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ABSTRACT 

Iron is an important vital micronutrient; nevertheless, iron excess may induce cellular 
toxicity via mediating reactive oxygen species generation, ensuing in oxidative stress and 
harm to various organs, including the liver, kidney, heart, and others. Iron overload, also 
called hemochromatosis, is the most severe manifestation of excessive iron accumulation 
that can occur despite the body's regulatory processes and results in a systemic buildup of 
iron in the body leading to many adverse effects. Several factors can contribute in including 
consuming significant amounts of additional iron, iron loading anaemias, frequent blood 
transfusions, and some genetic mutations. Liver is particularly at risk of the damaging 
consequences of iron overload due to the fact it's the primary site for storing iron. However, 
when the liver's iron storage and anti-oxidant capacity is surpassed, iron overload can 
result in oxidant-mediated hepatotoxicity. Iron is 'kept safe' in health by a regular balance 
of iron absorption, transport, storage, and use. Further, efficient regulation of systemic iron 
homeostasis, along with the effective antioxidant systems, is essential to prevent the 
harmful effects of excessive ROS generation and oxidative damage. Consequently, a 
thorough understanding of iron metabolism, mechanisms of iron overload-induced toxicity 
concomitantly with characterization the optimal methods of assessment and monitoring its 
adverse effects is crucial for preventing iron-related disorders and for employing successful 
treatment and control. 
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INTRODUCTION 

Iron is a key micronutrient and an 

essential necessity for life, which is 

commonly involved in critical physiological 

events which includes transport of oxygen 

and electron, DNA synthesis, and a variety 

of enzyme reactions required for basic 

cellular functions (Pietrangelo 2016 and 

Wang et al., 2021). Iron is catalytically 

active element due to its ability to quickly 

alter valence and transition in-between the 

ferrous and ferric status, supplying or 

obtaining electrons, and therefore acting as a 

mediator in essential biochemical reactions. 

This chemical characteristic, however, 

makes iron a major catalyst for the 

production of dangerous reactive oxygen 

species (ROS),which result in damage to 
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lipid, protein, and DNA, resulting in cell 

death (Dev and Babitt, 2017).  

In normal conditions, iron is bound 

to other molecules such as transferrin, 

forming the shielded or bound portion of 

iron in the bloodstream.  However, whilst 

the potential of transferrin to catch iron is 

handed, iron overload develops 

(Jenkitkasemwong et al., 2015). 

Iron overload or hemochromatosis is 

identified as systemic buildup of iron in the 

bloodstream. Iron loading anaemias 

(congenital dyserythropoietic anaemias, 

thalassemias, sideroblastic anaemias, 

myelodysplastic syndromes), Hereditary 

hemochromatosis, and recurrent blood 

transfusions are the main causes of systemic 

iron overload (Imam et al., 2017). 

Oxidative stress is a fundamental 

problem of iron overload and is the main 

causefor developing worsening health 

problems over time. Hemochromatosis ends 

in accumulation of large amounts of free 

non-transferrin-bound iron (NTBI) 

(unshielded labile iron) in plasma. NTBI is 

effortlessly picked up by hepatocytes and 

other parenchymal cells with iron deposition 

in these tissues, a condition known as tissue 

iron siderosis. Inside cells and tissues, iron 

interferes with redox homeostasis, causing 

oxidative damage and organ dysfunction 

(Pietrangelo, 2016; Yang et al., 2018 and 

Galaris, et al., 2019). 

Moreover, iron overload results in 

various forms of cell death, including cell 

necrosis, apoptosis, and autophagy 

(Kruszewski, 2003; Fortes et al. 2012 and 

Dixon and Stockwell, 2014). At the cellular 

level, oxidative stress leads to ferroptosis, 

which is a form of iron-dependent cell death 

(Galaris et al., 2019). Because the liver is 

the major organ whose function is to clear 

excess circulating NTBI in case of iron 

overload, it is particularly vulnerable to 

deleterious effects. Iron excess, on the other 

hand, can cause oxidant-mediated liver 

injury and hepatotoxicity when the liver's 

iron storage and antioxidant capacity is 

exceeded (Dev and Babitt, 2017; Bloomer 

and Brown, 2019 and Salomao, 2021). 

