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INTRODUCTION

It is well known that polysaccharides play an important
role in the growth and development of living organisms
(Yu et al, 2009). In recent years, more and more
polysaccharides have been reported to exhibit a variety
of biological activities, such as antioxidant (Ye et al.,
2008), antiglycation (Yang et al., 2009b), anti-
inflammatory (Paiva et al., 2011), antitumour (Yin et al.,
2010), antimutagenic (Liu et al.,, 2008), immuno-
modulatory (Cui et al., 2011), etc. Some botanical
polysaccharides have been commercially developed into
important components of therapeutic drugs and skin care
products (Wang and Fang, 2004).

The herb of Hedyotis diffusa Willd. (synonym
Oldenlandia diffusa (Willd.) Roxb., family Rubiaceae ), is
an annual herbaceous plant distributed in northeastern
Asia and southern regions of China (Ko, 1999). H. diffusa
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is well-known as a traditional Chinese medicine for the
treatment of hepatitis, tonsillitis, appendicitis, pneumonia,
mastitis, urethral infection, and malignant tumors of the
liver, lung, and stomach (Liang et al., 2008).

Moreover, it is commonly used in the Orient and
tropical Asia (Ahmad et al., 2005), for making teas and
botanicals for the relief of “heat”, removal of “toxins” and
promotion of diuresis to eliminate “wetness-evil”. In
addition, H. diffusa is reported to possess various
bioactivities in the modern pharmacological investi-
gations, such as anticancer (Chen et al., 2008; Lee et al.,
2011; Lin et al., 2011), antifungal (Li et al., 2005), anti-
inflammatory (Lin et al.,, 2002), antioxidant (Lu et al.,
2000), immunoloregulation (Meng et al., 2009), hepato
protective (Lin et al., 2002), and neuroprotective (Kim et
al., 2001) activities.

Previous phytochemical studies revealed the presence
of iridoid glycosides (Ding et al., 2010), anthraquinones
(Kang et al.,, 2008), flavones, steroids and phenyl-
propanoids (Huang et al., 2008) in the extraction of H.
diffusa. However, little information is available about the
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polysaccharide from H. diffusa and its pharmacological
activity. Therefore, the aim of present study is to isolate
the polysaccharides from H. diffusa and evaluate the
antioxidant and anti-glycated activities in vitro.

MATERIALS AND METHODS
Plant materials and reagents

The herb of H. diffusa was purchased from Lvbaicao drugstore in
Guangzhou, Guangdong province of China. DPPH- and Sodium
azide were purchased from Sigma-Aldrich (St. Louis, USA). Vitamin
C and Bovine Serum Albumin (BSA) were bought from the Puboxin
Biotechnology Co., Ltd. (Beijing, China). Glucose, phenol and
sulphuric acid were obtained from the Guangzhou Reagent Co.
(Guangzhou, China). All reagents used in this study were of
analytical grade.

Preparation of the crude polysaccharide

Preparation of crude polysaccharide was carried out according to
the method of Yin et al. (2010) with some modifications. The whole
herb of H. diffusa (4000 g) was extracted three times with hot
double-distilled water (85 to 90C) for 3 h each time . The combined
aqueous extracts were filtered and concentrated under reduced
pressure, and three fractions of crude polysaccharides, termed as
50p, 70p and 90 p, were obtained by graded ethanol precipitation,
at final concentration of 50, 70 and 90% of ethanol, respectively.

The residues were further extracted with 0.3 mol/l NaOH three
times at room temperature, then, the alkaline extracts were filtered,
combined, adjusted to pH 7 with diluted HCI and concentrated
under reduced pressure. The aqueous fraction was precipitated
with 70% ethanol for 24 h at 4°C. The precipitate was collected,
named as Bp. All of the four fractions of polysaccharides, 50p, 70p,
90p and Bp, were deproteinated by the Sevag reagent (Navarini et
al.,, 1999), defatted with petroleum ether and dialyzed against
distilled water for 48 h to remove low molecular weight materials
(exclusion limit 3.5 kDa), respectively. Then, the polysaccharides
were lyophilized to obtain four crude polysaccharides, termed as
50p, 70p, 90P and BP.

The content of polysaccharides was determined by the phenol-
sulphuric acid method (Xie et al., 2010) with D-glucose as standard
at 490 nm, wherein glucose was prepared in a series of
concentrations to make a standard curve for the polysaccharide
calculation. Protein content was estimated by the Lowry method,
with bovine serum albumin as standard (Lowry et al., 1951).

