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Nickel and chromium toxicity has become a major concern, mainly in sheep. These
metals have various disadvantages: disabling the functionality of organs, disturbing
physiological mechanisms, and causing oxidative stress, reproductive dysfunction,
and immune suppression. Exposure to nickel affects the pulmonary, renal, and
hepatic tissues, which leads to severe respiratory distress, nephrotoxicity, and
hepatotoxicity. On the other hand, long exposure to chromium, especially
hexavalent chromium, produces oxidative stress, DNA damage, and carcinogenic
effects in the lungs, liver, and kidneys. The pathophysiology of chromium and
nickel include oxidative impairments, obstruction with functionality of enzymes,
inflammation, and infertility. Regular examination of feed and water sources,
antioxidants in diet, and utilization of detoxifying agents control the toxic effects of
these metals. Further, probiotics, chelators, and phytoremediation give promising
solutions in lowering the accumulation of these heavy metals. This review discusses
the mechanism of action of chromium and nickel toxicity in sheep, their effect on
the physiological system. It also discusses potential mitigation approaches to ensure

better animal health and livestock production.
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INTRODUCTION

Small ruminants, especially sheep, have a significant
importance in the livestock industry and play an important
role in the livelihood of farmers (Ahmad et al., 2024).
Sheep are also a vital source of meat and contribute
significantly to human nutrition by providing an array of
essential nutrients (Ponnampalam et al., 2024). However,
they may also act as reservoirs for various toxic
substances, posing potential health risks (Nogara et al.,
2024). Although the concentration of heavy metals and
other toxic substances in the blood of sheep is typically
minimal (Pereira et al., 2021). They accumulate in the
muscles and milk of the sheep as chemical residues and
pose a significant threat to public health (Fechete et al.,
2024). These heavy metals are referred to as trace
elements due to their minute concentrations, often
measured in milligrams and micrograms per kilogram
(Hossain et al., 2023).

Most heavy metals are non-biodegradable and are
extracted from their mineral ores (Khalef et al., 2022;
Jadaa and Mohammed, 2023). They are capable of
circulating through global ecological cycles (Chen et al.,
2021). After ingestion, the toxicity of these metals is due
to the formation of complexes and ligands with organic
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compounds (Priyadarshanee et al., 2022). After
combining with cellular components, they may cause
modifications in biological molecules and alter the energy
metabolism, resulting in cellular malfunctions or even
death (Mishra et al., 2022). Furthermore, these metals can
interact with common atoms such as oxygen, sulfur, and
nitrogen, forming insoluble ligands that can inactivate
crucial enzymes and disrupt protein structure (Kabogo et
al., 2024). These ligands are involved in the inactivation
of crucial enzymes and disrupt the protein structure. On
combination of toxic metals with these atoms may
inactivate the crucial enzyme systems or disrupt protein
structure (Renu et al., 2021; Costa, 2023). Almost all
heavy metals cause toxicity to the cells when they cross a
specific threshold level. Various studies have identified
the presence of heavy metals within the muscles, hepatic
tissues, kidneys, blood, brain, and reproductive organs
(Gupta et al., 2021; Ungureanu and Mustatea, 2022;
Khalaf et al., 2024).

In recent years, the significance of nickel (Ni) and
Chromium (Cr) has gained considerable attention. Ni is a
very important trace element for small ruminants,
especially sheep and goats (Pereira et al., 2021; Durak et
al., 2024). The presence of Ni metal is very important to
sheep because it is involved in the absorption of iron to
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improve hemoglobin concentration for better oxygenation
of tissues (Asadi et al., 2022). It is also involved in the
absorption of calcium into the bones to strengthen the
skeleton (Nieboer et al., 2024). Furthermore, Ni acts as a
cofactor for various enzymes necessary for cellular
reactions and energy metabolism. It also acts as a
signaling agent for the regulation of different and critical
physiological processes, including blood pressure, sodium
and potassium metabolism, and organ health (Zhong et
al., 2024). Similarly, Cr is a very important trace element
for the growth and health of animals and humans (Herrada
et al., 2024). Cr is present in trivalent Cr (Cr3+) and
hexavalent Cr (Cr6+) forms, but most of the supplements
come in Cr3+ form (Monga et al., 2022). The most
important Cr3+ supplements include chromium picolinate,
chromium histidine, and niacin-bound chromium (Haider
et al, 2023). Some studies suggest that Cr3+
supplementation enhances insulin function, promotes
weight gain, and supports muscle anabolism (Tarrahi et
al., 2021).

