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The dose-dependent antiangiogenic potential
of apixaban: an experimental outlook

Apixaban'in Doza Bagli Antianjiyojenik Potansiyeli: Deneysel Bir Bakis
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ABSTRACT

Aim: Direct oral anticoagulants (DOACs) are good alternatives to conventional
medical regimens for the treatment and prevention of thromboembolism. Apixaban
is one of the more popular variations of these newly developed drugs. Aside from its
anticoagulant potential, possible cellular effects remain a topic for future studies. The
object of this study was to investigate the possible antiangiogenic effects of apixaban
in the chorioallantoic membrane (CAM) model.

Method: Drug pellets were prepared at 10-4, 10-5, and 10-6 M concentrations of
apixaban and were placed in the chorioallantoic membrane on the fourth day of
egg incubation. On the eighth day, all vascular densities of the membranes were
compared with a 10-6 M concentration of bevacizumab, which is a known monoclonal,
humanized, vascular endothelial growth-factor inhibitor.

Results: We find that a 10-4 M concentration of apixaban has strong antiangiogenic
potential similar to that of bevacizumab. However, there was moderate antiangiogenic
potential at a lower dose of apixaban (10-5 M, 10-6 M). A comparison of the higher
doses of antiangiogenic potential (10-4 M concentration) with lower doses of
apixaban (10-5 M, 10-6 M) revealed significant statistical differences (p < 0.05).
Conclusion: Our results indicate that a high dose of apixaban has strong
antiangiogenic potential. The exact mechanism of this effect remains unknown.
These pilot results should be confirmed with further studies to obtain an updated
look at DOACs.
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Amag: Direkt oral antikoagilanlar (DOAK'ar), tromboembolizmin tedavisi ve
onlenmesiigin geleneksel tibbi rejimlere iyi alternatiflerdir. Apixaban, bu yeni gelistirilen
ilaglarin daha popdiler varyasyonlarindan biridir. Antikoagulan potansiyelinin yani sira,
olasi hiicresel etkiler gelecekteki calismalarin konusu olmaya devam etmektedir. Bu
calismanin amaci, korioallantoik membran (CAM) modelinde apiksaban'in olasi
antianjiyogenik etkilerini aragtirmakti.

Yontem: Apixaban'in 10-4, 10-5 ve 10-6 M konsantrasyonlarinda ilag peletleri
hazirlandi ve yumurta inkiibasyonunun dérdiincti gliniinde korioallantoik membrana
yerlestirildi. Sekizinci glinde, membranlarin tim vaskiiler yogunluklari, bilinen bir
monoklonal, insanlastiriimis, vaskiler endotelyal blyiime faktori inhibitorii olan 10-6
M'lik bir bevacizumab konsantrasyonu ile karsilastirildi.

Bulgular: 10-4 M apiksaban konsantrasyonunun, bevacizumabinkine benzer guigli
bir antianjiyogenik potansiyele sahip oldugunu bulduk. Bununla birlikte, daha dustk
bir apiksaban dozunda (10-5 M, 10-6 M) orta diizeyde antianjiyogenik potansiyel
vardi. Daha yiksek antianjiyogenik potansiyel dozlarinin (10-4 M konsantrasyon)
daha disik dozlarda apiksaban (10-5 M, 10-6 M) ile karsilastirimasi, 6nemli
istatistiksel farkliliklar ortaya cikardi (p <0.05).

Sonug: Sonuglarimiz, yiiksek doz apiksaban'in giiglii antianjiyogenik potansiyele
sahip oldugunu gostermektedir. Bu etkinin kesin mekanizmasi bilinmemektedir.
Bu pilot sonuglar, DOAK'lara yeni bir bakis elde etmek icin daha ileri calismalarla
dogrulanmalidir.
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INTRODUCTION

nticoagulation is an important step in the

treatment of prothrombotic disorders.
Heparin and its derivatives are good solutions that
can be administered via an invasive route (e.g.,
subcutaneous or intravenous) [1,2]. However,
oral anticoagulants are better suited for daily use
by patients. Warfarin, the most widely used oral
anticoagulant in the world [3], requires routine
dose management with blood tests to calculate the
international normalized ratio (INR); additionally,
interactions with various types of drugs and foods
limit the use of this oral medication [4,5]. The side
effects associated with the use of once-popular
anticoagulant drugs have prompted recent
investigations, resulting in the development of
more safe and effective anticoagulant drugs. Thus,
new anticoagulants have been developed that can
be administered orally and without the need for
routine blood tests to determine a dose range
[3,6]. Apixaban, one of the recently developed oral
anticoagulants, produces an anticoagulant effect
by inhibiting the factor Xa directly, in reversible,
competitive, and selective ways. Apixaban is
metabolized in the liver and contraindicated for
combined used with CYP3A4 inhibitors [7,8].

