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ABSTRACT

Aims: This study aims to reveal the effects of acyclovir on angiogenesis and to assess the experimental doses. Methods: In the study, the chick chorioallantoic 
membrane model was used as an experimental model. Forty fertilized eggs were kept at 85-90% relative humidity, below 37°C until the fifth day post-fertil-
ization, when the vessels in the chick chorioallantoic membrane model appeared and the drugs were applied. Four different concentrations of acyclovir were 
chosen to determine the mode of action and dose dependence: 3.55 mg/mL, 7.1 mg/mL, 14.2 mg/mL, and 28.4 mg/mL. Each of the 1 mL total acyclovir 
concentrations were applied to the chick chorioallantoic membrane surfaces. The chick chorioallantoic membranes treated with sterile distilled water were 
designated as controls. Eight eggs were used for each test group. After applying the drug, all the eggs were covered with transparent tape and kept under the 
same conditions throughout the experiment. The results were evaluated 48 hours after the drugs were administered and the results were recorded with a digital 
camera. Results: In our study, it was observed that 3.55 mg/mL acyclovir concentration shows the reduced density of capillaries around the pellet and no change 
in the number of capillaries. Both 7.1 mg/mL and 14.2 mg/mL concentrations of acyclovir caused a local reaction that was restricted to the membrane and it 
was attributed to local crystallization reaction. The concentration of 28.4 mg/mL had a toxic effect on the eggs. Conclusion: In this study, it was found that 
acyclovir has a very weak anti-angiogenic effect dose-dependently at the concentrations used. Considering that an observational model was used in our study, 
quantitative studies are needed for assessing anti-angiogenic effects in the future. There is also a need for further studies to elucidate the effects of acyclovir on 
vascular endothelial growth factor level and which stage of the angiogenesis-related process it is specifically effective on. Keywords: Angiogenesis, acyclovir, 
chorioallantoic membrane, endothelial cells

INTRODUCTION

 Acyclovir (acycloguanosine) is an antiviral drug that inhibits 
DNA synthesis and viral replication. In doing so, its toxicity to host 
cells is low, and its concentration in herpes simplex virus (HSV)-in-
fected cells are 40-100 times higher than in normal cells (1, 2). Acy-
clovir is available in oral, topical, and intravenous forms. It is used 
for HSV-1, HSV-2, and varicella-zoster virus (VZV) infections that 
can cause herpetic keratitis, herpetic encephalitis, and genital her-
pes (3, 4). Acyclovir is still the gold standard treatment today for 
HSV infections (5). In addition to treatment, acyclovir prophylaxis 
also plays an important role in medicine (6, 7). However, it has been 
shown in the literature that acyclovir acts by increasing apoptosis in 
some cancer lines (8, 9). This situation paves the way for studies on 
the use of acyclovir in different treatment protocols.
 Angiogenesis is defined as the formation of new capillaries 
from existing capillaries. It plays a role in many physiological pro-
cesses such as wound healing, growth, and development of organs, 
and takes a part in pathological processes like cancer development. 
Chick chorioallantoic membrane (CAM) assay is an experimental 
model that is generally used to study in vivo angiogenesis, tumor 
cell invasion, and metastasis (10). 
 As an antiviral drug, acyclovir has been studied in other areas 
besides HSV and VZV. However, studies investigating its effect on 
angiogenesis are insufficient. In this study, we aim to examine the 

effect of acyclovir on angiogenesis using the chick CAM model with 
four different concentrations.

MATERIAL AND METHODS

 The CAM model was used in our study. CAM model is fre-
quently used in studies due to its low cost, easy use, and real-time 
visualization of the model (11). In our study, 40 fertilized eggs of 
chicken were purchased from a poultry institute in Ankara, Tur-
key. Eggs were kept in an incubator at 37 °C and 85-90% relative 
humidity for five days before drug application. Incubated eggs were 
confirmed after vascularization appeared on CAM. To open a small 
window in the egg, the upper part of the eggshell is peeled without 
damaging the embryonic structures. Acyclovir (Zovirax 250 mg; 
GlaxoSmithKline) for intravenous administration was diluted with 
distilled water. Four different concentrations of acyclovir were cho-
sen to determine the effectiveness, dose-dependency, and toxicity.
 In human pharmacokinetic studies, when acyclovir (Zo-
virax) was administered at a dose of 5 mg/kg, its Cssmax was 
9.8 mcg/mL, its Csstrough was 0.7 mcg/mL; when administered at 
a dose of 10 mg/kg, its Cssmax was found to be 22.9 mcg/mL, and 
its Csstrough as 1.9 mcg/mL according to the United States Food 
and Drug Administration (12). Doses were determined in the study 
to cover the therapeutic range in humans. For this purpose, acyclo-
vir was administered to the eggs at concentrations of 3.55 mg/mL, 
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7.1 mg/mL, 14.2 mg/mL and 28.4 mg/mL, respectively. Eight eggs 
were used for each test group. 50 μL aliquots of 1 mL total acyclo-
vir concentrations were applied to the CAM surfaces. The control 
group was treated with distilled water only. After applying acyclo-
vir, all the eggs were covered with paraffin film to prevent dehydra-
tion and placed back in the incubator. All eggs were kept under the 
same conditions throughout the experiment.
 The results were evaluated 48 hours after the medications were 
administered, as advised by standard CAM experiment protocols 
(11). Visualization of blood vessels was recorded with a digital cam-
era (Konica Minolta, Tokyo, Japan). The reduced density of capil-
laries around the drug application area was considered as an indi-
cator of the anti-angiogenic effect (13, 14). A scoring system used 
in many previous studies was used to evaluate the anti-angiogenic 
effects (Table 1) (15, 16).

