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ABSTRACT 

 

Algae are the group of marine photosynthetic microorganisms with diverse biological and pharmacological 

activities. Angiogenesis plays a vital role in sustaining a growing body but over activity of this mechanism can lead 

to tumor formation. This study was conducted to determine the angiosuppressive property of sulfated 

polysaccharides (SPs) from Sargassum oligocystum using chorioallantoic membrane (CAM) assay. Hot water 

extraction and lyophilization were used to extract SPs with a yield of 8.56%. FTIR characterization of SPs showed 

identical spectra with the reference standard under 650 to 4000cm-1. CAM model was used to assess the effect of 

SPs on angiogenesis. One-way ANOVA and DMRT revealed that 100mg of SPs disc did not differ significantly 

when compared to retinoic acid at p<0.01. The result suggested that the SPs from S. oligocystum is a promising 

alternative for inhibition of angiogenesis. Thus, the use of specific cancer cell line is recommended.    
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INTRODUCTION 

 

The importance of health is only realized when one has acquired a disease. It affects the daily activities of 

men and all aspects of life. The Philippine Statistics Authority revealed that cancer is one of the leading causes of 

death next to cardiovascular disease [1]. Cancer cell develops when there is an alteration in the composition and 

metabolism of the normal cell. The cancer cell is considered to be a new growing body which divide more rapidly 

than the normal cell. In order for this cancer cell to grow, angiogenesis is needed.  

 
Angiogenesis is the formation of new blood vessels from the existing one in a branching pattern which is a 

normal and complex biological mechanism in the body. Blood vessels are needed to transport oxygen and nutrients 

in order for the normal and cancer cells to grow [2]. This process is affected by endogenous local chemical signals 

or circulating endothelial precursors [3,4] which are vital in some physiological processes such as wound healing, 

embryonic development, tumor formation and cancer metastasis [3]. Angiogenesis include protease assembly, 

endothelial cell transport, and proliferation, vascular tube development, cross-connection of newly formed tubes, 

formation of a new basement membrane, and integration of smooth muscle cells and pericytes [4]. Angiogenesis are 

regulated by several signaling proteins like, basic fibroblast growth factor (bFGF), interleukin-8 (IL-8), vascular 

endothelial growth factor (VEGF) and tumor necrosis factor-α (TNF-α). These regulatory proteins are normally 

present in the body and has specific mechanism in inducing angiogenesis [5]. However, the over activity and 

abnormal response of these precursors affect the balance and normal physiological and pathological processes. The 
metabolism of endothelial cells of both normal and cancer cells can be correlated to the presence and amount of 

oxygen needed in order for the blood vessel to sprout or form a vascular network [6]. In cancer patients, the activity 

of endothelial cells is vigorously active due to the release of proteins which can activate endothelial cell growth and 

induces metastasis when the angiosuppressive factors’ production is reduced [2,7]. 

 

The unstable economic condition of the Philippines drives pharmaceutical companies to utilize herbal 

plants in formulating life-saving medicines. Knowledge on plant chemistry, biochemistry and pharmacology is 

essential in dealing with drug discovery. In the Philippines, few studies were conducted on algae as source of 

pharmaceutical alternative. S. oligocystum is one of the species brown macroalgae or seaweed from the family 

Sargassaceae under class Phaeophyceae in the order Fucales. It is distributed widely in coastal countries, like 

Philippines. S. oligocystum is found mostly in the subtidal zone, which is characterized by brownish coloration of 
the seaside when it dried up [8]. It is a good source of many metabolites such as alginates, alginic acid, pigments, 

sulfated fucoidans, sterols, oils and mannitols [9].  

 

Fucoidan is one of the most interesting metabolites of Sargassum. Fucoidan is derived from its structural 

composition made of fucose, which is a hexose deoxysugar. Fucose is the fundamental sub-unit of fucoidan, a 



 

sulfated polysaccharide and can be found in N-linked glycans on plant surface [10] which is one of the components 

of cell wall. The water extract of Sargassum oligocystum revealed a notable antiproliferative and antitumor activities 

against K562 and Daudi human cancer cell lines. using MTT (Microculture Tetrazolium) Assay and TBE (Trypan 

Blue Exclusion) Test. [11, 12]. Thus, this study was formulated to determine the angiosuppressive property of the 

sulfated polysaccharides Sargassum oligocystum Montagne using chorioallantoic membrane assay. Specifically, this 
study aimed to: (a) measure the percentage yield of SPs, (b) characterize the SPs using physicochemical testing and 

fourier transform infrared spectrometric analysis, (c) determine the antiangiogenic activity of SPs using 

chorioallantoic membrane (CAM) assay and (d) determine the significant difference between the angiosuppressive 

property of SPs and retinoic acid (positive control). 

