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Mercury (Hg), this non-essential heavy metal released from both industrial and natural sources entered into living bodies,
and cause grievous detrimental effects to the human health and ecosystem.
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| 1. Introduction

Metals like Na, K, Mg, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, and Mo are well-known to play important roles in human
physiological functions. However, the excessive as well as deficiency of these essential metals in human body can cause
serious detrimental effects. Similarly, several non-essential metals entered into the human body from different sources can
also cause grievous toxic effects even at trace quantity. Therefore, there is an exponential growth in the development of
facile and cost-effective analytical techniques for the on-site and real-time detection of both essential and non-essential
metal ions RIZBIAIL Among the various analytical techniques, the chromogenic and fluorogenic chemosensors are
extensively developed for the detection of metal ions because of their high selectivity and sensitivity, easy-to-design, low-
cost, simplicity, real-time, and on-site detection ability. The chromo-fluorogenic chemosensors are designed and
developed by considering three important things: (i) signaling unit, (ii) recognition unit, and (iii) mechanism (Eigure 1). The

signaling unit may be an organic fluorophore, chromophore, or optically active nanoparticles. When the recognition unit
selectively recognize the target analyte, the mechanism based on electron/charge/energy transfer occurred in the sensor
can alter the electronic properties of the signaling unit that gives detectable optical response (8.
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Figure 1. Schematic representation showing the design of a chemosensor.

Mercury (Hg), one of the non-essential heavy metal can cause serious toxicity to human health and ecosystem. Because
of the high affinity to S-containing ligands, the accumulation of mercury in human body can affect the normal functioning of
proteins and enzymes leading to the wide variety of diseases related to kidney, brain, reproductive disturbance, central



nervous system, etc. . Considering the toxicity, the acceptable limit of inorganic mercury in drinking water was
prescribed as 2 pg L' (10 nM) by the United States Environmental Protection Agency (US EPA). Also, the inorganic
mercury can be converted into organic mercury (like methylmercury) that affects the brain and cause other neurotoxic
effects, and therefore, the intake of 1.6 pg/kg body weight per week of methylmercury was recommended by Joint
FAO/WHO Expert Committee on Food Additives (JECFA) [&l. The associated toxicity even at a trace amount of mercury
resulted an expedite growth in the design of novel analytical methods, including optically active chemosensors for the

detection of mercuric ions. Literature survey supported the reports of several reviews on mercuric ions sensing and
toxicity [QJLQILLI12][13][14][15]

| 2. Mercury Toxicity and Intoxication

Mercury, a silvery colored metal, liquid at room temperature, is characterized by atomic number 80 in group 12 of the
periodic table of elements, standard atomic weight 200.59 g/mol. Mercury can assume the three oxidation states 0, +1,
+2. It presents a high density 13.53 g/mL, and a relatively high vapor pressure (0.0017 torr at 25 °C, corresponding to a
concentration of 20 mg/m?3). It is monoatomic in vapor phase, and is highly soluble in polar and non-polar solvents (a
mercury water solution can reach the concentration of 0.6 pg/L at 25 °C).

The use of mercury is reported since the ancient times, mainly as the pigment cinnabar. The mined amount of mercury
has been almost constant over the centuries until 1500, when huge amounts were produced in Spain (Almaden) to be
shipped to Spanish South America for silver extraction. A paper by Hylander and Meili 28], takes into account the trend in
mercury production from this period to 2000. The discovery of gold in California in 1850 produced a jump in mercury
production, as well as its use in chlor-alkali plants in the 20th century. The consumption of explosives in the war industry
contributed to the large production of mercury during World Wars | and Il. The increasing awareness of mercury toxicity
has led in the years to its banning from different applications (amalgamation in China in 1985 and in Russia in 1990,
pesticides in USA in 1993, batteries in USA in 1996), until the Protocol on Heavy Metals (cadmium, lead and mercury),
signed in 1998 by different countries, the 2005 EU Mercury Strategy, and finally the Minamata Convention on Mercury in
2013. At the fifth session of the Intergovernmental Negotiating Committee in Geneva, Switzerland, on 19 January 2013, it
was agreed the Minamata Convention on Mercury, a global treaty to protect human health and the environment from the
adverse effects of mercury. The major highlights of the Minamata Convention on Mercury include a ban on new mercury
mines, the phase-out of existing ones, control measures on air emissions, and the international regulation of the informal
sector for artisanal and small-scale gold mining 4. Despite the above legislative controls, mercury remains one of the
major toxicants in the world 18 and deserves a careful consideration about its environmental quantification, its toxic
action, and the strategy for the clinical treatment of intoxication.

