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Abstract: This paper explores the mechanisms of severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) and lead(Pb) exposure and how they interact to promote liver dysfunction. Coronavirus disease
2019 (COVID-19) is caused by SARS-CoV-2. The environment in which one resides may result in acute
and chronically Pb-exposed individuals being infected with SARS-CoV-2. The effects of this exposure on
liver dysfunction and its mechanisms are not fully understood. This paper seeks to close this gap in the
literature by exploring potential ways this interaction may occur. Results indicated that the interaction of
Pb and SARS-CoV-2 and its effects on the liver are likely through the promotion of reactive oxygen species
(ROS) production, oxidative stress, and inflammation. Specifically, the rise of inflammation and oxidative
stress and the promotion of fibrosis and apoptosis via nuclear factor kappa B (NF-xB), interleukin-6 (IL-6),
and tumor necrosis factor-alpha (TNFa) were all potentially critical pathways identified. The release of liver
injury enzymes such as alanine aminotransferase (ALT) and gamma-glutamyl transferase (GGT) and their
role in contributing to thrombosis, coagulopathy, and liver injury are also identified. Finally, how combined
exposure may lead to endothelial-mediated inflammation and thrombosis, subsequently bringing forth NASH
and NAFLD via increased Plasminogen activator inhibitor-1 (PAI-1) is discussed.
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1. Introduction
1.1 Background

A new severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) arose in 2019 and triggered
an infectious disease known as coronavirus disease 2019 (COVID-19). [ Coronaviruses are part of
the Coronaviridaefamily andNidoviralesorder. They occur extensively among humans, triggering several
ailments that span the ”common” flu to death. [2! The virus was initially identified and reported in Wuhan
city of China, in December 2019. [¥l The SARS-CoV-2 is exceptionally contagious, spread globally in a short



period of time, and was pronounced a global pandemic on March 11, 2020 by the World Health Organization.
(4]

Lead (Pb) is a toxicant that persists in the body and environment with a half-life of twenty-eight days in
blood and three decades in bone. It was initially added to gasoline due to the belief that it reduced engine
knocking and optimized the performance of valves within motors. It was also added to paint because of its
moisture-resistant properties. Because of Pb’s widespread historical use owing to its physical and chemical
properties, numerous populations are acutely and chronically exposed to Pb.

1.2 Transmaission

Coronaviruses typically replicate mainly in the epithelial cells of the lower respiratory tract and, to a less
significant magnitude, in upper respiratory tract cells. Transmission of SARS-COV-2 mainly occurs from
those experiencing symptoms; as such, transmission is likely after an infected individual shows signs of the
disease.[%) Individuals with SARS-CoV-2

who are in a very severe state of the disease are more likely to transmit the virus because they release large
quantities of infectious particles. (¢

The average quality of recent cases that a case of coronavirus produces over the time of its infectious period
(Ro) is between 2-4[7, which indicates that one person can infect between 2 to 4 individuals. [ Thus, people
can be infected rapidly, necessitating monitoring of its distribution and spread.

Pb is mainly stored in bones and teeth and affects organs such as the liver. Regarding Pb exposure, the
main exposure routes for Pb are inhalation and ingestion of Pb-infested materials and particles.[® Inhalation
is most common and occurs via fumes that transmit Pb. Absorption of Pb through the skin is unusual.
Children are more susceptible to Pb due to their hand-to-mouth activity and the fact that they absorb a
more significant percentage of Pb consumed.'%!

The effects of Pb exposure on people vary based on the dose or extent of the exposure. Exposure to elevated
levels of Pb in kids has been discovered to diminish attention span and increase petulance and dimness in
the brain, bringing forth seizures, headaches, coma, and potentially death. [1]

Despite the mechanisms of Pb toxicity being unclear!*?, heme-biosynthesis enzymes and its effects on the
antioxidant system have been identified as the key targets of Pb toxicity. In addition, Pb can promote the
formation of reactive oxygen species at small blood concentrations Oxidative stress has been identified as
the most critical factor in the pathophysiology of Pb poisoning.

