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SUMMARY

Heavy metals (HMs) have extensive distribution
in the environment due to their diverse applica-
tions. However, the exposure to HMs remains one
of the major causes of hepatotoxicity which could
lead to organ failure thereby constituting a major
public health concern globally. The toxic effect
of HMs on hepatic tissue, which is characterized
with the induction of oxidative stress, activation
of inflammatory and apoptotic signaling, adverse
interaction with hepatic tissue enzymes and an-
tioxidants as well as hepatic histopathological
changes, culminates into HMs-induced hepato-
toxicity (HMH). Experimental studies have been
conducted to explore the therapeutic potential
of essential vitamins such as riboflavin, ascorbic
acid, and alpha-tocopherol against HMH. They
exhibit hepatoprotective effect against HMs expo-
sure essentially by reversal of the aforementioned
deleterious effects associated with the exposure.
The modulatory activity of these essential vita-
mins on the associated mechanisms and down-
stream pathways of HMH thereby highlighted
their prophylactic or ameliorative effect against
HMH and underscored their role as potent ther-
apeutic agents.
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INTRODUCTION

Heavy metals (HMs) are naturally occurring ele-
ments that possess relatively high atomic number
(more than 20) and elemental densities of more
than 5g/cm3 and more than five times the density
of water (Ali and Khan, 2018; Ahmed et al., 2022).
HMs have extensive applications in homes, indus-
tries, agriculture and medicine, which indicate
their wide distribution in the environment and
consequent ubiquitous exposure to living organ-
isms including humans (Tchounwou et al., 2012).
Essentially, HMs exhibit toxic effect on biological
systems when they exceed certain exposure level
or even at low dosage. Hence, the multiple arrays
of exposure to HMs through intake of air, dust,
water, or food via routes such as inhalation, in-
gestion, and dermal absorption underscore their
widespread deleterious impact on the morpholo-
gy and function of body tissues (Ali et al., 2019;
Jomova et al., 2025).

Furthermore, HMs that are regarded as very
toxic such as lead, mercury, cadmium and arsenic
pose major environmental health risks (Jacob et
al., 2018; Renu et al., 2021). Tissue toxicity due to
the HMs exposure is generally dependent on the
metallic properties, dosage, route, duration of ex-
posure (acute or chronic), and the level of bioac-
cumulation (Jomova et al., 2025). The exposure to
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the HMs often results into widespread toxicity of
various body tissues such as gastrointestinal, pul-
monary, renal, reproductive, nervous, cardiovas-
cular, and hepatic tissues (Witkowska et al., 2021;
Mitra et al., 2022). In particular, hepatotoxicity is
associated with the central role of hepatic tissue
in metabolism of chemical substances and toxins
such as HMs. Hence, the hepatic tissue becomes
more susceptible to the toxic effect associated
with the HMs exposure (Renu et al., 2021; Thakur
etal., 2024).

Moreover, the deleterious effect of HMs on he-
patic tissue (as well as other body tissues), is
largely based on their adverse interaction with
the tissue antioxidant defense system leading to
several histopathological changes and functional
impairments (Fig. 1). In essence, HMs-mediated
hepatotoxicity (HMH) occurs primarily through
their interaction with antioxidant enzymes such
as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione reduc-
tase (GR), as well as essential enzymes such as
alkaline phosphatase (ALP), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST),
0-glutamyl-transferase (GGT), and lactate dehy-
drogenase (LDH) (Koyama et al., 2024; Jomova et
al.,, 2025).

In essence, therapeutic intervention that exhibit
modulatory effect on the associated mechanisms
and downstream pathways of HMH could exhibit

prophylactic effect or mitigate the progression of
HMH. Hence, several preclinical studies using ex-
perimental model of HMH have been conducted
to harness the therapeutic potential of different
agents including essential vitamins such as ribo-
flavin, ascorbic acid, and alpha-tocopherol and to
elucidate their mechanism of hepatoprotection.