RESULTS

 Two days after the application of acyclovir solutions, the vascu-
lar network of the treated area of the membrane presented several 
macroscopic changes compared to the untreated areas of egg mem-
brane, as untreated areas can be observed in Figure 1.
 In the area applied at the concentration of 3.55 mg/mL, there 
was reduced macroscopic density, and no increase in the number of 
capillaries was observed (Figure 2).  Physiological angiogenesis was 
observed in the areas where acyclovir was not applied. This obser-
vation was assessed on a score of 0 to 0.5 which means a very weak 
anti-angiogenic effect (Table 1). At the concentrations of 7.1 mg/mL 
and 14.2 mg/mL, we were unable to interpret any anti-angiogenic 
or angiogenic effects due to local reaction (Figure 3, Figure 4). 

 A toxic effect was detected in the application area with sur-
rounding vascular structure at the concentration of 28.4 mg/mL 
(Figure 5). It was concluded that the concentration of 28.4 mg/mL 
acyclovir is the toxic dose to eggs because all eight eggs treated with 
28.4 mg/mL showed global toxic effects as the membrane structures 
were destroyed.

Table 1: Scoring system for the evaluation of the anti-angiogenic 
effects on chick chorioallantoic membrane model (15, 16).

Score Effects observed

0: No effect -None

0.5: Very weak effect -No capillary-free area

-Area with reduced density of capillaries 
around the pellet not larger than the area 
of the pellet

1: Weak to medium effect -Small capillary-free area or area with sig-
nificantly reduced density of capillaries

-Effects not larger than double the size of 
the pellet

2: Strong effect -Capillary-free area around the pellet at 
least double the size of the pellet

Figure 1: Images of capillary plexus of the CAM treated with ster-
ile distilled water. A: Image recorded at day 0 (five-day-old chick 
embryo). B: Image recorded after the administration of the sterile 
distilled water as a control (seven-day-old chick embryo).

Figure 2: Images of capillary plexus of the CAM treated with 3.55 
mg/mL. A: Image recorded at day 0 (five-day-old chick embryo). 
(The white arrows show the boundaries of the area affected by the 
applied substance.) B: Image recorded after the administration of 
the drug (seven-day-old chick embryo). Minimal to moderate re-
duced density of capillary can be seen. But the other areas other 
than pellet shows physiologic angiogenesis with increased density 
of capillaries and sprouting of vessels (The white arrows show the 
boundaries of the area affected by the applied substance).

Figure 3: Images of capillary plexus of the CAM treated with 7.1 
mg/mL. A: Image recorded at day 0 (five-day-old chick embryo). 
(The white arrows show the boundaries of the area affected by the 
applied substance.) B: Image recorded after the administration of 
the drug (seven-day-old chick embryo). The local crystallization 
reaction made observational evaluation difficult (The white ar-
rows show the boundaries of the area affected by the applied sub-
stance).

Figure 4: Images of capillary plexus of the CAM treated with 14.2 
mg/mL. A: Image recorded at day 0 (five-day-old chick embryo). 
(The white arrows show the boundaries of the area affected by the 
applied substance.) B: Image recorded after the administration of 
the drug (seven-day-old chick embryo). The local crystallization 
reaction made observational evaluation difficult (The white ar-
rows show the boundaries of the area affected by the applied sub-
stance).
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Figure 5: Images of capillary plexus of chick CAM treated with 
28.4 mg/mL. A: Image recorded at day 0 (five-day-old chick em-
bryo). (The white arrows show the boundaries of the area affected 
by the applied substance.) B: Image recorded after the administra-
tion of the drug (seven-day-old chick embryo). Global toxicity can 
be seen (The white arrows show the boundaries of the area affected 
by the applied substance).