According to previous reports, the antiangiogenic
properties of factor Xa inhibitors depend on the
dose administered. Initially, some studies claimed
that the prolonged survival of cancer patients who
were administered unfractionated heparin could be
associated with the stimulation of antiangiogenic
mechanisms [9-11]. Also, recent reports have
suggested that apixaban is superior to low
molecular weight heparin (LMWH) in protecting
against cancer-related thrombotic events and other
prothrombotic events [12,13]. In the current study,
we investigated the antiangiogenic properties of
apixaban in the chorioallantoic membrane (CAM)
model and completed a review of the relevant
literature.

MATERIAL AND METHODS

The model used in this study was designed in
accordance with previous studies that have
evaluated the antiangiogenic properties of drugs
in the CAM model [9-11,14,15]. Ethical approval
was not required due to the in-vitro design of
study.

Group Creation

In the negative control group (used to evaluate
drug-free pellets on chick embryos alone), drug-
free pellets were administered to twenty eggs.

In the positive control group (used to determine
a standard antiangiogenic base via the use of a
well-known antiangiogenic drug), bevacizumab-
embedded pellets were administered to twenty

eggs.

The study groups (used to compare the
antiangiogenic potential of apixaban having
different concentrations) consisted of three
apixaban-embedded pellet groups having different
concentrations (10-4 M, 10-5 M, 10-6 M), and
twenty eggs were used to examine the evolution
of each concentration (in total, sixty eggs were
used in the study groups).

Preparation of Pellets

The preparation of pellets was implemented
as described in previous studies [9-11,14,15].
Agarose with a 2.5% weight of total volume was
composed by mixing agarose (Merck, Darmstadt,
Germany) and distilled water; the solution was
then heated in an autoclave for sterilization and
placed in sterile containers for cooling, after which
the selected drugs were added. A single pellet
group embedded with bevacizumab (Avastin™;
Roche, Grenzach, Germany), used to create the
positive control group, was prepared at a 10-6 M
concentration, and three pellet groups embedded
with apixaban (Eliquis™; Bristol-Myers Squibb,
New York, USA), used to create the study groups,
were prepared at concentrations of 10-4 M, 10-5
M, and 10-6 M. Primarily, 10 IU concentrations of
drug pellets were prepared with the addition of 1
mL of the selected drug to the cooled agarose, and
consecutive serial 1 1U/10 ul dilutions were applied
to reach each targeted molar (M) concentration.
After reaching the expected concentrations, 10
pl of drops were prepared with micropipettes for
application to each egg.

Preparation of the chorioallantoic membrane
(CAM) model

The CAM model was designed in accordance
with procedures described in the literature [9-
11,14,15]. The shells of fertile eggs (Ross 308)

Acta Medica Alanya 2022:6:2 180



Akkaya O et al. Apixaban and Angiogenesis

were cleaned with alcohol-soaked gauze and
placed inside incubators for embryonic growth
at a controlled humidity (~80%) and temperature
(~37.5 °C). Up to the fifth day of incubation,
eggs were rotated periodically to achieve central
placement of the embryos; rotation was stopped
before starting the study protocol (Image 1.A, B).
The eggs were cleaned with alcohol again, and a
syringe was used to draw 5 ml of whole-egg liquid
from the oval tip of each egg (Figure 1.C); the hole
was created at the sharp tip of each egg with micro
forceps (Figure 1.D), and the development of the
chick embryos was evaluated via the egg holes
(Figure 1.E1, E2). Immature eggs were excluded
from the study. Eggs determined as mature were
then separated into groups (twenty eggs in each
group), and sterile pellets were inserted through
the egg holes. The hole of each egg was sealed
with a sterile surgical drape and again placed
inside the egg incubator. The eggs were controlled
on the eighth day of incubation, and angiogenesis
was scored (Figure 1.F) as described in previous
reports.