MATERIALS AND METHODS

A retrospective review was conducted to gath-
er relevant findings on the therapeutic role of ri-
boflavin, ascorbic acid, and a-tocopherol against
HMH in preclinical studies. Scientific databases
such as PubMed, Scopus, Web of Science and Goo-
gle scholar were searched using keywords such as
‘therapeutic effect of vitamins’, ‘Antioxidant effect
of vitamins’, ‘hepatoprotective effect of ascorbic
acid, ‘hepatoprotective effect of alpha-tocopher-
ol, ‘hepatoprotective effect of riboflavin’. Further
critical assessment was carried out to select ar-
ticles that contained relevant information about
the therapeutic role of riboflavin, ascorbic acid,
and a-tocopherol in experimental models of HMH.
Only articles with findings that are relevant to the
aim of the review, published in English language,
and in peer-reviewed journals were included. The
exclusion criteria included article duplication and
articles with irrelevant information with regard to
the aim of the review.

Fig. 1.- Summary of mechanisms of heavy metal-induced hepatotoxicity.
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Table 1. General characteristics and hepatotoxic effect of selected heavy metals

Heavy metals
(symbol)

Lead

(Pb)

Cadmium (Cd)

Mercury (Hg)

Arsenic (As)

RESULTS

Heavy metal-induced hepatotoxicity (HMH)

112.41 g/mol

200.59 g/mol

Sources and
Applications

Vehicle exhaust,
burning of fossil
fuels, mining,
smelting, refining,
production of
gasoline, building
materials, paints,
batteries, pipes

Earth’s crust, con-
taminated water,
beverages or food,
cigarette smoke,
welding, produc-
tion of batteries,
television screens,
cosmetics, lasers,
paints, pigments

Volcanic erup-
tions, ocean emis-
sions, weathering
of rocks, gold
mining, burning
coal, contaminat-
ed water, air, food,
industrial wastes

Earth’s crust, con-
taminated water
or groundwater,
food, soil, or exist
in combined form
with other metals,
sulphur or oxygen

Toxic effect

Disruption of func-
tion of body tissues
(such as liver)
through induction of
oxidative stress via
ROS accumulation
and disruption of
major regulatory
pathways

Induction of oxi-
dative stress, cell
proliferation, apop-
tosis, and genomic
impairments leading
to toxicity of tissues
including hepatic
tissue

Induction of oxida-
tive stress and cell
death, impairment
of metabolism and
diverse histopatho-
logical changes in
body tissues

Induction of oxida-
tive stress, disrup-
tion of antioxidant
defense system,
initiation of ferro-
ptosis and disrup-
tion of key signaling
pathways

Mechanism of hepa-
totoxicity

- Disruption of regu-
latory pathways (P53,
Nrf2, SIRT1, AKT-1,
GSK3p, m-TOR)

- Elevated MDA level

- Disruption of antioxi-
dant defense system

- Activation of apoptot-
ic factors

- Direct toxic effect
causing mitochondrial
dysfunction

- Inflammatory
response involving
activation of Kupffer
cells and cytotoxic
mediators

- Inhibition of hepatic
autophagy and antiox-
idant enzyme system
- Induction of apopto-
sis and fibrosis

- Elevation of serum
activities of ALP, ALT,
AST, GGT, LDH

- Decrease in serum
levels of total protein,
albumin, triglyceride,
total cholesterol

- Elevation of MDA lev-
el and decline in SOD,
CAT, and GPx activities
in hepatic tissues

- Modulation of Nrf2
expression through
PI3K/Akt pathway

- Hepatic histopathol-
ogy

- Decline in hepatic
GSH level and SOD,
CAT, GPx activities

- Elevated levels of
caspase-3 and nitric
oxide (NO)

stress, disruption of tissue
and hepatic histopathological changes (Table 1,

Fig. 1).

The selected HMs (which include Pb, Cd, Hg and

As) exhibit diverse environmental distribution
and characteristic toxic effects on tissues (in-
cluding the liver), primarily due to the activation

of inflammatory response, induction of oxidative
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LEAD-INDUCED HEPATOTOXICITY

Lead (Pb) is a naturally occurring metal regard-
ed as the most important among the toxic HMs
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due to its abundant distribution in the environ-
ment and important properties like softness,
ductility, malleability, resistance to corrosion,
and non-biodegradable nature (Flora et al., 2012;
Wani et al., 2015). The major areas of application
of Pb include industrial processes for production
of gasoline, building materials, paints, and bat-
teries (Boldyrev, 2018; Omotoso et al., 2020a). In
addition, Pb is abundantly released into the envi-
ronment from smelting, refining, mining, vehicle
exhaust and burning of fossil fuels (Violante et al.,
2010).

