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Effects of Gold Nanoparticles on Angiogenesis in A Chick
Chorioallantoic Membrane Model
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ABSTRACT

Objective: Today, nanotechnology is widely used in many fields
because of its ability to alter the structure of molecules at the
atomic level. Metallic nanoparticles attracted great attention
from researchers because of their unique properties. Based on the
notable features of gold nanoparticles (AuNPs), they have long been
evaluated as a potential diagnostic tool for several cancers and for
drug delivery applications. Angiogenesis is the development of new
vessels that support embryonic up growth and critically modulate
many biological processes through adulthood. The inhibition
of angiogenesis causes regression of development and metastasis
of malign tumours. In this study we aim to examine the effects
of AuNPs on angiogenesis in an iz wvivo chick chorioallantoic
membrane (CAM) model.

Methods: We applied 20 mL concentrations of AuNPs solution to
24 eggs of the CAM on the fifth day. After then, we evaluated results
macroscopically on the 6™ and 7® days.

Results: In our study, we observed that AuNPs induced angiogenesis.
Conclusion: We suggest that AuNPs may not be ideal nanoparticles
to make biosensors due to increasing angiogenesis during the course
of cancers.

Keywords:  Angiogenesis, chorioallantoic  membrane,  gold
nanoparticles, cancer

oz

Amag: Giiniimiizde nanoteknoloji, atom yapisindaki molekiillerin
yapisint  degistirme kabiliyeti nedeniyle bircok alanda yaygin
olarak  kullanilmaktadir. Metalik nanopartikiiller, ~benzersiz
ozellikleri nedeniyle arastirmacilardan biiyiik ilgi gérmiistiir. Alun
nanoparcaciklarin (AuNP) belirgin 6zelliklerine dayanarak, uzun
zamandir birgok kanserin teshisi ve ilag verme uygulamalari i¢in
potansiyel bir ara¢ olarak degerlendirilmistir. Yeni damarlarin
gelisimi olan anjiyogenez, embriyonik biiytimeyi destekler ve
yetiskinlik dénemindeki birgok biyolojik siireci kritik bir sekilde
diizenler. Anjiyogenezin inhibisyonu, gelisme regresyonuna ve
malign tiimérlerin metastazina neden olur. Bu calismada AuNP’lerin
in vivo civciv koryoallantoik membran (CAM) modelindeki
anjiyogenez iizerindeki etkilerini incelemeyi amagladik.

Yontemler: Besinci giin yirmi dért yumurtanin CAM’ye 20 mL

konsantrasyonda AuNP ¢ozeltisi uyguladik. Ardindan 6. ve 7.
giinlerde makroskopik olarak sonuglart degerlendirdik.

Bulgular: Calismamizda AuNP’lerin anjiyogenez olusturdugunu
gozlemledik.

Sonug: AuNP’lerin kanser seyri sirasinda artan anjiyogenez
nedeniyle  biyosensér  yapiminda  ideal  nanoparcaciklar
olamayabilecegini diisiiniiyoruz.

Anahtar Sézciikler: Anjiogenez, korioallantoik membran, alun
nanopartikiilleri, kanser
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Introduction

Nanotechnology is the engineering of very small structures
having a size of 0.1 to 100 nm that are called “nanoparticles”
(NDPs). Nanotechnology means any technology that uses things
on a nanometre scale and has real-world applications. Today,
nanotechnology has been extensively used in many areas thanks
to its ability to alter the structure of atomic molecules. Metallic
NPs attracted great attention from researchers by their unique
properties. Some of these features include thermal features [1],
catalytic features (2-4), electrical conductivity (5), biological
applications (6) and optical features (7). Their advantageous
characteristic features are affected by high surface areas and
relatively very small dimensions (8). In the polymer medium,
the synthesis of NPs is encouraging due to their solubility. The
processing is simplified, has less toxicity and allows controlling
the growth of emerging NDs.

Gold NPs (AuNPs) are the most suitable and efficient inorganic
structures for various applications. They can conform to
living tissue due to the virtue of controllable stability and low
virulence, small dimensions and opportunity to interact with
several substances (9). Based on the notable features of AuNDPs,
they have long been evaluated as a potential diagnostic tool for
several cancers and drug delivery applications (10). The physical
size of AuNDPs is important for its uptake into the cell (Figure
1) (11). Although AuNDPs are biologically inactive and have less
toxicity, they are relatively difficult to clean from the circulation
and tissues, which can cause some diseases (12). Due to the large
surface area of AuNPs, in addition to their stability, they can
accommodate multiple binders that provide better binding sites
for drugs or cancer-targeting groups. The typical physicochemical
properties of AuNDPs are used to bond with several biomolecules
with or without a polymer functionalised for diagnostic and
therapeutic applications (13).

