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Abstract

Aim: Multiple processes have been demonstrated to elucidate the biological toxicity of
mercuric chloride, among which oxidative stress has been identified as a contributing fac-
tor. The superoxide radical has the potential to induce peroxidation of lipid membranes,
alter the activities of proteins and antioxidant enzymes, and modulate gene transcription.
Additionally, it has the ability to swiftly deactivate nitric Oxide, resulting in impairment
of endothelial function and causing harm to macromolecules, membranes, and DNA by
generating more harmful radicals including peroxynitrite and hydroxyl radicals. The for-
mation of nitrotyrosine occurs through the interaction between peroxynitrite and tyrosine
residues found in proteins. Nitrotyrosine serves as a useful marker for assessing the possible
cytotoxic impacts of nitric oxide. While there have been previous animal tests undertaken,
the existing literature we have reviewed does not provide evidence regarding the impact of
direct mercury exposure and mercury toxicity on nitrotyrosine and nitric oxide. In order
to achieve our research objectives, we have devised a plan to investigate the presence of
nitrotyrosine and nitric oxide in the blood serum of children who have been exposed to
mercury in our study.
Materials and Methods: Our study included 65 patients, 42 girls and 23 boys, who
had accidentally come into contact with mercury in the laboratories of some schools in
Kahramanmaraş, and whose blood mercury level was over 10 µg/l and/or whose urine
mercury level was over 15 µg/l. The control group of the study included a total of 23
children, 17 girls and 6 boys, who applied to the pediatric clinic with various complaints,
without intoxication or neurological findings, and from whom blood samples would be
taken for different diagnoses.
Results: Nitric oxide and nitrotyrosine levels were found to be higher in children exposed
to mercury than in the control group (p<0.01). Nitric oxide, nitrotyrosine and mercury
levels in the patients were high in both genders, and no gender-related difference was
detected (p>0.05). The mean duration of mercury exposure was 45 minutes. Of the 65
patients, 20 were asymptomatic and 40 were symptomatic. The most common symptoms
were headache and nausea.
Conclusion: The existing body of research predominantly focuses on investigating the
association between mercury poisoning and oxidative stress biomarkers through animal
studies, with a limited number of studies conducted on human subjects. Our study has
made a valuable contribution to the existing literature by successfully detecting elevated
levels of nitric oxide and nitrotyrosine in children who have been diagnosed with mercury
poisoning.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Mercury is a chemical element that can be found in the
air, water, and soil. It exists naturally as inorganic salts
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and organic compounds, and all forms of mercury can be
dangerous [1]. Oxygen radicals, which are chemicals gener-
ated within organisms, are continuously produced and fre-
quently removed by the antioxidant defence system. Ox-
idative stress arises when the equilibrium between oxida-
tion and reduction tilts in favour of free radicals, either
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due to a deficient antioxidant defence mechanism or an
augmented production of free radicals [2,3].
Nitric oxide (NO); It is a reactive molecule that functions
as an oxidative signaling molecule in various physiological
processes such as neurotransmission and blood pressure.
Excessive production of reactive nitrogen species (RNT),
called nitrosative stress, causes cytotoxic and mutagenic
effects. While increased NO levels increase apoptosis in
some tumor cells, when it is at low levels, it can increase
vascularity and protect cells from apoptosis. NO creates
nitrosative stress by producing 3-nitrotyrosine (3-NT) [4].
3-NT; It is a product of tyrosine nitration mediated by
RNTs. 3-NT is a biomarker that indicates cell injury, in-
flammation, and the generation of NO [5].
Mercury (Hg) is a very dangerous metal that has no bio-
logical role in the organism and can have toxic effects even
at very low levels. For this reason, it is considered a global
pollutant that has very harmful effects on all living things
[6]. Multiple studies have demonstrated that metals in-
cluding mercury, lead, and cadmium can induce cellular
harm by generating free radicals and triggering oxidative
stress in numerous organs [7,8].
There is a scarcity of research examining the impact of
sudden mercury poisoning on indicators of oxidative stress,
such as NO and Nitrotyrosine. Furthermore, the precise
consequences of this poisoning on human beings remain
incompletely understood. Therefore, this study was con-
ducted to investigate the influence of mercury on indices
of oxidative stress in human volunteers.

