
Citation: Ebrahimi, R.; Ebrahimi, M.;

Shakeri, M. Mitigating the Adverse

Effects of Lead and Cadmium Heavy

Metals-Induced Oxidative Stress by

Phytogenic Compounds in Poultry.

Poultry 2023, 2, 235–251. https://

doi.org/10.3390/poultry2020019

Academic Editors: Ilias Giannenas

and Michael Hess

Received: 7 February 2023

Revised: 3 April 2023

Accepted: 10 April 2023

Published: 13 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Review

Mitigating the Adverse Effects of Lead and Cadmium Heavy
Metals-Induced Oxidative Stress by Phytogenic Compounds
in Poultry
Rohollah Ebrahimi 1, Mahdi Ebrahimi 2 and Majid Shakeri 3,*

1 Faculty of Animal Science, Agricultural Science and Natural Resources University of Khuzestan,
Khuzestan 6341773637, Iran

2 Department of Veterinary Preclinical Sciences, Faculty of Veterinary Medicine, Universiti Putra Malaysia,
Serdang 43400, Selangor, Malaysia

3 U.S. National Poultry Research Center, Agricultural Research Service, USDA-ARS, Athens, GA 30605, USA
* Correspondence: majid.shakeri.phd@gmail.com or majid.shakeri@usda.gov

Abstract: Environmental pollution has increased over the past few decades, posing serious risks to
all biological systems, including the poultry sector. Oxidative stress in chickens caused by dietary,
environmental, and pathological variables influences how well chickens perform as well as the
quality of meat and eggs. Lead (Pb) and cadmium (Cd) are two examples of heavy metals that are
harmful for chicken health. They can cause oxidative stress by increasing the production of reactive
oxygen species (ROS) and reactive nitrogen species (RNS) and blocking antioxidants from protecting
cells from increased amounts of free radicals. The oxidative state of heavy metals, their interactions
with endogenous antioxidants, and chemical processes all affect how hazardous they are to the body.
Today, scientists have investigated and applied a variety of nutritional tactics to lessen the harmful
effects of oxidative stress on animal health brought on by heavy metals. Researchers have recently
become interested in the chemicals because of their chelating and growth-stimulating functions,
as well as the antioxidant qualities of useful plant components. The deleterious consequences of
oxidative stress induced by two heavy metals on chickens is discussed in this review, along with
phytogenic use as a potential intervention strategy to lessen these effects and maintain the redox
equilibrium in poultry.
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1. Introduction

Poultry production has one of the fastest rates of development among animal indus-
tries, and it greatly enhances nutrition and food security. Over the past few years, broiler
chicken genetics, feed conversion ratio, fat reduction and breast size, as well as egg produc-
tion and quality, have all seen considerable improvements [1–3]. In the poultry industry,
the cost of feed makes up a sizeable amount of the total cost of producing meat and eggs.
The general condition of a chicken’s health, especially the gastrointestinal tract (GIT), plays
an important role in the final cost of the product. The GIT of the birds is exposed to a
variety of factors through feed and environment, which affect chicken health [4,5]. The
main environmental pollution entry points for undesired compounds into the food chain
include air, water, soil, and feed. According to Sharma et al., [6], heavy metals are one
of the environmental contaminants that enter animal feed from natural, industrial, and
agricultural sources. Lead (Pb) can be absorbed through the skin; however, it is primarily
absorbed through the digestive and respiratory systems [7]. According to the data that are
now available, environmental pollution, the availability of supplements and concentrates,
or the technology and equipment used during manufacturing make the heavy metal con-
tamination of animal feeds inevitable [8]. Health risks to both humans and animals can
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result from hazardous compounds including cadmium (Cd), Pb, and arsenic (As) entering
the food chain [9]. Pb is neurotoxic and can harm hemopoiesis, renal function, the nervous
system, and the gastrointestinal system in addition to impairing metabolism [10]. Pb distri-
bution in the body first depends on blood flow into various organs, while about 95% of Pb
is deposited in skeletal bones as insoluble phosphate [11]. Due to the fact that it comes from
the environment and various dietary sources, the diet could be a source of Cd pollution [10].
Cd is then transferred from other animals to people through the food chain, where it
damages the lungs, liver, and kidneys and causes hypertension [8]. According to one study,
broiler meat products (e.g., burgers and frankfurters) had higher levels of Cd, Cu, Mn, Ni,
Pb, and Co compared to raw meat and table eggs [12]. Overall, the findings demonstrated
that eating chicken meat products posed a health risk to consumers since Pb and Ni levels
were four and seven times higher than the permitted maximum limit, respectively, while
the levels of Pb and Ni may vary from a country to a country. Additionally, even in very low
amounts, arsenic is a highly hazardous element in feed and drinking water. The hazardous
dose of As for poultry is between 40 and 50 mg/kg of chicken feed; at 40 mg/kg, egg
production is reduced, but at 50 mg/kg, feed consumption is reduced [13]. Heavy metals
are one of these elements; when they interact with the chicken’s body, they create free
radicals. If there are too many of these reactive oxygen species/reactive nitrogen species
(ROS/RNS), a type of unstable molecule that contains oxygen/nitrogen and that easily
reacts with other molecules in a cell, the DNA, protein, and lipid structures, this may harm
and impair cell function (Figure 1). At specific concentrations, both ROS and RNS function
as homeostasis-related signaling molecules. Oxygen metabolism produces ROS, such as
superoxide, hydrogen peroxide, and hydroxyl radicals, which are further balanced by the
rates of oxidant generation and oxidant removal. Certain cells of the intestinal mucosa and
submucosal areas express the RNS that are byproducts of nitric oxide synthases (NOS).
Nitric oxide radical (NO), created when the NOS converts arginine to citrulline, is essential
for cellular processes such as neurotransmission and immunomodulation. Yet, excessive
NO generation harms the intestinal mucous membrane and impairs nutritional absorption.
Due to the high concentration of polyunsaturated fatty acids in cell membrane lipids and
lipoproteins, both ROS and RNS can contribute to lipid peroxidation. Lipid peroxidation
produces 4-hydroxynonenal as its byproduct, which worsens oxidative damage to cell
membranes, compromises cell signaling, causes mitochondrial dysfunction, and disturbs
redox equilibrium. Phytogenic compounds, plant-derived non-nutritive compounds, on
the other hand, are well known to be potent antioxidants that can block oxidative stress
and cell death by chelating metal ions, scavenging oxygen radicals, and avoiding lipid per-
oxidation [1,4]. The introduction of several phytogenic compounds was the main objective
of this review, in order to lessen the detrimental effects of heavy metal (Pb and Cd)-induced
oxidative stress on poultry.
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Figure 1. The effect of oxidative stress caused by heavy metals on the enterocytes of poultry. 

