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Abstract

Mercury chloride (HgCl,) is a compound found in the environment that presents low risk due to low liposolubility. Considering
the importance of blood as access rout to the systemic distribution of this toxicant to the organism as well as functions performed
by it, this study aimed to investigate the effects of HgCl, on the peripheral blood of rats, evaluating the oxidative biochemistry,
blood count, and morphology of cell populations. For this, 20 adult Wistar male rats were divided into control (n=10) and
exposed (n=10) groups and received distilled water or HgCl, at a dose of 0.375 mg/kg for 45 days, respectively, through
intragastric gavage. Then, the animals were euthanized and the blood was collected for total mercury (Hg) levels determination,
complete blood and reticulocyte count, oxidative biochemistry by Trolox Equivalent Antioxidant Capacity (TEAC),
reduced glutathione (GSH) levels, superoxide dismutase activity (SOD), thiobarbituric acid reactive substances (TBARS), and
nitric oxide (NO), in blood cells and plasma. Long-term exposure increased total Hg in plasma and blood cells. In blood cells,
only TEAC has decreased; in plasma, the HgCl, increased TBARS and NO levels, followed by a decrease in TEAC and GSH
levels. There were no quantitative changes in reticulocytes, erythrocytes, and hemoglobin; however, the number of leukocytes
have increased and platelets have decreased. Our results suggest that even in the face of low toxicity when compared with other
mercury species, HgCl, at low doses is able to modulate the systemic redox balance and affect some blood cell populations.
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Introduction

Mercury (Hg) is considered one of the top ten chemicals of
major public health concern [1]. It can be found in three different
chemical forms including elemental Hg (Hg"), inorganic mercu-
ry compounds [mainly mercury chloride (HgCl,)], and organic
mercury compounds (mainly methylmercury) [2]. Human expo-
sure to inorganic mercury is often related to specific working
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conditions (mining, working environment, handling of mercury
salts in the chemical industry and laboratories) [3].

Although for a long time a secondary role has been given to
the effects of inorganic mercury when compared with the
widely studied toxic effects of methylmercury, it is established
that even with its lower liposolubility, inorganic mercury is
capable of promoting toxic damages to several biological sys-
tems [4—7], but little is known about the effects of HgCl, in
peripheral blood.

The most common biomarkers of exposure to mercurial
species are the levels of Hg found in hair, urine, and blood;
however more than the Hg levels found, the effects on periph-
eral blood may be early predictive signs of Hg-induced toxic-
ity; thus, the concentration of Hg in blood is considered a
reliable biomarker of exposure and the biochemical and cellular
effects triggered in the blood can serve as important elements of
diagnosis of the effects caused by this exposure [7-9].

The great importance of evaluating oxidative stress
markers in the peripheral blood is that this site is a useful
source of biomarkers [10], especially considering that we
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can evaluate not only the effects of some drug or toxicant over
the blood cells, but also correlate the plasma concentration of
biomarkers with systemic repercussions. In this way, this
study purposed to investigate the effects of a long-term expo-
sure to HgCl, over peripheral blood of rats and to perform a
screening on oxidative biochemistry of blood cells and plas-
ma, blood count and morphology of cell populations, in order
to rise a translational appeal of this investigation with the
issues raised above.

Materials and Methods
Protocol of Exposure

Twenty Rattus norvegicus (90 days-old, males, 250-300 g)
were randomly divided into two groups (=10 per group).
The animals were kept in collective cages (4 animals per
cage), with ad libitum access to food and water, with acclima-
tized room and 12-h light/dark cycle. The HgCl, exposed
group was intoxicated with a dose of 0.375 mg/kg/day dose
of HgCl, (Sigma-Aldrich, Germany) in distilled water (H,Od)
and 10 other animals (control group) received only H,Od,
both administered by intragastric gavage over a period of
45 days, according to the procedure previously described by
Szasz et al. [11] and adapted by our group in others studies
[12-16].

