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World Health Organization determined 13 heavy metals as the health harming
compounds; arsenic, cadmium, cobalt, chromium, copper, mercury, manganese, nickel,
lead, tin and titanium, initiating and exacerbating the pathologies. Some intoxication

are due to the environmental pollutions, involves large populations and often not

Citation:  Kristine Edgar D, Samvel
Grigoriy C. Heavy Metals. Biomed ]
Sci & Tech Res 21(5)-2019. BJSTR.
MS.ID.003659.

instantly might be recognized. Fast overview of the short clinical manifestations of such
intoxications, epidemiological intoxication history facts as well as the possible new
mechanism of the treatment might be beneficial for the readers.
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Mini Review

World Health Organization (WHO) accounted 13 heavy metals,
which have a significant impact on the environment as well as on
human health. The list of these metals includes arsenic, cadmium,
cobalt, chromium, copper, mercury, manganese, nickel, lead, tin,
and titanium [1]. Sources of heavy metals vary, but human exposure
is largely attributed to mining and industrial operations, including
metal refineries, petrochemical production, power plants, and
electronics manufacturing. Contamination can also occur from
diffuse sources, such as aging metal pipes, food contamination,
sewage discharge, and leaching from landfills [2]. The 2016
meeting of the Intergovernmental Forum on Mining, Minerals,
Metals, and Sustainable Development (IGF) concluded with its 62
member countries about the need for stronger legal frameworks
that protect workers from mining-related pollution [3]. The heavy
metals intoxication due to the industrial lashing of waste materials
is more pronounced in the developing countries. For instance, In
Zamfara State, Nigeria, an epidemic of lead poisoning from artisanal
mining led to the deaths of about 163 people between March and
June 2010, including 111 children under five years of age [4].

Terra Graphics Environmental Engineering (TG), World
Health Organization (WHO), and Centers for Disease Control and
Prevention (CDC), reported that approximately 400 children<five

years old have been killed from the outbreak and thousands of
people affected, including >2000 children left with permanent
disabilities [5-7] Dooyema, et al. [7] measured the concentrations
of soil Pb and soil Hg which showed >100,000 ppm and about 4600
ppm for Pb and Hg, respectively. The study found that surviving
children<five years of age had blood Pb levels (BLL) of about
370ug/dL which is above the CDC recommended BLL of 5ug/dL
[8]. Itis necessarily to mention, the developing brain of children are
very susceptible to the impact of the heavy metals. Heavy metals
easily penetrate trough the hemato encephalic barriers and impair
the physiological activity of the neuro-glial environment.

The developing brain is vulnerable to injury from toxic metals
that interfere with the critical developmental processes, i.e., cellu-
lar proliferation, migration, differentiation, synaptogenesis myelin-
ation and apoptosis in the central nervous system (CNS) [9]. The
limited capacity of the developing CNS to compensate for the cell
loss and the disruptions in neural networking results in compro-
mised neuronal functions [10] and increased risk of neurodegen-
eration [11]. Heavy metals including arsenic (As), cadmium (Cd),
and lead (Pb) have received attention as both environmental con-
taminants and potential neurotoxicological hazards [12]. Exposure

to the metals in utero and in infancy is associated with risk of im-
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paired cognitive development [13], subclinical brain dysfunction
[14] and behavioral anomalies [15]. Heavy (Cd, Hg, Pb, and As) and
transition metals (Fe, Cu, Co, and Cr), acting as powerful oxidative
stress inducers and are responsible for various forms of nephropa-
thy, as well as for some types of cancers [16].

