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Abstract: Pinus koraiensis polysaccharides (PKP) were extracted by hot water from  

P. koraiensis pine cones. Five polysaccharide fractions named PKP-A, PKP-B, PKP-C, 

PKP-D and PKP-E were successfully separated at final ethanol concentrations of 30%, 

50%, 60%, 70% and 80%, respectively. HPLC, FT-IR, GC-MS and automatic amino-acid 

analysis were applied to investigate their chemical characteristics. Monosaccharide 

component analysis indicated that the five fractions were all composed of D-ribose,  

L-rhamnose, L-arabinose, D-xylose, D-mannose, D-glucose and D-galactose, but their molar 

ratios were quite different. HPLC results revealed that the polysaccharides precipitated by 

higher concentrations of ethanol solution had lower molecular masses. Moreover, the 

antioxidant activities of the five fractions were studied on the basis of hydroxyl radical and 

ABTS radical scavenging tests. The five graded polysaccharide fractions exhibited good 

inhibitory power, and MTT tests in vitro showed the IC50 of PKP-A and PKP-E were 
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1,072.5 and 2,070.0 μg·mL−1, respectively. These results demonstrated that the PKP could 

be a potential source of natural antioxidants or dietary supplements. 

Keywords: pine cones; Pinus koraiensis; polysaccharides; graded ethanol precipitation; 

chemical characterization; bioactivity 

 

1. Introduction 

Pinaceae Pinus is commonly found in Manchuria in China, and possesses considerable 

development potential. Pines are long-lived trees, and the cones accumulate on the forest floor for 

many years resisting decay [1]. Only a small amount of pine cones is burnt as firewood, and this makes 

it a waste of biological resources. The Materia Medica Compendium recorded that pine cones have been 

used historically as tonifying agents for the treatment of respiratory diseases such as excess production 

of phlegm and asthma for thousands of years in traditional Chinese medicinal prescriptions [2]. 

Sakagami reported that the main applications of pine cones for clinical treatment are to prevent 

diseases like coughing, enteritis, neurasthenic and suppress viral infection and tumor cells [3]. 

Therefore, the increasing interest in pine cone polysaccharides is driven by the need to expand the 

applications of plant bioactive components. It was reported that water extract of Japanese pine cones 

have therapeutic anti-tumor, anti-HIV and antibacterial properties [4]. Patrick also described that the water 

extract of P. pinaster can improve immunity [5]. Many healing properties are attributed to Pinus koraiensis 

polysaccharides, one of the main active ingredients of P. koraiensis. The biological activities of the 

polysaccharides from pine cones were studied in some reports [6,7]. According to their data, the crude 

polysaccharides from pine cones of P. koraiensis exhibited effective scavenging activities on ABTS 

radical and hydroxyl radical. In addition to serving as stores of energy and structural components [8], 

polysaccharides also have various biological activities, which have drawn researchers’ attention. 

We focused on the studies of chemical compositions from pine cones of P. koraiensis. The essential 

oil [9] and polysaccharides [7] were extracted from pine cones of P. aramandii, P. koraiensis and  

P. sylvestris var. mongolica have been investigated [9–13]. However, to the best of our knowledge, no 

purification and structural characterization of polysaccharides from pine cones of Pinus koraiensis has 

been reported by other groups. In the last few years, polysaccharides have been fractionated by 

stepwise ethanol precipitation, replacing almost all of the purification protocols that include at least 

one such step [14]. Therefore, a graded ethanol precipitation was first used to fractionate the crude 

polysaccharides from pine cones of P. koraiensis in order to obtain a deeper insight into the diversity 

of P. koraiensis. The polysaccharides obtained were characterized by HPLC, automatic amino-acid 

analysis and FT-IR in terms of molecular weights and chemical compositions. Moreover, we 

investigated the antioxidant activities on scavenging hydroxyl radical or ABTS radical, inhibition 

activity on HepG2 of each graded polysaccharide fraction. 
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2. Results and Discussion 

2.1. Isolation, Purification and Composition of the Polysaccharides 

The crude polysaccharides were isolated from hot water extract of pine cones of P. koraiensis, and 

then protein was removed by trichloroacetic acid. Five distinct fractions named PKP-A, PKP-B, PKP-C, 

PKP-D and PKP-E were successfully obtained separately by graded ethanol precipitation. The yields 

of precipitates were 11.53%, 2.08%, 4.71%, 7.34% and 3.33% collected at the ethanol concentrations 

of 30%, 50%, 60%, 70% and 80%, while no polysaccharides was precipitated at the concentration of 

40%. The molecular weights were estimated in reference to standard dextrans. The average molecular 

weights (Mw) of PKP-A, PKP-B, PKP-C, PKP-D and PKP-E were 6,881.6, 6,267.2, 5,753.5, 5,518.5 

and 5,120.1 kDa, respectively. The main chemical compositions were determined and are given in 

Table 1. For the polysaccharide fractions obtained, significant differences in chemical compositions 

and molecular weights were observed. The HPLC results showed that a rise in ethanol concentration 

led to a decrease of the molecular weight of the polysaccharides. Thus, these results indicated that the 

high concentration of ethanol solutions favored precipitation of the smaller molecular parts of 

polysaccharides, a result also confirmed by Xue et al. [15]. 

Table 1. Yield, molecular weight, content of neutral sugar and protein of PKPs (n = 3). 