Blood Samples Collection

Twenty-four hours after the last exposure, the animals were
anesthetized with a solution of ketamine hydrochloride
(90 mg/kg) and xylazine hydrochloride (10 mg/kg). After total
loss of corneal reflexes, blood was collected by intracardiac
puncture. After collection, the samples were placed in hepa-
rinized tubes and divided into three aliquots for blood analy-
sis, oxidative stress, and quantification of Hg levels.

Total Hg Quantification

The aliquots of blood were centrifuged at 3000 rpm for 10 min
to measure total Hg levels in plasma and blood cells concen-
trate. A volume of 1 mL of sample was digested in an acid
solution of nitric acid, perchloric acid, and sulfuric acid (1:1:5,
v/v) in a hot electric plate (200-300 °C) for 30 min. The
analysis of the total Hg was performed with an Atomic
Absorption Spectrophotometer (Semi-Automatic Mercury
Analyzer - Hg 201). The analytical method for Hg uses
cold-to-cold vapor atomic absorption spectrometry, and Hg
is converted into elemental Hg vapor to be introduced into
an element-quantity absorption cell. Hg concentration was
expressed in pg/mL. The limit of detection was
0.001 mgkg "

Oxidative Biochemistry Analyses

Blood aliquots for oxidative biochemistry analyses were cen-
trifuged at 3000 rpm for 10 min. Afterwards, the plasma was
collected and placed in microtube at —80 °C. Ataratio of 1: 1
(v/v), saline was added to the cells concentrate followed by
centrifugation at 3000 rpm for 10 min (procedure repeated 3
times). After that, the supernatant was discarded, and the
blood cell was stored in a microtube under refrigeration at
—80 °C until further analysis. At the time of the analyses
described below, the plasma and cell concentrate were
defrosted in an ice bath, with the adding of saline for cell lysis
(1:1, v/v) in the latter.

Evaluation of Trolox Equivalent Antioxidant Capacity (TEAC)

The TEAC level in the samples was measured using a method
proposed by Rufino et al. [17]. In this assay, 7 mM 2,2-
azinobis, 3-ethylbenzothiazoline, 6-sulfonate (ABTS) was in-
cubated with potassium persulfate (2.45 mM) at room temper-
ature for 16 h to produce ABTS" radical, which solution was
diluted in 95% ethanol (v / v) until absorbance reached 0.70 +
0.02 at 734 nm. Subsequently, 30 uL of sample or trolox
standards (standard curve) were added to 2970 uL of ABTS
with absorbance reading after 5 min. The total antioxidant
capacity of the samples was calculated by a calibration curve
drawn with different concentrations of trolox [18], expressed
as umol/L.

Determination of Reduced Glutathione Content (GSH)

The GSH level measurements were determined by using a
modified Ellman’s protocol [19]. This technique is based on
GSH ability to reduce 5,5-dithiobis-2nitrobenzoic acid
(DTNB) (Sigma-Aldrich) to 5-thio-2-nitrobenzoic acid
(TNB), which was quantified in a spectrophotometer
(412 nm). For the determination of peripheral blood levels,
the red blood cells were hemolyzed in cold distilled water.
For this, the samples were deproteinized with 2% trichloro-
acetic acid and the supernatant collected for analysis after
centrifugation at 3000 rpm for 5 min. A 20-uL aliquot of the
sample was removed from the red cell suspension and added
to a test tube containing 20uL distilled water and 3-mL PBS/
EDTA buffer to record the first reading of the sample (T0),
and 100uL. DTNB was added and after 3 min the second
sample reading (T3) was taken to determine the GSH concen-
tration, which was expressed in pg/mL.

Determination of Superoxide Dismutase Activity (SOD)
The SOD activity was determined following the protocol of

McCord et al. [20] by inhibiting the reduction of cytochrome-
¢ [21]. This method evaluates the ability of SOD to convert the
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superoxide (027) radical into hydrogen peroxide (H,O,) and
oxygen (0O,). Activity was determined by the reduction of
cytochrome ¢ (0.075 mM) which is mediated by superoxide
anions generated by the xanthine/xanthine oxidase system.
One unit of SOD was defined as the amount of enzyme need-
ed to inhibit cytochrome ¢ reduction rate by 50%. The reading
was performed at a wavelength of 550 nm and is expressed
as nmol/mL.