Mercury presents in the environment mainly in three chemical forms, i.e., elemental mercury (liquid or vapor Hg®),
inorganic mercuric compounds (Hg?*), and organic mercury compounds (methylmercury, MeHg, CHsHg and ethyl
mercury EtHg, C,HsHg) 22 Toxicity of mercury in humans can be related to any of these three forms, absorbed in
different ways: inhalation, oral, and dermal. The kind and the degree of intoxication is highly specific for any of these three
chemical species, as well as the symptoms and the consequences 29, Table 1 presents the main sources of exposure of

the different forms of mercury and the affected organs 211,

Table 1. Some representative sources of exposure of the different forms of mercury, and the main affected organs 24,

. . Environmental Routes of Affected
Species Occupational Exposure
Exposure Exposure Organs
Chlor-alkali plants, gold extraction,
Elemental L . . . Nervous
incineration of wastes, coal burning, dental Dental amalgam Inhalation
mercury, Hg . system
amalgam handling
Organic .
9 Food (Fish and . Nervous
mercury, - seafood) Ingestion system
CH;Hg* 4
Inorganic Medicinal uses, Ingestion, .
2+ - X Kidneys
mercury, Hg dermatological creams transdermal

The exposure of mercury by human body can be occurred via ingestion or inhalation . The extensive utilization of
elemental mercury in a number of industrial processes has led the involved personnel exposed to gaseous mercury. To
have a quantitative evaluation of this exposure, we remember that in presence of liquid Hg® the surrounding non-
ventilated air can reach a concentration of 20 mg/m? of monoatomic mercury vapors. Since a person inhales 1520 m? of
air daily, a worker who stays about 8 h in a mercury saturated place inhales 5-6.6 m? of air, i.e., 100-135 mg of Hg°.



Mercury vapors are efficiently absorbed by lungs due to their high liposolubility producing severe pulmonary injuries.
Elemental mercury in the lungs enters the blood flow, where a certain amount is oxidized to Hg?* and excreted in urine,
and some, due its high liposolubility, passes through the blood-brain barrier (BBB) and enters in the central nervous
system.

Various forms of inorganic mercury in water are converted by microorganisms to methyl mercury that accumulates in fish
and pass to humans through the food chain. In humans, inhaled or ingested methyl mercury is well absorbed and is found
in red blood cells, liver, kidneys, and above all in the brain (including the fetal brain, since methyl mercury can cross the
placental barrier), where it causes severe, cumulative, and irreversible injuries to the central nervous system. Its retention
time in the human body varies from months to years, and the appearance of symptoms can be delayed for many years.
Symptoms of methylmercury intoxication include mental retardation, cerebral blindness, deafness, palsy, and dysarthria,
particularly in children exposed in utero. It is important to emphasize that methylmercury exposure mainly affects people
whose diet includes the consumption of high amounts of fish.