 PKP-A PKP-B PKP-C PKP-D PKP-E 

Yield (%) 11.53 2.08 4.71 7.34 3.33 
Molecular Weight (kDa) 6881.6 6267.2 5753.5 5518.5 5120.1 

Neutral Sugar (%) 44.33 ± 0.15 42.67 ± 0.15 66.33 ± 0.15 58.33 ± 1.85 67.33 ± 1.23 
Uronic acid (%)  87.87 ± 0.52 82.88 ± 0.78 53.27 ± 0.13 50.59 ± 0.78 45.06 ± 1.56 
Polyphenol (%) 3.45 ± 0.10 1.20 ± 0.05 0.43 ± 0.02 0.43 ± 0.00 0.82 ± 0.09 

Protein (%) 2.10 ± 0.15 1.03 ± 0.03 0.48 ± 0.02 0.50 ± 0.01 0.76 ± 0.06 

Table 2 showed the amino acid content of the five purified polysaccharides determined by an 

automatic amino-acid analyzer, where notable differences were found. Asp was not detected in PKP-C, 

PKP-D and PKP-E. Compared with other fractions, the content of most amino acids was much higher 

because of the high protein content.  

Table 2. Content of amino acid of five purified PKPs (μg·mg−1). 

 PKP-A PKP-B PKP-C PKP-D PKP-E 

Asp 1.400 0.353 Not detected Not detected Not detected 
Thr 1.023 0.433 0.957 1.027 1.347 
Ser 1.291 0.503 0.882 1.275 1.527 
Glu 1.479 0.432 0.079 0.100 0.119 
Gly 0.846 0.282 0.233 0.255 0.363 
Ala 0.684 0.231 0.305 0.448 0.547 
Cys 1.254 0.362 0.349 0.215 0.234 
Val 1.131 1.285 0.656 1.032 1.244 
Met 1.416 0.071 0.813 0.076 0.046 
Ile 0.439 0.138 0.047 0.084 0.112 
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Table 2. Cont. 

 PKP-A PKP-B PKP-C PKP-D PKP-E 

Leu 0.622 0.154 0.073 0.068 0.099 
Tyr 0.804 0.241 0.215 0.120 0.161 
Phe 0.597 0.163 0.082 0.063 0.071 
Lys 0.313 0.127 0.137 0.121 0.134 
His 0.196 0.050 0.044 0.032 0.048 
Arg 0.250 0.066 0.044 0.030 0.068 

Concerning monosaccharides’ quantitative and qualitative determination, the use of GC-MS is 

preferred because of its sensitivity. The GC-MS results (by Figure 1) indicated that the polysaccharides 

were composed of seven monosaccharides, including D-ribose, L-rhamnose, L-arabinose, D-xylose,  

D-mannose, D-glucose and D-galactose. The relative molar proportions of the seven monosaccharides 

were estimated and are shown in Table 3. These results showed that the PKP are composed of a large 

amount of D-mannose, D-glucose and D-galactose, and their contents are quite different from each 

other. Especially, the content of D-galactose was larger than that of other monosaccharides, followed 

by D-mannose, except in PKP-A. 

Figure 1. Monosaccharide composition of PKPs and standard samples (500 ng·mL−1). 

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

-2000000

0

2000000

4000000

6000000

8000000

10000000

12000000

A
bu

nd
an

ce

Time/min

 Standard samples
 PKP-A
 PKP-B
 PKP-C
 PKP-D
 PKP-E

 

Table 3. Molar proportions of seven monosaccharides of PKPs. 

 Retention Time (%) PKP-A PKP-B PKP-C PKP-D PKP-E 

D-ribose 6.09 0.30 0.30 0.39 0.41 0.78 
L-rhamnose 6.13 0.98 0.98 3.84 3.77 11.84 
L-arabinose 6.20 1.96 1.85 5.01 8.70 9.84 

D-xylose 6.29 0.40 0.53 0.12 1.84 1.96 
D-mannose 8.39 2.16 7.77 21.98 24.47 23.60 
D-glucose 8.48 2.75 4.80 16.02 15.41 16.59 

D-galactose 8.58 5.11 12.75 36.93 36.69 36.95 
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2.2. FT-IR and UV Spectra 

FT-IR spectroscopy was used to study the carbohydrates due to its ability to identify main 

functional groups of plant sugars and complex carbohydrates. The FT-IR analysis obtained is 

presented in Figure 2. The stretching vibration of hydroxyl in the constituent sugar residues [16] can be 

easily recognized by the bands at 3446.0 cm−1. The spectra showed a prominent C-H stretching and 

bending vibration absorption [17] in the range of 2929–2939 cm−1. Thus the two bands are 

characteristic peaks of the polysaccharides. In addition, the high absorbance at 1,743 cm−1 is attributed 

to carbonyl group, and the small peak at 1637 cm−1 originated from associated water [18]. In the 

fingerprint region, the bands in the region of 1230 cm−1 are due to C-C stretching vibrations. 

Moreover, the bands towards 1100 cm−1 suggested that the peak was related to the stretching vibration 

of C-O. A small sharp and at 890 cm −1 was indicated as typical for β-anomers in PKPs [19]. The 

bands in 808.7 cm−1 indicated the presence of α-anomers [20]. From the above spectral assignments, 

the FT-IR spectra showed similar characteristics as the raw pine cones precipitated by ethanol 

solutions at different concentrations. 

Figure 2. FT-IR spectra of the five PKPs. 
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The UV spectra of PKP fractions are shown in Figure 3. No absorption at 280 and 260 nm in the 

UV-vis spectrum were observed for any of the fractions, indicating a small amount of protein and the 

absence of nucleic acids [21]. The results were in accordance with the protein content results. 

Figure 3. UV-vis spectra of PKPs. 
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2.3. Antioxidant Activity 

There are multiple recommended methods for measuring the antioxidant properties of materials to 

reflect their potential protective effects [12,22]. The hydroxyl radical detection and ABTS methods are 

reliable methods involved the determination of the disappearance of free radical with a spectrophotometer. 

