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Abstract: The sulfated polysaccharides (SP) from the edible red seaweed, Gracilaria birdiae, 

were obtained using five different extraction conditions: Gracilaria birdiae 1 (GB1)-water; 

GB1s-water/sonication; GB1sp-water/sonication/proteolysis; GB2s-NaOH/sonication; and 

GB2sp-NaOH/sonication/proteolysis. The yield (g) increased in the following order: 

GB2sp > GB1sp > GB2s > GB1s > GB1. However, the amount of SP extracted increased in a 

different way: GB2sp > GB1 > GB1sp > GB1s > GB2s. Infrared and electrophoresis 

analysis showed that all conditions extracted the same SP. In addition, monosaccharide 

composition showed that ultrasound promotes the extraction of polysaccharides other than 

SP. In the prothrombin time (PT) test, which evaluates the extrinsic coagulation pathway, 

none of the samples showed anticoagulant activity. While in the activated partial 
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thromboplastin time (aPTT) test, which evaluates the intrinsic coagulation pathway, all 

samples showed anticoagulant activity, except GB2s. The aPTT activity decreased in the 

order of GB1sp > GB2sp > GB1 > GB1s > GB2s. The total capacity antioxidant (TCA) of 

the SP was also affected by extraction condition, since GB2s and GB1 showed lower activity 

in comparison to the other conditions. In conclusion, the conditions of SP extraction 

influence their biological activities and chemical composition. The data revealed that 

NaOH/sonication/proteolysis was the best condition to extract anticoagulant and antioxidant 

SPs from Gracilaria birdiae. 

Keywords: aPTT assay; total capacity antioxidant; sonication; proteolysis; red seaweed 

 

1. Introduction 

Seaweeds are a rich source of various compounds widely used in medicine, pharmaceuticals, 

cosmetics and food industries. Among these compounds, sulfated polysaccharides (SP) extracted from 

seaweeds occupy a special place, because they exhibit a wide range of activities when tested in different 

biological systems displaying anti-adhesive, antioxidant, antiviral, antitumor, antiulcerogenic, 

antithrombotic and anticoagulant properties [1,2]. 

The most extensive studies have been conducted on the anticoagulant activities of several algal  

SP [3–5], and more recently, the antioxidant and antiproliferative activities have been widely  

studied [1,6]. 

Gracilaria birdiae, a red seaweed distributed around the tropical region of Brazil, comes from an 

economically important genus named Gracilaria, which is used to obtain agar [7]. Gracilaria spp. is 

found on a large scale in the northeast of Brazil; however, population growth and increasing 

urbanization have resulted in the depletion of natural beds. In order to minimize this devastation, 

communities are cultivating seaweed both for commercial purposes and for the protection of these 

natural areas [8]. In Brazil, G. birdiae has been cultivated under field conditions in several locations, 

such as Rio do Fogo Beach (Rio Grande do Norte state), which produces biomass ranging from 900 to 

3l,537 g/m2 [9]. In Rio do Fogo Beach, this alga is also used to feed native people.  

In addition to the benefits already cited, SP-rich extracts from G. birdiae have been shown to 

prevent naproxen-induced gastrointestinal damage in rats [10], ameliorate trinitrobenzenesulfonic  

acid-induced colitis in rats [11] and present antioxidant [12] and anti-inflammatory [13] properties. 

The SP algal biological activity usually depends on molecular size, type of sugar and sulfated 

contents, as well as the type of linkage, molecular geometry and sulfated position [1]. These structural 

variations determine not only the SP activity, but also their mechanisms of action [14]. In addition, 

several researchers have proposed that the structure of the different polysaccharides may vary according 

to the method of extraction [15–17]. 

There is no standard method to extract sulfated polysaccharides from seaweeds. In general, SP 

extraction procedures involve a preliminary treatment of seaweed tissue with an organic solvent to 

remove lipid and pigments as much as possible, followed by proteolytic digestion [18] and acid and/or 

alkaline extraction [19,20]. In connection with the emerging concept of “Green Chemistry”, 
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ultrasound-assisted extraction has been applied to extract polysaccharides from plant tissues [21]; 

however, sonication has not yet been used to extract SP from seaweed. 

Thus, the main objective of this study was to obtain sulfated polysaccharides using different 

conditions, such as neutral or alkaline extraction, sonication and/or proteolytic digestion, in order to 

identify the best condition to obtain SP from the cultivated and edible algae, G. birdiae. The use of 

sonication for the extraction of SP from seaweeds was utilized and tested here, as it has not previously 

been reported. In addition, the anticoagulant and antioxidant activities of these extracts were evaluated. 