  

Figure 1. The effect of oxidative stress caused by heavy metals on the enterocytes of poultry.

2. Oxidative Stress and Antioxidative Systems in Poultry

For aerobic species (bacteria, plants, animals and humans), redox homeostasis is a
crucial mechanism. Under normal circumstances, cells maintain redox equilibrium by
producing oxidants (ROS/RNS) and removing them using an antioxidant mechanism.
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An increase in reactive species (ROS/RNS) can disturb redox equilibrium. For instance,
the electron transport chain in the mitochondria and the NADPH oxidases found in the
cell membrane are two major generators of ROS. At low to moderate levels, ROS (mainly
H2O2) function as second messengers of signal transduction in a variety of intracellular
processes, including cell division, proliferation, and death. Nuclear factor kappa light-
chain-enhancer of activated B cells, or NF-B, is a transcription factor that plays a role in
a variety of cell functions, including inflammation, cell survival, and cell proliferation.
ROS have the ability to alter the nuclear and cytoplasmic levels of NF-B regulation. In
order to protect the organism from oxidative stress, Nrf2 (Nuclear Factor Erythroid-2
Related Factor 2) provides a resistance to an increase in ROS. The expression of crucial
proteins and enzymes involved in redox equilibrium, including thioredoxin 1, thioredoxin
reductase 1, and sulfiredoxin, are all regulated by the Nrf2–ARE (antioxidant response
element) complex [1]. More than 90% of the total ROS in eukaryotes are generated by the
mitochondria because the majority of oxidative processes take place here. in an effort to
produce energy with Approximately 18 times more energy is produced from oxidative
processes than from the traditional glycolysis [14]. The OH− radical is one of the ROS that
is most important because of its high reactivity, high mobility, low molecular weight, and
water solubility. To understand the delicate nature of the problem, it is crucial to keep in
mind that a cell produces 50 hydroxyl radicals every second, or 4 million hydroxyl radicals
per day [15].

Chemicals called antioxidants shield biological systems from the possible negative
effects of oxidative stress, such as changes in cellular redox balance [16]. To survive in an
oxygen-rich environment, chickens have evolved antioxidant defense mechanisms over
time. They are composed of a complex network of antioxidants that are produced both
internally (including CoQ, glutathione, and antioxidant enzymes) and externally (such
as carotenoids, vitamin E, etc.) [17]. The digestive tract’s antioxidants work together to
maintain the ideal redox balance in the cell/body. The conditions for cell signaling, which
are essential for regulating the expression of numerous genes, aiding stress adaption, and
maintaining homoeostasis in birds, are created by this equilibrium, which is a fundamental
factor in the process. The antioxidant defense network, along with a variety of transcription
factors and vitagenes, strictly controls the level of ROS/RNS since it is believed that they
are crucial signaling molecules [18]. The antioxidant defense has several benefits such as
maintaining the integrity of the mitochondria, scavenging free radicals and detoxifying.
Additionally, it attempts to reduce free radical production by reducing oxygen availability,
decreasing the activities of enzymes responsible for ROS/RNS production (e.g., NADPH
oxidase and xanthine oxidase), retaining iron and copper, redox signaling, activating the
transcription factor Nrf2 and the vitagenes, and increasing the production of protective
chemicals with antioxidant and detoxifying properties. Damaged molecule removal (phos-
pholipases, phospholipid hydroperoxide GPX (PH-GPx), proteasomes, etc.) and repair
(heat shock proteins, methionine sulfoxide reductase, Methionine sulfoxide reductase (Msr),
DNA-repair enzymes, etc.) are enzymatic processes that are crucial for preventing the
buildup of damaged molecules and preserving proteostasis. Finally, crucial components of
the antioxidant defense network include apoptosis, autophagy, and other processes that
deal with terminally injured cells to remove them and prevent damages from spreading to
neighboring cells/tissues [17]. Apoptosis, pathological lesions, immune dysregulation in
the intestines, nephropathy, and an increase in the expression of genes linked to apoptosis
have been linked to an imbalance in the oxidative state, which has shown to activate several
signaling pathways, including endoplasmic reticulum (ER) stress signaling [19]. ER stress
indicators including glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase
(CAT), and malondialdehyde (MDA), as well as oxidative stress biomarkers such as glucose-
regulated protein 78 (GRP78) and CCAAT/enhancer binding protein homologous protein,
which were both investigated earlier. Serum testosterone levels and apoptosis-related
modulators such as Bax, Bcl-2, and caspase 3 have been assessed in testicular tissue from
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chickens under heat stress. According to the findings, oxidative damage brought on by
heat stress was greatly lowered by alpha lipoic acid (a component of an antioxidant).