2.3.1. Scavenging Effects on Hydroxyl Radical 

Accumulating evidence strongly suggested that such stress is a vital causative factor of aging, brain 

dysfunction, liver diseases, cardiovascular disorder and carcinogenesis [23]. Among all ROS species, 

hydroxyl radical result in much of the oxidative damage to biomolecules [24]. Hydroxyl radical can 

easily lead to tissue damage or cell death. So the removal of hydroxyl radical is very important for the 

protection of living systems [25]. 

Figure 4. The in vitro antioxidant activity of the five fractions from pine cones.  

(a) Scavenging effects of ascorbic acid, rutin, oligochitosan and PKPs on hydroxyl radical; 

(b) Scavenging activities of ABTS radical by ascorbic acid, rutin, oligochitosan and PKPs.  
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Figure 4(a) showed the scavenging activities of the five fractions at different concentrations  

(0.01–30 mg·mL−1). It was clearly found that the scavenging rates increased with a rise in the sample 

concentration. The radical-scavenging ability of PKP-E was higher than that of others at higher 

concentrations, while they were almost at the same level at 1 mg·mL−1. At 30 mg·mL−1, the scavenging 

rate of PKP-A was nearly close to that of PKP-D, about 77%. Moreover, the positive control, ascorbic 

acid, showed the most effective activity on hydroxyl radical. The EC50 of ascorbic acid, rutin, 

oligochitosan and the five polysaccharides on hydroxyl radical are 0.058, 0.99, 0.11, 9.86, 9.69, 16.16, 

14.43 and 9.02 mg·mL−1, respectively. These results proved that polysaccharides isolated from  

P. koraiensis had a definite effect on hydroxyl radical scavenging, and the PKP-E fraction showed the 

better effect. 
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2.3.2. Scavenging Effects on ABTS Radical 

The ABTS test is a simple, fast, reliable, inexpensive and also very adaptable tool to evaluate total 

antioxidant power of single compounds or complex mixtures [26]. After oxidation, ABTS·+ generates a 

blue-green radical cation. Samples with scavenging activity on ABTS radical are added into an ABTS 

solution, and the reaction will result in fading of the solution. Specific absorbance at 734 nm can be 

used in both organic and aqueous solvents as an index reflecting the antioxidant activity of extracted 

polysaccharides [27,28]. As Figure 4(b) shows, all of the tested samples showed dose-dependent 

activities. Moreover, PKP-E showed pronounced high radical scavenging ability. Furthermore, at  

30 mg·mL−1, PKP-A and PKP-D showed the same level of antioxidant activity. The EC50 of ascorbic 

acid, rutin, oligochitosan and five fractions on ABTS radical are 0.079, 0.036, 11.03, 15.66, 21.58, 

26.80, 20.06 and 13.38 mg·mL−1, respectively. These results indicated that PKP-E had strong ABTS 

radical scavenging power. 

2.4. Inhibition Effects of the Polysaccharides on HepG2 

Cancer is currently one of the leading causes of death. The lifetime probability of being diagnosed 

with cancer is more than 40% [29]. Natural dietary agents have drawn a lot of attention because of 

their potential to suppress cancers and to reduce risk of cancer development using decreasing oxidative 

stress. Accumulated evidence has demonstrated that polysaccharides have a broad spectrum of 

biological effects, such as antibiotic, antioxidant, anti-mutant, anticoagulant and immunostimulation 

activities [30–32]. The MTT assay was used to study the antiproliferative activity of PKP. MTT is 

reduced to an insoluble purple formazan by mitochondrial dehydrogenase. Cell proliferative activity 

was measured by comparison of the purple color formation. Dead cells, on the other hand, did not form 

the purple formazan due to their lack of the enzyme.  

Cells were cultured for 72 h with several different levels of the polysaccharide fractions. At the 

concentration of 800 μg·mL−1, the inhibition rate of the five fractions were 46.20%, 22.21%, 20.71%, 

21.30%, 22.93%, respectively. PKP-A and PKP-E showed better inhibitory activity than other 

samples. PKP-A and PKP-E were dissolved with culture solution to prepare a series of solutions  

(100, 200, 400, 600, 800, 1,000 and 1,200 μg·mL−1). Figure 5 shows the inhibition rates of PKP-A and  

PKP-E at increasing concentrations. The IC50 values of PKP-A and PKP-E were 1,072.5 and  

2,070.0 μg·mL−1, respectively. 

A close association exists between the activities of polysaccharides and the sugar composition, 

molecular weight, glycosidic linkage, comformation, degree of branching and so on [33]. It was 

reported that the bioactivities of polysaccharides were positively correlated with their molecular 

weight [34,35]. Many researchers have found that plant-derived polysaccharides composed of Rha, Gal 

and Ara had strong biological activities [36,37]. In the study, PKP-A and PKP-E displayed better 

biological activities. Among the five fractions, PKP-A had a much higher molecular weight than the 

other fractions, and PKP-E had the lowest one. In terms of the compositional analysis, the contents of 

Rha, Gal and Ara in PKP-E were much higher than others. Moreover, the contents of polyphenol in 

PKP were less than 1.2% (except for 3.5% in PKP-A, according to Table 1). The contents of 

polyphenol and the antioxidant activity did not show a dose-effect relationship; for instance, the 
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polyphenol content of PKP-B was higher than PKP-E, while the scavenging activities of PKP-B were 

not better than those of PKP-E, which suggested that the existence of polyphenols had little effect on 

the antioxidant activity of PKP. According to the biological activities and preliminary characterization 

of the PKP results, we presume that the monosaccharide composition and molecular weight were 

crucial for the PKP bioactivities.  

