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Abstract 

The structural characterization, antioxidant activity and protective effect against 

H2O2-induced injury RAW264.7 cells of a new polysaccharide (MP1) isolated from 

Lepidium meyenii Walp. were investigated. The molecular weight was estimated to be 

4.67 × 10
5
 Da by HPLC-ELSD analysis. Monosaccharide composition was determined 

to be arabinose and galactose in a molar ratio of 2: 1 by GC-MS and PMP-HPLC-UV 

analysis. Methylation combined with 1D and 2D NMR spectrum analysis revealed that 

MP1 was an arabinogalactan. MP1 possessed a moderate antioxidant activity in vitro in 

DPPH, ABTS, superoxide and hydroxyl radicals scavenging, Fe
2+

 chelating, lipid 

peroxidation inhibition and reducing power assays. MP1 could also effectively protect 

RAW264.7 cells from H2O2-induced injury by maintaining stable cell viability, 

decreasing ROS, MDA and LDH level and enhancing SOD, GSH-Px and CAT activity. 

These results suggested the potential utilization of MP1 as a natural antioxidant for food 

and pharmaceutical applications.  

Key words: Lepidium meyenii Walp.; Polysaccharide; Structure characterization; NMR; 

Antioxidant activity 
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1. Introduction 

Lepidium meyenii Walp. (Maca) belonging to the Brassicaceae is a perennial 

herbaceous plant native to South America, it grows under low temperature and high 

altitude varying between 3700 and 4450 m [1]. Maca, as a food source, possesses high 

nutritive value and is rich in starches, proteins, minerals and sugars. Modern 

pharmacological research showed that maca had many pharmacological activities 

simultaneously, such as antifatigue, anti-inflammation, enhancing fertility, antioxidative, 

antiosteoporosis and antidepression [2-6]. Polysaccharide, macaenes, macamides, 

alkaloid, flavonolignans and glucosinolates had been identified as major active 

ingredients [7-10]. Studies on the structural characterization and antioxidant activity of 

polysaccharide obtained from maca roots or leaves have become a hotspot in recent 

years. Maca polysaccharide was a kind of heteropolysaccharide, mainly consisting of 

arabinose (Ara), glucose (Glc), galactose (Gal) and manose (Man) with different molar 

ratio, the molecular weights ranged from 6 × 10
3
 to 1.1 × 10

6 
Da, and the glycosyl 

patterns of maca polysaccharide were T-α-Glc, 1, 3-α-Glc, 1, 3-β-Glc, 1, 4-α-Glc, 1, 

6-α-Glc, 1, 4, 6-α-Glc, T-β-Ara, 1, 5-α-Ara, T-α-Man, 1, 3-α-Man, 1, 2, 6-α-Man, 1, 

3-β-GalpA and 1, 6-β-Gal [5, 6, 11-13]. The antioxidant activities of maca 

polysaccharides were evaluated based on in vitro assays, such as the DPPH assay, 

superoxide radical assay, hydroxyl radical assay, reducing power assay and 

ferric-reducing antioxidant power assay. The in vivo experiments were carried out on 

forced swimming mice model and alcoholic liver oxidative injury mice model [13-17]. 

Maca polysaccharide structure characterization was mainly focused on molecular 
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weight, glycosyl pattern and monosaccharide composition, but a few studies have been 

reported on the maca polysaccharides glycosyl sequence. Antioxidant property of 

polysaccharides produced by maca was determined by several chemical based 

antioxidant activity assays which do not necessarily reflect the cellular physiological 

conditions, bioavailability and metabolism. Experiments with animal models are 

extremely expensive, time-consuming and inappropriate for initial antioxidant screening 

of food materials. Excess reactive oxygen species (ROS) will lead to oxidative damage 

to biomacromolecules and finally damage organ function. The process is especially 

obvious in the immune cells, which exert their biological functions by free radicals and 

sustain senescent deterioration that related to oxygen stress [18, 19]. The antioxidant 

activity of maca purified polysaccharide against oxidative stress-induced immune cell 

injury has not been reported. 

In view of the above, a purified polysaccharide (MP1) was obtained from Lepidium 

meyenii Walp., the complete structural information of MP1 was fully explored by 

GC-MS and NMR analysis including 
1
H, 

13
C, heteronuclear single-quantum coherence 

(HSQC) experiments, double quantum filtered correlated spectrosopy (DQF-COSY) 

and heteronuclear multiple-bond correlation (HMBC). DPPH, ABTS, superoxide and 

hydroxyl radicals scavenging, Fe
2+

 chelating, lipid peroxidation inhibition and reducing 

power assays were used to evaluate the antioxidant activities of the polysaccharide, its 

protective effects against H2O2-induced injury RAW264.7 cells were also evaluated.  

2. Materials and methods 

2.1. Materials and chemicals 
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Maca dry roots were purchased from Wenshan yuanrentang (Wenshan, China). 

T-series dextrans (T10, T40, T70, T500, T2000) were purchased from Pharmacia 

Biotechnology Co. (Uppsala, Sweden). Sephacryl
TM

 S-500, DEAE-52, reactive oxygen 

species (ROS), malonaldehyde (MDA), lactate dehydrogenase (LDH), catalase (CAT), 

superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) assay kits were 

purchased from Hefei Bomei Biotechnology CO. (Heifei, China). 3-(4, 

5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT), mannose (Man), 

rhamnose (Rha), galactose (Gal), arabinose (Ara) and glucose (Glc) were purchased 

from Sigma Chemical Co. (Saint Louis, USA). RAW264.7 cells were purchased from 

Shanghai Institute of Cell Biology (Shanghai, China) and cultured in DMEM medium 

supplemented with 10% fetal bovine serum, 100 g/mL streptomycin and 100 IU/mL 

penicillin at 37 ℃ in 5% CO2.  

2.2. Isolation and purification of polysaccharide 

Maca powder (100 g) was extracted with deionized water (1:20, w/v) for 4 h at 

100 ℃ three times. After centrifugation, the supernatant was concentrated to 400 mL. 

