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1. Introduction

   Spirulina has been consumed as nutritional supplement for both 
human and animal due to its alimentary value[1]. It possesses anti-
inflammatory, immunosuppressive[2], antioxidant, radioprotective, 
renoprotective properties in addition to neovascularization[3]. 

Furthermore, Spirulina species showed various applications such 
as lowering hyperlipidaemia, hyperglycemia, and hypertension, 
probiotic effects, obesity, radiation protection effect, scavenging 
agents, to protect against renal failure, chemo-preventers and 
coronary heart diseases as well as suppress agents and enhance 
growth of intestinal Lactobacillus[4-7].
   Furthermore, the water extract of Spirulina platensis (S. platensis) 
showed antiviral activities against both hepatitis A and hepatitis C 
viruses[8,9]. On the other hand, the aqueous extract of S. maxima 
showed potential activity against several tumoral cell lines such as 
human stomach, liver, lung and breast cancer cells[10].
   The polysaccharides isolated from Spirulina species demonstrated 
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anticancer, antioxidant, and antiviral activities[11]. Among these 
polysaccharides, calcium spirulan (Ca-SP) exhibited strong inhibitory 
effect against some enveloped viruses[12], beside it could suppress 
the replication of herpes simplex, mumps, measles, influenza A 
viruses and cytomegalovirus[13]. In addition to inhibit metastasis of 
mouse B16 melanoma cells[14], the polysaccharide from Spirulina 
species acts as hepatoprotectant against malignant cell[15]. Hence, 
the aims of this study are the isolation of polysaccharide from S. 
platensis and evaluation of its activity as anti-HCV, antioxidant, 
cytotoxic and hypolipidemic in vitro. 

2. Materials and methods 

2.1. Algal material

   S. platensis was aseptically grown in the algal biotechnology unit, 
National Research Centre, Dokki-Cairo, Egypt, using Zarrouk’s 
growth medium[16]. S. platensis cells were harvested at 4 °C by 
centrifugation at 5 000 r/min for 10 min. For removing salts and 
debris, the sample was rinsed with bi-distilled water for several 
times, dried in oven at 50 °C, milled using a grinder and then passed 
through a sieve No. 45.  

2.2. Culture cells for in vitro antiviral

   Human hepatocyte cell line (Huh 7.5) was obtained from the Lab. 
of Prof. Dr. Charles Rice (the Rockefeller University, USA) and 
cultured using specific growth media (10% Foetal calf serum) and 
will be kept in CO2 incubator. The cells were seeded in 96-well 
tissue culture plates (Greiner Bio-One, Germany) and incubated 
at 37 °C in a humidified atmosphere of 5% (v/v) CO2. After 24 h 
incubation, the medium was discarded from confluent monolayer of 
Huh 7.5 cell.

2.3. In vitro hypolipidemic activity

   DL-3-Hydroxy-3-methyl-glutaryl coenzyme A sodium salt (HMG-
CoA) (Sigma–Aldrich, St. Louis, USA), NADPH (MP Biomedicals, 
Strasbourg, France), EDTA (El Nasr Pharmaceutical Chemicals 
Co., Cairo, Egypt), dithiothreitol (Sigma–Aldrich, St. Louis, USA), 
bovine serum albumin (Sigma–Aldrich, St. Louis, USA), potassium 
dihydrogen phosphate (El Nasr Pharmaceutical Chemicals Co., 
Cairo, Egypt) and dipotassium hydrogen phosphate (Sigma–Aldrich, 
St. Louis, USA) were used in the present study.

2.4. Extraction of water soluble polysaccharide

   The crude polysaccharide isolated from cold extract (SCEM) and 
hot extract (SHEM) was extracted as described in Matloub et al.[17], 
then kept in refrigerator for chemical and biological evaluations. 
These polysaccharides were tested for the phenolic content using 
the ferric chloride color method and tested for non bounded protein 
content using different concentrations of trichloroacetic acid[18].

2.5. Physico-chemical characterization of polysaccharides 
(SCEM and SHEM) and fractions obtained from SCEM

   Phenol-sulfuric method was used for quantification of total 
polysaccharide and sugar contents in dried algal sample and isolated 
polysaccharides, respectively[19]. The content of carbon, hydrogen, 
nitrogen and sulfur were determined in the isolated polysaccharides 
and fractions by Elemental Microanalysis (Elementary Vario EL)
[20]. Moisture and ash contents were determined as mentioned in 

Matloub et al.[20]. Protein content and the degree of substitution 
(DS) were calculated as mentioned in Matloub et al.[17]. The Fourier 
transform IR spectra ranging between 400 and 4 000 cm–1 were 
recorded with a FT/IR-6100 (JASCO, Japan) using KBr pellets. Gel 
permeation chromatography (GPC) was used to determine the molar 
mass distribution using Agilent 1100 series (Germany), ASTRA 1.4 
software (Wyatt, USA). Monosaccharide composition was analyzed 
by gas liquid chromatography (GLC) using arabinose, fructose, 
fucose, glucose, galactose, galacturonic acid, glucuronic acid, 
mannose, manitol, rhamnose, ribose, sorbitol and xylose as authentic 
sugars. The amino acid composition was analyzed using an LC 3000 
amino acid analyzer (Eppendorf-Biotronik, Maintal, Germany) as 
described in Matloub et al.[20].

