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Research Article

Edaravone Protects against Vascular
Oxidative Damage Induced by AAPH
in Chick Embryo

Abstract

Background: Edaravone (Eda) is a free-radical scavenger which is used in treating stroke,
cerebral hemorrhage and some other diseases in clinic. However, it's antioxygenation during
development is still unknown.

Method: An oxidative damage model was established in chick embryo by using a generator
of free radicals, 2,2’-azobis[2-methylpropionamidine] dihydrochloride (AAPH). The mortality rate and
embryo’s weight were measured to detect whether retarded growth happened. In order to observe
the blood vessels, the yolk-sac blood vessels and CAM blood vessels density were observed. The
malondialdehyde (MDA) content and superoxide dismutase (SOD) enzymatic activity were detected
to evaluate the oxidative damage in the chick embryo.

Keywords: Edaravone (Eda); AAPH; Growth
retardation; Angiogenesis; Oxidative damage

by Eda.

Result: In this model, embryo development and angiogenesis were heavily affected by AAPH.
However, Eda alleviated the growth retardation and anti-angiogenesis induced by AAPH. After AAPH
treatment, the MDA content increased and SOD enzymatic activity declined which was also mitigated

Conclusion: Overall, our research revealed that Eda mitigated embryonic anti-angiogenesis
induced by oxidative damage after AAPH treatment, which may be helpful for future clinical studies.
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Abbreviations

Eda: Edaravone; 3-methyl-1-phenyl-2-pyrazolin-5-one; AAPH:
2,2’-azobis[2-methylpropionamidine] dihydrochloride; EDD: Em-
bryo Development Day; MDA: Malondialdehyde; SOD: Superoxide
Dismutase; CAMs: Chorioallantoic Membranes; IPP: Intel Integrated
Performance Primitives; TBA: Thiobarbituric Acid

Introduction

Edaravone Eda), a

free-radical scavenger, is widely used in treating stroke, cerebral

(3-methyl-1-phenyl-2-pyrazolin-5-one,

hemorrhage and some other diseases in clinic [1]. Its pharmacological
effects on cardiovascular diseases and brain infarct have been
confirmed by numerous in vivo experiments [2-4]. Previous research
showed that Eda exerted an excellent antioxygenation in chick
embryos as it alleviated the oxidative stress by high glucose treatment
[5]. However, whether it has an antioxygenation effect during embryo
development is unclear. In order to observe the antioxygenation
effect of edaravone during embryo development, we established a
new chronic oxidative damage model by injecting AAPH to chick
embryos in long-term.

Oxidative stress is a condition that an unbalance happens between
the oxidative system and antioxidant system. It involves in many
pathogenesis of diseases, including hypertension, cancer, diabetes
and Alzheimer’s disease [6]. During development, excessive reactive
oxide species do harm to the embryo. The cardiovascular system is
the earliest formed functional system, which is sensitive to oxidative

stress [7]. During the pregnancy period, pregnant women suffer
from emotional fluctuation, environmental pollution, life pressure,
improper diet and so on. Women are exposed to oxidative stress and
the fetuses are easily affected.

In this research, the chick embryo was chosen as the experimental
animal, as chick embryo is suitable for evaluating angiogenesis. The
chick embryo holds a wide range of advantages, with low cost and less
ethical arguments [8]. It is a classical development model where the
chick yolk sac and chorioallantoic membranes (CAMs) are extensively
used in research related to angiogenesis. Besides, the growth cycle of
chick embryo is short, where 21 days for chick embryo is similar to
10 months for human [9]. Moreover, it is a simple spinal biological,
whose growth process can be easily observed [10].

In order to mimic chronic oxidative stress exposed to human,
dihydrochloride (AAPH)
was repeatedly treated in a small dose. AAPH is an azo compound

2,2’-azobis[2-methylpropionamidine]

and completely dissolved in alkyl, peroxyl and alkoxyl radicals at
physiological temperature [11]. AAPH has been widely used to
study the mechanism of oxidative stress [12,13]. In our previous
experiments, the chick embryo on embryo development day (EDD)
9 was treated with a large dose of AAPH. After incubation for 24
hours, the chick embryo suffered from oxidative stress and the
cardiovascular system was affected [7]. Nevertheless, whether chronic
oxidative stress affects the development of embryos is still unclear. In
our study, AAPH was injected to chick embryos in long-term and the
development of chick embryo was observed.
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Materials and Methods
Animals and chemicals

Fertilized Leghorn eggs were provided by the Avian Farm
of the South China Agriculture University (Guangzhou, China).
AAPH was bought from Sigama-Aldrich (Saint Louis, Mo, USA).
Eda was the product of Sigama-Aldrich (Saint Louis, Mo, USA).
Sodium chloride, potassium chloride, sodium dihydrogen phosphate
and monopotassium phosphate were analytically pure and were
purchased from Aladdin Chemicals (Shanghai, China).

