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Biochemical Modulation of Angiogenesis in the Chorioallantoic 
Membrane of the Chick Embryo 
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A variety of substances potentially having effects on 
angiogenesis in the skin were assayed on the chorioal­
la ntoic membrane of the chicken embryo (CAM)_ Milli­
pore filter discs alone and saturated with saline 0.9% 
(controls), keratinocyte-conditioned m edium, lactic acid 
10-1 M, adenosine 10-4 M, sodium fluoride 10-4 M, dini­
trophenol 10-4 M, histamine lo-·• M, 5-hydroxytrypt­
amine lo-·• M, acetylcholine 10_,, M, prostaglandin E2 3 
x lo-·• M, prostaglandin F 2 ,. 3 x 10-'' M, arachidonic acid 
lo-·• M, epidermal growth factor 5 x 10-5 g/ml, human 
plasma fibronectin 10-4 g/ml, acetylsalicylic acid 10-a 
M, and arachis oil were applied to the CAM and the 
vascular responses quantitated 4 days later_ None of the 
agents with the exception of keratinocyte-conditioned 
medium stimulated new vessel growth as compared to 
the controls. However, arachis oil (p < 0.001) and ADP 
(p < 0-01) were associated with significantly decreased 
vascular responses relative to controls. The specimens 
incubated with saline, fibronectin, ADP, and arachis oil 
were examined histologica lly ; with the exception of ar­
achis oil all displayed ectodermal epithelial and mesen­
chymal hyperplas ia of the membrane in association with 
increased vascularity. Almost no perceptible change was 
noted histologica lly with arachis oiL 

Despite a great deal of work in t he past decade to isolate and 
characterize substances modulating new blood vessel growth, 
much remains to be learned concerning the basic mechanisms 
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of angiogenes is. Over this period of t ime, t he list of agents 
postulated t.o effect vasopro li feration has continued to grow 
[1). S ince any factor affecting vascular tone (2], permeabili ty 
[2], endothelial mitos is (in vitro), or producing t issue or vessel 
injury [1] may theoretically influence vessel growth, t he length 
of such a list is not surprising. In addition, due to the difficulty 
in measuring angiogenesis, virtually all studies have used es­
sentially nonquant itative methods of assessing vessel growth , 
precluding statistical analysis [3). 

New vesse l growth in t he skin may be associated with in­
creased epidermal metabolic demands or inflammatory changes 
fo llowing a va riety of insults (2). Therefore, a host of substances 
could potentially influence vasoproliferation here as in other 
circumstances: tissue metabolites or inflammatory mediators 
released from injured or ischemic epidermis (2), or infiltrating 
inflammatory ce lls-mast cells [ 4), macrophages [5,6), neutro­
phils [7- 9), lymp hocytes (10- 13 ], or platelets [14-16]. Some of 
t hese agents- lactic acid (17], ADP (18], histamine (19], 5-
hydroxytryptamine [19], acetylcholine (19), prostaglandins (20] 
- have previously been reported to affect new blood vessel 
growth. In the present work, using a bioassay we have previ­
ously developed [21] employing t he chorioallantoic membrane 
of the chicken embryo (CAM) , we have reexamined the effects 
on vasculogenesis of t hese and other substances relevant to 
new blood ves el growth in the skin . 

MATERIALS AND METHODS 
Preparation of Eggs 

Ferti li zed eggs were obtained from local hatcheries, incubated, and 
processed according to the foll owing protocol slight ly modjfied from 
Zwilling [22]: 
Day 0 Incubation of fertili zed eggs at 37"C, approximately 70% 

humidity; eggs tu rned automatically every 30 min 
Day 3 Two milliliters of albumin aspirated from t he narrow end 

of egg, producing an air sac between the embryo and t he 
shell 

Day 4 Small window (approximately 5 mm) created in shell over 
the air space to prevent CAM from adhering to the shell in 
this area; window sealed with cellotape and returned to 
incubator 