3. Heavy Metals and Oxidative Stress in Poultry
3.1. Pb

Because of Pb’s non-biodegradable nature and the ongoing use of items related to
it, there are severe challenges to global food security [20]. Poultry is one of the most
important agricultural sectors, and each year, more than 50 billion birds are raised for
food [21]. On broiler growth, even 1.0 mg/kg of trace Pb concentration in feed can have
a significant effect, including linear decreases in body weight gain, linear decrease in
delta-aminolevulinic acid dehydratase (ALAD) activity and dose-related increase in Pb in
the blood, kidney, liver and tibia in broiler chickens [22]. Two healthy elements of eggs,
ovalbumin and phosvitin, have been proven to bind a variety of metals [23], increasing the
risk of heavy metal accumulation in eggs. The rate of Pb transmission from female birds
to eggs was assumed to be highly associated with the quantities in livers [24]. A previous
investigation suggested that Pb may alter the way Ca is digested, making it easier for Pb to
be incorporated into eggshells [25]. Therefore, egg production may offer a means for female
birds to eliminate Pb other than through urine or feces [26]. A study showed that Pb can
lead to oxidative stress in chickens and hasten biological component oxidation processes by
generating free radicals [27]. The key contributor to the ionic mechanism of Pb poisoning,
which eventually interferes with cell metabolism, is the ability of Pb metal ions to replace
other bivalent cations such as Ca2+, Mg2+, and Fe2+ as well as monovalent cations such as
Na+. The ionic mechanism of Pb poisoning significantly affects a wide range of biological
activities, including cell adhesion, intracellular and intercellular communication, protein
folding, maturation, apoptosis, ionic transport, enzyme control, and neurotransmitter
release. Protein kinase C, a gene that regulates neuronal excitation and memory storage,
is impacted by the fact that Pb can replace calcium even in picomolar quantities [28]. Pb
ions may alter the morphology and operation of the mitochondria, which would cause
cell death. The induction of the mitochondrial permeability transition pore (mPTP) is
significantly influenced by the production of ROS [29]. The accumulation of ROS brought
on by Pb, however, has been shown to impact energy metabolism and alter DNA through
point mutations, rearrangements, and fragmentation [29]. It has also proposed that the
disruptive effects of Pb ions on mitochondrial respiratory complexes are the root cause of
Pb (II)-induced liver damage. The release of cytochrome C and opening the permeability
transition pore (PTP), which results in mitochondrial dysfunction and possibly cell death
signaling, is what causes the toxicity [30]. Overall, Pb can cause oxidative damage in various
organs by having a direct impact on the peroxidation of membrane lipids and lowering
antioxidant properties [31]. The antioxidant parameters GPx, CAT, SOD, glutathione S—
Transferase (GST), and glutathione (GSH) are considerably decreased by exposure to Pb,
whereas the oxidative parameters MDA and H2O2 are increased [32]. In Pb poisoning,
caspase-3 is activated once mitochondrial cytochrome C is released, which inhibits Bcl-2
and causes apoptosis [33]. Additionally, blocking the release of neurotransmitters and
inhibiting the N-methyl-D-aspartate (NMDA) receptor may cause Pb neurotoxicity and
cognitive impairment [34].