2.6. Fractionation of polysaccharide

   The polysaccharide of SCEM was subjected to fractionation by 
stepwise ethanol-precipitation from 20% to 80%[21]. The chemical 
characterization of fractions was investigated using GLC, Fourier 
transform IR (FT-IR) and elemental microanalysis.

2.7. Biological activity

2.7.1. Antiviral activity 

2.7.1.1. Determination of the non toxic dose on Huh 7.5 
human cell lines
   Each glycoprotein SCEM and SHEM (52.2 and 50.3 mg, 
respectively) was dissolved in bi-distilled water and decontaminated 
by adding 12 µL of 100× mixture of antibiotic-antimycotic 
[penicillin G sodium (10 000 IU), streptomycin sulfate (10 000 
µg) and amphotericin B (250 µg)]. To evaluate the non toxic dose 
of SCEM, SHEM and SCEM fractions, tenfold serial dilution of 
decontaminated samples were inoculated in Huh 7.5 cells. The 
inverted light microscopy and trypan blue dye exclusion method 
were used for evaluating cell morphology and cell viability, 
respectively[17].

2.7.1.2. Determination of antiviral effect on HCV genotype 4a 
   HCV genotype 4a [ED-43/SG-Feo (VYG) replicon] was obtained 
from the Lab. of Prof. Dr. Charles Rice (the Rockefeller University, 
USA). The infectious HCV was treated with tenfold serial dilution 
of tested samples. HCV RNA in replicon cells was quantified after 
treatment with the samples as initial titers according to Saeed et 
al.[22].

2.7.2. Cytotoxic activity on hepatocelluar carcinoma human 
cell line
   Cytotoxic effect was accomplished on hepatocelluar carcinoma 
human cell line (Hep G2) obtained from the American Type 
Culture Collection (University Boulevard, Manassas, USA). Cell 
viability test was depended on reduction of yellow MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] to purple 
formazan in the mitochondria of active cells[23]. Data were subjected 
to paired-samples SPSS Statistical Software Package (version 8.0). 
P < 0.005 was regarded as significant. Also, IC50 and IC90 were 
determined by probit analysis using SPSS 11 program.

2.7.3. Antioxidant activity

2.7.3.1. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical-
scavenging efficacy
   The DPPH• scavenging efficacy was assessed according to McCue 
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et al.[24]. Serial concentrations (100–500 µg/mL) of the isolated 
glycoproteins and ascorbic acid as reference drug were evaluated. 
The DPPH• scavenging efficacy was performed according to the 
following equation:
Scavenging efficacy (%) = [(A0 – A1)/A0] × 100                          Eq. 1
where A1 = Absorbance of the tested glycoproteins, A0 = Absorbance 
of blank (DPPH• solution).

2.7.3.2 Radical-scavenging efficacy of nitrite
   Radical-scavenging efficacy of nitrite was assessed as studied 
by Menaga et al.[25]. Serial concentrations (100–500 µg/mL) of 
the isolated glycoproteins and Na2NO2 as a reference drug were 
evaluated.
   The percentage of radicals scavenging efficacy of nitrite was done 
using the following equation: 
Scavenging efficacy (%) = [(A0 – A1)/A0] × 100                                 Eq. 2
where A1 = Absorbance of the tested glycoproteins, A0 = Absorbance 
of blank (DPPH• solution). The experiment was repeated in triplicate. 
Statistical analysis was carried out using paired t-test, and SPSS 
combined with co-state computer program, where different letters 
are significant at P ≤ 0.05.

2.7.4. Hypolipidemic activity
   The hypolipidemic activity of polysaccharide extracts was 
evaluated by the colorimetric method as mentioned in Matloub et 
al.[17] using fluvastatin as reference drug. The inhibitory activity of 
HMG-CoA reductase was determined at 340 nm absorbance[26].

3. Results 

3.1. Chemical characterization of isolated polysaccharides

   Phenol-sulfuric method revealed that S. platensis constituted 
13.66%, 2.57% and 11.09% w/w of total carbohydrate, free 
sugar and polysaccharide contents, respectively. The yields of 
polysaccharides extracted from S. platensis by SCEM and SHEM 
were 4.45% and 3.37%, respectively. The physico-chemical 
characterizations of SCEM and SHEM were compiled in Table 1. The 
average of ash content of SCEM and SHEM were found 13.33% and 
10.42%, respectively.
   Elemental analysis revealed that SCEM and SHEM contained 
1.22% and 0.71% of sulfur and degree of sulfation was calculated as 
0.09 and 0.04, respectively.

Table 1
Physico-chemical characterization of SCEM and SHEM polysaccharides 
isolated from S. platensis.

Characters SCEM SHEM
Yielda (Mean ± SE) (%)   4.45 ± 1.12   3.37 ± 0.87
Appearance (visually) Fine powder Fine powder
Color (visually) Off white Off white
Moisture content (Mean ± SE) (%)   6.85 ± 0.25   5.20 ± 0.07
Ash content (Mean ± SE) (%) 13.33 ± 0.30 10.42 ± 0.19
Carbon (%)   29.53   37.60
Hydrogen (%)     5.92     6.89
Nitrogen (%)     7.14     5.59
Sulfur (%)     1.22     0.71
Total carbohydrate (Mean ± SE) (%) 67.29 ± 0.40 64.66 ± 0.30
Protein (%)   44.63   34.94
Sulfation degree     0.09     0.04
Molecular weight Mw (kDa) 182 82

a: % dried algal sample. Mean ± SE: Mean of three replicates ± standard error.

