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ABSTRACT

This study aims to show the effect of Doxorubicin
on chicken embryos by injecting this drug into the
eggs of chickens containing 10-day-old embryos.
One hundred eggs were selected and divided
evenly into four groups, each group containing
25 eggs. The first group was considered a control
group (normal saline injection), and the 2™ (T1
group), 3 (T2 group) and 4™ (T3 group) were
injected with Doxorubicin according to the body
surface area of the chicken egg at a dose of 20, 40
and 60 mg/m?, respectively. In the current study
embryos in Doxorubicin-injected groups showed
morphological and histological changes that were
directly proportional to the increased dose,
including decrease in the body weight and length
and histopathological changes in heart and liver
tissue compared to control group. Also, a reduction
in the hatching rate was observed for Doxorubicin-
injected groups (T1, T2 and T3): 0% hatching rate
compared to the control group that showed a
100% hatching rate. The doses of Doxorubicin
used in this study caused a decrease in the weight
and length of chicken embryos and led to the
death of all fetuses, as well as caused tissue
lesions in the heart and liver.
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INTRODUCTION

Cancer is an intractable disease that affects humans
and animals and is life threatening. The global
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burden of cancer has reached 18.1 million people,
and the number of people who died as a result
of the disease has reached around 9.6 million in
2018 [1]. The use of various medications to treat
cancer, called chemotherapy, prevents the division
of cancer cells and prevents them from spreading
in the body [2]. Doxorubicin is one of the most
common drugs for the treatment of cancers of the
prostate, breast, bone marrow, uterus, lymph nodes,
bladder and liver [3], and it is an anthracycline
antibiotic and is isolated from the Streptomyces
peucetius var. caesius [4]; anthracycline antibiotics
act by preventing DNA replication and leads to
inhibition of protein synthesis in the cancer cells
of patients [5]. Chemotherapy drugs in general
cause several side effects (Hair loss, weakness,
lethargy, vomiting and pain) that reflect negatively
on the patient’s health and interfere with the vital
activities of the body, and chemotherapy causes
birth defects of the fetus, as a result of cancer
treatment in females during pregnancy (Humans
and animals), as a result of interference with the
cell division of developing fetuses [6]. Because
of the danger of this drug to pregnant females and
its effects on fetal development, this study aims
to demonstrate the effect of Doxorubicin on the
morphological and histological development of
chicken embryos.

MATERIALS AND METHODS

Doxorubicin

Doxorubicin was purchased from local pharmacies
in Baghdad under the commercial name Adrimisin®
and was manufactured by the Turkish company
Saba. Each flacon contained 50 mg of Doxorubicin
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hydrochloride in the form of a sterile red powder,
which was dissolved in 50 ml of Sodium chloride
solution before intravenous infusion.

Preparation of Doxorubicin

Fifty milligrams of Doxorubicin hydrochloride was
dissolved by adding Sodium chloride solution to
produce a total volume of 50 ml. Each ml of
the final solution contained 1 mg of Doxorubicin
hydrochloride. To calculate the total dose of
Doxorubicin, the length and weight of chicken
eggs were measured according to the following
law (Mosteller equation):

Dose of Doxorubicin (mg) = V(Height [cm] *
Weight [kg])/3600 x BSA (mg/m?)

Height means Height of chicken eggs (cm).
Weight means Weight of chicken eggs (Kg).
BSA means Body surface area (mg/m?).

Experiment design

One hundred eggs (The eggs were obtained from
a hatchery in Babel governorate/lraq) containing
10-day-old chicken embryos were selected at a
weight of 62-64 gm and a length of 55-57 cm and
divided into four groups as shown in Figure 1.
Each group containing 25 eggs were injected with
Doxorubicin to demonstrate its effect on fetal
growth of chicken embryos during the incubation
period as follows (All experimental procedures
for handling animals and administering the drug
were implemented according to the guidelines
of the local ethics committee of lraq medical
universities):

Control group (C group): Eggs of this group were
injected with 0.75 ml of Sodium chloride solution
(0.09% w/v) per egg.