3.2. Cd and As

Hazardous heavy metal Cd is widely present in nature and has a variety of adverse
effects for human/animal health. The creation of nickel-cadmium batteries, electroplating,
burning of fossil fuels, and mining waste are all examples of human activities that contribute
to the widespread occurrence of Cd [9]. Due of these factors, almost everything we ingest,
such as food, drinks, and air, includes Cd [10]. Continuous exposure to low levels of Cd
causes daily buildup in several tissues and adverse effects on various organs [8]. Due to
its chemical similarity, it can mimic and substitute some nutritional metals in a range of
biological structures [35]. Recent research suggests that Cd may be dangerous to health
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even at low dosages because of its propensity to accumulate [36]. For animal husbandry
in some countries, Cd contamination has been a problem, and in some instances, the
amount of Cd in manure and animal feed can even approach 130 mg/kg [37]. Long-term
exposure to Cd can result in hepatotoxicity, renal failure, and neurotoxicity [38]. The rapid
impacts of Cd exposure in vivo include the generation of ROS in the mitochondrial electron
transfer chain being stimulated, NADPH oxidase activity in the plasma being inhibited,
and physiological antioxidants such as glutathione being depleted. The buildup of Cd in
tissues could slow the pace of growth [39]. The kidney and liver are the main tissue targets
for Cd toxicity. Cd produces oxidative stress by increasing the formation of free radicals.
Increased ROS can lead to lipid peroxidation, DNA oxidation, sulfhydryl depletion, and
a disruption of calcium homoeostasis [40]. The specific mechanism of Cd poisoning is
unknown, although its effects on cells are widely known [41]. Cd concentration increases
by a factor of 3000 when it binds to metallothionein or other proteins with a high cysteine
content. After causing hepatotoxicity in the liver, the cysteine–metallothionein complex
builds up in the renal tissue of the kidney and causes nephrotoxicity. Aspartate, glutamate,
histidine, and cysteine are also among the ligands that Cd can bind, and this can cause an
iron deficiency [42]. Due to their similar oxidation states, Cd and zinc could have been
substituted in metallothionein to prevent it from acting as a cell’s free radical scavenger. Cd
and Pb both have the capacity to mimic significant metals and/or replace them if necessary.
These ions attach to calmodulin [43], protein kinase C [44], troponin C, and synaptic
proteins [45] that include magnesium-, zinc-, and calcium-specific binding sites. The most
stable complexes are created when these so-called “soft metals” join forces with the mixed
N-S donor atom ligand. Recent research on mouse renal tubular epithelial cells has shown
that Cd can trigger the release of Ca (II) from ER reserves through the phospholipase
C (PLC)-IP3 pathway, which participates in the formation of ROS [46]. Cd can bind to
lipids, proteins, and nucleic acids after entering the body. Thiol (-SH) groups are frequently
used for binding to enzymes and proteins, and they modify cysteine residues in proteins.
This type of protein inactivation has the power to disturb the intracellular redox balance.
As a result, liver harm develops as a result of an unbalanced antioxidant defense [7].
Additionally, it has been thought that Cd indirectly produces ROS. The antioxidant defense
of cells could be overwhelmed by O2, hydroxyl (OH), and the NO radicals that Cd could
indirectly produce [47]. This might be the result of cellular proteins containing more Cd
than iron and copper. The buildup of too much Fe and Cu is the cause of the oxidative
stress. Additionally, replacing the necessary minerals throws off the cellular metabolism
of the cell. Alternately, Cd might interfere with glutathione, causing oxidative stress to
develop [48].

Long-term exposure to arsenic has been demonstrated to be harmful to the liver, lung
epithelial transformed cells, and skin, and it has also been shown that arsenic alters multiple
cellular pathways, including cytokine expression, apoptosis promotion and resistance, and
increased oxidative stress [49]. These alterations result in the manifestation of disease [50].
In chicken hearts, subchronic arsenism-induced oxidative stress is also thought to trigger
inflammation, and it is believed that ROS overproduction activates the NF-B pathway,
which in turn causes an increase in the expression of pro-inflammatory mediators such as
TNF, prostaglandin E synthase, cyclooxygenase-2, and inducible nitric oxide synthase [50].
Arsenic pathogenesis is characterized by oxidative damage caused by ROS. Arsenic also
causes morphological abnormalities in the mitochondria’s structural integrity. Cells are
more susceptible to the harmful effects of arsenic as a result of glutathione-depleting
substances paired with cascade mechanisms of free radical generation resulting from the
superoxide radical. The formation of ROS/RNS, including peroxyl radicals, the superoxide
radical, singlet oxygen, hydroxyl radicals via the Fenton reaction, hydrogen peroxide, the
dimethylarsenic radical, the dimethylarsenic peroxyl radical, and/or oxidant-induced DNA
damage, is increased in both humans and animals exposed to As [51].
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3.3. Mitigation of Oxidative Stress in Poultry

Dietary antioxidants help to keep the intestinal mucosa healthy while lowering in-
testinal free radicals [17]. Numerous studies indicate that oxidative stress rids birds of
various pathogenic and welfare problems [52]. Therefore, the poultry industry must de-
sign a practical strategy to prevent oxidative stress [4]. To reduce oxidative distress in
poultry [53], a variety of dietary therapies are available based on the best supplemen-
tation of antioxidative vitamins (E, A, C, and B2) and micronutrients (Se, Cu, and Zn).
Researchers have recently become interested in the chemicals discussed below because of
their chelating and growth-stimulating functions, as well as the antioxidant qualities of
useful plant components.