Experimental groups

Chick embryos were incubated in an egg’s incubator (Grumbach,
Wetzlar, Germany), at a temperature of 38 °C and a humidity of 70-
75%. On EDD 3, different concentrations of AAPH (0.25, 0.50, 1.00,
2.00, 4.00, 8.00, 16.00 pumol/egg) were injected to chick embryos.
In the control group, 0.72% sodium chloride was injected into the
albumen. On EDD 5, EDD 7 and EDD 9, chick embryos were treated
as the same as EDD 3.

In the following experiments, 0.50 pumol/egg was chosen as the
dosage of AAPH. The chick embryos were randomly divided into 3
groups, control group (0.72% sodium chloride), AAPH group and
AAPH plus Eda group, respectively. The number of embryos in every
group was more than 15. On EDD 0, the group of AAPH plus Eda
group was treated with Eda at a concentration of 1 nmol/egg. The
AAPH group and AAPH plus Eda group were treated with AAPH
at a concentration of 0.50 pmol/egg on EDD 3, EDD 5, EDD 7 and
EDD 9. The control group was treated with isopyknic 0.72% sodium
chloride.

Blood vessels density of CAMs and yolk-sac in
chick embryo

The shell of the eggs was removed and the chick embryo was
collected in a petri dish on EDD 6. At this moment, the embryos
and blood vessels were on the upper of the yolk, where it was easy
to observe the embryos and the blood vessels. Then the morphology
of the blood vessels was photographed. On EDD 10 and EDD 16, the
blunt end of eggs was taken down and the CAMs were adhered to
the egg shells. The morphology of the CAMs was photographed. The
areas occupied by the blood vessel were measured by Intel Integrated
Performance Primitives (IPP) [14]. The blood vessel density was the
percentage of area occupied by the blood vessels over the whole area
under the picture’s field [15].

The measurement of MDA content and SOD activity

The chick embryos were collected on EDD 10. Malondialdehyde
(MDA) content and superoxide dismutase enzymatic (SOD) activity
were detected by kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) according to the manufacturer’s instructions. MDA
contents were determined according to thiobarbituric acid (TBA)
method. The assay is based on the reaction of MDA with TBA,
forming an MDA-TBA adduct that is absorbed strongly at 532 nm.
The activity of SOD was detected by xanthine oxidase technique. NBT

is a reagent that absorbs superoxide and its color turns into purple.
The SOD enzymatic activity can be measured by absorbance value
(OD 450).

Statistical analysis

All data were shown as mean + SD. One-way ANOVA was tested
for differences among experimental and control groups for multiple
comparisons. Significance was determined by p-values less than 0.05.

Results
AAPH induced chick embryo growth retardation

In order to examine the influence of AAPH on the development
of chick embryo, different dosages of AAPH (0.25, 0.50, 1.00, 2.00,
4.00, 8.00, 16.00 pmol/egg) were treated to embryo on EDD 3 once
every two days. The chick embryos were sacrificed on EDD 10 and
the mortality increased after AAPH treatment. The LD, was 0.59
pmol/egg and the chick embryos died thoroughly when the dosage
was above 8.00 pmol/egg (Figure 1A). Meanwhile, when the dosages
of AAPH were more than 0.50 umol/egg, the weight of the whole
embryo declined obviously (Figure 1B), which indicated that AAPH
caused retarded growth. Therefore, 0.50 pmol/egg was selected as the
dosage of AAPH in the following experiments.

Eda improves the retarded growth caused by AAPH

When the chick embryo was exposed to AAPH at a concentration
of 0.50 umol/egg, the mortality was 43.00 + 7.55%. However, the
mortality of the embryos in Eda plus AAPH group was 24.33 +
4.04% (Figure 2A), suggesting that Eda improved the survival rate.
Meanwhile, Eda treatment significantly inhibited the decline in the
weight of chick embryo induced by AAPH treatment (Figure 2B).
Above results showed that Eda mitigated the retarded growth caused
by AAPH treatment.

Eda remits the damage of yolk-sac blood vessels
induced by AAPH

Chickembryo was putina petridish on EDD 6 and the morphology
of the blood vessels was photographed. As shown in Figure 3, AAPH
exposure group had reduced the density of blood vessels on yolk-
sac (Figure 3A, B) and Eda obviously reduced the damage caused by
AAPH treatment (Figure 3C). These images indicated that Eda had
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Figure 1: Mortality and embryonic weight after AAPH treated. A: the bar chart
was statistic from 3 independently experiments after AAPH treatment (n >
15). B: the statistic of embryonic weight (n = 6). “ p < 0.01.
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a protection against AAPH-impaired angiogenesis in the yolk sac of
the chick embryo.