Herein, a comprehensive review on 

iron metabolism with highlights on the 

potential detrimental impacts of 

hemochromatosis, particularly on liver 

focusing on the underlying mechanisms 

which may be helpful for monitoring these 

effects and may offer new opportunities for 

establishing effective therapeutic strategies. 

Iron is a chemical element with the symbol 

Fe (from the Latin ferrum, which means 

'iron') and the atomic number 26. It is a 

metal from the periodic table's first 

transition series and group 8. Iron is the 

most prevalent element on Earth by mass, 

just ahead of oxygen (32.1% and 30.1%, 

respectively), and the core of the Earth is 

thought to be entirely made of iron, 

deposited primarily by meteorites in its 

metallic condition, with its ores also found 

there (Anderson and McLaren, 2012 and Lu 

et al., 2016). 

Iron is vital for the functioning of 

most lifestyles forms and is employed in a 

diverse array of proteins to fulfill various 

roles. For instance, iron plays a critical role 

in heme formation, a crucial prosthetic 

group in oxygen-binding proteins, such as 

hemoglobin and myoglobin. Iron is also 

indispensable for the production of 

important molecules, which facilitate 

electron transfer reactions in numerous 

proteins, including cytochromes, 

ferredoxins, and dehydrogenases (Duarte, 

2020). 

1. Iron absorption, uptake, and storage 
Dietary iron is the major source for 

iron supply in the body. Dietary iron has two 

main forms: heme and nonheme. Iron from 

animal sources, such as meat and bloodis 

present as heme-bound iron and is well-

absorbed, whereas iron from plant sources, 

such as grains and vegetables, is present as a 



Journal of Current Veterinary Research, Volume (5), issue (2), Oct. 2023. 

62 
 

non-heme iron and is not easily absorbed. 

Both ionic iron (Fe3+) and heme-bound iron 

are absorbed by enterocytes in the 

duodenum (Skolmowska and Głąbska, 2019; 

Milman, 2020 and Ems et al., 2023). Before 

absorption, ionic iron must be converted to 

its ferrous state (Fe2+). This reduction is 

facilitated by cytochrome b reductase 

(Dcytb) that is present in the brush border of 

duodenal enterocytes. The reduced ferrous 

iron (Fe2+) is then transported into 

enterocytes by divalent metal transporter 1 

(DMT1) (Yiannikourides and Latunde-Dada, 

2019). 

Once inside enterocytes, iron can 

follow different pathways depending on 

several factors, including erythropoietic 

demands, the body's iron stores, and 

regulatory proteins. It can be stored as 

ferritin, a protein complex that binds and 

sequesters iron. This stored ferritin can be 

later lost when duodenal cells are sloughed 

off. Iron also can be released into the blood 

through a protein called ferroportin. On the 

basolateral side of the duodenum, hephaestin 

(HEPH) enzyme oxidizes the released 

Fe2+back Fe3+ to be bound to transferrin 

(Tf) (Liu and Theil, 2005; Ganz and 

Nemeth, 2006 and Ems et al., 2023). Certain 

dietary factors may increase the absorption 

of non-heme iron. For example, foods rich 

in vitamin C along with non-heme iron 

sources can improve iron absorption. Meat, 

fish, and poultry contain factors that can 

enhance the absorption of both heme and 

non-heme iron (Basrowi and Dilantika, 2021 

and Consalez et al., 2022).  

Conversely, some dietary 

components can hinder the absorption of 

iron. Substances like phytates (found in 

whole grains and legumes), oxalates (found 

in spinach, beet greens, and rhubarb), and 

polyphenols (found in tea, coffee, and 

certain fruits) can bind to iron and form 

complexes that are less absorbable by the 

body. Calcium supplements or high-calcium 

foods, when consumed simultaneously with 

iron-rich meals, can also lower absorption of 

iron (Hurrell and Egli, 2010). Iron has the 

potential to be toxic via generating ROS. To 

mitigate the potential toxicity of iron, most 

iron in the body is tightly bound to other 

molecules for transport and storage purposes 

(Koskenkorva-Frank et al., 2013 and Aziza 

et al., 2014).  