 

METHODOLOGY 

 

Research Design. Completely randomized design and experimental methods was used in angiosuppressive assay of 

SPs on chorioallantoic membrane of duck egg. Post-test only control group design was used in each treatment with 

three trials and ten measurements each trial. 

 

Sample Collection. Fresh and mature S. oligocystum were collected from the subtidal zone of Tangalan, Aklan. The 
whole plant was stored in a clear, wide-mouth glass bottle for macroscopic analysis for specific algal authentication 

by the Aquaculture Department of Southeast Asian Fisheries and Development Center, Region VI. 

 

Duck Egg Collection. Five-day old fertilized duck eggs were collected from Brgy. Matanga Poultry Farm of New 

Buswang, Kalibo, Aklan. The eggs were then further incubated at the laboratory using a digital analytical incubator 

at 37.5°C with 62.5% relative humidity [13].  

 

Plant Extraction. S. oligocystum was washed thoroughly with distilled water to remove dirt and extraneous matter. 

The algae were air-dried for seven days and then dry-milled using an electric grinder. Four kilograms of brown algae 

were soaked in 8000 mL distilled water and subjected to electrothermostatic water-bath heating for 4 hours at 80oC 

[14, 15, 16]. The algal residues were separated using suction filtration and the aqueous filtrate was lyophilized to 
obtain a powder extract. 

 

Characterization. The physicochemical characteristics and FTIR spectra of SPs were compared to the standard-

pharmaceutical grade fucoidan. Physical tests include color, taste, odor, appearance, pH and solubility of SPs. 

Chemical Tests include tests for carbohydrate, sulfate, and polysaccharide. Protein test was performed to ensure that 

the extract was purely made of sulfate group and polysaccharide chain since amino acid group/s is/are major 

contaminant/s. The characterization of SPs was performed through the use of Fourier Transform Infrared 

Spectroscopy to determine the quality of SPs in comparison to the reference standard fucoidan at 650-4000cm-1 

frequency range. [14]. The quality of SPs including the reference standard was compared against ten samples stored 

in the Attenuated Total Reflection Library of the FTIR Spectrometer (Agilent Technologies).  

 

Angiosuppressive Assay. The 5-day old fertilized eggs were incubated for another 5 days at 37.5°C with 62.5% RH 
using a digital analytical incubator. The windowing of eggs was madeusing a candling device at the blunt end of egg 

for air sac identification and prominent blood vessel marking especially the Y-shaped blood vessel. A small window 

was made perpendicular to the previously identified blood vessel in the center of the egg by the use of a surgical 

blade. A mild suction using tuberculin syringe was applied to the hole to remove the excess liquid albumin. The 

CAM was separated from the shell where the identified Y-shaped blood vessel was secured. A 0.5 cm diameter [17] 

and 0.1 cm thick gelatin-based disc was placed on the Y-shaped vascular area. The USP gelatin discs were 

formulated and infused with the following treatments: 10mg/disc of retinoic acid (Treatment A/positive control), 

100mg/disc of SPs (Treatment B), 10mg/disc of SPs (Treatment C), 1mg/disc of SPs (Treatment D) and gelatin disc-

base (Treatment E/negative control). The gelatin disc served as the matrix for delivery of SPs into the CAM. After 

placing the discs on the vascular area, the window was sealed with sterile transpore, and the eggs were returned to 

the incubator and incubated for the next 3 days. The eggs were totally opened and transferred to Petri dishes. A 1-
inch diameter ring was placed around the disc where it was planted to limit the area of analysis [13]. A digital 

camera was used to capture the image on the CAM [18] at a distance of 6-inch focus. The measurement of 

angiogenesis was made by measuring the number of branches using Image J Angiogenesis Analyzer [19].    
Statistical Treatment of Data. For descriptive statistics, mean was used to describe the results of SPs, positive and 

negative controls on angiogenesis. Analysis of Variance was used for assessing the significant difference in the 



 

number of branches and total branch length at p<.01 level of significance. On the other hand, the Duncan Multiple 
Range Test was used to further evaluate the differences among three SPs gelatin disc concentrations when compared 
to retinoic acid (positive control). 

 

RESULTS AND DISCUSSION 

 

Percentage Yield 

 

Table 1 shows that 8.56%w/w of SPs were extracted from 4000 g of dried S. oligocystum. Extraction 

temperature and solvent contact time are critical parameters essential in optimizing SPs extraction. The cell wall of 

S. oligocystum becomes more porous at a temperature ranging 70 – 80oC when carried within 3-4 hours extraction 

time [14]. This condition favors the extraction and solubility of SPs in water. The amount of SPs from brown algae 

varies according to habitat, freshness of the sample, maturity, period of collection and species [20]. 