Day 10 Large window (1-2 em diameter) made in same area (over 
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dropped CAM); materia ls applied to CAM at this t ime a nd 
window resealed with cellotape 

Day 11- 13 Eggs examined dai ly if desired 
Day 14 Vascular response quantitated, egg terminated, photo­

graphed, and fixed for histologic examination. 
Solutions of t he substances listed below (Sigma Chemical Company, 

St. Louis, Missouri) were prepared in physiologic saline (0.9 %), neu­
tralized if necessary (pH 7.2-7.4) , and filtered (Millipore, 0.22 lim pore 
size), unless otherwise stated. The concentrations used in these studies 
were compa rable to or higher t han those employed in similar investi­
gations [19,20,23 ]. In a lmost a ll instances other concentrations (10- 3 

M, 10-6 M, w-o M) were examined a nd were without significant differ­
ence; epidermal growth factor was examined at one concentration on ly 
because of a limited qua ntity of the agent. 
Metabolic products 

Lactic ac id 0.1 M 
Adenosine w-·l M 

Adenosine-5-monophosphoric ac id (AMP) 10-4 
M 

Adenosine-5-diphosphate (ADP) w-• M 

Adenosine-5-triphosphate (ATP) 10-4 M 

Metabolic inhibitors 
Inhibition of glycolysis - sodium fluoride 10- 4 

M 

Inhibition (uncoupling) of oxidative phosphorylation - dinitrophenol 
10-• M 

Mediators and other agents 
Histamine 10- 4 M 
5-Hydroxytryptamine (5-HT) 10- 4 M 

Acetylcholine w-• M 

Prostaglandin Ez 3 X 10- 4 M 
Prostaglandin F2., 3 X 10- 4 M 

Arach idonic ac id w-• M 
Epidermal growth factor 5 X 10- 5 g/ml 
Human pfasma fibron ectin 10-• g/m l (Collaborative Research Inc. ) 

Other inhibitors 
Inhibition of prostaglandin synthesis 

Acetylsa licylic ac id 10- 3 M (also applied on day 12) 
Reduction in surface act ivity 

Arachis oil (peanut oil; glycerides of: oleic ac id 56.0%, 
linoleic acid 26%, palmitic ac id 8.3%, stearic ac id 3. 1 %, etc.) 
sterile, applied as is 

Two- millimeter Millipore filter discs saturated with substances listed 
above, were appl ied to t he CAM on day 10. Similar discs applied alone 
or saturated with saline served as controls. Human epidermal keratin ­
ocyte-conditioned medium which has been shown to stimulate angioge­
nesis in t he CAM [27] was used as a "positive" control, i.e., to dem­
onstrate t hat the CAM was capable of generating an angiogenic re­
sponse significantly greater than t hat secondary to carrier materials. 
Aseptic technique was used at all times. The vascular responses were 
recorded 4 days later. 

Quantitation of the Vascular Response-the "Vascular Index" 

The vascu lar responses (termed the vascular index) were quantitated 
in ovo using a Wild M5 stereomicroscope (24X magnification) with a 
tiberoptic light source. All discernible vessels-capillaries, a rterioles, 
venules-traversing a 1-mm annulus about the 2-mm Millipore filter 
disc were counted provided t hat t hey formed a n angle of less than 45° 
with a line radiating from the center (Fig 1). Vessels branching within 
the annulus were counted as 1 vessel, whereas those branching outside 
the annulus were considered 2 vessels. Representative responses were 
photographed on day 14 after fixation in formalin for several hours. 

Statistical a nalysis of t he vascular responses was acc;omplished with 
Student's t-test. 

Routine Histologic Preparation 

A few representative specimens from control and experimental 
groups in which fibronectin, ADP, and a rachis oil were applied were 
obtained on day 14 by immersing the egg in 10% phosphate-buffered 
form alin (pH 7.0). After fixation for at least 24 h, normal and experi ­
mental foci were excised, embedded in paraffin, sectioned at 5-!lm 
th ickness, a nd stained with hematoxylin and eosin (H&E). 

