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Abstract

Heavy metals are widely distributed in the environment and cause various life threatening diseases like metabolic
syndrome (MS) or Diabetes Mellitus (DM). Various industrial, mining and pharmaceutical operations drain large
quantities of toxic heavy metals in soil, air and water and rendering it contaminated and offer a store house for diseases.
Investigations show that high blood serum levels of heavy metals cause insulin resistance in large number of population
worldwide. Cd is known to cause mitochondrial malfunctioning, and increased level of proinflammatory mediators like
IL-1pB, IL-6, and TNF-a. Likewise, As is known to transduce various signaling factors such as NFkB, MPAK, TNFa,
P13K, PKB/Akt and GLUT4 that ultimately disrupt the glucose levels and activity of insulin in the body leading to insulin
resistance. While Ni exposure cause free radicals production which impair normal functioning of DNA repair enzymes
casing hyperglycemia and insulin resistance in rats model indicating that Ni plays a major role as precipitating factor in
insulin resistance. Studies revealed a large number of iINOS and cGMP levels in pancreatic islets that appear to cause
dysregulation of glucose through ROS pathway leading to insulin resistance. Mercury (Hg) on the other hand is known to
causes insulin resistance through the mechanism of oxidative stress which results in large expression of 8-hydroxy-2'-
deoxyguanosine (8-OHdG), a biomarker of oxidative DNA damage. Glutathione (GSH), total protein thiols, and enzymes
like glutathione peroxidase and superoxide dismutase levels are also markedly high. In the last, Lead (Pb) causes insulin
resistance through the ROS which causes oxidative stress and ultimately causes insulin resistance in suspected individuals.
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Introduction

Metabolic syndrome (MS) and Insulin Resistance are major public health concern because to its increasing global
prevalence and relationship with catastrophic life-threatening illnesses such as diabetes mellitus, cardiovascular disease
and all other mortality. [1, 2] Heavy metals like mercury (Hg), cadmium (Cd), nickel (Ni), arsenic (As), thallium (TI),
cobalt (Co) and lead (Pb) are environmental pollutants that are proved to cause metabolic syndrome along with insulin
resistance in diabetic and non-diabetic patients. [4, 6] Numerous epidemiological studies have found that ambient air
pollution causes an increase in morbidity and mortality.

Toxics in ambient air include particulate matter (PM), irritating gases, and benzene. PM is the component of air pollution
thought to be responsible for many of these harmful health impacts, and multiple studies have found a link between overall
daily mortality and ambient particle concentrations. Long-term exposure to high particle levels increases the risk of cancer,
respiratory disorders, and arteriosclerosis, whereas short-term exposure peaks induce exacerbation of bronchitis, asthma,
and other respiratory ailments, as well as alterations in heart rate variability. Heavy metals are naturally occurring metallic
elements with high atomic weights and densities relative to water.

They are employed in several industrial operations, including mining, medicine, technology, and agriculture. Once
released into the environment, they cannot be destroyed or degraded. Thus, heavy metals are long-term environmental
pollutants. Heavy metal exposure can occur through contaminated water and food consumption, industrial operations,
occupational, cigarette smoke, fossil fuel, waste, and cosmetic preparations. The utilization of heavy metals is increasing
in fulfilling our daily basis requirements that may bring up a major threat to human health. [3,4].
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Figure 1: lllustrating the different sources of heavy metals exposure.

The main objective of our study is to describe the insulin resistance susceptibility associated with heavy metals exposure
accompanying its potential threat towards diabetes mellitus.

Cadmium

Cadmium (Cd) is an environmental pollutant that is discharged into the environment through both natural and manmade
activities. It is used for corrosion protection of steel (cadmium plating), as solder and weld metal in alloys, polyvinyl
chloride plastics, as pigments in paint colors, various forms of paint and glazes, fertilizers. Hong et al. (2022) established
that Cd inhibited insulin synthesis and pancreatic B-cell survival by causing mitochondrial malfunction, mitoROS
overproduction, and increased proinflammatory IL-1p, IL-6, and TNF-a levels. The mitochondrion is not only an essential
target for Cd toxicity, but it also produces the majority of intracellular ROS. Cd can accumulate in mitochondria and alter
oxidative phosphorylation pathways, causing mitochondrial ROS generation and malfunction. Further research is needed
to determine the impact of oxidative stress, mitochondrial dysfunction, and the inflammatory response on pancreatic [3-
cell damage caused by Cd. [5, 6, 12]

Arsenic

Arsenic (As) is a naturally occurring, poisonous metalloid. It can be found in both inorganic and organic forms in the
environment. Arsenic can be easily dissolved in ground water. Groundwater with arsenic contents higher than the drinking
water standard of 10 mg/liter was not unusual. Man-made sources of arsenic, including mineral extraction and processing
wastes, poultry and swine feed additives, pesticides, and highly soluble arsenic trioxide stocks, have contaminated soil
and groundwater. There is a possibility that arsenic affects glucose metabolism; nevertheless, limited research has assessed
how arsenic exposure in the environment affects B-cell insulin secretion in mammals. Nevertheless, a number of studies
have suggested that arsenic may modify signaling transduction factors, such as NF«B, p38 mitogen-activated protein
kinase (MAPK), tumor necrosis factor-a (TNFa), phosphatidylinositol-3-kinase (PI3K), and PI3K-dependent
phosphorylation of protein kinase B (PKB/AKkt). Arsenic may also have an impact on insulin-stimulated glucose uptake
(ISGU) in adipocytes or skeletal muscle cells, which may be linked to insulin resistance. Insulin's metabolic effects depend
heavily on PI3K signaling, which controls a variety of signal transduction pathways when it is activated. p-cells exposed
to high doses of arsenic showed increased PI3K-mediated PKB/Akt phosphorylation. Insulin activates glucose transporter
4 (GLUT4) through phosphorylation of the PKB/Akt signaling pathway. High doses of arsenic may imitate insulin's
activity by phosphorylating PKB/Akt and GLUT4 expression in vitro. [13, 14, 15]