α-amylase and glucoamylase were added to the concentrated solution to remove starch. 

After centrifugation, ethanol was added to the supernatan to a final concentration of 80% 

(v/v), and kept at 4 °C overnight. The precipitate was collected by centrifugation and 

dissolved in deionized water, ethanol was removed by vacuum rotary evaporation, the 

aqueous solution was then collected and deproteinated by trichloroacetic acid (TCA), 

followed by dialysis and freeze-dried to obtain the crude maca polysaccharide (MP). 

MP was loaded on a DEAE-52 cellulose column, the column was eluted with deionized 
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water and then with stepwise gradient of NaCl aqueous solutions (0.05-0.2 M) at a flow 

rate of 1 mL/min. The major NaCl-eluted fraction was further purified by Sephacryl
TM

 

S-500 column, the column was eluted with 0.15 M NaCl at a flow rate of 0.3 mL/min. 

The main purified polysaccharide fraction was obtained (MP1).  

2.3. Structure characterization of polysaccharide 

2.3.1. HPLC-ELSD analysis 

The average molecular weight of MP1 was determined on Agilent HPLC system 

(Agilent, USA) equipped with an evaporative light scattering detector (ELSD). PL 

aquagel-OH MIXED-H column (8 μm, 7.5 × 300 mm, Agilent, USA) was applied as a 

separation column. The drift tube temperature was set at 60 °C with the nitrogen flow 

rate of 1.2 mL/min. The column was eluted with deionized water at a flow rate of 1 

mL/min and calibrated with standard dextrans (T10, T40, T70, T500, T2000, Pharmacia, 

Sweden). 

2.3.2. GC-MS analysis 

GC-MS analysis was carried out according to the reported method with 

modification [20, 21], 5 mg MP1 was hydrolyzed with 3 mL H2SO4 (3 M) at 110 °C for 

8 h and neutralized with BaCO3, the supernatant was lyophilized. Each standard 

monosaccharides or the hydrolyzed polysaccharide sample with inositol as the internal 

standard were reacted with hydroxylamine hydrochloride (5 mg), acetic anhydride (0.5 

mL) and pyridine (0.5 mL) at 90 ◦C for 1 h. The aldononitrile acetates derivatives were 

analyzed with GC-MS (6890N/5975B GC-MS, Agilent, USA). 

2.3.3. PMP-HPLC-UV analysis 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 7 

The PMP-HPLC-UV analysis was carried out as described previously [22]. Each 

standard monosaccharides or the hydrolyzed polysaccharide sample solution (200 μL) 

was mixed with 0.3 M NaOH (100 μL) and 0.5 M 1-Phenyl-3-methyl-5-pyrazalone 

(PMP)-methanol solution (100 μL), the mixture was reacted at 70 °C for 30 min, then 

neutralized by 0.3 M HCl (100 μL). The neutral solution was extracted with CH3Cl and 

the aqueous layer was used for HPLC analysis. All pre-column derivation products were 

analyzed on Agilent HPLC system (Agilent, USA) with a SHIMADZU VP-ODS 

column (4.6 × 250 mm, 5 m, Shimadzu, Japan), equipped with an ultraviolet (UV) 

detector. The column was eluted with ammonium acetate solution (50 mM), and 

acetonitrile (83:17, v/v) at a flow rate of 1 mL/min.  

2.3.4. Methylation analysis 

Methylation analysis was performed following previous research [23]. The fully 

methylated polysaccharide was hydrolyzed with formic acid and trifluoroacetic acid 

(TFA), followed by reduction with NaBD4 and acetylation with acetic anhydride to 

obtained partially methylated alditol acetates (PMAA). The linkage analysis was 

detected by GC-MS (6890N/5975B GC-MS, Agilent, USA).  

2.3.5. NMR analysis 

MP1 was dissolved in deuterium oxide (D2O) (35 mg/mL), and 

deuterium-exchanged by freeze-drying thrice from D2O. NMR spectra (1H, 13C, HSQC, 

DQF-COSY, HMBC) were obtained on a Bruker Avance 600 MHz spectrometer 

(Bruker, Germany) at 60 °C. 

2.3.6. Atomic force microscopy (AFM) analysis 
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The molecular architecture of MP1 was determined by AFM. MP1 solution (100 

μg/mL, 5 μL) was dropped onto a freshly cleaved mica surface and allowed to dry at 

room temperature. AFM was executed on a MFP-3D instrument with tapping-mode 

(Asylum Research, USA). 

2.3.7. Congo red analysis 

MP1 was dissolved with Congo red solution (80 μM), followed by the drop-wise 

addition of 1 M NaOH to 0-0.5 M final concentrations. The visible absorption spectra of 

MP1 mixture were performed on a UV-2450 Ultraviolet-visible (UV-vis) 

spectrophotometer (Shimadzu, Japan) at 400-800 nm.  

2.4. Antioxidant activity of polysaccharide 

2.4.1. Antioxidant activity evaluated by chemical antioxidant assays 

2.4.1.1. DPPH radical scavenging assay 

The DPPH assay was performed following Xie et al. [24]. Briefly, 200 μL of 

DPPH-ethanol solution (0.1 mM) was added to 100 μL of MP1 polysaccharide solution 

with different concentrations (0-1000 μg/mL). The mixture maintained at 37 °C for 30 

min. The absorbance of the test mixture was tested at 517 nm, ascorbic acid (Vc) was 

used as reference material, the sample solution was substituted with ethanol as blank 

control. The scavenging activity of the DPPH radical was calculated as:  

Scavenging rate (%) = [(Acontrol - Asample) / Acontrol] × 100 

2.4.1.2. ABTS radical scavenging assay 

ABTS assay was performed following Yuan et al. [25]. Potassium persulfate (2.45 

mM) and ABTS (7 mM) were mixed and incubation at 25 ℃ for 16 h. The mixture 
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solution was diluted with deionized water to an absorbance of 0.70 ± 0.02 at 734 nm. 50 