Measurement of Thiobarbituric Acid Reactive Substances
(TBARS)

Lipid peroxidation was evaluated by TBARS reaction accord-
ing to the methodology proposed by Kohn and Liversedge
[22], modified by Percario et al. [23]. For this, 1 mL of thio-
barbituric acid (TBA) was added to 0.5 mL of sample and
incubated for 1 h at 94 °C. After this procedure, the samples
were cooled in running water for about 15 min, and then 4 mL
of butyl alcohol was added to each sample. Afterwards, the
samples were mixed on a vortex shaker to obtain the maxi-
mum extraction of TBARS in the organic phase. Finally, the
tubes were centrifuged at 2500 rpm for 10 min. A volume of
3 mL of the organic phase is read in a spectrophotometer at
535 nm. TBARS concentration was expressed in pmol/L.

Nitrites Concentration (NO)

Nitrite concentrations were determined by the Granger’s
method [24]. Previously, 100 puL of sample was incubated
with an equal volume of Griess reagent for 10 min.
Absorbance was determined at a wavelength of 550 nm.
Afterwards, a standard curve was established with sodium
nitrite (NaNO,) solutions and expressed in pM/mL.

Complete Blood Count, Reticulocytes Count, and
Blood Smear

From the aliquot for blood analysis, 20 uL of each sample was
incubated with 20 uL. of new methylene blue (1%) and heated
at 37 °C for 25 min. Then, extensions with 3 pL of the dye and
blood mixture were performed on a microscopy slide to deter-
mine the relative frequency of reticulocytes. The slides were
photomicrographed by the Leica photomicroscopy system
(Leica Microscope DM500 and IC50 HD Camera, Leica
Microsystems, Wild AG, Heerbrugg, Sui, SWI).

The remaining fresh blood was destined for quantitative
analyses of the cells. The samples were analyzed using
semi-automated methodology using the ABX micros 60 coun-
ter, in which the following parameters were performed:
Erythrocytes number, hemoglobin, Mean Corpuscular
Volume (MCV), total leukocytes and platelet count. To visu-
alize possible cellular alterations, such as poikilocytosis, the
blood film was performed in all samples, using Giemsa-May
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Griinwald staining and then, submitted to optical microscopy
as a method for the visualization of cellular elements.

Statistical Analyses

After data collection, all the results were tabulated and analyzed
by GraphPad Prism 7.0 software (GraphPad Software Inc., La
Jolla, CA, USA); the data distribution was tested by the
Shapiro-Wilk method for verification of normality and then
analyzed by the Student ¢ test, assuming p < 0.05. The results
of the oxidative biochemistry were expressed as percentage of
the control mean + standard error of the mean (SEM).

Results

Long-Term Exposure of HgCl, Did Not Cause Changes
in Body Mass of Adult Rats

Any significant body mass difference at the beginning (p =
0.912) and at the end (p=0.313) of the exposure to HgCl,
when compared to control group was not observed (Table 1).

The Exposure to HgCl, Increases the Total Hg Levels in
Blood Cells and Plasma

The total Hg levels in blood cells from exposed group (0.067
+0.002 pg/mL) was significantly higher than in control group
(0.01£0.0007 pug/mL) (p = 0.003). The same result we found
in plasma, in which the animals exposed to HgCl, had higher
levels (0.05 £0.003 pg/mL) than control animals (values low-
er than the detection limit) (p <0.0001) as observed in
Table 2.