The liver is known to be protected by polyphenolic compounds from a variety of
xenobiotics, including Pb and diethyl nitrosamine, which can cause hepatotoxicity [54].
Over the past ten years, many in vitro and in vivo studies have suggested that tea and
tea polyphenols have potent antioxidant activity as well as a variety of other potentially
useful medicinal properties, including the capacity to inhibit tumor growth, metastasis and
carcinogenesis in various animals. The main polyphenolic components in tea are catechins.
Tea catechins are effective scavengers of superoxide, hydrogen peroxide, hydroxyl radicals,
and nitric oxide in various compounds. They were also able to bind with metals, thanks to
their catechol structure [55]. The protective effect tea catechins exert on oxidative damage
in HepG2 cells exposed to Pb may be due to their capacity to bind metal ions and scavenge
free radicals [56]. According to [57], experiments are being conducted to find ways to lessen
the harmful effects of Cd and Pb on the body by chelating these metals with nutrients,
which reduces their absorption by tissues or boosts the body’s oxidative capacity. However,
there are presently no effective techniques to reduce the levels of Cd and Pb in food and
hence lessen the risk of oxidative stress being induced in internal organs. Supplemental
lycopene and fucoxanthin shield rat kidney, bone, and brain tissue against the effects of
Cd-mediated oxidative stress [58].

Recent studies have used astaxanthin, a red carotenoid pigment found in some marine
species and a potent antioxidant without provitamin-A activity, to improve rooster sperm
quality [59]. According to [60], at a concentration of 25 mg/kg, astaxanthin nanoparticles
act as a potent antioxidant to shield rooster testes from the oxidative stress caused by Cd in-
jection and maintain the post-thawing quality of rooster sperm. As with other carotenoids,
astaxanthin has a low bioavailability despite being a highly lipophilic molecule. As a
result, an astaxanthin nano preparation that is more stable and bioavailable has been devel-
oped. However, the current study investigates how astaxanthin, a lipid-soluble carotenoid,
protects against Cd-induced damage to rooster testis and decreased sperm quality. Ad-
ditionally, it has been noted in the literature that astaxanthin has around 100 times the
antioxidant activity of alpha-tocopherol and about 10 times the antioxidant activity of other
carotenoids, including zeaxanthin, lutein, canthaxanthin, and beta-carotene [61].

It has been demonstrated that the polyphenolic molecule resveratrol has strong antiox-
idant properties that can protect against hydroxyl and superoxide radicals produced by
heavy metals [62]. Additionally, it may increase the activity of GSH-Px, CAT, GST, SOD,
and nicotinamide adenine while activating the key transcription factors that regulate the
response to antioxidants (erythroid-derived nuclear factor) [63]. It might also maintain glu-
tathione in its reduced state by blocking the creation of glutathione disulfide. This would
prevent the oxidation of macromolecules, inhibit the peroxidation of the apolipoprotein B
protein, and protect cells from the onslaught of free radicals [64]. Resveratrol has also been
demonstrated to lessen oxidative stress and increase antioxidant status in chickens when
provided as a dietary supplement [65]. Additionally, yucca’s resveratrol and other phenolic
components may reduce lipid peroxidation and stop the generation of blood platelet free
radicals (LPO) [66]. It might also maintain glutathione in its reduced state by stopping
the manufacture of glutathione disulfide [67]. Chelation therapy, antioxidant therapy, and
the consumption of natural food components are among the therapeutic and preventive
approaches available to combat As toxicity. Natural dietary substances and medications
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with a plant-based origin provide effective and progressive treatment from As-mediated
toxicity without causing any distinct side effects. Due in significant part to their robust
antioxidant properties, bioactive compounds have generated considerable interest in their
potential advantages [68]. In a recent study, 34 medicinal plants and 14 natural compounds,
largely in preclinical trials and a few in clinical research, demonstrated considerable pro-
tection against As toxicity [69]. According to [70], Allium sativum, Curcuma longa, Silybum
marianum, as well as various herbal fibers and algae, are the most effective medicinal plants
for treating As toxicity. Organosulfur-containing vegetables are helpful in removing arsenic
from the liver. Dialyl sulphide, an organosulfur natural substance present in garlic (Allium
sativum), has been shown to reduce toxicity and As-induced mitochondrial dysfunction
in mice [71]. Crude extracts of Viscum album and Allium sativum were investigated for
their ability to counteract in vivo experimentally generated As toxicity [72]. Experimental
evidence of the antioxidant properties of members of the Lamiaceae family was found in
Ocimum sanctum leaf extract [73]. Due to its antioxidant activity, Silybum marianum’s
flavonolignan, silibinin, exerts beneficial effects on rats exposed to As [74]. Table 1 summa-
rizes the key findings of some prior research on the use of several phytomedicinal plants
against oxidative stress caused by Pb and Cd. The following paragraphs explain ways that
medicinal plants can be used as protective agents and lessen Pb toxicity by preventing
intoxication or even being used for treatment (Table 1).

Table 1. Main conclusions from previous research on the effects of phytogenic plants on Cd/Pb-
induced toxicities.