μL of MP1 solution (0-1000 μg/mL) was added to 100 μL of ABTS solution. After 

reaction at 25 °C for 6 min, the absorbance was measured at 734 nm, Vc was used as 

reference material, the sample was replaced with deionized water as blank control. The 

ABTS scavenging effect was calculated as:  

Scavenging rate (%) = [(Acontrol - Asample) / Acontrol] × 100 

2.4.1.3. Superoxide radical scavenging assay 

Superoxide radical assay was performed according the method described by Xie et 

al. with modification [26]. 4.5 mL of Tris-HCl buffer (50 mM, pH 8.2) was mixed with 

1 mL of MP1 solution (0-1000 μg/mL). The mixture was incubated at 25 ℃ for 20 min, 

then 0.3 mL pyrogallol (0.025 M) was added to the solution, and the mixture was 

reacted at 25 ℃ for 4 min, finally 0.5 mL HCl was added to stop reaction, the 

absorbance was determined at 325 nm, Vc was used as reference material, the sample 

was substituted with deionized water as blank control. The superoxide scavenging effect 

was calculated as: 

Scavenging rate (%) = [(Acontrol - Asample) / Acontrol] × 100 

2.4.1.4. Hydroxyl radicals scavenging assay 

The hydroxyl radicals scavenging assay was performed following Gao et al. [27]. 1 

mL of MP1 solution (0-1000 μg/mL) was mixed with 3.0 mL of 1, 10-phenanthroline 

(0.75 mM), 4.0 mL of phosphate buffer (0.2 M, pH 7.4), and 1.0 mL of FeSO4 (0.75 

mM). Then, 1.0 mL H2O2 (0.01%, v/v) was added and the mixture was incubated at 37 ℃ 

for 1 h, and then the absorbance was measured at 536 nm. Vc was used as reference 
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material, the sample was substituted with deionized water as blank control. The 

hydroxyl scavenging effect was calculated as:  

     100-/(%)rate Scavenging 0201  AAAA  

where A0, A1 and A2 are the absorbances of the blank, sample and control solution 

(deionized water instead of H2O2 and sample), respectively.  

2.4.1.5. Fe
2+

 chelating assay 

The Fe
2+ 

assay was performed following Shi et al. [28]. Briefly, 220 μL of MP1 

solution (0-1000 μg/mL) was mixed with 5 μL of FeCl2 (2 mM) and then 10 μL of 

ferrozine (5 mM), shook throughfully and left standing at 25 °C for 10 min. The 

absorbance was determined at 562 nm, EDTA-2Na was used as reference material, the 

sample was substituted with deionized water as blank control. The chelating activity 

was calculated as:  

Chelating activity (%) = [(Acontrol - Asample) / Acontrol] × 100 

2.4.1.6. Lipid peroxidation inhibition assay 

According to the method of Ma et al. [29], 1 mL of MP1 solution (0-1000 μg/mL) 

was mixed with 0.8 mL yolk suspension, 0.4 mL of FeSO4 (25 mM), and incubated at 

37 °C for 60 min. After the addition of 1.0 mL of the 20% TCA and 1.0 mL of TBA, the 

tubes were placed in a boiling water bath for 15 min, followed by centrifugation, the 

absorbance of supernatants was then measured at 532 nm, Vc was used as reference 

material, the sample was replaced with deionized water as blank control. The inhibition 

of lipid peroxidation was calculated as: 

Inhibition (%) = [(Acontrol - Asample) / Acontrol] × 100 
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2.4.1.7. Reducing power assay 

The Fe
2+ 

assay was performed following Wang et al. [30]. Briefly, 1 mL MP1 

solution (0-1000 μg/mL) was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6), 

and 2.5 mL K3Fe(CN)6 (1%, w/v), the mixture was reacted at 50 ℃ for 20 min, then 

cooled to room temperature, 2.5 mL TCA (10%, w/v) was added to stop reaction, 

followed by centrifugation, 2.5 mL supernatants was mixed with 2.5 mL deionized 

water and 0.5 mL FeCl3 (0.1%, w/v), the mixture was stand at 25 ℃ for 10 min, then the 

absorbance was measured at 700 nm. Vc was used as reference material, the sample was 

replaced with deionized water as blank control. The higher the absorbance, the better 

was the reducing power. 

2.4.2. Antioxidant activity evaluated by H2O2-induced injury cell model 

2.4.2.1. Analysis of cell viability by MTT assay  

RAW264.7 cells were seeded in cell culture 96-well plates with density of 1 × 10
5
 

cells/mL and cultivated for 24 h. Afterwards, the medium was removed, and the new 

cell medium containing H2O2 (0.05-4 mM) was added to cultivate for 0.5, 1, 2, 4 h for 

screening the appropriate H2O2 concentration and time in the injury model. The group 

treated by the same cell medium without H2O2 was taken as control group. To assess the 

cytoprotection of MP1 on H2O2-induced injury cell model, RAW264.7 cells were 

treated with polysaccharide before H2O2 was added, the polysaccharide group was 

treated with MP1 (0-1000 ug/mL) and cultivated for 24 h. Afterwards, the medium was 

removed, new medium containing 1 mM H2O2 was added to H2O2 group and 

polysaccharide group and cultivated for another 1 h. The result was expressed as the cell 
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viability by MTT assay. The following formula was used:  

Cell viability (%) = OD value of experimental group/ OD value of control group × 

100%.  

2.4.2.2. Determination of ROS  

ROS secretion by RAW264.7 cells was tested using 2, 7-dichlorofuorescin 

diacetate (DCFH-DA). RAW264.7 cells (1 × 10
5
 cells/well, 100 μL/well) were seeded 

in 96-well plate and incubated for 24 h. Afterwards, the medium was removed, the 

control group and H2O2 group was normally cultivated, the polysaccharide group was 

treated with MP1 (0-1000 ug/mL) and cultivated for 24 h. Afterwards, the medium was 

removed, new medium containing 1 mM H2O2 was added to H2O2 group and 

polysaccharide group and cultivated for another 1 h. Culture medium was carefully 

removed, followed by the addition of 100 μL of DCFH-DA (10 μM) for 30 min. 