   The GPC of isolated polysaccharides revealed one peak for each 
polysaccharide SCEM and SHEM and their characterization was 
compiled in Table 2. Both polysaccharides SCEM and SHEM had 
high degree of polymerization and narrow polydispersity D (2.950 
and 1.670, respectively). The weight-average molecular weight 
(Mw) of SCEM and SHEM was 182 kDa and 82 kDa, respectively.
   The FT-IR spectra of SCEM and SHEM showed characteristic 
bands for polysaccharide bounded protein complexes; bands 
around 1 649.8 and 1 648.8 cm–1, respectively, indicated carbonyl 
or amide group (C=O stretching, N-H bending) and bands around 
1 546.6 and 1 545.7 cm–1 assigned to the secondary–CONH–group. 
In addition, absorption bands at 1 242.9 and 1 247.7 cm–1 were 
corresponded to S=O stretching vibration indicating the presence 
of esterified sulfate. Moreover, the band at 874.6 cm–1 was 
indicative of β-glycosidic linkages or assigned to sulfate groups 
in the axial position of C-6, C-4 and C-2. The absorption bands 
at 1 414.5 and 1 419.4 cm–1 were due to the symmetric stretch 
vibration and the stretch vibration of COO- and C-O within 
COOH, respectively. While, the C-O-C bridge of glucosides 
vibrations were recorded at wavenumbers 1 041.4 and 1 038.5 cm–1 
(Table 3).
   The GLC analysis of SCEM and SHEM hydrolysates revealed 
the presence of 12 and 11 monosaccharides, respectively (Table 
4). Both polysaccharides SCEM and SHEM were found to be 
enriched in neutral sugars, representing 71.45% and 80.12% of 
the total monosaccharide content, respectively. Glucose (21.80% 
& 24.08%), galactose (9.42% & 12.12%) and mannose (8.88% & 
12.28%) were the predominant neutral sugars. Also, other neutral 
sugars xylose, rhamnose, fucose, arabinose, ribose, mannitol 
and fructose were detected in both glycoproteins. Glucuronic 
and galacturonic acids were found in traces amount of in SCEM 
(0.13% & 0.08%), while glucuronic acid was only found in SHEM 
(0.15%).
   The amino acid analyzer revealed the presence of 16 amino acids 
in both glycoproteins SCEM and SHEM. Glutamic acid and alanine 
(non-essential amino acid) were found as predominant amino acids 
in glycoprotein SCEM while glutamic and aspartic acids were 
existed as dominant amino acids in glycoprotein SHEM (Table 5).

3.2. Chemical characterization of SCEM fractions

   As the most bioactive glycoprotein, SCEM was subjected to 
fractionation by ethanol stepwise precipitation and afforded 7 
fractions. The yields percent, elemental microanalysis, protein 
contents and sulfation degree of these fractions were compiled in 
Table 6. The carbohydrate content of fractions was ranged 46.56%–
65.50% of polysaccharides. The elemental microanalysis of SCEM 
fractions revealed that the fractions contained high protein content 
(30.75%–59.87%) and low sulphur content (0.47%–1.92%). From 
Table 3, FT-IR spectrum data of SCEM fractions showed bands 
nearly similar to their native polysaccharide which revealed the 
characteristic absorption bands of polysaccharides attributed to the 
hydroxyl, alkyl group, secondary amides (amide I) & secondary–
CONH–groups of protein, symmetric stretch vibration of COO- 
and C-O the within COOH. Whereas, FT-IR spectrum data of 
SCEM fractions showed bands assigned to the glycosidic linkage, 
esterified sulfate, β-configuration of glycosidic linkage. 
   The result of GPC of SCEM fractions were recorded in Table 
2. The weight-average molecular weights (Mw) of fractions 
(I–VI) between 585.1–27.9 kDa. While the fraction VII showed 
interestingly high molecular weight (1305 kDa) than other 
fractions. The GLC analysis of SCEM fractions hydrolysate led 
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to identification of 7–9 monosaccharides (Table 7). Glucose, 
galactose, xylose and mannose are detected as the major neutral 
sugars. In addition, rhamnose and fucose were found in low 
content in hydrolysate of SCEM. Moreover, glucuronic acid was 
only detected in small amount in fraction III.

Table 4
Monosaccharides composition of SCEM & SHEM glycoproteins isolated 
from S. platensis.

Sugar RRT % Sugar component
Cold Hot

Arabinose 0.681   4.55   5.66
Xylose 0.685   6.08   8.65
Ribose 0.713   4.05   0.98
Rhamnose 0.762   5.75   7.81
Fucose 0.768   7.43   5.99
Mannitol 0.884   3.06   1.82
Fructose 0.914   0.22   0.58
Galactose 0.980   9.42 12.12
Mannose 0.985   8.88 12.28
Glucose 1.00 21.80 24.08
Galacturonic acid 1.101   0.13 -
Glucuronic acid 1.319   0.08   0.15
Total identified 71.45 80.12

RRT: Relative retention time.