Plants Name Main Ingredients Mechanisms of Action Heavy Metal References

Allium sativum Garlic • Water-soluble sulfur
compounds • Antioxidant Pb [75,76]

• S-allyl cysteine • Antiallergic
• Lipid soluble
compounds • Immunostimulatory

• Enzymes and volatile
oils

• The impact of specific enzyme inhibitors
• Antioxidant activities
• Chelating capability
• Preventing intestinal absorption of Pb, by its
amino acids containing sulfur groups such as S-allyl
mercaptocysteine and S-allyl cysteine
• Reduce mitochondrial damage [77]
• Lessen apoptosis in tissue culture models [78]

Yucca schidigera Yucca • Resveratrol • Hypocholesterolemic Pb [79]
• Saponins • Hypoglycemic [63]
• Several enzymes •Antioxidant [63]
• Antioxidants agents • Immunostimulatory [16]

• Preserve ammonia emission and reduce its level in
poultry farms [80]

• Decrease blood urea contents
• Significant capacity for absorbing volatile
chemicals that can be harmful, such as hydrogen
sulfide and ammonia

Pb [81]

• Potential modulation of Pb-induced inhibitory
effects on the reproductive and productive
characteristics of Japanese quails

[16]

• Pb-induced histomorphometry and
immunohistochemical alterations that are more
pronounced

[82]

• Nitric oxide (NO), vascular endothelial growth
factor (VEGF), tumor necrosis factor-alpha (TNF-),
and transforming growth factor-1 (TGF-1) levels
that are declining

[16]

• Helps co-exposed quails’ glucose homeostasis [16]
Coriandrum sativum Coriander • Coriandrin • Effective antioxidant Pb [83]

• Isocoumarines • Stomach ulcer treatment and other abdominal
challenges [84]

• Magnify the oxidative condition in rats treated
upon Pb intoxication
• Reduce renal oxidative stress, perhaps by
lowering heavy metal levels. [85]

Garcinia kola Heckel (bitter cola) • Antioxidant activity Pb [86]
• Animal studies on the effectiveness of
antihepatotoxic drugs against ethanol,
galactosamine, and tetrachloride

[87]

• Make long-term Pb acetate poisoning more
incapacitating
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Table 1. Cont.

Plants Name Main Ingredients Mechanisms of Action Heavy Metal References

Allium sativum L. Garlic
• Diallyl sulfide, diallyl
disulfide, and diallyl
trisulfide

Reduce the harmful effects of metal deficiency that
cause tissue zinc and copper to rise when Cd is
present

Cd [88]

• Improvement of antioxidant and metal-chelating
capabilities [89]

• Reduces the oxidative stress caused by Cd [90,91]

Silybum marianum
Milk thistle,

Carduus marianus,
silymarin

• Silibinin, silidianin,
and silichristin

• Offers mitigative effectiveness for DNA damage
and survivability Cd [92]

Zingiber officinale Ginger • Gingerol, shogaol,
citral, pyrogallol

• By decreasing bioavailability and metal removal, it
alleviates the hepatotoxicity brought on by Cd Cd [93]

• Reduces the oxidative stress brought on by Cd [90]
• Reduces the harmful effects of Cd on the liver and
renal tissues of fetuses and mothers [94]

Withania somnifera
Ashwagandha,
Indian ginseng,
winter cherry

• Alkaloids, steroidal
lactones, tropine,
cuscohygrine,
withanolides,
withaferin A

• Significant improvement in body weights, liver
and kidney functioning, and recovery of oxidative
damage caused by Cd

Cd [95]

• Has antioxidant protective efficacy against
oxidative stress and Cd-induced liver and kidney
damage

[96]

• Significant improvement of blood biochemical
parameters in Cd-intoxicated chicks, including
protein, albumin, globulin, ALT, AST, uric acid, and
creatinine

[97,98]

Ocimum. sanctum Holy basil, tulasi • Eugenol • Reduction in hepatic and renal Cd accumulation Cd [99]

Asparagus recemosus Satavar, shatavari,
or shatamull

• Saponins, isoflavones,
asparagine, racemosol,
polysaccharides,
mucilage

• Decrease in Cd-induced tissue oxidative damage Cd [100]

Andrographis
paniculata

Green chiretta,
kalmegh • Andrographolide • Scavenger action of antioxidants against oxygen

free radicals Cd [101]

Asphaltum panjabinum Shilajith • Asphaltum
punjabinum • Chelating and elimination activity against Cd Cd [102]

Spirulina platensis Spirulina
• Cyclic peptides,
alkaloids, and
lipopolysaccharides

•Antioxidant protective effect against oxidative
stress and Cd-induced liver and kidney damage Cd [103,104]

Emblica Officinalis Indian gooseberry •Lannins (gallic acid,
ellagic acid) •Antioxidant effect against Cd-induced toxicity Cd [105,106]

Ocimum sanctum Tulsi leaf
• Significant enhancement in body weight
• Protection against tissue oxidative damage and Cd
bioaccumulation

Cd [103]

Rosmarinus officinalis Rosemary
• Rosmarinic acid,
ursolic acid, and
oleanolic acid

• Reduces tissue damage and oxidative stress
brought on by Cd Cd [92,107]

Zingiber officinale Ginger • Gingerol, shogaol,
citral, pyrogallol

• Relieves the hepatotoxicity caused by Cd by
reducing bioavailability and metal elimination Cd [93]

• Ameliorates Cd-induced oxidative stress [90]
• Reduces the harmful effects of Cd on the liver and
renal tissues of fetuses [94]

Panex ginseng Korean red ginseng
extract • Ginsenosides • Reduces the toxicity of Cd on the liver by

possessing antioxidative and antiapoptotic effects Cd [108]