As a major environmental pollutant, Pb is rap-
idly distributed and accumulated in the body of
living organisms including humans and acts to
disrupt the normal morphology and physiology
of various systems. Pb can hereby be regarded as
a toxin that distort the normal functioning of the
body tissues and systems (Omotoso et al., 2020b;
Collin et al, 2022). Exposure to Pb poisoning es-
pecially through ingestion makes the liver tissue
highly susceptible to toxicity characterized with
diverse pathological changes (Renu et al., 2021).

Lead-induced hepatotoxicity often occurs via
induction of oxidative stress and disruption of
major regulatory pathways such as tumor protein
53 (P53), nuclear factor erythroid 2-related fac-
tor 2 (Nrf2), Sirtuin-1 (SIRT1), protein kinase B-1
(Akt-1), glycogen synthase kinase-3 beta (GSK3p),
and mechanistic target of rapamycin (m-TOR)
(Wang et al., 2019; Alhusaini et al., 2019a; Zhang
et al., 2020; Elhemiely and Darwish, 2024). Essen-
tially, hepatic oxidative stress due to Pb exposure
is characterized by elevated malondialdehyde
(MDA) level, disruption of antioxidant defense
system, and binding with the sulfhydryl groups,
activation of pro-apoptotic pathways thereby
culminating into hepatocyte death (Lakka et al.,
2023).

Cadmium-induced hepatotoxicity

Cadmium (Cd) is a naturally existing metal
which is abundant in the earth’s crust along with
other metallic elements such as copper, Zinc and
lead (Bernhoft, 2013). Although, Cd is highly toxic
and non-biodegradable, it has wide range of ap-
plications such as production of batteries, televi-
sion screens, cosmetics, lasers, paint pigments,

and to galvanize steel (Bernhoft, 2013; Khan et
al., 2022). The major sources of environmental Cd
include cigarette smoking, welding, mining pig-
ments and plastic stabilizers, contaminated wa-
ter or food such as meats, leafy vegetables or sea
foods (Tchounwou et al., 2014; Khan et al., 2022).

The wide distribution in the environment
makes Cd one of the most important toxic HMs
with human or animal exposure occurring mainly
through ingestion or inhalation, leading to con-
siderable toxicity in most bodily tissues and sys-
tems (Okwuonu et al., 2019; Khan et al., 2022). Cd
is a toxic pollutant with long half-life (10-30 years)
which implies low rate of excretion from the body
and bioaccumulation in different visceral tissues
including the liver, kidneys, bone, causing del-
eterious effect to the organs (Wang et al., 2021).
Aside the induction of oxidative stress, the dele-
terious effect of Cd exposure at cellular level in-
cludes induction of cell proliferation, apoptosis,
and genomic impairments (Rani et al, 2014; Ni-
ture et al., 2021).

Cd exposure and bioaccumulation results in a
range of hepatic tissue pathologies such as steato-
sis, steatohepatitis, and hepatocellular carcinoma
(Souza-Arroyo et al., 2022). The hepatotoxic ef-
fect of Cd exposure further occurs either through
direct toxic effect involving binding of Cd ions to
sulfhydryl groups on some mitochondrial mol-
ecules leading to mitochondrial dysfunction or
through inflammatory response involving activa-
tion of Kupffer cells and several cytotoxic media-
tors (Rikans and Yamano, 2000; Renu et al., 2021;
Ozoani et al., 2024). Moreover, Cd inhibit hepatic
autophagy to impair the detoxification of dam-
aged cell organelles or dysfunctional cytosolic
proteins through lysosomal degradation and vac-
uole-mediated sequestration (Niture et al., 2021).

Mercury-induced hepatotoxicity

Mercury (Hg) is a highly toxic heavy metal that
is abundantly present in the environment and
commonly bio-available through water, air, food
and soil particles (Saleh et al., 2020; Palathoti et
al., 2022). Hg is usually distributed into human
(and animal) tissues in its various forms of exis-
tence including organic, inorganic, elemental as
well as in organic molecules, with the toxic effect



on biological tissues varying with the forms of ex-
istence, exposure time, dosage and route (Ferrei-
ra-Rodriguez et al., 2021; Palathoti et al., 2022).
The inorganic form of Hg, which mainly enters
through ingestion or skin absorption, usually
accumulate in body organs, while the elemental
form of Hg, which enters through inhalation, is
quickly absorbed into the lungs and blood, where
it is rapidly distributed to other tissues (Palathoti
etal., 2022; Wu et al., 2024).