2. Results and Discussion 

2.1. Extraction Conditions 

In order to obtain sulfated polysaccharide-rich extracts from G. birdiae, different extraction conditions 

reported by several authors were used. GB1 extraction was performed as described by Maciel and 

colleagues [22], who obtained galactans from G. birdiae [22]. In previous studies, sonication has been 

used to optimize the yield of compound extracts obtained from plants [23,24], as ultrasound acts in a 

process named cavitation, which produces shock waves that affect plant cell wall integrity; this 

increases the extraction of several compounds, including less accessible polysaccharides, in a shorter 

time and at lower temperatures [21]. In the current study, sonication was used to improve GB1 

condition, and this new extraction condition was named GB1s. In addition, a combination of sonication 

and alkaline solution was used to obtain GB2s, since it was reported that the presence of NaOH improves 

the polysaccharide extraction with sonication [25]. 

Enzymatic digestion has been used to extract sulfated polysaccharides from seaweed [1,18]. In the 

seaweed extracellular matrix, the proteins act as a kind of jail for the polysaccharides. As such, when 

the proteolitic enzyme breaks down the proteins from the extracellular matrix, the extraction of 

polysaccharides becomes possible. Thus, in order to assess whether the use of proteolitic extraction 

could increase the efficiency of sonication, enzymatic digestion was combined with GB1s and GB2s to 

obtain GB1sp (p, proteolysis) and GB2sp, respectively. Since the proteolytic enzymes do not work at 

pH levels less than 6.5, acidic conditions were not used for SP extraction.  

2.2. Yield and Chemical Analysis of Extracts Obtained 

As shown in Table 1, each of the five tested conditions showed different yields, ranging from 26 to 

413 mg. Following the work of Maciel et al. [22], when water alone was used to extract SP (GB1) a 

low yield was obtained, and this was not improved when combined with sonication (GB1s). This result 

was unexpected, as several authors have cited the use of sonication in order to increase the extraction 

of polysaccharides in plants [21,23,26]. Wang and Zhang [25] showed that when using sonication in an 

alkaline system, the extraction of polysaccharides in corn cobs increases; thus, in the current study, 

when we also extracted SP from G. birdiae using sonication in the presence of water and NaOH (GB2s), 

an increased yield was observed in comparison to GB1 and GB1s.  

Another condition used by many researchers to extract SP from seaweed is enhancing the 

degradation of proteins that are associated or have covalent bonds with the polysaccharides of the 

algae, allowing for solubilization of SP in water, a condition known as proteolysis [1,17]. As such, 
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proteolysis was combined with sonication (GB1sp) in order to improve the yield of extraction in  

G. birdiae. As shown in Table 1, this combination improved the yield when compared to the others 

cited. This occurred probably because the tissue of the extracellular matrix became softer due to the 

ultrasound used, which helped the action of the proteolytic enzymes. In addition, the mixture of an 

alkaline solution, proteolysis and sonication (GB2sp) was used, and this condition showed the best 

yield, almost three-times greater than the second best (GB1sp). 

Table 1. Chemical composition of extracts from Gracilaria birdiae. Gal, galactose;  

Glc, glucose; Ara, arabinose; Xy, xylose; Gluc A, glucuronic acid. * The value in parentheses 

refers to the ratio of the yield of each condition to the basic condition GB1 yields.  

s, sonication; p, proteolysis. 

Extracts 
Total Yield 

(mg) 
Sugar/Sulfate Protein (%) 

Molar Ratio 

Gal Glc Ara Xyl Gluc A 

GB1 26 (1.0) * 8.5 0.0 ± 0.0 1.0 0.3 0.4 1.5 1.9 
GB1s 28 (1.1) * 15.0 2.9 ± 0.5 1.0 0.5 0.3 1.5 0.9 

GB1sp 152 (5.8) * 12.4 1.2 ± 0.4 1.0 0.3 0.3 1.3 2.2 
GB2s 64 (2.5) * 11.0 0.4 ± 0.1 1.0 1.0 0.4 1.7 0.5 

