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ABSTRACT: Angiogenesis is a fundamental physiological process with strong implications in tissue
homeostasis. Animal models helping to identify how angiogenesis is regulated are fundamental to answer many
biological questions. Chick embryo chorioallantoic membrane (CAM) assay is one of the most employed
methods to study angiogenesis. In this study we applied a scientometric approach to evaluate the employment
of CAM assay in published articles. Temporal trends indicated that CAM assay was the preferred method to
investigate angiogenesis over time. The publications had a significant number of citations and the impact factor
of journals publishing articles is relevant for the scientific community. A total of 52 different research areas
have articles published using this particular technique. Oncology is the research field in which CAM assay was
mostly used. Accordingly, tumor-derived cell lines were the most frequent sample tested on CAM. We also
identified that 73,6% of articles published used only CAM assay to answer questions concerning angiogenesis.
We concluded that although the CAM assay is a classical approach, that does not need so much infrastructure
and financial support to be performed, it is a well-accepted technique by the scientific community. In addition,
this methodology has gain attention in scientific community because no pain is experienced by the chick and
they are minor ethical concerns to employ this method. Moreover, this data can help researchers who are
unfamiliar with the CAM assay to identify if this particular method is suitable for their research.

KEYWORDS: Alternative method. Angiogenesis. Bibliometric analysis. CAM assay. Oncology.
Tumor vascularization.

INTRODUCTION

Angiogenesis is a complex biological
process by which new blood vessels form from pre-
existing vascular tissue. At the most basic level, it
involves proliferation, migration and differentiation
of endothelial progenitor cells (FOLKMAN, 2003).
Over many decades, extensive efforts have been
made to develop therapeutic strategies to promote or
to inhibit angiogenesis (FISHER et al., 2006), owing
to its several medical applications. For example, a
compound that is able to induce angiogenesis can be
useful for tissue engineering, boosting cell
proliferation and promoting wound healing
(ALMEIDA et al.,, 2014). On the other hand, a
compound that inhibits angiogenesis could be used
to reduce the abnormal vasculature found in several
types of solid tumors (RIBEIRO et al., 2012). In
fact, millions of patients worldwide are being
treated with compounds that regulate angiogenesis.

The use of animal models to investigate
angiogenesis is critical for the development of
therapeutic agents. Many have been described in the
literature, including chick embryo chorioallantoic
membrane (CAM) assays, corneal micropockets,
Matrigel plugs, sponge matrix implants, rodent
mesentery assays, disc angiogenic assays, and
zebrafish models (NORRBY, 2006). Taking into
account both the complexities of angiogenic
reactions and the wide wvariations in tissue
physiology, it is not possible to select only a single
model for all angiogenic research. Each model has
strengths and weaknesses; for example, some
models are effective for screening therapeutic
candidate compounds, while others are used in
studies of dosage effects, molecular structure-
activities, and synergistic effects of multiple agents
on angiogenesis (NORRBY, 2006).

One of the most widely used models for the
study of angiogenesis is the chick embryo
chorioallantoic membrane (CAM) assay (NORRBY,
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2006). CAM is an extraembryonic membrane
generated by the fusion of the chorion with the
vascularized allantoic membrane (RIBATTI, 2010).
It performs multiple functions during embryonic
development, including respiration, calcium
transport from the eggshell, acid-base homeostasis,
and ion/water reabsorption from the allantoic fluid
(YUAN et al,, 2014). As the CAM expands, a rich
vascular network is generated, allowing the quick
and low-cost investigation of mechanisms
underlying multiple biological processes, including
tumor growth and metastasis, as well as
pharmacological analysis of angiogenic and anti-
angiogenic compounds. One of the major
advantages of the CAM model is the ability to
directly observe angiogenic processes in live tissue
in a dynamic manner.