Ni and Cr, along with other transition metals, are
indispensable for the synthesis of metalloenzymes while
exhibiting toxicity even at relatively low concentrations
(Zafar et al., 2023). The disruptions of biological
processes by Ni and Cr have been documented, with their
interference leading to a range of severe and hazardous
effects (Sharma et al., 2022). Ni and Cr interact with other
critical biological components necessary for the proper
functioning of diverse metabolic pathways (Haidar et al.,
2023). Given the widespread use of Ni and Cr containing
compounds in industrial applications, the release of Ni
and Cr into the environment is inevitable, posing a
significant threat to the health of humans and animals
(Verma et al., 2023). Both these metals are critical for
sheep, where they play a crucial role in their physiological
functions. But the elevated level of both metals causes
skin eruptions, prolonged gestation periods, decreased
hemoglobin levels, anemia, low hematocrit values, and
impaired enzyme activities (Das et al., 2019). Various
studies confirmed the presence of these metals in meat
and other edible organs of sheep like liver, kidney, heart,
lungs, and brain (Raeeszadeh et al., 2022). The increased
level of these metals causes hepatotoxicity, cardiovascular
disorders, hypertension, and nephrotoxicity (Renu et al.,
2021; Chakraborty et al., 2022; Sharma et al., 2023).
Many researchers have also reported the cytotoxicity and
genotoxicity induced by both Ni and Cr (Sawicka et al.,
2021; Mo et al., 2024). The elevated level of Ni causes
oxidative damage to the kidneys and liver by causing
granular degeneration and necrosis of liver cells (Ali et
al., 2021). Similarly, the increased concentration of Cr in
blood may also cause DNA damage along with oxidative
damage to renal and liver cells (Chakraborty et al., 2022).
Other signs and symptoms associated with increased
levels of these metals include vomiting, cough, salivation,
headache, salivation, malaise, fever, and depression
(Gupta et al., 2021).

No doubt, extensive research related to these heavy
metal toxicities has been conducted, but a critical gap
remains related to the organ-specific effects and molecular
mechanisms of Ni and Cr. Previous studies discussed the
general toxicological effects, and few of them have
compared their toxic mode of action, oxidative stress
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pathway, and their toxic effects on vital organs. Various
reports lack an in-depth analysis of histological and
pathological changes that limit their applicability in
environmental and biomedical contexts. To overcome
these deficiencies, this review article explores how Ni and
Cr affect organs like the liver, kidneys, and reproductive
organs, which lead to organ damage, anemia, reproductive
issues, stunted growth, and reduced productivity. It also
highlights the wide-ranging health impacts, including
neurological and skin-related problems caused by
prolonged exposure. To address these challenges, the
article discusses strategies for managing toxicity, such as
using detoxifying agents and antioxidants, monitoring
feed and water quality, improving farming practices, and
reducing environmental contamination from industrial
sources. These measures aim to protect sheep health,
enhance productivity, and prevent significant economic
losses in the sheep industry.

Exposure to small ruminants and geographical
distribution of Ni and Cr: Small ruminants, especially
sheep and goat, are exposed to Ni and Cr through various
environmental and  dietary  sources, including
contaminated feed and water, soil ingestion during
grazing, atmospheric deposition, fertilizers and pesticides,
dirty slaughterhouses, and industrial effluents (Rehman et
al., 2018; Masindi et al., 2021). Among all fodder is the
primary and major source of toxicity in sheep (Waghorn,
2008), and a big source of its contamination is industrial
water, soil, and a polluted environment that contains
heavy metals (Nachana’a Timothy, 2019). Ni and Cr
persist in the soil for long periods, entering the food chain
through plants and animals and posing serious risks to
consumers (Angon et al., 2024). This contamination is
concerning because it compromises the safety and quality
of animal products, undermining the goal of animal
production, which is to supply healthy food to
increasingly health-conscious consumers. The growing
level of heavy metal (Ni and Cr) pollution, driven by
industrialization and urbanization, is leading to
environmental degradation, which further exacerbates the
problem by contaminating soil, water, and air (Shrestha et
al., 2021). Various sources of Ni and Cr are shown in Fig.
1.