Table 5
Amino acids composition of SCEM & SHEM glycoproteins isolated from 
S. platensis.

Amino acids mg/100 mg of isolated 
polysaccharide

Cold Hot
Essential amino acids Threonine 1.44 1.28

Valine 2.44 2.06
Isoleucine 1.49 1.38
Leucine 4.31 2.85
Phenylalanine 3.65 2.50
Lysine 2.41 1.40
Methionine 1.10 1.17
Total 16.84 12.64

Non-essential amino acids Aspartic acid 3.45 3.45
Glutamic acid 5.99 4.28
Serine 1.83 1.25
Glycine 0.92 1.00
Histidine 1.75 1.01
Arginine 3.06 2.18
Alanine 3.97 2.69
Proline 1.75 0.76
Tyrosine 1.98 1.39
Total 24.70 18.01

Total contents of amino acids 41.54 30.65

Table 2
The gel permeation chromatography of SCEM and SHEM polysaccharides and SCEM fractions isolated from S. platensis. 

Extracts Peaks Integration (min) Mn Mw Mz Mp D A
g/mol

Cold polysaccharide extract (SCEM) 1 5.160–7.990 6.180 × 104 1.820 × 105 4.580 × 105 5.050 × 104 2.950 1.780 × 104

Hot polysaccharide extract (SHEM) 1 5.930–7.760 4.920 × 104 8.200 × 104 1.210 × 105 6.690 × 104 1.670 8.850 × 103

Fraction I 2 5.180–5.977 5.050 × 105 5.851 × 105 6.747 × 105 5.102 × 105 1.150 1.570 × 103

5.977–8.401 3.190 × 104 7.023 × 104 1.108 × 105 6.259 × 104 2.200 1.010 × 104

Fraction II 1 6.101–8.283 3.293 × 104 6.371 × 104 9.099 × 104 7.857 × 104 1.934 5.019 × 103

Fraction III 1 6.563–7.657 2.713 × 104 3.211 × 104 3.894 × 104 2.845 × 104 1.183 9.335 × 102

Fraction IV 1 6.465–7.768 2.762 × 104 3.398 × 104 4.273 × 104 3.041 × 104 1.230 3.610 × 102

Fraction V 1 6.582–7.704 2.790 × 104 3.345 × 104 4.043 × 104 3.001 × 104 1.194 4.874 × 102

Fraction VI 1 6.626–8.400 1.800 × 104 2.790 × 104 3.690 × 104 2.660 × 104 1.540 1.570 × 103

Fraction VII 2 4.263–5.774 9.040 × 105 1.305 × 106 1.897 × 106 8.145 × 105 1.380 1.380 × 103

5.825–7.026 1.323 × 105 1.661 × 105 2.030 × 105 1.305 × 105 1.250 1.305 × 103

Mn: The number-average molecular weights; Mw: The weight-average molecular weights; Mz: Z-average molecular weight; Mp: The molecular weight of 
the standard at the peak maximum; D: Polydispersity of a polymer-mixture [ratio Mw/Mn]; A: Area under peak.

Table 3
FT-IR analysis of SCEM and SHEM polysaccharides and SCEM fractions.

Fractions Assignment wave number (cm–1)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

SCEM 3 370.00 2 962.1 1 649.8 1 546.6 1 414.5 - 1 242.9 1 041.4 874.7 - 603.6
SHEM 3 423.99 2 930.3 1 648.8 1 545.7 1 454.1

1 419.4
1 319.1 1 247.7 1 038.5 874.6 604.6

SC1 3 425.9 2 961.5 - 1 655.6 - 1 413.6 1 323.9 - 1 042.3 873.6 - 661.5
SC2 3 427.9 2 927.4 1 723.1 1 659.5 1 595.8 1 436.7 - - 1 045.2 685.6 600.7
SC3 3 385.4 2 959.2 - 1 657.5

1 638.2
1 595.8 1 410.7 1 321.0 1 247.7 1 087.7

1 043.3
777.2 639.3

595.8
SC4 3 401.8 2 937.1 - 1 638.2 1 595.8 1 409.7 - 1 236.2 1 063.6 897.7

825.4
709.7 649.9

SC5 3 393.1 2 936.1 - 1 635.3 1 595.8 1 410.7 1 323.9 1 249.9 1 033.7 887.1 780.1
705.8

655.7
634.5

SC6 3 409.5 2 942.8 1 756.8 1 630.5 1 409.7
1 380.8

- - 1 041.4 811.9 648.9

SC7 3 463.5 2 940.9 - 1 623.8 - 1 398.1 - 1 039.4 - 685.6 606.5

(1): The assignment for stretch vibration of O-H (hydroxyl groups); (2): The assignment for stretch vibration of C-H: (3): The assignment for C=O stretching 
(esters); (4): The assignment for C=O stretching in secondary amides (amide I); (5): The assignment for Amide II (N-H bending of amino acid group); (6): 
The assignment for symmetric stretch vibration of –COO- (uronic acids); (7, 8): The assignment for stretching vibration of S=O (esterified sulfate); (9): The 
assignment for C-O-C bending mode in glycosidic linkages; (10): The assignment for bending vibration of C-O-S of the sulfate in axial position; (11): The 
assignment for bending vibration of C-O-S of the sulfate in equatorial position; (12): The assignment for asymmetric deformation of O-S-O groups.
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Table 7
Monosaccharide composition of the fractions obtained from bioactive SCEM.