Angiogenesis, that is the development of new vessels supports
embryonic up growth and critically modulates many biological
angiogenic
leakage plays a role in many pathologic processes including

processes through adulthood (14). However,
diabetic retinopathy, haemangiomas, psoriasis, arthritis, solid
tumour growth and fibrosis (15-17). For instance, the hypoxic
microenvironment that is created by discomposed tumour
perfusion may support the selection of more aggressive and
invasive tumour cells (18). In this process, endothelial cells lose
their apical-basal polarity and adhesion properties to form highly
aggressive, migratory, extended mesenchymal cells and induce
different pathological processes (19). This allows AuNDPs to pass
through the enlarged wall of the vessel more easily. If AuNDPs
have a potential-inducing effect on angiogenesis, they may more
easily pass through the enlarged vessel walls and infect the tissue.

The mesodermal layers of the allantois and chorion conjugate
to form the chorioallantoic membrane (CAM) throughout
avian development. This structure quickly expands, generating
a rich vascular network that supplies an interface for gas and
waste exchange. The CAM allows studying tissue grafts, tumour
growth and metastasis, drugs delivery and toxicologic analysis

and angiogenic and anti-angiogenic molecules (20). The CAM
model is appropriate for studying cancer invasion because the
basement membrane of the chorionic epithelium mimics the
human epithelial tissue (21). It is cheap and easy to observe,
as well. This is the reason why it makes this model useful. In
this study, we purposed to determine the effects of AuNPs on
angiogenesis in the CAM model.

Method
Preparation of AuNPs Solutions

The synthesis of 20 nm AuNPs uses the sodium citrate approach.
In brief, 20 mL of 0.01 M AuCl, solution is prepared with (20
mL of pure H,O and 4.08 mg of AuCl,) and left on a magnetic
stirrer until it reaches boiling (around 15 mins at 150 rpm at
ambient temperature). After this process, 8 mL of 0.1 M sodium
citrate solution was prepared and added to the reaction mixture.
The colour of the mixture turned from purple to red. Thus, the
obtained AuNDP:s size was approximately 20 nm (22-23).

Preparation of Atak-S Type Fertilised Chicken Eggs

Atak-S fertilised chicken eggs were obtained from Poultry
Insticution (Tokat, Turkey) and incubated at 37 °C, and
85%-90% relative humidity was maintained throughout the
experiment. Experiments were performed to examine the mode
of action of AuNPs on vascular development on the 5*, 6™ and
7" day on CAM. Forty-five eggs were used and kept on hold
in an incubator for five days (at 37 °C, 85%-90% humidity).
Five days later, the eggs were perforated after the eggshells were
cleaned with an antiseptic solution.The eggs were kept under
suitable heat and humidity until the day that the application
was performed. A solution can be applied to eggs. They are kept
under appropriate conditions until the evaluation of the results.
Results were evaluated at the 24™ and 48™ hour after application,
as stated in the literature, and visual data were recorded using
digital cameras (24).

Application of Solutions on Fertilised Chick CAM

On the 5% day, between 11 a.m. and 4 p.m., a hole was opened
on each egg to see to the CAM, and 20 mL of AuNDPs solution
was applied to the surface of each CAM. After that, all the holes
on the eggs were covered with transparent tape. On the 6" and
7" days, CAMs were screened and photographed twice using a
Canon 80d, 18-135 mm. Finally, the change in vessel formation
was determined.

Knighton et al. (25) s scoring methodology was applied in
consideration of vascularisation in our study. According to this
scoring protocol, CAM blood vessels were observed after 24
hours by two different blinded observers. Observation of the
vessels at the end of 24™ hour was enough for accurate scoring. In
addition, a 48 hour observation was made for to detect embryos
for viability based on the literature. In Knighton et al. (25) s
scoring methodology, CAM blood vessels near the treatment
points were recorded after 24 hours by two different observers.
This vascular response was graded as 0.1+ and 2+. As a score,
0 means no change in vessel formation. 1+, and 2+ reflect an
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increased density and length of vessels converging toward
the treatment point (26). This protocol describes the state of
angiogenesis in CAM experiments.