Increased Hg Levels Are Associated with Systemic
Oxidative Biochemistry Imbalance

The long-term exposure of HgCl, did not modulate the
TBARS/TEAC ratio in blood cells when comparing both
groups (p=0.62). The same results we found in levels of
TBARS that did not show a significant difference (p =0.83)
in exposed group exposed group (102.1£5.61%) in

Table1 Body mass (g) of the experimental animals during the exposure
period

Control HgCl,
1% week 179.1 +2.73* 1758 + 1.618"
7™ week 236 +5.12° 229.6 + 3.435%

Results are expressed as mean = SEM. Identical superscript letters ®
indicate no statistical difference in the comparison between groups

(p>0.05) after Student’s ¢ test
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Table 2 Effects of HgCl, exposure (0.375 mg/kg/day) during 45 days
on mercury levels (ug/mL) in plasma and blood cells of adult rats

Total Hg Levels (ng/mL)

Control HgCl,
Plasma ND* 0.05 + 0.003
Blood cells 0.01+0.0007* 0.067 £ 0.002°

Results are expressed as mean+ SEM. (ND) not detected. Identical su-
perscript letters @ @ indicate no statistical difference (p>0.05) and dif-
ferent letters ™ ® indicate statistical significance after Student’s ¢ test
(p<0.05)

comparison with group control (100 +7.62%). In contrast, a
decrease on TEAC levels (control group: 100+ 5.34% vs.
exposed group: 74 +6.55%; p = 0.01) was observed (Fig. 1a).
A decrease on TEAC levels was observed in plasma of
HgCl,-exposed group (89.57 +2.05%) in comparison with
control group (100 +1.52%) (p = 0.003), while TBARS levels
had significantly increased in exposed group (control group:
100 £ 6.75%; exposed group: 127.2 +2.68%; p = 0.008) (Fig.
1b). This drove to a modulation of TBARS/TEAC ratio in
plasma, featuring an oxidative stress state (p = 0.0006).
Moreover, animals exposed to HgCl, for 45 days, did not
show significant modifications in GSH levels in blood cells
(control group: 100+4.52% vs. exposed group: 103.6 +
9.28%; p=0.79). The same result was observed in SOD
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Fig. 1 Effects of HgCl, exposure (0.375 mg/kg/day) during 45 days on
oxidative biochemistry in levels of antioxidant capacity (TEAC), Lipid
peroxidation (TBARS) and the ratio of TEAC/TBARS in red blood cells

(a) and plasma (b). Results are expressed as mean + SEM. Student’s ¢ test,
*p < 0.05 statistical difference in relation to the control
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activity (control group: 100+ 1.03% vs. exposed group:
102.3 +1.53%; p = 0.24) and no concentrations in blood cells
(control group: 100+2.94% vs. exposed group: 106.5 +
2.35%; p=0.22) (Fig. 2a).

In plasma, lower GSH levels were observed in exposed
group when compared with the control group (control group:
100 £5.17% vs. exposed group: 73.98 +6.37%; p=0.01).
Moreover, higher levels of NO were found in plasma of ex-
posed group (100+7.71%) when compared with control
group (134.3+4.70%) (p=0.005). In SOD activity, there
was no statistical difference in the comparison between the
groups (control group: 100 £2.14% vs. exposed group: 99.8
+3.48%; p=0.96) (Fig. 2b).

The Long-Term Exposure to HgCl, Is Associated with
Complete Blood Count Changes in Adult Rats

The relative count of reticulocytes in peripheral blood did not
suffer any variation after HgCl, long-term exposure (4.05 +
0.57%) when compared with control group (4.86+0.68%)
(p=0.381) (Fig. 3).

According to Table 3, the HgCl, did not cause any change
to red blood cell count (p = 0.362), neither over hemoglobin
concentration (p =0.32) and MCV (p =0.205). The analyses
of leukocytes showed an increase in exposed group in com-
parison with control group (p =0.009), while the number of
platelets was reduced in exposed group (p = 0.040).
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Fig. 2 Effects of HgCl, exposure (0.375 mg/kg/day) during 45 days on
oxidative biochemistry in levels of glutathione (GSH), superoxide
dismutase activity (SOD) and nitrite concentrations (NO) in red blood
cells (a) and plasma (b). Results are expressed as mean + SEM. Student’s
t test, *p <0, 05 statistical difference in relation to the control
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Fig. 3 Effects of HgCl, exposure (0.375 mg/kg/day) during 45 days on
reticulocytes count. Photomicrographs showing the reticulocytes cells in
the control group (a) and the exposed group (b) stained with methylene

The qualitative analyses of the blood smear did not point
any apparent cell alteration. Erythrocytes did not show any
alterations such as poikilocytosis, hyper/hypochromasia or
polychromasia. and anisocytosis (Fig. 4a and b); besides that,
lymphocytes and neutrophils did not present atypias as toxic
granulations, as observed in Fig. 4c—f.