Inorganic mercury compounds were largely used in the chemical industry, and were the cause of heavy occupational
exposure. Inorganic salts are poorly absorbed, and kidneys represent their main target. From a chemical point of view,
mercury toxicity depends primarily from the mercuric ion ability to form covalent bonds with sulfur atoms, substituting
hydrogen atoms in sulfhydryl groups of proteins to form mercaptides. This can deactivate a number of essential enzymes,
completely altering their regular biological functions [211122123],

Chelation therapy is used for the treatment of all forms of mercury intoxication. In clinical use, chelating agents remove
metal ions from the biological ligands in the organism, where they exert their toxic action, through the formation of metal
complexes that are successively excreted. Characteristics of a good chelator should be great solubility in both water and
lipids, resistance to biotransformation, capacity to reach the sites of metal accumulation, high stability of the complexes at
the pH of body fluids, and toxicity of the formed complexes lower than that of the free metal ions [2]. Most of the chelating
agents in use today are not able to cross the BBB and this limits their ability to remove the toxic metal ions from the brain.
The main chelating agents used in the treatment of mercury intoxication are summarized in Eigure 2.
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Figure 2. Molecular structure of the chelating agents used for mercury intoxication.

The dithiol chelating agent 2,3-dimercaptopropan-1-ol (BAL) was originally synthesized for the treatment of the effects of
the war gas Lewisite. It competes successfully with protein SH groups forming stable chelates with Hg?* metal ions. For
several decades after its synthesis, it was recommended for the treatment of inorganic mercury poisoning, but it presents
severe adverse effects, including painful intramuscular injections, high blood pressure and tachycardia, and predisposition
to redistribute the complexed toxic elements to the brain. At any rate, it is contraindicated in the treatment of alkyl-Hg
intoxication. In most cases, it has been replaced by DMSA and DMPS in the treatment of metal poisoning 24,

The chelating agent meso-dimercaptosuccinic acid (DMSA) or simply called succimer is the water-soluble dithiol. DMSA
can be administered as intravenous and oral preparations, being DMSA a hydrophilic chelator. When administered orally,
about 20% is absorbed in the gut, and about 95% of the absorbed amount is bound to plasma albumin, presumably by
one SH group to a cysteine residue, being the second SH group free for binding metal ions. The action of DMSA is limited
to the extracellular space. It increases Hg excretion in the urine. DMSA is considered the drug of choice for the treatment
of organic-Hg intoxication. Even if DMSA does not pass the BBB, it indirectly reduces the brain burden of methyl mercury
presumably by changing the brain/blood equilibrium. The derivative monoisoamyl 2,3-dimercaptosuccinic acid
(MIADMSA) is at the moment under evaluation. Differently from DMSA, which removes extracellularly distributed metal
ions 251 MIADMSA is also able to chelate intracellular distributed metal ions [28],



The structure of 2,3-dimercaptopropane-1-sulfonic acid (DMPS), also known as unitiol is shown in Figure 2. DMPS is a
drug produced in Germany and registered for the treatment of mercury intoxication. It is not an approved drug in the USA,
unless the FDA gives a special permission. The daily dose is usually 3—-10 mg DMPS/kg body weight. DMPS is believed
the optimal remedy in poisoning by inorganic mercury 24, while it is less effective than DMSA for organic mercury 28],
DMPS can be administered both intravenously and orally; less than 40% of orally administered DMPS is effectively
adsorbed 29, DMPS, which is a hydrophilic chelating agent, is mainly distributed in the extracellular space, but a small
fraction is found in the intracellular compartments B4, DMPS scavenges mercury from kidneys more effectively than
DMSA, and is considered the drug of choice for the treatment of acute intoxication by inorganic mercury B3],

The a-lipoic acid ((R)-5-(1,2-dithiolan-3-yl)pentanoic acid, LA) is the sulfur containing organic compound known as thioctic
acid, presented in Figure 2. LA, essential for aerobic metabolism, is ordinarily produced in the body. Its reduced form,

called dihydrolipoic acid (DHLA), contains a couple of -SH groups; it is characterized by high affinity for mercuric ion and
has been recently proposed as an effective mercury chelator E11.

References

1. Kaur, B.; Kaur, N.; Kumar, S. Colorimetric Metal lon Sensors—A Comprehensive Review of the Years 2011-2016.
Coord. Chem. Rev. 2018, 358, 13-69.