Ni is a critical metal with a diverse geographical
distribution,  primarily ~ concentrated in  regions
characterized by specific geological formations.
According to recent studies, the largest Ni reserves are
found in lateritic deposits and sulfide ores, with
significant concentrations in Southeast Asia, Oceania, and
parts of Eurasia (Soh Tamehe et al., 2024). Indonesia and
the Philippines dominate global Ni production, accounting
for nearly half of the world’s supply, as highlighted in a
2023 review on mineral resources (Mubarok et al., 2024).
Indonesia’s lateritic Ni deposits, particularly in Sulawesi
and Halmahera, are linked to extensive weathering of
ultramafic rocks in tropical climates (Van der Ent et al.,
2013). Australia’s Ni resources are distributed across
Western Australia, notably the sulfide deposits of the
Kambalda and Forrestania belts, while lateritic deposits
are found in Queensland (Huston et al., 2021). Canada’s
Sudbury Basin in Ontario, a meteorite impact structure,
remains a historic and active source of sulfide Ni (Hashmi
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Fig. 1: Sources of nickel and chromium (www.biorender.com).

et al., 2021). New Caledonia, a French territory in the
Pacific, possesses vast lateritic nickel reserves, estimated
at 20-25% of global resources, concentrated in the
southern Grande Terre region (Herring, 2003).

Similarly, Cr is predominantly found in chromite ore,
with global distribution concentrated in specific regions.
South Africa holds the largest reserves, accounting for
approximately 70% of the world’s chromite resources,
primarily in the Bushveld Igneous Complex (Latypov et
al., 2024). Kazakhstan ranks second, contributing nearly
12% of global production, with major deposits in the
Kempirsai massif (Chen et al., 2024). India, particularly
the Sukinda Valley in Odisha, contains around 18% of
global reserves but faces environmental challenges due to
intensive mining (Dutta, 2017). Other significant reserves
exist in Turkey (Guleman district), Finland (Kemi mine),
and Brazil (Bahia and Minas Gerais states), though these
contribute smaller shares (Nriagu and Nieboer, 1988). The
widespread geographical distribution of Ni and Cr,
particularly in regions with intensive mining and
industrial activities, highlights the potential for significant
exposure risks to sheep through contaminated
environments. The geographical distribution of these
metals, their toxic effects on sheep, and environmental
impacts are given in Table 1 below.

Mechanism of toxicity induced by Ni and Cr: The exact
mechanism of Ni and Cr toxicity is now well understood,
and several studies have highlighted its potential effect. In
one of the studies, it is determined that it acts on calcium
channels and disrupts calcium metabolism by blocking
them (Arun et al., 2021). Another study confirmed that
high concentrations of Ni interfere with iron absorption
and assimilation (Piskin et al., 2022). Ni is also involved
in the suppression of thrombospondin | (TSPI), which in
turn promotes tumor angiogenesis and increases tumor
growth (Roy, 2021). Furthermore, Ni also increased the

level of the transcription factor hypoxia-inducible factor 1
(HIF-1) (Aschner et al., 2023). Elevated level of Ni and
Cr also induces inflammation by activating transcription
factors like NF-kB and lead to allergic reactions and
hypersensitivity of the skin (Zhao et al., 2009). Both these
metals also cause DNA  methylation, histone
deacetylation, and mutation in the p53 genes, which lead
to impairment of DNA repair, inactivation of tumor
suppressor genes, and regulation of cellular proliferation
and apoptosis, respectively (Desaulniers et al., 2021; Zhao
et al., 2022; Ghaedi et al., 2023). Moreover, both these
metals are also responsible for the induction of oxidative
stress that damages lipids, proteins, and DNA (Paithankar
et al., 2021; Nowicka, 2022). Ni and Cr both cause
various  effects,  which include  genotoxicity,
carcinogenicity, hepatotoxicity, nephrotoxicity, and
reproductive toxicity. These all toxicities are discussed
below.

