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Abstract

Doxorubicin is used to treat various types of cancer, such as breast cancer, lung cancer, thyroid cancer,
bladder cancer, ovarian cancer, as well as acute lymphoblastic leukemia through obstruction of DNA
repair, membrane association, free radical generation and cell programmed death stimulation. The use
of doxorubicin may cause many side effects such as heart poisoning, inhibition of bone marrow, and
damage to the liver.

The current review therefore aimed to study the role of Doxorubicin in the treatment of cancer diseases
and the drug's side effects on human health. The review included a presentation on cancer and
chemotherapy of the disease using the drug Doxorubicin and the clinical efficacy of the drug and the
functioning of the drug. The review examined the negative effects of the doxorubicin drug on
cardiotoxicity, hepatotoxicity, the level of antioxidants, free roots, lipid profile, and tissue composition
of the heart and liver.
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Introduction

The drug Doxorubicin belongs to Anthracycline antibiotics and is produced from the fungi
Streptomyces peucetius which is the most effective treatment as an anti-cancer (Zhu, 2018), and is used
very effectively and extensively over the past decades in the management of various cancers including
breast cancer, leukemia and cancer (EIl- tawab et al., 2018). The anti-tumor drug activity mechanism
involves changes in DNA and the production of free radicals (Forrest et al., 2012). This has been
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determined by the use of the drug in chemotherapy due to its toxicity to the body, such as cardiotoxicity,
hepatotoxicity, kidneys, blood and reproductive (Zaletok et al., 2015; Altinkaynak et al., 2018).

The toxicity of the drug is due to many interrelated factors, one of the most important being oxidative
stress Oxidative stress, since it has long been believed that oxidative stress caused by high levels of
Reactive oxygen species (ROS) within mitochondria of cells is the main mediator of drug toxicity
(Currens, 2003). In addition, reactive oxygen species can also be produced from outside the
mitochondria (Cho et al., 2011) by activating Pro-oxidant enzymes such as Nicotinamide adenine
dinucleotide phosphate (NADPH) in converting the property to Semiquinone free radicals , which can
generate (ROS) including superoxide radicals (O-2), Hydroxyl radical (OH*) and Hydrogen Peroxide
(H20-) and that these free radicals cause cellular poisoning including cardiotoxicity and hepatotoxicity
(Yagmureca et al., 2007;Wang et al., 2015; Dai et al., 2015; Nagai et al.,2015 ; Nagai et al., 2018) .

In addition, studies have indicated a high rate of iron accumulation in the mitochondria after taking
the drug, which later causes an increase in the reproduction of (ROS) that cause iron toxicity (Ichikawa
et al., 2014). Another factor causing cardiac drug toxicity is the complex increase of the enzyme DNA-
Topoisomerase Iiff controlling the synthetic changes of the entire DNA and chromosome (Lyu et al.,
2007), the dysfunction of Autophagy dysregulation as well as Mitochondrial dysfunction (Ni et al.,
2015; Bartlett et al., 2016), as well as Inflammation, Abnormal intracellular calcium handling and cell
death caused by Apoptosis stimulated by drug-induced P53 activation (Murakawa et al., 2012; Hanna
et al., 2017) .

Cancer

Cancer is a term for diseases caused by abnormal cell reproduction in which cell division is completely
out of control. (Mohammed et al., 2019). Fears of cancerous tumors increase for the many factors that
cause or cause it and its widespread prevalence in Environment, as happens with ionized radiation that
may be originating naturally, industrially or from medical sources, as in X-ray radiography . Solar
radiation through its composition may be Ultraviolet, which may be a major cause of skin cancer
(Mohania et al., 2017). In addition to pollution, working environments, lifestyle and some food habits,
as well as smoking and alcohol, have an impact on increasing the incidence of certain cancers (Winn et
al., 2015). These causes affect the cell's DNA and thus lead to the production of a different cell with new
properties than normal tissue cells (Liotto and Clair, 2000).

Methods of Cancer Treatment
Cancer treatment depends on the type and stage of growth. Some cancer patients have only one
treatment. Cancer treatment includes hormones, surgery, radiation and chemotherapy .

