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Abstract

The purpose of the current investigation was to identify the dose-dependent effect of doxorubicin on the pro-
liferation of the AMJ13 cell line. The AMJ13 breast cancer cell line was used to investigate the cytotoxicity
of the medication doxorubicin. The median inhibitory concentration (IC, ) was calculated using the Methyl
thiazolyltetrazolium (MTT) assay. Doxorubicin’s IC, value, which ranged from 162.2 to 308,3, was 223.6.
Doxorubicin inhibited the proliferation of AMJ13 cells to a greater or lesser extent at concentrations of 1000,
500, 250, 125, 62.5, and 31.2 g/ml (58.8%, 46.4%, 32.3%, 23.8%, 11.3%, and 0.896%). respectively. The
percentage of cytotoxicity (CT) After 72 hours of treatment, doxorubicin inhibited MCF7 cell growth in a
dose-dependent manner, with a CT% of 90% at a dosage of 50 M. To sum up, doxorubicin displays strong cy-
totoxicity against the AMJ13 breast cancer cell line. It could be concluded that the effect of doxorubicin on the
proliferation of the AMJ13 is dose dependent. In addition, morphological changes and apoptosis significantly
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INTRODUCTION

Cancer is a major public health issue around the world, and it
is the second leading cause of death. Cancer is a category of dis-
eases characterized by the uncontrollable growth and spread of
abnormal cells. If the spread is not stopped, it can lead to death
(Siegel and Miller, 2019).

Cancer therapy tries to destroy cancer cells while causing the
least amount of harm to normal cells (Fournier and Schirrmach-
er, 2013). One of the most common cancers in women is breast
cancer (Bray et al., 2018). After substantial research, the illness is
still incurable and has a two-year survival rate (Tevaarwerk et al.,
2013).

Surgery, chemotherapy, adjuvant hormone therapy, and ra-
diotherapy are all options for treating breast cancer (Sankarana-
rayanan et al., 2013). Age, parity, family history of breast cancer,
particularly in first-degree relatives, radiation exposure, smoking,
and genetics of breast cancer (BRCAT and BRCAZ2 genes muta-
tions) are all associated risk factors for breast cancer in females
(Bray et al., 2018).

The development of drug resistance in tumors counteracts
the therapeutic effects of chemotherapeutic drugs, resulting in
more aggressive tumor recurrence and worse prognoses for can-
cer patients (Liu et al,, 2013).

Breast cancer is the most common form of malignant tumor
in Iraqi women and the main reason why women die from ma-
lignant neoplasms (Alwan, 2017). After substantial research, the
illness is still incurable and has a two-year survival rate (Tevaar-
werk et al., 2013).

One of the well-known and frequently applied antineoplas-
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tic drugs used to treat a breast cancer Doxorubicin (Dox) is an
efficient antineoplastic drug for many different types of cancer.
Yet numerous systemic side effects limit its widespread usage in
breast cancer treatment. Dox damages DNA because it inhibits
the DNA topoisomerase Il enzyme (Renu et al., 2018).

Doxorubicin is a broad-spectrum Anthracycline antibiotic
that is frequently used in combination with other medications to
treat various malignancies, such as solid tumors, lymphomas, and
leukemia, and is widely used as a chemotherapy agent for the
treatment of breast cancer (Humber et al., 2007; Sirwi et al., 2021)

Doxorubicin continues to be one of the most active and pop-
ular chemotherapy drugs for the treatment of both early-stage
and advanced breast cancer. Doxorubicin’s inhibitory efficacy
may be altered by the slower growth rate of breast cancer cells
in spheroid cultures because slower-growing cells may be more
susceptible to its cytotoxicity than faster-growing cells (Middle-
ton et al ., 2018).

Over the last two decades, there has been a rise in interest in
the pharmacological effects of bioactive compounds on cancer
treatment and prevention. It has been shown to possess numer-
ous anti-cancer activities on various cancer cells through differ-
ent forms of cytotoxic effects without exhibiting considerable
damage to normal cells (Katiyar et al., 2009).

The cytotoxic and ant proliferative effects of doxorubicin are
exerted through several mechanisms, but the best known is the
poisoning of topoisomerase Il cleavage complexes (McClendon
and Osheroff, 2007).

Other effects of DOX include its intercalation into DNA and
the generation of free radicals causing DNA damage and lip-
id peroxidation (Minotti et al, 2004). Clonogenic experiments

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
ISSN: 2090-6277/2090-6269/ © 2011-2023 Journal of Advanced Veterinary Research. All rights reserved.