Discussion

In this study, we showed that long-term exposure to HgCl, ata
dose of 0.375 mg/kg/day was able to cause changes in blood

Table 3  Effects of 0.375 mg/kg HgCl, exposure for 45 days over the
complete blood count of adult rats

Control HgCl,
Erythrocytes (millions/mm?) 825+ 1.82% 8.04 £ 1.29°
Hemoglobin (g/dL) 15.23 + 0.44* 14.75 + 0.193%
Mean corpuscular volume (fL) ~ 58.93 + 0.74* 59.99 +0.12%
Leukocytes (thousands/mm®) 8.03 + 463° 11.63 + 611.9°

Platelets (thousands/mm?) 911.66 + 40.55°  797.00 + 35.07°

Results are expressed as mean = SEM. Student’s ¢ test, *p < 0.05 statisti-
cal difference in relation to the control. Identical superscript letters @
indicate no statistical difference (p > 0.05), and different letters @5 in
dicate statistical significance after Student’s ¢ test (p < 0.05)
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HgCl2

blue (1%). Results are expressed as mean £ SEM. Student’s ¢ test,
p<0.05. Scale bar: 20 pm

oxidative biochemistry and quantitative changes in leukocytes
and platelets in peripheral blood of adult rats. Our results
reinforce the understanding that even in the face of its low
toxicity when compared with other Hg species, HgCl, is
capable to damage the peripheral blood.

A growing discussion about the safety limits of expo-
sure to Hg, generated by the fact that a long-term exposure
at low levels of Hg is able to induce genotoxicity and
neurological disorders, mainly in cognition and motor
function [12-15, 25, 26]. The Occupational Safety and
Health Administration advocates that the permissible ex-
posure limit for Hg is a ceiling limit of 0.1 mg per cubic
meter of air (mg/m3 ), which is currently enforced as an 8-h
time-weighted average [27]. Thus, Szasz et al. [11] devel-
oped a model of exposure to HgCl, with a dose 0.8 mg of
HgCly/kg/day of water consumption in rats during treat-
ment with Hg, having a tolerance of animals with different
levels of Hg poisoning, with no obvious signs of toxicity.
In addition, it was investigated Hg species in commercial
fish in the legal Amazon, an endemic area of mercurial
exposure, and although inorganic Hg levels, reach
0.3 pg/g of fish muscle, no difference was observed be-
tween endemic and non-endemic areas of exposure to Hg
[26, 28]. In our work, the analysis of Hg levels revealed the
presence of Hg in blood in long-term exposed rats to a low
dose (0.375 mg/kg) of HgCl,.
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Fig. 4 Effects of HgCl, (0.375 mg/kg/day) during 45 days on
cytopathological analyses of blood smear of adult rats. Erythrocytes in
the edge of red triangle of control (a) and exposed (b) groups. Neutrophils

The significant increase of Hg levels found in our study, in
blood cells and in plasma, occurred through absorption and
distribution into the bloodstream, where inorganic Hg com-
bines with proteins in plasma or enters in red blood cells [29].
Increased levels of total Hg in plasma also indicate a signifi-
cant route of systemic distribution when orally administered,
as observed in other studies in our group in which Hg has
accumulated in salivary glands [16] and in brain regions such
as the hippocampus [15] and motor cortex [14] and spinal cord
[26], triggering oxidative biochemical responses observed in
our results. In addition, some clinical evidence points to a
possible association between neurological disorders and sys-
temic redox imbalance [29-32]. Thus, the systemic oxidative
stress found in our study suggests a possible association with
the functional damage of memory and motor activity men-
tioned above. The presence of Hg in the blood can promote
the activation of mechanisms that cause cell damage as oxi-
dative stress, which can result from an imbalance between
antioxidant and pro-oxidant compounds of a cell in damage
to biological systems, confirmed in our results obtained
through oxidative biochemistry analyses of blood.