Results

Although we used 45 eggs for this study, on the 5" day, when we
perforated the eggshells, we saw that nine eggs had died before
application of AuNPs solutions. Twelve of the remaining 36
eggs were used as controls. We applied 20 mL concentrations of
AuNPs solution to the CAM of the remaining 24 eggs on the 5
day (27). Finally, we assessed the results of vessel formation and
growth on the 6* and 7 days.

On 6™ day, the CAM with AuNPs-treated solutions caused a
remarkable development in CAM vascular region of 16 eggs.
Furthermore, we observed a yellow tint on the CAM of nine eggs
from the treatment group. In the control group, physiological
angiogenesis was observed in the form of some allantoic vessels.
In contrast, the macroscopic increase in the CAM area of the
eggs treated with AuNP solution was observed (Figure 2).

Peptide

Protein

=7\ DNA

, ——

/ Antibody

Enzyme

Fluorescent
dve s

Figure 1. Properties of AuNPs as drug carriers. AUNPs are
covalently bound to drugs, DNA, an antibody, an enzyme, a
peptide, a fluorescent dye or a protein

On 7™ day, likewise, we observed a significant improvement in
the CAM vascular area of nine eggs; we observed a yellow tint
on the CAM of the other seven eggs. The vessels of the effected
CAM were thicker and also showed more branching. There was
a notable increase in angiogenesis in comparison with the control
group. The results of the macroscopical evaluation of CAMs are

shown in Table 1.

Discussion

The CAM is appropriate, especially for studying the effects of
angiogenic or anti-angiogenic molecules. Although we used 45
eggs for this study, on the 5" day, when we have perforated the
eggshells, we saw that nine eggs died before the application of
AuNPs solutions. Some possible explanations for the deaths
should be suggested. A few of them had not been fertilised, and/
or the membranes of a few of them were perforated when we tried
to open the eggshell. Also, the balance of heat did not provide
some of them adequate warmth because they stayed in the corner
of the incubator. Nevertheless, the remaining eggs were adequate
for obtaining preliminary information related to the effects of
AuNPs on angiogenesis on CAM.

Angiogenesis is a period of new blood vessel formation. Current
studies show that the induction of angiogenesis is a strategy,
especially for the treatment of ischaemic diseases, instead of
repressing angiogenesis for the treatment of cancers (28). The
growth of solid tumours is accompanied by the stimulation
of angiogenesis. So, the inhibition of angiogenesis causes the
regression of development and metastasis of malignant tumours

(29).

The CAM assay of chick embryos is widely used as an in vivo
model for angiogenesis. The CAM assay is preferable because it is
highly sensitive and cheaper than other iz vivo or in vitro models
(26). AuNPs have long been evaluated as a potential tool for the
diagnosis of several cancers and drug delivery applications. Up
to the present, no study on the angiogenic or anti-angiogenic
effect of AuNPs on the CAM model has been reported whereas
there are several studies on some other iz vivo and in vitro models

(30-31).

Al-Trad et al. (30) and Shen et al. (31) used a rat retinal model
to determine the effects of AuNT on angiogenesis. They reported

Table 1. Macroscopic evaluation of the effects of gold nanoparticles application on chorioallantoic membrane

Group

Ineffective
n 10
Control
% 83.3
Day 6
n 0
20 mM
% 0.0
n 9
Control
% 75.0
Day 7
n 0
20 mM
% 0.0

400

Efficiacy
+1 +2 Total
2 0 12
16.7 0.0 100.0
13 1 24
54.2 45.8 100.0
3 0 12
25.0 0.0 100.0
4 7 11
36.3 43.7 100.0
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Figure 2. Effects of AUNPs on angiogenesis in the CAM model

A, B, C: Controls. A: On the 5th day (A), the eggshell was opened and then covered with parafilm. Macroscopic appearances on

the 6th day (B) and 7" day (C) are shown.

C, D, E: AUNPs. On 5t day before AuNPs was not applied (D), on the 6 (E) and 7t day (F). Macroscopic appearances are shown.