Fluorescence intensity was measured on a microplate reader (BioTek, USA) at 520 nm 

for emission and 485 nm for excitation. 

2.4.2.3. Determination of MDA, SOD, GSH-PX, CAT and LDH 

RAW264.7 cells (1 × 10
6
 cells/well, 1 mL/well) were cultivated in 6-well plates 

under the conditions mentioned above. The level of GSH-Px, SOD, MDA, CAT and 

LDH in cells were determined by commercial assay kits. 

2.5. Statistical analysis 

All data are presented as the mean ± standard deviation (SD). One-way analysis of 

variance (ANOVA) and the Tukey method were used for statistical analysis. Significant 

differences were set at P < 0.05 and P < 0.01. 
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3. Results and discussion 

3.1. Isolation and purification of MP1 

The yield of MP was 6.32% of the raw material. MP was then separated and 

fractionated on DEAE-52 and Sephacryl
TM

 S-500 column, one major purified 

polysaccharide fraction was collected as MP1 (Supplementary Fig. S1). The total 

carbohydrate of MP1 was 91.7%. 

Figure S1 goes here 

3.2. Structure characterization of MP1 

3.2.1. Molecular weight  

The HPLC-ELSD profile of MP1 is shown in Supplementary Fig. S2, a single and 

symmetrical peak indicated the homogeneity of MP1. The retention time of MP1, T10 

(10 kDa), T40 (40 kDa), T70 (70 kDa), T500 (500 kDa) and T2000 (2000 kDa) was 

7.993, 12.193, 10.842, 9.685, 8.097 and 6.402 min, respectively. According to the 

standard curve (y = -4.7617x + 7.1133, R
2 

= 0.9903) originated from the retention times 

of different standard dextrans, the estimated average molecular weight of MP1 was 4.67 

× 10
5
 Da. Zhang et al. obtained a maca purified root polysaccharide MP-1 by DEAE-52 

cellulose column with molecular weight of 1067.3 kDa [16]. Two maca purified root 

polysaccharides MPS-1 and MPS-2 were extracted by water and purified using 

DEAE-52 and Sephadex G-100 column. The molecular weights of MPS-1 and MPS-2 

were 7.6 kDa and 6.7 kDa respectively [17]. The different molecular weights of maca 

purified root polysaccharides were observed which possibly due to the differences in 

raw materials and purification methods.  
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Figure S2 goes here 

3.2.2. Monosaccharide composition  

As shown in Fig. 1A, five standard monosaccharides were separated successfully 

within 20 min. The peaks were identified in the order of Rha, Ara, Man, Glc and Gal by 

comparing the retention time of the each standard monosaccharide and mass spectrum 

under the same conditions. As presented in Fig. 1B-D, peaks of MP1 were identified by 

comparison with the retention time of standard monosaccharides (Fig. 1A) and analysis 

of mass spectra (Fig. 1 C, D). Accordingly, MP1 was a heteropolysaccharide with 

arabinose and galactose in a ratio of 2: 1. However, the derivative method used in 

GC-MS analysis was not suitable for the detection of uronide-containing 

polysaccharides because uronic acids had the unusual resistance to acid hydrolysis, and 

decarboxylation and lactonization would occur when uronic acids were liberated from 

the polymer [31]. Therefore, PMP derivatization was carried out to qualitatively 

determine the uronic acid and accurately confirm the result of GC-MS analysis. As 

shown in Fig. 1E, seven PMP-labelled monosaccharides were separated successfully 

within 36 min. The peaks were identified in the order of Man, Rha, GlcA, GalA, Glc, 

Gal and Ara by comparing the retention time of the unknown peaks with that of the 

standards under the same conditions. The calibration curves were calculated by the 

analysis of six points in the range of 10-200 ug/mL of standard sugars (mannose y = 

16004x + 173218 R
2 

= 0.9964; rhamnose y = 12611x – 8564 R
2 

= 0.9995; glucuronic 

acid y = 11922x - 64207 R
2 

= 0.9993; galacturonic acid y = 12488x + 20057 R
2 

= 

0.9988; glucose y = 12267x – 1864 R
2 

= 0.9993; galactose y = 16887x + 3919 R
2 

= 
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0.9998; arabinose y = 20539x - 39570 R
2 

= 0.9995). Accordingly, MP1 was a 

heteropolysaccharide with arabinose and galactose in a ratio of 1.97: 1.00 (Fig. 1F), 

which was in good agreement with the result of GC-MS analysis. Maca polysaccharides 

were major composed of Ara, Glc, Gal and Man, for example maca roots polysaccharide 

MC-1 was composed of Gal (8.32%), Glc (53.66%), Ara (26.21%) and Man (11.81%) 

[13]. Tang et al. revealed that maca root polysaccharide MP contained GalA, Glc, Ara, 

Man, Gal, Rha in the ratio of 35.07:29.98:16.98:13.01:4.21:0.75 [6]. Ara and gal were 

major monosaccharide composition in MP1.  

Figure 1 goes here 

3.2.3. Methylation analysis  

The individual peaks of PMAA were identified according to standard PMAA 

spectra patterns (Complex Carbohydrate Research Center, University of Georgia, USA), 

retention time, and combined with literature values [13]. The total ion chromatogram 

and mass chromatogram of each residue were shown in Fig. 2, and the main fragments 

for PMAAs were listed in Table 1. GC-MS was performed to indicate the presence of 

five glycosidic linkages T-Araf, 1, 3-Araf, 1, 5-Araf, 1, 4-Galp and 1, 2, 3, 5-Araf at a 

molar ratio of 1.8: 2.0: 1.0: 2.5: 1.1. The molar ratios of these residues agreed with the 

monosaccharide composition in MP1. The molar ratio between branching point and 

terminal units was 1.2, which was consistent with the fact that the number of terminal 

units approximately equals to the number of branching points. At present, there are 

references to report the linkage patterns of maca polysaccharide. Polysaccharide MC-1 

had a chain consisting of 1, 5-Araf, 1, 3-Manp, 1, 2, 6-Manp, T-Glcp, 1, 4-Glcp, 1, 
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6-Glcp and 1, 6-Galp residues [13]. LMP-1 was composed of T-Araf, T-Glcp, 1, 3-Glcp, 

1, 4-Glcp, 1, 6-Glcp, and 1, 4, 6-Glcp [12]. The glycosidic linkages were different from 

MP1. 