Iron is delivered in the bloodstream 

as a compound with transferrin (Tf), a 

protein that binds iron and enhances its 

distribution to cells. Bindingof iron-

transferrin complex (Fe-Tf complex) to the 

transferrin receptor, allows distribution of 

iron to all cells and tissues. Transferrin 

receptors on the cell surface include 

transferrin receptor 1 (TfR1) and transferrin 

receptor 2 (TfR2), via which iron is 

endocytosed as the Fe-Tf complex. 

Endocytosis mediated by TfR1 is more 

efficient than endocytosis mediated by TfR2 

(Raje et al., 2007; Td, 2014; Duck and 

Connor, 2016; Kawabata, 2019 and  Ogun 

and Adeyinka, 2023). The absorbed iron is 

stored as ferritin primarily in the liver, bone 

marrow, and spleen, serving as a reserve for 

future use or it can also be utilized for 

various functions, such as hemoglobin 

synthesis in the bone marrow, incorporated 

into cellular proteins like myoglobin and 

cytochromes involved in ATP production 

and electron transport (Knutson, 2017 and 

Farid et al., 2023). 

Within the endosomes, the pH 

decreases because of the active transport of 

protons, leading to the dissociation of the 

Fe-Tf complex. Transferrin and transferrin 

receptors are then transferred back to the 

cell membrane, where they can bind iron 

once more. The extracellular iron in the 

Fe3+ state after being released from Tf, is 

then converted by a STEAP family 

reductase to the Fe2+ state. This Fe2+ iron 

is transported directly to the cytoplasm via 

the protein DMT1 contributing to the labile 
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iron pool within the cell. The labile iron 

refers to the fraction of iron that is loosely 

bound and potentially available for cellular 

processes (Cabantchik et al., 2005; Koren et 

al., 2010; Cabantchik, 2014 and Coates, 

2014).  

Iron is primarily stored in the body 

as ferritin. Ferritin is indeed a globular 

protein complex composed of 24 subunits 

that sequesters iron within its core, and its 

primary function is to store iron 

intracellularly, primarily within 

reticuloendothelial cells, hepatocytes, and 

macrophages. Serum ferritin level is 

frequently used to estimate the total reserves 

of iron in the body, with greater serum 

ferritin levels corresponding to higher iron 

stores (Arosio and Levi, 2002; Theil, 2012 

and Imam et al.,  2017).  

By sequestering iron, ferritin helps 

prevent iron toxicity and maintains iron in a 

safe, non-reactive form within cells 

preventing it from participating in harmful 

reactions. This storage capacity allows 

ferritin to regulate the release of iron in 

response to cellular iron demands (Bou-

Abdallah et al., 2018). Whenever cells' 

ability to store ferritin is surpassed, iron is 

deposited within cells in another storage 

form known as hemosiderin. Which is 

typically found in cells like macrophages 

and hepatocytes. Hemosiderin represents 

aggregates of ferritin that are less accessible 

for iron release (Puliyel et al., 2015a). 

Because iron plays a major role in redox 

signaling and in H2O2-induced toxicity, 

therefore, even within labile iron pool, iron 

tends to form complexes with peptides, 

phosphates, and carboxylates. The binding 

of iron to these molecules helps to maintain 

its stability and prevent uncontrolled 

reactions with ROS  (Cabantchik, 2014).  

2.  Iron homeostasis  

To provide adequate iron levels for 

physiological processes, iron homeostasis is 

carefully regulated at both the cellular and 

systemic levels. Key regulatory molecules 

such as the iron regulatory protein (IRP) 

system and hypoxia inducible factor (HIF) 

play critical roles in iron homeostasis within 

cells (Pantopoulos, 2004; Muckenthaler et 

al., 2008 and Dev and Babitt, 2017). 