Figure 1. The steps in study protocols: A. Cleaning eggs with alcohol,
B. Placement of each egg, C. Withdrawing albumin with syringe, D.
Opening a hole with micro forceps, E.1-E.2. Evaluation of maturity in
each egg via the egg hole, F. Scoring of anti-angiogenesis (score x2)

The pellets placed in chorioallantoic membranes
were scored under light microscopy as described
in previous reports on the surrounding capillary
density of pellets (Figure 1.F). The degree of
inhibition was recorded as follows [16,17]:

A normal surrounding capillary bed indicates
a score of 0; slight (indistinct) changes in the
capillary bed indicates a score of 0.5; decreased
surrounding capillary bed density (less than twice
of the pellet diameter) or a small, avascular free
zone that surrounds the pellet indicates a score
of 1; an extensive avascular free zone around
the pellet (greater than twice the pellet diameter)
indicates a score of 2.

After recording each score for each egg, an
average score was calculated for each group
as follows: twice the “score 2” number of eggs
was added to the total “score 1” number of eggs
egg number and divided into the total number
of eggs in each group. An average score of 0.5
or lower indicates no antiangiogenic effect, an
average score between 0.5 and 1 indicates a mild
antiangiogenic effect, and an average score of >1
indicates a strong antiangiogenic effect [16,17].

Statistical Analysis

The statistical data of the scores were obtained
with the Mann-Whitney U test and the Kruskal-
Wallis one-way analysis. The antiangiogenic
property was considered to be statistically
significant for a p-value < 0.05.

RESULTS

The average antiangiogenic scores are
summarized in Table 1. A comparison between
the study groups and the positive control group
(bevacizumab, 10-6 M concentration) revealed
similar antiangiogenic effects in the 10-4 M
concentration of apixaban (p = 0.367). However,
there were statistical differences between the
positive control group and the 10-5 M concentration
apixaban (p = 0.017) and 10-6 M concentration
apixaban (p = 0.001) groups.

The apixaban groups (10-4 M, 10-5 M, and 10-6
M concentrations) were statistically similar when
compared each other (p = 0.053). However,
there was a significant difference between
the 10-4 M concentration apixaban group and
the 10-6 M concentration apixaban group (p =
0.019). The distribution of antiangiogenic scores
is demonstrated as a scatter graphic which is
presented in Figure 2.
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Table 1. Average antiangiogenic scores of drug groups

Groups Number of eggs (with | Average Scores
0,0.5, 1, and 2 scores)
Bevacizumab 10° M | 1 with “0.5” score 1.4
(n:20) 10 with “1” score (strong
9 with “2” score antiangiogenic effect)
Apixaban 10+ M 3 with “0.5” score 1.2
(n:20) 10 with “1” score (strong
7 with “2” score antiangiogenic effect)
Apixaban10° M 5 with “0.5” score 0.9
(n:20) 12 with “1” score (mild antiangiogenic
3 with “2” score effect)
Apixaban 10° M 1 with “0” score 0.6
(n:20) 6 with “0.5” score (mild antiangiogenic
12 with “1”score itz
1 with “2” score

Antiangiogenic Scores

0% M
Benacizumal

Figure 2. Comparison of antiangiogenic scores in bevacizumab and

apixaban groups
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We found that bevacizumab at a concentration
of 10-6 M has similar antiangiogenic effects
(strong antiangiogenic effects) to apixaban at
a concentration of 10-4 M. On the other hand,
apixaban has mild antiangiogenic effects at lower
concentrations (10-5 M and 10-6 M). Based
on our current knowledge, the present study is
unique in that it used an experimental approach to
investigate the antiangiogenic effects of different
molar (M) concentrations of apixaban.

Anticoagulant drugs are important for the
protection and treatment of cardiovascular
thrombotic events. Conventional unfractionated
heparin, low molecular weight heparin (LMWH)
and vitamin K antagonists (e.g., Coumadin),

which require blood-clotting test monitoring for
determining sufficient or optimal dosages relative
to body weight, are used in the management
of these kinds of disorders. On the other hand,
invasively applied heparin and LMWH (i.e.,
subcutaneous and intravenous), are negatively
affecting patients’ compliance and comfort [1-5].

