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Introduction
Blood vessels constitute the fi rst organ in the embryo and form 

the largest network in our body but, sadly, are also oft en deadly. Upon 
dysregulation, the formation of new blood vessels contributes to 
numerous malignant, ischemic, infl ammatory, infectious, and immune 
disorders. Neovascularization can be understood as the growth of 
new capillary blood vessels in the body and is an important natural 
process that helps in healing and reproduction. Th e body controls 
neovascularization by producing a precise balance of growth and 
inhibitory factors in healthy tissues. When this balance is disturbed, 
the result is either too much or too little angiogenesis. Th e abnormal 
growth of blood vessels, either excessive or insuffi  cient, is now 
recognized as a “common denominator” underlying many deadly and 
debilitating conditions, including cancer, skin diseases, age-related 
blindness, diabetic ulcers, cardiovascular disease, stroke, and many 
others [1]. Molecular insights into these processes are being generated 
at a rapidly increasing pace, off ering new therapeutic opportunities 
that are currently being evaluated. It represents an excellent tool for the 
treatment of deregulated angiogenesis-based cardiovascular diseases. 
It is a potent physiological process that underlies the natural manner 
in which our bodies respond to a diminished blood supply to vital 
organs, namely, the production of new collateral vessels to overcome 
the ischemic state [2]. A large number of preclinical studies have been 
performed with protein, gene, and cell-based therapies in animal 
models of cardiac ischemia as well as models of perpheral arterial 
diseases. Administration of a particular growth factor to stimulate 
angiogenesis in the aff ected tissues (or) organ and the protein therapy 
with single protein agent were not viable options to treat ischemic 
cardiovascular diseases [3]. Th erapeutic angiogenesis is the method 
of stimulation of angiogenesis where it is required but lacking. Th is 
technique is used to replenish the blood supply to chronic wounds to 
speed healing and to prevent unnecessary amputations. New research 

also suggests that this approach can also be used to save limbs affl  icted 
with poor circulation and even oxygen-starved hearts [4]. Th erapeutic 
angiogenesis may even help to regenerate damaged (or) lost tissues in 
ways that were previously considered impossible such as with nerves 
and brain tissues. Th e modern clinical application of the principle of 
angiogenesis can be divided into two main areas: antiangiogenesis 
therapies with which angiogenesis research began and proangiogenic 
therapies [5]. Antiangiogenic therapies are being used to fi ght cancer 
and malignancies that require an abundance of oxygen and nutrients 
to proliferate. Proangiogenesis therapy is being explored as an option 
to treat cardiovascular diseases. One of the fi rst applications of 
proangiogenic methods in humans was a German trial using fi broblast 
growth factor-1 (FGF-1) for the treatment of coronary artery diseases. 
Clinical research in therapeutic angiogenesis is ongoing for a variety 
of diseases like coronary artery diseases, peripheral arterial diseases, 
and wound-healing disorders [6]. Th e proangiogenesis therapies can be 
diff erentiated into three categories, namely, (i) protein therapy, (ii) gene 
therapy, and (iii) cell-based therapy, which involves the implantation 
of specifi c cell types. Other than the above three therapies, there are a 
few therapies only used to induce angiogenesis. Vascular endothelium 
growth factor (VEGF)-mediated angiogenesis pathways are being 
targeted for development of novel drugs suitable for inhibition or 
stimulation of angiogenesis in various pathologies [7]. Th e signaling 
system that regulates proliferation and migration of endothelial cells 
during angiogenesis is mediated via key mitogen factor, namely, 
VEGF. Th ere remains an urgent need to develop strategies to more 
rapidly, inexpensively, and accurately assess the proangiogenic 
and antiangiogenic activities of new biologic factors and putative 
therapeutic agents [8]. Th e chick embryo Chorioallantoic membrane 
(CAM) is an extra embryonic membrane that serves as a gas exchange 
surface, and its function is supported by a dense capillary network [9]. 
Because of its extensive vascularization and easy accessibility, CAM 
has been used to study morphofunctional aspects of the angiogenesis 
process in vivo and the effi  cacy and mechanism of action of pro- and 
antiangiogenic molecules [10]. CAM assays have been widely used to 
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Abstract