2. Patil, A.; Salunke-Gawali, S. Overview of the Chemosensor Ligands Used for Selective Detection of Anions and Metal
lons (Zn2+, Cu2+, Ni2+, Co2+, Fe2+, Hg2+). Inorg. Chim. Acta 2018, 482, 99-112.

3. Sahoo, S.K.; Crisponi, G. Recent Advances on Iron (lll) Selective Fluorescent Probes with Possible Applications in
Bioimaging. Molecules 2019, 24, 3267.

4. Wu, D.; Sedgwick, A.C.; Gunnlaugsson, T.; Akkaya, E.U.; Yoon, J.; James, T.D. Fluorescent Chemosensors: The Past,
Present and Future. Chem. Soc. Rev. 2017, 46, 7105-7123.

5. Sahoo, S.K.; Sharma, D.; Bera, R.K.; Crisponi, G.; Callan, J.F. Iron (Ill) Selective Molecular and Supramolecular
Fluorescent Probes. Chem. Soc. Rev. 2012, 41, 7195-7227.

6. Houston, M.C. Role of Mercury Toxicity in Hypertension, Cardiovascular Disease, and Stroke. J. Clin. Hypertens. 2011,
13, 621-627.

7. Dufault, R.; Schnoll, R.; Lukiw, W.J.; LeBlanc, B.; Cornett, C.; Patrick, L.; Wallinga, D.; Gilbert, S.G.; Crider, R. Mercury
Exposure, Nutritional Deficiencies and Metabolic Disruptions may Affect Learning in Children. Behav. Brain Funct.
2009, 5, 44.

8. Jayadevimanoranjitham, J.; Narayanan, S.S. 2,4,6-Trimercaptotriazine Incorporated Gold Nanoparticle
Modifiedelectrode for Anodic Stripping Voltammetric Determination of Hg (Il). Appl. Surf. Sci. 2018, 448, 444-454.

9. Aderinto, S.O. Fluorescent, Colourimetric, and Ratiometric Probes Based on Diverse Fluorophore Motifs for Mercuric
(1) ion (Hg2+) Sensing: Highlights from 2011 to 2019. Chem. Pap. 2020, 74, 3195-3232.

10. Culzoni, M.J.; de La Pefia, A.M.; Machuca, A.; Goicoechea, H.C.; Babiano, R. Rhodamine and BODIPY
Chemodosimeters and Chemosensors for the Detection of Hg2+, Based on Fluorescence Enhancement Effects. Anal.
Methods 2013, 5, 30-49.

11. Yan, Z.; Yuen, M.F.; Hu, L.; Sun, P.; Lee, C.S. Advances for the Colorimetric Detection of Hg2+ in Aqueous Solution.
RSC Adv. 2014, 4, 48373-48388.

12. Liu, C.; Chen, X.; Zong, B.; Mao, S. Recent Advances in Sensitive and Rapid Mercury Determination with Graphene-
Based Sensors. J. Mater. Chem. 2019, 7, 6616-6630.

13. Mahato, P.; Saha, S.; Das, P.; Agarwalla, H.; Das, A. An Overview of the Recent Developments on Hg2+ Recognition.
RSC Adv. 2014, 4, 36140-36174.

14. Chen, G.; Guo, Z.; Zeng, G.; Tang, L. Fluorescent and Colorimetric Sensors for Environmental Mercury Detection.
Analyst 2015, 140, 5400-5443.

15. Hylander, L.D.; Meili, M. 500 Years of Mercury Production: Global Annual Inventory by Region until 2000 and
Associated Emissions. Sci. Total Environ. 2003, 304, 13-27.

16. Crisponi, G.; Nurchi, V.M. Metal ion toxicity. Encycl. Inorg. Bioinorg. Chem. 2011, 1-14.

17. Andrade, V.; Aschner, M.; Dos Santos, A.M. Neurotoxicity of Metal Mixtures. In Neurotoxicity of Metals; Springer:
Berlin/Heidelberg, Germany, 2017; pp. 227-265.