Assay for antioxidant activity

Hydroxyl radical scavenging assay

The hydroxyl radical scavenging assay was measured by the
method of Sun et al. (2010) with a minor modification. Samples
were dissolved in distilled water at 0.5, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,
6.0, 8.0 or 10.0 mg/ml. The sample solution (0.5 ml) was mixed with
4.0 ml of reaction buffer [1.0 ml of 50 mM phosphate buffer (pH 7.4)
and 0.75 ml of 50 mM phenanthroline, 0.5 ml of 7.5 mM ferrous
sulfate and 1.75 ml of ultra-pure water], then, 0.5 ml of 0.1% H,0,
was then added to the reaction solution. The reaction solution was
incubated for 60 min at 37°C. The absorbance of the mixture was
measured at 536 nm. The inhibition percentage of hydroxyl radical
was calculated using the following formula:

Scavenging% :(Asample'Anegative control)/(Ablank‘Anegative control) x 100%

Here, ultra-pure water (1.0 ml) plus sample solution (0.1 ml) was
used as a blank, 0.5 ml of ultra-pure water plus 0.1% H,O, (0.5 ml)
was experimented as a negative control, and 0.5 ml of ascorbic
acid plus 0.1% H,0, (0.5 ml) was tested as a positive control.

DPPH- radicals scavenging assay

The free radical-scavenging activity of the four polysaccharides
were measured by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH-) test,
according to the method of Xie et al. (2010), with some
modifications. The 0.1 mM solution of DPPH- in ethanol was
prepared daily before UV measurements. 2 ml of various
concentrations (25, 50, 75, 100, 150, 200 and 250 pg/ml) of the
crude polysaccharides in ultra-pure water were thoroughly mixed
with 2 ml of freshly prepared DPPH-. The mixture was shaken
vigorously and allowed to stand for 30 min in the dark, and the
absorbance was then measured at 517 nm against a blank with an
ultraviolet-visible spectrophotometer.

Lower absorbance of the reaction mixture indicated higher free
radical-scavenging activity, which was analyzed from the graph
plotted of inhibition percentage against compound concentration.
Ascorbic acid was used as positive controls. The ability to scavenge
the free radical, DPPH- in percent (1%) was calculated using the
following equation:

1% = [Ao-(Az-A1))/Ao x 100%

Where A, is the absorbance of the incubated DPPH- solution
without addition of the sample or positive controls, A; is the
absorbance of the sample without DPPH- solution and A; is the
absorbance of the incubation mixture containing both the test
sample and DPPH- solution.

Assay of anti-glycated activity

The anti-glycated activity was determined by the method of Yang et
al. (2009a). A stock solution of 2% (w/w) bovine serum albumin, 1 M
glucose and 0.05% (w/w) sodium azide in pH 7.4 phosphate buffer
was prepared. Polysaccharide was dissolved in the stock solution to
concentration of 0.1, 0.3 and 0.5 mg/ml, respectively. The negative
control was free of polysaccharide.

Bacteria were removed by membrane filtration with a pore size of
0.22 pm. Solutions were held in a 15 ml centrifuge tube and
incubated in dark at 37°C for 3 weeks. The content of advanced
glycated end products was determined at excitation wavelength of
370 nm and emission wavelength of 450 nm by
fluorospectrophotometric method. The percentage of anti-glycated
activity (G%) was calculated as

G% = (Acomrol‘Asample) /AsamplexloO%

Where Acontrol represents the fluorescent determination of negative
control, and Asampe represents the fluorescent determination of
sample.

Statistical analysis

All antioxidant and anti-glycated activities processes were carried

out in triplicate. Data were statistically analyzed using the SPSS.
Each value was expressed as mean + standard deviation (n = 3).
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Figure 1. Scavenging effects of 50P, 70P, 90P, BP and vitamin C on hydroxyl radical. Each sample
was assayed in triplicate for each concentration. Yan et al. (2009).

RESULTS AND DISCUSSION
Isolation of crude polysaccharide

Four crude polysaccharides, 50, 70, 90P and BP, were
obtained from H. diffusa by water/alkaline extraction
followed by ethanol precipitation, with yields of 3.7, 2.2,
1.5 and 0.5%, respectively. The total extracted rate of the
polysaccharide was 7.9%.

Assay for antioxidant activity
Hydroxyl radical scavenging assay

Hydroxyl radicals can easily cross cell membranes, can
readily react with most biomolecules including
carbohydrates, proteins, lipids, and DNA in cells, and
cause tissue damage or cell death. Thus, removing
hydroxyl radicals is important for the protection of living
systems (Sun et al., 2010). The results of hydroxyl radical
scavenging powers of the four crude polysaccharides,
50P, 70P, 90P and BP, were given in Figure 1.