Genotoxicity: Ni and Cr induce genetic abnormalities.
Due to its reactive nature, Ni induces genetic
abnormalities, including breakage of DNA strands, cause
DNA methylation, and breakage of protein cross-links. It
can also damage the nucleotide excision repair system,
thus causing gene mutations and stimulating epigenetic
gene silencing (Kasprzak, 2023; Yilmaz et al., 2023). Ni
toxicity is also associated with chromosomal crossovers,
micronuclear abnormalities, variations in nucleic acid
concentration, and cellular modifications (YYaseen, 2021).
Genotoxicity is also associated with proteins present
inside the nucleus and cytoplasm. Ni binds with the
proteins and enhances the intracellular hydrogen peroxide
level, which then increases the level of reactive oxygen
species (Sun et al., 2022). Inside the nucleus, Ni causes
epigenetic modifications by blocking enzymes that are
important for DNA replication, transcription, translation,
and recombination of DNA (Zhao et al., 2022). Similarly,
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Table I: Geographical distribution of Nickel and Chromium with potential role in causing toxicity in sheep.

Element  Country  Region Sources Affected area Environmental impact Toxic effects on sheep References
Chromium China Hunan Mining and Farmlands near ~ Soil contamination, reduced  Kidney damage, (Liu et al.,
Province  smelting activities mining sites crop yield, bioaccumulation in osteomalacia, and reduced  2023)
plants growth rates in sheep
lickel India Sukinda Chromite mining Farmlands and Soil and water contamination, Respiratory distress, (Mushtaq et
Valley and industrial grazing areas reduced vegetation, and reduced weight gain, and al., 2024)
waste bioaccumulation in plants liver damage in sheep
lickel Russia Norilsk Nickel smelting  Surrounding Soil acidification, reduced Neurological disorders, (Alekseenko,
and industrial tundra and biodiversity, and air pollution reduced fertility, and high ~ 2021)
emissions grasslands mortality in sheep
Chromium Pakistan Kasur Tannery waste  Agricultural Soil and water contamination, Kidney damage, reduced (Bin-Jumah et
District and industrial lands and water  reduced crop yield, and milk production, and high  al., 2020)
effluents bodies bioaccumulation in plants mortality in sheep
Chromium South Bushveld  Chromite mining Grazing lands Soil contamination, reduced  Liver and kidney damage, (Phoon et dl.,
Africa Igneous and smelting and water vegetation, and water reduced wool growth, and  2012)
Complex sources pollution reproductive failure in
sheep
lickel China Shaanxi Industrial Farmlands near  Soil contamination, reduced  Reduced weight gain, liver ~ (Acheampong,
Province  emissions and industrial zones  crop yield, and damage, and respiratory 2023)
wastewater bioaccumulation in plants issues in sheep
Nickel Canada Sudbury  Nickel mining Grazing lands Soil acidification, reduced Neurological disorders, (Pilarczyk et
Basin and smelting and water vegetation, and water pollution reduced fertility, and high  al., 2019)
bodies mortality in sheep
Chromium Italy Piedmont Tanneries and Agricultural Soil and water contamination, Kidney damage, reduced (Apostoli and
Region industrial lands and rivers  reduced biodiversity, and milk production, and Catalani,
effluents bioaccumulation in plants reproductive failure in 2015)
sheep
Chromium Bangladesh Dhaka Tannery waste Farmlands and Soil and water contamination, Liver and kidney damage, (Samad, 2021)
Division  and industrial water bodies reduced crop yield, and reduced wool growth, and

runoff

bioaccumulation in plants

high mortality in sheep

Cr mainly exists as trivalent Cr and hexavalent Cr forms,
and its elevated level can cause toxicity (Monga et al.,
2022). The ionic resemblance of the oxyanion form
(CrOa) of hexavalent Cr with sulfate ions (SO4) makes it
easy to penetrate the cell. Upon entering the cell, it is
reduced by ascorbic acid and biological thiols, including
glutathione and cysteine, into trivalent Cr (Azeez et al.,
2021).

The reduction of hexavalent Cr generates ROS like
hydrogen peroxide which is involved in the generation of
oxidative stress and causes damage to cellular lipids,
proteins, and DNA (Singh et al., 2022). Notably, the
presence of ascorbic acid reduces oxidative stress but
leads to DNA double-strand break because of the
production of trivalent Cr. These adducts are very difficult
to repair cause permanent cellular damage and sometimes
may lead to malignant formation (Wuri et al., 2023). The
mechanism of genotoxicity and related changes due to Ni
and Cr accumulation are shown in Fig. 2.