Chemotherapy

Successful management of chemotherapy depends on several key factors, including the surface area of
the body, patient age, diagnosis of the condition, stage of illness, underlying blood disease, liver and
kidney status (National Library of Medicine, 2017). The dose of chemotherapy should be adjusted
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according to these fundamentals, and there are many different types of chemotherapy such as the group
of antibiotics of doxorubicin, since chemotherapy can be used in destroying cancer cells and stopping
the spread of cancer cells (Baskar et al., 2012).

The mechanism of traditional chemotherapy work lies by damaging rapidly growing cells which is one
of the most important features of malignant cells, So chemotherapy destroys tumor cells and also affects
cells with rapid division in normal conditions such as hair follicles, digestive tract and bone marrow
cells. All of these lead to side effects of chemotherapy for cancer such as alopecia, Inflammation of the
mucous membrane and its effect on immunity and even on the nucleus of cells (Croce, 2008).
Chemotherapy agents show signs of cardiotoxicity that cause heart failure (Schimmel et al., 2004).

Doxorubicin

Doxorubicin is an antibiotic isolated from the strain of Streptomyces peucetius, the Dox molecule
consists of the compound naphthacene quinone which is amino sugar. Dox has water-loving zones
together with hydrophobic zones, allowing the drug to bind to cell membranes as well as plasma
proteins. Doxorubicin therefore has basal and acidic behaviour and these features make it a
comprehensive compound, allowing it to pass in different cell compartments (Octavia et al., 2012).
Doxorubicin is a highly effective anti-oncology drug used to treat many cancers of children and adults
such as solid tumors, lymphoma, leukemia and breast cancer. The drug is known to produce severe
cellular toxicity but heart toxicity is the most important (Mohammed et al., 2019). The onset of heart
toxicity may be delayed by up to 10-15 years after the cessation of treatment (Salim et al., 2015).

Clinical Activity of Doxorubicin

Cancer tumors are characterized by uncontrolled cell division compared to natural tissue, and the
process of normal cell division or cancer occurs during the cell cycle Cell cycle in the G2, S phase, the
process of DNA manufacture is carried out in the S phase, and the G2 phase is the manufacture of
cellular compounds regulating filamentary division. Therefore chemotherapy is the killing of cancer
cells by stopping their division by breaking down the synthesis of DNA and RNA and thus controlling
the spread of the tumor (Harrey and Champe, 2006).

Mechanism of Doxorubicin Action
There are four main drug mechanisms in treating tumor spread through its effect on cells when cells
are in the S,G2 two phases and include:

1. Interference in DNA And Obstruction of DNA Repair with The Help of Topoisomerase
The drug's work depends on the overlap between base pairs of DNA and the inhibition of biomolecular
synthesis (Gu et al., 2016). The effectiveness of the drug is associated with its ability to prevent DNA
from doubling by inhibiting topoisomerase II (an enzyme that promotes the dissolution of DNA tape
and is involved in its closure), It is one of the main target sites for anti-oncological activity by preventing
binding nucleotide yarns after breaking the double tape of DNA (Eissa et al., 2017). Finally, activating
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the defection reaction and inhibiting the step of repositioning the compound topoisomerase II DNA-
by the drug activates a series of apoptosis (Dimitrakis et al., 2012).

DNA strand Il

Doxorubicin
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Figure (1) shows the binding of Doxorubicin to the nitrogenous bases in DNA (Mohammed,2018).

2, Linking to Membranes

As a result of its association with cellular membranes, the drug changes the fluidity of the membrane
as well as changes the permeability of the membranes of the ions and thus results in cell dysfunction,
which is either directly from the drug's effect or through oxidation damage caused by the drug (Harrey
and Champe, 2006).