CAMs can be cultured either in ovo, or ex
ovo as a shell-less culture in Petri dishes or in a
plastic wrap/cup apparatus (RIBATTI, 2010). In
ovo, the chick egg provides a self-contained
chamber that supports 21 days of development
without artificial support media, special culture
requirements, or storage facilities (KALIRAI et al.,
2015). Moreover, chicken eggs are inexpensive and
available in all seasons of the year. Another
advantage is its relative transparency, allowing easy
observation (KALIRAI et al., 2015). The CAM
provides tissue responses similar to those of cell-
based and animal-based assays (LOKMAN et al.,
2012), with the advantage that CAM is not
innervated and thus no pain can be experienced by
the organism (MORENO—JIMENEZ et al., 2016).
Moreover, because of its natural immunodeficiency,
the CAM accepts transplantation from other species.
Considering this, the CAM assay provides a rapid
method to study angiogenesis in a well-developed
vascular tissue (KUE et al, 2015) reliably,
reproducibly, and inexpensively (NOWAK-
SLIWINSKA et al., 2014).

To evaluate the prevalence of CAM assays
in published reports, we performed a bibliometric
analysis, which is typically used to evaluate
scientific production on a specified topic using
counts and statistical analyses (ALMEIDA et al.,
2015). In this study, we measured trends in the
usage of CAM assays; the quality of the studies,
estimated by number of citations and impact factor
of the journals that publish papers including CAM
assays; the main areas and journals interested in this
method; the types of samples tested; the exclusivity
of CAM assay, as a model to evaluate angiogenesis,
on experimental design; the frequency of use of
CAM assays relative to the use of competing
models; the variations of CAM assays; and the level
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of collaboration patterns between countries. Our
results indicate that CAM assay is widely used and
highly accepted as a reliable method to study
angiogenesis.

MATERIAL AND METHODS

Data collection

Data were obtained from Thomson-Reuters
database (Web of Science platform) from 1991 to
2018. Initial date was defined based on abstract
availability on database. Final data was defined as
the last full year with data available since this study
began. We divided the production of papers each
year by the overall production of papers (obtained in
ISD) to eliminate the effect of the temporal increase
in papers (NABOUT et al., 2012). The impact factor
of different journals was collected in February 2018
on the Journal Citation Reports (JCR), published by
the Institute for Scientific Information (ISI) and
edited by Thomson, exclusively to evaluate indexed
papers in the Web of Science platform.

Search criteria

The combination of the following words
was used: (1) "chorioallantoic membrane" and CAM
or (2) "chorioallantoic membrane" or (3) "chick
embryo membrane", which could be in the title,
abstract, or in the list of keywords. The analysis
were conducted to obtain the following information
from each paper: (1) year of publication; (2) number
of citations; (3) name of the journal and its impact
factor; (4) area of study using the CAM assay; (5) if
the tested substance was an animal tissue/cell, a new
drug, a plant extract/compound, an inorganic
compound, a nanoparticle, or other; (6) other
methods used to evaluate angiogenesis in
combination with CAM assays; (7) temporal trends
of other angiogenesis models relative to CAM
assays; (8) variations of CAM technique; (9)
countries of publication and average authorship; and
(10) mapping of countries of research groups
interested in the technique and their international
research networks.

Data Analysis

Pearson correlation was used to estimate the
frequency of papers using CAM assay in relation to
the total number of articles published in ISI by year
to evaluate the increase of the use of CAM
technique over time. The significance value was
obtained through the Monte Carlo test with 999
randomizations (CZERWON, 1990). We considered
significant p values < 0.05. This analysis was
conducted using ‘“R 3.2.2 program” (R CORE
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TEAM, 2003). Other parameters analyzed were
evaluated using basic descriptive statistics.

