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Abstract

Anthracycline is one of the chemical drugs commonly used worldwide for the treatment of various types of cancer. The
high doses of it cause unwanted toxic side effects on the tissues. Our study designed to demonstrated the physiological and
histopathological effect of the drug on the heart organ of experimental animals. For this purpose, twenty adults male rats
were used in this study and were divided into four main groups. Control group, Azoxymethane treated group,
Azoxymethane grand anthracycline treated group, and anthracycline treated group only. Blood of the experimented animals
was collected in order to measure biochemical parameters such as glutathione, lactate dehydrogenase, malondialdehyde,
peroxynitrite, Creatinine Kinase, C-reactive protein Creatine kinase —myocardial band, and Myoglobin concentrations. In
this study a significant increase and decrease was observed in biochemical parameters. Histological examination on the
heart shown that rats treated with AOM have been revealed only hypertrophy of cardiac muscles, while other groups were
observed hypertrophy of cardiac muscles furthermore. Aorta in AOM group have been revealed Adverse histological
changes and transformation in the thickness aortic wall layers. The tissue sections of the groups treated with Anthracyclin
showed a negative effect on the aortic wall layers, the endothelial layer and the middle layer, as well as the outer layer in
the sections prepared from these groups.
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through the bloodstream to other sites in the body in
process metastasis (Nevidjon & Sowers, 2000). One of
the side effects of cancer cells is an increase in body fat
and its deposition in the walls of blood vessels and in the
heart muscle, causing myocardial infarction and the
emergence of heart and arterial diseases, as well as the
production of large quantities of free radicals that cause

INTRODUCTION

Cancer is one of the most dangerous and
widespread diseases in countries of the world, as the
uncontrolled growth of normal cells as a result of
changing the genetic material leads to the formation of
cancer cells that invade peripheral tissues and then

spread to the rest of the organs, causing the destruction
of cells in various organs of the body (Kumar et al.,
2003). When a normal cell is exposed to carcinogenic
factors, these substances cause changes in the genetic
material, and the primary genes in the normal cell are
transformed into a mutant cell, which then acquires the
character of a tumor cell in the initiation process (Butel.,
2000). Then it suffers from division, forming a cancer
cell, then it grows, forming a distinct tumor through the
process of promotion (Steen, 2000), and then these cells
begin to multiply through the process progression, it
spreads at the expense of normal cells and migrates

damage to tissues and organs, numerous of studies have
demonstrated that abnormal levels of lipids are
intimately related to carcinogenesis and cancer
metastasis. Malignant transformation and accelerated
cancer cell proliferation are in high demand for energy,
which induces alterations in lipid metabolism to allow
the survival of cancer cells (Zhu et al., 2016).

Anthracycline is widely used and is one of the
effective anti-tumor treatments derive from the
Streptomyces bacterium. Despite its effectiveness
against a group of solid and malignant blood tumors, its
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clinical use causes toxicity in healthy tissues due to
increased formation of free radicals, causing side effects
on tissues, especially cardiac tissue (Panal et al., 2023).

Anthracyclines are toxic to both tumor cells and
other rapidly dividing cells, such as those in the bone
marrow and the heart. This is why anthracyclines can
have serious side effects, such as bone marrow
suppression and cardiotoxicity, that may result in cardiac
contractile dysfunction, cardiomyopathy, ventricular
dysfunction, pericarditis-myocarditis syndrome,
arrhythmias and heart failure (Shinlapawittayatorn et al.,
2022). Aldoxorubicin is a doxorubicin derivative
containing a carboxylic hydrazone and serves as a
prodrug of doxorubicin. It covalently binds to albumin in
the blood until reaching the acidic tumor environment,
which dissolves the hydrazone linker, thus releasing
doxorubicin into the tissue, it is one of the chemotherapy
that has side effects on tissues (Esha et al., 2017),
therefore the current study was conducted to find out the
harmful effects of this drug on the body's tissues,
especially the heart organ.