DISCUSSION

 Angiogenesis is the generation of new vessels from existing 
vessels. It occurs physiologically or pathologically in the body (17). 
CAM is a simple and in vivo model that is suitable for showing 
whether a substance is angiogenic or anti-angiogenic. Being able 
to perform the assay and make an observation by directly accessing 
the membrane is one of the advantages of the CAM model, but also 
it is more physiological than in vitro models (18). Besides its sim-
plicity, it is a great advantage of the CAM study that the fertilized 
egg does not require ethical approval until it reaches 14 or 17 days 
of development in most countries (19). However, quantification of 
angiogenesis is usually not easy as it is based on visual observation.
 Acyclovir is an antiviral drug used in HSV-1, HSV-2, and VZV 
infections (3, 4). However, publications show that acyclovir has an 
antiproliferative effect in cancers, such as breast cancer, leukemia, 
and glioblastoma multiforme (8, 9, 20). In the study by Shaimerde-
nova et al. (8), it was found that acyclovir decreased cell prolifera-
tion and increased apoptosis in the MCF7 breast cancer cell line. 
Due to this feature, it has been stated that acyclovir can be used in 
the treatment of breast cancer. In the study of Benedetti et al. (9) 
on leukemia cell lines, it was determined that acyclovir increased 
apoptosis in Jurkat (acute T-cell leukemia), U937, and K562 leuke-
mia cell lines, and it was stated that it could be used together with 
chemotherapeutic drugs in the treatment. In the study of Kominsky 
et al. (20), it was revealed that the antiproliferative effect of acyclo-
vir in glioblastoma multiforme cell lines is higher than in normal 
human astrocyte cell lines. Based on these studies, it was investigat-
ed whether acyclovir has an effect on angiogenesis in tumor cells. 
In the literature review, Lu et al. (21) found that acyclovir decreased 
the expression level of vascular endothelial growth factor and vas-
cular endothelial growth factor receptor 2 in mouse renal cells. 
Even though there are studies investigating acyclovir’s effects on 
cancer cell lines as discussed above, there has been a lack of studies 
conducted in current literature investigating the effect of acyclovir 
on angiogenesis (22, 23). From this point of view, we examined the 
effect of acyclovir on angiogenesis in the CAM model. In our study, 
acyclovir was applied at different concentrations. As a result of the 
experiment, toxic effects were observed in CAM models adminis-
tered at 28.4 mg/mL, while very weak anti-angiogenic effects were 
observed at a concentration of 3.55 mg/mL. The crystallized mem-
branes observed at the concentration of 7.1 mg/mL and 14.2 mg/
mL have been attributed to local crystallization reaction, which is 
also a well-known side effect of acyclovir, mentioned in literature 
as acyclovir induced crystal nephropathy (24). The local hyperos-
motic reaction is a known disadvantage of the CAM model. It is 

known that certain substances in the form of salt crystals can cause 
hyperosmotic damage to the CAM membrane (25). It should be 
remembered that this reaction may occur in further CAM studies 
with acyclovir, and the assay should be planned accordingly.
 The limitations of our study were that the study was conducted 
in an observational model and therefore its effect on angiogenesis 
was not examined with quantitative methods or at the gene level. 
However, a scoring system was used regarding the very weak an-
ti-angiogenic effect of acyclovir (Table 1). Also, the anti-angiogenic 
effect needs to be confirmed by conducting studies on factors such 
as vascular endothelial growth factor gene level, or in vitro cell cul-
ture models as well as in vivo models (24). 
 We recommend that those who will study acyclovir on the 
CAM model in the future uses doses less than 7.1 mg/mL due to 
both the local non-specific reactions of the CAM model and the 
known crystallization reaction of acyclovir.  In addition, increasing 
the number of eggs used in CAM experiments between 3.55 mg/
mL and 7.1 mg/mL acyclovir doses will facilitate the observational 
evaluation of the study. On a further note, the amount of the sys-
temically administered dose of acyclovir reaching the area where 
the corresponding tissue is located will be responsible for the tar-
geted antiangiogenic effect in cancer treatments. The amount of the 
administered dose does not reach this area completely. Therefore, 
the doses administered in this study are not necessarily the doses 
for the antiangiogenic effect in humans, they correspond to higher 
doses in this study. These doses should be assessed in microgram/
mL to further understand the therapeutic concentrations reaching 
the exact affected area for humans.
 In conclusion, we observed very weak anti-angiogenic effects of 
acyclovir on the CAM model at a concentration level. It is known 
that anti-angiogenic agents can cause positive effects by disrupting 
tumor neovascularization (26). Some publications concluded that 
acyclovir has an antiproliferative effect on breast cancer, leukemia, 
and glioblastoma multiforme (8, 9, 20). Extensive studies are need-
ed on whether acyclovir can be used as adjuvant therapy in cancer 
treatment. Further studies are also needed to study the different po-
tential effects of acyclovir on angiogenesis and perform quantitative 
analysis.
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