International Networks

To evaluate international networks, we used
two approaches: an analysis of all countries with
which authors were associated and an analysis of 30
leading countries based on their number of papers.
For both approaches, we identified the country of
each author listed in the paper, generating an
adjacency matrix indicating the number of
collaborative papers for each pair of countries. The
importance of each country was estimated by the
degree of centrality (DC). The DC of the country i
(DCi) is a measure of the number of links (edges)
that each country has. The DCi was divided by
number of countries minus one to calculate the
relative degree centrality (RDCi) of country i, which
was used to evaluate the importance of countries on
the basis of the sizes of their respective vertices in
network graphs (KOSCHUTZKI et al., 2005). The
analysis of such networks has been used in
bibliometric studies. This analysis indicated the
scientific production for each country and the level
of collaboration among countries. These data should
have utility for scientific management.

Temporal trends of CAM assay preference in
comparison to other in vivo angiogenesis models

o
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To compare the tendencies in CAM assay
application in relation to others in vivo angiogenic
models, we search for the following terms in Web of
Science platform: (1) "corneal micropocket"; (2)
"sponge implant” or “matrix implant”; (3) "matrigel
plug assay"; and (4) “disc angiogenesis assay’.
Those words could be in the title, abstract, or in the
list of keywords.

RESULTS AND DISCUSSION

Quality indicators of papers involving CAM
assay

Our analysis identified a total of 2,248
research articles that used CAM assay to address
multiple biological questions. We observed that the
number of publications using this method increased
constantly and significantly (r = 0.96, p < 0.001)
over the years (Fig. la). The publications had a
significant number of citations (Fig. 1b) and the
impact factor of journals publishing articles using
this technique is relevant for the scientific
community (Fig. Ic, d). Our results using multiple
bibliometrics approaches indicate a continuous
increase in the number and the maintenance of the
quality of articles that have used CAM assay to
address biological question.
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Figure 1. Bibliometric information of the articles using CAM assay: (a) number of publications per year; (b)
frequency of citations per article; (¢) journal’s impact factor; (d) mean impact factor (£SD) of
journals publishing articles using CAM assay.
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Temporal trends indicate that more than a
hundred articles using CAM assay were published
per year in the last decade. This result may reflect
the fact that this particular technique display several
advantages such as (a) rapid growth of the embryo
choriollantoic membrane, providing faster results;
(b) low-cost; (c) simplicity; (d) high reproducibility;
(e) easy dynamic observation; (f) immunodeficient
environment; (g) high-probability of tumor -cell
grafting due to CAM intense vascularization and
finally (h) minor ethical concerns (NOWAK-
SLIWINSKA et al., 2014; ALEKSANDROWICZ;
HERR, 2015). Still, some disadvantages are also
considered and discussed in the literature. Among
them we can include (a) difficulty in observing new
vessels; (b) difficulty in distinguishing manipulation
effects from the effects related to the tested
compound; (c) nonspecific inflammatory reaction;
(d) presence of perivascular inflammatory infiltrate
together with any hyperplastic reaction of the
chorionic epithelium; (e) not being a mammalian
model; (f) drugs that require metabolic activation
can not be assessed; (g) very sensitive to an increase
in oxygen tension (NORRBY, 2006; RIBATTI,
2010; RIBATTI, 2014).

It is well established that the number of
citations is an important tool to evaluate the impact
of a particular work in the scientific community
(CARNEIRO et al.,, 2008). In our study, we
observed that the number of citations of the papers
varied from zero to 2,241. However, more than half
of the articles analyzed were cited 10-20 times (Fig
1b). This observation is consistent with common
bibliometric patterns (CARNEIRO et al., 2008).
One article in particular received 2,241 citations and
described the application of a CAM assay to study
the requirement of Vascular Integrin Alpha(V)
Beta(3) for angiogenesis (BROOKS et al., 1994).

The importance of a journal can be measured by
the traditional Journal Impact Factor (IF)
(NANSEN; MEIKLE, 2014). Here, the IF of
journals publishing articles using CAM assay
ranged from zero to 26, with maximum frequency
amid 2.1 to 3.0 (Fig 1c). In general, the mean IF of
the journals publishing articles that used CAM assay
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was close to 3.0 along the years (Fig 1d). This result
indicates that CAM assays is are used by several
multiple applications and there is are no significant
no biases regarding the use of this particular
methodology to address specific biological
questions in relation to the relevance of the article
published.