The above-mentioned issues have led to the
development of new strategies in the treatment
or prophylaxis of thrombotic disorders. Therefore,
new anticoagulants have been developed that are
administered orally and do not require blood-clot
test monitoring [6,7]. Rivaroxaban, dabigatran,
apixaban and edoxaban are the most common
examples of these types of newly developed
drugs. Numerous studies have compared
the anticoagulant effects of these drugs with
conventional medical therapies, and most have
reported favourable results with direct oral
anticoagulants (DOACs) [6,7]. However, other
systemic effects remain an important topic for
future study to gain an understanding of the long-
term efficacy and safety of these new drugs [18].

The most recent studies have focused on
the angiogenic and vasculogenic effects of
anticoagulants. Bevacizumab, which is a type of
immune globulin G1 (IgG1), has been recently
used to compare the antiangiogenic effects of
drugs. It is well-known that Bevacizumab inhibits
the activity of the vascular endothelial growth
factor-A (VEGF-A) by binds with VEGF-A (forming
large molecule) and preventing the binding of their
receptors. Thus, bevacizumab shows a marked
antiangiogenic effect and is indicated for use as an
antitumor agent [19]. Previously published studies
have reported that unfractionated heparin and
its derivatives exerted significant antiangiogenic
effects in the CAM model. These studies have
compared the antiangiogenic effects of heparin
and LMWH with bevacizumab in the CAM model.
For instance, Katrancioglu et al. claimed that
heparin showed strong antiangiogenic effects
while the antiangiogenic effects of LMWH have
been reported as dosage-dependent [10]. In
contrast, Rema et al. suggested that heparin has
pro-stimulant effects on angiogenesis in the CAM
model [20]. In studies investigating the underlying
mechanism of the anti-angiogenesis potential of
anticoagulants, it was claimed that the possible
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antiangiogenic effects of heparin derivatives
can be dependent on the inhibition of VEGF
expression via the binding of the tissue factor
pathway inhibitor, which is a type of factor Xa
inhibitor [21]. Rivaroxaban was also investigated
in relation to angiogenesis in experimental models.
It was claimed that rivaroxaban might promote
neovascularization in hyperglycemic conditions
in an animal model [22]. In contrast, in another
study using the CAM model, it was found that
rivaroxaban has dose-dependent antiangiogenic
activity [11]. A potential action mechanism for
the inhibition of angiogenesis was proposed
by Liu et al.,, who stated that “Rivaroxaban
(factor Xa inhibitor) might suppress coagulation-
induced angiogenesis, which is related with
ischemia during cellular growth in cancer cells or
thrombosis [18]. Apixaban, also a type of factor
Xa inhibitor, has similar effects to rivaroxaban
[23]. In this context, Guasti et al. investigated the
in vitro effects of apixaban in cancer cell lines and
found that apixaban-treated cancer cells exerted
a reduced migration capacity; additionally, it
was shown that apixaban had dose-dependent
antiproliferative effects [24]. Guasti et al. claimed
that their study was the first study on high doses
of this direct FXa inhibitor treatment on cancer cell
lines. The authors suggested that this potential
activity could be related to increased apoptosis
in cell lines [25]. Taken together, Guasti et al.’s
results could partially explain the results of the
present study, and it is reasonable to assume that
the antiangiogenic potential of apixaban could
be related to dosage-dependent apoptotic and
antiproliferative effects. Interestingly, we also have
found that apixaban showed great antiangiogenic
potential as many VEGF inhibitor agents in high
doses. The other possible mechanism for the
antiangiogenic potential of apixaban could relate
to suppressed coagulation-induced angiogenesis,
including the inhibition of factor Xa. From another
of point of view, apixaban could also inhibit the
VEGF expression via the binding of the tissue
factor pathway inhibitor in the growth of embryos
which has properties similar to a tumor growth.

Limitations of the study: There are several
limitations of the present study. First, the CAM
model is used to evaluate the vascular density
without explaining cellular mechanism. Second,
CAM is accepted as an in vitro model although it is

a part of embryogenesis. Relatedly, current results
are reflective of rudimentary findings indicating to
the weakness of the study model.

CONCLUSION

Our results suggest that apixaban exerts dose-
dependent antiangiogenic potential. However,
the literature contains conflicting results about
other factor Xa inhibitors, including their exact
mechanism of action. Therefore, these results
should be confirmed via further investigations and
the potential mechanism of action needs to be
clarified with cell studies.
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