Exposure to inorganic Hg may be associated with hemato-
logical damage, such as anemia, lymphocytosis and lympho-
penia, neutrophilia, and basophilia [33]. In the literature, there
is a hypothesis that mercury could be responsible for hemato-
logical damage through direct bone marrow toxicity, immuni-
ty/hypersensitivity, apoptosis, inflammatory reaction, hemo-
lysis, blood loss, increased calcium in the cytoplasm, and in-
creased erythropoietin level [33-35]. A recent study evaluated

jo
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e

from control (¢) and exposed (d) group, in the edge of black arrow and
lymphocytes from control (E) and exposed (F) group in the edge of red
arrow stained with Giemsa-May Griinwald. Scale bar: 20 pm

the effects of HgCl,, in vitro, on blood cells [36]. However,
there is a lack of evidence from extensive and detailed re-
search on the components of oxidative biochemistry, with a
differential analysis of plasma as a distribution fluid.

Oxidative damage caused by low doses of Hg in the blood
may be associated with mitochondrial disorders and changes
in factors regulating oxidative stress in the body, such as nu-
clear factor erythroid 2-related factor 2 (Nrf2). In this regard,
some authors relate that the Hg®* can lead to the formation of
pores in the mitochondrial membrane, as well as increasing its
permeability and replacing Fe** of the iron-sulfur protein in
the mitochondrial complexes, interrupting the respiratory
chain and leading to overproduction of Reactive Oxygen
Species (ROS) that can induce DNA damage, protein carbon-
ylation, and lipid peroxidation [37—40].

In order to prevent oxidative stress, caused by the imbal-
ance of excessive ROS, antioxidant factors, enzymatic and
non-enzymatic systems, found in the blood and cells, are
often consumed frequently to reduce oxidative damage
caused by macromolecules of the body. The analysis of the
antioxidant capacity can provide some insight into the general
biological antioxidant health, and it is generally maintained by
multiple antioxidant enzymes, including the SOD isoforms,
GSH system, and CAT [40—42]. In this sense, SOD and
CAT can lead the detoxification of ROS in cells, since SOD
catalyzes the dismutation reaction of the anion superoxide
forming H,O,, which is then degraded by CAT forming
H,0 and O, molecules, thereby preventing the formation of
hydroxyl radicals and prevent lipid peroxidation (LPO); and
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GSH system also is considered a potent inhibitor of LPO by
inhibition of the mitochondrial pathway of apoptosis induced
by ROS [40-44].

Meanwhile, LPO and oxidative stress can be monitored by
malondialdehyde (MDA), which is produced for degradation
of membrane lipid by free radicals and is one of the most
significant oxidative stress markers; in addition, the LPO is
plausibly the most extensively investigated process induced
by free radicals and, therefore, considered an excellent index
of oxidative stress [45]. On the other hand, the non-enzymatic
systems, such as ceruloplasmin, transferrin, non-protein
thiols, vitamins C and E, and uric acid can lead the compen-
satory capacity against external stimuli in plasma [33, 41, 42,
46]. Our results showed that the antioxidant capacity, in blood
cells, using the TEAC method, was reduced, although no in-
crease in MDA has been observed. In plasma, the TEAC and
MDA levels were decreased and significantly increased, re-
spectively. These findings may suggest that plasma is a more
sensitive fluid to be used as a systematic marker of the induc-
tion of oxidative stress by Hg in the body.