Figure 5. Inhibition rates of PKP-A and PKP-E on HepG2. 
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3. Experimental 

3.1. Materials and Chemicals  

Pine cones of Pinus koraiensis used in the study were picked in a Korean pine forest in Yichun, Hei 

Longjiang, China. Trichloroacetic acid (TCA) was purchased from Tianjin Guangfu Fine Chemical 

Research Institute, Tianjin, China. Trifluoroacetic acid (TFA) was purchased from Dikma 

Technologies Inc., Beijing, China. 3-Phenylphenol was from Aldrich, Shanghai, China. D-Galacturonic 

acid, phenol, trypsin, penicillin-streptomycin solution, RPMI-1640 and dimethyl sulfoxide (DMSO), 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained commercially 

from Beijing Solarbio Science & Technology Co. Ltd., Beijing, China. Fetal bovine serum (FBS) was 

purchased from Zhejiang Sijiqing Biology Engineering and Material Co. Ltd., Hangzhou, China. The 

dextran standards were purchased from Sigma, Shanghai, China. Hepatoma cells (HepG2) was offered 

by the School of Food Science and Engineering of Harbin Institute of Technology, Harbin, China. All 

other reagents were of the highest available quality. 

3.2. Extraction of Polysaccharides 

The pine cones were refluxed to remove lipids with ethanol solution for 2 h twice. After filtering, 

the residues were extracted in boiling water (1:12, w/v) for 2 h [38]. The concentrated extract solution 
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was precipitated with eight times volume of 95% ethanol overnight. The precipitate was collected by 

centrifugation at 3577 × g for 20 min, and then dried at reduced pressure, giving the crude polysaccharides. 

3.3. Isolation and Purification of the Polysaccharides  

3.3.1. Removal of Protein from the Crude Polysaccharides 

The crude polysaccharides contain proteins with large molecules, forming glycoproteins. Thus, 

removing protein is an important purification step. In order to get purer polysaccharides, we chose 

trichloroacetic acid (TCA) in this research [39]. The crude extract was dissolved in distilled water to 

make up a 0.5% polysaccharide solution. The above solution was mixed with 10% trichloroacetic acid 

(1:1, v/v). Then keep the mixture overnight at room temperature. The supernatant was harvested by 

decanting precipitate after centrifugation (3,577 × g, 20 min), dried by vacuum freezing dryer for 

follow-up tests. 

3.3.2. Graded Purification of the Polysaccharides 

The polysaccharides solution was mixed with 95% ethanol, making the final concentration of 

ethanol 30% (v/v). The mixture was stirred and precipitated overnight at room temperature. The first 

fraction, collected by centrifugation at 3,577 × g for 10 min, was named PKP-A. The same method 

was used to deal with the supernatant. Certain volumes of 95% ethanol were add to the supernatant 

obtained by centrifugation and it was sequentially precipitated in ethanol solution with increased 

concentrations of 50%, 60%, 70%, 80% (v/v) of ethanol mixture [40], respectively. Thus, four other 

fractions named PKP-B, PKP-C, PKP-D and PKP-E were collected. The five fractions were dried by 

vacuum freezing for subsequent treatments. 

3.4. Determination of Molecular Weight 

The molecular weight of the five fractions were determined by gel-permeation chromatography 

(GPC, Agilent Technologies, Santa Clara, CA, USA) [41], in combination with a high-performance 

liquid chromatography (HPLC) instrument (Agilent 1100) equipped with an Agilent G1362A 

Refractive Index Detector. Standard dextrans (MW 125 × 104, 96.5 × 104, 12.5 × 104, 2.58 × 104 and 

0.41 × 104, respectively) were passed through the column. Five purified fractions (10.0 mg) were 

dissolved in ultrapure water (10 mL), separately passed through 0.45 μm filters, and applied to the gel 

column. The samples were eluted with ultrapure water at a flow rate of 1.0 mL·min−1, maintained at a 

temperature of 25 °C. The molecular weights were calculated by reference to a standard curve plotted 

according to the retention time and the logarithm of the standard dextrans’ respective molecular 

weights [42]. 

3.5. Monosaccharide Composition and Properties 

3.5.1. Hydrolysis of the Five Polysaccharides  

The five fractions (15 mg) were dissolved in 2 M TFA (4 mL) and hydrolyzed at 110 °C for 4 h in 

sealed glass tubes. Then the hydrolyzed products were evaporated to dryness at reduced pressure at 50 °C. 
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The residue were dissolved in 3 mL methanol and dried by a stream of nitrogen gas. In order to 

remove TFA completely, the treatment was repeated 3–4 times. 

3.5.2. Derivatization of the Monosaccharides 

Because of the nonvolatile nature of carbohydrates, they must be transformed to volatile derivatives 

for GC determination. The hydrolyzed products were dissolved in 3 mL distilled water, and mixed 

with sodium borohydride (25 mg). The reduction reaction was performed at room temperature for 3 h 

by intermittent oscillation. A few drops of glacial acetic acid were added to end the reaction until no 

bubbles appeared. The resulting solution was evaporated to dryness under reduced pressure at 50 °C. 

Methanol (3 mL) and a stream of nitrogen gas were used to remove the reducing agent 3–4 times, then 

the residue was dried at 110 °C for 15 min [43]. The derivatives were mixed with pyridine (1 mL) and 

acetic anhydride (3 mL). The reaction was carried out in water bath at 100 °C for 3–5 h. The mixture 

was evaporated to dryness at 80 °C and trichloromethane (5 mL) was added to dissolve the residue. 

Isopyknic distilled water was used to wash the organic solution three times to remove ions or extra 

acetic anhydride. Finally, the water was removed by adding anhydrous sodium sulfate. The supernatant 
was filtered through a 0.45 μm membrane prior to GC-MS analysis. 