3. Free Radicals Generation

Doxorubicin releases reactive oxygen species when oxidized into an unstable metabolite (Semiquinone)
By adding a single electron to the quinine group stimulated by the reduction of NADPH, a free root
component followed by oxides of reactive oxygen from the interaction with molecular oxygen to give
lipid peroxide, especially membrane fat, as well as DNA damage, and then stimulate programmed cell
death pathways (apoptosis) (Mitry and Edwards, 2016) . The generation of free radicals can be caused
by the drug interaction and mineral ions, especially iron in the heart muscle, which in the presence of
molecular oxygen leads to the formation of superoxide. These species are then reduced by SOD to H202
and O~ in the presence of Fe2+ and H-0: is reduced to OH* (Fenton interaction). These roots appear as
key intermediaries for heart muscle injury and lipid oxidation (Gammella et al., 2014; Mobaraki et al.,
2017). It shows Superoxide or products analyzed by H-O- and OH" Initiate fat peroxide by extracting
hydrogen atoms from unsaturated fatty acids. Furthermore, treatment with doxorubicin drains heart
cells of selenium-based glutathione peroxidase, an enzyme responsible for oxygen-derived
detoxification (Foretz et al., 2014).
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Figure (2) Free radical formation by doxorubicin (Mohammed, 2018).

4. Apoptosis Activation

There are several factors, including cytochrome C stimulation of the beginning of the phases of cell
death programmed by mitochondria. The enzymatic pathway to form free radicals is mediated by
mitochondria. Doxorubicin has a near high cardiolepin, an abundant phospholipide in the inner
membrane of mitochondria, these convergence allows doxorubicin to penetrate muscle cells (de Wolf,
1991), since the damage caused by doxorubicin to mitochondria may cause a defect in the cellular
respiratory chain at the outset that allows the continuous production of free radicals and mitochondrial
damage, which may lead to the release of cytochrome C that caused the apoptosis, Activation of the P53
pathway also leads to changes in the gene expression of proteins to prevent cell division in apoptosis
(Cui et al., 2002; Mobaraki et al., 2017).

Studies have shown that treatment with doxorubicin affects gene expression of mitochondria (Suliman
et al., 2007). There is also another form of organized cell death called "ferroptosis" caused by the
accumulation of iron within the heart muscle (Fang et al., 2019). Iron already accumulates in
cardiomyocytes during doxorubicin therapy (Ichikawa et al., 2014), and in turn activates cell death
pathways (Gammella et al., 2014). tudies show that doxorubicin can also interact directly with ferritin
(Canzoneri and Oyelere, 2008) (Since ferritin acts as an iron carrier that reduces excess iron within the
cell, disabling this protein eventually increases free iron, which in turn leads to cell damage.
Accordingly, mice lacking mitochondrial ferritin display lower mortality and mitochondrial damage
when doxorubicin is used (Maccarinelli et al., 2014).

Go to our website https://agir.academiascience.org for more




Academicia Globe:
Inderscience Research

ISSN: 2776-1010 Volume 3, Issue 11, Nov., 2022

-
Doxorubicin

ATIGUI 1)

Figure (3) The role of Doxorubicin in stimulating Apoptosis (Mobaraki et al., 2017)

Doxorubicin Side Effect

The same mechanisms that make doxorubicin an effective antitumor agent are also partly responsible
for the drug's adverse effects. The drug's association was limited to persistent, irreversible toxicity
(Buzdar et al., 1992). The drug is cytotoxic by its direct effect on membranes in addition to its role in
oxidation and the generation of reactive oxygen species (ROS) (Cappetta et al., 2018).

Doxorubicin Cardiotoxicity

The effects of the drug on the heart are both acute and chronic, meaning that even after treatment is
stopped, drug accumulation can lead to left ventricular dysfunction, myocardial dilatation, and heart
failure (Lipshultz et al., 2010). The effects on the heart are more pronounced than in any other organ
because of its lower levels of antioxidant enzymes such as superoxide dismutase, which result in
cardiomyocytes being more susceptible to injury than other tissues (Barry et al., 2007; Ahmed et al.,
2022b).

The drug-induced cardiotoxicity is clearly a dose-dependent response. Studies have shown that drug-
induced cardiotoxicity can be attributed to the overproduction of ROS causing damage to
cardiomyocytes, as cardiomyocytes require mitochondria to produce ATP, which ensures contractile
function of the heart (Koleini and Kardami, 2017). The oxidative stress caused by increased ROS
activates the molecular pathways leading to the loss of cardiomyocytes through necrosis and apoptosis
(Licata et al., 2000). The oxidative stress mechanism of the drug has also been shown to cause
mitochondrial toxicity, which has a major role in acute and long-term cardiac dysfunction (Zhang et al.,
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2009). Research has shown that there is also an accumulation of iron (Fe2+) in mitochondria after
treatments and isolated cardiomyocytes have shown increased mitochondrial concentrations of Fe2*
and cellular ROS levels (Ichikawa et al., 2014). Excessive amount of ROS and a significant increase in
Fe2+ are two ways that the drug has been shown to cause acute and chronic cardiotoxicity.