GB2sp 413 (15.9) * 5.1 0.4 ± 0.3 1.0 0.8 0.5 2.7 1.5 

Total sugar, protein and sulfate are accounted for in Table 1. Upon comparing GB1 and GB1s, the 

presence of sonication led to the extraction of more proteins. However, the sugar/sulfate ratio increased, 

indicating that ultrasound promotes the extraction of other polysaccharides beyond that of SP, which 

allows one to conclude that sonication in water solution does not increase the extraction of SP. When 

using sonication in an alkaline solution (GB2s) or sonication with proteolytic digestion (GB1sp), it 

was observed that these conditions did not enable the extraction of more SP in comparison to GB1. On 

the other hand, when combining proteolysis, sonication and NaOH (GB2sp), it was observed that this 

condition extracted more material than the others. GB2sp also extracted more SP, since its 

sugar/sulfate ratio was the least of all of the conditions used. This happens because NaOH attacks the 

extracellular matrix eroded by ultrasound and cleaves the interaction between polysaccharides and 

phenolic compounds [21]; this, together with proteolitic enzyme action, enhances the release and 

solubilization of polysaccharides. 

All samples showed galactose, glucose, arabinose and xylose as monosaccharaide components. 

However, these monosaccharaides were not found in the same proportions under all extraction conditions. 

GB1 presented a different monosaccharaide composition to that reported by Maciel et al. [22], who 

extracted a sulfated homogalactan using conditions to extract SP similar to what we used (GB1). This 

difference in monosaccharide composition might be due to the fact that the algae were collected in 

different years. Neutral and sulfated polysaccharides from the seaweed, Saccharina longicruris, 

showed different monosaccharaide composition when collected in 2005 and 2006 [27]. In addition, 

when SP extracts were obtained month by month from April to October from Laminaria japonica, 

their monosaccharide composition changed during these seven months [28].  

GB2s and GB2sp extracted a larger amount of glucose when compared to the other conditions. 

Chanliaud et al., 1995, reported that using an alkaline solution to extract heteroxylans from maize bran 
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promotes the extraction of glucose, because of the degradation of cellulose and starch [29]. The same 

situation could justify the elevated presence of glucose in GB2sp and GB2s. Xylose was found in high 

quantities in GB2sp. Although sulfated galactans are the main sulfated polysaccharide found in red 

algae, some authors have reported the presence of sulfated polysaccharides rich in xylose in red  

algae [30]. To date, there have been no reports showing the different types of sulfated polysaccharides 

that are synthesized by G. birdiae, so this high amount of xylose in GB2sp may lead one to assume 

that G. birdiae also synthesizes sulfated polysaccharides rich in xylose. Further studies are needed to 

confirm this hypothesis. Glucuronic acid was found in low proportions in GB1s and GB2s, conditions 

that used sonication; however, GB1sp a GB2sp also used sonication and showed an elevated amount of 

glucuronic acid. Future studies should be undertaken to understand the effect of sonication on the 

extraction of glucuronic acid-rich polysaccharides from G. birdiae. 

2.3. Agarose Gel Electrophoresis 

The electrophoretic mobility of sulfated polysaccharides on agarose gel, using a 

diaminopropane/acetate buffer, is shown in Figure 1. 

Figure 1. Agarose gel electrophoresis of the extracts from Gracilaria birdiae. About 5-µL 

aliquots (50 µg) of Gracilaria polysaccharides were applied in agarose gel (107.5 cm,  

0.2 cm thick) prepared in 0.05 M 1,3-diaminopropane-acetate buffer (pH 9.0) and 

subjected to electrophoresis at 110 V/cm for 60 minutes. The gels were then maintained in 

0.1% cetyltrimethylammonium bromide for two hours and dried, and the polysaccharides 

were stained with 0.1% toluidine blue in a solution containing 50% ethanol and 1% acid 

acetic in water for 15 min. The gels were then destained with the same solution lacking 

toluidine blue. 

 

The staining pattern of polysaccharides on the agarose gel electrophoresis with toluidine blue 

revealed that all extraction conditions obtained sulfated polysaccharides. In addition, it was observed 

Gb1  Gb1s  Gb1sp  Gb2s  Gb2sp 
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that only one band corresponding to PSs showed the same electrophoretic mobility in all extraction 

conditions. Due to the property of 1,3-diaminopropane/acetate buffer, it was possible to individualize 

the sulfated polysaccharides. Diamine is able to interact with the Gracilaria polysaccharides through 

their sulfated groups, as was previously observed for sulfated glycosaminoglycans [31]. This 

interaction is more dependent on the spacing of vicinal charges than the absolute charge of the 

compounds [31]. Thus, polysaccharides that have the same charge/mass ratio and structural 

conformation have similar electrophoretic mobilities in a diaminopropane/acetate buffer. 