First group (T1 group): Eggs of this group were
injected with Doxorubicin hydrochloride solution
according to egg body surface area (20 mg/m?).

Second group (T2 group): Eggs of this group were
injected with Doxorubicin hydrochloride solution
according to egg body surface area (40 mg/m?).

Third group (T3 group): Eggs of this group were
injected with Doxorubicin hydrochloride solution
according to egg body surface area (60 mg/m?).

Injection into chicken eggs

On the tenth day of life of the embryo inside the
egg the embryonic mass and the albumin part
were determined by candle light as shown in
Figure 2. The top of the egg shell near the
airspace was selected and it was sterilized using
NaOCI (3% v/v) and the egg was left to dry and
then punctured using a nail with a sharp end.
Doxorubicin was injected into the egg albumin
away from the embryo through the hole that had
previously been created on the egg shell, as shown
in Figure 3. After the injection was completed, the
hole on the surface of the egg shell was closed
using wax and the eggs were returned to the
incubator until hatching.

Study parameters

1. Body weight change: After the end of the egg
incubation period, the weight of the embryos
and the chicks of the experimental groups
were calculated.

2. Body length change: After the end of the egg
incubation period, the lengths of the embryos
and the chicks of the experiment groups were
calculated by a graduated ruler, and the length
was calculated from the top of the head to the
end of the tail.

3. Hatching rate (%): The hatching rate was
calculated according to the following formula:
Hatching rate (%) = (number of eggs hatched)/
total number of eggs for each group) x 100

4. Histopathological examination: The specimens
of livers and heart were fixed using 10% neutral
buffered formalin solution till the preparation
of histological sections. Tissues were embedded
in paraffin and several tissue sections were
prepared for histological sections then stained
with Hematoxylin-Eosin (H and E) dye [7].

Statistical analysis

The results of this study were analyzed by the F-
test (One-way ANOVA) at a statistical level of 0.05
by using the statistical program SPSS (Version 13).

RESULTS

The results of the present study showed
morphological changes after the end of the
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Figure 1. Experimental egg groups included control group (C) and treated groups (T1, T2 and T3
groups) that were injected with 20, 40 and 60 mg/m? Doxorubicin, respectively.

Figure 2. 10-day-old chicken embryo from the incubator.
White arrow shows the egg albumin, green arrow shows
the yolk sac and the yellow arrow shows the embryonic
growth. | = Chicken egg lacks embryonic growth,
Il = Chicken embryo aged 10 days.

incubation period, which included loss of fluff
and growth retardation in chicken embryos
resulting from Doxorubicin injection in the eggs
(T1, T2 and T3 groups) on the tenth day of
incubation compared with the control group
(C group) as shown in Figure 4.

The body weight and body length of chicken
embryos showed a significant decrease at a

Figure 3. I
incubator. Yellow arrow shows the embryonic mass,
green arrow shows the egg albumin. I1: Doxorubicin
injection site in egg shell.

10-day-old chicken embryo from the

statistically significant level of p < 0.05, in groups
of chicken eggs injected with Doxorubicin (T1,
T2 and T3) compared with the control group,
Tables 1 and 2.

Doxorubicin injected in the T1, T2 and T3 groups
caused death of all embryos and therefore the
hatching rate (%) of eggs after 21 days of artificial
incubation was zero percent compared to the
control group (C group), as shown in Table 3.

Histopathological sections of the organs of the T1,
T2 and T3 groups showed microscopic lesions in
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Table 1. Chicken embryo after the end of hatching
time.

Group Bod)'/\/lwiiggt/gm
C 40.01 + 0.07*
T1 5.31+0.11°
T2 4.04 +0.10°
T3 3.15 +0.09°
LSD =0.22

Capital letters indicate a significant difference at the
level of p < 0.05.

Table 2. Body length change of chicken embryo
after 21 days in the incubator.

Group Body'vllezgstglmm
C 95.80 + 0.69*
T1 62.70 + 0.49°
T2 60.10 + 0.48°
T3 52.60 + 0.56°
LSD =1.34

Capital letters indicate a significant difference at the
level of p < 0.05.