Systemically, the iron hormone hepcidin is 

the main regulator of systemic iron 

homeostasis because it regulates the entry of 

iron into the circulation from enterocytes, 

iron recycling macrophages in the 

reticuloendothelial system, and hepatocytes, 

thereby controlling iron levels in the body 

(Hentze et al., 2010; Ganz and Nemeth, 

2012 and Bresgen and Eckl, 2015).  

Hepcidin exerts its regulatory 

function by post-translationally repressing 

the expression of ferroportin which is 

responsible for exporting iron from cells. 

When hepcidin levels are high, it causes the 

internalization of ferroportin, reducing iron 

export and increasing iron sequestration 

within cells. Hepcidin can also down 

regulate the expression of TfR1 and DMT1, 

further limiting iron export (Drakesmith and 

Prentice, 2012; Eid et al., 2017and Daher et 

al., 2017). Hepcidin expression is also 

closely managed at the transcriptional level 

via numerous variables including iron 

concentrations, erythropoiesis, 

inflammation, and hypoxia. In hepcidin 

regulation, signaling pathways such as bone 

morphogenetic protein/suppressor of 

mothers in opposition to decapentaplegic 

(BMP/SMAD) and Janus kinase/sign 

transducer and activator of transcription 

(JAK/STAT) are involved (Wrighting and 

Andrews, 2006; Pietrangelo et al., 2007; 

Core et al., 2014 and  Silvestri et al., 2019). 

As a result, hepcidin production was 

observed to rise in conditions associated 

with iron excess and inflammation and 

reduced in iron deficiency (Suchdev et al., 

2017). 

3.  Biological role of iron 
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Numerous crucial biological 

processes are carried out by iron in living 

beings. Because iron is necessary for 

hemoglobin production, the protein in red 

blood cells responsible for delivering 

oxygen from the lungs to the body's tissues, 

it is primarily involved in oxygen transport 

from the lungs to tissues. Hemoglobin and 

myoglobin contain around 70% of the iron 

in the body (Zhang, 2014). 

Myoglobin is a protein that is only 

present in muscles and is utilized to store 

oxygen by binding iron within a heme 

group. It is structurally similar to 

hemoglobin, however it is more simpler, 

having onlyone polypeptide chain of 154 

amino acids (Coates, 2014). Furthermore, 

numerous enzymes need iron as a cofactor 

to function. Among them, the enzymes 

involved in oxidative phosphorylation, and 

themetabolic pathways that transforms 

nutrients to energy. Iron-sulfur centers are 

necessary for the operation of some protein 

complexes in the oxidative phosphorylation 

pathway. During cellular respiration, iron-

containing cytochromes transfer electrons to 

generate energy in the form of ATP (Mendel 

et al., 2007 and Pain and Dancis, 2016). 

Iron-containing enzymes, such as 

peroxidase and catalase, participate in 

antioxidant defense systems, breaking down 

harmful hydrogen peroxide and protecting 

cells from oxidative damage. Iron is also 

required for the activity of ribonucleotide 

reductase, an enzyme essential for the 

production of deoxyribonucleotides, which 

are essential for DNA synthesis and repair 

(Góth et al., 2004 and Kumral et al., 2005). 

Further, iron is necessary for the synthesis of 

neurotransmitters, including dopamine and 

serotonin, which play critical roles in 

communication ofnerve cells. Iron is 

necessary for the immune system to operate 

properly because it promotes immune cell 

proliferation and maturation. Therefore, iron 

provides a crucial role in the defense against 

microbial pathogens(Oni and Nyokong, 

2000 and Ganz, 2009). 

4. Iron overload-induced toxicity 

Although iron is necessary for 

various cellular processes, increased iron 

leads to iron accumulation or iron overload, 

which is toxic via triggering the production 

of free radicals (Wang and Babitt, 2019). 