Sugar RRT % Sugar component
I II III IV V VI

Arabinose 0.681 12.02 - - - -   6.37
Xylose 0.685 - 13.26 12.35 15.84 14.91   7.01
Ribose 0.713   4.24   5.32   5.01   2.47 -   0.35
Rhamnose 0.762   7.88   8.66   7.46   6.38   4.35   7.93
Fucose 0.768   4.80   4.07   5.26   8.22   8.42   7.46
Mannitol 0.884   1.22   0.96   1.61   1.48   2.45   1.91
Fructose 0.914 - - - - - -
Galactose 0.980 12.42 11.69 15.98 15.15 12.34 15.08
Mannose 0.985 10.83   8.94 10.15 10.79 11.11   8.61
glucose 1.000 27.24 25.19 20.94 21.40 26.89 21.34
Galacturonic acid 1.101 - - - - - -
Glucouronic acid 1.319 - -   2.88 - - -
Total identified 80.65 78.09 81.64 81.73 80.47 76.06

RRT: Relative retention time related to glucose.

3.2. Biological activity

   The non toxic dose of the glycoproteins SCEM and SHEM were 522 
and 503 µg/mL, respectively, was determined on Huh 7.5 cell line 
(Table 8). The antiviral activity of SCEM and SHEM was evaluated 
against HCV replicon and is compiled in Table 8. The SCEM has 
promising anti-HCVcc genotype 4a replicon which reduced to 50% 
at the non toxic concentration 522 µg/mL. SHEM didn’t exhibit 
antiviral activity on HCV. This study gives a great importance to 
evaluate natural products as antiviral candidate compounds because 
of no antiviral drug against enteric viruses worldwide used as 
antiviral reference drug. The current result led us to fractionate 
glycoprotein SCEM and appraised the non toxic dose against Huh 7.5 
cell line as well as HCV activity (Table 9).

Table 8
Cytotoxicity on Huh 7.5 cell line and HCVcc reduction of different doses 
of SCEM and SHEM glycoproteins obtained from S. platensis.

Extract Tested concentration Cytotoxicity (%) HCVcc reduction (%)
SCEM 52.2 mg/mL 50 100

5.22 mg/mL 10   70
522 µg/mL   0   50
52.2 µg/mL   0     0
5.22 µg/mL   0     0

SHEM 50.3 mg/mL 60   80
5.03 mg/mL 20   10
503 µg/mL   0     0
50.3 µg/mL   0     0
5.03 µg/mL   0     0

Table 9
Cytotoxicity on Huh 7.5 cell line and HCVcc reduction of different doses 
of SCEM fractions.

Fractions Tested concentration Cytotoxicity 
(%)

HCVcc reduction 
(%)

SCEM Fraction I 5.7 mg/mL 20 70
570 µg/mL   0 40
57 µg/mL   0 0
5.7 µg/mL   0 0

SCEM Fraction II 5.5 mg/mL 20 30
550 µg/mL   0 10
55 µg/mL   0 0
5.5 µg/mL   0 0

SCEM Fraction III 5.5 mg/mL 20 70
550 µg/mL   0 30
55 µg/mL   0 0
5.5 µg/mL   0 0

SCEM Fraction IV 5.5 mg/mL 20 20
550 µg/mL   0 0
55 µg/mL   0 0
5.5 µg/mL   0 0

SCEM Fraction V 5.3 mg/mL 20 10
530 µg/mL   0 10
53 µg/mL   0 0
5.3 µg/mL   0 0

SCEM Fraction VI 5.5 mg/mL 25 20
550 µg/mL 10   0
55 µg/mL   0   0
5.5 µg/mL   0   0

SCEM Fraction VII 4.4 mg/mL 10   0
440 µg/mL   0   0
44 µg/mL   0   0
4.4 µg/mL   0   0

   The fractions I, II, III and V showed reduction of HCV replicon 
into 40%, 10%, 30% and 10%, respectively at non toxic dose. While 
fractions IV, VI and VII didn’t show any antiviral activity at non 
toxic dose.
   Concerning to cytotoxic study, the SCEM and SHEM were 
evaluated in vitro on Hep G2 cultured. The percentages of growth 
inhibition are shown in Figure 1. The glycoprotein SHEM exhibited 
cytotoxic activity against Hep G2 in vitro with the ED50 of 69.49 µg/
mL. However, SCEM didn’t exhibit cytotoxic activity against Hep 
G2 in vitro compared to doxorubicin as a reference drug.
   The antioxidant activity of SCEM and SHEM (100–500 µg/mL) 
can be expressed as their abilities to scavenge either DPPH and/or 
nitrate. The DPPH• and nitric oxide scavenging % were calculated 
according to Eq. 1 and Eq. 2, respectively. Both glycoproteins SCEM 
and SHEM had DPPH• scavenging capacities in dose-dependent 

Table 6
Chemical characterization of SCEM fractions.