Eda improves the damage of CAM blood vessels
induced by AAPH

On EDD 10 and EDD 16, the CAMs of chick embryo were
observed. As shown in Figure 4A, the primary, secondary, tertiary
vessels and their branches were clear in the control group on EDD
10 (2’ in Figure 4A) and EDD 16 (d’ in Figure 4A). However, the
blood vessels in the embryos of AAPH group were discontinuous and
unclear on EDD 10 (b’ in Figure 4A) and EDD 16 (€’ in Figure 4A).
After Eda treatment, the blood vessels were more clear, compared
to the blood vessels on EDD 10 (¢’ in Figure 4A) and EDD 16 (f
in Figure 4A) after AAPH treatment. The blood vessels density was
21.89 £+ 1.97% in control group. The density dropped to 8.04 + 1.31%
after AAPH treatment, while it was elevated to 17.64 + 5.55% by Eda
(Figure 4B) on EDD 10. In parallel, the density also sharply declined
in AAPH group compared with control group (14.26 + 2.17% vs.
27.56 £ 1.78) on EDD 16, which was significantly reversed by Eda
treatment (21.92 + 1.88%, Figure 4C).

Eda inhibited AAPH-induced oxidative damage

The whole embryo on EDD 10 was harvested to determine the
content of MDA and the enzymatic activity of SOD. MDA was a
typical substance which reflected the degree of lipid peroxidation.
Meanwhile, SOD was a representative enzyme of antioxidant system.
After AAPH treatment, the MDA content of the chick embryo was
dramatically elevated, while Eda significantly decreased MDA content
comparing with AAPH group (Figure 5A). In the meantime, AAPH
treatment significantly reduced SOD enzymatic activity, which could
be suppressed by was Eda treatment (Figure 5B).

Discussion

Increased ROS production in vascular has been related to
various cardiovascular diseases, including hypertension [16]. Many
reports show that immoderate ROS involves in the formation of
vascular diseases [17,18]. However, few reports figured out whether
excess ROS in the placenta influenced the cardiovascular system of
the embryo. In our study, AAPH was used to establish a chronic
oxidative damage model in chick embryo to mimic oxidative damage
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Figure 2: Mortality and embryonic weight after AAPH and Eda treated. A:
Eda reduced mortality which caused by AAPH. The bar chart was statistic
from 3 independently experiments after AAPH treatment (n > 15). B: Eda
remitted growth retardation (n =6). “p <0.01; " p < 0.05; #p < 0.01;#p < 0.05.
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Figure 4: Representative photos and blood vessel density statistic of CAMs
on EDD 10 and EDD 16. A: representative photos of CAMs on EDD 10 and
EDD 16. B, C: the statistic of density of vessel on EDD 10 (B) and EDD 16 (C)
(n=6)."p<0.01;#p<0.01;*p <0.05.
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Figure 5: MDA concentration and SOD enzymatic activity after AAPH and
Eda treated. ” p < 0.01; # p < 0.01.

in the human embryo. There are two sets of the extraembryonic
circulation system in the chick embryo, the CAM vascular circulation
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system and the yolk sac circulation system. The CAM is widely used
in studying angiogenesis, drugs delivery, toxicologic analysis, tissue
grafts, tumor growth, metastasis and so on [19]. CAM is important
in the development of chick embryo, which carries oxygen as well as
nutrients to chick embryos. During the entire phase of embryogenesis,
the nutrient is supported by the yolk sac of the avian embryo for its
development, as the placenta in mammals [20].

In our previous published study, the chick embryo on EDD 9
was treated with AAPH. The embryos were obtained on EDD 10 and
the LD, of AAPH treatment was 10.00 pmol/egg [7]. In the present
study, the LD, of AAPH treatment was 0.5 pmol/egg. The reasons
accounting for this difference may be due to distinct treatment time
pointsand frequency. The embryos were more sensitive to stimulations
on early stage, so that the dose of AAPH in our previous research
was much higher. In our study, AAPH caused growth retardation,
reflected by the reduced weight of chick embryo. The employment
of antioxidant Eda obviously mitigated this condition. Meanwhile,
AAPH reduced the blood vessels density of the yolk sac. Apart from
yolk sac, the blood vessels density of the CAM dramatically decreased
after the exposure of AAPH. Promisingly, Eda treatment prevented
the reduction of blood vessels density on CAM and yolk sac. The
influence of AAPH on embryo growth probably was related to the
abnormal angiogenesis in the chick embryo, which still needs more
evidences in the future.

Further, we found that Eda administration prevented the AAPH-
induced increase of MDA content and decreased of SOD activity in
the chick embryo. It can be inferred that Eda exerted an extraordinary
effects on protecting angiogenesis and embryo growth was through
its anti-oxidative effects. As chick embryo is more similar to living
animals with little ethical arguments, it is an ideal model for evaluating
the effects of antioxidants on oxidative damage-induced angiogenesis
and growth retardation.

Conclusion

In this model, embryo development and angiogenesis were
heavily affected by AAPH.

The yolk-sac blood vessels density dramatically declined on
EDD 6 and CAM blood vessels density also decreased on EDD 10 or
EDD 16. Eda alleviated the growth retardation and anti-angiogenesis
induced by AAPH. After AAPH treatment, the MDA content
increased and SOD enzymatic activity declined which was mitigated
by Eda. Overall, our research revealed that AAPH induced embryonic
anti-angiogenesis through oxidative damage and Eda alleviated the
damage, which may be helpful for future clinical studies.
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