Figure 2 goes here 

Table 1 goes here 

3.2.4. NMR analysis  

The NMR spectra were calibrated by D2O and the chemical shift of D2O was 4.69 

ppm (Fig. 3A). The anomeric protons signals at 5.33, 5.26, 5.24, 5.17 and 4.72 ppm 

were observed in 
1
H spectrum (Fig. 3A), which were assigned to residues of A, B, C, D 

and E, respectively. In the 
13

C NMR spectrum (Fig. 3B), anomeric carbon signals 

occurred at 107.09, 106.59, 106.53, 106.01 and 103.94 ppm. The cross-peaks of 

5.33/106.01, 5.26/106.53, 5.24/106.59, 5.17/107.09 and 4.72/103.94 ppm were observed 

in HSQC spectrum (Fig. 3C). 

Residues A, B, C and D were assigned to be α-arabinofuranose due to 

characteristic deshielded anomeric carbon signals at 106.01, 106.53, 106.59 and 107.09 

ppm. For furanose residue, the chemical shift of anomeric carbon will move to low field 

at 105-110 ppm in glycosidic linkage [32, 33]. The proton signals for H-2 to H-5 were 

assigned according to DQF-COSY spectrum (Fig. 3D), and the carbon atoms chemical 

shifts were readily obtained from the HSQC spectrum (Fig. 3C). The low field position 

of the C-2 to C-4 carbon resonances in residues A, B, C and D also indicated a 

five-membered ring furanose configuration [34]. The downfield shifts of residue A C-3 

(83.61 ppm), B C-2 (86.61 ppm), B C-3 (83.50 ppm) and B C-5 (65.96 ppm), and C C-5 
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(65.75 ppm) carbon signals indicated that residues A, B and C were 1, 3-α-Araf, 1, 2, 3, 

5-α-Araf and 1, 5-α-Araf, respectively [35-37]. To residue D, the downfield shift of C-1 

with reference to the standard value, indicating that residue D was substituted at C-1. 

Residue D was identified as a T-α-Araf [37]. Residue E had anomeric signals at 

4.72/103.94 ppm which indicated the presence of β-linked moiety [37]. The chemical 

shift of C-4 was 76.17 ppm, which suggested the linkage as 1, 4-β-Galp of residue E [37, 

38]. The completely assigned spectrum of the MP1 is shown in Table 2. 

Long-range 
13

C-
1
H correlations obtained from the HMBC experiment (Fig. 3E) 

confirmed the glycosyl sequence. The cross peaks of both anomeric protons and carbons 

of each sugar residue of MP1 were examined, and both hetero-ring and intra-annular 

correlation were observed in Fig. 3E. For example, cross peak was found between H-1 

(4.72 ppm) of residue E and C-4 (76.17 ppm) of residue E, indicating consecutive 

linkages of 1, 4-β-Galp. Cross peaks between C-1 (103.94 ppm) of residue E and H-2 

(4.25 ppm) of residue B, H-1 (5.26 ppm) of residue B and C-3 (83.61 ppm) of residue A, 

C-1 (106.53 ppm) of residue B and H-3 (4.05 ppm) of residue A, H-1 (5.33 ppm) of 

residue A and C-4 (76.17 ppm) of residue E were observed in the same way, indicating a 

probable backbone composed of 1, 4-β-Galp, 1, 2-α-Araf, and 1, 3-α-Araf, the backbone 

was established as below: 

 

Cross peak between H-1 (5.17 ppm) of residue D and C-5 (65.75 ppm) of residue 

C, and C-1 (107.09 ppm) of residue D and H-5 (3.94 ppm) of residue C indicated that 

terminal arabinofuranose residues were linked to 1, 5-α-Araf through 1, 5-O-glycosidic 
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bonds. Cross peaks between H-1 (5.17 ppm) of residue D and C-3 (83.61 ppm) of 

residue A, and C-1 (107.09 ppm) of residue D and H-3 (4.05 ppm) of residue A 

indicated that terminal arabinofuranose residues were linked to 1, 3-α-Araf through 1, 

3-O-glycosidic bonds. Cross peak between H-1 (5.33 ppm) of residue A and C-5 (65.96 

ppm) of residue B, and C-1 (106.01 ppm) of residue A and C-5 (3.87 ppm) of residue B, 

indicated that 1, 3-α-Araf was linked to 1, 2, 3, 5-α-Araf through 1, 5-O-glycosidic 

bonds. Cross peak between H-1 (5.24 ppm) of residue C and C-3 (83.50 ppm) of residue 

B indicated that 1, 5-α-Araf were linked to 1, 2, 3, 5-α-Araf through 1, 3-O-glycosidic 

bonds. Therefore, branches might attach to O-3 and O-5 of 1, 2-α-Araf, and were 

composed of 1, 3-α-Araf, 1, 5-α-Araf and T-α-Araf, the branches was established as 

below: 

 

 

Some intra residue cross peaks were also observed between H-1 of residue A and 

its own C-2, C-3; H-1 of residue C and its own C-2, C-3; H-1 of residue D and its own 

C-2, C-3; C-1 of residue D and its own H-2; C-1 of residue E and its own H-2, H-3. 

Based on methylation and NMR spectra analysis, the possible structural of MP1 is 

shown in Fig. 3F. 

MP contained 1, 3-β-GalpA, 1, 3-β-Glcp and 1, 3-α-Manp linked alternatingly to 
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form a backbone (5: 4: 1) [6]. LMP-1 was mainly composed of 1, 4-α-D-Glcp, 1, 6- 

α-D-Glcp, 1, 3-α-D-Glcp, and T-β-D-Araf, with branching at O-6 of 1, 4, 6-α-D-Glcp 

[12]. The structures were different from MP1, possibly due to the differences between 

the raw materials, isolation methods and purification fraction. 