3.5.3. GC-MS Analysis 

A Gas Chromatograph-Mass Spectrometer (GC-MS, Agilent HP 6890-5973, USA) was used for 

identification and quantification, equipped with capillary column DB-5(60 m × 0.25 mm I.D., 0.25 μm 

film thickness). Helium was carrier gas at a flow rate of 1.0 mL·min−1. The temperature was programmed 

as follows: initial temperature 150 °C, maintained 1 min; rise to 250 °C at a rate of 25 °C·min−1, 

retained for 10 min. The total analysis was conducted in 12 min and the equilibration time was 2 min. 

The temperature of the injection port was 250 °C and 1 μL sample was injected in splitless mode. The 

mass spectrometer was operated in electron ionization mode at an ionizing energy of 70 eV, the 

temperature of ion source 230 °C. The detector was used to scan from m/z 50 to 500. 

3.6. Neutral Sugar, Uronic Acid, Polyphenol, Protein and Amino Acid Analysis 

The contents of neutral sugar were determined by the phenol-sulfuric acid test [44] with slight 

modifications, taking D-glucose as the standard at 490 nm. Uronic acid contents were determined by 

photometry with m-hydroxybiphenyl at 525 nm with D-galacturonic acid as the standard [45]. The 

phenolic contents were measured as described by Rajkumar et al. [46] with a little modification. 

Coomassie brilliant blue method [47] was used to measure the protein levels of the five fractions. 

Amino acids in the five fractions were determined after acid hydrolysis with 6 M HCl at 110 °C for 24 h 

in sealed glass tubes, as described by Haimei Li and others [48]. After neutralization and dissolving to 

constant volume, the sample was passed through 0.45-μm filter and analyzed by a Hitachi L-8800 

amino acid analyzer. 
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3.7. FT-IR and UV Spectroscopy 

FT-IR spectra of the samples were recorded on a Fourier-transform infrared spectrophotometer 

(PerkinElmer, Norwalk, CT, USA). Dried polysaccharides were ground and pelletized with KBr. To 

compare structures of the graded fractions, their spectra were recorded within a range of  

400–4,000 cm−1 [49]. The ultraviolet spectra of the fraction solutions (1.0 mg·mL−1) were recorded 

with a UV-vis spectrophotometer (TU-1900 double beam UV-visible light spectrophotometer, Beijing, 

China) in the the 190-400 nm region in 1.00 cm quartz cell against distilled water as the blank. 

3.8. Antioxidant Activity of the Polysaccharides 

3.8.1. Hydroxyl radical scavenging assay 

The hydroxyl radical assay was measured by Jen’s method [50] with a slight modification. Samples 

were dissolved in distilled water (0.01–30 mg·mL−1). The sample solution (1.0 mL) was mixed with 

FeSO4 (9 mM, 1.0 mL) and 9 mM salicylic acid solution (1.0 mL, 50% ethanol). Then 8.8 mM H2O2 

(1.0 mL) was added to start the reaction. The mixture was kept in water bath at 37 °C for 1 h. The 

background was mixed as described above except 50% ethanol (1.0 mL) was used in place of the 

salicylic acid solution. For the control distilled water (1.0 mL) was substituted for the polysaccharide 

solution. After warming in a water bath, the absorbance of the mixture was measured at 510 nm. The 

hydroxyl radical scavenging rate was calculated using the following formula: 

Scavenging Rate (%) = [1 − (A1 − A2)/A0] × 100% (1)

where A0 is the absorbance of the control group (without polysaccharides), A1 is the absorbance of the 

test group, A2 is the absorbance of the background group. 

3.8.2. ABTS Radical Scavenging Assay 

According to the method describe by Hai-Chao Zhou et al. [51], the radical scavenging activity 

against the ABTS·+ radical was determined. ABTS (50 mL, 7 mM) was mixed with 140 mM potassium 

peroxydisulfate (890 μL), then kept in dark at room temperature for 12–16 h before use. The samples 

were prepared in a variety of concentrations (0.01–30 mg·mL−1). The polysaccharides solution (0.2 mL) 

was added to the ABTS·+ solution. The absorbance of the mixture was measured at 734 nm namely after 

holding at room temperature for 6 min. The scavenging activity was calculated by the following equation: 

Scavenging Rate (%) = [1 − (A1 − A2)/A0] × 100% (2)

where A0 is the absorbance of the control group, A1 is the absorbance of the test group, A2 is the 

absorbance of the background group (without ABTS·+). 

3.9. Anti-Hepatoma Activity Assay  

The anticancer activity of polysaccharides was first recognized by Nauts et al. when they found the 

certain polysaccharides could induce complete remission in patients with cancer in 1949 [52]. 
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3.9.1. Cell Culture 

The HepG2 (a human hepatoma cell line) was used to determine the activity of samples. The 

medium used for hepatoma cells was prepared with RMPI-1640 supplemented with streptomycin 

(1,000 U·mL−1), penicillin (1,000 μg·mL−1) and 10% fetal bovine serum [53]. The culture bottles were 

placed in a humidified in 5% CO2 atmosphere at a temperature of 37 °C. The medium was changed 

every 24 h. At 90% confluence, the cells were trypsinized with 0.25% trypsin in PBS solution for  

1 min and resuspended in culture medium. 