As is illustrated in the figure, all samples exhibited
some scavenging activity in a dose-dependent manner.
The comparison standard vitamin C showed valuable
high radical scavenging activity at the low dose (<1.5
mg/ml). The four crude polysaccharides exhibited
stronger scavenging effect at the higher dose. The
scavenging effects of 50P, 70P, 90P and BP at the dose
of 0.125 to 10.0 mg/ml were 0.82 to 82.8, 4.6 to 82.1, 2.0
to 95.8 and 3.1 to 72.5%, respectively, and that of vitamin
C was about 7.0 to 73.8%.

This result proved that polysaccharides from H. diffusa
had significant effects on scavenging hydroxyl radicals,
and 50P and 90 P were more pronounced than vitamin C
at higher dose.

DPPH- radicals scavenging assay

The model of scavenging the stable DPPH- radical is a
widely used method for evaluating the free radical-
scavenging ability of various antioxidants (Luo, 2011;
Sun, 2010; Xie, 2010; Ye, 2008). The method is based on
the reduction of DPPH- radical in Ethanol solution at 517
nm in the presence of a hydrogen donating antioxidant,
due to the formation of the non-radical form DPPH-H by
the reaction. It can accommodate many samples in a
short period and is sensitive enough to detect active
ingredients at low concentrations (Xie et al., 2010).

Herein the previous-mentioned model was used to
determine inhibitory activities of the water-soluble
polysaccharide on DPPH- radicals. Figure 2 depicts the
DPPH--scavenging power of four crude polysaccharides
and vitamin C. Obviously, the scavenging effects of
polysaccharides were increased with increasing
concentrations. At concentrations of 0.1 to 1.0 mg/ml, the
scavenging abilities of the 50, 70, 90P and BP on DPPH-
radicals were in the range of 12.0 to 72.2, 19.5 to 91.8,
30.8t0 92.0 and 4.6 to 29.0%, respectively.

At the concentration of 1.0 mg/ml, 70 and 90P were
observed to possess strong DPPH- radical scavenging
effects, with value of around 91.8 and 92.0%, and
scavenging effects of ascorbic acid and 50P were 97.9
and 72.2%, respectively.

These results indicate that 70 and 90 P have noticeable
effect on scavenging DPPH- radicals, especially at high
concentration. However, the radical scavenging activity of
50 P was lower than that of vitamin C used in this study.

Assay of anti-glycated activity

Protein glycation plays an important role in the develop-
ment of diabetic vascular complications in vivo. Schiff
alkali and Amadori products are formed in the initial stage
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Figure 2. Scavenging effects of 50P, 70P, 90P, BP and vitamin C on DPPH- radical. Each sample

was assayed in triplicate for each concentration.
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Figure 3. Anti-glycated activities of four polysaccharides from H. diffusa during different incubation periods. Each sample
was assayed in triplicate for each concentration. 0.1-F: the anti-glycated activity at 0.1mg/ml at the first week. 0.3- F: the
anti-glycated activity at 0.3 mg/ml at the first week. 0.5- F: the anti-glycated activity at 0.5 mg/ml at the first week. 0.1-S:
the anti-glycated activity at 0.1 mg/ml at the second week. 0.3- S: the anti-glycated activity at 0.3mg/ml at the second
week. 0.5- S: the anti-glycated activity at 0.5 mg/ml at the second week. 0.1-T: the anti-glycated activity at 0.1 mg/ml at
the third week. 0.3- T: the anti-glycated activity at 0.3mg/ml at the third week. 0.5- T: the anti-glycated activity at 0.5 mg/ml

at the third week.

of non-enzymatical reaction between
glucose, which are transformed into irreversible
advanced glycation end products after oxidation,
rearrangement and crosslinking (Metz et al.,, 2003).
Therefore, inhibiting the formation of advanced glycation
end products will be beneficial to human health.

In this work, three concentrations (0.1, 0.3 and 0.5
mg/ml) were used to evaluate the inhibition effect of four
polysaccharides on the formation of advanced glycated
end products. The results are present in Figure 3. There

protein and

were positive correlation between the anti-glycated acti-
vities of 50P, 70P, 90P and BP and its acting
concentrations. At the first week, significant anti-glycated
activities were observed for four samples. The G % of
70P and 90P were above 50% at the concentrations of
0.1 mg/ml, significantly higher than those of 50 P, BP and
aminoguanidine (Yang et al., 2009a).