Research areas using CAM assay

Our analysis revealed that CAM assays were
used in 52 different scientific areas, as defined on
the ISI database. Considering only the 15 most cited
areas (Fig 2a), oncology was the area with the
highest number of articles using CAM assays. A
total of 514 articles were published in this field. The
reason behind this popularity is because
angiogenesis plays a major role in tumor
development and maintenance (CIMPEAN et al.,
2008). Relative to standard mouse models, in which
tumor growth takes between 3 to 6 weeks, xenograft
tumors generated in chick CAMs grow to visible
size between 2 and 5 days after cell transference
(RIBATTI, 2014). As noted above, the natural
immunodeficiency of this membrane allows the
transplantation from various tissues and species to
the CAM; consequently, different tumor-derived
cell lines have been seeded on CAM to study
multiple aspects of tumor biology (RIBATTI, 2010).
Once tumor cells are seeded on CAM, they can
provide valuable information regarding tumor cell
adherence, invasion of the mesenchyme underlying
the blood vessels, tumor cell survival in the
circulation, anchorage, penetration, and proliferation
in distant organs (RIBATTI, 2014). For this reason,
CAM models have been extensively used in studies
investigating the role of angiogenesis in tumor
biology. Several articles describe the use of this
method to answer questions about ovarian cancer
breast cancer (GAUTAM et al., 2016), cervical
cancer (ZHOU et al, 2015), glioblastoma
(FORNVIK et al, 2016), gallbladder cancer
(SUDAM PATIL et al., 2016), pancreatic cancer
(ROVITHI et al., 2017), renal cancer (FERICIAN et
al., 2015) and hepatocellular carcinoma (LV et al.,
2016; HAN et al., 2016).
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Figure 2. Research areas and journals interested about CAM assay. (a) Main areas of knownledge that publish
using CAM assay; and (b) main journals interested on papers that used CAM assay.

CAM assay has also been used in
Pharmacology and Pharmacy to evaluate the
angiogenic and anti-angiogenic potential of specific
drugs. As an example we can mention the use of
CAM to test the angiogenic potential of resveratrol
methylated derivatives (CHEN et al., 2016) and the
use this technique to test the anti-angiogenic
potential of curcumin-capped copper nanoparticles
(KAMBLE et al., 2016).

For Engineering and Material Science,
CAM is applied as a method to evaluate
angiogenesis in tissue reconstruction (ISHIDA;
MITSUI, 2016). Unlike other in vivo models, such
as the murine subcutaneous implant, CAM assay is

minimally invasive to the chick embryo and hence,
considered a refinement model for animal research
(KUE et al., 2015). Many studies have used CAM to
evaluate tissue repair including studies about
osteogenesis (YAN et al, 2016), myocardial
regeneration (FANTON et al., 2016) and even
induction of angiogenesis using polymer-based
constructs (KANCZLER et al.,, 2007). We also
analyzed the acceptability of the CAM assay over
the time (Fig 2a). For this analysis we verified the
use of this methodology regarding research field.
Our results indicate that CAM is a reliable method
to answer several biological questions, with positive
‘r’ values found for all fields, with exception of
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toxicology. For this particular field, researchers
preferred other methods to answer their hypothesis,
such as skin and eye irritation assays (NOWAK-
SLIWINSKA et al., 2014).

The areas of knowledge identified in the present
search were a reflection of journals in which the
articles were published. Figure 2b shows the
journals with more than 20 publications that have
included CAM assays. A total of 768 different
journals published such articles. Cancer Research,
from the American Association of Cancer Research
had 65, followed by PLoS One with 51, and the
Journal of Biological Chemistry from the ‘American
Society for Biochemistry and Molecular Biology,
with 47 articles. Among the journals publishing
articles using CAM assays, the impact factor ranged
from 2.8 to 9.1. This result reflects that the assay is
used in articles with high acceptability. It also
indicates a wide diversity of journals publishing
articles using this methodology.