Carcinogenicity: Ni and hexavalent Cr are associated
with increased tumor development. Industries such as
refineries, mining, smelting, and stainless-steel production
are the major sources of Ni exposure to workers and
nearby farm animals (Begum et al., 2022). The research
study revealed that divalent Ni is a potent carcinogen
capable of producing tumors in both animals and humans
(Kasprzak, 2023). Studies also revealed that Ni and Ni-
derived compounds, such as Ni oxide, Ni chlorides, and
Ni sulfates, have significant carcinogenic effects
(Bellouard et al., 2022; Patra et al., 2024). In one of the
studies, it was confirmed that high concentrations of
various metals, including Ni @1.7mg/kg/day in the diet of
sheep, increased the chances of tumors of the lungs, liver,
kidneys, and upper gastrointestinal tract (Raeeszadeh et
al., 2022). Another study conducted by Khan et al. (2024)
confirmed the cause of carcinogenicity in buffalo and

sheep. Both species used Zea mays fodder, which has a
high concentration of Ni due to soil contamination.
Similarly, a study on rodents also showed that prolonged
exposure to Ni oxide led to lung tumors, including
adenomas, adenocarcinomas, squamous cell carcinoma,
and fibrosarcomas (Cohen et al., 2023). These studies
suggest that the carcinogenic effect of Ni is due to genetic,
epigenetic factors and oxidative stress.

Moreover, some Ni compounds have been shown to
induce cell proliferation, which converts minor DNA
damage into severe mutations. These mutations will
ultimately lead to tumor development (Guo et al., 2021).
Similarly, the research studies revealed that hexavalent Cr
is also mutagenic to both animals and humans. Studies on
occupational exposure and chronic diseases in animals
suggest that hexavalent Cr is associated with the
production of free radicals that cause disruption of cell
signals and play a critical role in its carcinogenic
mechanism (Wang et al.,, 2017; Hossini et al., 2022).
Similarly, trivalent Cr can make complexes with the
proteins and DNA, which lead to protein DNA crosslinks,
DNA deterioration, and blockage of cell signaling
pathways, hence causing cancer growth (Georgaki et al.,
2023).

Cr toxicity is also associated with changes in protein
signaling and genomic instability (Langie et al., 2015).
Long-term exposure to hexavalent Cr has been shown to
cause chromosomal aberrations, which lead to lung cancer
in animals (Meaza et al., 2024). Research studies also
revealed that hexavalent Cr blocks the DNA repair
proteins by inhibiting transcription factors. Another
research study conducted by Emurotu et al. (2024)
confirmed the carcinogenicity of Ni and Cr, along with
other heavy metals in the offal of sheep and cows. The
study confirmed that higher concentrations of these metals
in the liver, kidneys, and muscles of these animals can be
carcinogenic, and offal is not appropriate for eating.
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Fig. 2: Genotoxicity induced by nickel and chromium. The source of the diagram is www.biorender.com

Cr compounds such as zinc chromate in the combined
form are less soluble in water and actively penetrate the
cell membrane for active interaction with macromolecules
such as proteins and nucleic acids. This combination
causes alterations in the cellular organelles, and the
chances of tumor growth are increased (Poljsak et al.,
2010). Generally, the carcinogenicity of Cr and Ni
depends upon various factors, including species, dose,
duration of exposure, and potential interaction with other
elements and individual health conditions. The
mechanism of carcinogenicity is described in Fig. 3.

Hepatotoxicity: Ni and Cr both cause hepatotoxicity by
producing oxidative stress, mitochondrial dysfunction,
DNA damage, inflammation, and disruption of cellular
homeostasis (Cao et al., 2024). Both metals, when
ingested through fodder or inhaled through contaminated
air, accumulate in the liver and trigger a cascade of
cellular events that cause liver damage. Ni causes liver
damage by producing ROS through Fenton-like reactions
(Teschke, 2022), while Cr produces ROS when its
hexavalent form is reduced to a trivalent form (Saha et al.,
2011). The ROS produced include superoxide anions,
hydrogen peroxide, and hydroxy! radicals that disturb the
antioxidant defenses of the liver, such as super oxidase
mutase and catalase (Ahamed et al., 2013). The oxidative
stress thus produced leads to lipid peroxidation, damages
the cell membrane of hepatocytes, causes leakage of
cellular contents, and disrupts the integrity of cellular
integrity (Valko et al., 2005).