 

Table 1: Percentage yield of sulfated polysaccharides 

Weight S. oligocystum Weight of 

SPs Extract 

Percentage 

Yield 

4000 grams 342.40 grams 8.56%w/w 

 

Physicochemical Properties of SPs  

 

 Table 2 reveals that the standard fucoidan and SPs have the same properties in terms of odor, taste and 

form except the color. The difference in the color is due the presence of darker spots of S. oligocystum [21] than 

kelp, a variety of brown algae which is the source of standard fucoidan. Standardization and commercialization of 

fucoidan involves the removal of dark pigments during the process of extraction to give an aesthetic appeal. The 

solubility of both standard fucoidan and SPs were the same in different solvents. Fucoidan and SPs are composed of 

L-fucose, sulfate, mannose, galactose, glucose, and xylose units [14]. Structurally, it is made up of several hydroxyl 

groups making it freely soluble in water and soluble in dilute acidic and basic solvents due to hydrogen bonding. 

Fucose units are insoluble in semi- and nonpolar solvents due to minimal hydrogen bonding and low dielectric 
constant property of ethanol, acetone and hexane. The pH of both samples are slightly alkaline and this serves as 

basis of fucoidan and SPs’ stability and optimization of biological activities. Fucoidan and SPs contain 

polyhydroxyaldehydes and these are prone to undergo the process of oxidation [22] which will yield 

polyhydroxyacid. Thus, a decrease in the pH value of SPs is an indication of decomposition. 

 

Table 2: Comparison of physical properties of standard fucoidan and sulfated polysaccharides 

Property Standard Fucoidan Sulfated Polysaccharide 

Color Light yellow Brown 

Odor Fishy Fishy 

Taste Salty Salty 

Form Powder Powder 

Solubility in:   

Distilled water Freely soluble; 1:10 Freely soluble; 1:10 

5%NaOH Soluble; 1:15 Soluble; 1:15 

5%NaHCO3 Soluble; 1:20 Soluble; 1:20 

5%HCl Soluble; 1:15 Soluble; 1:15 

Ethanol Insoluble Insoluble 

Acetone Insoluble Insoluble 

Hexane Insoluble Insoluble 

pH 7.78 

slightly alkaline 

7.83 

slightly alkaline 

 

 

 Table 3 shows that the standard fucoidan and SPs do not contain proteins and amino acids, it suggests that 

the SPs are chiefly carbohydrate in nature with the presence of sulfate and absence of traces of proteins and amino 

acids. Detection of proteins was conducted to ensure the quality of the extracted SPs because proteins are major 



 

contaminants of fucoidan or sulfated polysaccharides extracted from macroalgae [22]. Thus, the biological activity 

of SPs is affected by the presence of other compounds and functional moieties other than carbohydrates.  

 

Table 3: Comparison of chemical properties of standard fucoidan and sulfated polysaccharides 

Tests Positive Results Fucoidan SPs 

Molisch 

Carbohydrate 

Purple ring at the junction + 

 

+ 

BaCl2 

Sulfate 

White precipitate + + 

Lugol 

Polysaccharide 

Blue-black solution + + 

Biuret 

Peptide bond 

Blue-violet solution - - 

Xanthoproteic 

Protein 

Yellow precipitate - - 

Ninhydrin 

Amino acid 

Intense Blue solution - - 

 

Fourier Transform Infrared Spectrum of SPs 

 

Fig. 1 shows that the FTIR spectrum of SPs is identical to the standard fucoidan and Agilent pectin library 

sample. The specific functional groups that were characterized are summarized in Table 4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Fourier transform infrared spectra of standard fuoidan (top), SPs (middle) and Agilent pectin library sample 

(below). 
 

FTIR spectrum of SPs shows that there is no vibration stretch observed at wavenumber 3400-3500cm-1  which is the 
specific band of the amino group. This means that protein is absent in the extracted SPs. The presence of OH group in the 
monosaccharide monomer is observed at 3300-3400cm-1,  an aliphatic C–H at 2900cm-1, a C=O stretch for acetate at 1700cm-1 

[24]. The C-O-C bending vibrations in glycosidic linkage is observed at the region 700-1000cm-1 [25]. The glycosidic linkage 
stretch C–O–C and C–O–H are distinct between 1600 cm-1and 1000 cm-1. The signals near to 1600 cm-1and 1500 cm-1are 

produced by the asymmetric and symmetric stretch vibration of C-O-O of uronic acid [26,27]. The presence of S=O stretching of 
sulfate group is noted as a weak band at 1000cm-1 [28]. Therefore, the distinct band stretch of polysaccharide at 1000–3400cm-1 

and sulfate at 1000 cm-1 is an indication that it is a sulfated polysaccharide. These are the essential functional moieties that can 
affect cell division and blood vessel formation [29]. 