Iron overloadis the most severe form of 

excessive iron accumulation that can occur 

despite the body's regulatory mechanisms 

and resulting in a systemic iron buildup in 

the body. The adverse effects of iron 

overload become apparent when the 

available binding sites for iron, such as 

transferrin proteins, become saturated 

(Imam et al., 2017).  

Since the body has no excretory 

mechanisms for iron andany excess iron 

cannot be easily excreted , high saturation 

levels of serum transferrin leads to 

accumulation of significant amounts of free 

NTBI also called unshielded labile iron in 

plasma (Brissot et al., 2012; Fleming and 

Ponka, 2012 and Jenkitkasemwong et al., 

2015). Unshielded labile iron accumulated 

in plasma is easily picked up by hepatocytes 

and different parenchymal cells througha 

NTBI transporter called ZIP14, resulting in 

iron deposition in those cells and thus tissue 

damage contributing to the development of 

various diseases (Jenkitkasemwong et al., 

2015).  

Hemochromatosis can be either 

genetic or acquired. Hereditary 

hemochromatosis (HH) is a genetic disorder 

brought in a mutation in the 

hemochromatosis gene (HFE) that results in 

excessive buildup of iron in the body. 

Moreover, mutations in genes such as 

hemojuvelin (HJV) and hepcidin 

antimicrobial peptide (HAMP) are linked to 

HH, particularly in cases of juvenile 

hemochromatosis. These mutations disrupt 

iron absorption and result in increased iron 

levels in the plasma with subsequent 
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increase in NTBI (Camaschella et al., 2000; 

Åsberg, 2001; Silva and Faustino, 2015b 

and Yun and Vincelette, 2015). 

In addition to primary hereditary 

hemochromatosis (HHC), several conditions 

can also contribute to increased iron levels 

in plasma, resulting in iron toxicity. These 

conditions include secondary hereditary and 

acquired hemochromatosis, which is usually 

observed with excessive oral iron ingestion, 

transfusional iron overload, and 

hyperferritinemia (Coates, 2014 and Meloni 

et al., 2014). The storage of iron as ferritin 

and hemosiderin inside cells seems to 

function as a protective mechanism towards 

the toxic effects of NTBI and the stored iron 

does no longer show immediate toxicity. 

However, if left untreated over a prolonged 

period, excessive levels of both extracellular 

and intracellular iron can give rise to serious 

pathological consequences of iron-related 

toxicity (Cabantchik et al., 2005). 

5. Adverse effects of iron overload 

Iron overload can have adverse 

effects on various organs. Excess iron may 

induce liver fibrosis, cirrhosis, and 

hepatocellular carcinoma. Heart can be 

severely affected with iron overload 

resulting in cardiomyopathy, which is 

characterized by functional and structural 

abnormalities of the heart muscle with an 

increased risk of heart failure (Fishbaneet 

al., 2014 and Bloomer and Brown, 2019). 

Other adverse effects of iron overload 

include pancreatic dysfunction with a higher 

risk of developing diabetes mellitus, 

disruption of  hormone production and 

regulation, resulting in endocrine disorders, 

excessive iron deposition in the joints 

(hemosiderotic arthropathy) which can lead 

to joint pain, inflammation, and arthritis in 

addition to  skin pigmentation changes, 

resulting in a bronze or grayish discoloration 

known as bronze diabetes or 

hemochromatotic pigmentation, the most 

commonly observed in individuals with 

hereditary hemochromatosis (Singer et al., 

2020; Yang et al., 2020 and  Sha et al., 

2021). 

The severity of iron overload on 

different organs can vary among individuals 

in relation to many factors such as the 

underlying cause of iron overload, duration, 

and extent of iron buildup, and individual 

susceptibility. Iron overload disorders must 

be diagnosed and managed as soon as 

possible to prevent or reduce the negative 

impacts on organ function and overall health 

(Shander et al., 2009). 

6. Iron overload-induced hepatotoxicity  

The liver is particularly vulnerable to 

the harmful effects of iron overload.  Iron 

overload can lead to hepatotoxicity, which 

refers to damage of hepatocytes because of 

excessive iron build up in the liver. Iron 

overload promotes ROS production leading 

to damage of liver cells and contribute to 

inflammation and tissue injury. Prolonged 

iron overload can cause chronic 

inflammation and scarring of the liver, 

resulting in fibrosis and eventually cirrhosis. 