Hg exposure or accumulation in the hepatic
tissue results into induction of oxidative stress
and cell death, as well as impairment of metab-
olism, which culminate into hepatotoxicity (Choi
et al., 2017). Hg-induced hepatotoxicity is char-
acterized with diverse histopathological changes,
significant elevation of serum activities of liver
enzymes such as ALP, ALT, AST, GGT, and LDH
while the serum levels of total protein, albumin,
triglyceride, total cholesterol, and low-density li-
poprotein cholesterol are significantly decreased
(Ansar and Igbal, 2016; Uzunhisarcikli et al.,
2016; Hazelhoff et al., 2018). In addition, the MDA
level is significantly increased while SOD, CAT,
and GPx activities are decreased in hepatic tissue
(Uzunhisarcikli et al., 2016).

Arsenic-induced hepatoxicity

Arsenic (As) is a toxic HM that constitutes a sig-
nificant public health concern due to its abundant
distribution in the environment, especially in its
combined form with other metals, sulphur or ox-
ygen. In addition, it possesses a unique atomic
structure, which permits its existence as trivalent
or pentavalent (Rae, 2020). It can further become
abundant in groundwater or in the sea, due to the
dissolution of mineral deposits, thereby consti-
tuting more environmental health hazard (Rae,
2020). The As exposure usually results into a
myriad of pathologies affecting different body tis-
sues including the hepatic tissue. Essentially, the
hepatic tissue is regarded as a target organ of As
exposure, mainly due to its role in As biotransfor-
mation, whereby As is reduced to arsenite, which
in turn undergoes oxidative methylation (Prakash
etal., 2022).

Generally, As-induced hepatotoxicity has been
associated with induction of oxidative stress, ini-

tiation of ferroptosis, disruption of antioxidant
defense system, and disruption of key signaling
pathways (Thangapandiyan et al., 2019; Prakash
etal.,, 2022; Xu et al., 2024).). This is further eluci-
dated by significant downregulation of GPx4 in the
hepatic tissue, as well as the modulation of Nrf2
expression through PI3K/Akt signaling pathway
(Thangapandiyan et al., 2019; Shanmugam et al.,
2018; Xu et al., 2024). Moreover, As-induced hep-
atotoxicity results into histopathological changes
of hepatic tissue including hepatocyte necrosis,
sinusoidal dilatation and congestion, vacuolation,
and inflammatory cell infiltration. Other markers
of As-induced hepatotoxicity include significant
increase in lipid peroxidation (thiobarbituric acid
reactive substance) and protein oxidation (pro-
tein carbonyl), decline in hepatic GSH level and
activities of SOD, CAT, GPx and elevated levels of
caspase-3 and nitric oxide (NO) (Jalaludeen et al.,
2016; Ramadan et al., 2024).

DISCUSSION

The selected essential vitamins (including ri-
boflavin, ascorbic acid and alpha-tocopherol) are
derived from various sources and exhibit diverse
properties, including hepatoprotective effect
against heavy metal exposure, usually through
modulation of the mechanisms and downstream
pathways of HMH (Fig. 2, Table 2).

Therapeutic activity of riboflavin against HMH

Riboflavin, also known as vitamin B2 (Vit-B2) is
a member of the water-soluble, vitamin-B family,
which is composed of isoalloxazin ring of three
six-carbon rings including benzoic, pyrazine and
pyrimidine. Vit-B2 is abundantly derived from
natural sources such as egg, fish, milk, calf liver,
nuts, fruits and legumes, wild rice, mushrooms,
dark green leafy vegetables, cheese, and yeast
(Table 2) (Saedisomeolia and Ashoori, 2018; Su-
wannasom et al., 2020). It is an essential nutrient
for human health and needs to be included in the
diet. It plays major regulatory role in diverse bi-
ological processes and functions as precursor to
flavin mononucleotide and flavin adenine dinu-
cleotide which regulates the activity of flavopro-
tein enzymes (Suwannasom et al., 2020; Murgia
etal., 2023).
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Fig. 2.- Summary of therapeutic mechanisms of selected vitamins against HMH.