Efficiacy
Group Ineffective +1 +2 Total
caitol n 10 2 0 1
Day % 833 16.7 00 1000
6 20mM n 0 13 1 24
% 0.0 54,2 45.8 100.0
12
Control n 4 3 0
Day % 750 250 00 1000
T lomm O v : : 1
% 00 363 a7 1000

the inhibitory effect of AuNPs on angiogenesis of the rat retina.
Conversely Marza et al. (32) by using a wound-healing model
reported the stimulation effect of AuNPs on angiogenesis.
Similarly, we detected that AuNPs induced angiogenesis on the
CAM assay as in vivo model. We suggest that these contradictory
results of the studies are not enough to certify the real effect of
AuNPs on angiogenesis. However, based on the results we have
obtained, we suggest that AuNPs may not be ideal NPs to make
biosensors because of the risk of inducing angiogenesis in cancers.
Conversely, since AuNPs increase angiogenesis, they should be
beneficial in the treatment of various diseases characterised by

ischaemia (33). Based on the notable features of AuNDs, they
have long been evaluated as a potential tool for the diagnosis of
several cancers (10). As a side effect, they may induce angiogenesis
and secondarily may induce growth or metastasis of tumours.

Conclusion

As a result of this preliminary study, we suggest that further
detailed studies are needed to assess the effect of AuNPs on
angiogenesis and tumour growth and metastasis.

Peer-review: Externally and internally peer reviewed.

Authorship Contribution

Surgical and Medical Practices: S.C., M.EL, E.Y.,, E.A., M.Er,
EY, SM., RC,, M.Y.I., M.E., Design: S.C., M.E., Concept:
S.C., E.Y.,, M.E., Data Collection or Processing: S.C., M.Y.I.,
O.E, Analysis or Interpretation: S.C., M.EL, E.Y,, E.A., M.Er,
EY,, S.M., R.C., M.E., Literature Search: S.C., M.EL, E.A,,
M.Er, EY,, S.M., R.C., M.Y.I., Writing: S.C., M.EL, E.Y,,
E.A.,, M.Er, EY,, S.M,, R.C., M.Y.I., M.E.

Contflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

401



Cirik et al. Effects of Gold Nanoparticles On Angiogenesis

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Letfullin RR, Iversen CB, George TE Modeling nanophotothermal
therapy: kinetics of thermal ablation of healthy and cancerous cell
organelles and gold nanoparticles. Nanomedicine 2011;7:137-45.

Singh P, Katyal A, Kalra R, Chandra R. Copper nanoparticles in an
ionic liquid: An efficient catalyst for the synthesis of bis-(4-hydroxy-
2-oxothiazolyl)methanes. 2008;49:727-30.

Wei X, Zhu B, Xu Y. Preparation and stability of copper particles
formed using the template of hyperbranched poly (amine-ester).
Colloid Polym Sci 2005;284:102-7.

Ponce AA, Klabunde KJ. Chemical and catalytic activity of copper
nanoparticles prepared via metal vapor synthesis. ] Mol Catal A
Chem 2005;225:1-6.

Gréget R, Nealon GL, Vileno B, Turek P, Mény C, Ott E et al.

Magnetic properties of gold nanoparticles: a room-temperature
quantum effect. ChemPhysChem 2012;13:3092-7.

Raffi M, Mehrwan S, Bhatti TM, Akhter JI, Hameed A, Yawar
W, et al. Investigations into the antibacterial behavior of copper

nanoparticles against Escherichia coli. Ann Microbiol 2010;60.
Kelly KL, Coronado E, Zhao LL, Schatz GC. The optical properties

of metal nanoparticles: The influence of size, shape and dielectric
environment. ] Phys Chem B 2003;107:668-77.

Longano D, Ditaranto N, Sabbatini L, Torsi L, Cioffi N. Synthesis and
antimicrobial activity of copper nanomaterials. Nano-Antimicrobials

2012:85-117.

Cabuzu D, Cirja A, Puiu R, Grumezescu AM. Biomedical applications
of gold nanoparticles. Curr Top Med Chem 2015;15:1605-13.

Singh P, Pandit S, Mokkapati VRSS, Garg A, Ravikumar V, Mijakovic
I. Gold Nanoparticles in Diagnostics and Therapeutics for Human

Cancer. Int ] Mol Sci 2018;19:1979.

Ramalingam V. Multifunctionality of gold nanoparticles: Plausibleand
convincing properties. Adv Colloid Interface Sci 2019;271:101989.

Zhang X. Gold Nanoparticles: Recent Advances in the Biomedical
Applications. Cell Biochem Biophys 2015;72:771-5.