Cirrhosis can disrupt liver function and 

impair its ability to perform essential tasks 

(Salomao, 2021). Furthermore,  long-term 

iron overload, especially when combined 

with underlying liver disease such as 

cirrhosis, can increase the chance of 

developing the most prevalent kind of liver 

cancer the hepatocellular carcinoma 

(Paganoni et al., 2021). However, the 

severity and progression of hepatotoxicity in 

iron overload can vary among individuals 

and depend on various factors, including the 

underlying cause of iron overload, duration 

of iron accumulation, and presence of other 

liver diseases. Early detection, diagnosis, 

and monitoring of iron overload are crucial 

in preventing or minimizing hepatotoxicity 

(Bloomer and Brown, 2019). 

7. Mechanisms underlying iron overload-

induced hepatotoxicity 
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i. Oxidative stress 

Oxidative stress is a fundamental 

problem of iron overload and is a major 

reason for developing worsening health 

concerns over time. ROS, including free 

radicals, are created as byproducts of regular 

metabolic activities in the body. However, 

the body has evolved detoxification systems 

to control the formation of ROS and 

mitigate their negative consequences. 

Otherwise, oxidative stress develops. The 

imbalance between ROS and intracellular 

antioxidants is the main cause of cellular 

oxidative stress (Valko et al. 2007). The 

ability of iron to easily change its valence 

and transition between the Fe2+ and Fe3+ 

forms, supplying or accepting electrons, 

makes it the primary catalyst for the creation 

of ROS in aerobic organisms.  In pathologic 

conditions that result in iron overload, there 

is an increased amount of unshielded redox-

active iron which favors Fenton reaction 

yielding extremely reactive hydroxyl radical 

(OH˙) (Kitsati, 2016; Pietrangelo, 2016 and 

Galaris et al., 2019). 

Hydroxyl radicals are very reactive 

and can harm biological components by 

peroxidizing polyunsaturated phospholipids 

in organelle and cellular membranes, 

oxidizing amino acid side chains, breaking 

DNA strands, and fragmenting proteins. 

These processes contribute to cellular and 

tissue damage associated with conditions of 

iron overload and oxidative stress (Bresgen 

and Eckl, 2015 and Yang et al., 2018). Lipid 

peroxidation is a consequence of cellular 

oxidative stress which results from oxidative 

lipids degradation, particularly unsaturated 

fatty acids, by ROS. During lipid 

peroxidation, peroxyl radicals (ROO˙) are 

formed which are highly reactive and can 

initiate further lipid peroxidation reactions 

(Galaris et al., 2019). 

ii. Cell Death  

Iron overload is closely-linked to 

several types of cell death, including 

necrosis, apoptosis, and autophagy 

(Kruszewski, 2003; Fortes et al. 2012; and 

Dixon and Stockwell, 2014). Another form 

of iron-dependent cell death is ferroptosis 

was recently discovered. The link between 

ferroptosis and systemic iron metabolism is 

complicated, but it bears potential as a 

therapeutic goal in iron overload 

circumstances (Jiang et al., 2015 and Galaris 

et al., 2019). 

Ferroptosis varies from other types 

of cell death, in terms of morphology, 

biochemistry, and genetics. It is 

characterized by increased intracellular 

labile iron, lipid peroxidation at the plasma 

membrane, which causes damage to inner 

membrane phospholipids, particularly 

cardiolipin, and a deficiency of decreased 

nicotinamide adenine dinucleotide 

phosphate (NADPH) (Dixon et al., 2012 and 

Garcia-Perez et al., 2013).This may be 

followed by an increase in lysosome 

vulnerability, a decline in cytochrome 

activity and mitochondrial damage, which is 

the main targets of iron toxicity (Ramm and 

Richard, 2005; Fortes et al., 2012 and 

Philpott and  Ryu, 2014). Furthermore, the 

iron-containing molecule heme promotes 

necrosis in macrophages whereas heme 

increases the expression tumor necrosis 

factor (TNF) which in turn stimulates other 

signaling pathways resulting in cell necrosis 

(Lu et al., 2016).  