The interaction of Pb and SARS-CoV-2 and how it affects hepatic health is a critical question of public
health concern. Indeed, the number of adults diagnosed with liver disease in the United States (US) is 4.5
million, representing 1.8% of the population. In addition, 51,642 die from liver disease in the US, which is
15.7 deaths per 100,000 population. [13]

2. Lead and Liver Injury

The liver is the biggest organ in the body and receives extensive circulatory supply from both the hepatic
artery and the portal vein. Therefore, the liver comes into contact with Pb and its effects are potentially
pronouced. Research on the hepatotoxic consequences of Pb has shown that exposure to Pb possibly modifies
xenobiotic and cholesterol metabolism, in addition to inducing hepatic hyperplasia.l'*l Oxidative stress is
potentially significant in the pathway of the pathophysiology of Pb toxicity. In a study by Hsu and Leon Guo
(5] results revealed oxidative stress brought forth by lead exposure contributes to the pathophysiology of
Pb toxicity by disrupting the antioxidant/prooxidant equilibrium in cells. In fact, Pb exposure may trigger
the production of ROS and alteration of the antioxidant system in exposed individuals and subsequently
adversely affects the liver. Pb-exposed patients store a lot of consumed Pb in the liver. [16]



Immune system dysfuction is also potentially a signficant pathway in the pathophysiology of Pb toxicity.
Studies have shown that Pb brings forth increases in interleukin (IL)-10 and tumor necrosis factor-a(TNF-a
) in lead-exposed workers. [17: 18]

In addition, lead exposure stimulates the secretion of cytokines, including Interleukin-1 beta (IL-183) ,
Interleukin-12p70 ( TL-12p70), and Interferon-gamma (IFN-y) [19),

A study by Yucesoy and colleagues found that that chronic exposure to Pb resulted in alterations in cytokine
levels with serum IL-1f3 levels and IFN-y decreasing, while IL-2 and TNF-a levels staying consistent. (20]

Other studies have found that Pb increases the percentage of immune cells, such as peripheral cluster of
differentiation 4 (CD4+) and cluster of differentiation 8 (CD84) central memory T cells.?! Other stud-
ies have found that Pb exposed workers had significantly decreased levels of Immunoglobulin G ( IgG),
Immunoglobulin M ( IgM), C3, and C4 complement compared to healthy controls.[??

Elevated liver enzymes often indicate inflammation or damage to cells in the liver. Inflamed or injured liver
cells release high amounts liver enzymes, into the bloodstream.The elevated liver enzymes most commonly
found are: Alanine transaminase (ALT), Aspartate transaminase (AST), Alkaline phosphatase (ALP) and
Gamma-glutamyl transferanse (GGT).

The potential effects of Pb on liver injury enzymes, such as ALT, and AST have been shown in various
studies. In a study by Onyeneke et al.[?3], of Nigerian adults, they found that ALT and AST were more
elevated in in Pb exposed workers as compared to controls. Regarding GGT and its relationship with Pb
exposure in adults, Lee et al. using National Health and Nutrition Examination Survey (NHANES) III
data, found associations between blood lead levels (BLL) and GGT[?4. Al-Neamy et al.?’l, determined that
mean AST, ALT, total bilirubin, and GGT levels were different in Pb exposed as compared to unexposed
individuals. ALP was found to be higher in the exposed compared to the unexposed, with the difference
showing statistical significance. Obeng-Gyasi and colleagues using data from a representative sample of US
adults, found that BLLs were significantly associated with ALP, GGT, and Total bilirubin.¢

Nonalcoholic fatty liver disease (NAFLD) is common in countries where the Standard American Diet (SAD)
is common and can lead to cirrhosis which is irreversible. 271 Pb exposure has been associated with NALFD.
In a study by Zhai and colleagues on Chinese residents, elevated BLL was correlated with an elevated
probability of NAFLD, with the correlation being strongest among women.?8 Similar results have been
found in other populations. 297 Indeed, advanced liver fibrosis is more common in NAFLD in those with
elevated Pb exposure. 3

3. SARS-CoV-2 and Liver Injury
3.1 SARS-CoV-2 entry and impact on the liver

Angiotensin-converting enzyme 2 (ACE2) receptor is how SARS-CoV-2 enters host cells. SARS-CoV-2
potentially attaches to ACE2 receptors more extensively when compared to prior coronaviruses, permitting
its wide-ranging transmission. [

ACE2 is present in the liver. The extent of ACE2 receptor density in the liver is still being explored, with
recent reports, using single-cell RNA sequencing indicating that cholangiocytes contain the most significant
amount of ACE2 receptors. 3234

Cholangiocytes are a diverse group of epithelial cells that line the biliary tree. Their primary physiologic
function involves the alteration of hepatic canalicular bile as it is moved in the biliary tree.