Ramalingam V. Multifunctionality of gold nanoparticles: Plausible and
convincing properties. Adv Colloid Interface Sci 2019;271:101989.
Sajib S, Zahra FT, Lionakis MS, German NA, Mikelis CM.
Mechanisms of angiogenesis in microbe-regulated inflammatory and
neoplastic conditions. Angiogenesis 2018;21:1-14.

Ataergin AS, Ozet A, Arpact E The place of angiogenesis inhibitors in
cancer therapy. Turk Klin ] Med Sci 1999;19:100-5.

Fukumura DAI, Jain RK. Imaging angiogenesis
microenvironment. APMIS 2008;116:695-715.

the

and

Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other

disease. Nat Med 1995;1:27-31.

402

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Viallard C, Larrivée B. Tumor angiogenesis and vascular normalization:
alternative therapeutic targets. Angiogenesis 2017;20:409-26.

Hou W, Hu S, Li C, Ma H, Wang Q, Meng G, et al. Cigarette Smoke
Induced Lung Barrier Dysfunction, EMT, and Tissue Remodeling:
A Possible Link between COPD and Lung Cancer. Biomed Res Int
2019;2019:2025636.

Ribatti D. The chick embryo chorioallantoic membrane (CAM)
assay. Reprod Toxicol 2017;70:97-101.

Schmitd LB, Liu M, Scanlon CS, Banerjee R, D’Silva NJ. The Chick
Chorioallantoic Membrane In Vivo Model to Assess Perineural

Invasion in Head and Neck Cancer. J Vis Exp doi: 10.3791/59296

Arvizo RR, Rana S, Miranda OR, Bhattacharya R, Rotello
VM, Mukherjee P. Mechanism of anti-angiogenic property of
gold nanoparticles: role of nanoparticle size and surface charge.
Nanomedicine 2011;7:580—7.

Mukherjee P, Bhattacharya R, Wang B, Wang L, Basu S, Nagy JA, et
al. Antiangiogenic properties of gold nanoparticles. Clin Cancer Res
2005;11:3530—4.

Li M, Pathak RR, Lopez-Rivera E, Friedman SL, Aguirre-Ghiso JA,
Sikora AG. The In Ovo Chick Chorioallantoic Membrane (CAM)
Assay as an Efficient Xenograft Model of Hepatocellular Carcinoma.
J Vis Exp 2015:52411.

Knighton D, Ausprunk D, Tapper D, Folkman J. Avascular and
vascular phases of tumour growth in the chick embryo. Br J Cancer

1977;35:347-56.

Ozgiirtas T. Anjiyogenezde bir in-vivo model: civciv koriyoallantoik
membran, Giilhane Tip Derg 2009;51:67-9.

Hoshyar N, Gray S, Han H, Bao G. The effect of nanoparticle size
on in vivo pharmacokinetics and cellular interaction. Nanomedicine
(Lond) 2016;11:673-92.

Claesson-Welsh L, Welsh M. VEGFA and tumour angiogenesis. ]
Intern Med 2013;273:114-27.

Giilsen MR, Uzunay NS, Fermanli O, Coban ZD, Oztiirk D, Hamidi
M, et al. Anti-angiogenic role of Ankaferd on chick chorioallontoic
membrane model. Giilhane Tip Derg 2015;57:274-9.

Al-Trad B, Aljabali A, Al Zoubi M, Shehab M, Omari S. Effect of
gold nanoparticles treatment on the testosterone-induced benign
prostatic hyperplasia in rats. Int ] Nanomedicine 2019;14:3145-54.
Shen N, Zhang R, Zhang HR, Luo HY, Shen W, Gao X, Guo DZ,
Shen J. Inhibition of retinal angiogenesis by gold nanoparticles via
inducing autophagy. Int ] Ophthalmol 2018;11:1269-76.

Mirza SM, Magyari K, Bogdan S, Moldovan M, Pestean
C, Nagy A, et al. Skin wound regeneration with bioactive glass-
gold nanoparticles ointment. Biomed Mater 2019;14:025011.

Yang D, Jin C, Ma H, Huang M, Shi GP, Wang J, et al. EphrinB2/
EphB4 pathway in postnatal angiogenesis: a potential therapeutic
target for ischemic cardiovascular disease. Angiogenesis 2016;19:297-

309.