1-Monocaproin, a 1-monoacylglycerol, was synthesized with the reaction of glycidol by chromium-caproic fatty acid
complexes and was found to be amphiphilic in nature. Synthesized 1-monocaproin was characterized by thin-layer chro-
matography, and the residual chromium was analyzed using inductively coupled plasma mass spectroscopy. Vascular 
endothelium growth factor (VEGF)-mediated angiogenesis pathways are being targeted for the development of novel 
drugs suitable for inhibition or stimulation of angiogenesis in various pathologies. In the chicken egg Chorioallantoic 
membrane (CAM) assay, 1-monocaproin exhibited VEGF-induced neovascularization in a dose-dependent manner. 
Synthesized 1-monocaproin was found to show the angiogenic effect at a dose concentration equivalent to VEGF at 
1,000 ppm. The results thus suggest that 1-monocaproin should be considered as a useful drug candidature targeting 
angiogenesis in coronary artery disease, stroke, and postsurgical therapy.
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study angiogenesis [11], and the advantages of the CAM model are as 
follows: (i) the highly vascularized nature of the CAM greatly promotes 
the assessment of angiogenic property; (ii) high reproducibility; (iii) 
simplicity and cost effectiveness; and finally (iv) as the CAM assay is 
a closed system, the half-life of many new molecules tends to be much 
longer in comparison to animal models, allowing experimental study 
of potential angiogenic compounds in small quantities [12,13]. In this 
study, 1-monocaproin synthesized [14] through a modified process 
with caproic acid, glycidol, and chromium (III) chloride as a catalyst, 
was evaluated for a potent angiogenic compound along with VEGF 
(positive control) and dimethyl sulfoxide (DMSO) (negative control) 
through the CAM assay.

Materials and Methods

Synthesis of 1-monocaproin
Charged n-hexanoic acid kept in the 250 mL round-bottom flask 

in the reflux condenser was heated to 608C along with the catalyst, 
prepared using hexanoic acid (HA) and chromium (III) chloride 
hexahydrate (1:2 mol ratio), with toluene as the solvent, with continual 
stirring for 30 min. To this, glycidol was added slowly dropwise at 
908C, and the reaction mass was maintained at 80-858C for another 
120 min. The completion of the reaction was monitored by thin-layer 
chromatography (TLC) using the mobile phase ethyl acetate-hexane 
(6:4) and extracted with ethyl acetate. The organic layer was dried with 
sodium sulfate and concentrated under vacuum.

The products of glycidol reaction, 1-monocaproin (hexanoic 
acid product, HAP), HA, glycidol, and a coarse material (mixture of 
all), were characterized by TLC using chloroform/acetone/methanol 
(95:4.5:0.5 v/v/v) as the mobile phase. TLC was carried out on a silica 
gel plate that was activated in the oven at 1508C for 30 min before use. 
Sample of 200 μL of each was developed on TLC plates in mobile phase, 
and after drying, the bands were located by viewing under 254 nm of 
UV light.

Angiogenesis assay using chick CAMs
CAMs of 7- to 9-day-old fertilized white Leghorn chicken 

eggs procured from Tamil Nadu Veterinary and Animal Sciences 
University, Chennai, India, were used for the assay according to a 
method reported previously [15]. The fertilized eggs were set upright 
and incubated at 378C. After 10 to 11 days of incubation, a window 
(10 cm2) was made in the eggshell overlying the air sac, and the 
CAM was exposed in each egg. Implant disks of 3 mm in diameter 
were made of filter paper loaded with the compounds to be tested 
and carefully inoculated at the junction of two blood vessels of the 
CAM. 1-Monocaproin was then tested at dosages of 1,000 (1 mg in 
1 mL of 0.2% of DMSO), 750, 500, and 250 ppm. Then the window 
was sealed, eggs were incubated, and the grafts were recovered after 
an incubation time of 72 h. The grafts were then scored for growth 
and vascularization on a 0 to 4 scoring basis. A positive control 
VEGF, which is a potent angiogenic inducer, and a negative control 
DMSO were also tested simultaneously at 1,000 ppm to compare the 
angiogenic activity of the synthesized compound.

Results and Discussion
The synthesis of 1-monocaproin was achieved with the catalyst 

content of 1% by mass of charged reactants, and at 908C, yield achieved 
was 65% in 180 min. 1-Monocaproin synthesized with the reaction of 
glycidol by chromium-caprylic fatty acid complexes changes the nature 

of the caprylic acid from lipophilic to amphiphilic. The products of 
glycidol reaction, 1-monocaproin (HAP), HA, glycidol, and a coarse 
material (mixture of all), were characterized by TLC as shown in Figure 
1, which confirmed the formation of 1-monocaproin and its yield.

The CAM assay has been shown to be a suitable in vivo 
model including many mechanisms relevant for physiological and 
pathological angiogenesis [16]. It was further demonstrated that 
different modifications of the CAM assay are versatile tools for the 
in vivo evaluation of small quantities (1-2 mg) of natural compounds 
or newly synthesized compounds, enabling the detection of possible 
angiogenic or antiangiogenic effects of the test compound to evaluate 
its property as an anticancer or angiogenic drug candidature [17,18]. 
Hence, the CAM assay has been found to be a most suitable tool to 
test 1-monocaproin at the dosages of 1,000 (1 mg in 1 mL of 0.2% of 
DMSO), 750, 500, and 250 ppm. 