Figure 3 goes here 

Table 2 goes here  

3.2.5. AFM analysis  

AFM has been used as a valuable metrological tool to characterize surface 

topology of polysaccharides [39]. As shown in Fig. 4A, MP1 had a random twist shape 

by twisting of each polysaccharide chain. Section analysis showed the height of MP1 

ranged from 1 to 3 nm, the height of single polysaccharide chain was about 0.1-1 nm 

(Fig. 4B), which indicated that MP1 polysaccharide chains entangled with each other 

and the structure of MP1 was branched. AFM analysis were coincided with the 

predicted structure of MP1. 

3.2.6. Congo red analysis  

The polysaccharides in a helical conformation can form complexes with Congo red, 

which will lead to a bathochromic shift of complexes in comparison with pure Congo 

red. As shown in Fig. 4C, there was no notable shifts in λmax between Congo red and 

MP1-Congo red complex with the increasing NaOH concentration. This finding 

suggested that MP1 existed as random coils instead of triple-helical structure. The result 

was consistent with the Congo-red tests of other random coils of active polysaccharides 

[20]. 
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Figure 4 goes here 

3.3. Antioxidant activity of MP1 

3.3.1. Antioxidant activity evaluated by chemical antioxidant assays 

3.3.1.1. DPPH radical scavenging activity  

DPPH assay, an efficient and rapid method, has been widely used to evaluate the 

free radical scavenging ability of polysaccharide [40]. As shown in Fig. 5A, MP1 

exhibited obvious DPPH radical scavenging effect in a dose-dependent manner ranging 

from 100 to 1000 μg/mL, the scavenging rates of MP1 on DPPH radicals were in the 

range of 9.12-31.23%, suggesting that MP1 exerted moderate DPPH radical scavenging 

activity. Compared with four maca roots refined polysaccharides LMPs [14], the DPPH 

radical scavenging ability of MP1 was greater than LMP-60, LMP-70 and LMP-90, but 

similar with LMP-80. The difference in scavenging activity may be related to the fact 

that LMPs were obtained by different concentration of ethanol precipitation. 

3.3.1.2. ABTS radical scavenging activity  

The total antioxidant ability of MP1 was measured by means of scavenging a 

protonated radical ABTS [41]. As shown in Fig. 5B, the ABTS radical scavenging 

activities of MP1 were well-correlated with the concentrations and increased as the 

concentrations increased. The scavenging effects of MP1 on ABTS increased from 2.56% 

to 22.35% ranging from 100 to 1000 μg/mL. The results indicated that MP1 had a 

moderate capacity to scavenge ABTS. 

3.3.1.3. Superoxide radical scavenging activity 

Superoxide radical is formed from mitochondrial electron transport systems, can 
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induce lipid peroxidation production and hydroxyl radical, which are harmful for 

biomolecules (DNA, proteins, and enzymes) [42]. As shown in Fig. 5C, MP1 showed a 

dose-response relationship, the scavenging effects of MP1 on superoxide radical 

increased from 10.39% to 22.28% ranging from 100 to 1000 μg/mL. The results 

indicated that MP1 had a moderate capacity to scavenge superoxide radical.  

3.3.1.4. Hydroxyl radicals scavenging activity  

Hydroxyl radical can easily cross cell membranes, readily react with most 

biomolecules (DNA, lipids, proteins, and carbohydrates) and cause tissue damage or 

cell death [43]. As shown in Fig. 5D, MP1 showed a dose-response relationship, the 

scavenging effects of MP1 on hydroxyl radical increased from 12.14% to 36.89% 

ranging from 100 to 1000 μg/mL. Polysaccharide LMP-60 obtained from maca roots 

exhibited the highest hydroxyl radical scavenging ability (52.9%) at 2.0 mg/mL [14], 

which was similar with MP1. The results indicated that MP1 had a moderate capacity to 

scavenge hydroxyl radical. 

Previous studies have indicated that polysaccharides possess a radical scavenging 

activity are related to the number of available active hydroxyl groups in structure 

[44-46]. The results suggested that MP1 showed a moderate capacity to scavenge four 

radicals by either an electron transfer mechanism or a hydrogen atom. 

3.3.1.5. Fe
2+

 chelating activity  

Some transition metals can evoke the production of free radicals and aggravate the 

cellular oxidative damage. Among the transition metals, Fe is an extremely active metal. 

Fe
2+

 will promote lipid oxidation via the Fenton reaction [47]. Thus, it has been 
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recognized that chelating Fe
2+

 may inhibit lipid oxidation. As shown in Fig. 5E, 

chelating abilities of MP1 increased as their concentrations climbed up. At the 

concentration of 1000 μg/mL, the chelating activity of MP1 on Fe
2+

 was 49.23%. These 

results revealed that MP1 demonstrate an effective capacity for Fe
2+

 chelating. The Fe
2+

 

chelating activity was shown dependent on the number of hydroxyl, and the hydroxyl 

substitution in the ortho position [48].  

3.3.1.6. Lipid peroxidation inhibition activity  

Lipid peroxidation, an important event in cellular damage, is strongly associated 

with aging, carcinogenesis and other diseases [49]. As shown in Fig. 5F, lipid 

peroxidation inhibition activity of MP1 climbed up as their concentrations increased. At 

the concentration of 1000 μg/mL, the inhibition activity of MP1 on lipid peroxidation 

was 58.31%. These results revealed that MP1 demonstrate an effective capacity for lipid 

peroxidation inhibition. The mechanism of the inhibitory effect of MP1 might involve 

reducing power and radical scavenging activity [50]. 

3.3.1.7. Reducing power  

The reducing power serves as a significant potential antioxidant index. As shown 

in Fig. 5G, the reducing power of MP1 correlated well with increasing concentrations. 