The anti-glycated activities of samples at the second
week were higher than those at the first week. When a
concentration of 0.5 mg/ml was used, the G % of 70 and



9P were 94.2 and 96.8% at the second week, much
higher than those of 5P, BP and aminoguanidine.
However, there were little changes of G % between the
second week and the third week. Aminoguanidine has
been used clinically as a glycation inhibitor, and as
positive control in vitro in anti-glycated assay, which
exhibited activity of less than 5% at the first week, and
60% at 0.1 mg/ml, 80.6% at 0.5 mg/ml on the second
week (Yang et al., 2009a). The previous data showed that
70P and 90 P had higher anti-glycated activity than
aminoguanidine under the experimental conditions.

Conclusion

In the present study, four polysaccharides (50P, 70P, 90 P
and BP) were isolated from H. diffusa by water/alkaline
extraction and ethanol precipitation. Hydroxyl radical
scavenging activities in vitro indicated that the four crude
polysaccharides exhibited strong scavenging effect at the
high dose, in which 50P and 90P were more significant
than vitamin C at higher dose. DPPH- radicals
scavenging assay showed that the scavenging effects of
four polysaccharides were increased with increasing
concentrations, and 70P and 90 P have noticeable effect
at high concentration, which closed to the positive control
(vitamin C). However, 50P was lower than that of vitamin
C.

In this work, we also firstly studied the anti-glycated
activity in vitro of the polysaccharides from H. diffusa. The
four polysaccharides had good and stable anti-glycated
activity, and there were positive correlation between the
activities and their acting concentrations. Moreover, the
anti-glycated activities of 70P and 90P were much higher
than those of 50 P, BP and aminoguanidine within three
weeks. All the experimental results of activities showed
that 90P had the most powerful antioxidant and anti-
glycated activities in vitro among the four
polysaccharides.

However, the antioxidant and anti-glycation mechanism
of 90P is still not clear. At present, the exact structure of
90P and the relationship between structure and activities
are in progress.

ACKNOWLEDGEMENT

This research work was financially supported by National
Natural Science Foundation of China (No. 81102779) and
Guangdong Medical Research Foundation of Science
and Technology (No0.B2011151).

REFERENCES

Ahmad R, Ali AM, Israf DA, Ismail NH, Shaari K, Lajis NH (2005).
Antioxidant, radical-scavenging, anti-inflammatory, cytotoxic and
antibacterial activities of methanolic extracts of some Hedyotis
species. Life Sci., 76: 1953-1964.

Yan et al. 2899

Chen XH, Gao RL, Qian XD, Wang X, Tan PL, Yin LM, Zhou YH (2008).
Inhibition effect of hedyotis diffusa wild injection on HL-60 cells and
its mechanism. J. Exp. Hematol., 16: 1035-1038.

Cui HL, Chen Y, Wang SS, Kai GQ, Fang YM (2011). Isolation, partial
characterisation and immunomodulatory activities of polysaccharide
from Morchella esculenta. J. Sci. Food Agric., 91: 2180-2185.

Ding B, Ma WW, Dai Y, Gao H, Yue Y, Tao Y, Zhong Y, Yao XS (2010).
Biologically active iridoids from Hedyotis diffusa. Helv. Chim. Acta, 93:
2488-2494.

Huang WH, Li YB, Jiang JQ (2008). Chemical constituents from
Hedyotis diffusa. J. Chin. Mat. Med., 33: 524-526.

Kang XD, Li X, Zhao CC, Mao Y (2008). Two new anthraquinones from
Hedyotis diffusa W. J Asian Nat. Prod. Res., 10: 193-197.

Kim Y, Park EJ, Kim J, Kim YB, Kim SR, Kim YC (2001).
Neuroprotective constituents from Hedyotis diffusa. J. Nat. Prod., 64:
75-78.

Ko WC (1999). Flora Republicae Popularis Sinicae. Sci. Press, Beijing,
71:75-76.

Lee HZ, Bau DT, Kuo CL, Tsai RY, Chen YC, Chang YH (2011).
Clarification of the phenotypic characteristics and anti-tumor activity
of Hedyotis diffusa. Am. J. Chin. Med., 39: 201-213.

Li HY, Qing C, Zhang YL, Zhao ZW (2005). Screening for endophytic
fungi with antitumour and antifungal activities from Chinese medicinal
plants. World J. Microb. Biot., 21: 1515-1519.

Liang Z, He M, Fong W, Jiang Z, Zhao Z (2008). A comparable,
chemical and pharmacological analysis of the traditional Chinese
medicinal herbs Oldenlandia diffusa and O.corymbosa and a new
valuation of their biological potential. Phytomedicine, 15: 259-267.