Our laboratory investigates the one of the main initiators of
the free radical’s formation Xanthine Oxidoreductase, which is
responsible for the purine catabolism final steps and standing in
the mentioned pathway as the regulative enzymes. Under normal
circumstances, most amount of this enzyme exists in the form of
NAD-dependent cytosolic dehydrogenase (XDH). However, in
pathological conditions Xanthine Oxidase (XO) might be formed
due to the limited proteolysis [17]. XO as well as the XDH are also
responsible for the hydroxylation of a wide variety pyrimidine,
pterin, and aldehyde substrates (EC: 1.17.1.4). We have proceed-
ed the investigations related with the impact of the heavy metals
on the activity of XOR in the rat’s brain. The published results are
evidencing, heavy metals are elevating XOR activity and, conse-
quently, elevating the formation of free radicals. Cd** elevated the
activity of the XOR in comparison with the control 0,5338+0,1542
vs 0,6488+0,3635. Cr® ions elevated the activity of XOR until
2,3996+0,3541 (p#<0.05), Pb?*- until 0,9492+0,3880 and Hg** - un-
til 1,1604+0,6918 [17]. Also, in our previous investigations, we have
shown, that pyridoxine or vitamin B6 is able to diminish the activity
of XOR, in the low concentration (0.05mg/ml) [18]. Pyridoxine was
able mostly to diminish the activity of the XOR in the presence of the
heavy metals. The impact of the ions of the Cd?* were switching the
value until 0,8522+0,3461, for Cr® until 0,1098+0,1098; for Pb?*-
0,0130+7,9066e-3 and for Hg?+-0,6791+0,3572 (p#<0,037489 be-
tween the activation of Pb?* and that suppression under the impact
of the pyridoxine; p#<0.05 between the activation of Cr®* and that
suppression under the impact of the pyridoxine) in comparison
with the controls, where there were added the substrate and [17].
Thus, B6 is suggested for the use along with the other medications
to cure heavy metals intoxication due to the inhibition of free radi-
cals’ formation (Figure 1).

Cd™ Cr¥*,Pb*  Hg*

B6 Allopurinol

Figure 1: Reversed by B6 impact of heavy metals on XOR
activity.

Pb

The symptoms of acute lead poisoning are headache, irritabil-
ity, abdominal pain and various symptoms related to the nervous
system. Lead encephalopathy is characterized by sleeplessness and
restlessness. Children may be affected by behavioral disturbances,
learning and concentration difficulties. In severe cases of lead en-
cephalopathy, the affected person may suffer from acute psychosis,
confusion and reduced consciousness. People who have been ex-
posed to lead for a long time may suffer from memory deteriora-
tion, prolonged reaction time and reduced ability to understand.
Individuals with average blood lead levels under 3 pmol/l may
show signs of peripheral nerve symptoms with reduced nerve con-
duction velocity and reduced dermal sensibility. If the neuropathy
is severe the lesion may be permanent. In less serious cases, the
most obvious sign of lead poisoning is disturbance of hemoglobin
synthesis, and long-term lead exposure may lead to anemia [19].
Acute exposure to lead is known to cause proximal renal tubular
damage [19]. IARC classified lead as a ‘possible human carcinogen’
based on enough animal data and insufficient human data in 1987.
Since then a few studies have been published, the overall evidence
for lead as a carcinogen being only weak, the most likely candidates
are lung cancer, stomach cancer and gliomas [20].

Studies with single metal exposure have demonstrated that
As, Cd, or Pb infiltrate the immature blood-brain barrier (BBB)
and accumulate in developing brain [21]. Pb uptake through the
BBB disrupts Ca2p transport mechanism [22] and promotes
activation of mitogen-activated protein (MAP) kinases in apoptotic
glial cells [23]. The sequestration of Pb at the level of the choroid
plexus undermines brain growth and affects learning and cognitive
functions of CNS [22], especially in children. Combination of
1-month pre-exposure of HgC,, before MI changed the endothelial
generation of oxidative stress induced by mercury exposure from
NADPH oxidase pathway to XO (xanthine oxidase)-dependent
ROS production [24]. It has been suggested that reactive oxygen
intermediates (ROIs) may have arole in the genotoxic effects of lead
(Pb?) and mercury (Hg?").

Pb?* and Hg?*(0.1-1 puM) had no effect on the activities of
partially purified catalase, glutathione peroxidase, or glutathione
reductase, important enzymes involved with antioxidant defense,
but these metals stimulated the activities of copper-zinc superoxide
dismutase (CuZn-SOD) and xanthine oxidase (XO). Allopurinol
(50uM), a specific inhibitor of xanthine oxidase, inhibited the
induction of H,0, by Pb**(0.8-1uM) and Hg*(1uM) and inhibited
Pb%*- and Hg?*-induced mutagenesis. These results demonstrate
that Pb?*and Hg** disrupt the redox status of AS52 cells by enhancing
the activities of CuZn-SOD and XO [25].

