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Abstract

A variety of malignancies can be effectively treated with doxorubicin. It
Is mostly used to treat leukemias, lymphomas, and a variety of solid cancers,
including thyroid, breast, lung, and ovarian cancer. Doxorubicin exhibits
dose-dependent cytotoxicity, which is especially harmful to the heart, just as
other anti-cancer drugs. As an anthracycline, doxorubicin is an antibiotic that
has been researched for many years and is utilized as a cytostatic medication
in lung cancer treatment. This study aims to identify damage to lung tissue
due to the impact of different doses of doxorubicin. Male albino rats, which
weighed between 200 and 250 grams. Laboratory animals were obtained
from the Technology Research Center, University of Nahrain, and laboratory
rats were bred at the University of Baghdad, College of Science, Department
of Biology, Animal House. Three sets of six male rats were used in the
investigation. Normal saline was given to Group 1, doxorubicin at a dose of
5 mg/kg body weight was administered intraperitoneally twice a week for
four weeks to Group 2, and doxorubicin at a dose of 10 mg/kg body weight
was administered intraperitoneal twice a week for four weeks to Group 3. 4%
formaldehyde was used to fix the lung tissues for histopathological analysis.
Histopathological analysis revealed various effects on the lung tissues. The
laboratory animal dosing period is from 2/1/2025 to 3/1/2025 for 4 weeks.
In the sections from rats treated with doxorubicin (5 mg/kg body weight),
acute pulmonary hemorrhage, diffuse pulmonary emphysema, and pulmonary
edema were observed. Conversely, the sections from the rats treated with
doxorubicin (10 mg/kg body weight) displayed signs of acute lung necrosis,
acute lung abscess, and hemorrhagic infarction.
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Introduction

With over 6 million deaths annually, cancer continues to be the world's top
cause of death (Abullaev, 2000). It works well against many types of cancer
and is mostly used to treat solid tumors such as thyroid, breast, lung, and
ovarian cancer, as well as lymphomas and leukemias (Gianni, 2007). Similar
to the adverse effects of other anti-cancer agents, doxorubicin has its own
dose-dependent cytotoxicity on the heart and other organs (Naiyara, 2010). It
Is one of the established and commonly used antineoplastic agents in treating
different types of cancers, including pediatric cancer, leukemia, breast cancer,
etc. Dox is an inhibitor of the DNA topoisomerase Il enzyme and causes
damage to the DNA (Renu, 2018). Doxorubicin (Dox) lipid-binding
properties link the body's organs to the cell membrane and nucleotide base
insertion. Dox's insertion prevents nucleotide replication, which in turn stops
DNA and RNA polymerases from working. Dox appears to have a potent
method for Killing cells through its interaction with topoisomerase Il to
generate DNA-reputable complexes (Speth, 1988). Cells treated with Dox
have demonstrated notable morphological changes linked to apoptosis, or
programmed cell death. Globally, lung cancer continues to be the primary
cause of cancer-related fatalities (Dela, 2011). About one million new cases
and 900,000 deaths worldwide are attributed to non-small-cell lung cancer
(NSCLC), which makes up a sizable fraction of these cases (Song, 2018).
For cancer, chemotherapy is still the recommended course of treatment,
frequently used in conjunction with surgery (Tan, 2017). Chemotherapy,
particularly doxorubicin (DOX), has been used by several studies to treat
lung cancer (Srivastava, 2016). DOX, an anthracycline antibiotic, is utilized
as a cytostatic agent in lung cancer chemotherapy and has been studied for
several decades (Zhang, 2015). But there are still a number of difficulties.
One major issue is that treatment with DOX can lead to toxic side effects,
including cardiotoxicity and hair loss (Dou, 2018). The aim of this study is to
identify lung tissue due to the effects of different doses of doxorubicin.
Materials and Methods

Animal preparation

The National Institute of Nutrition (NIN) in Hyderabad provided the Wistar
Kyoto breed male albino rats, which weighed between 200 and 250 grams.
Laboratory animals were obtained from the Technology Research Center,
University of Nahrain, and laboratory rats were bred at the University of
Baghdad, College of Science, Department of Biology, Animal House. The
rats were kept in cages made of solid-bottom
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polypropylene and fed a commercial mash.

Drug preparation

The drug was obtained from pharmacies specializing in the sale of anti-
cancer drugs in the Al-Saadoun Street area. Doxorubicin, produced by Baxter
International Company (U.S.), was used by injecting 5 mg per kilogram of
body weight per week as a low dose and 10 mg per kilogram of body weight
per week as a high dose.

Study design

Three groups of six male rats each were kept in the animal house of the
department. Group 1 served as the control and received normal saline. Group
2 was administered doxorubicin at a dosage of 5 mg/kg body weight via
intraperitoneal injection twice a week for four weeks. Group 3 received
Doxorubicin at a dosage of 10 mg/kg body weight. 1 was dosed with
laboratory animals at the University of Baghdad, College of Science,
Department of Biology, Animal House.

Result and discussion

The lung tissue, 40x zoom. Micrography showing bronchiole and alveoli,
histology, micrograph, control animal with normal saline] Figure 1].

The lung sections exhibited various conditions and treatments across two
groups. In group 1, the lung section displayed acute lung hemorrhage treated
with doxorubicin at a dosage of 5 mg per kilogram of body weight [Figure 2].
Another section from group 1 revealed diffuse lung emphysema and
hemorrhage, also treated with doxorubicin at 5 mg per kilogram of body
weight [Figure 3]. Additionally, a lung section showed lung edema and
hemorrhage, treated with the same dosage of doxorubicin in group 1 [Figure
4]. In group 2, the lung section demonstrated acute lung necrosis treated with
doxorubicin at a higher dosage of 10 mg per kilogram of body weight.
[Figure 5]. Another section from group 2 revealed an acute lung abscess
treated with doxorubicin at 10 mg per kilogram of body weight. [Figure 6].
Lastly, a lung section showed a hemorrhagic infarct, also treated with
doxorubicin at 10 mg per kilogram of body weight in group 2 [Figure 7].