Hepatotoxicity of Doxorubicin

The liver has the highest concentration of the drug. The liver plays a major role in drug metabolism and
distribution, and hepatic impairment has resulted in drug doses being reduced or completely removed
from the chemotherapy regimen in the past. Hepatic dysfunction is also mediated by the generation of
free radicals that cause oxidative damage to tissues. High levels of P450 enzymes in the liver make it a
direct target for drug accumulation and possible damage. P450 facilitated the conversion of Dox to the
toxic metabolite Dox-OL in the liver. Toxic effects were observed through an increase in the activity of
the enzymes (AST) and (ALT) (Hamlaoui et al., 2012), as well as an increase in the concentration of
Malondialdehyde (MDA), which is a diagnostic marker for liver dysfunction, elevated serum MDA, AST,
and ALT levels are also accompanied by a concomitant decrease in antioxidant enzymes in the liver
(Hamlaoui et al., 2012; Ahmed et al., 2022a). In addition, the increase in free iron (Fe2*), hydrogen
peroxide (H-20-), along with Ca2+ levels followed by induction of hydroxyl radicals (OH*) can in turn
affect the Ca2+ balance in both erythrocytes and plasma (Bengaied et al., 2017).

The Effect of Doxorubicin on The Oxidative Balance

Doxorubicin leads to a decrease in the level of antioxidants and a high level of oxidation products, due
to the fact that the drug has the ability to produce large quantities of free radicals in several pathways,
including enzymatic by converting it to semiquinone and resulting in a superoxide radical (O—2) or non-
enzymatic via It combines with iron and engages in Fenton reactions and produces large amounts of
free radicals (Halliwell and Gutteridge, 2015). Therefore, the animal resorts to defending itself by
depleting its internal antioxidants. The reason for the increase in MDA may explain the fact that the
free radicals that resulted from the drug affected the pancreatic f-cells and their secretion of insulin,
which led to a decrease in the concentration of insulin in the blood, stimulating the activity of Falty Acyl
CoA Oxidase, which stimulates the process of .Oxidation of fatty acids and an increase in H20-
formation and ultimately an increase Rates of lipid peroxidation and MDA production (Daoud and
Jaber, 2019).

The cell envelope is the target most vulnerable to free radical reactions because it contains
polyunsaturated fatty acids that have double bonds that are attacked by free radicals and MDA is a
product of lipid peroxide (Kampa et al., 2004; Parra-Ortiz et al., 2019). The decrease in GSH leads to a
rise in hydrogen peroxide and then lipid peroxidation formation, leading to an increase in MDA, due to
the ability of glutathione to inhibit lipid peroxidation. (Meda et al. 2019). The use of doxorubicin leads
to the emergence of inflammation that stimulates cells to produce cytokines, which in turn stimulates
neutrophils and phagocytes to increase the release of NO« which interacts with O-. to form ONOO*
(Wen et al., 2015; Khalil et al., 2018; Ahmed et al., 2021). The drug contributes to the formation of
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additional free radicals, especially the superoxide radical O—>, which in turn reacts with nitric oxide NO*
to produce nitrite peroxide ONOO* (Lee et al., 2016).

Several studies have shown an imbalance in the balance or state of oxidants - antioxidants due to the
exacerbation of the drug's toxicity to cells and tissues of the organism, the accumulation of reactive
oxygen species and the entry into the phase of oxidative stress due to the virulence of the toxicity of
doxorubicin (Cota et al., 2018; Nagai et al., 2018). In addition, the drug may stimulate the onset of
stages or the emergence of programmed cell death, which is also a source of free radicals (Liu et al.,
2007). These large amounts of free radicals increase the concentrations of oxidizing substances and
reduce the activity of antioxidants, which leads to weakening the tissue's resistance to oxidative stress
(Lim, 2013). It may also be attributed to the fact that free radicals reduced the gene expression of new
antioxidants (Minotti et al., 1996). It is also believed that the effect of the drug on the alimentary canal
caused a decrease in the levels of food antioxidants, as well as a lack of absorption of the raw materials
necessary to build them due to damage to the lining of the gastrointestinal tract (Rahim et al., 2013;
Wang et al., 2016).