Fractions Ethanol Percentage of isolated polysaccharide (%) Degree of 
sulfationFraction Carbohydrate Carbon Hydrogen Nitrogen Protein Sulfur 

I 0% 49.00 54.82 24.15 4.77 4.92 30.75 0.47 0.04
II 20% 10.13 46.56 33.73 5.62 8.61 53.81 0.70 0.04
III 30% 11.00 53.06 27.78 5.49 9.58 59.87 1.39 0.11
IV 40% 12.26 65.50 33.26 4.87 5.75 35.93 1.19 0.08
V 50%   6.56 52.92 27.72 6.30 5.76 36.00 1.92 0.15
VI 60%   8.10 56.68 33.34 5.02 5.68 35.50 1.05 0.07
VII 80%   2.90 53.62 28.03 4.86 7.30 45.62 1.56 0.12
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fashion but less than that of ascorbic acid (Table 10). On the other 
hand, both glycoproteins reduced the nitrite production which led to 
suppressing the released NO, but scavenging efficacy was in inverse 
to concentration (Table 10).
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Figure 1. Cytotoxic activity of the isolated glycoproteins SCEM and 
SHEM against Hep G2 human cell line in vitro.

   Concerning to in vitro hypolipidemic activity of cold and hot 
glycoprotein extracts, SCEM insignificantly reduced β-hydroxy-
β-methyl glutaryl coA reductase activity to 3.21 ± 0.01 µmol/mg 
(80.02% of inhibition) in comparing to fluvastatin as reference drug 
1.51 ± 0.16 µmol/mg (90.58% of inhibition). While, SHEM reduced 
β-hydroxy-β-methyl glutaryl coA reductase activity to 14.46 ± 0.29 
µmol/mg (10.02% of inhibition).

4. Discussion

   Cold and hot aqueous extraction methods S. platensis led to 
isolate SCEM and SHEM polysaccharides. These polysaccharides 
of SCEM and SHEM were rich in protein (44.63%) and (34.94%), 
respectively. No precipitation was detected when added 10%–50% 
trichloroacetic acid and this was in agreement with the result 
of Shekharam et al., who found that cold and hot water soluble 
polysaccharides composed from 22.8% and 38.0% of protein, 
respectively[27]. The integration of chemical analysis revealed 
that these polysaccharides were heterogeneous and bounded with 
protein, referred as glycoprotein.
   The weight-average molecular weight (Mw) of SCEM and SHEM 
were 182 kDa and 82 kDa, respectively. Different studies showed 
various Mw of polysaccharides isolated from S. platensis, e.g. 
Pugh et al. isolated immulina which is characterized by high Mw 
> ten million Daltons[28], while Majdoub et al. isolated sulphated 
polysaccharide with Mw 199 kDa[29]. Moreover, Hayashi et al. 
isolated antiviral polysaccharides whose Mw ranged between 250 
and 300 kDa[13].
   On the other hand, the fraction VII isolated from SCEM showed 
the highest molecular weight than other fractions. This may be 

attributed to high concentration of ethanol (80%) which could 
interact with proteins either by affecting backbone hydration led to 
aggregate protein by attractive electrostatic and dipole forces or by 
interacting with function groups of backbone and side chains[30].
   The GLC analysis of SCEM and SHEM hydrolysates revealed that 
glucose was a major monosaccharide of polysaccharide isolated 
from S. platensis alongside to galactose, mannose, rhamnose and 
this result was in concordant with studies of Shekharam et al.[27] 
and Wang et al.[31] except for glucose which was found with a great 
disparity in the ratio among monosaccharide.
   SCEM exhibited antiviral activity against HCV and this was in 
agreement with other study which showed the antiviral activities of 
water extract of S. platensis against hepatitis A and herpes simplex 
viruses[8] as well as the antiviral activity of calcium spirulan (Ca-
SP) which exhibited a strong inhibitory against several enveloped 
viruses, by targeting the viral absorption/penetration and some 
replication stages after penetration into cells[12,32]. Moreover, a 
comparative clinically trial of S. platensis revealed that Spirulina 
decrease more significantly the HCV virus load at least 2-log10 

and also significantly improved alanine aminotransferase[9]. 
The polysaccharide from Spirulina sp. proved that it can act as 
hepatoprotectant against malignant cell[15].
   The excess production of NO free radical is accompanied 
with various diseases in mammalian cells which play key role in 
the regulation of several physiological processes. The sulfated 
polysaccharides were demonstrated stronger antioxidant capacities 
than de-sulfated polysaccharides[33]. Also, the high degree of 
sulfation and low molecular weight showed the best antioxidant 
capacities[34].
   S. platensis is one of the edible microalgae, paid more attention 
because of its nutritional and medicinal applications. Whereas, 
polysaccharides have still attracted to scientist because of their 
special physicochemical properties and high biological activities.
   Cold and hot water soluble polysaccharides as well as fractions of 
cold polysaccharide of Spirulina characterized by heteropolymers 
bounded protein refer as glycoproteins. They constituted mainly 
glucose alongside eight other monosaccharides in addition 16 
amino acids and were rich in glutamic acid, luciene, alanine and 
aspartic acid. From our data, the SCEM biopolymers frequently 
show antiviral activity against HCV, radical scavenging and 
hyopolipidemic properties while, SHEM shows cytotoxicity on 
Hep G2 cell line. Therefore, the isolated glycoproteins have great 
therapeutically potential in drug development for counteracting 
HCV, prevention of hepatocarcinoma and could be used as 
hepatoprotective and hypolipidemic agent in near future.
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Table 10
DPPH• and nitrite scavenging efficacy of glycoproteins SCEM and SHEM isolated from S. platensis.