Due to the different monosaccharide composition shown by each extraction condition, one may 

deduce that the G. birdiae synthesized small amounts of other polysaccharides that were not visualized 

after staining with toluidine blue. 

2.4. Infrared Spectra 

Infrared spectroscopy has been shown to be a powerful tool to show similarities between the 

compounds. Table 2 shows the main bands observed in the IR spectra of the sulfated polysaccharides 

from G. birdiae. 

The characteristic absorptions of sulfate were identified in the FTIR spectra of sulfated 

polysaccharides: bands around 1225–1254 cm−1 for an asymmetric S=O stretching vibration [32] and 

bands around 1040–1065 cm−1 for a symmetric C-O vibration associated with a C-O-SO3 group [33]. 

The peaks at 845–850 were caused by the bending vibration of C-O-S [34]. 

In addition, all fractions showed signals at 3423–3443 cm−1 and around 2920 cm−1, which were 

from the stretching vibration of O–H and C–H, respectively [35,36]. The bands around 1638–1654 cm−1 

were due to the carboxyl group of uronic acid [37]. 

Table 2. IR spectrum data of sulfated polysaccharides from the red seaweed, G. birdiae. 

Sulfated Polysaccharides IR (cm−1) 

GB1 3441, 2921, 1647, 1238, 1059, 847 
GB1s 3442, 2917, 1650, 1234, 1040, 850 
GB2s 3444, 2910, 1643, 1225, 1038, 845 

GB1sp 3435, 2908, 1659, 1254, 1061, 847 
GB2sp 3460, 2922, 1662, 1238, 1065, 849 

2.5. Polyacrylamide Electrophoresis 

The polyacrylamide analysis showed that polysaccharides extracted using different conditions had a 

molecular weight of ~45 kDa. An exception was observed for the one extracted with the GB2s 

condition; the polysaccharides extracted using this condition showed a low molecular weight of  

~20 kDa. Several authors have shown that when ultrasound is used at different times to extract 

polysaccharides, the molecular weight of these molecules decreases if the time of exposure to ultrasound 

increases [38]. However, GB1s, GB1sp and GB2sp also used ultrasound, and the molecular weight of 

their polysaccharides did not decrease in comparison to the GB1 polysaccharide. Thus, one may 

conclude that the NaOH used in the GB2s condition decreased the molecular weight of the SP in GB2s 

or extracted only low molecular weight SP from G. birdiae. 
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2.6. Anticoagulant Activity 

Polysaccharides from G. birdiae presented anticoagulant activity, except GB2s, as shown in Figure 2. 

GB1sp showed the best activity, followed by GB1s, GB1 and GB2sp. Anticoagulant activity is more 

common in fucans from brown seaweed, such as Dictyopteris delicatula [39], and galactans from 

green seaweed, like Caulerpa cupressoides [40]. Nonetheless, the literature mentions several galactans 

from red seaweed with anticoagulant activity [1]. A decrease in the MW of (1→3) β-glucans (curdlans) 

was accompanied by a decrease in their anticoagulant activity in three standard tests (activated partial 

thromboplastin time (aPTT), TT and Heptest). Anticoagulant curdlans have a molecular weight higher 

than 30 kDa [41]. Sulfated galactans from the red seaweed B. occidentalis with a molecular weight of 

15–45 kDa bound to antithrombin, but were not able to form complexes with thrombin and plasma 

inhibitors. Thus, they did not show anticoagulant activity. The last process requires a MW of over  

45 kDa [42]. This study, therefore, concludes that the SP from GP2s did not show anticoagulant 

activity, due to its low molecular weight.  

Figure 2. Anticoagulant activity in the activated partial thromboplastin time (aPTT) test of 

extracts from Gracilaria birdiae. Each value is the mean ± standard deviation of three 

determinations: a, b, c, different letters refer to a significant difference (p < 0.05) between 

each extraction. Clexane® was used as a positive control. 