 

 

 

 

 

 

 

 

 

 



 

Table 4: Summary of functional groups characterized by FTIR spectrometer 

 

Wavenumber cm-1 Functional Groups 

3300 – 3400 -OH group of monosaccharide  

2900 Aliphatic C—H 

1700 C=O for CH3COO-    

1500 – 1600 Asymmetric and symmetric  

C-O-O stretch of uronic acid 

1000 – 1600 C-H-O and C-O-C 

1000 S=O stretch of sulfate group 

700 – 1000 C-O-C vibration of glycosidic linkage 

 

Angiosuppressive Assay 

 
Table 5 reveals the degree of angiogenesis which was evaluated through the use of chorioallantoic 

membrane (CAM) model. It shows that the treatment with 100mg/disc (M=16.05, SD=2.6) has the lowest percent 

angiogenesis or vascularization, followed by 10mg/disc (M=67.17, SD=2.8) and 1mg/disc (M=86.66, SD=2.15) 

when compared to the positive control, retinoic acid (M=16.57, SD=3.86).  

 

Table 5: Evaluation of the degree of angiogenesis of SPs 

 

 

 

 

 
 

 

 

 

 

 

 

 

In-ovo CAM assay is widely used [30,31] in the analysis of proangiogenic and antiangiogenic agents [32] 

as shown in Figure 2. This assay deals on vascularization process which occurs during fetal development including 

both physiological and pathological blood vessels formed by normal or overactive angiogenesis [33]. The CAM 

developed from day 4 to day 14 (6 cm2 up to 65 cm2) which acts as a respiratory organ with a rapidly developing 
vascular network [34]. The number of branches was quantified by Image J angiogenesis analyzer and expressed in 

pixel unit.  

 

 

 

 

 

 

 

 

 

 

Figure 2: Normal and phase-contrast images of CAM 

 

Data in Table 6 reveals that there was a significant angiosuppressive effect on the number of vascular 

branches at the p<.01 level for the five treatments, namely, retinoic acid, gelatin disc, 100mg, 10mg and 1mg 

SPs gel disc [F(4, 10) = 11.14, p = 0.00105]. Pearson product-moment correlation coefficient (r=-0.982) 

suggests that the the degree of angiogenesis and concentration of SPs is strongly indirectly proportional. 
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Table 6: Analysis of variance  

 

 SS df MS F Sig 

Between groups 

Within 

groups 

Total 

3256.58 

 

730.84 

 
3987.42 

4 

 

10 

 
14 

814.1 

 

73.08 

11.14 .00105 

 

Data in table 7 shows that there was no significant difference in the angiosuppressive effect between retinoic 

acid and the three treatments of SPs. Thus, the inhibitory effect of SPs was comparable with the positive 

control with the distinction of 100mg/disc which has the lowest number of branches compared to 10mg and 

1mg. 

 

Sulfated polysaccharide structure plays a vital role in the inhibition vascular growth. O-acetylated and 

heterogeneous sulfate groups attach to polysaccharide was found to have an anticancer activity [35]. The high 

molecular weight, water solubility of SPs [29] and complex polysaccharide chain contribute to its pharmacological 

activity against suppression of tumor. The anticancer and antiangiogenic effects of fucoidan is due to its fucose units 

linked with alpha-l-(13) and (14)-chained fucopyranosy and beta-d-(16) bonds in the backbone of 

polysaccharide [36,37,38]. The anticancer mechanism of fucoidan is contributed by the blockade of the VEGF 
receptor [39,40] and inhibition of FBGF [41] thereby, blocking signal transduction needed for angiogenesis and 

tubulogenesis. Fucoidan can also induce the action of natural killer cell [36,42,43] and can activate apoptosis [36]. 

 

Table 7: Duncan multiple range test  

 

Treatments 

N 

Subset for alpha = 0.01 

1 2 

Retinoic acid 3 16.57  

100 mg SPs 3 19.23  

10 mg SPs 3 27.70  

1 mg SPs 3 30.93  

Gel Disc 3  58.0000 

Sig.  .084 1.000 

 

CONCLUSION  

 

Based on the tests performed the researcher concluded that the sulfated polysaccharide (SP) gel discs 

exhibited an angiosuppressive effect on chorioallantoic membrane of duck egg. Specifically, 100 mg SPs disc was 

more closely comparable with retinoic acid. Thus, sulfated polysaccharides from S. oligocystum is a potential 

alternative antiangiogenic agent. 
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