Effect of Doxorubicin on Lipid Profile

An increase in the level of cholesterol, triglycerides, low-density lipoproteins and very low-density
lipoproteins is accompanied by a decrease in the level of high-density lipoproteins (Sharma et al., 2016;
Ahmed et al., 2020). This change may be attributed to an increase in the activity of the enzyme
cholesterol acyl transferase, which is responsible for the absorption of cholesterol, which is stimulated
by insulin deficiency as a result of oxidative stress that affects pancreatic beta cells under the influence
of reactive oxygen species, thus increasing the level of cholesterol absorption by the intestines
(Maechler et al., 1993).

The reason for the high concentration of (VLDL-C) may be due to the increase in the concentration of
free radicals in the body as a result of treatment with the drug, which breaks down fatty tissue and thus
increases the release of fatty acids (FFA), which the liver uses in large quantities in the production of
VLDL-C and thus the concentration of VLDL-C increases Which turns into LDL-C, which leads to an
increase in its concentration and may lead to serious complications such as atherosclerosis and other
diseases of the liver, heart and insulin resistance (Murray et al., 2003; Zhang et al., 2010; Ahmed et al.,
2022c¢; Ahmed et al.,2022d). In addition, the oxidation of LDL-C and the destruction of internal
cholesterol in the body due to the reactive oxygen species generated by the toxicity of the drug
doxorubicin leads to a decrease in the level of HDL-C, which is the basis for the process of transporting
cholesterol from the cells of the body to the liver, thus reducing its level in the blood vessels ( Guyton
and Hall, 2016) and thus increase the risk factor for cardiovascular disease.

The Effect of Doxorubicin on The Heart

The increase in the activity of cardiac enzymes is due to the oxidative stress that occurs in the tissues of
the organs, especially the heart. Doxorubicin causes the generation of high levels of reactive oxygen
species (ROS) inside and outside the mitochondria of cells (Cho et al., 2011). This is the main mediator
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of doxorubicin toxicity, and as it is known, the high level of the final oxidation products represented by
malondialdehyde caused by attacking the unsaturated membrane lipids, causing lipid peroxidation and
thus losing its vital role in maintaining cell functions. In addition, the drug can be converted to
semiquinone free radicals, mediated by the activation of antioxidant enzymes such as NADPH, which
can generate reactive oxygen species (ROS) including superoxide radicals (O—2), hydroxyl radical (OH*)
and hydrogen peroxide (H20-) (Yagmurca et al., 2007). These free radicals are very important for drug-
mediated cytotoxicity, including cardiotoxicity (Wang et al., 2015).

In addition, the high rate of iron accumulation in mitochondria after taking the drug may later cause
an increase in the generation of reactive oxygen species that cause its toxicity (Ichikawa et al., 2014).
The increased activity of LDH and CK enzymes may also be attributed to the cardiac toxicity of the drug
caused by an increase in the enzyme complex DNA-topoisomerase Iif3, which controls the structural
changes of DNA and the entire chromosome (Lyu et al., 2007), as well as a defect in autophagy
dysregulation (Bartlett et al., 2016), and mitochondrial dysfunction (Ni et al., 2015), as well as
inflammation and apoptosis induced by p53 activation by drug action (Murakawa et al., 2012). All of
these functional imbalances lead to damage to the heart tissue, causing the leakage of these enzymes
into the serum. One of the reasons for this increase may be that the heart tissue contains low levels of
antioxidants compared to other body tissues, so it is vulnerable to damage due to free radicals
(Halestrap, 2006).