Cd

In vivo and in vitro studies have revealed that acute or

chronic Cd exposure enhances oxidative stress in astrocytes and
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accumulates reactive oxygen species (ROS) that induces astrocytic
death [26]. Perinatal exposure to Cd induces anxiety [27,28] and
reduces learning ability of offspring [28]. Cadmium is a toxic
metal with negative effects on health [29]. Previous studies have
confirmed the pathogenic role of cadmium exposure in renal
damage, bone destruction and cancer [30]. To determine whether
CdB in Chinese adults is associated with serum UA (Uric Acid) and
hyperuricemia, 2996 participants from the cross-sectional SPECT-
China study were recruited. A positive relationship between serum
UA and CdB was found in Chinese men after adjusting for the
estimated glomerular filtration rate (eGFR), current smoking status,
diabetes, dyslipidemia, hypertension and body mass index and in
participants with eGFR > 60mL/min per 1.73m? Further, the odds
ratio of hyperuricemia increased with increasing CdB quartiles (P
for trend < 0.05) in men. In conclusion, CdB was positively related
to the serum UA level [31]. These data clearly evidencing about
the activation of XOR and Cd intoxication process of the organism.
Inhalation of cadmium fumes or particles can be life threatening,
and although acute pulmonary effects and deaths are uncommon,
sporadic cases still occur [32,33]. Cadmium exposure may cause
kidney damage [34]. IARC has classified cadmium as a human
carcinogen (group I) based on enough evidence in both humans
and experimental animals [35]. Cadmium has been associated with
prostate cancer, but both positive and negative studies have been
published. Early data indicated an association between cadmium
exposure and kidney cancer [36].

As

Chronic exposure to As, even at a sub micromolar concentration,
promotes oxidative stress [37] and induces neuroglial damage
in human brain [38]. Intoxication with As presents deficits in
spontaneous locomotor activity (SLA) and alterations in learning-
memory task during postnatal development [39]. Inorganic arsenic
isacutely toxicand intake oflarge quantities leads to gastrointestinal
symptoms, severe disturbances of the cardiovascular and central
nervous systems, and eventually death. In survivors, bone marrow
depression, hemolysis, hepatomegaly, melanosis, polyneuropathy
and encephalopathy may be observed. Ingestion of inorganicarsenic
may induce peripheral vascular disease, which in its extreme form
leads to gangrenous changes (black foot disease, only reported in
Taiwan). Populations exposed to arsenic via drinking water show
excess risk of mortality from lung, bladder and kidney cancer, the
risk increasing with increasing exposure. There is also an increased
risk of skin cancer and other skin lesions, such as hyperkeratosis
and pigmentation changes [40].

Hg

Acute mercury exposure may give rise to lung damage. Chronic
poisoning is characterized by neurological and psychological
symptoms, such as tremor, changes in personality, restlessness,
anxiety, sleep disturbance and depression. The symptoms are
reversible after cessation of exposure. Because of the blood-
brain barrier there is no central nervous involvement related to

inorganic mercury exposure. Metallic mercury may cause kidney
damage, which is reversible after exposure has stopped. It has
also been possible to detect proteinuria at relatively low levels of
occupational exposure. Metallic mercury is an allergen, which may
cause contact eczema, and mercury from amalgam fillings may give
rise to oral lichen. It has been feared that mercury in amalgam may
cause a variety of symptoms. This so-called ‘amalgam disease’ is,
however, controversial, and although some authors claim proof of
symptom relief after removal of dental amalgam fillings [41], there
is no scientific evidence of this [42].

Organic mercury Methyl mercury poisoning has a latency of
1 month or longer after acute exposure, and the main symptoms
relate to nervous system damage [43]. The earliest symptoms are
paresthesia and numbness in the hands and feet. Later, coordination
difficulties and concentric constriction of the visual field may
develop as well as auditory symptoms. High doses may lead to
death, usually 2-4 weeks after onset of symptoms. The Minamata
catastrophe in Japan in the 1950s was caused by methyl mercury
poisoning from fish contaminated by mercury discharges to the
surrounding sea. In the early 1970s, more than 10,000 persons in
Iraq were poisoned by eating bread baked from mercury-polluted
grain, and several thousand people died because of the poisoning.
However, the general population does not face significant health
risks from methyl mercury exposure except for certain groups
with high fish consumption. A high dietary intake of mercury from
consumption of fish has been hypothesized to increase the risk of
coronary heart disease [44].

Early recognition of the possible environmental pollutions and
organism intoxication is the import environmental, political, health
conserving and protecting primer duty for any and especially for
the developing countries.
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