[ Downloaded from sjimu.medilam.ac.ir on 2025-12-23 ]

Journal of Ilam University of Medical Sciences

JIUMS

P-ISSN: 1563-4728
E-ISSN: 2588-3135

Investigation of VEGF and FGF gene expression during angiogenesis of
chick embryo chorioallantoic membrane treated with doxycycline

Mohammadreza Pourmohammad !

Sima Afsharanjad *

antibiotic

, Jina Khayatzadeh 2" ", Seyyedeh Hananeh Akbari 3",

, Saeedeh Zafar Balanjad 2

1 Dept of Medical Parasitology, Faculty of Paramedicine, llam University of Medical Sciences, Ilam, Iran
2Dept of Biology, Mashhad Branch, Islamic Azad University, Mashhad, Iran

®Dept of Biotechnology, Sabzevar Branch, Islamic Azad University, Sabzevar, Iran

4 Dept of Biochemistry, Mashhad Medical Sciences Branch, Islamic Azad University, Mashhad, Iran

Article Info

ABSTRACT

Article type:
Research article

Article History:
Received: Apr. 22, 2024
Received in revised form:

Jul. 21, 2024
Accepted: Aug. 07, 2024
Published Online: Dec. 05,2024

* Correspondence to:
Jina Khayatzadeh
Dept of Biology, Mashhad
Branch, Islamic Azad
University, Mashhad, Iran

Email:
j.khayatzadeh@mshdiau.ac.ir

Introduction: Angiogenesis is the biological process of sprouting new vessels from existing
vessels in the tissue. The main factors in the molecular guidance of this process are vascular
endothelial growth factor (VEGF) and fibroblast growth factor (FGF). Given the significance
of antibiotics in reducing angiogenesis through the inhibition of collagenase, phospholipase
A2, and several matrix metalloproteinases, the objective of this study was to examine the
impact of the Doxycycline antibiotic on alterations in the gene expression of VEGF and FGF
within the angiogenesis pathway of the chorioallantoic membrane (CAM) in chick embryos.

Materials & Methods: In this research, 50 Ross fertilized eggs were randomly divided into 5
groups, including the control group, laboratory control, and 3 experimental groups. On the
eighth day of incubation, the laboratory control group was treated with normal saline, and the
experimental groups were treated with doses of 50, 100, and 250 pmol/ml of the Doxycycline
antibiotic. On the twelfth day, photographs were taken of the samples. The number and length
of blood vessels and then the weight and length of embryos were measured. A real-time PCR
technique was used to investigate the expression changes of VEGF and FGF genes on the
CAM membrane. The statistical tests included one-way ANOVA, independent t-test, and post
hoc tukey, which were analyzed by SPSS V.20 at a level of significance less than 0.05.

Results: The number of vessels and the length of vessels in the treatment groups showed a
significant decrease compared to the control group (P<0.05). Also, the expression level of
VEGF and FGF genes in the treatment groups was significantly lower than the control group
(P<0.05).

Conclusion: The doxycycline antibiotic can significantly reduce the expression level of VEGF
and FGF genes and the angiogenic process of the chorioallantoic membrane of chick embryos.
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Introduction

The pharmacological properties of

agent, doxycycline has shown potential
therapeutic benefits across various disease
conditions, including its ability to reduce intimal

modified tetracyclines, such as doxycycline,
extend beyond their antimicrobial capabilities.
They include stopping matrix
metalloproteinases (MMPs) from doing their
job, especially when it comes to breaking down
collagen, removing calcium and other cations
from cells, having a direct effect on cell growth,
and stopping nitric oxide synthases that are
caused by inflammation (1, 2). As an anticancer

© The Author(s)
@NOIE

NC

hyperplasia in rat models (3). The ability of
doxycycline to inhibit angiogenesis in vivo has
been evidenced by a decrease in vascularization
in the rabbit cornea following exposure to VX2
tumor cells, as well as a reduction in vascular
endothelial growth factor (VEGF)-induced
vascular growth in the cerebrum of mice (3, 5).
Researchers have found that antiangiogenesis
plays a big part in stopping the growth of tumors
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in mice and in a person who has been diagnosed
with pulmonary capillary hemangiomatosis
(4,5). This idea comes from the discovery that
doxycycline, at low levels, can stop the
expression of H-ras and restore the
downregulation of thrombospondin, a natural
angiogenesis inhibitor, in mouse fibroblasts that
can become tumors. However, the induction of
TSH and the suppression of H-ras by
doxycycline do not occur in hypoxic
environments. The point of this study was to
look into what changes happen when the
antibiotic Doxycycline is added to the
chorioallantoic membrane (CAM) of chick
embryos and how those changes affect the gene
expression of VEGF and FGF.