Concentration 
(µg/mL)

Scavenging effect (%) Nitric oxide inhibition (%)
SCEM SHEM Ascorbic acid SCEM SHEM Sodium nitrite

100 41.82 ± 2.10a 29.10 ± 1.12b 53.85 ± 2.11c 67.57 ± 2.66a 70.27 ± 1.33b 76.89 ± 3.23d

200 41.80 ± 1.19a 30.91 ± 2.23b 63.64 ± 3.00d 64.86 ± 3.47a 67.56 ± 2.33a 70.27 ± 4.00b

300 43.64 ± 3.21a 30.00 ± 1.36b 61.82 ± 3.67d 62.16 ± 2.87a 64.86 ± 3.25a 67.57 ± 2.55a

400 47.27 ± 1.34c 32.73 ± 1.45b 67.27 ± 4.15d 62.10 ± 1.98a 64.06 ± 3.54a 64.86 ± 3.63a

500 49.09 ± 2.65c 40.00 ± 1.76a 67.90 ± 2.55d 40.54 ± 2.82b 24.32 ± 3.83c 64.86 ± 2.44a

Each value represents mean ± standard error of mean of three replicates. Statistical analysis was carried out using SPSS computer program coupled by Co-
state computer program version 8, where different letters are significant at  P ≤ 0.05.



Azza Abdelmageed Matloub et al./Asian Pac J Trop Dis 2017; 7(11): 676-682682

Acknowledgments

  The authors acknowledged the National Research Centre for the 
financial support (Grant No. 9080104).

References

[1]    Abu Zaid AA, Hammad DM, Sharaf EM. Antioxidant and anticancer 

activity of Spirulina platensis water extracts. Int J Pharmacol 2015; 

11(7): 846-51.

[2]    Abdel-Daim MM, Farouk SM, Madkour FF, Azab SS. Anti-

inflammatory and immunomodulatory effects of Spirulina platensis in 

comparison to Dunella salina in acetic acid-induced rat experimental 

colitis. Immunopharmacol Immunotoxicol 2015; 37(2): 126-39.

[3]    Yang L, Zhou Q, Wang Y, Gao Y, Wang Y. Comparison of the therapeutic 

effects of extracts from Spirulina platensis and amnion membrane on 

inflammation-associated corneal neovascularization. Int J Ophthalmol 

2012; 5(1): 32-7.

[4]    Koníčková R, Vaňková K, Vaníková J, Váňová K, Muchová L, 

Subhanová I, et al. Anti-cancer effects of blue-green alga Spirulina 

platensis, a natural source of bilirubin-like tetrapyrrolic compounds. Ann 

Hepatol 2014; 13(2): 273-83.

[5]    Nie X, Shi B, Ding Y, Tao W. Preparation of a chemically sulfated 

polysaccharide derived from Grifola frondosa and its potential biological 

activities. Int J Biol Macromol 2006; 39: 228-33.

[6]    Colla LM, Reinehr CO, Reichert C, Costa JAV. Production of biomass 

and nutraceutical compounds by Spirulina platensis under different 

temperature and nitrogen regimes. Bioresour Technol 2007; 98: 1489-93.

[7]    Abd El Baky H, El Baz KFH, EL-Latife SA. Induction of sulfated 

polysaccharides in Spirulina platensis as response to nitrogen 

concentration and its biological evaluation. J Aquac Res Dev 2013; 5: 

206.

[8]    Shalaby EA, Shanab SMM, Singh V. Salt stress enhancement of 

antioxidant and antiviral efficiency of Spirulina platensis. J Med Plants 

Res 2010; 4: 2622-32.

[9]    Mostafa Y, Salem A. Spirulina platensis versus silymarin in the treatment 

of chronic hepatitis C virus infection. A pilot randomized, comparative 

clinical trial. BMC Gastroenterol 2012; 12: 32.

[10]  Oh SH, Ahn J, Kang DH, Lee HY. The effect of ultrasonificated 

extracts of Spirulina maxima on the anticancer activity. Mar Biotechnol 

2011; 13: 205-14.

[11]  Asghari A, Fazilati M, Latifi AM, Salavati H, Choopani A. A review on 

antioxidant properties of Spirulina. J Appl Biotechnol Rep 2016; 3: 345-

51.

[12]  Mader J, Gallo A, Schommartz T, Handke W, Nagel CH, Gunther P, et 

al. Calcium spirulan derived from Spirulina platensis inhibits herpes 

simplex virus 1 attachment to human keratinocytes and protects against 

herpes labialis. J Allergy Clin Immunol 2016; 137: 197-203.

[13]  Hayashi T, Hayashi  K, Kojima I, inventors; Nippon Oil Co., Ltd., 

assignee. Antiviral polysaccharide. United States Patent  US 5585365 

A. 1996 Dec 17.

[14]  Mishima T, Murata J, Toyoshima M, Fujii H, Nakajima M, Hayashi T, 

et al. Inhibition of tumor invasion and metastasis by calcium spirulan 

(Ca-SP), a novel sulfated polysaccharide derived from a blue-green 

alga. Spirulina platensis. Clin Exp Metastas 1998; 16: 541-50.