Materials and Methods
A total of 65 patients, 42 girls and 23 boys, who were
admitted to Kahramanmaras Sutcu Imam University Fac-
ulty of Medicine Child Neurology Polyclinic and Gaziantep
Children’s Hospital Pediatrics Clinic with acute mercury
poisoning between February 20, 2012 and March 3, 2012,
were included in this study. The control group consisted
of patients who presented at the Pediatric Polyclinic with
various ailments, but did not exhibit any signs of poisoning
or neurological abnormalities. A total of 23 healthy volun-
teers, comprising 17 girls and 6 boys, were recruited in the
study to obtain blood samples for different diagnostic pur-
poses. The sample size was calculated as a minimum of 17
with a 5% deviation and 95% confidence level using the in-
formation that the prevalence of heavy metal intoxication
is 1.1%.
It was learned that the cases considered as the patient
group were involved in an accident that occurred in the
school laboratory, when a jar filled with elemental mercury
broke, and they played with mercury in the classroom.
All of the children inhaled mercury, 4 patients handled
mercury directly without any protective equipment, and
3 patients tasted mercury. Blood and urine samples were
collected from individuals who exhibited symptoms such
as nausea, headache, and skin rash, and were confirmed
to have had exposure to mercury. The study included pa-
tients whose blood mercury levels exceeded 10 µg/l and/or
urine mercury levels exceeded 15 µg/l [9]. All patients were
hospitalized for treatment on the same day.
Patients with mercury poisoning were treated with oral
chelator therapy to ensure excretion of mercury in the

urine. [The recommended dosage for D-penicillamine is 50
mg/kg/day, divided into four equal doses. Alternatively,
2,3-Dimercaptopropanesulfonic acid (DMPS) should be
taken at a dosage of 20 mg/kg/day, also divided into four
equal doses]. DMPS was preferred for patients with neuro-
logical symptoms. N-acetylcysteine (15 mg/kg/day) was
added to the patients’ treatment regimen. 24-hour urine
samples were collected from patients daily, and mercury
levels above 15 µg/L were considered toxic, and asymp-
tomatic patients with urine mercury levels below 15 µg/L
were discharged.
Blood and urine mercury levels were studied using
the ICP-MS method in the Ankara Hygiene Cen-
ter Presidency Poison Research Directorate Laboratory.
The determination of NO was determined by the di-
azotization of nitrite sulfanilamide and its associated
N-naphthylethylenediamine (NNDA), produced by the
Griess reaction and modified cadmium reaction, and by
spectrophotometric measurement of the color resulting
from the reaction at 545 nm. Results were expressed in
µmol/L. The concentration of 3-NT in serum samples was
quantified using the double sandwich enzyme-linked im-
munosorbent assay (ELISA) technique. Our study was
approved by the Kahramanmaraş Sütçü İmam University
Clinical Research Ethics Committee on 14.04.2014 with
decision number 2014/01-07.

Statistical analysis

The statistical analyses were conducted using the
SPSS20.0 programme. The descriptive statistics are re-
ported as the mean plus or minus the standard deviation
(SD). The chi-square test, Wilcoxon test, and Student’s
t-test or Mann-Whitney U-test were employed to compare
categorical and continuous data between groups, respec-
tively. The confidence interval was established with a level
of confidence of 95%, and the threshold for statistical sig-
nificance was chosen at p<0.05. The Independent Sam-
ples t-test was employed to assess disparities between the
groups.

Results

Among the cohort of patients diagnosed with mercury poi-
soning, 42 individuals (64.6%) were female, while 23 in-
dividuals (35.4%) were male. Within the control group,
there were 17 cases (73.9%) of females and 6 cases (26.1%)
of boys. There was no statistically significant disparity in
gender between the two groups (p = 0.415). While the av-
erage age of the mercury poisoning group was 12.3 ± 2.2
years, the average age of the control group was 7.95 ± 3.8
years. A statistically significant difference was detected
between the two groups in terms of age (p<0.001).
The average duration of mercury exposure was 45 min-
utes (range, 25 – 120 minutes). Of the 65 patients, 20
(38.5%) were asymptomatic and 40 (61.5%) were symp-
tomatic. The most common symptoms were headache
(n:21, 32.3%) and nausea (n:11, 16%). Physical and neu-
rological examination findings of 39 (60%) of the children
were normal (Table 1). When average blood NO levels
were compared in the patient and control groups; The NO
level was 12.84 ± 3.59 (µmol/liter) in the patient group
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Table 1. Sociodemographic characteristics of the pa-
tients, sign and symptom distribution.