Methods

This experimental study was conducted at
the Research Center of Animal Development at
Mashhad Islamic Azad University in 2022.
Doxycycline was freshly prepared for each
experiment, ensuring that the solution was
shielded from light exposure. For the
assessment of antiangiogenic effects, 50
fertilized eggs were procured from Toos
Company in Mashhad and were randomly
assigned to five groups: a control group, a sham-
exposed group (treated with DMSO solvent),
and three experimental groups receiving
doxycycline at doses of 50, 100, and 250
pmol/ml. The fertilized eggs were incubated in
a digital device that rotated automatically,
maintaining a temperature of 38°C and a relative
humidity of 60-65%. On the second day of
incubation, under completely sterile conditions
established by a laminar flow hood, a portion of
the eggshells was removed to create a window
on one side of the eggs, which was subsequently
sealed with a lamel and sterilized paraffin.
Subsequently, the eggs were placed back into
the incubator, where manual rotation was
conducted twice daily to facilitate the natural
development of the chicks. The formation of the
chorioallantoic membrane in the embryos
begins on the fifth day of incubation, and by the
eighth day, it covers more than half of the eggs.
Additionally, on this day, significant
developments occur, including the division of
the heart and the separation of the vein and
artery, making the treatment of the vascular
network on the eighth day particularly
noteworthy. On the eighth day of incubation, the
windows of the eggshells were removed under
completely sterilized conditions. A gelatin

sponge, containing a mixture of albumen and
agar solution in normal saline at an equal ratio,
was prepared with 200 pL of freshly sterilized
streptomycin penicillin and placed on the
chorioallantoic membrane, measuring 4x4x1
mm2. For samples treated with shell extract,
concentrations of 50, 100, and 250 pmol/ml of
the antibiotic were added, while sham-exposed
samples received 10 pL of DMSO in the gelatin
sponge. The windows were then resealed, and
the eggs were returned to the incubator. On the
twelfth day of incubation, all samples were
photographed using a research photo
stereomicroscope to capture relevant images.
The variables measured included the number
and length of blood vessels surrounding the
gelatin sponge, as the chorioallantoic membrane
is a disc-like structure with a diameter of 400
um, allowing for the counting of all blood
vessels in the vicinity of the sponge. To assess
the expression of the VEGF and FGF genes,
specific primers were designed using the NCBI
database, followed by a Blast analysis to
confirm their accuracy. Additionally, the primer
sequence for the GAPDH housekeeping gene
was established and utilized as a reference.
Ultimately, a real-time PCR reaction was
conducted to evaluate the gene expression
response to doxycycline antibiotic treatment.
The statistical tests included one-way ANOVA,
independent t-test, and post hoc tukey, which
were analyzed by SPSS V.20 at a level of
significance less than 0.05.

Results

The analysis of the average number of
vascular vessels, the length of vascular
branches, cephalic-caudal length, and the
weight of embryos in the control group versus
the laboratory control indicated no significant
differences between these two groups (p<0.05).
Consequently, all subsequent investigations
involved comparisons with the control group.
Compared to the control group, the
experimental groups had significant differences
in the average number of vascular branches, the
length of vascular branches, the cephalic-caudal
length, and the weight of embryos. These
differences were dose-dependent (P<0.05).
Furthermore, the comparison of FGF and
VEGF gene expression between the control
group and the laboratory control also
demonstrated no  significant  differences
(P<0.05). The evaluation of VEGF and FGF
gene expression in the experimental groups
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showed a notable decrease relative to the control
group, again in a dose-dependent manner
(P<0.05).

Conclusion

Doxycycline stops angiogenesis from
happening, which means that the angiogenic
process in the chick chorioallantoic membrane
slows down. Doxycycline holds potential as an
inhibitory agent in the management of diseases
associated with angiogenesis.
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