[15]  El-Ayouty YM, Basha OM, Saleh SH, Eltohamy AM, El-Baridy 

MH. Evaluation of polysaccharide extracted from Spirulina sp. as 

hepatoprotective agent against malignant cells. Sci Med J 2007; 19: 

1-10.

[16]  Amara AA, Steinbüche A. New medium for pharmaceutical grade 

Arthrospira. Int J Bacteriol 2013; doi: 10.1155/ 2013/203432.

[17]  Matloub AA, El-Souda SS, El-Senousy WM, Hamed M, Aly H, Ali 

SA, et al. In vitro antiviral, cytotoxic, antioxidant and hypolipidemic 

activities of polysaccharide isolated from marine algae. Int J Pharm 

Phytochem Res 2015; 7(5): 1099-111.

[18]  Chirasuwan N, Chaiklahan R, Ruengjitchatchawalya M, Bunnag 

B, Tanticharoen M. Anti HSV-1 activity of Spirulina platensis 

polysaccharide. Kasetsart J (Nat Sci) 2007; 41: 311-8.

[19]  Albalasmeh AA, Berhe AA, Ghezzehei TA. A new method for rapid 

determination of carbohydrate and total carbon concentrations using 

UV spectrophotometry. Carbohydr Polym 2013; 97: 253-61.

[20]  Matloub AA, El-Sherbini M, Borai IB, Magda KE, Rizk MZ, Aly HF, 

et al. Assessment of anti-hyperlipidemic effect and physco-chemical 

characterization of water soluble polysaccharides of Ulva fasciata 

Delile. Appl Sci Res 2013; 9(4): 2983-93.

[21]  Yang ZF, Hu P, Zhong S, Chen Y, Li L, Li XZ, et al. Extraction and 

separation of polysaccharides from Radix isatidis and their effects 

towards hemagglutinin protein of influenza virus. Asian J Chem 2015; 

27: 1615-20.

[22]  Saeed M, Scheel TKH, Gottwein JM, Marukian S, Dustin LB, Bukh 

J, et al. Efficient replication of genotype 3a and 4a hepatitis C virus 

replicons in human hepatoma cells. Antimicrob Agents Chemother 
2012; 56(10): 5356-73.

[23]  Lim SW, Loh HS, Ting KN, bradshaw TD, Zeenathul NA. Reduction of 

MTT to purple formazan by vitamin E isomers in the absence of cells. 

Trop Life Sci Res 2015; 25(1): 111-20.

[24]  McCue P, Horii A, Shetty K. Solid-state bioconversion of phenolic 

antioxidants from defatted soybean powders by Rhizopus oligosporus: 

role of carbohydrate-cleaving enzymes. J Food Biochem 2003; 27(6): 

501-14.

[25]  Menaga D, Rajakumar S, Ayyasamy PM. Free radical scavenging 

activity of methanolic extract of Pleurotus florida mushroom. Int J 

Pharm Pharm Sci 2013; 5: 601-6.

[26]  Kim HJ, Lee DH, Hwang YY, Lee KS, Lee JS. Characterization of 

β– hydroxy-β-methylglutaryl coenzyme A reductase inhibitor from 

Pueraria thunbergiana. J Agric Food Chem 2005; 53: 5882-8.

[27]  Shekharam KM, Venkataraman LV, Salimath PV. Carbohydrate 

composition and characterization of two unusual sugars from the blue 

green alga Spirulina platensis. Phytochemistry 1987; 26(8): 2267-9.

[28]  Pugh N, Ross SA, ElSohly HN, ElSohly MA, Pasco DS. Isolation of 

three high molecular weight polysaccharide preparations with potent 

immunostimulatory activity from Spirulina platensis, Aphanizomenon 

flos-aquae and Chlorella pyrenoidosa. Planta Med 2001; 67: 737-42.

[29]  Majdoub H, Mansour BM, Chaubet F, Roudesli SM, Maaroufi MR. 

Anticoagulant activity of a sulfated polysaccharide from the green alga 

Arthrospira platensis. Biochim Biophys Acta 2009; 1790: 1377-81.

[30]  Milorey B, Farrell S, Toal SE, Schweitzer-Stenner R. Demixing of 

water and ethanol causes’ conformational redistribution and gelation of 

the cationic GAG tripeptide. Chem Commun 2015; 51: 16498-501.

[31]  Wang F, Ma Y, Liu Y, Cui Z, Ying X, Zhang F, et al. A simple strategy 

for the separation and purification of water-soluble polysaccharides 

from the fresh Spirulina platensis. Sep Sci Technol 2017; 53: 456-66. 

[32]  Hayashi T. [Studies on evaluation of natural products for antiviral 

effects and their applications]. Yakugaku Zasshi 2008; 128(1): 61-79. 

Japanese.

[33]  Si X, Zhou Z, Bu D, Li J, Strappe P, Blanchard C. Effect of sulfation on 

the antioxidant properties and in vitro cell proliferation characteristics 

of polysaccharides isolated from corn bran. CyTA J Food 2016; 14(4): 

555-64.

[34]  Wang X, Wang J, Zhang J, Zhao B, Yao J, Wang Y. Structure-

antioxidant relationships of sulfated galactomannan from guar gum. Int 

J Biol Macromol 2010; 46(1): 59-66.