Features of Children n = 65 (100%)

Gender

Male 23 (35.4%)
Female 42 (64.6%)

Average age 12.3 ± 2.2

Mode of exposure

Inhalation 65 (100%)
Skin contact 4 (6.15%)
Oral 3 (4.6%)

Exposure time

Median (min-max) 45 minute (25-120)

Symptoms of Patients

Asymptomatic 20 (38.5%)
Headache 21 (32.3%)
Nausea 11 (16%)
Vomiting 4 (6.15%)
Skin rash 2 (3.07%)
Cough 3 (4.6%)
Diarrhea 1 (1.5%)
Vertigo 2 (3.07%)
Myalgia 4 (6.15%)
Blurred vision 1 (1.5%)

Laboratory

Proteinuria 2 (3.07%)
Liver enzyme elevation 4 (6.15%)

Table 2. Nitric oxide and Nitrotyrosine levels in patient
and control groups.

NO (µmol/lt)

Groups Mean ± SD Min- max P

Control group (n=23) 5.64 ± 5.64 1.68-10.32
p<0.001

Patients (n=65) 12.84 ± 3.59 7.20-20.40

Nitrotyrosine (nmol/lt)

Control group (n=23) 707.13 ± 167.2 438.90-996.40
p<0.001

Patients (n=65) 1004.96 ± 129.78 641.30-1436.30

Independent samples t-test, statistically significant value: (p <0.05), SD:
standard deviation, min: minimum, max: maximum.

and 5.64 ± 5.64 (µmol/liter) in the control group. The
disparity in NO levels between the two groups exhibited
a statistically significant distinction (p<0.001) (Table 2).
In the patient group, the mean blood NO level in girls
was 13.06 ± 3.66 (µmol/liter) and in boys it was 12.42
± 3.51 (µmol/liter). There was no statistically significant
difference in NO levels between genders (p = 0.49).

When average blood Nitrotyrosine levels were compared
in the patient and control groups; Nitrotyrosine level was
1004.9 ± 129.7 nmol/l in the patient group and 707.1
± 167.2 nmol/l in the control group. The disparity be-

tween the two groups exhibited statistical significance.
(p<0.001) (Table 2). While the average blood Nitroty-
rosine level in the girls in the patient group was 1000.31 ±
119.96 (nmol/liter), it was 1013.45 ± 148.53 (nmol/liter)
in the boys. There was no statistically significant differ-
ence in NO levels between genders (p = 0.70).
The median blood mercury level in the patient group was
41 µg/l (5.6-2968) (Table 2). The average mercury level in
female patients (n:42) was 225,02 ± 543.1 µg/l, and in male
patients (n:23) it was 122,13 ± 310.13 µg/l. Nevertheless,
there was no substantial disparity observed between the
genders (p = 0.22). Within the same group, the mean
blood mercury concentration was 186.13 ± 414.06 µg/l in
children aged 7-12 (n:32) and 191.03 ± 531.97 µg/l in chil-
dren aged 13-19 (n:33). There was no significant difference
between the two age groups (p = 0.96). In the 7-12 age
group, the average NO level was 12.36 ± 3.20 (µmol/lt),
while in the 13-19 age group, it was 13.30 ± 3.93 (µmol/lt).
There was no statistically significant difference observed
between the two groups (p = 0.29). The mean Nitrotyro-
sine concentration was 976.65 ± 119.11 (nmol/lt) in the
7 - 12 age group and 1032.42 ± 135.50 (nmol/lt) in the
13 - 19 age group. The investigation revealed that there
was no statistically significant disparity between the two
groups, as indicated by a p-value of 0.83. While there was
a statistically significant disparity in average age between
the control group and the sick group, we believe that this
discrepancy did not impact the outcomes, as there was
no significant distinction observed in age and NO and Ni-
trotyrosine levels.
The Spearman correlation test was utilised due to the non-
normal distribution of the data. A substantial statistical
association was observed between the levels of NO and Ni-
trotyrosine (p=<0.01, r=0.605). There was no observed
link between NO and Mercury (p=0.153), as well as be-
tween Nitrotyrosine and Mercury (p=0.819) (Table 3).