Studies have demonstrated the therapeutic
effect of Vit-B2 against tissue toxins (including
HMs) based on its antioxidant effect leading to
mitigation of associated oxidative stress especial-
ly lipid peroxidation and oxidative injury (Ashoori
and Saedisomeolia, 2014). Similar finding was re-
ported by Mumtaz et al., (2020) which indicated
the therapeutic effect of Vit-E against the toxic ef-
fect of Pb exposure to various body organs includ-
ing the liver. In another previous study by Rahemi
and Saiefar (2023), the protective effect of Vit-B2
against As-induced hepatotoxicity has been char-
acterized by significant decline in ROS, serum lev-
els of MDA, liver enzymes (ALT, AST and ALP) and
inflammatory markers. In addition, Vit-B2 treat-
ment causes down-regulation of Bax and TNF-a
as well as the genes of PTEN-induced putative ki-
nase-1 (PINK1) signaling pathway (such as PINK1,
Parkin, LC3-I, Mfn2, Fis1, and p38), which in turn
prevents mitochondrial damage and apoptosis.

Therapeutic activity of ascorbic acid against
HMH

Ascorbic acid, also known as vitamin C (Vit-C),
usually exists as a crystalline solid compound
which is composed of a near planar five-member
ring with two chiral centers that resolves into the
four stereoisomers (Steinberg and Rucker, 2013).
Itis a water-soluble vitamin that is abundantly de-
rived from many natural sources such as orang-
es, tomatoes, lemons, red pepper, grape and leafy
green vegetables, and may also exist in the form
of ascorbate in the body (Table 2) (Lykkesfeldt and
Tveden-Nyborg, 2019; Gegotek and Skrzydlews-
ka, 2022). Vit-C plays an important physiologic
role in numerous metabolic functions associated
with tissue growth and maintenance, ameliora-
tion of oxidative stress, and immune regulation.
Its function as a potent antioxidant is demonstrat-
ed by the ability to rapidly scavenge free radicals,
thereby mitigating oxidative stress and tissue in-
flammation due to exposure to tissue toxins such
as HMs (Dosedél et al., 2021; Gegotek and Skrzy-
dlewska, 2022; Conklin et al., 2024).

The study by Alhusaini et al. (2019b) demon-
strated the therapeutic potency of Vit-C against
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Table 2. General characteristics and hepatotoxic effect of selected heavy metals

Mechanisms of

Essential IUPAC NAME (Molecular Natural General properties N

Vitamins formula/ weight) Sources and common uses theral?eutlc Elicel [ e O
against HMH

Riboflavin @ 7,8-dimethyl-10- Eggs, fish, - Orange-yellow - Amelioration of Saedisomeolia and

(Vitamin | [(2S,3S,4R)-2,3,4,5- milk, nuts crystals, soluble in | hepatic histopatho- Ashoori, 2018;

B2) tetrahydroxypentyllbenzo[g] = fruits, meat,  water and heat-sta- | logical changes Suwannasom et al.,
pteridine-2,4-dione legumes, but- | pe. - Restoration of 2020;
(C17H20N406/ 376.369 g/ ter, sunﬂqwer - It promotes devel- | serum levels of liver = Mumtaz et al., 2020;