Both these metals accumulate in the mitochondria,
interfere with the electron transport chain, and interrupt
ATP production (Du et al., 2024). These are also involved
in the disfunctioning of mitochondrial enzymes such as
ubiquinone oxidoreductase, succinate dehydrogenase,
cytochrome bcl complex, cytochrome oxidase C, and
citrate synthase (Sun et al., 2022; Alur et al., 2024). The
impairment of these enzymes causes energy depletion and
leads to the inhibition of essential metabolic functions.
These events contribute to cellular dysfunction and death,
either through apoptosis or necrosis, depending upon the
severity of the damage (Zuo et al., 2024).

Ni and Cr are also involved in DNA damage directly
or indirectly. These metals bind directly with DNA and
cause base substitution and DNA cross-linking of
hepatocytes. Ni may also interfere with phosphate groups
in nucleotides and cause structural instability (Yang et al.,
2022). They are also involved in the alteration of
methylation patterns, leading to gene silencing of tumor
suppressor genes and activation of oncogenes (Ahmed et
al., 2010). Continuous exposure to Ni and Cr activates the
liver's immune response, exacerbating tissue damage.
They stimulate the Kupffer cells, also called liver
macrophages, and stimulate the release of cytokines,
tumor necrosis factor-alpha (TNF-a), interleukins (IL-6),
and IL-1pB. These pro-inflammatory cytokines aggravate
oxidative stress and cause tissue injury (Casalegno et al.,
2015). All these changes are involved in the production of
tumors in liver cells.

Nephrotoxicity: Ni and Cr, after gaining entry into the
body, are carried by the blood to different tissues of the
body, including the kidneys (Lentini et al., 2017). The
majority of the Ni and Cr is excreted through urine, but
continuous exposure may lead to accumulation, which
causes the production of ROS in the nephron. Production
of ROS may lead to lipid peroxidation and oxidation of
DNA and proteins resulting in cell apoptosis and
nephrotoxicity (Saboli¢, 2006; Reyes et al., 2013). These
changes cause a high rise of albumin levels in the urine. In
a research study conducted at livestock farms, it was
confirmed that Ni and Cr cause damage to renal tubules at
the corticomedullary junction, resulting in decreased urine
levels and increased kidney weight (Mushtaq et al., 2024).
Various other studies also confirmed the nephron toxic
effects of heavy metals, including Ni and Cr, on livestock
animals (Raikwar et al., 2008; Tahir and Alkheraije,
2023).

Reproductive toxicity: The toxic effect of heavy metals
on the physiological system of animals has been
extensively documented (Shahjahan et al., 2022). Ni and
Cr, when accumulated in the body, have negative
influences on reproductive tissues (Rzymski et al., 2015).
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The bioaccumulation of these metals is correlated with the
rising incidence of testicular dysgenesis across various
species (Forgacs et al., 2012). Due to their hazardous
effects, various reports of mortalities have also been
reported in large and small ruminants (Mukherjee et al.,
2022). These toxicants have also been linked with
developmental decay and compromised reproductive
potential, as well as disruption in testosterone-related
genes (Ommati and Heidari, 2021). Furthermore,
exposure to these metals causes severe testicular
morphological alterations, dysregulation of cellular
interactions, and perturbations in the integrity of tight and
gap junctions (Dolati et al., 2020; llieva et al., 2020).
Chronic exposure is also involved in the decrease of
sperm count and a concurrent increase in the frequency of
morphologically aberrant spermatozoa.

Additionally, these metals have also been linked to
testicular degeneration and impaired testicular growth.
One of the studies conducted by Heidari et al. (2021b)
concluded that prolonged exposure to Ni and Cr, along
with other heavy metals, has negatively impacted the
reproductive health of Kermani rams as compared to those
rams that were not exposed to Ni and Cr. Another study
conducted by Heidari et al. (2021a) confirmed that heavy
metal exposure causes detrimental effects on health and
reproduction in Kermani sheep reared near a copper
smelter.

The exposure of heavy metals like lead (Pb), copper
(Cu), Cr, and Ni caused alterations in testicular gene
expression, including HSD17B3 and CYP11Al. A
significant decrease in reproductive hormones such as
FSH, LH, and testosterone was also observed. These
findings indicate disrupted hypothalamic-hypophyseal-
testicular functions due to prolonged exposure to these
metals and emphasize the need to further investigate Ni
and Cr toxicities and their wider ecological impacts.
Furthermore, the chronic exposure of Ni can also cause

abnormalities in the newborn fetus. These metals pass
through the placenta and accumulate in the fetal tissues,
which leads to abnormalities of wvarious tissues
(McDermott et al., 2012). The toxic effects of these
metals are shown in Fig. 4.