3.9.2. Preliminary MTT Analysis  

After incubation of HepG2 cells, the MTT assay [54] was used to measure cell viability. After the 

digestion by 0.25% trypsin digestion fluid, cell suspension was prepared with culture solution. The cell 

broth was transferred to 96-well plates, and 100 μL of cell broth was injected into the well. After 

culturing at 37 °C, 5% CO2 for 24 h, the control and test groups (200, 400, 800 μg·mL−1, final 

concentrations) were added to the wells. The cells were incubated under the same conditions. After 72 h, 

MTT (5 mg·mL−1, 10 μL) was mixed with the medium. Then the 96-well plates were kept at 37 °C for 

4 h. After that, the medium was discarded and DMSO (100 μL) was inject into each well. The 

absorbance was measured at 490 nm by an automatic microplate reader. The inhibition ratio was 

calculated as the following equation: 

Inhibition Ratio (%) = (1 − A1/A0) × 100% (3)

where A0 is the absorbance of test group, A1 is the absorbance of control group. 

3.9.3. Further MTT Assay 

After the screening test above, PKP-A and PKP-E were proved to inhibit HepG2 cells more 

effectively than the other fractions. Therefore, further assay about the samples of inhibition activity 

was needed. The polysaccharides were dissolved with culture solution to prepare a series of solutions 

(100, 200, 400, 600, 800, 1,000 and 1,200 μg·mL−1). The most effective concentration was determined 

by the MTT assay. 

4. Conclusions  

The objective of our study was to evaluate and compare the chemical characteristics and bioactive 

properties of graded polysaccharides from pine. In the study, five fractions were successfully isolated 

from the crude polysaccharides of pine cones of Pinus koraiensis by increasing the concentration of 

ethanol during precipitation. According to the results above, it was concluded the contents of neutral 

sugar, protein and seven monosaccharides were different from each other. In addition, the molecular 

weights of the five polysaccharides were increasingly decreasing. Antioxidative tests proved that PKP-E 

was the most effective on hydroxyl radical or ABTS radical, reaching around 80% scavenging. Finally, 

PKP-A and PKP-E were found to behave better activity in inhibition of HepG2. The IC50 values of 

PKP-A and PKP-E were 1,072.5 and 2,070.0 μg·mL−1, respectively. Our results can give guidance for 
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identifying sources of antioxidant compounds. Meanwhile, the correlation between chemical 

characteristics and antioxidant properties for the purified polysaccharide fractions is ongoing in our lab. 

Acknowledgments 

The study was financially supported by the National Natural Science Foundation of China  

(No. 31000831), the National Science Foundation for Post-doctoral Scientists of China 

(20090450478), the Natural Science Foundation of Heilongjiang Province (QC08C01), and the Natural 

Science Research and Innovation Funds of Harbin Institute of Technology (HIT.NSRIF.2008.30). 

Conflicts of Interest 

The authors declare no conflict of interest.  

References  

1. Ofomaja, A.E.; Naidoo, E.B. Biosorption of copper from aqueous solution by chemically 

activated pine cone: A kinetic study. Chem. Eng. J. 2011, 175, 260–270. 

2. Rezzi, S.; Bighelli, A.; Castola, V.; Casanova, J. Composition and chemical variability of the 

oleoresin of Pinus nigra ssp. laricio from Corsica. Ind. Crops Prod. 2005, 21, 71–79. 

3. Sakagami, H.; Kawazoe, Y.; Komatsu, N.; Simpson, A.; Nonoyama, M.; Konno, K.; Yoshida, T.; 

Kuroiwa, Y.; Tanuma, S.I. Antitumor, Antiviral and immunopotentiating activities of pine cone 

extracts: potential medicinal efficacy of natural and synthetic lignin-related material. Anticancer 

Res. 1991, 11, 881–888. 

4. Sakagami, H.; Takeda, K.; Makino, Y.; Konno, K. Partical purification of novel differentiation-

inducing substance(s) from hot water extract of Japanese pine cone. Jpn. J. Cancer Res. 1986, 77, 

59–64. 

5. Patrick, K.; Lai, J.D.; Takayama, H.; Sakagami, H.; Tanaka, A.; Konno, K.; Nonoyama, M. 

Modification of human immunodeficiency viral relication by pine cone extracts. Aids Res. Hum. 

Retrov. 1990, 6, 205–217. 

6. Li, W.J.; Yang, X.; Wang, P. Studies on antioxidant activity of polysaccharides from pine cones 

of Pinus koraiensis. China Beet Sugar. 2012, 2, 26–40. 

7. Xu, R.B.; Yang, X.; Wang, J.; Zhao, H.T.; Lu, W.H.; Cui, J.; Cheng, C.L.; Zou, P.; Huang, W.W.; 

Wang, P.; et al. Chemical Composition and Antioxidant Activities of Three Polysaccharide 

Fractions from Pine Cones. Int. J. Mol. Sci. 2012, 13, 14262–14277. 

8. Zong, A.; Cao, H.; Wang, F. Anticancer polysaccharides from natural resources: A review of 

recent research. Carbohyd. Polym. 2012, 90, 1395–1410. 

9. Yang, X.; Zhao, H.T.; Wang, J.; Meng, Q.; Zhang, H.; Yao, L.; Zhang, Y.C.; Dong, A.J.; Ma, Y.; 

Wang, Z.Y.; et al. Chemical composition and antioxidant activity of essential oil of pine cones of 

Pinus aramndii from the southwest region of China. J. Med. Plants Res. 2010, 4, 1668–1672. 

10. Meng, Q.; Yang, X.; Wang, J.; Ma, Y.; Ding, Y. Analysis of the Chemical Compostion of Pine 

Cone of Pinus Koraiensis with Solid Phase Microextraction and GC-MS Technique. Lishizhen 

Med. Mater. Med. Res. 2010, 21, 2762–2765. 



Molecules 2013, 18 9946 

 

 

11. Yang, X.; Zhang, H.; Zhang, Y.; Ma, Y.; Wang, J. Two new diterpenoid acids from Pinus 

koraiensis. Fitoterapia 2008, 79, 179–181. 