Discussion
Toxic metals, such as mercury, aluminium, and lead, in-
duce oxidative stress by generating reactive oxygen species
(ROS). Multiple investigations conducted in adult individ-
uals have demonstrated that mercury has the potential to
facilitate the generation of free radicals and induce cel-
lular harm by beginning oxidative stress in many tissues
[10]. Mercury has been proposed to interfere with cellu-
lar antioxidant defence mechanisms, primarily by blocking
crucial antioxidant enzymes or depleting the intracellular
antioxidant glutathione. Additionally, it has been reported
that mercury achieves this by promoting the generation of
ROS. Mercury is a significant heavy metal because of its
pro-oxidant properties [11,12].
NO is a ubiquitous biological mediator that is present
throughout the body and is involved in a wide range of
physiological and pathological processes [13]. Although
other free radicals are detrimental at any level of concen-
tration, NO serves a crucial function in significant phys-
iological processes when present in low quantities. Ni-
tric oxide has a dual impact, as it induces peroxynitrite-
mediated lipid oxidation events within cells. Additionally,
NO acts as both a pro-oxidant and an antioxidant, capa-
ble of inhibiting the production of lipid radical chains [14].
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Table 3. Correlation between blood mercury, NO and nitrotyrosine levels.

NO level Nitrotyrosine level Mercury level

Sp
ea
rm

an
’s
rh
o

NO level
Correlation Coefficient 1.000 .605** .179
Sig. (2-tailed) . .000 .153
N 88 88 65

Nitrotyrosine level
Correlation Coefficient .605** 1.000 .029
Sig. (2-tailed) .000 . .819
N 88 88 65

Mercury level
Correlation Coefficient .179 .029 1.000
Sig. (2-tailed) .153 .819 .
N 65 65 65

**. Correlation is significant at the 0.01 level (2-tailed). Spearman correlation test.

Nevertheless, an overabundance of unregulated NO syn-
thesis might be detrimental to cells. Nonetheless, due to
these characteristics, NO emerges as an optimal physiolog-
ical messenger molecule [15]. Excessive production of NO
leads to its reaction with superoxide radical, resulting in
the formation of peroxynitrite. This process significantly
contributes to cellular damage [16]. Peroxynitrite forms
3-NT by introducing a nitro group to the phenolic ring of
tyrosine, either within proteins or in its unbound state.
The reaction can either occur spontaneously or be facili-
tated by transition metals, superoxide dismutase (SOD),
CO2, and myeloperoxidase [17-19]. The measurement of
nitrotyrosine is considered a valuable indicator for diag-
nosing in vivo damage caused by NO, as nitrotyrosine is
the stable final product of peroxynitrite oxidation [20]. Al-
though 3-NT is not detectable in the plasma and tissues
of healthy persons, its levels considerably rise under sit-
uations characterised by elevated production of NO and
oxidative stress, such as inflammatory and degenerative
processes. Nitrotyrosine and NO are present in several
cells, but their utility as indicators of brain injury has
been increasingly demonstrated in recent times. Mercury
exposure was administered to pregnant mice throughout
the period of foetal brain development, and subsequently,
the level of nitrergic activity in the molecular layer of the
dentate gyrus was assessed. It was shown that there was
an increase in nitrogenous activity in this specific brain
region [21]. Elevated levels of 3-NT have been seen in pa-
tients with Alzheimer’s disease and Amyotrophic Lateral
Sclerosis (ALS) compared to control groups [22,23].