When the MP1 concentration increased from 100 to 1000 μg/mL, the reducing power of 

MP1 increased from 0.193 to 0.475. Li et al. reported that the reducing power of maca 

leaves polysaccharides (LMLP) was 0.079 at 1.0 mg/mL, which was lower than that of 

MP1 [51]. The reducing power is usually related to the presence of reducing agents 

which have been shown to exert antioxidant action by breaking the free radical chain 
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and giving rise to a hydrogen atom [52]. 

Monosaccharide composition is one of most influencing factors for the antioxidant 

activities of polysaccharides, e.g. galactose and arabinose content [53], Li et al. reported 

that arabinose appeared critical in determining EC50 of DPPH-scavenging activity by 

evaluating quantitative structure activity relationship (QSAR) models for the antioxidant 

activity of polysaccharides [54]. Arabinose and galactose were the major groups of MP1 

monosaccharide composition. 

Figure 5 goes here 

3.3.2. Antioxidant activity evaluated by H2O2-induced injury cell model 

3.3.2.1. Cell model and polysaccharide treatment 

MTT assay indicated that MP1 has no toxicity on RAW264.7 macrophage cells 

(data not shown), it had been selected as model cells in the study. H2O2 is a reactive 

oxygen species (ROS), which may damage cells through direct oxidation on 

biomolecules (lipids, proteins, DNA), or act as a signaling molecule to trigger 

intracellular pathways leading to cell death [55]. The results in Fig. 6A show that 

exposure of RAW264.7 cells to H2O2 induced a concentration dependent and time 

dependent viability loss in cells. The viability of cells incubated with 1 mM H2O2 for 1 

h was 59.59% of the control value. Therefore, in the next experiments, added 1 mM 

H2O2 to the cells for 1 h to study the effect of MP1 on H2O2-induced injury RAW264.7 

cells. 

As shown in Fig. 6B, MP1 exhibited a significant protective effect in a 

dose-dependent manner against H2O2-induced injury RAW264.7 cell, when the 
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concentration increased from 400 μg/mL to 1000 μg/mL, the cells viability of MP1 

group was significant improved compared with the H2O2 model group (p < 0.01). The 

results implied that MP1 observably protected RAW264.7 cells against H2O2-induced 

cytotoxicity. 

Figure 6 goes here 

3.3.2.2. Effect of MP1 on the level of ROS in cells 

ROS levels are determined based on DCFH-DA fluorescence. When cells are 

injured by H2O2, plenty of ROS (superoxide, hydrogen peroxide, and hydroxyl) will 

generate to oxidize DCFH into DCF [56]. As shown in Fig. 7, the fluorescence intensity 

of H2O2 model group was significantly larger than that of control group (P＜0.01). 

However, pre-treatment with MP1 effectively prevented ROS generation relative to 

H2O2-treated cells and the suppressing effect gradually was strengthened with the 

increasing concentrations of MP1 (P < 0.01). The result suggested that the 

cytoprotective effects of MP1 may result from inhibition of intracellular ROS 

production. 

Figure 7 goes here 

3.3.2.3. Effect of MP1 on the level of MDA, LDH, SOD, GSH-PX and CAT in cells 

Oxidative cellular damage caused by ROS is normally along with an increase in 

lipid peroxide, which will decrease enzyme activity and membrane fluidity [57]. MDA 

is the major secondary metabolite of lipid peroxidation [58]. LDH release is usually 

used as an indicator for cell membranes integrality [59]. As shown in Fig. 8A, B, the 

released MDA and LDH significant increased in model group, all of which was 
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statistical significant as compared with control group (P < 0.01), indicating that H2O2 

produce cell damage. The level of MDA and LDH released by the polysaccharide group 

were lower than those of model group, indicating the oxidative damage level of cells 

decreased due to MP1 protection. When at 1000 μg/mL, MP1 showed superlative 

protection ability, the amount of MDA was significantly (P < 0.01) decreased to 2.19 

nmol/mg prot compared with that of model group (4.08 nmol/mg prot), and LDH 

significantly (P < 0.01) reduced to 507.41 U/L compared with that of the model group 

(1026.75 U/L). SOD, GSH-Px and CAT are important free radical scavenging enzymes 

and in the first line of defense against oxidative injury. The status of these antioxidant 

enzymes is an appropriate indirect way to assess the pro-oxidant-antioxidant status in 

tissues [60]. SOD plays an important role in the defense against ROS [61], GSH-Px is 

another important antioxidant enzyme for engine body to eliminate superoxide anion 

[58], CAT can eliminate hydrogen peroxide [62], they serve as an important protective 

system to prevent damage caused by ROS. As shown in Fig. 8C-E, when compared with 

the control group, cells treated with H2O2 alone showed acute damage as evidenced by a 

significant decline in SOD, GSH-Px and CAT in H2O2 injured RAW264.7 cells (P < 

0.01). Interestingly, preincubation of cells with MP1 markedly promoted elevations in 

the levels of SOD (P < 0.01) and GSH-Px (P < 0.01) at 200 μg/mL, and CAT (P < 0.01) 

at 400 μg/mL as compared with cells treated with H2O2 alone. Maca root polysaccharide 

MP-1 also dramatically increased the SOD and GSH-Px levels in alcoholic mice at a 

dose of 200, 600, 1800 mg/kg [16]. Polysaccharide MPS-1 and MPS-2 from maca root 

could significantly reduce the level of LDH in forced swimming mice at a dose of 100 
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mg/kg [17]. Maca root polysaccharide MP treatment could significantly enhance 

GSH-Px, and reduce the levels of LDH and MDA at a dose of 100 mg/kg [6]. All those 

results indicate that inhibition of lipid peroxides and enhancing antioxidant enzyme 

activity might be involved in the protective effects of MP1 in RAW264.7 cells. , 

In previous reports, a selenium polysaccharide (PGP1) from Platycodon 

grandiflorum could rescue PC12 cell death caused by H2O2 via inhibiting oxidative 

stress, PGP1 could inhibit the decrease of cell viability, decrease the apoptotic rates, 

prevent membrane damage (LDH release), attenuate intracellular ROS formation, 

increase SOD activity and decreased MDA in PC12 cells after H2O2 exposure [63]. Liu 

et al. reported that Rheum tanguticum polysaccharide could preserve over 90% of 

intestinal epithelial cell survival after H2O2 insult and decrease LDH leakage and cell 

apoptosis at 300 μg/mL [64]. Therefore, some bioactive polysaccharides can improve 

the viability of cell to reduce H2O2-induced apoptosis and necrosis. MP1 was a kind of 

water-soluble neutral polysaccharide, the structure feature may contribute to the 

protective effect against H2O2-induced injury RAW264.7 cells. 