1-Monocaproin at different concentrations, along with VEGF as a
positive control and DMSO as a negative control, was tested in the CAM 
assay for its angiogenic activity, evaluated by a score system as per Table 1,  
and the results of the scoring based on growth and vascularization 
are given in Table 2. The positive control VEGF showed the highest 
score, 4, wherein the granuloma was strongly vascularized and a strong 
starlike network of capillaries was formed around the granuloma. 
Among the different dose levels tested for 1-monocaproin, the dose was 
found to be equivalent to VEGF at a 1,000 ppm concentration. Dose-
dependent activity was observed with 1-monocaproin on the formation 
of angiogenesis. The angiogenesis effect of 1-monocaproin and the 
controls are shown in Figure 2.

After 72 h of incubation (see Figure 2), VEGF treatment led to a 
simulation with a strong network of sprouting capillaries and increased 

Figure 1: TLC picture of 1-monocaproin (HAP), hexanoic acid 
(HA), glycidol, and a coarse material (mixture of all)
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vessel density within the ring, and treatment with 1-monocaproin at the 
dose level of 1,000 ppm showed the formation of capillaries similar to 
the VEGF. No changes in vascular structure or density were observed 
with DMSO. One could speculate that 1-monocaproin activated the 
VEGF-induced biological effects on endothelial cells by stimulating 
the growth factor receptor interaction. VEGF is a critical endogenous 
proangiogenic factor that binds and activates VEGF receptor to 
induce angiogenesis, mitogenesis, and chemotaxis in endothelial 
cells. In this study also, exogenous VEGF significantly enhanced the 
neovascularization in the positive control groups as compared with the 
DMSO-treated group, evidencing its proangiogenic activity. Similarly, 
1-monocaproin also exhibited neovascularization as that of VEGF.
In addition, in the treatment group, a significant dose-dependent
stimulation of the neovascularization was evident, evidencing its
angiogenic property.

Angiogenesis, the generation of new capillaries, is a highly 
restricted, regulated, and self-limited activity in the healthy adult 
organism. The fact that pathological angiogenesis can be modulated 
by molecules of exogenous origin is a fast gaining credence and 
merits further investigation. In the present study, the CAM assay 
revealed that 1-monocaproin induced angiogenesis for the first time, 
and to conclude, the angiogenic property was best exhibited for the 
1-monocaproin synthesized thorough the reaction of glycidol by the
chromium-caproic fatty acid complex. The results showed that the
activation of angiogenesis by 1-monocaproin is due to the stimulation
of vascular endothelial cell growth, migration, and angiogenesis at
a very low dose. The search and discovery of novel angiogenesis are
likely to provide hope to the millions of sufferers of chronic disease
and postsurgical recoveries. This work suggests that this synthesized
product could be considered as a useful source of material for human
health as an angiogenic agent. Because 1-monocaproin is amphiphilic
in nature and Generally Regarded as Safe and (GRAS), it could be a
potent drug candidature targeting coronary artery disease, stroke,
chronic wound, and wound-healing formulations in combination with
the existing active drug molecules. However, the underlying molecular
mechanism by which 1-monocaproin stimulates the VEGF-induced
neovascularization requires further studies.
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Score Category Effects observed

4 Strong
The granuloma is strongly vascularized

A starlike network of capillaries is formed around the 
granuloma

3 Medium
The granuloma is vascularized at medium level

A medium starlike network of capillaries is formed 
around the granuloma

2 Weak
The granuloma is weakly vascularized

A thin starlike network of capillaries is formed around 
the granuloma

1 Very weak
The granuloma is somewhat smaller than in catego-

ries 1 and 2 and only poorly vascularized
The starlike network of vessels is hardly recognizable

0 No effect
No effect and no capillary growth

The network of vessels is normal (as the control)

Table 1: Score values for the evaluation of the angiogenic effect on the  
chorioallantoic membrane of the fertilized hen’s eggs

Test compounds
Budding of blood vessels and 

vascularization score

1-Monocaproin (1,000 ppm) 3.67

1-Monocaproin (750 ppm) 2.33

1-Monocaproin (500 ppm) 0.67

1-Monocaproin (250 ppm) 0.33

Positive control (VEGF) 4

Negative control (DMSO) 0

Values represent the average of triplicate samples (n 5 3).

Table 2: CAM assay scores of vascularization and budding of blood vessels  
of 1-monocaproin  and the control samples

Figure 2: HET-CAM assay: (a) shows the budding of blood vessels 
by VEGF at 1,000 ppm with a strong network of capillaries (positive 

control); (b) shows the budding of blood vessels of 1-monocaproin at 
1,000 ppm with a strong network of capillaries; (c) shows the budding 
of blood vessels by 1-monocaproin at the concentration of 750 ppm 
with a weak to medium network of capillaries; (d) shows no capillary 

growth with DMSO (negative control)
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