8. Clinicopathological monitoring of 

iron overload-induced toxicity 
Monitoring iron overload is critical 

for identifying existing problems, assessing 

the risk of future complications, and hence 

preventing or minimizing the future 

complications from arising (Shah et al., 

2022). Further, the identification and 

monitoring of iron overload is a critical 

component in the development of improved 

iron chelation therapy procedures that may 
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be tailored to the patient's particular needs. 

However, there are some standards for 

monitoring iron overload that can be applied 

to all regimes (Taher et al., 2009).      

i. Serum ferritin  

Serum ferritin is a laboratory test 

that measures the level of ferritin. Iron 

is primarily stored in ferritin that is 

readily available for use and also helps 

prevent iron toxicity and maintains iron 

in a safe, non-reactive form within 

cells. Ferritin is mainly found 

intracellularly but because it is water 

soluble it can be detected in serum as 

an indicator of iron stores in the body 

(Adams, 2008 and Jung et al., 2013). 

Serum ferritin is crucial in evaluating 

the overall risk of iron overload 

problems and is especially helpful for 

long-term trends. Typically, serum 

levels of ferritin are directly-linked to 

the body's iron stores, with higher 

levels indicating increased iron stores 

and can suggest iron overload while, 

lower levels suggesting depleted iron 

stores and are indicative of iron 

deficiency (Shah et al., 2022). 

Although ferritin levels in the 

serum are usually considered as an 

indicator of the total body iron stores, 

with higher serum ferritin levels 

corresponding to higher iron stores. 

However, it is important to note that 

ferritin as it is an acute-phase protein 

therefore, pathological conditions 

unrelated to iron status, such as tissue 

damage and inflammation can also 

increase serum ferritin levels (Wang et 

al., 2010 and Imam et al., 2017). 

ii. Saturation percent of transferrin  
Saturation percent of transferrin (Tf 

sat%) is a laboratory test that measures 

the percentage of transferrin that is 

saturated with iron. It provides 

information about the portion of serum 

iron that is bound to transferrin in the 

blood and can reflect the body's iron 

status (Anderson and McLaren, 2012 

and Elsayed et al., 2016).  

 Low Tf sat% values (typically less 

than 16-20%) indicate reduced iron 

availability for binding to transferrin, 

which is commonly seen in iron 

deficiency anemia. Conversely, high Tf 

sat% alues (greater than 45-50%) may 

suggest increased iron absorption or 

excessive iron stores, which can be 

seen in conditions of iron overload 

such as hereditary hemochromatosis or 

chronic transfusion therapy (Shah et al., 

2022). 

iii. Labile plasma iron  

Measuring LPI levels can provide 

valuable information about the labile or 

reactive iron fraction in the plasma.LPI 

is considered to be a potentially toxic 

form of iron because it can participate 

in redox reactions, generating ROS that 

can cause cellular damage and thus the 

levels of LPI may increase in 

pathological conditions, associated 

with iron overload leading to oxidative 

stress (Koren et al., 2010; Kitsati, 2016 

and Galaris et al., 2019). 

iv. Quantification Liver iron (Liver 

iron concentration) 
Liver iron quantification, 

commonly known as liver iron 

concentration (LIC) measurement, is a 

technique for determining the quantity 

of iron stored in the liver. It is a critical 

diagnostic technique for assessing iron 

overload disorders such as hereditary 

hemochromatosis, transfusional iron 

overload, and other conditions that 

result in excessive hepatic iron 

accumulation (Anderson and McLaren, 

2012). Data from LIC measurements 

taken from biopsies have demonstrated 

that long-term LICs greater than 7 mg/g 
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dry weight have been linked to a 

greater occurrence of fibrosis (Shah et 

al., 2022). 