Applications of CAM assay

CAM assay have been widely used because
of its several advantages (LOKMAN et al., 2012).
To elucidate for which particular application CAM
method was used, we have stratified articles
according to the origin of the main samples tested
using CAM. Six categories were created: (a) animal
tissues/cells, (b) new drugs, (c) vegetable extracts or
bioactive compounds, (d) inorganic compounds, (e)
nanoparticles and others. Our results show that a
total of 1,326 (54.2%) articles have used CAM to
assay animal/tissue samples (Fig 3). The most
common samples tested were tumor-derived cell

vegetable
extracts/
bioactive
compounds

15,4%
new drugs
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lines, such as neuroblastoma and glioblastoma
(KLAGSBRUN et al.,, 1976); head and neck
squamous cell carcinoma (GRONAU et al., 2006);
human colorectal cancer (SUBAUSTE et al., 2009);
osteosarcoma (BALKE et al., 2010); human ovarian
carcinoma (ADAR et al., 2012); and human
hepatocellular carcinoma (LV et al., 2016). A total
of 378 (15.4%) used CAM to evaluate the
angiogenic and the anti-antiogenic potential of
specific drugs (Fig 3). As an example of drugs
tested using CAM we can mention agkistin (YEAH
et al., 2000); heparin (CASU et al., 2002); curcumin
(HAHM et al., 2004); emolin (KWAK et al., 2006);
and azaspirine (ASAMI et al., 2008). The use of
CAM to test vegetable extracts/ bioactive plant
compounds was observed in 317 (12.9%) articles
(Fig 3). Some of these compounds include root
methanol extract from Calliandra portoricensis
(ADARAMOYE et al., 2015); crude saponis of
Rumex hastatus (AHMAD et al., 2016); Hancornia
speciosa latex (ALMEIDA et al.,, 2014) among
others. Finally, we also identified that 193 (7.9%) of
articles used CAM method to test inorganic
compounds and 89 (3,.9%) used it to test
nanoparticles (Fig 3). The main goal of these
articles was to evaluate if the tested compound
could be used in implants (GOMES et al., 2016); or
to verify if the sample tested was toxic (AHMAD et
al., 2016); or if the compound could promote tumor
angiogenesis (KAMBLE et al., 2016). Then, our
data indicate that CAM assay is widely used, but
seems to be more often seen in articles aiming to
investigate biological questions linked to cancer
research.

animal/tissue
cells

Figure 3. Frequency of articles published using different types of samples in CAM assay.
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Using CAM assay as a single model to investigate
angiogenesis

Our data also show that 73,6% of articles
published have used only CAM to investigate
angiogenesis. This result indicates that CAM assay
is a reliable method to answer a particular biological
problem. Articles that have another methodology to
further confirm CAM assay results, opted to use
xenograft in nude mice (FORNVIK et al., 2016;
THANEKAR et al., 2016). Corneal micropoket
assay, sponge implant, disc angiogenesis systems,
matrigel plug assay, zebrafish assay, rodent
mesentery angiogenesis assay and direct in vivo
angiogenesis could also be used as angiogenesis
models (NORRBY, 2006).