4. Pb and Phytogenic Plants
4.1. Allium sativum (Garlic)

Garlic (Allium sativum) has been used successfully in traditional medicine to treat
a number of conditions and also improve broiler performance [109]. This effectiveness
may be explained by the mixture’s high content of lipid-soluble molecules, S-allyl cysteine,
and organic sulfur compounds [75]. Garlic is utilized extensively to lessen the toxicity
brought on by metals. According to new supportive studies, garlic compounds are able
to detoxify methyl mercury, phenyl mercury, arsenic, Pb, and Cd. Consuming garlic
dramatically reduces heavy metals’ clastogenic effects, and also significantly reduces the
lethal effects of oxidative stress and mitochondrial damage brought on by the body’s metal
load. The therapeutic benefits of garlic were superior to those of D-penicillamine and
2,3-mercapto-1-propanol, N-acetyl DL-penicillamine and 2,3-dimercaptosuccinic acid, and
the current therapies. It is generally known that broiler chicks are susceptible to Pb toxicity,
which indicates that dietary Pb concentrations of (1.0 mg/kg) can considerably impair
broiler growth and persistently lower blood levels of the erythrocyte enzyme known as
d-aminolaevulinic acid dehydratase [22]. Garlic administration is protective against Pb
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toxicity in chickens [76] with the exception of feed conversion rate modifications brought
on by Pb poisoning (100 mg/kg). Broiler chickens were fed garlic (1, 2 or 4 percent
Allium sativum) to improve growth performance and significantly raise blood variable
values [110]. The three main factors that contribute to garlic’s protective qualities against
Pb toxicity are its ability to chelate Pb, which is provided by compounds with free amino
and carboxyl groups and amino acids containing sulfur, as well as its antioxidative role,
which is provided by organo-sulfur components such as diallyl tetra sulfide [111].

4.2. Yucca schidigera

There are only a few of Yucca schidigera advantageous properties, which include
growth-promoting, hypocholesterolemia, hypoglycemia, antioxidant, immunostimulatory,
anticancer, and anti-inflammatory properties [63]. It also provides resveratrol, saponins,
numerous enzymes, and antioxidants for use in the poultry industry [63]. In chicken
farms, Yucca can sustain ammonia emission and lower its level, and lower blood urea
levels [80]. Hazardous volatile chemicals such as hydrogen sulfide and ammonia are easily
absorbed by Yucca [81]. Recently, Yucca showed a possible ability to modulate the effects
of Pb-induced inhibition on the reproductive and productive characteristics of Japanese
quails [63]. The authors claim that Yucca schidigera therapy, especially at a dose of 200 mg/kg
diet, may reverse Pb-induced modifications as well as increase immunohistochemistry and
histomorphometric abnormalities. These beneficial effects may be due to its antioxidant
properties [82]; NO, vascular endothelial growth factor (VEGF), tumor necrosis factor-alpha
(TNF-α), and transforming growth factor-1 (TGF-1) levels; and declining levels of these
inflammatory markers. Quails that were also subjected to Yucca schidigera extract displayed
significantly better control of glucose homeostasis [16].

4.3. Coriandrum sativum (Coriander)

Coriander (Coriandrum sativum), a common member of the “Umbelliferae” plant family,
has a number of beneficial therapeutic properties, which have revealed that Coriandrum
sativum supplements are beneficial for a variety of animal species both nutritionally and
therapeutically [84]. Because coriandrin and isocoumarines are this herb’s main chemical
constituents, it is utilized as a potent antioxidant [112]. In the field of complementary
medicine, coriander is extremely beneficial for treating stomach ulcers and other abdomi-
nal problems. It was discovered that Coriandrum sativum may have antioxidant qualities
and may worsen the oxidative state in male rats after Pb overdose in the same environ-
ment [113]. Additionally, following treatment with the hydroalcoholic seed extract of
Coriandrum sativum, the tissue-specific oxidative stress caused by Pb was reduced. Lower
Pb concentrations and the lessening of histopathologic liver damage were seen in rat tissues
after coriander treatment [114]. According to a recent study by [85], coriander leaf extract
ingestion increases resistance to oxidative stress in the kidney, potentially through lower
levels of heavy metals.

4.4. Garcinia Kola Heckel (Bitter cola)

Garcinia kola (Bitter kola) is beginning to be utilized in toxicological research as a
therapy for numerous dangerous heavy metals and medications due to the presence of
carbazole alkaloid, phenolic, organic, and inorganic compounds, which are responsible for
its antioxidant benefits [86]. In recent studies using Wistar rats as experimental models, [87]
evaluated the effectiveness of Garcinia kola aqueous extracts to reduce chronic Pb acetate
poisoning. This study confirms therapeutic potential of coated and uncoated Bitter cola for
treating Pb toxicity and serving as an alternate antibacterial. Additionally, Garcinia kola
has two beneficial effects for treating Pb-related poisoning: first, reducing Pb toxicity, and
second, limiting infections.
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5. Cd and Phytogenic Plants
5.1. Garlic (Allium sativum L.)