Table 3. Hatching ratio (%) of chicken embryo after
21 days in the incubator.

Group Hatching ratio (%)
C 100
T1 0
T2 0
T3 0

the tissues and cells of the liver and heart of
chicken embryo after the end of the egg
incubation. These microscopic lesions increase in
dead embryos when the dose of doxorubicin is
increased, as shown in Figures 5 and 6.

DISCUSSION

This study showed a decrease in weight and
length of chicken embryos (T1, T2 and T3
groups) with low hatching rate after the end of
egg incubation compared with the control group.
These results were interpreted as follows:

Doxorubicin acts by intercalating into the nuclear
material (DNA-Helix) and/or binds covalently to
cellular proteins involved in DNA replication and
transcription. Such interactions result in inhibition
of DNA, RNA, and synthesis of proteins, leading
ultimately to cytotoxic effect (cell death) [8, 9].

The genotoxic, cytotoxic and histotoxic effects of
Doxorubicin may be the result of free radical
formation. There are two ways by which free
radicals are formed by Doxorubicin: The first way -
Doxorubicin acts on the products of a semi-
quinone free radical by the action of Nicotinamide
adenine dinucleotide phosphate (NADPH)-
dependent reductase enzyme that produces a
single electron reduction. In the presence of O,,
redox cycling of Doxorubicin-derived quinone-
semiquinone yields superoxide radicals. The
second way - Doxorubicin free radicals come
from a non-enzymatic mechanism that involves
reactions with iron (Fe** reacts with Doxorubicin
in a redox reaction after which the iron atom
accepts an electron and a Fe?* Doxorubicin free
radical complex is produced). This iron-
Doxorubicin complex can reduce O, to H,O, and
other active oxygen species [10]. Doxorubicin
stimulated the formation of free radicals, and
contributed to reduce the mechanism of transfer of
albumin to the embryonic fluid, causing a
decrease in the volume of amniotic fluid and
resulting in the decrease in the body weight and
length of growing chicken embryos [11].

Doxorubicin causes increase in tissue Ca*" ion
levels, which may contribute to cardiotoxicity
(cardiac cell death). The mechanism by which
Doxorubicin disturbs tissue Ca®* ion levels may
be through interference in various Ca®* ion
transport processes (this mechanism acts by
inhibiting the translocation of certain Ca®* ions in
cardiac cell membranes), and therefore it will
have an effect on the action of’ the Na'-Ca"
exchanger in cardiac sarcolemma [12] and Ca**-
ATPase activity in the sarcoplasmic reticulum
[13]. Also Doxorubicin is characterized by its
ability to cause damage to the tissues of the heart
(cardiotoxic effects) and liver (hepatotoxic effects)
[14, 15], which is consistent with the current study
which showed the presence of microscopic tissue
and cellular lesions in the heart and liver
of chicken embryos, that occurred as a
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Figure 4. 21-day-old chicken embryos from the incubator. Control group (C) was injected with normal saline and
the treated groups (T1, T2 and T3 groups) were injected with 20, 40 and 60 mg/m? Doxorubicin, respectively.
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Figure 5. Histopathological section of the liver of a chicken embryo after treatment with Doxorubicin shows moderate to
severe depletion of hemopoietic tissue (The black arrow) with disruption of hepatic cords (The red arrow) with no
evidence of the megakaryocytic cells. The yellow arrow shows the destruction of both hepatic tissue and hemopoietic
tissue with a wide haemorrhagic area that appears more atrophied with higher magnification (H and E stain), X40.

Figure 6. Histopathological section of the heart of a chicken embryo after treatment with Doxorubicin shows
fragmentation and separation of muscle bundles (The red arrow) with intramuscular blood vessel congestion and
dilation (The black arrow) with scant infiltration of inflammatory cells (The yellow arrow).
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result of the production of superoxide radicals
which disturbs tissue Ca®* ion levels.

CONCLUSION

The doses of Doxorubicin used in this study caused
a decrease in the weight and length of chicken
embryos and led to the death of all fetuses, as well
as caused tissue lesions in the heart and liver.
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