v. Markers of oxidative damage 

Markers of oxidative damage are 

detectable variables that indicate the 

existence of oxidative stress (Sies et al., 

2017). Common oxidative damage 

indicators include lipid peroxidation 

products such as Malondialdehyde 

(MDA) (Su et al., 2019) and 4-

hydroxynonenal (4-HNE) (Zhong and 

Yin, 2015) which are often measured as 

indicators of oxidative damage to cell 

membranes. Protein carbonyls are 

widely used as markers of protein 

oxidation and are quantified as a 

measure of oxidative damage to 

cellular proteins (Dalle-Donne et al., 

2003). 8-hydroxy-2'-deoxyguanosine 

(8-OHdG) is one of the most frequently 

measured biomarkers of oxidative 

damage to DNA caused by ROS 

(Urbaniak et al., 2020). Additionally, 

advanced oxidation protein products 

(AOPPs) are complexes formed by the 

interaction of ROS with plasma 

proteins. They are considered markers 

of oxidative protein damage and are 

associated with various inflammatory 

and chronic diseases (Krzystek-

Korpacka et al., 2008). 

9.  Management and treatment of iron 

overload- induced hepatotoxicity 

To manage iron overload and 

mitigate the associated side effects, 

surplus iron load should be cleared 

away from body to keep iron at its safe 

natural levels and thus minimize the 

toxic effect of iron overload that helps 

protect organs from iron-related 

damage (Coates et al., 2016; Imam et 

al., 2017 and Entezari et al., 2022). Iron 

chelation therapy has recently gained 

greater interest in medicine, with 

promising outcomes for the 

management of iron overload. The 

main goal of chelation therapy is to 

eliminate extra iron and prevent its 

accumulation, hence lowering the risk 

of and problems associated with iron 

overload (Mobarra et al., 2016 and 

Carver, 2019). 

Deferoxamine and deferasirox, 

iron chelators, are currently available 

for the treatment of iron overload in 

various clinical conditions and each 

have their own benefits and drawbacks 

(Mobarra et al., 2016 and Entezari et 

al., 2022). Deferoxamine (Desferal) is 

the oldest and most established iron 

chelator. Deferoxamine is administered 

primarily through subcutaneous or 

intravenous infusions and thus is often 

used in cases of acute iron overload and 

in individuals who cannot tolerate oral 

chelators (Aalikhani et al., 2022). 

Deferasirox (Exjadeor Jadenu) are oral 

chelating agents that can be taken once 

daily. They offer more convenience for 

long-term treatment, and their 

effectiveness is comparable to 

deferoxamine (Oyedeji et al., 2021). 

Deferiprone (Ferriprox) is another oral 

chelator for the treatment of iron 

overload, particularly in patients with 

thalassemia (Chaudhary et al., 2021). 

Recently, Plant-based drugs have 

grown as complementary and alternative 

treatments, resulting in the creation of a 

diverse range of biologically active 

compounds that exert their effects via 

interactions with biological pathways 

(Hassanzadeh, 2014). Many of these 

compounds were proven to have iron 

chelating and antioxidant activities, allowing 

them to play an essential role in 

management of iron overload and are 

predicted to be developed as natural 

supplementary medicines for the 
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management of iron homeostasis disorders 

(Darvishi-Khezri et al., 2016; Volkova et al., 

2020 and Wang et al., 2021). 

CONCLUSIONS AND FUTURE 

PROSPECTS 

While iron is required for many 

biological functions, excess iron can be 

hazardous to cells due to its participation in 

the generation ROS, which needs strict 

regulation to avoid uncontrolled interactions 

with ROS and the subsequent cellular 

damage. Hence, the conclusion can be made 

that a thorough understanding of iron 

metabolism and mechanisms underlying iron 

overload-toxicity with optimal iron overload 

assessment and monitoring is essential for 

detecting the existing problems, quantifying 

the risk of, and therefore preventing iron-

related disorders. Such data is also helpful in 

the development of successful strategies for 

the treatment and control. 
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