12. Yang, X.; Ding, Y.; Sun, Z.H.; Zhang, D.M. Studies on chemical constituents of Pinus armandii. 

Acta Pharm. Sin. 2005, 40, 435–437. 

13. Su, X. Y.; Wang, J.; Yang, X.; Cao, W.Q. Analysis of Volatile Oil Constituents in Pinecone of 

Pinus koraiensis by Gas Chromatography-Mass Spectrometry. Chin. J. Anal. Chem. 2006, 34, 

217–219. 

14. Teleman, A.; Lundqvist, J.; Tjerneld, F.; Stalbrand, H.; Dahlman, O. Characterization of 

acetylated 4-o-methylglucuronoxylan isolated from aspen employing 1H and 13C NMR 

spectroscopy. Carbohyd. Res. 2000, 329, 807–815. 

15. Xue, B.L.; Wen, J.L.; Xu, F.; Sun, R.C. Structural characterization of hemicelluloses fractionated 

by graded ethanol precipitation from Pinus yunnanensis. Carbohyd. Res. 2012, 352, 159–165. 

16. Wang, X.M.; Sun, R.G.; Zhang, J.; Chen, Y.Y.; Liu, N.N. Structure and antioxidant activity of 

polysaccharide POJ-U1a extracted by ultrasound from Ophiopogon japonicus. Fitoterapia 2012, 

83, 1576–1584. 

17. Luo, A.; He, X.; Zhou, S.; Fan, Y.; Luo, A.; Chun, Z. Purification, composition analysis and 

antioxidant activity of the polysaccharides from Dendrobium nobile Lindl. Carbohyd. Polym. 

2010, 79, 1014–1019. 

18. Sun, Y.; Wang, S.; Li, T.; Li, X.; Jiao, L.; Zhang, L. Purification, structure and immunobiological 

activity of a new water-soluble polysaccharide from the mycelium of Polyporus albicans (Imaz.) 

Teng. Bioresour. Technol. 2008, 99, 900–904. 

19. Sun, R.C.; Sun, X.F. Fractional and structural characterization of hemicelluloses isolated by alkali 

and alkaline peroxide from areley straw. Carbohyd. Polym. 2002, 49, 415–423. 

20. Chen, Y.; Mao, W.; Gao, Y.; Teng, X.; Zhu, W.; Chen, Y.; Zhao, C.; Li, N.; Wang, C.; Yan, M.; 

et al. Structural elucidation of an extracellular polysaccharide produced by the marine fungus 

Aspergillus versicolor. Carbohyd. Polym. 2013, 93, 478–83. 

21. Cai, W.; Xie, L.; Chen, Y.; Zhang, H., Purification, characterization and anticoagulant activity of 

the polysaccharides from green tea. Carbohyd. Polym. 2013, 92, 1086–1090. 

22. Huang, D.J.; Ou, B.X.; Prior, R.L. The Chemisry behind antioxidant capacity assays. J. Agric. 

Food Chem. 2005, 53, 1841–1856. 

23. Sun, Y.; Li, X.; Yang, J.; Liu, J.; Kennedy, J.F. Water-soluble polysaccharide from the fruiting 

bodies of Chroogomphis rutilus (Schaeff.: Fr.) O.K. Miller: Isolation, Structural features and its 

scavenging effect on hydroxyl radical. Carbohyd. Polym. 2010, 80, 720–724. 

24. Ke, C.; Qiao, D.; Gan, D.; Sun, Y.; Ye, H.; Zeng, X. Antioxidant acitivity in vitro and in vivo of 

the capsule polysaccharides from Streptococcus equi subsp. zooepidemicus. Carbohyd. Polym. 

2009, 75, 677–682. 

25. Leong, L.P.; Shui, G. An investigation of antioxidant capacity of fruits in Singapore markets. 

Food Chem. 2002, 76, 69–75. 

26. Fan, Y.; He, X.; Zhou, S.; Luo, A.; He, T.; Chun, Z. Composition analysis and antioxidant activity 

of polysaccharide from Dendrobium denneanum. Int. J. Biol. Macromol. 2009, 45, 169–173. 

27. Wu, L.C.; Hsu, H.W.; Chen, Y.C.; Chiu, C.C.; Lin, Y.I.; Ho, J.A. Antioxidant and 

antiproliferative activities of red pitaya. Food Chem. 2006, 95, 319–327. 



Molecules 2013, 18 9947 

 

 

28. Han, J.; Weng, X.; Bi, K. Antioxidants from a Chinese medicinal herb—Lithospermum 

erythrorhizon. Food Chem. 2008, 106, 2–10. 

29. Jemal, A.; Siegel, R.; Ward, E.; Hao, Y.; Xu, J.; Murray, T.; Thun, M.J. Cancer Statistics, 2008. 

CA- Cancer J. Clin. 2008, 58, 71–96. 

30. Ali, B.H.; Ziada, A.; Blunden, G. Biological effects of gum arabic: A review of some recent 

research. Food Chem. Toxicol. 2009, 47, 1–8. 

31. Wijesekara, I.; Pangestuti, R.; Kim, S.K. Biological activities and potential health benefits of 

sulfated polysaccharides derived from marine algae. Carbohyd. Polym. 2011, 84, 14–21. 

32. Yu, Z.H.; Yin, L.H.; Qian, Y.; Yan, L. Effect of Lentinus edodes polysaccharide on oxidative 

stress, Immunity activity and oral ulceration of rats stimulated by phenol. Carbohyd. Polym. 2009, 

75, 115–118. 

33. Wang, M.; Jiang, C.; Ma, L.; Zhang, Z.; Cao, L.; Liu, J.; Zeng, X. Preparation, preliminary 

characterization and immunostimulatory activity of polysaccharide fractions from the peduncles 

of Hovenia dulcis. Food Chem. 2013, 138, 41–47. 