Figure 8 goes here 

4. Conclusion 

Polysaccharide MP1 was isolated from maca, the structural study demonstrated 

that MP1 was an arabinogalactan. MP1 exhibited a moderate capacity for scavenging 

the DPPH, ABTS, superoxide and hydroxyl radicals, chelating activity of Fe
2+

, 

inhibition of lipid peroxidation, and reducing power. MP1 also exhibited significant 

protective effect on H2O2-injured RAW264.7 cells. Therefore, it is recommended that 
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MP1 could be explored as a potential natural antioxidant. The further structure-activity 

relationships would be investigated in the future. 
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Figure caption 

Figure 1 The GC-MS chromatograms of standard monosaccharides (A) and MP1 (B), 

the mass chromatograms of Ara (C) and Gal (D) in MP1 and the HPLC chromatograms 

of PMP derivatives of standard monosaccharides (E) and MP1 (F). 

Figure 2 The total ion chromatogram from methylation analysis of MP1 (A), the mass 

chromatograms of T-Araf (B), 1,3-Araf (C), 1,5-Araf (D), 1,4-Galp (E) and 1,2,3,5-Araf 

(F) in MP1. 

Figure 3 The 
1
H NMR spectra (A), 

13
C NMR spectra (B), 

1
H/

13
C HSQC correlation 

spectra (C), 
1
H/

1
H DQF-COSY correlation spectra (D), 

1
H/

13
C HMBC correlation 

spectra (E) and the predict structure (F) of MP1. 

Figure 4 AFM 2D map (A), AFM section analysis (B) of MP1 and Change trend of 

maximum absorption wavelength of MP1-Congo red complex (C).  

Figure 5 DPPH radical scavenging activity (A), ABTS radical scavenging activity (B), 

superoxide radical scavenging activity (C), hydroxyl radicals scavenging activity (D), 

Fe
2+

 chelating activity (E) lipid peroxidation inhibition activity (F) and reducing power 

(G) of MP1. 

Figure 6 (A) Effect of H2O2 on RAW264.7 cells viability; (B) Effect of MP1 on 

H2O2-induced injury RAW264.7 cells viability. Results shown are expressed as means ± 

SD, *P < 0.05, **P < 0.01 vs control group, 
a
P < 0.05, 

aa
P < 0.01 vs model group.  

Figure 7 Effect of MP1 on the level of ROS in H2O2-induced injury RAW264.7 cells. 

Results shown are expressed as means ± SD, *P < 0.05, **P < 0.01 vs control group, 
a
P 

< 0.05, 
aa

P < 0.01 vs model group.  
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Figure 8 Effect of MP1 on the level of MDA (A), LDH (B), SOD (C), GSH-Px (D), and 

CAT (E) in H2O2-induced injury RAW264.7 cells. Results shown are expressed as 

means ± SD, *P < 0.05, **P < 0.01 vs control group, 
a
P < 0.05, 

aa
P < 0.01 vs model 

group.  
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Figure 2 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Table 1 

Table 1 Linkage analysis of MP1 

Retention 

time(min) 

PMAA Linkage 

pattern 

Mass fragments (m/z) Molar 

ratio 

15.67 2,3,5-Me3-Ara T-Araf 43,45,58,71,87,101,11

3,117,129,145,161 

1.8 

20.24 2,5-Me2-Ara 1,3-Araf 43,45,58,71,87,99,113

,117,129,147,159,173,

233 

2.0 

22.34 2,3-Me2-Ara 1,5-Araf 43,45,58,71,87,101,11

7,129,145,161,173,18

9 

1.0 

25.09 2,3,6-Me3-Gal 1,4-Galp 43,45,58,71,87,99,101

,113,117,129,131,142,

161,173,189,233 

2.5 

25.61 Ara 1,2,3,5-Araf 43,61,85,103,115,127,

145,158,187,200,217,

289 

1.1 
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Table 2 

Table 2 Chemical shift (δ) assignments of 
1
H NMR and 

13
C NMR spectra of 

MP1 on the basis of DQF-COSY, HSQC and HMBC. 

Residues The chemical shift of 1H and 13C (ppm) 

 1 2 3 4 5 6 

(A) 1,3-α-Araf H 5.33 4.39 4.05 3.93 3.80  

C 106.01 80.96 83.61 83.47 60.52  

(B) 1,2,3,5-α-Araf 

 

H 5.26 4.25 4.13 3.90 3.87  

C 106.53 86.61 83.50 83.42 65.96  

(C) 1,5-α-Araf 

 

H 5.24 4.22 4.16 4.12 3.94  

C 106.59 80.86 76.48 83.36 65.75  

(D) T-α-Araf 

 

H 5.17 4.21 4.11 4.04 3.91  

C 107.09 81.79 76.32 83.68 60.36  

(E) 1,4-β-Galp H 4.72 3.77 3.81 4.14 3.78 3.92 

 C 103.94 72.91 74.09 76.17 71.44 60.75 
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Highlights 

 The detailed structure of MP1 was first elucidated by GC-MS and NMR. 

 The backbone was mainly consisted of arabinose and galactose residues. 

 MP1 showed a moderate antioxidant activity in vitro. 

 MP1 exhibited protective effect on the injured RAW264.7 cells induced by H2O2. 

 It could be a natural antioxidant for food and pharmaceutical applications. 
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