Temporal trends of CAM assay use in
comparison to other in vivo angiogenesis models
In vivo angiogenesis was evaluated in 2,248
articles using the CAM assay; in 643 articles using
matrigel plug assay; in 89 articles using corneal
micropocket assay; in 71 articles using sponge
matrix implant assay; and in 17 articles using disc
angiogenic assay (Table 1). This result indicates that
there is a strong preference for choosing CAM assay
to test angiogenesis among researchers. Temporal
trends also indicate that CAM and matrigel plug
methodologies were constantly and significantly
applied over the years to investigate angiogenesis,
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as indicated by ‘r’ values (Table 1). Sponge matrix
implant and corneal micropoket also have a positive
tendency over the years, but less prominent than
CAM or matrigel plug assay. Interestingly, we could
observe that the employment of disc angiogenic
assay has decreased over the years. This result may
reflect the fact that this particular method is not
frequently applied to study solid tumors (NORRBY,
2006). These results are important to understand that
any method used to investigate angiogensesis have
advantages and disadvantages. Ideally, the
following criteria should be considered before
choosing a specific method to answer a particular
question in angiogenesis: (a) the assay should
provide a quantitative measure of the new vascular
network; (b) dose response curves should be created
in order to determine concentration, liberation rate
and time of treatment of the tested compound; (c) if
tumor-derived cell lines are used as a source of
angiogenic factors, they should be genetically well
defined; (d) there should be a clear distinction
between newly formed and pre-existing host
vessels; (e) the response seen in vitro should be
confirmed in vivo; (f) tissue damage should be
avoided, since it may lead to formation of new
vessels; (g) the assay should permit long-term and,
if possible, noninvasive monitoring; and (h) it
should be cost-effective, rapid, easy to set up,
reproducible and reliable (NORRBY, 2006).

Table 1. Bibliometric information of the articles related to different in vivo angiogenic models: matrigel plug
assay, corneal micropocket, sponge matrix implant, disc angiogenic assay and CAM.

In vivo angiogenesis model

Number of articles

Pearson correlation

Chick embryo chorioallantoic membrane
(CAM)

Matrigel plug

Corneal micropocket

Sponge matrix implant

Disc angiogenic assay

2,248 0.95*
643 0.89*
89 0.22
71 0.59
17 0.24

*p<0.05

Variations of CAM assay

Several protocols are available to perform
CAM assay and the most commonly employed are
in ovo, ex ovo and Het-CAM. To perform the assay
using the in ovo protocol is necessary to open a
circular hole on the eggshell to expose the CAM.
With this protocol it is possible to achieve a more
preserved physiological environment, as well as
allow the development of the long-term embryo. It
is also the protocol of choice found in the vast
majority of articles published, with a total of 2,273
studies using this technique. In the ex ovo assay the
embryo is removed from the egg and transferred to a
petri dish. We scored only 68 articles using this

method. The main disadvantage of this procedure is
related to the low survival rate of the embryo during
the process. Most of the time, removing the embryo
from the eggshell can damage the yolk membrane
(NOWAK-SLIWINSKA et al., 2014). On the other
hand, the ex ovo method facilitates the testing of a
larger number of samples and also improves
quantification once a larger area of the CAM can be
exposed and quantified (RIBATTI, 2016).
Alternatively, the Het-CAM is the method of choice
when the irritation potential of a substance needs to
be addressed. We identified 107 articles using this
particular  technique. Since the Interagency
Coordinating Committee on the Validation of
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Alternative Methods (ICCVAM) considers Het-
CAM as an alternative method for conjunctive
irritation testing, HET-CAM has been extensively
used for this purpose.

Publications by country, average authorship and
collaborative network

We next sought to investigate if there was
any trend of CAM assay use in relation to the
country in which the research was conducted. The
country of the corresponding author was chosen as
the identification criterion. A total of 392 articles
(16.0%) were published by authors from China,
followed by 387 articles (15.8%) published by
authors from the USA, and 196 (8.0%) articles
published by authors from Germany (Fig 4A). As
expected, this result reflects the fact that the
scientific production of nations is related to the
socio-economic characteristics of the country [2].
Moreover, this pattern also is frequently observed in
other bibliometric studies (for example, ALMEIDA
et al. 2015), and demonstrates the influence of
research funding on scientific production and
collaboration. It is important to note that although
CAM assay is a simple and old approach, it has still
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been frequently used for researchers from countries
with the most modern infrastructure, such as the
USA, Germany, and China.