3.2 Effects of Sars COV-2 and lead on liver dysfunction

Liver injury is a common characteristic in COVID-19 and is associated with adverse clinical manifestations
and potentially mortality.[% 26 In a study by Wanner and colleagues, they found that abnormal liver function
tests were widespread in COVID-19 in two patients with COVID-19 needing hospitalization.?” In addition,
autopsy sections taken from another patient cohort, they presented proof of SARS-CoV-2 liver tropism in



addition to viral RNA recognition in sixty-nine percent of autopsy liver tissue. Finally, they successfully
isolated SARS-CoV-2 in liver tissue.

SARS-CoV-2 infection is possibly correlated with acute-on-chronic liver failure, a syndrome that in prevalent
in patients with chronic liver disease. This is apparent in patients with cirrhosis and produces extremely
elevated mortality in patients with alcohol-related liver disease. Viral infection of the liver with SARS-
CoV-2 is an issue still being explored, with direct viral infection possibly triggering liver dysfunction in
SARS-CoV-2. [38]

Mechanisms of importance regarding the impact on liver dysfunction among those exposed to SARS-CoV-2
perhaps consist of thrombosis and endothelial-mediated inflammation, which have been implicated in the
pathophysiology of portal hypertension and nonalcoholic steatohepatitis.[?% 401 Overall, the mechanism of
liver dysfunction in COVID-19 infection is believed to be multifactorial and related to cytokine storm,
immune dysregulation, and ischemic injury.

Portal or sinusoidal vascular thrombosis has been reported in 50% of patients in recent postmortem liver
biopsies from patients with COVID-19. [*The study also provided potential evidence for an association
between liver vascular thrombosis, coagulopathy, and liver injury in those with SARS-CoV-2 infection, as
demonstrated by high D-dimer and ALT levels. ! Platelet-fibrin microthrombi have been noted in COVID-
19-affected livers at autopsy with hepatic sinusoids and portal vein platelet aggregates.*?

Hepatic steatosis is a common characteristic in the liver pathology of COVID-19-affected individuals; this
may be due to coagulation’s activation that drives hepatic steatosis. [43]

The mechanism of Plasminogen activator inhibitor-1 (PAI-1) involvement in COVID-19-induced liver dys-
function potentially involves PAI-1 has been correlated with NASH and NAFLD. (44 45] PAI-1 is an indicator
of endothelial cell damage. 6! When existing in excess, PAI-1 binds to TLR4 on macrophages, bringing forth
the secretion of proinflammatory chemokines and cytokines. #7PAI-1 elevation occurs due to Interleukin 6
(IL-6) signaling to vascular cells in COVID-19. In the liver, this potentially brings forth microvascular throm-
bosis, steatosis, and inflammation. Patients with COVID-19 with liver injury potentially have demonstrated
elevated levels of serum markers of hypercoagulability, increased IL-6, increased platelet accumulation, and
increased Liver sinusoidal endothelial cells injury manifested as increased Von Willebrand factor (vWF'), and
neutrophil infiltration in liver histology. 48!

3.3 Possible causes of elevated liver enzymes in SARS-CoV-2

The possible causes of higher levels on injury enzymes in those afflicted with SARS-CoV-2 are still un-
der review. Possible mechanisms of action include damage that promotes liver injury primarily due to
shock/hypoxia, even though a direct effect of SARS-CoV-2 on the liver is also under consideration mecha-
nistically. [49 50]

Liver injury, demonstrated through abnormal injury enzymes, is a conventional clinical element of COVID-19
in patients with the disease needing hospitalization.

Autopsy samples have provided extensive evidence for SARS-CoV-2 liver tropism, as well as viral RNA
recognition in sixty-nine percent of autopsy liver specimens and isolation of infectious SARS-CoV-2 from
liver tissue postmortem. Additionally, transcription-, proteomic- and transcription factor-based activity
profiles in hepatic autopsy samples have revealed parallels to the signatures related to additional human
liver viral infections. [37]

There are many studies of elevated liver injury markers and liver dysregulation in SARS-CoV-2 affected in-
dividuals, which manifest as high monocyte chemoattractant protein 1 (MCP1) gamma-glutamyl transferase
(GGT), alanine transaminase (ALT), and bilirubin. When analyzed in the context of diminished amounts
of albumin, this indicates liver damage with potential damage to biliary cells. (1]

4. Interaction between Lead and SARS-CoV-2 in liver injury



The potential interaction of Pb and SARS-CoV-2 and its effects of the liver are summarized in Figure 1.
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Figure 1. Critical factors in the mechanism of the combined effect of Pb and SARS CoV-2