A study by [91] confirmed the potent anti-Cd properties of Allium sativum and sug-
gested using it in any form as a regular source to fend off the negative effects of Cd in
food and drink. They claimed that the difference in body weight between the Cd-plus-
garlic group and the Cd-alone group proved the value of garlic in reducing the effects of
Cd poisoning.

5.2. Milk Thistle (Silybum marianum)

High levels of the antioxidants silibinin, silidianin, and silichristin can be found in
the well-known herbal medicine Silybum marianum. This antioxidant property has been
extensively used to reduce the potentially hazardous in vivo effects of numerous oxidative
agents, in addition to its use in the treatment of cancer and liver disease. The efficacy of
Silybum marianum against Cd-induced DNA damage in human blood cells has been studied
in the past [92].

5.3. Ginger (Zingiber officinale)

For many years, people have safely treated a stomach upset using Zingiber officinale. In
addition, various studies have focused on the antioxidant properties of ginger. Ginger’s
antioxidant and hepatorenal protective effects against Cd-induced oxidative stress have
previously been investigated in rat and fetal tissues [93]. Cd administration could have an
impact on the immunohistochemistry expression of Caspase3 and tumor marker MKI67,
which indicated that ginger had a protective effect against Cd poisoning in the kidney and
liver of rabbits.

5.4. Winter Cherry (Withania somnifera)

The reduction and eradication of Cd toxicity in broiler chickens has been widely
studied using a common medicinal plant called Withania somnifera. Oral administration of
winter cherry root prevented the Cd-induced peroxidation of chicken tissues [95]. According
to some studies [98,103], the effects of Cd-induced oxidative stress and hepatorenal damage
in broilers can be mitigated by Withania somnifera. The plant’s high content of alkaloids,
steroidal lactones, tropine, withanolides, and withaferin may account for these effects [97].

5.5. Tulsi Leaf (Ocimum sanctum)

Occimum sanctum has been used for medicinal and spiritual purposes. Numerous
research studies have looked at Ocimum sanctum’s ameliorating effects on Cd-induced ox-
idative stress and tissue damage [99]. Ocimum sanctum has an important role in tissue repair,
it acts as an antioxidant, and it has anti-metal bioaccumulation properties. Additionally, it
enhances oxidative state after Cd poisoning [99].

5.6. Indian Gooseberry (Emblica officinalis)

The Indian medicinal herb Emblica officinalis has been used for centuries to enhance
mental and physical health. Prior studies using rats and mice showed that Emblica officinalis
has antioxidant properties and the ability to remove ROS from the environment [106] and
broiler chickens [113], which has been exploited to mitigate the negative effects of the heavy
metal Cd on physiological functioning [105]. It has been discovered that ellagic and gallic
acids play the main part in their antioxidant properties [115].

5.7. Rosemary (Rosmarinus officinalis)

The rosemary plant’s significant anti-inflammatory and antibacterial capabilities are
due to the presence of flavonoids and phenolic acids. Additionally, the extracted rosmarinic
acid from the plant possesses strong antioxidant properties that guard against a variety of
oxidative diseases. Studies looked at the benefits of Rosmarinus officinalis in vivo against
the hepatic, renal, and oxidative stress brought on by Cd chloride [107,116].



Poultry 2023, 2 246

5.8. Extract of Korean Ginseng (Panex ginseng)

Panax ginseng, a well-known species of the ginseng plant family, is frequently and
effectively used to increase immunity and minimize the side effects of several risky medical
operations. Furthermore, it was successful in halting tissue oxidation and the damage
brought on by Cd. The antioxidant and anti-apoptotic properties of Panax ginseng depend
on its ginsenosides [117]. According to earlier research, Panax ginseng shielded rats and
mice against the negative effects of Cd [118].

5.9. Other Different Types of Herbal Plants

More varieties of herbal plants [103] have been studied. Some researchers described the
effectiveness of using various herbal adaptogens against Cd-induced oxidative stress and
toxicity in broiler chicks. For example, regarding tulasi (O. sanctum), shatavari, holy basil,
satavar or shatamull (Asperagus recemosus), kalmegh (Andrographis paniculata), or shilajith
(Asphaltum panjabinum), it is possible to conclude that using such adaptogens decreases Cd
bioaccumulation in the kidney and liver, which in turn decreases oxidative damage.

6. Conclusions

Environmental contamination has significantly increased over the past few decades,
offering potential risks to all biological systems, including the poultry sector. In addition to
exposure from the general environment, industrial pollution, and agricultural processes,
chickens are also exposed to heavy metals such as Cd and Pb. Heavy metal toxicity has been
demonstrated to have negative effects on biological macromolecules, lipid peroxidation,
protein oxidation, and cell structure, and increases oxidative stress and the formation of
ROS/RNS. In the last two decades, phytobiotics have been shown to exert multiple ef-
fects, including anti-inflammatory, antimicrobial, antioxidative, and metabolic-modulating
effects. According to the probable effect of heavy metals on the development of Pb-/Cd-
induced oxidative stress, some plant secondary metabolites with antioxidant and chelating
properties may assist with and modify Pb-/Cd-induced toxicity. Their use could be avail-
able to relevant specialists as a nutritional strategy to ensure the health of animal protein
products in the human food chain.
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