Management approaches: The management of Ni and Cr
toxicity in livestock animals, particularly sheep, is very
necessary to protect their health, productivity, and overall
well-being (Kumar et al., 2017). The higher concentrations
of these heavy metals pose severe toxic effects, including
anemia, organ damage, neurological disorders, and
reproductive failures, as discussed above (Fadlalla, 2022;
Hussain et al., 2024). Chronic exposure to these metals can
result in increased mortality at domestic and farm levels
and cause economic losses to farmers. The presence of
these metals in sheep products like meat and milk poses a
serious threat to food items and public health, making their
management very important for maintaining livestock
sustainability and human health (Ziarati et al., 2018).
Implementation of preventive strategies such as grazing
management, soil and water testing, and better diet can
significantly reduce the exposure (Peng et al., 2018).
Furthermore, detoxification therapies, mineral
supplementation, and supportive treatments may help to
lessen the toxic effects in already affected animals (Oves et
al., 2016). Some of the managemental strategies are
described below and also mentioned in Fig. 5.

Chelation therapy and mineral supplementation:
Chelation therapy is one of the important and effective
methods to remove toxic metals like Ni and Cr from sheep
bodies (Kim et al., 2019). Various chelating agents such
as ethylenediaminetetraacetic acid (EDTA),
dimercaptosuccinic acid (DMSA), and dimercaptopropane
sulfonate (DMPS) have been used that have ability to bind
with Ni and Cr in the blood stream (Sears, 2013). The
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binding of these chelates with the metals forms stable
complexes that are then excreted through urine (Flora and
Pachauri, 2010). Excretion of toxic metals from the body
reduces their accumulation in the liver, kidneys, brain, and
reproductive organs. This therapy is mostly used in acute
poisoning where Ni and Cr cause severe oxidative stress,
neurological impairments, and metabolic disturbances
(Andersen and Aaseth, 2016).

On the other hand, chelation therapy must be done
with caution in livestock, especially in sheep, because it
can also deplete essential minerals like calcium,
magnesium, and zinc leading to potential deficiencies (J
Baran, 2010). So, chelation therapy should be properly
dosed and monitored to remove toxic metals from the
animal's body. Besides chelation therapy, mineral
supplementation such as selenium, zinc, and iron play an
important role in counteracting heavy metal toxicity (Reis
et al., 2010). These minerals compete with Ni and Cr at
the absorption site in the intestine and reduce their
bioavailability and toxic effects (Zhai et al., 2018). These
minerals are the key components of various enzymatic
systems that help to neutralize the oxidative stress. For
example, selenium is a key component of the glutathione
peroxidase enzyme that is involved in the reduction of
ROS and decreases oxidative stress (Shen et al., 2022).

Probiotics and Antioxidants:  Lactobacilli-based
probiotics and antioxidants can be used as an effective
alternative to significantly reduce the toxic effects of Ni
and Cr in dairy animals (Ansari et al., 2024). Probiotics
obtained from Lactobacillus and Bifidobacterium play an
important role in binding with heavy metals in the gut and
preventing their absorption into the bloodstream, hence
reducing the metal burden in the body and minimizing the
systematic toxicity (Singh et al., 2024). Furthermore,
these beneficial microbes enhance gut health, nutrient

absorption and strengthen immune functions that are
severely disturbed by the accumulation of heavy metals
(Moawad et al., 2024). Moreover, these probiotics
reduced the ROS, thus reducing metal-induced oxidative
stress and inflammation (Abdel-Megeed, 2021).

Various antioxidants, such as Vitamin C, vitamin E,
and glutathione, further help in combating oxidative
damage caused by Ni and Cr (Hashem et al., 2021).
Vitamin C enhances the immune response and facilitates
the excretion of metals by forming soluble complexes,
while vitamin E protects cell membranes from oxidative
stress and preserves cellular integrity (Poli et al., 2022;
Elgharib et al., 2023). Additionally, glutathione, a potent
intracellular antioxidant has the ability to bind with heavy
metals (Ni and Cr) and promote detoxification and restore
normal metabolic functions (Averill-Bates, 2023).
Antioxidants in combination with probiotics support
overall health and increase the resilience of sheep against
environmental metal contamination, making it a valuable
approach for managing heavy metal toxicity.

