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cm-1 are attributed to the ether bond on the pyranose ring (Kacurakova et al. 2000). The absorptions 
at 1077.69/1075.17 cm-1 and 885.69/893.85 cm-1 show that the sugar structures are galactopyranose 
configurations (Shao et al. 2014, Sun et al. 2014) and their linkage types are β-type glycosidic linkages 
(Dong et al. 2006). The absorptions at 934.94/932.65 cm-1 indicated that 3,6-Anhydro-β-D-glucopyranose 
exists in GCP-1 and GCP-2. The FT-IR spectrum showed that GPC was a type of sulphated polysaccharide, 
the sugar structure was in the galactopyranose configuration, and their linkage type was β-type glycosidic 
linkage. But FT-IR spectrum of alkali-treated polysaccharide showed almost none S=O, and this could 
affect the activities of polysaccharides.

The microstructure of GCP was examined by scanning electron microscopy. As shown in Fig. 6, GCP-
1 has a rough surface similar to laminated rock; GCP-2 has a rough surface resembling a dense blade. 
A possible reason is that these polysaccharides have different chemical properties such as differences in 
molecular weights.

Figure 7 shows 1H-NMR of GCP-1 and GCP-2. The chemical shifts of most of the protons on the 
sugar moieties were at 3-4 ppm; these signals overlapped seriously and made the analysis difficult. The 
numbers of proton signals at 4.3-5.9 ppm indicated several types of monosaccharides. Moreover, the 
H1 proton chemical shifts of the α-pyranose configuration are greater than 4.95 ppm while β-pyranose 

Figure 6 - Scanning electron micrographs of GCP-1(a, b) and GCP-2(c, d). Magnification: (a) ×400, (b) ×5000, (c) ×400 and (d) 
×7000.
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configuration is less than 4.95ppm. Three major peaks were observed in GCP-1 and GCP-2; the anomeric 
proton signals δ=5.197 ppm, 5.057 ppm, 4.474/4.487 ppm, which were arbitrarily labelled A, B, and C, 
respectively, showing GCP consists of three monosaccharide compositions. According to the analysis of 
the monosaccharide composition by HPLC and FTIR, the monosaccharide compositions of GCP were β- 
galactose and α- glucose. 

Figure 7 - 1H-NMR spectrums of GCP-1 and GCP-2.
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BIOACTIVITIES ANALYSIS OF GCP, GCP-1 AND GCP-2 

Superoxide anion radicals were considered as a precursor of the hydroxyl radicals. In this study, the 
superoxide anion radical was generated by auto oxidation of pyrogallol in an alkalescent condition. Fig. 
8a shows that the inhibitory effect of GCP, GCP-1 and GCP-2 on superoxide radical was significant at 
all tested concentrations in a concentration dependent manner. GCP-1 and GCP-2 showed no significant 
different scavenging effects and the scavenging rate was almost 50%. GCP showed a lower scavenging 
effect and the scavenging rate was almost 40%, which may be due to GCP obtaining another low active 
substance.

The hydroxyl radical is considered as one of the most reactive oxygen radicals, which can easily cross 
cell membranes, readily react with most biomolecules and lead to tissue damage or cell death (Gao et al. 
2013). As shown in Fig. 8b, all of the samples were found to have greater ability to scavenge hydroxyl 
radicals and in a concentration-dependent manner. GCP-2 showed the best scavenging ability with the 
scavenging rate, 60.24%. GCP and GCP-1 showed lower scavenging effects and the scavenging rates 
were 42.49% and 47.46%, respectively. Crude polysaccharide showed a lower scavenging effect than the 
purified polysaccharide. This may due to the crude polysaccharide containing other low active substances. 
Sulphated derivatives were found to have scavenging ability in a DS-dependent fashion; higher sulphate 
content showed greater scavenging effects of superoxide radicals (Qi et al. 2005). In this study, GCP-2 was 
an acid fraction with higher sulphate content that showed greater scavenging effect (GCP-2> GCP-1).