In their study, Sumathi et al. [24] orally administered
methyl mercury to male Vistar rats for a duration of 21
days. They also administered methyl mercury to a control
group of rats, along with oral doses of Bacopa Maniere
extracts, a plant commonly used in alternative medicine
in India for its neuroprotective properties. Subsequently,
erythrocytes were detected only in the group that received
methyl mercury alone. The activities of SOD, Catalase
(CAT), and Glutathione peroxidase (GPx) were observed
to decrease significantly. Additionally, levels of NO2

- and
NO3

- were found to increase. These metabolites were
considered as indicators of free radical damage, and it
was hypothesised that NO production could contribute
to oxidative damage. Furthermore, Bacopa Maniere ex-
tracts were administered concurrently with methylmer-

cury. Within the group, it was discovered that the pres-
ence of methylmercury in the brain led to a decrease in
oxidative damage.
In a study conducted by Moneim [25], he investigated
whether the berberine plant was protective against neuro-
toxicity and oxidative damage caused by mercury. In this
study, adult male albino rats were injected with Mercury
(II) chloride (HgCl2) for 7 days. It was shown that NO
production increased after the injection, antioxidant en-
zymes decreased, but glutathione increased and NO and
lipid peroxidation decreased in those given beriberin herb
before exposure.
Karapehlivan and his colleagues [26] conducted a study
to examine the defensive impact of omega-3 fatty acids
against HgCl2 poisoning in mice. This study investigated
the levels of Malondialdehyde (MDA), glutathione, NO,
and total sialic acid (TSA). Additionally, histological al-
terations in specific organs were analysed. A total of 28
mice were divided into 4 groups. In Group 1, the mice were
injected with saline solution into their peritoneal cavity.
In Group 2, the mice were injected with 0.4 mg/kg/day
of mercuric chloride into their peritoneal cavity. In Group
3, the mice were injected with 0.4 mg/kg/day of mercuric
chloride into their peritoneal cavity and simultaneously
received a subcutaneous dose of 0.5 g/kg/day of omega-
3 fatty acid. In Group 4, the mice were only given a
subcutaneous dose of 0.5 g/kg/day of omega-3 fatty acid.
Throughout the duration of this investigation, all appli-
cations were maintained for a period of 7 days. In com-
parison to group 1, it was seen that group 2 exhibited
elevated levels of MDA, NO, and TSA, while groups 3 and
4 displayed lower amounts of these substances. Group 4
demonstrated the highest degree of diminished glutathione
(GSH) levels. Group II animals exhibited severe dete-
rioration in the liver and kidney, as observed through
histopathological analysis. Consequently, Karapehlivan et
al. This study shown that omega 3 fatty acid can mitigate
the toxicity generated by HgCl2 by modulating the antiox-
idant system and acute phase response in mice. Mercury
possesses toxicity when it is inhaled, ingested, or absorbed
via the skin. Existing literature primarily demonstrates
the correlation between mercury poisoning and oxidative
stress indicators through animal studies, with limited re-
search conducted on people.
Our study revealed elevated levels of NO and Nitrotyrosine

489



Arikan E. et al. Original Article 2024;31(7):486–490

in children affected by mercury poisoning. We hypothe-
sised that administering antioxidant treatment, in addi-
tion to chelator treatment, during the acute phase could
potentially mitigate oxidative stress. However, further re-
search is required to validate this hypothesis.

Ethical approval
Approval was received from the Kahramanmaraş Sütçü
İmam University Clinical Research Ethics Committee
dated 14.04.2014 and with the decision number 2014/01-
07.

References
1. Counter SA, Buchanan LA. Mercury exposure in children: Re-

view. Toxicol Appl Pharmacol 2004; 198:209-30.
2. Serafini M, Del Rio D. Understanding the Association Between

Dietray Antioxidants, Redox Status and Disease: Is the To-
tal Antioxidant Capacity the Right Tool? Redox Report 2004;
9:145-152.

3. Cho CH, Kim EA, Kim J, Choi SY, Yang SJ, Cho SW.
N-Adamantyl-4-methylthiazol-2-amine suppresses amyloid β-
induced neuronal oxidative damage in cortical neurons. Free
Radic Res. 2016 Jun;50(6):678-90.

4. Erel O, Neselioglu S. A novel and automated assay for
thiol/disulphide homeostasis. Clin Biochem. 2014 Dec; 47:326-
32.

5. Pacher P, Beckman JS, Liaudet L. Nitric oxide and peroxynitrite
in health and disease. Physiol Rev. 2007 Jan; 87:315-424.