 

2.7. Antioxidant Activity 

Several reports have shown that many different in vitro antioxidant methods are being used to 

evaluate the activity of biomolecules [43]. In all antioxidant tests used in this article, the SP from  

G. birdiae showed activity only in the total antioxidant capacity, ranging from 41.6 mg/g to 75.9 mg/g 

of ascorbic acid equivalent (Figure 3). The presence of antioxidant activity in this assay indicates that 

SPs interact with the systems sending electrons in order to minimize the free radical attack. The 

highest activity found was from GB1sp, GB1s and GB2sp. 
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Figure 3. Total antioxidant capacity of extracts from Gracilaria birdiae. The results are 

expressed as ascorbic acid equivalents. Each value is the mean ± standard deviation of  

two determinations: a, b, different letters refer to significant difference (p < 0.05) between 

each extraction. 

 

Total antioxidant capacity is commonly found in SP from algae. However, each seaweed sensitizes 

SP with different antioxidant activities. The results observed here showed SP with high activity.  

The literature has reported SP with lower antioxidant activity, such as SP from Turbinaria conoides 

and Padina tetrastomatica, which showed total antioxidant capacity of 9.65 mg/g and 9.79 mg/g, 

respectively [44], and heterofucans from the seaweed Dictyopteris delicatula and Canistrocarpus 

cervicornis, which presented total antioxidant capacity ranging from 18.8 mg/g to 22.8 mg/g [39,45]. 

Other antioxidant assays were evaluated: hydroxyl radical scavenging, superoxide radical 

scavenging, ferrous ion chelating and power reducing have no significant antioxidant activity until a 

concentration of 1 mg/mL of SP, as shown in Table 3. 

Table 3. Hydroxyl radical scavenging, superoxide radical scavenging, ferrous ion chelating 

and power reducing of sulfated polysaccharides extractions from the red seaweed, 

Gracilaria birdiae. 

Extracts  
(1 mg/mL) 

Hydroxyl Radical 
Scavenging 

Superoxide Radical 
Scavenging 

Ferrous Ion 
Chelating 

Power 
Reducing 

GB1 −0.02 ± 0.03 a 0.00 ± 0.23 a 0.19 ± 0.24 a Nd 
GB1p −0.09 ± 0.12 a 0.00 ± 0.51 a 0.21 ± 0.12 a Nd 
GB1s −0.10 ± 0.33 a 0.00 ± 0.02 a 0.08 ± 0.27 a Nd 

GB1sp 0.01 ± 0.09 a 0.00 ± 0.33 a 0.05 ± 0.10 a Nd 
GB2s −0.27 ± 0.45 a 0.00 ± 0.12 a 0.05 ± 0.17 a Nd 

GB2sp −0.11 ± 0.09 a 0.00 ± 0.31 a 0.09 ± 0.11 a Nd 

Each value is the mean ± SD, a Letter indicates same significant (p < 0.05) between each extraction; Nd, not detected. 
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3. Experimental Section 

3.1. Materials 

Potassium ferricyanide, ferrous sulfate II and sulfuric acid were obtained from Merck (Darmstadt, 

Germany). Human blood was collected in 0.82% citrate of sodium and centrifuged to separate the 

plasma; aliquots of 10 mL of plasma were taken and frozen at −20 °C in sterile bottles. Sodium 

bicarbonate, non-essential amino acids, sodium pyruvate and phosphate buffered saline (PBS) were 

purchased from Invitrogen Corporation (Burlington, VT, USA). All other solvents and chemicals were 

of analytical grade. 

3.2. Raw Material 

The red seaweed, Gracilaria birdiae, was collected in Rio do Fogo Beach (Rio Grande do Norte, 

Brazil, 5°16'16.61"S/35°22'54.29"W) by fishermen from the community; the seaweed was exposed to 

the morning Sun in order to be dried. The dried seaweed was taken to the laboratory and cleaned  

to eliminate residue and epiphytes. This material was then powdered, and 200 mL of ethanol were 

applied to the material overnight 5-times to reduce pigments, in line with the protocol described by 

Leite et al., 1998 [46]. The supernatant was eliminated, and the red seaweed was dried at 50 °C under 

ventilation. The dilapidated dried material was packed in polyethylene bags and stored at room 

temperature in the dark. 

3.3. Extraction of Sulfated Polysaccharide 

Production was based on the different conditions to solubilize sulfated polysaccharides from the red 

seaweed, using sonication, proteolytic digestion and different solvents. Five grams of the raw material 

of Gracilaria birdiae were put into 5 separate beakers. Each beaker was subjected to different 

treatment to extract sulfated polysaccharides; the condition of each methodology is described in  

Table 4. After the extraction, the sulfated polysaccharide-rich extracts were dried in a vacuum bomb 

and then were ready for biological assays. 