34. Leung, M.Y. K.; Liu, C.; Zhu, L.F.; Hui, Y.Z.; Yu, B.; Fung, K.P. Chemical and biological 

characterization of a polysaccharide biological response modifier from Aloe vera L. var. chinesis 

(Haw.) Berg. Glycobiology 2004, 14, 501–510. 

35. Xie, G.; Schepetkin, I.A.; Siemsen, D.W.; Kirpotina, L.N.; Wiley, J.A.; Quinn, M.T. Fractionation 

and characterization of biologically-active polysaccharides from Artemisia tripartita. 

Phytochemistry 2008, 69, 1359–1371. 

36. Wang, J.H.; Luo, J.P.; Yang, X.F.; Zha, X.Q. Structural analysis of a rhamnoarabinogalactan from 

the stems of Dendrobium nobile Lindl. Food Chem. 2010, 122, 572–576. 

37. Sun, Y.X.; Liu, J.C. Structural characterization of a water-soluble polysaccharide from the Roots 

of Codonopsis pilosula and its immunity activity. Int. J. Biol. Macromol. 2008, 43, 279–282. 

38. Günter, E.A.; Popeiko, O.V.; Ovodov, Y.S. Isolation of polysaccharides from the callus culture of 

Lemna minor L. Appl. Biochem. Microbiol. 2004, 40, 80–83. 

39. Rajalingam, D.; Loftis, C.; Xu, J.J.; Kumar, T.K.S. Trichloroacetic acid-induced protein 

precipitation involves the reversible association of a stable partially structured intermediate. 

Protein Sci. 2009, 18, 980–993. 

40. Bian, J.; Peng, F.; Peng, P.; Xu, F.; Sun, R.C. Isolation and fractionation of hemicelluloses by 

graded ethanol precipitation from Caragana korshinskii. Carbohyd. Res. 2010, 345, 802–809. 

41. Luo, D. Identification of structure and antioxidant activity of a fraction of polysaccharide purified 

from Dioscorea nipponica Makino. Carbohyd. Polym. 2008, 71, 544–549. 

42. Zou, S.; Zhang, X.; Yao, W.; Niu, Y.; Gao, X. Structure characterization and hypoglycemic 

activity of a polysaccharide isolated from the fruit of Lycium barbarum L. Carbohyd. Polym. 

2010, 80, 1161–1167. 

43. Guadalupe, Z.; Martínez-Pinilla, O.; Garrido, Á.; Carrillo, J.D.; Ayestarán, B. Quantitative 

determination of wine polysaccharides by gas chromatography–mass spectrometry (GC–MS) and 

size exclusion chromatography (SEC). Food Chem. 2012, 131, 367–374. 

44. Dubois, M.; K.A.Gilles; J.K.Hamilton; P.A.Rebers; Smith, F. Colorimetri method for 

determination of sugars and related substances. Anal. Chem. 1956, 28, 350–356. 



Molecules 2013, 18 9948 

 

 

45. Blumenkrantz, N.; Aaboe-Hansen, G. New method for quantitative determination of uronic acids. 

Anal. Biochem. 1973, 54, 484–489. 

46. Rajkumar, V.; Guha, G.; Kumar, R.A. Antioxidant and anti-neoplastic activities of Picrorhiza 

kurroa extracts. Food Chem. Toxicol. 2011, 49, 363–369. 

47. Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of 

protein utilizing the principle of protein-dye binding. Anal. Biochem. 1976, 72, 248–254. 

48. Li, H.; Ma, Y.; Li, Q.; Wang, J.; Cheng, J.; Xue, J.; Shi, J. The chemical composition and nitrogen 

distribution of chinese yak (maiwa) milk. Int. J. Mol. Sci.2011, 12, 4885–4895. 

49. Papageorgiou, S.K.; Kouvelos, E.P.; Favvas, E.P.; Sapalidis, A.A.; Romanos, G.E.; Katsaros, F.K. 

Metal–carboxylate interactions in metal–alginate complexes studied with FTIR spectroscopy. 

Carbohyd. Res. 2010, 345, 469–473. 

50. Jen, J.F.; Leu, M.F.; Yang, T.C. Determination of hydroxyl radicals in an advanced oxidation 

process with salicylic acid trapping and liquid chromatography. J.Chromatogr. A 1998, 796, 283–288. 

51. Zhou, H.C.; Lin, Y.M.; Li, Y.Y.; Li, M.; Wei, S.D.; Chai, W.M.; Tam, N.F.Y. Antioxidant 

properties of polymeric proanthocyanidins from fruit stones and pericarps of Litchi chinensis 

Sonn. Food Res. Int. 2011, 44, 613–620. 

52. Zhang, M.; Cui, S.W.; Cheung, P.C.K.; Wang, Q. Antitumor polysaccharides from mushrooms: A 

review on their isolation process, Structural characteristics and antitumor activity. Trends Food 

Sci. Tech. 2007, 18, 4–19. 

53. Hamid, R.; Rotshteyn, Y.; Rabadi, L.; Parikh, R.; Bullock, P. Comparison of alamar blue and 

MTT assays for high through-put screening. Toxicol. in Vitro 2004, 18, 703–710. 

54. Young, F.M.; Phungtamdet, W.; Sanderson, B.J.S. Modification of MTT assay conditions to 

examine the cytotoxic effects of amitraz on the human lymphoblastoid cell line, WIL2NS. 

Toxicol. in Vitro. 2005, 19, 1051–1059. 

Sample Availability: Samples of the compounds Pinus koraiensis polysaccharides (PKP-A~PKP-E) are 

available from the authors.  

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