As previously commented, endogenous antioxidant mole-
cules, such as glutathione and SOD enzyme, are the main
antioxidant defense system [20, 41, 42, 47]. In our study, after
exposure to HgCl,, there were no changes in SOD levels in
blood cells or plasma. In other studies, our group showed that
chronic exposure to inorganic Hg has also led to the toxicity of
various tissues, including salivary glands and hippocampus,
with an increase in pro-oxidant factors, such as nitrites and
MDA, and decreased total antioxidant capacity (ACAP)
[12-16]. Therefore, the induction of this oxidative stress
caused by Hg in the blood and in different tissues may be
associated to Nrf2-Kelch-like ECH-associated protein 1
(Keapl) signal pathway activation, leading to Nrf2 separates
from Keapl in the cytoplasm, then Nrf2 is transferred to the
cell nucleus and finally modulate antioxidant enzymes gene
expressions [48, 49].

Regarding GSH, it serves to remove free radicals and there-
fore limit the useful life of the oxidative signal; thus GSH
plays a significant role in the regulation of intracellular detox-
ification [49]. Within this context, GSH is undoubtedly linked
to the signaling function, particularly interactions with nitric
oxide (NO) [50]. In this scenario, there were no significant
changes in GSH levels and nitrite concentration in blood cells.
When analyzing these plasma oxidative parameters, there was
a significant decrease in GSH percentages, although there was
an increase in NO concentration.

When entering the bloodstream, Hg binds to morphologi-
cal elements, especially erythrocytes, changing blood param-
eters [S1]. Our results did not show significant changes in the
number of erythrocytes, in the concentration of hemoglobin,
and in the MCV. This result may be associated with the find-
ings of oxidative biochemistry, in which we did not observe
the presence of oxidative stress, showing that only the TEAC
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parameter was altered. However, there was a significant in-
crease in the number of leukocytes that may derive from the
pro-inflammatory effect of Hg on blood and tissues. In this
condition, pro-inflammatory cytokines are released, such as
Interleukine 13, Interleukine 6, and Tumor necrosis factor
«, which act in the immune response against Hg toxicity
expressed mainly through the generation of ROS [52]. Thus,
the oxidative stress generated by Hg contributes to the in-
crease in the inflammatory response [53], promoting the re-
cruitment of leukocytes into the bloodstream and intensifying
the immune response [52].

In addition, our results show a reduction in the number of
platelets in the blood plasma; this may be associated with the
integrating mechanisms of inflammation through platelet ag-
gregation that reduces the number of platelets circulating in
the blood [54]. Considering that platelets can assist in the
recruitment of leukocytes to sites of inflammation, the result
of this cellular interaction contributes to hemostasis and im-
mune response through an inflammatory or infectious process
through the binding of P-selectin, present in platelets, with the
PSGL receptor-1 present in leukocytes [55].

Reticulocytes, which are immature red blood cells that
form a network or granules of reticules, showed no significant
changes between groups. This data corroborates the absence
of changes in mature red blood cells. This information may be
associated because the Hg kinetics in the blood is relatively
fast because this biomarker has the limitation of being only
useful for a short period of time after acute exposure or in the
case of chronic exposure [56].

The toxic effect of Hg at the molecular level is mainly due
to the formation of stable Hg complexes with sulfur present in
the thiol and selenium (Se) groups of proteins and other mol-
ecules of greater biological significance, such as glutathione
and sulfhydryl proteins, which can contribute to its toxicity.
Once bound to GSH, Hg can let the cell circulate in serum or
lymph and be deposited in other organs or tissues [57]. Thus,
this process culminates in the inactivation of enzymes, struc-
tural proteins, and processes of transport or alteration of the
permeability of the cell membrane [58]. The absence of cel-
lular and oxidative damage in blood cells may be associated
with the active expression of eNOS in red blood cells, con-
tributing to the constitutive production of nitrite homeostasis
[59]. In addition, the elevation of NO from the endothelium to
the vascular system and red blood cells can alter the deforma-
tion capacity of erythrocytes in response to mechanical forces
[60].

Conclusion
Our evidences allow us to point that even lower liposoluble

species of Hg are able to affect the systemic redox system and
impact blood cells like platelets and leukocytes, through
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increasing of pro-oxidant factors in plasma and reducing an-
tioxidant capacity in the blood. Moreover, previous central
disorders associated with HgCl, now may be related to this
systemic redox imbalance.
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