seeds, spin- . . . .
mol) ach. oatmea], | opment of skin, and ' function enzymes Murgia et al., 2023;
avoéado, " blood cells; used (ALT, AST, and ALP)  Rahemi and Saiefar,
spinach, to- to lower the level - Up-regulation of 2023
mato, yeast of homocysteine antioxidant marker
in the blood; used (GSH)
for breaking down | - Reduction of oxi-
nutrients in food to | dative stress marker
produce energy; to | (ROS, MDA)
regulate the activity - Down-regulation
of flavoproteins and | of inflammatory and
for normal body apoptotic factors
growth (Bax, TNF-o), and
PINK signaling
pathway
Ascorbic | (2R)-2-[(1S)-1,2-dihy- Tomato, - Water soluble and | - Reparation of he- Banerjee et al.,
acid droxyethyl]-3,4-dihydroxy- @ oranges, heat-stable patic histopathologi- = 2009;
(Vitamin C) 2H-furan-5-one (C6H806/ guava, potato, = - Itis used to cal changes Kaur et al., 2009;
176.124 g/mol) mango, enhance formation | - Upregulation of an- = Adikwu et al., 2013;
lemon, grape, of collagen fibres; tioxidants enzymes Kim et al., 2019;
red pepper, to treat scurvy; to (SOD, GSH) Lykkesfeldt and Tve-
strawberries,  treat acne and gum - Down-regulation of den-Nyborg, 2019;
leafy green infection; to treat ROS, lipid peroxida- = Gegotek and Skrzy-
vegetables stomach ulcers tion and apoptotic dlewska, 2022;
due to Helicobacter  (caspase) factors Dosedél et al., 2021;
pylori, and plays - Reduction in Conklin et al., 2024
important role in serum levels of liver
tissue metabolism = enzymes (ALT, AST,
and growth ALP)
- Potent chelating
activity
Alpha- (2R)-2,5,7,8-tetramethyl- Meat, fruits, - Viscous pale-yel- - Amelioration of Al-Attar, 2011;
Tocopherol = 2-[(4R,8R)-4,8,12-trimeth- cereals, low liquid, fat-sol- hepatic histopatho- Adikwu et al., 2013;
(Vitamin E) = yltridecyl]-3,4-dihydro- almonds, al- | uble, insoluble in logical changes Niki and Abe, 2019;
chromen-6-ol (C29H5002/ | mond butter, = water. - Reduction of serum Jain et al., 2022;
430.71 g/mol) eggs, sun- -Itis used toim- levels of liver en- Torquato et al.,
flower seed, prove skin health; zymes (AST, ALT, ALP  2020; Bjgrklund et
avocados, to prevent hair and GGT) al., 2022; Akman et
vegetable damage; to reduce - Reduction of oxi- al., 2023; Mesalam

oils, spinach

risk of eye disorder;
to boost immunity;
to treat atheroscle-
rosis and eczema

dative stress and in-
flammatory makers

etal. 2023

has been demonstrated (Bjgrklund et al., 2022).
The therapeutic effect of Vit-C against As-in-
duced hepatotoxicity is further characterized by
significant decline in lipid peroxidation, ROS and
caspase activity as well as elevated level of antiox-
idant enzymes (Banerjee et al., 2009; Kaur et al.,
2009).

Pb-induced hepatotoxicity via reversal of the del-
eterious impact of the Pb-exposure such as ele-
vated serum level of liver function enzymes, NO,
hepatic lipid peroxidation, significant decline in
hepatic GSH and SOD activities, and modulation
of apoptosis markers. Moreover, the role of Vit-C
as natural antioxidants, which mitigates oxidative

stress associated with As-induced hepatotoxicity, Furthermore, the mitigating effect of Vit-C on
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Cd-induced hepatotoxicity had been reported to
involve down-regulation of ROS generation, res-
toration of hepatic biomarkers (transaminases)
and antioxidants activities, amelioration of hepat-
ic histopathological changes such as hepatocyte
swelling, necrosis, or degeneration, Kupffer cells
hypertrophy, vascular or sinusoidal congestion
and infiltration of inflammatory cells (Adikwu
et al.,, 2013). Apart from the potent antioxidant
property, Vit-C plays a vital role in chelating toxic
HMs, reducing their bioavailability, and enhanc-
ing their excretion, thereby minimizing their bio-
accumulation and toxic effect on the body tissues
including the liver. The chelating therapeutic
strategies have been demonstrated as an effective
measure to combat HMs toxicity including HMH
(Kim et al., 2019).

Therapeutic
against HMH

activity of alpha-tocopherol

Alpha-tocopherol, commonly known as vitamin
E (Vit-E), is a lipid-soluble vitamin that represents
one of the four homologs of tocopherols and one of
the eight compounds of vitamin E, which general-
ly contain a chromane ring with a hydroxyl group
and side chain. The tocopherols usually comprise
asaturated side chain while tocotrienols comprise
an unsaturated isoprenoid side chain with double
bonds at 3rd, 7th, and 11th carbon (Niki and Abe,
2019; Jain et al., 2022). Vit-E is commonly derived
from natural sources such as meat, fruits, cereals,
almonds, almond butter, eggs, sunflower seed, av-
ocados, vegetable oils, spinach (Table 2). It func-
tions as a potent antioxidant that neutralizes free
radicals generated by exposure to tissue toxins
(including HMs) and thereby preventing tissue
damage due to the free radicals (Torquato et al.,
2020; Akman et al., 2023).