RESULTS 
Vascular Responses 

As indicated in Table I, both the control discs, whether 
applied alone or saturated with saline, stimulated virtually the 
same vascular responses. The keratinocyte-conditioned me-
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CAM vessels 
FIG 1. Determination of the vascular index. All discernib le vessels 

traversing the 1-mm anulus about the disc are counted provided they 
form an angle of less than 45o with a line radiating from the center of 
the disc (vascular index = 17). 

TABLE I. Vascular responses of the CAM quantitated 4 days after 
application of various substances 

Substance 

Millipore discs (18)" 
Saline 0.9% (65) 
Keratinocyte-conditioned medium (15) 
Lactic acid 0.1 M (23) 
Adenosine 10- 4 M (11) 
AMP 10-·• M (8) 
ADP w-·• M (9) 
ATP w-• M (10) 
Sodium fluoride w-• M (9) 
Dinitrophenol w-• M (10) 
Histamine w-·· M (12) 
5-HT w-·• M (11) 
Acetylcholine w-• M (10) 
Prostaglandin E2 3 X w-·l M (9) 
Prostaglandin F2 .. 3 x.w-• M (12) 
Arachidonic acid 10- 4 M (13) 
Epidermal growth factor 5 X 10-5 g/ml (12) 
Fibronectin 10- 4 g/ml (19) 
Acetylsa licylic acid 10- 3 M (11) 
Arachis oil (11) 

"Numbers in each group given in parentheses. 
b p < 0.001 vs controls. 
' 0.001 < p < 0.01 vs controls. 

Vascular index 
(Mean± SD) 

34.8 ± 10.0 
33.7 ± 11.7 
47.1 ± 11.2" 
32.6 ± 12.0 
29.1 ± 9.3 
38.4 ± 7.9 
25.4 ± 6.0' 
33.0 ± 15.8 
34.1 ± 17.5 
33.8 ± 4.2 
34.5 ± 9.9 
34.6 ± 13.0 
32.3 ± 7.4 
33.1 ± 9.7 
31.7 ± 14.6 
37.7 ± 11.1 
31.6 ± 10.7 
38.3 ± 10.2 
35.0 ± 10.8 
18.7 ± lOb 

dium generated the only result significantly greater than the 
controls (p < 0.001). Otherwise almost all the substances tested 
resulted in a radial ingrowth of vessels (Fig 2) not substantially 
different from t hat of the controls. In addition, vascular tor­
tuosity was usually present beneath the Millipore discs and 
correlated in degree with the value of the vascular index (Fig 
2). However, two substances, ADP and arachis oil, were asso­
ciated with statistically significant reduction in the vascular 
response, with arachis oil producing the greater suppression of 
growth. 
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FIG 2. The vascular response of the CAM after 4 days (day 14) to a 
2-mm Millipore filter disc saturated with physiologic saline. There is 
radial ingrowth of vessels with a vascular index of 35. The undersurface 
of the disc shows increased tortuosity of vessels (X 4). 

FIG 3. Cross section of the normal unstimulated chorioallantoic 
membrane (day 10) . The middle mesenchymal vascular layer (m.) is 
sandwiched between the upper ectodermal epithelium (ec) and the 
lower endodermal epithelial layer (en). A medium-sized vessel can be 
seen in the center of the mesenchymal layer (H&E, X 400) . 

Histologic Responses 
The normal unstimulated CAM is shown in Fig 3. The 

application of a saline-saturated Millipore filter disc for 4 days 
resulted in significant hyperplasia of the ectodermal and mes­
enchymal laye rs with an obvious increase in t he number of 
vesse ls (Fig 4). Leukocytic infil t ration was negligible or mini ­
mal (Fig 4). Similar changes were noted in the specimens 
examined from groups treated with ADP and fibronectin. How­
ever , t he group in which arachis oi l was applied demonstrated 
a lmost no change in the membrane when compared with t he 
normal unstimulated CAM. Epithelial and mesenchymal pro­
li ferat ion was negligible. 