18. Bjgrklund, G.; Dadar, M.; Mutter, J.; Aaseth, J. The Toxicology of Mercury: Current Research and Emerging Trends.
Environ. Res. 2017, 159, 545-554.



19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

Clarkson, T.W.; Magos, L.; Myers, G.J. The Toxicology of Mercury—Current Exposures and Clinical Manifestations. N.
Engl. J. Med. 2003, 349, 1731-1737.

Guzzi, G.; La Porta, C.A. Molecular Mechanisms Triggered by Mercury. Toxicology 2008, 244, 1-12.

Bjgrklund, G.; Crisponi, G.; Nurchi, V.M.; Cappai, R.; Buha Djordjevic, A.; Aaseth, J. A Review on Coordination
Properties of Thiol-Containing Chelating Agents Towards Mercury, Cadmium, and Lead. Molecules 2019, 24, 3247.

Vas, J.; Monestier, M. Immunology of Mercury. Ann. N. Y. Acad. Sci. 2008, 1143, 240-267.

Crisponi, G.; Nurchi, V.M.; Crespo-Alonso, M.; Toso, L. Chelating Agents for Metal Intoxication. Curr. Med. Chem. 2012,
19, 2794-2815.

Bakka, A.; Aaseth, J.; Rugstad, H.E. Influence of Certain Chelating Agents on Egress of Cadmium from Cultured
Epithelial Cells Containing High Amounts of Metallothionein: A Screening of Cd-Releasing and Toxic Effects. Acta
Pharmacol. Toxicol. 1981, 49, 432—-437.

Walker Jr, E.M.; Stone, A.; Milligan, L.B.; Gale, G.R.; Atkins, L.M.; Smith, A.B.; Jones, M.M.; Singh, P.K.; Basinger, M.A.
Mobilization of Lead in Mice by Administration of Monoalkyl Esters of Meso-2, 3-Dimercaptosuccinic Acid. Toxicology
1992, 76, 79-87.

Andersen, O. Principles and Recent Developments in Chelation Treatment of Metal Intoxication. Chem. Rev. 1999, 99,
2683-2710.

Gersl, V.; Hrdina, R.; Vavrova, J.; Policka, V.; Voglova, J.; Mazurova, Y.; Balgar, J. Effects of Repeated Administration
of Dithiol Chelating Agent-Sodium 2, 3-Dimercapto-1-Propanesulphonate (DMPS) on Biochemical and Haematological
Parameters in Rabbits. Acta Med. Hradec Kral. 1997, 40, 3-8.

Hurlbut, K.M.; Maiorino, R.M.; Mayersohn, M.; Dart, R.C.; Bruce, D.C.; Aposhian, H.V. Determination and Metabolism
of Dithiol Chelating Agents. XVI: Pharmacokinetics of 2,3-Dimercapto-1-Propanesulfonate After Intravenous
Administration to Human Volunteers. J. Pharmacol. Exp. Ther. 1994, 268, 662—668.

Aaseth, J.; Jacobsen, D.; Andersen, O.; Wickstrgm, E. Treatment of Mercury and Lead Poisonings with
Dimercaptosuccinic Acid and Sodium Dimercaptopropanesulfonate. A Review. Analyst 1995, 120, 853-854.

Aposhian, H.V. DMSA and DMPS-Water Soluble Antidotes for Heavy Metal Poisoning. Annu. Rev. Pharmacol. Toxicol.
1983, 23, 193-215.

Bjerklund, G.; Aaseth, J.; Crisponi, G.; Rahman, M.M.; Chirumbolo, S. Insights on Alpha Lipoic and Dihydrolipoic Acids
as Promising Scavengers of Oxidative Stress and Possible Chelators in Mercury Toxicology. J. Inorg. Biochem. 2019,
195, 111-119.

Retrieved from https://encyclopedia.pub/entry/history/show/19285