It may also be attributed to the fact that the heart muscle is rich in mitochondria, which is one of the
main targets of cellular damage caused by the drug in the heart tissue (Vijpongsa and Yeh, 2014), due
to the ability of the drug to bind to cardiolipin, which is located in the inner membrane of mitochondria,
causing an imbalance in the cellular respiration chain. (Goormaghtigh et al., 1990). This may cause the
generation of large amounts of free radicals and a decrease in endogenous antioxidants, which is also
one of the main causes of cardiac toxicity caused by the drug (Songbo et al., 2019). The tissues of the
heart, in particular, are prone to free radical damage due to their low levels of enzymes or molecules
that inhibit the toxicity of free radicals, such as the antioxidants catalase, superoxide dismutase and
glutathione. In addition, doxorubicin has a high affinity for mitochondrial membrane-forming
phospholipids in cardiomyocytes, which leads to its accumulation in cardiac tissues (Taks et al., 1992).
The damage that occurs in the mitochondria due to the drug has dire consequences on the contraction
of heart cells due to changes that can occur in energy metabolism (Liu et al., 2002).

Metabolic disturbances due to doxorubicin toxicity, which are associated with the generation of reactive
oxygen species (ROS), lead to increased peroxidation of lipids and unsaturated fatty acids (Shan et al.,
2003), in addition to attacking DNA free radicals that accelerate apoptosis of cells The heart (Agarwal
et al., 2003). Giving DOX leads to a deficiency of antioxidants and an increase in oxidative stress
(Swamy et al., 2012). And thus the occurrence of types of subcellular change, the most important of
which is Cardiac injury, and the use of the drug leads to a lack of oxygen supply or a lack of glucose in
the blood, which leads to damage to the heart cells and leads to the cell membrane becoming permeable
or destroying it, and thus the leakage of enzymes from the cells (Thipeswamy et al., 2011). Although
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doxorubicin is widely used against cancerous tumors, its severe side effects on the heart, kidneys and
liver have limited its use (Citil et al., 2008).

The Effect of Doxorubicin on The Liver

The main reason that may be attributed to the high activity of liver enzymes is the oxidative stress
caused by the toxicity of the drug, which causes many dysfunctions of hepatocytes and thus the death
of cells and the release of their various enzymes into the blood (Niu et al., 2015; Wang et al., 2015;
Kobylinska et al., 2015; Nagai et al., 2016). Although doxorubicin is widely used against cancerous
tumors, its severe side effects on the heart, kidneys and liver have limited its use (Santos et al., 2007).
Toxic factors of the drug cause liver damage due to oxidative stress, which results in large numbers of
reactive oxygen species, as these radicals affect tissues and cells of the body, the most important of
which is the liver, causing pathological changes and the occurrence of infections (Yagmurca et al.,
2007). Its side effects are also related to DNA and blocking its repair, so the drug accelerates
programmed death, which leads to dysfunction of various cells and thus the speed of their damage
(Kalender et al., 2005).

The metabolic activity of the liver also increases when exposed to toxic substances during the process
of detoxification in order to balance the stress resulting from the action of toxins and this increase in
order to release energy sources such as glucose that is accompanied by cell death and decomposition
and necrosis that may occur after severe degeneration or occur directly, Small parts are disposed of by
phagocytic cells, and the rest becomes a liquid that enters the lymph and veins (Murray et al., 2003).
Doxorubicin reduces antioxidants and upsets the equilibrium state between oxidation and antioxidants
(Karapehlivan et al., 2007). Necrosis is also due to the expansion of the central hepatic veins and their
permeability change due to the toxic effect and the occurrence of hepatitis, and this change affects the
delivery of oxygen and food to the liver cells, which leads to a change in cell functions or death (Krishna,
2004). Hepatocellular damage is accompanied by an increase in the concentration of ALT and AST
enzymes caused by toxic compounds that affect hepatocyte integrity and extracellular leakage (Avwioro
et al., 2010).

Conclusion

The result of the current study showed that the drug has several mechanisms in the treatment of
cancerous diseases, but at the same time it has many side effects, as it leads to expansion and failure of
the heart muscle, and liver damage through high level of free radicals and low level of antioxidants, thus
leakage of liver enzymes into the blood, and high level of Total cholesterol, Triglycerides and Low-
density lipoproteins, a decrease in the level of High-density lipoproteins, and the appearance of
histological abnormalities in the heart and liver.
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