Table 4. Conditions to extract sulfated polysaccharides from Gracilaria birdiae. 

Extract Solution 
Sonication  

(30 min/60 °C/60 W) 
Enzymatic Digestion  
(60 °C, 12 h, pH 8.0) 

GB1 Water 22 °C - - 
GB1s Water 22 °C + - 
GB2s 0.1 M NaOH 22 °C + - 
GB1sp Water 22 °C + + 
GB2sp 0.1 M NaOH 22 °C + + 

3.4. Chemical Analysis and Monosaccharide Composition 

Total sugars were estimated by the phenol-H2SO4 reaction [47] using D-galactose as the standard. 

Sulfate content was determined according to the gelatin-barium method [48], using sodium sulfate  
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(1 mg/mL) as the standard, followed by acid hydrolysis of the polysaccharides (4 M HCl, 100 °C, 6 h). 

Protein content was measured using Spector’s method [49]. 

The polysaccharides were hydrolyzed with 0.5, 1, 2 and 4 M, respectively, for various lengths  

of time (0.5, 1, 2 and 4 h), at 100 °C. Reducing sugars were determined as described earlier [50].  

After acid hydrolysis, sugar composition was determined by a LaChrom Elite® HPLC system from 

VWR-Hitachi with a refractive index detector (RI detector model L-2490). A LichroCART® 250-4 

column (250 mm × 40 mm) packed with Lichrospher® 100 NH2 (5 µm) was coupled with the system. 

The sample mass used was 0.2 mg, and the analysis time was 25 min. The following sugars were analyzed 

as references: arabinose, fructose, fucose, galactose, glucose, glucosamine, glucuronic acid, mannose 

and xylose. 

3.5. Agarose Electrophoresis 

This method consists of a separation of molecules according to their interaction with 0.05 M PDA 

(diamine-propane acetate) buffer and their exposing negative charges. The agarose gel was prepared  

in 0.6% with 0.05 M PDA buffer and molded in a blade glass (7.5 cm × 7.5 cm × 15 mm or  

5.0 cm × 7.5 cm × 15 mm). Five microliters of each sample containing the extracts were applied in 

spots present in the gel and submitted to electrophoresis with 90 V in a refrigerated system (4 °C). On 

conclusion of the electrophoresis, the agarose blade was soaked in 0.1% CTV (cetavlon) for 2 h at 

room temperature. After 2 h, the blade was exposed to hot air in order to dry it. As soon as the blade 

was dry, toluidine blue reagent was applied in the blade, being stirred every 15 min. Finally, the excess 

of dye was eliminated with acetic acid/ethanol/water, and the blade was analyzed [31]. 

3.6. Infrared Spectra 

Sulfated polysaccharides (5 mg) of each extraction were mixed thoroughly with dry potassium 

bromide. A pellet was prepared, and the infrared spectra between 500 and 4000 cm−1 were measured 

on a Thermo-Nicolet Nexus 470 ESP FTIR spectrometer. Thirty-two scans at a resolution of 4 cm−1 

were averaged and referenced against air. 

3.7. Polyacrylamide Electrophoresis 

Following the protocol of Dietrich and Nader (1974), TBE buffer and polyacrylamide gel were used 

to separate molecules by obstacles [51]. When the electrophoresis starts, this gel separates molecules 

according to their structure and weight. In this study, polyacrylamide gel was prepared in a blade 

support and put into an electrophoretic vat. Before the electrophoresis started, each extract of the red 

seaweed was applied in spots on this gel. In conclusion, the gel was dyed with 0.1% toluidine blue, and 

the excess was eliminated with acetic acid/ethanol/water. 

3.8. Anticoagulant Activity 

Prothrombin time (PT) and activated partial thromboplastin time (aPTT) coagulation assays were 

performed with a coagulometer, as described earlier [50], and measured using normal citrate-treated 

human plasma. All assays were performed in duplicate and repeated at least three times on different 
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days (n = 6). The results were expressed as aPTT ratio, which was determined as follows:  

aPTT control time/aPTT sample time. 

3.9. Antioxidant Activity 

Five assays were performed to analyze the antioxidant activity of the sulfated polysaccharides 

obtained: total antioxidant capacity, hydroxyl radical scavenging, superoxide radical scavenging, ferric 

chelating and power reducing, as previously described [52]. 