The hypothesized effects of the interaction of Pb and SARS-CoV-2 on liver dysfunction are potentially
extensive but must focus on immune cell responses. Exposure to environmental toxicants such as Pb has
been linked with changes in the immune system. [% 53IPh exposure may increase individuals’ susceptibility
to infection, thus lengthening recovery from infection and potentially diminishing the effects of vaccinations.
Pb exposure has also been associated with the promotion of immune system dysfunction; environmental
exposure to Pb thus may decreases immune responses in addition to potentially increasing the odds of
infectious diseases such as COVID-19.[54-56]

Many cytokines such as nuclear factor kappa B (NFxB), IL-6, and tumor necrosis factor-alpha (TNFw)
released from SARS-CoV-2-infected monocytes, and macrophages may lead to injurious cascades derived
from inflammation causing injury to organs such as the liver. 7]

The immunotoxic effects of Pb are multifaceted and may include the promotion of T helper 2 (Th-2)
development by limiting T helper! (Th-1) cell proliferation. (58] Tn addition, pb potentially adversely alters
a protective immune response, particularly in organs with highly expressed ACE2 receptors, such as the
liver, via interactions with the aryl hydrocarbon receptor (AhR).1]

Pb can cause ROS and oxidative stress by partaking in Fenton- and Haber-Weiss-type reactions. In addition,
Pb may bring forth oxidative stress in Vascular smooth muscle cells (VSMC) and endothelial cells. Oxidative
stress can result in inflammation, apoptosis, and fibrosis by triggering NF-»xB, which is the critical transcrip-
tion factor for many proinflammatory cytokines, chemokines, and adhesion molecules. Pb also potentially



reduces antioxidants such as Superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione (GSH),
and catalase (CAT).

Normal endothelial lining averts thrombosis by many mechanisms: 1 ) endothelial surface coating by Heparan
Sulfate Proteoglycans (HSPG). HSPG has heparin-like anticoagulant properties, 2 ) Promotion of fibrinolysis
(via i.e., Tissue plasminogen activator - t-PA) , & ) endothelium-derived activation of a potent inhibitor of
platelet adhesion and activation - Nitric Oxide-NO and 4 ) prostacyclin. [60] Ph exposure potentially harms
the endothelium, decreases HSPG production, prevents endothelial repair, and reduces NO availability via
ROS-mediated NO inactivation.[6!]

Using fetal lung fibroblasts and cultured human aorta smooth muscle cells, Yamamoto and colleagues [62]

showed that Pb chloride triggers, in a dose-dependent manner, a significant inhibition of t-PA and a substan-
tial elevation in PAI-1 production in cultured fibroblasts. Also, Pb-exposed smooth muscle cells demonstrated
a substantial dose-dependent decrease in t-PA production and, to a less significant degree, PAI-1 production.
Therefore, the interaction of the cellular components of the subendothelial tissue with Pb appears to move
the equilibrium of antifibrinolytic and fibrinolytic influences in support of the latter, thus increasing the
probability of thrombosis. [

5. Conclusions

In sum, the interaction of Pb and SARS CoV-2 and its impact on the liver is hypothesized to be through
the promotion of ROS production and oxidative stress in addition to inflammation.

Cytokines, including IL-6, (NFxB), and TNFu released from SARS-CoV-2-infected macrophages and mono-
cytes, potentially lead to inflammation-derived injurious cascades that promote liver dysfunction. Pb likewise
potentially promotes ROS production and oxidative stress. In addition, oxidative stress may promote in-
flammation, fibrosis, and apoptosis by activating NF-xB and subsequent production of proinflammatory
cytokines, adhesion molecules, and chemokines.

These factors hypothetically bring forth liver injury enzymes such as gamma-glutamyl transferase (GGT) and
alanine transaminase (ALT). This interaction may result in high D-dimer and elevated liver injury enzymes
such as alanine aminotransferase (ALT), contributing to thrombosis, coagulopathy, and liver dysfunction.

Another effect of combined exposure theoretically includes endothelial-mediated inflammation and throm-
bosis, which has been linked to NASH. The role of PAI-1 in the disease and Pb-induced liver injury is
hypothetically interesting as both have been shown to increase PAI-1, and increased PAI-1 has been corre-
lated with NASH and NAFLD.

Finally, it must be noted that other heavy metals including cadmium, arsenic, and mercury have similar
properties to Pb and would also promote respiratory toxicity, affect viral disease, antifviral immunity, and
immuntoxicity thus, exposure to all metals must be limited. 3]
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