the 10% increase in blood GPx activity that
was in the range of GPx activity inversely associated with
cardiovascular events [53] is another factor that may
contribute to lower plasmatic OxLDL and decrease cardio-
vascular risk. Finally, the seasonal increase in plasma
β-carotene (about 50%) may also be beneficial for cardio-
vascular health because enrichment of LDL with this
antioxidant was shown to protect it from endothelial cell-
mediated oxidation [58]. These observations are applicable
to this particular group of James Bay fishermen, but other
studies are required to assess the effects of seasonal mercury
exposure in the general population.

All these cardiovascular positive effects despite a mean
hair mercury content of 2.8 μg/g at the end of the fishing
season stand in sharp contrast with the suggestion that the
risk of myocardial infarction may double when hair mercury
level reaches approximately 2 μg/g [3]. Our results, however,
are in excellent agreement with data from monitoring
programs in Canada suggesting that Cree Indians with
mean hair mercury of 10 μg/g have a lower risk of death
from CVD than the rest of the population in Quebec with
20-fold lower baseline hair mercury [59].
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