Basically, HMH occurs due to oxidative stress
due to increased ROS production, character-
ized by lipid peroxidation and protein dysfunc-
tion which results into liver damage. Hence, the
inhibitory effect of Vit-E on lipid peroxidation,
which protects the cell membranes from oxida-
tive damage, is therefore a key mechanism of its
hepatoprotective effect. Vit-E had been reported
to mitigate Cd-induced hepatotoxicity via signif-
icant reduction of ROS generation, restoration of

hepatic enzymes and antioxidants activities and
reparation of diverse histopathological changes in
hepatic tissue caused by the Cd exposure (Adikwu
et al., 2013). Moreover, the antioxidants’ activity
of Vit-E has been demonstrated by mitigating the
oxidative stress associated with As-induced hepa-
totoxicity (Bjerklund et al., 2022).

The previous study by Mesalam et al. (2023)
demonstrated the therapeutic role of Vit-E against
Pb-induced hepatotoxicity, which is indicated by
abrogation of oxidative stress and inflammatory
markers, restoration of liver function and antiox-
idant enzymes as well as down-regulation of heat
shock proteins (HSPs). Moreover, another previ-
ous study demonstrated the therapeutic effect of
Vit-E in attenuating hepatotoxicity that results
from the exposure to different HMs (such as Pb,
Cd and Hg). This is characterized by the reversal
of deleterious effects of HMs such as significant
increase of serum ALT, AST, ALP, GGT and hepat-
ic histopathological changes such as distortion
of hepatic parenchyma, hepatocytes rupture or
necrosis, vascular congestion, inflammatory cell
infiltration and dark-stained hepatocytic nuclei
indicating cellular pyknosis (Al-Attar, 2011).

Combinatorial therapeutic effect of multiple vi-
tamins or with other antioxidants against HMH

In order to achieve more effective treatment
outcomes, therapeutic intervention involving
multiple antioxidant vitamins or with other nat-
ural product antioxidants has been explored in
preclinical HMH studies. The combinatorial ther-
apeutic effect of Vit-C and Vit-E has been report-
ed to enhance the biological recovery following
exposure to tissue toxicity including HMH (Mum-
taz et al., 2020). According to Kaur et al. (2009),
the co-administration of Vit-C and a-lipoic acid
can provide hepatoprotection against As-induced
hepatotoxicity via mitigation of associated oxida-
tive stress. The study by Zamani et al. (2021) fur-
ther demonstrated an improved prophylactic ef-
fect of combined exposure of Vit-C and selenium
against Cd-induced hepatotoxicity.

Furthermore, Ebuehi et al. (2012) demonstrated
that co-administration of Vit-C and Vit-E exert-
ed more potent therapeutic effect against Pb-in-
duced hepatotoxicity, indicated by significant re-



duction of oxidative stress markers, restoration of
liver enzymes and amelioration of hepatic tissue
damage. Other previous studies have demonstrat-
ed the potent ameliorative effect of the combined
exposure of Vit-C and turmeric or Vit-E and sele-
nium against Pb-induced hepatotoxicity through
modulation of the downstream cellular events as-
sociated with the toxicity (Alhusaini et al., 2019b;
Mesalam et al., 2023).

CONCLUSION

Exposure to heavy metals remains one of the
major causes of hepatotoxicity, which could lead
to organ failure, thereby constituting a major
public health concern globally. Hence, therapeu-
tic intervention aimed at mitigating hepatotoxic-
ity induced by heavy metals remains pivotal. In
this regard, the therapeutic potential of essential
vitamins including riboflavin, ascorbic acid and
alpha-tocopherol has been harnessed with sev-
eral reported satisfactory outcomes. This review
has described the therapeutic potency of these
essential vitamins against hepatotoxicity induced
by heavy metals and elucidated their underlying
mechanisms.
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