DISCUSSION 

A number of chemical substances potentially having effects 
on vascular growth in the sk in were studied in t he present 
work. In contradistinction to previous studies [17- 20,23], there 
was no evidence that lactic ac id, ADP, histamine, 5-hydroxy­
tryptamine, acetylcholine , prostaglandins, or epidermal growth 
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factor promoted endothelial growth beyond that occurring sec­
ondary to sa line-saturated discs. A major reason for t he dispar­
ity between our findings and previous studies almost certain ly 
was related to differences in t he method of measuring vessel 
growth. As already mentioned, because of the difficulty in 
quantitating angiogenesis, previous investigators have gener­
ally employed techniques not amenable to statistical analysis, 
and consequent ly it has been impossible to know whether 
significant diffe rences existed. Obviously our method has dif­
fered from previous ones by being completely quantitative. 

A potential criticism of t he data was t hat the baseline level 
of angiogenesis produced by the Millipore filter discs might 
obscure or mask the vessel growth stimulated by any one of 
these agents . We cannot deny this possibility but can only 
point out that t he degree of vascular response to t he discs was 
relatively low and consequent ly would mask only a low level of 
angiogenesis [26]. Virtually anything applied to the CAM might 
engender a response of t his magnitude nonspecifically [3]. To 
further emphasize t his point, we have demonstrated a signifi­
cant ly greater vascular response secondary to keratinocyte­
condit ioned media compared to controls and t he experimenta l 
groups; this indicated t hat t he CAM was indeed capable of 
generating substant ial vasoproliferation, clearly greater than 
that resulting from carrier materials. Similar data with other 
substances have been noted by others [26,28]. 

Because of t he relatively rapid dissipation of t he substances 
from the Millipore discs, probably ove r several hours, another 
possible criticism of t he assay was t hat a longer period of 
exposure to (or release of) an angiogenic factor might be nec­
essary for initiation of neovascularization. This was undoubt­
edly a worthy point to consider, but it must be stressed that 
apparently valid results have been generated in other studies 
using similar methodology-a single application of the sub­
stances assayed [26]. 

The significance of t he diminution of vessel growth secondary 
to ADP was unclear. An obvious interpretation was that this 
substance had an adverse rather t han a potentiating effect on 
cell growth. Various products of cellular metabolism have in 
fact been postulated to inhibit proliferation [24], and it is 
therefore possible that epit helial and/or endothelial growth 
may have been partially suppressed t hrough this mechanism. 
However, the histologic changes did not point to a major effect 
on epithelia l hyperplasia. 

Arachis oil also suppressed angiogenesis and this was most 
likely secondary to a reduction in surface-free energy or activity 
of the Mi llipore filter discs. The effects of hydrophobic (or-

FIG 4. The CAM 4 days (day 14) after application of a saline­
saturated Millipore filter disc (mp). There is hyperplasia at the ecto­
dermal epithelium (ec) and mesenchyme as well as increased numbers 
of vessels (arrowhead) (H&E, x 100). 
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ganic) substances in t he diminution of surface activity have 
been well documented [25]. This would a lmost certa inly resul t 
in dec reased cellular adhesion and in turn , decreased epithelial 
proliferation and possibly reduction in inf1ammatory changes 
as well. Since ectodermal epithelial hyperplasia is probably the 
major stimulus to angiogenesis secondary to disc application 
(in f1 ammation being relatively minimal) [27], suppression of 
epithelial hyperplasia would have removed the predominan t 
stimulus to new vessel growth . Histologic findin gs supported 
th is notion since the various components of the membrane 
we re of essentially normal thickness. 

In conclusion, we have de monstrated that a va riety of sub­
stances relevant to vessel growth in t he skin did not promote 
angiogenesis as examined here. It is likely that many previous 
pos it ive resul ts with a number of these agents may have arisen 
from the fai lure to use quant itative methods in measuring new 
vesse l growth. 
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