6. ATSDR (Agenyc for Toxic Subtances and Disease Registry)
(2020). Priority list of hazardous substances.

7. Özdem SS, Sadan G. Serbest oksijen radikallerinin oluşumu ve
klinik açıdan önemi. Akdeniz Ü Tıp Fak Derg 1994; 11:63-71.

8. Sinclair AJ, Barnett AH, Junec J. Free radicals and antioxidant
systems in health and disease. Br J Hosp Med 1990; 43:334-344.

9. Base-O’Reilly S, McCarty K, Steckling N, Lettmeier B. Mer-
cury exposure and children’s health. Curr Probl Pediatr Adolesc
Health Care. 2010;40: 186–215.

10. Klein CB, Frenkel K, Costa M. The role of oxidative processes
in metal carcinogenesis. Chem Res Toxicol 1991; 4:592-604.

11. Hanson M, Pleva. The dental amalgam issue. A review. Experi-
entia 1991; 47:9-22.

12. Ariza ME, Bijur GN, Williams MV. Lead and mercury mutagen-
esis: Role of H2O2, superoxide dismutase and xanthine oxidase.
Environ Mol Mutagene 1998; 31:352-361.

13. Lucas L, Soriano FG, Szabó C. Biology of nitric oxide signaling,
Crit Care Med 2000; 28:37-52.

14. Li JM, Shah AM. Endothelial cell superoxide generation: reg-
ulation and relevance for cardiovascular pathophysiology. Am J
Physiol Regul Integr Comp Physiol 2004; 287:1014-1030.

15. Lowenstein CJ, Dinerman JL, Snyder SH. Nitric oxide: A phys-
iologic messenger. Ann Intern Med 1994; 120: 227-37.

16. Xu J, He L, Ahmed SH, et al. Oxygen-glucose deprivation in-
duces inducible nitric oxide synthase and nitrotyrosine expres-
sion in cerebral endothelial cells. Stroke 2000; 31:1744-1751.

17. Demiryurek AT, Cakici I, Kanzik I. Peroxynitrite: A putative
cytotoxin. Pharmacol Toxicol 1998; 82:113-7.

18. Sampson JB, Rosen H, Beckman JS. Peroxynitrite-dependent
tyrosine nitration catalyzed by superoxide dismutase, myeloper-
oxidase, and horseradish peroxidase. Methods Enzymol 1996;
269:210-218.

19. Royall JA, Beckman JS, Kooy NW. Peroxynitrite and other ni-
tric oxide-derived oxidants. Nitric Oxide and the Lung 1997;
223-246.

20. Halliwell B. What nitrates tyrosine? Is nitrotyrosine specific as a
biomarker of peroxynitrite formation in vivo? FEBS Lett. 1997
Jul 14;411(2-3):157-60.

21. Maia Cdo S, Ferreira VM, Kahwage RL, et al. Adult brain ni-
trergic activity after concomitant prenatal exposure to ethanol
and methyl mercury. Acta Histochem 2010; 112:583-91.

22. Tohgi H, Abe T, Yamazaki K, Murata T, Ishizaki E, Isobe C.
Alterations of 3-nitrotyrosine concentration in the cerebrospinal
fluid during aging and in patients with Alzheimer’s disease. Neu-
rosci Lett. 1999 Jul 2;269(1):52-4.

23. Tohgi H, Abe T, Yamazaki K, Murata T, Ishizaki E, Isobe C.
Remarkable increase in cerebrospinal fluid 3-nitrotyrosine in pa-
tients with sporadic amyotrophic lateral sclerosis. Ann Neurol.
1999 Jul;46(1):129-31.

24. Sumathi T, Shobana C, Christinal J, et al. Protective effect of
Bacopa monniera on methyl mercury-induced oxidative stress in
cerebellum of rats. Cell Mol Neurobiol 2012; 32:979-987.

25. Moneim AEA. The neuroprotective effect of berberine in
mercury-induced neurotoxicity in rats. Metab Brain Dis 2015;
30:935–942.

26. Karapehlivan M, Ogun M, Kaya I, et al. Protective effect of
omega-3 fatty acid against mercury chloride intoxication in mice.
J Trace Elem Med Biol 2014; 28:94– 99.

490