Anti-inflammatory therapy: The harmful effects of Ni
and Cr, including inflammation and oxidative stress, can
be mitigated by providing non-steroidal anti-inflammatory
drugs (NSAIDs) (Mucha et al., 2021). NSAIDs such as
flunixin meglumine and meloxicam can be used to reduce
inflammation, reduce pain, and minimize oxidative
damage (Sohail et al., 2023). These drugs help by
inhibiting the production of inflammatory mediators like
prostaglandins and provide relief from the systematic
effects of heavy metal exposure (Machado et al., 2021).
NSAIDs with antioxidant supplementation play a crucial
role in neutralizing free radicals generated by Ni and Cr
toxicity (Fuller, 2022). However, the careful use of
NSAIDS is very necessary because prolonged use or
excessive administration can lead to gastrointestinal
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Fig. 5: Managemental approaches to tackle Nickel and chromium toxicities in sheep. The source of the diagram is www.biorender.com

disturbance, kidney damage, and other associated adverse
effects (Sohail et al., 2023). Therefore, a balanced anti-
inflammatory treatment with antioxidant support is
recommended to manage heavy metal toxicity in small
ruminants.

Other management approaches: Filtered and
uncontaminated water also plays an important role in
preventing metal toxicity (Saravanan et al., 2022). Water
released from industries can pollute the water of ponds,
canals, wells, and rivers, and it should be tested to check
the Ni and Cr levels. The water for deep bore wells at the
farm level and for domestic purposes should be utilized.
Livestock watering troughs should be regularly cleaned
and maintained to prevent the bioaccumulation of toxins
from sediment and algae. Furthermore, better
supplementation of activated charcoal and zeolites can
significantly reduce the absorption of Ni and Cr from
contaminated forages (Gtab et al., 2021).

Another effective and long-term solution for mitigating Ni
and Cr toxicity in sheep is the remediation of
contaminated grazing lands (Abdel-Rahman, 2022).
Researchers have confirmed that phytoremediation
strategies, such as growing of hyper-accumulator plants
like Helianthus annuus (sunflower) and Chrysopogon
zizanioides (vetiver grass) when grown near pasture,
absorb and store heavy metals from the soil (Li et al.,
2023; Yohannes et al., 2024). Additionally, soil
amendments such as biochar, organic compost, and lime
can help immobilize heavy metals, preventing their uptake
by plants and animals (Qiu et al., 2021). As mentioned
above about the industrial activities of mining, smelting,
electroplating, and tannery operation are the major
sources of Ni and Cr contamination in agricultural land
and water sources. To avoid it strict environmental

policies should be applied to regulate the industrial waste
disposal. There should be a mandate for proper water
treatment, controlled emissions, and regular monitoring of
effluents before they discharge into the water and
environment. There is a dire need to make buffer zones
between industrial areas and grazing lands to minimize
the contamination risks. At the end there is also a need to
educate the farmers about the risks of heavy metal
toxicity, early clinical signs in sheep, and proper
management practices to prevent widespread toxicity.
Awareness programs should focus on identifying
contaminated areas, choosing safe grazing lands, and
implementing dietary and medical interventions.
Extension services and workshops can help farmers adopt
preventive strategies, ensuring the health and productivity
of their livestock while minimizing economic losses.

Conclusions: As Ni and Cr metals are accumulated from
environmental exposure, polluted water and feed
therefore, these are mainly concerns. These metals can
cause oxidative stress, organ dysfunction, immune
suppression, infertility, liver and kidney failure, and
metabolic disturbances. In control strategies utilization of
detoxifying agents, administer antioxidants with diet,
regular examination of metal levels in feed and water are
included. More research is required in order to understand
the detoxification mechanism of action so that livestock
productivity can be enhanced after controlling the toxic
effects of these metals. To further increase the impact of
these findings, adopting an integrated approach,
integrating  environmental ~ monitoring,  nutritional
interventions, and clinical management can offer a holistic
strategy to safeguard animal production and health. Proper
management of these metals is necessary in order to
obtain better health and production of sheep.
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