Research cooperation was evaluated by the
average of the number of authors (Fig 4B) and the
collaboration networks (Fig 5). As observed, most
of the articles had 5 to 8 authors. Only 7 articles
were written by a single author. According to
NABOUT et al. (2015), there is a natural trend
showing a decrease in the number of articles
produced by a single author over the years for all
areas of biology. Our results also show that from the
65 countries that published articles using CAM,
only 33 involved international collaborations (Fig
5). The USA, England, and Germany were the
countries with the highest number of international
collaborations. Although international collaboration
networks were not common in papers using CAM
assays to assess angiogenesis, it encourages
researchers to collaborate in order to increase
productivity and to promote better application of
financial resources, as noted by Lee and Bozeman
(2005) and supported by Subramanyam, who have
shown that international scientific collaboration has
increased in volume and importance over the years.
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CONCLUSIONS

This study reported that CAM is a reliable
and highly employed method to assess angiogenesis
around the world. During 1991 till 2018, a total of
2,248 articles belonging to 52 different areas of
knowledge have used CAM assay to address a
specific biological question. The field of research in
which CAM assay was most used was oncology,
especially to evaluate the effect of tumor-derived
cell lines influence in angiogenesis. The
scienciometric approaches showed a continuous
increase of both quantitative (number article per
year) and qualitative (IF; article citations) metrics
on literature reporting the utilization of the CAM
assay. We concluded that although the CAM assay
is a classical approach, that does not need so much
infrastructure and financial support to be performed,

it is a well-accepted technique by the scientific
community. We believe that in the next years the
use of the CAM assay will grow up since the
discussion about the use of alternative methods to
animal testing is getting stronger. Altogether, the
results presented in this article can help researchers
who are unfamiliar with the CAM assay to elucidate
how this technique can help to answer questions
related to angiogenesis.
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RESUMO: A angiogénese ¢ um processo fisiolégico fundamental com fortes implicagdes na
homeostase tecidual. Modelos animais que ajudam a entender como a angiogénese ¢ regulada, sdo
fundamentais para responder a muitas questdes bioldgicas. O ensaio de membrana corioalantéide de embrido de
galinha (CAM) € um dos métodos mais empregados para estudar a angiogénese. Neste estudo foi aplicada uma
abordagem cientométrica para avaliar o emprego do ensaio CAM em artigos cientificos ja publicados.
Tendéncias temporais indicaram que o ensaio CAM foi o método mais usado para investigar a angiogénese ao
longo do tempo. Os artigos cientificos que usaram a metodologia CAM foram publicados em periédicos com
significativos nimeros de citacdes e fator de impacto. No total 52 diferentes dreas de conhecimento usaram a
técnica CAM, sendo a oncologia o campo o qual produziu maior nimero de artigos usando essa metodologia.
Consequentemente o material bioldgico mais testado foi as linhagens celulares tumorais. Também foi
identificado que 73,6% dos artigos publicados utilizaram apenas o teste CAM para responder questdes
relacionadas a angiogé€nese. Pode se concluir que embora o ensaio CAM seja uma abordagem cldssica, que nao
necessita de muita infraestrutura e apoio financeiro para ser realizado, é uma técnica bem aceita pela
comunidade cientifica. Além disso, esta metodologia tem ganhado aten¢do na comunidade cientifica porque os
animais testados nao sofrem dor e por essa razao esse modelo experimental exige minimas preocupacdes éticas.
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Além disso, esses dados podem ajudar os pesquisadores que ndo estdo familiarizados com o ensaio CAM a
identificar se esse método especifico € adequado para sua pesquisa.

PALAVRAS-CHAVE: Meétodos alternativos. Angiogenese. Andlise bibliométrica. Ensaio CAM.
Oncologia. Vascularizagdo tumoral.
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