Figure 8 - Samples with different concentration were selected to evaluate antioxidant activities and immunological activity: 
scavenging activity of superoxide radicals (a); scavenging activity of hydroxyl radicals (b); protection of damaged splenocyte (c); 
effect on splenocyte proliferation (d).
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Hydroxyl radicals can easily cross cell membranes react with most biomolecules such as carbohydrates, 
lipids, proteins and DNA, and give rise to cell death, even tissue damage (Leong and Shui 2012, Yuan et al. 
2008). Recent studies have shown that polysaccharide could protect PC12 cells (Shi et al. 2012), myocardial 
cells (Zhou et al. 2011) and hepatocyte (Song et al. 2012) damaged by H2O2. In this study, for the first time, 
spleen cells damaged by H2O2 were used to evaluate the protective effect of polysaccharide. Successfully, 
we found that polysaccharides from Gracilariopsis lemaneiformis showed strong protective effects. As 
shown in Fig. 8c, GCP showed a strong protective effect and in a concentration dependent manner. In the 
concentration range from 2.5 to 40µg/mL, the maximum protection rate was 59.16%. GCP-1 and GCP-2 
showed similar trends. GCP-2 showed greater protective effects than GCP-1, in a concentration dependent 
manner. The maximum protection rates of GCP-1 and GCP-2 were 31.21% and 92.8%, respectively. The 
sulphate group played an important role in the scavenging of hydroxyl radicals. This was in agreement 
with the results of Qi et al. (2005) which showed in the molecules of high DS. Parts of the OH groups were 
substituted by OSO3H groups, meaning that the scavenging effect was enhanced. But polysaccharide with 
early alkali treatment showed lower protective effect with the maximum protection rate, 51.50% (Shi et al. 
2016).

The immunomodulatory potential of GCP, GCP-1 and GCP-2 in vivo was evaluated by splenocyte 
proliferation. The effects on splenocyte proliferation stimulated with mitogens (ConA) or without mitogens 
are shown in Fig. 8D. It was demonstrated that GCPs significantly enhanced the splenocyte proliferation. 
At the concentration of 100µg/mL, GCP showed the highest proliferation effect; the proliferation rate was 
9.30%. GCP-1 and GCP-2 showed lower proliferation effects than GCP. Perhaps certain active ingredients 
disappeared after purification by DEAE-FF or GCP-1 and GCP-2 have synergistic effects. Polysaccharide 
with early alkali treatment showed lower proliferation effect and the proliferation rate was 7.45% (Shi et 
al. 2016). Immunostimulation itself is regarded as one of the important strategies to improve the body’s 
defence mechanisms in elderly individuals as well as in cancer patients. There is a significant amount of 
experimental evidence suggesting that polysaccharides from Gracilariopsis lemaneiformis enhance the 
host immune system by stimulating T-cell system responses (Dalmo and Boqwald 2008).

ConCLuSionS

In this study, a novel non-agar seaweed polysaccharide fraction, GCP, was prepared from Gracilariopsis 
lemaneiformis. The major monosaccharide composition was galactose. GCP showed a triple helical chain 
conformation in aqueous solution, had more branches and longer side chains, composed of O-glycosidic 
linkages, 1→3 linkages were accounted for the major part, the sugar structures are galactopyranose 
configurations and their linkage types are β-type glycosidic linkages. This means the polysaccharide show 
higher antioxidant activity. In this study GCP showed great radical-scavenging ability and splenocyte 
proliferation effects. Two polysaccharide fractions were purified with DEAE Sepharose FF cellulose: GCP-
1 and GCP-2, these fractions showed greater antioxidant activity but lower splenocyte proliferation effect 
than GCP, which means that some active ingredients disappear after purification by DEAE-FF cellulose or 
GCP-1 and GCP-2 have synergistic effect in immune function.

Comparing the present study with previous ones, we found that early alkali treatment could reduce 
activities by changing the structure of polysaccharide, such as reducing helical conformation, reducing the 
sulfate content.
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Consequently, the results indicated that this novel non-agar seaweed polysaccharide without alkali 
treatment could be used as good natural antioxidants applied to the production of anti-aging medicine, prevent 
chronic diseases and enhance the immunity. Future research should focus on in vivo immunomodulatory 
and antitumor activity.
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