Eman H. Hussen and Siham A. Wadi /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 9, 1772-1775

showed that DOX inhibited cell proliferation at higher doses be-
cause it can enter the cells thanks to its lipophilic characteristics,
but it can also be easily extruded by the cells by the MDR mech-
anism (Kapse-Mistry et al., 2014).

The aims of this study were to investigate the cytotoxicity of
Doxorubicin on AMJ13 (breast cancer cell), to explain how this
drug either inhibits or increases apoptosis, and to explain the
dose-dependent effect of doxorubicin on the growth and prolif-
eration. of the AMJ13 breast cancer cell line.

MATERIALS AND METHODS

Maintenance of cell culture

AMJ13 breast cancer cell lines were supplied by the tissue
culture unit of the ICCMGR (Iraqgi Centre for Cancer and Medical
Genetic Research), Baghdad, Iraq (Al-Shammari et al., 2015).

These cells were maintained in RPMI-1640 media (Roswell
Park Memorial Institute -1640 medium) with fetal bovine serum
(FBS), 100 units/ml penicillin, and 100 units/ml streptomycin and
incubated at 37°C for 24 h to allow cell attachment, proliferation,
and confluent monolayer achievement.

Doxorubicin was purchased from OncoAce, India.

Cytotoxicity Assays

To determine the cytotoxic effect of doxorubicin, a methyl
thiazolyl tetrazolium (MTT) cell viability assay was conducted on
96-well plates (Adil et al., 2020). AMJ13 seeded at 1x10* cells/
well. After 1 day, or when a confluent monolayer was achieved,
cells were treated with doxorubicin 50mg. Viability was measured
after 72 h of treatment by removing the medium, adding 28 pL
of a 2 mg/mL solution of MTT, and incubating the cells for 1.5 h
at 37°C.

After removing the MTT solution, the crystals remaining in
the wells were solubilized by the addition of 130 uL of DMSO
(Dimethyl sulfoxide) followed by 37°C incubation for 15 min with
shaking (Abdullah et al., 2020). The absorbency was determined
on a microplate reader at 492 nm (the test wavelength); the assay
was performed in triplicate.

The inhibition rate of cell growth (the percentage of cyto-
toxicity) was calculated as the following equation: (absorbance
of treated cell / absorbance of untreated cell) *100. Cell viability:
100% cytotoxicity. GI% is calculated as follows: mean of control
*100 * mean of treatment *100 (Al-Shammari et al., 2020).

Acridine orange- propidium iodide assay

The apoptotic responses in cell lines (treated and control)
were assessed by using AO/PI. Following the seeding of 5000
cells per well in a plate, doxorubicin infection was performed for
24 hours in a 37°C incubator for the classic dual staining. Exact 50
| of the AO/PI stain mixture (at room temperature) were applied
to the test wells for 30 seconds.

The stain was then eliminated. Utilizing a Leica fluorescence
microscope, the pictures were captured. Fluorescence microsco-
py and ImageJ software were used to measure fluorescence in-
tensity (Al-Shammari et al., 2020).

Statistical analysis

GraphPad Prism 6 was used to perform an inverted t-test sta-
tistical analysis on the collected data (Mohammed et al., 2019).
The results were shown as the mean SD of measurements made
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in triplicate (Al-Ziaydi et al, 2020). Version 1 isobologram was
used to compare the variations across groups under various cir-
cumstances. P value lower than 0.05 were deemed significant.

RESULTS

The results of the present study are shown in Figures 1-5,
revealed that when the concentration of DOX increased, the cy-
totoxicity percentage (Growth inhibition percentage) was raised
(Figure 1). The IC,, of Doxorubicin in different concentrations us-
ing the MTT assay and Graph Pad Prism software ranged from
162.2 to 308.3 (223.6).
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Fig. 1. Cytotoxicity effect (CT %) of DOX) in different concentration on AMJ13
cells.
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Fig. 2. Half maximal inhibitory concentration (IC,)) after exposure of the
AMIJ13 cell line to DOX in different concentrations using MTT assay and Graph
Pad Prism software.

The optical density (OD) of DOX showed a non-significant
(ns) effect in a lower concentration of DOX (31.25 pg/ml) and
a significant effect in other concentrations. That is explained in
Figure 3.

Following medication exposure, DOX for utilized concentra-
tions (1000, 500, 250, 125, 62.5, and 31.2 ug/ml) turned into a
single cell suspension, and the number of cells started to decline.
That concentration of DOX depicts the reduction in cell number
and killing impact of the graduate as the concentration of DOX
increases (Figure 4).