MATERIAL AND METHODS

Animals experimental design: This study was carried
out on twenty adult male mices, aged (3-4 months) and
(25-27gm) body weight in the animal house of college of
science, university of Basrah. Animals were divided into
four main groups, each of five mices. control group
injected with normal saline, second and third group
injected with carcinogen (azoxymethane) (15 mg/kg
body weight) once a week for two weeks in
intraperitoneally cavity for cancer induction (Suaeyun et
al., 1997), the third group injected in addition to the
carcinogen the anthracycline drug (Aldoxorubicin) (25
mg/kg body weight) intraperitoneal once a week for six
months, while fourth group were injected with
anthracycline drug only (25 mg/kg body weight) once a
week for six months (Zhao et al., 2012).

Sample collection and biochemical tests: About 3 ml
of blood was taken and placed in tubes without
anticoagulant and placed in a centrifuge to obtain blood
serum for biochemical tests of glutathione(GSH)
(Tietz,1999), malondialdehyde(MDA) (Guidet & Shah,
1989), peroxynitrite (ONOO") (Vanuffelen et al., 1998),
lactate  dehydrogenase(LDH,LDH2)  (Tietz,1999),
Creatinine Kinase(CK) concentrations, creatine kKinase —
myocardial band (CK-MB) , C- reactive protein (CRP),
myoglobin (Myo).

The histological study: After two weeks of carcinogen
injection, rats were explained to detect cancer
occurrence. The other groups were explained a week
after the last dose, and parts of heart were taken and fixed
in 10% formalin for the purpose of the histological study
(Drury et al.,1967).

Statistical analysis: The statistical analysis of the results
of the experiment was done using the statistical package

for the 2008(Social Science, version 20(SPSS)) program
to study the effect of the materials used in the experiment
and to determine the significant differences between the
average of the probability level (p< 0.05) (Duncan,1955).

RESULTS AND DISCUSSION

The obtained result in Table (1) revealed
significant increase (p <0.01) in the CK, LDH, LDH2 in
AOM group compared with control group The reason for
this increase is due to the fact that the free radicals
resulting from AOM work to break down and remove
nitric oxide, NO, which has antioxidant properties
induction, in addition to the damage that causes the lining
of the arteries, which stimulates phagocytes to produce
large amounts of free radicals that oxidize fats, especially
LDL-C. His concentration rises. Also the reason is due
to the high level of lipid peroxidation and its products
(MDA), which stimulate the oxidation process of fats,
especially LDL.C and phospholipids (Mostafa et al.,
2014; Mostafa et al.,, 2015). Thus, it leads to the
formation of epithelial damage areas in the blood vessels
and an increase in the permeability of the vessels and
their lack of elasticity due to atherosclerosis.

The results also showed a significant increase
(P<0.01) in the concentration of CK, LDH, LDH2 in
serum of animals exposed to Anthracycline compared
with control group, This increase in enzyme
concentrations is attributed to an increase in lipid
peroxidation and produce large amount of free redicals,
its products (MDA), which stimulates the oxidation
process of fats, especially LDL-C, and thus leads to the
formation of epithelial damage areas of blood vessels, an
increase in vessel permeability and a lack of elasticity,
which leads to atherosclerosis. (Panel et al.,2023).

Studies also indicated that high levels of fats in
the blood due to treatment with anthracycline for a long
period lead to the accumulation of fats in the epithelial
lining of the arteries, especially the coronary arteries
forming Atherosclerotic plaques that thicken and harden
the artery wall and when these plaques rupture, it causes
a thrombotic blockage that prevents the heart muscle
from being supplied with blood, causes Myocardial
infarction, Coronary heart diseases and Angina pectoris.

The study also showed a significant increase
(P<0.01) in CK, LDH, LDH2 concentrations of the AOM
and Anthracycline group compared to all groups, and the
increase in heart enzymes causes induced antioxidant
stress lead to damage heart tissues as a result of damage
to the myocardial cells leading to the secretion of these
enzymes from the muscle into the blood (Sonia et al.,
2021).