3.9.1. Determination of Total Antioxidant Capacity 

This assay is based on the reduction of Mo (VI) to Mo (V) by sulfated polysaccharides and 

subsequent formation of a green phosphate/Mo(V) complex at acidic pH levels. Tubes containing 

sulfated polysaccharides and reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and  

4 mM ammonium molybdate) were incubated at 95 °C for 90 min. After the mixture had cooled to 

room temperature, the absorbance of each solution was measured at 695 nm against a blank. Total 

antioxidant capacity was expressed as ascorbic acid equivalent. 

3.9.2. Hydroxyl Radical Scavenging Activity Assay 

The scavenging activity of seaweed polysaccharides against the hydroxyl radical was investigated 
using Fenton’s reaction (Fe2+ + H2O2→Fe3+ + OH− + OH˙). These results were expressed as the 

inhibition rate. Hydroxyl radicals were generated using 3 mL sodium phosphate buffer (150 mM,  

pH 7.4), which contained 10 mM FeSO4·7H2O, 10 mM EDTA, 2 mM sodium salicylate, 30% H2O2 

(200 mL) and varying polysaccharide concentrations. In the control, sodium phosphate buffer replaced 

H2O2. The solutions were incubated at 37 °C for 1 h, and the presence of the hydroxyl radical was 

detected by monitoring absorbance at 510 nm. Gallic acid was used as the positive control. 

3.9.3. Superoxide Radical Scavenging Activity Assay 

This assay was based on the capacity of sulfated polysaccharides to inhibit the photochemical 

reduction of nitroblue tetrazolium (NBT) in the riboflavin-light-NBT system. Each 3 mL of the 

reaction mixture contained 50 mM phosphate buffer (pH 7.8), 13 mM methionine, 2 mM riboflavin, 

100 mM EDTA, NBT (75 mM) and 1 mL sample solution. After the production of blue formazan, the 

increase in absorbance at 560 nm after 10 min illumination from a fluorescent lamp was determined. 

The entire reaction assembly was enclosed in a box lined with aluminum foil. Identical tubes with the 

reaction mixture were kept in the dark and served as blanks. Gallic acid was used as the  

positive control. 

3.9.4. Ferrous Ion (Fe(II)) Chelating Activity 

The ferrous ion chelating ability of samples was investigated using the following methodology: 

sulfated polysaccharides at different concentrations were applied with the reaction mixture, which 

contained FeCl2 (0.05 mL, 2 mM) and ferrozine (0.2 mL, 5 mM). The mixture was shaken and 
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incubated for 10 min at room temperature, and the absorbance of the mixture was measured at 562 nm 

against a blank. EDTA was used as the positive control. 

3.9.5. Power Reducing 

The reducing power of the samples was quantified as described previously. Briefly, 4 mL of 

reaction mixture, containing different sample concentrations in phosphate buffer (0.2 M, pH 6.6), was 

incubated with potassium ferricyanide (1% w/v) at 50 °C for 20 min. The reaction was stopped by 

TCA solution (10% w/v). The solution was then mixed with distilled water and ferric chloride  

(0.1% w/v) solution, and the absorbance was measured at 700 nm. The result was expressed as a 

percentage of the activity shown by 0.2 mg/mL of vitamin C. 

3.10. Statistical Analysis 

All data are expressed as the mean ± standard deviation. Statistical analysis was done by one-way 

ANOVA using the SIGMAStat 2.01 software. Student–Newman–Keuls post-tests were performed for 

multiple group comparison. In all cases, statistical significance was set at p < 0.05. 

4. Conclusions 

Five different conditions were utilized to extract sulfated polysaccharides from the red seaweed, 

Gracilaria birdiae: GB1, GB1s, GB1sp, GB2s and GB2sp. Infrared and agarose electrophoreses 

showed that the same SP was extracted in all conditions. Only GB2s did not show anticoagulant 

activity; all of the other conditions showed anticoagulant activity in aPTT tests. However, no samples 

had anticoagulant activity in the PT test. It was observed that all samples showed a great total 

antioxidant capacity in comparison to the polysaccharide-rich extract from other seaweeds. The data 

showed that NaOH/sonication/proteolysis was the best condition to extract anticoagulant and 

antioxidant SPs from Gracilaria birdiae. In addition, SPs from Gracilaria birdiae was identified as a 

potential antioxidant and anticoagulant drug. 
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