The section in the lung of animals treated with doxorubicin (5 mg per
kilogram of body weight) appears to show low damage, and animals treated
with doxorubicin (10 mg per kilogram of body weight) appear to show high
damage in the tissue of the lung compared with control animals.
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The control group shows normal tissue, 5% lung tissue damage, no
inflammation, and no necrosis. The Doxorubicin group (5mg) shows
moderate tissue damage, 30% lung tissue damage, moderate inflammation,
mild necrosis, and no fibrosis. The doxorubicin group (10mg) shows lung
tissue damage of 60% and excessive fibrosis and necrosis in multiple areas.
(Table 1).

at nor
showing bronchiole and alveoli, histology, micrograph, control animal with
normal saline H and E, 40X.

AR J!—’k) u’r
of r

Figure2: Photomicrograph of lung showing acute . . . . .

pulmonary hemorrhage treated with doxorubicin (5 Figure 3: Photomicrograph of lung shpwmg dlffuge

mg/kg b.w.) (H and E, 40X). pulmonary emphysema hemorrhage treated with doxorubicin
(5 mg/kg b.w.) (H and E, 40X).
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Figure 4: Photomicrograph of lung showing pulmonary Figure 5: Photomicrograph of lung showing acute
edema hemorrhage treated with doxorubicin (5 mg/kg pulmonary necrosis treated with doxorubicin (10 mg/kg
b.w.) (H and E, 40X). b.w.) (Hand E, 40X).
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Figure 6: Photomicrograph of lung showing acute lung Figure 7: Photomicrograph of lung showing hemorrhagic

abscess treated with doxorubicin (10 mg/kg b.w.) (H and infract of lung treated with doxorubicin (10 mg/kg b.w.) (H
E, 40X). and E, 40X).
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Table 1: show the percentage effect of doxorubicin on lung tissue.

Groups Lung | Severity of | Presence | Presence Notes
tissue | inflammation of of
damage necrosis | fibrosis
%
Control 5% No No No Normal
inflammation tissue
5mg 30% Moderate Mild No Moderate
Doxorubicin inflammation tissue
damage
10 mg 60% Sever Obvious | Present Excessive
Doxorubicin inflammation fibrosis and
necrosis in
multiple
areas

According to the study's findings, the lungs underwent histological alterations
after receiving doxorubicin once a week for four weeks. Oxidative stress
brought on by reactive intermediates, particularly doxorubicin semiquinone,
which is produced during doxorubicin metabolism, may be the source of the
harm to these organs.

Reactive oxygen species are produced when the anthracyclines react with
molecular oxygen to create semiquinone radical intermediates. Cytological
damage results from these species' interactions with biological
macromolecules (De Beer, 2001).

As an anthracycline, DOX is known to have a quinone form that may be
reduced by one electron to a semiquinone radical. Then, molecular oxygen is
reduced to superoxide anion, which dismutates into H202 to recreate this
parent quinone once again. By taking electrons from lipids in cell
membranes, reactive oxygen species (ROS) cause oxidative stress, lipid
peroxidation, and oxidant-induced cell damage. Furthermore, ROS can harm
mitochondria both structurally and functionally, which is why our study
found such strong apoptotic characteristics (Mubarak, 2018).

Oxidative stress, inflammation, endoplasmic reticulum-mediated apoptosis,
and damage to DNA and RNA are among the toxicities associated with
doxorubicin (DOX). Cellular membranes may sustain damage as a result of
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the hydroxyl radicals and superoxide anions produced when the cytochrome
P-450 enzyme breaks down DOX (Abdel-Daim, 2017).

There is little research on doxorubicin-induced lung damage. According to
Take et al., doxorubicin and paclitaxel together harm the lungs (Take et al.,
2008). In a different research, they showed that fullerene C60(OH)24's
antioxidant qualities helped to lessen the lung damage that doxorubicin
induced in rats (Srdjenovic et al., 2010).

Thymoquinone has been shown in several studies to have both therapeutic
and preventive effects against lung injury. Al-Gabri et al. (2019) documented
thymoquinone's protective effects on lung damage, while Yetkin et al. (2020)
showed its efficacy in mitigating lung damage caused by smoking.
Boskabady et al. (2021) reported that thymoquinone reduced inflammation
and pathological changes in the lungs induced by lipopolysaccharide.
Additionally, Alzohairy et al. (2021) found that thymoquinone had a
protective role against lung damage caused by benzo(a)pyrene in rats.

Studies on the lung injury of that doxorubicin causes lung damage together
with paclitaxel in their study (Take et al., 2008). In another study, they
showed that fullerenol C60(OH)24 reduced the damage to lungs caused by
doxorubicin in rats, thanks to its antioxidant property (Srdjenovic et al.,
2010). Studies are showing that thymoquinone has a therapeutic and
protective effect on lung damage (Al-Gabiri et al., 2019).

In their study, Yetkin et al. showed the protective effect of thymoquinone on
lung damage caused by smoking (Yetkin et al., 2020). In the study of
Boskabady et al., they reported that thymoquinone reduced inflammation and
pathological changes caused by Lipopolysaccharide in the lung

(Boskabady et al., 2021).

Conclusion

The study's findings showed that doxorubicin at a level of 5 mg per kilogram
of body weight had a more harmful effect on the pulmonary tissue of male
albino rats compared with the dose of doxorubicin of 10 mg/kg.
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