The results of the current study showed that the
treatment with AOM led to a significant increase
(p<0.01) in the concentration of MDA in the blood serum
of animals table (1) compared with control group. and
the reason for this increase is due to oxidative stress
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resulting from the effect of hydrogen peroxide, which
causes an increase in free radicals that play a role in the
reactions of fat oxidation of the cellular membranes,
partially damaging them and losing their flexibility by
the process of fat peroxidation, which leads to an
increase in the production of MDA. Also, an increase in
free radicals causes a decrease in antioxidants and causes
damage in different body tissues as pancreatic beta cells,
they affect the process of insulin production and increase
blood sugar, which causes an increase in the activity of
the fatty a cycle COA oxidase which stimulated the [3-
oxidation process of fatty acids and the formation of
H20,, causing an increase in lipid peroxidation and
production MDA (Sonia et al., 2021). The study also
showed a significant increase in the concentration of
MDA in the drug group and AOM and drug group, which
is attributed to the production of free redicals from drug
metabolism, the most important of which is OH" (Kim et
al., 2008). It is also due to the cellular damage caused by
the drug, and this results from the formation of an ion
complex, which generates free radicals, which in turn
cause severe damage to the cellular membranes and
interference in the structure of the cellular structure
(Billingham et al.,1978), These results are consistent
with the researchers result (Lands et al.,1999).

Free iron also plays an important role in the
peroxidation of fat resulting from the drug anthracycline.
Therefore, high doses of the drug cause an imbalance
between the active oxygen species ROS, enzymes and
antioxidants, and thus tissue damage results as a result of
the effect of the new drug (Essick and Sam, 2010).

The results also showed a highly significant
decrease in the concentration of GSH in all groups
compared to the control group (Table 1) as a result of
increased oxidative stress and increased free radicals,
which causes increased consumption of GSH, which is
considered a non-enzymatic antioxidant that removes
free radicals and thus protects cell membranes from
oxidative damage (Abd-alwahab, 2014).

The study showed a significant increase in the
concentration of ONOO- and CRP in all groups
compared to the control group (Table 1). The reason is
due to the increase in free radicals, especially negative
superoxide O, Therefore, it remains free and active
inside the body to search for a single electrolyte to bind
with it. Therefore, it reacts with nitric oxide NO™ to
produce ONOO(Yagmurea et al.,2007; Mohammad et
al.,2011).

Table 1: Creatinine Kinase (CK), Malondialdehyde (MDA), Glutathione (GSH), Peroxynitrite (ONOO), Lactate
dehydrogenase (LDH, LDH?2), C-reactive protein (CRP), concentrations in the treated Groups Compared with the
Control Group

Tests Groups

Control group | AOM Group | Anthracyclin Group | AOM+ Anthracyclin
CK(U/L) 339.847.9d 7254+4.1¢c 939.4+4.4 b 970.4.45.4a
LDH(U/L) 73.0+2.62d 122.0+3.63 ¢ 145.0+4.22 b 185.4+5.64 a
LDH2(U/L) 69.4+6.768 d 90.4+4.722 ¢ 120.4.#4.00 b 186.6+0.89 a
GSH(umol/L) +1.724 al11.92 | £1.141b10.78 | £0.998 b10.70 +1.169 b10.82
MDA(umol/L) +0.767 ¢c5.06 | £0.924 a8.84 | +0.288 a8.46 +1.238 b6.78
ONOO (umol/L) | +8.64d74.32 | +4.86 b143.50 | £2.73¢109.46 +4.95 b143.60
CRP(mg/l) 5+0.65d 13+0.99c 15+1.2b 19+1.35a

showed a significant differences at level p< 0.01. Different letters

Histological microscopic examination of a
cross-section of the aorta for a group of AOM (Figure 2)
compared with normal tissue (Figure 1) showed the
occurrence of histological changes in the thickness of the
layers of the aortic wall due to the production of
hydrogen peroxide, forming active oxygen species that
cause the peroxidation of lipids in cell membranes and
their MDA products, which stimulate the oxidation
process of lipids, especially LDL-C and phospholipids,
and thus lead to the formation of Areas of epithelial
damage in the blood vessels, an increase in the
permeability of the vessels and a decrease in their
elasticity, causing their destruction (Sundus et al.,2020).