To explain the consequences of apoptosis, all cells were dyed
with AO/PI and examined under a fluorescence microscope. After
receiving a dose of DOX for 72 h, the green color represents live
cells, and the red color displays dead cells (Figure 5).
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Fig. 3. optical density of DOX in different concentrations on AMJ13 cell line
using (Graph Pad Prism software).

Control (Un-treated) DOX Treated
Fig. 4. Morphological pictures for AMJ13 cell line in Vitro before treatment
were a full number of cells, monolayer cell shape (An inverted microscope,

10x).
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Fig. 5. Analysis of the effects of DOX treatment on AMJ13 cell lines, treated and
control cells (fluorescence microscope 10X).
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DISCUSSION

In this study, AMJ13 cell line was used, the first continuous
breast cancer cell line from an Iraqi patient (Al-Shammari et al,
2015). It is treated with DOX in a dose dependent manner.

The cytotoxicity assay was assessed using different concen-
trations of (1000, 500, 250, 125, 62.5, 31.2 yg/ml) methotrexate
and aspirin, and Co-treatment. According to these findings by
MTT cytotoxicity, increasing the concentration of the inhibitor
increases cytotoxicity or enhances growth inhibition. For breast
cancer cell lines,

The half-maximum inhibitory concentration (IC,;) of a phar-
macological inhibitor is a measure of its ability to inhibit AMJ13.
The IC,, value is a quantitative measure that reveals how much of
a specific inhibitory drug is present. As an anthracycline antibiot-
ic, doxorubicin is effective against a variety of tumors; only a few
cancer types are resistant to the medication. The list of cancers
treated with doxorubicin includes Hodgkin’s and non-Hodgkin's

lymphoma, breast, ovarian, testicular, acute leukemia, soft tissue
sarcoma, lung, bladder, gastric (stomach), thyroid, hepatoma,
Wilm'’s tumor, and neuroblastoma (Chabner, 2001). Numerous
studies (Pinto, et al,, 2009) and the own recent study revealed
that DOX and IND have cytotoxic effects on cancer cells are
dose-dependent .

DOX is frequently used in clinical practice to treat a variety of
tumors and has previously been administered to individuals with
prostate cancer (Heidenreich, et al., 2004)

DNA damage is the main mechanism by which topoisomer-
ase Il inhibitors, such as DOX, cause cell death (Pommier, et al.,
2010). Additionally, they are known to cause lipid peroxidation
and free-radical DNA damage (Chatterjee, et al., 2010).

In the present study, apoptosis was visible as red cells in AO/
Pl-stained cells by using fluorescent microscopy and treated cells,
while healthy cells were green. Apoptosis is a natural process of
programmed cell death that can be triggered by a range of phys-
ical and chemical causes and is precisely managed by the organ-
ism. Although there are three major signaling channels in apop-
tosis (mitochondrion, death receptor, and endoplasmic reticulum
signaling pathways), apoptotic signaling is frequently integrated
and amplified at the mitochondrial level (Guo et al., 2016)

Dox has been shown to have a pleiotropic effect on cells,
affecting everything from cell proliferation to interacting with to-
poisomerase Il (Fornari et al., 1994). to inducing apoptosis by trig-
gering caspases (Inoue-Yamauchi et al., 2017). and causing mito-
chondrial membrane potential disruption (Gamen et al., 2000).
The cultivated MCF7 cells displayed an elongated multipolar
epithelial-like cell shape, with nuclear polymorphism and many
nuclei in majority of the cells, expressing cell morphological traits
and revealing many mitotic figure (Figs. 4-5). The morphologi-
cal images for MCF7 in Vitro before treatment were full number
of cells, monolayer cell shape. Following medication exposure,
DOX for utilized concentrations were (1000, 500, 250, 125, 62.5,
31.2 ug/ml) turned into single cell suspension, and the number of
cells started to decline. Figures 4-5 depicts the reduction in cell
number and killing impact of graduate as the concentrations of
methotrexate and aspirin and co-treatment are increased

DOX treatment alone resulted in a dose-dependent reduction
in the size and quantity of MCF7 cells. The cells were smaller and
uneven in form, and the number of cellular processes decreased.

CONCLUSION

The effect of doxorubicin on the proliferation of theAMJ13 is
dose dependent. In addition, morphological changes and apop-
tosis significantly enhance the inhibition of growth.
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