Nickel

Nickel is also an environmental pollutant that is widely distributed in the environment and can be released into the
atmosphere and soil when coal, fuel oil, and trash are burned, or when sewage is discharged. Nickel and its compounds
are also widely employed in a variety of industries, including electroplating, alloy manufacturing, and nickel-cadmium
battery production. As a result, the whole public is exposed to nickel through the air, food, and drinking water. Other
forms of nickel exposure include tobacco use, dental or orthopedic implants, stainless steel kitchen utensils, low-cost
jewelry, and nickel-releasing coins. Nickel exposure caused the formation of free radicals. Nickel impairs DNA repair
enzymes by producing ROS. [7] Nickel treatment has been linked to decreased islet function and higher plasma glucose
levels, according to studies. A-tocopherol, an antioxidant, appears to reduce nickel-induced hyperglycemia in rats. Nickel
appears to cause glucose dysregulation through the ROS pathway. Nickel-induced hyperglycemia is associated with higher
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iNOS and cGMP levels. The study identified a large rise in iINOS protein expression in the pancreas, which led to an
increase in cGMP levels in the adrenals, brain, and pancreas. This could be due to cytosolic guanylate cyclase activation
that ultimately causes insulin resistance. [16, 17]

Mercury

Mercury (Hg) is a heavy metal that is widely distributed and persistent in the environment. Mercury has been a major
public health concern in recent years, with mounting evidence of its presence in some components of the human food
chain. Fish diet, for example, is advantageous in the prevention of cardiovascular disorders and Alzheimer's disease; yet,
multiple studies have found that fish consumption is the primary source of mercury exposure. [18, 19, 20] Mercury exists
in three forms in the environment: elemental or metallic mercury, inorganic mercury, and organic mercury. Mercury
compounds are commonly employed in dry-cell batteries, fluorescent bulbs, arc lights, mirrors, the extraction of gold and
silver from ores, thermometers, dental amalgam fillings, and vaccine preservatives. [21, 22, 23, 24] The toxicity of
mercury in islets is strongly associated with oxidative stress. It has been demonstrated that 8-hydroxy-2'-deoxyguanosine
(8-OHdG), a biomarker of oxidative DNA damage, is dramatically higher in urine samples from people living in mercury-
contaminated environments. [25] The group exposed to mercury had greater levels of glutathione (GSH), total protein
thiols, and the activities of glutathione peroxidase and superoxide dismutase compared to the control group. [26] Mercury
has the ability to impact islet B-cell survival and function both in vivo and in vitro via an oxidative stress route, according
to a new study. In both cell culture and animal models, low-dose mercury produced malfunction of the mouse pancreatic
islet B-cells via an Akt pathway triggered by oxidative stress or PI3K. [27] Thus these considerations give strong evidence
that mercury exposure led to insulin resistance and is aa major risk factor for diabetic population.

Lead

Lead is a hazardous environmental pollutant that is extremely damaging to numerous body organs. Although Pb can be
absorbed through the skin, it is primarily absorbed by the respiratory and digestive systems. Pb exposure can cause
neurological, pulmonary, urinary, and cardiovascular problems due to immune-modulation, oxidative, and inflammatory
pathways. Furthermore, Pb can disrupt the oxidant-antioxidant system balance and cause inflammatory reactions in a
variety of organs. Exposure to Pb can cause changes in physiological functions in the body and is connected with various
disorders. [28, 35, 36, 37] Possible lead sources are paints, air, soil, tableware, folk medicines and cosmetics, occupational
sources, toys and cosmetic jewelry. [29, 33, 34] Reactive oxygen species (ROS) have been shown to disrupt multiple
important components of the insulin signaling pathway, encouraging the development of insulin resistance and diabetes.
Existing research indicates that metal-induced toxicity might disrupt antioxidant processes in living tissues, resulting in
the generation of highly reactive oxygen species (ROS). Proteins, nucleic acids, and lipids may be degraded as a result of
an antioxidant imbalance. ROS's oxidative attack on cellular components has been linked to the etiology of various human
ilinesses, including diabetes and insulin resistance. [30, 31, 32].

Heavy Metals ‘

Exposure
,—---*"H Oxidative Stress )
7= (GSH, SOD, CAT) |~

Attack on Insulin Signaling Pathways

Insulin . Cellular Compeonents . Diabetes
Resistance Destructionsi.e., Mellitus
. J Lipids, Proteins .

Figure 2: Elaborating the general mechanism of action of heavy metals-induced cellular components destruction
that may lead to impaired insulin secretion and diabetes mellitus.
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Conclusion

It is investigated that various sources of heavy metals like industries, paints and glazes, fertilizers, plastics, pesticides,
mining waste, fuel oil and sewage waste may drastically alter the functioning of islets of Langerhans and development of
resistance against insulin. Toxic metals can affect glucose absorption and change the molecular mechanism for glucose
control. This study indicates that exposure of heavy metals like Cd, Ni, As, Hg and Pb from different sources associated
with diabetes mellitus and insulin resistance causing complications in insulin therapy. Cd is associated with
overproduction of mitoROS and pro-inflammatory mediators while As disrupt various signal transduction pathways.
Whereas Ni not only causes the production of free radicals but also increases iNOS and cGMP levels which plays key role
in insulin resistance. Hg and Pb induce insulin resistance through oxidative stress disrupting various signaling pathways
and enzymes. This study revealed that environmental pollutants are highly contagious to human health, and it is confirmed
through various studies that these pollutants are evident to cause insulin resistance worldwide.
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