Lin CC, Kuo CL, Lee MH, Hsu SC, Huang AC, Tang NY, Lin JP, Yang
JS, Lu CC, Chiang JH, Chueh FS, Chung JG (2011). Extract of
Hedyotis diffusa Willd influences murine leukemia WEHI-3 cells in
vivo as well as promoting T- and B-cell proliferation in leukemic mice.
In Vivo, 25:633-640.

Lin CC, Ng LT, Yang JJ, Hsu YF (2002). Anti-inflammatory and
hepatoprotective activity of Peh-Hue-Juwa-Chi-Cao in male rats. Am.
J. Chin. Med., 30: 225-234.

Liu C, Li X, Li Y, Feng Y, Zhou S, Wang F (2008). Structural
characterisation and antimutagenic activity of a novel polysaccharide
isolated from Sepiella maindroni ink. Food Chem., 110: 807-813.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951). Protein
measurement with the Folin-Phenol reagents. J Biol. Chem., 193:
265-275.

Lu CM, Yang JJ, Wang PY, Lin CC (2000). A new acylated flavonol
glycoside and antioxidant effects of Hedyotis diffusa. Planta Med., 66:
374-376.

Luo AX, Fan YJ, Luo AS (2011). In vitro free radicals scavenging
activities of polysaccharide from Polygonum Multiflorum Thunb. J.
Med. Plants Res., 5: 966-972.

Meng Q, Hanrahan J, Ahmed |, Roubin R (2009). Hedyotis Diffusa:
anticancer and immunomodulating activities. Basic Clin. Pharmacol.
Toxicol., 105: 110-110.

Metz TO, Alderson NL, Thorpe SR (2003). Pyridoxamine, an inhibitor of
advanced glycation and lipoxidation reactions: a novel therapy for
treatment of diabetic complications. Arch. Biochem. Biophys., 419:
41-49.

Navarini L, Gilli R, Gombac V, Abatangelo A, Bosco M, Toffanin R
(1999). Polysaccharides from hot water extracts of roasted coffea
arabica beans: isolation and characterization. Carbohyd. Polym., 40:
71-81.

Paiva AAO, Castro AJG, Nascimento MS, Will LSEP, Santos ND, Araujo
RM, Xavier CAC, Rocha FA, Leite EL (2011). Antioxidant and anti-
inflammatory effect of polysaccharides from Lobophora variegata on
zymosan-induced arthritis in rats. Int. Immunopharm., 11: 1241-1250.

Sun ZW, Zhang LX, Zhang B, Niu TG (2010). Structural characterisation
and antioxidant properties of polysaccharides from the fruiting bodies
of Russula virescens. Food Chem., 118: 675-680.

Wang QJ, Fang YZ (2004). Analysis of sugars in traditional Chinese
drugs. J Chromatogr. B, 812: 309-324.

Xie JH, Xie MY, Nie SP, Shen MY, Wang YX, Li C (2010). Isolation,
chemical composition and antioxidant activities of a water-soluble
polysaccharide from Cyclocarya paliurus (Batal.) lljinskaja. Food
Chem., 119: 1626-1632



2900 J. Med. Plants Res.

Yang B, Jiang Y, Zhao M, Chen F, Wang R, Chen Y, Zhang D (2009a).
Structural characterisation of polysaccharides purified from longan
(Dimocarpus longan Lour.) fruit pericarp. Food Chem., 115: 609-614.

Yang B, Zhao M, Jiang Y (2009b). Anti-glycated activity of
polysaccharides of longan (Dimocarpus longan Lour.) fruit pericarp
treated by ultrasonic wave. Food Chem., 114: 629-633.

Ye H, Wang K, Zhou C, Liu J, Zeng X (2008). Purification, antitumor and
antioxidant activities in vitro of polysaccharides from the brown
seaweed Sargassum pallidum. Food Chem., 111: 428-432.

Yin Y, Yu RM, Yang W, Yuan F, Yan CY, Song LY (2010). Structural
characterization and  anti-tumor  activity of a  novel
heteropolysaccharide isolated from Taxus yunnanensis. Carbohyd.
Polym., 82: 543-548.

Yu RM, Yin Y, Yang W, Ma WL, Yang L, Chen XJ, Zhang Z, Ye B, Song
LY (2009). Structural elucidation and biological activity of a novel
polysaccharide by alkaline extraction from cultured Cordyceps
militaris. Carbohyd. Polym. 75: 166-171.