The histological section of the drug only and
AOM and drug (Figure 2,3) also showed a negative
effect on the layers of the aortic wall, the inner, middle,
and outer layer, compared to the control group (Figurel).
The reason is attributed to the toxicity of the drug and

AOM on the vascular wall of the aorta (Joel et al., 2014),
which leads to the production of free radicals and
oxidative stress, causing an increase in the process of
catabolism and catabolism of fats for the purpose of
using them in producing energy inside. The cell as well
as the appearance of apoptosis as a result of using the
drug (Wolfram et al., 2023; Mowei et al., 2023). The
drug has negative effects on all tissues, and this is
consistent with what the researcher found (Sundus &
Majid, 2021) Histological examination of the heart for
the AOM group (Figure 6) compared with control group
(Figure 5) showed the occurrence of harmful tissue
changes, such as hypertrophy of some heart muscles and
amyloid deposition, the result of oxidative stress, which
increases the peroxidation of fats in the tissues, depletes
tissue glutathione, and changes in the antioxidant
enzymatic system. An increase in active oxygen species
is toxic to cells and tissues, causing cell breakdown and
death (Sundus & Majid, 2021).
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It was also observed in the picture of the
combination of the drug and AOM (Figure 7,8), the
enlargement of some heart muscles and the deposition of
amyloid as a result of metabolic disturbances as a result
of the toxicity of the drug and an increase in active
oxygen species as a result of increased peroxidation of
fats and unsaturated fatty acids and free radicals
attacking DNA and accelerating the process of apoptosis
of heart cells (Varghese et al., 2021). Abnormal
Ca?* homeostasis is especially important, for the nature
of the contractile activity of the heart, which is strictly
dependent on the cation. Anthracyclines dysregulate
expression and function of Ca?* channel and
dysregulating mitochondrial calcium fluxes, impairing
cardiac mitochondrial calcium homeostasis and
disrupting cation regulation: this leads to cardiac

| - RRSN.
Figure (1): Aorta of Control group showed
tunica intima (TI), tunica media (TM) and
tunica adventitia (TA) (H&E X100).

intracellular Ca?* overload, increased diastolic calcium
concentration, a decrease in Ca?* transients amplitude
and, overall, to the impairment of calcium contractile
function (Bauckneht et al., 2019) Further, anthracyclines
increase ROS production and oxidative stress: this, on
the one hand leads by itself to impaired cardiac
contractile function . Many studies indicate that the
cardiac mitochondrial Ca?* overload and dysfunction
could represent the main cause of cardiac contractile
dysfunction. Dox induces the release
of cytochrome ¢ from  mitochondria, and impairs
cardiac mitochondrial respiration, leading to loss of ATP
production, apoptosis and cell death (McGowan et
al.;,2017; Henriksen et al.,2018; Bhagat et al., 2020).
Therefore, it has been proven that the drug anthracycline
has side effects on all tissues.

2
Figure (2): Aorta of mice administrated
with AOM showed tunica intima (TI), tunica
media (TM) and tunica adventitia (TA)
(H&E X100).

Figure (3): Aorta of mice administrated
with Anthracyclin+AOM showed tunica
intima (TT), tunica media (TM) and tunica
adventitia (TA) (H&E X100).

o]

4

Figure (4): Aorta of mice administrated with
Anthracyclin showed tunica intima (TI), tunica
media (TM) and tunica adventitia (TA) (H&E
X100).

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 291



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/calcium-transport
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/calcium-homeostasis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cytochrome
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mitochondrial-respiration
https://www.sciencedirect.com/science/article/pii/S0098299723000456#bib431

Sundus W. Alabdullah et al, Haya Saudi J Life Sci, Jul, 2024; 9(7): 288-294

Figure 6: Heart of mice adnistraed with AOM showed hypertrophy of cardiac muscles (CM) (H&E X400).
H&E 400X

Figure (7): Heart of mice administrated with
Anthracyclin showed hypertrophy some of cardiac
muscles (HCM) (H&E X400).

Figure (8): Heart of mice administrated with
AOM+Anthracyclin showed hypertrophy of cardiac
muscles (HCM) with amyloid (AM) (H&E X400).

CONCLUSION
We conclude from the current study:

1. The study showed the effect of carcinogen
azoxymethane (AOM)) on the biochemical
tests.

2. Effects carcinogen upon the heart tissue.

3. Side effects for anthracycline drug on heart
tissue and biochemical tests.

4. Side effects for AOM and Anthracycline drug
on heart tissue and biochemical tests.
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