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a  b  s  t  r  a  c  t

The  polysaccharides  were  extracted  from  Epimedium  acuminatum  by  hot  water  extraction,  ultrasonic-
assisted  extraction,  enzyme  extraction,  and  microwave-assisted  extraction.  The  physicochemical
properties  of  Epimedium  polysaccharides  were  then  determined  by chemical  composition  analysis,
Fourier  transform  infrared  (FT-IR)  spectroscopy,  and  scanning  electron  microscopy  (SEM)  analysis.  Fur-
ther,  the  antioxidant  activities  were  studied  via  different  methods,  including  DPPH  assay,  ABTS assay,
eywords:
pimedium acuminatum Franch.
olysaccharide
xtraction
tructure

FRAP  assay  and  AAPH-induced  erythrocyte  hemolysis  assay.  Results  showed  that  the  physicochemical
properties  of  different  polysaccharides  were  similar.  Antioxidant  assay  indicated  that  four  polysaccha-
rides  exhibited  significant  antioxidant  activities  in  a dose-dependent  manner.  The  antioxidant  activities
of the  polysaccharides  which  obtained  by hot  water  extraction  were  higher  than  those  of  other  polysac-
charides.  Overall,  E.  acuminatum  polysaccharides  might  be used  as  potential  natural  antioxidant.
ntioxidant activities

. Introduction

Epimedium acuminatum Franch., a traditional Chinese herb,
elongs to Epimedium which includes 52 species in the Berberi-
aceae family. The aerial parts of the plants are commonly used
s tonic, aphrodisiac and antiheumatic in China, Japan and Korea
or more than 2000 years (Li et al., 2012). Epimedium and its
ctive compounds possess pharmacological action, such as mod-
lating immunological function, anti-osteoporosis, anti-tumor and
nti-aging effects, which have been shown in clinical practices,
n vivo and in vitro experiments (Ma et al., 2011). Polysaccharides
re one of the most important effective ingredients in Epimedium
Kovačević, Čolić, Backović, & Došlov-Kokoruš, 2006). In previous
eports, Epimedium polysaccharides exhibit therapeutic effective-
ess in infectious bursal disease (IBDV), Newcastle disease virus
NDV) and immune enhancement (Chu, Yan, Li, & Hu, 2006; Fan
t al., 2010; Kong, Hu, Rui, Wang, & Li, 2004; Lu, Wang, Hu, Huang,

 Wang, 2008; Sun, Hu, Wang, Zhang, & Liu, 2006).
Polysaccharides, which are widely distributed in animals, plants,

nd microorganisms, possess many biological activities, such
s anti-coagulant, antiviral, anti-tumor, immunomodulation, and

nti-inflammatory (Chen et al., 2011; Ge, Duan, Fang, Zhang, &
ang, 2009; Li & Zhou, 2007). During the past few decades,

olysaccharides from traditional Chinese medicine have drawn

∗ Corresponding author. Tel.: +86 0835 2883218.
E-mail address: dcb@sicau.edu.cn (C. Ding).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.09.051
© 2012 Elsevier Ltd. All rights reserved.

significant attention to their potent function in food and medi-
cal industry for strong reactive oxygen species (ROS) scavenging
ability. As we  know, uncontrolled production of ROS may cause
oxidative damage of macromolecules, which is associated with can-
cer, diabetes mellitus, and neurodegenerative and inflammatory
diseases (Barry & Gutteridge, 1984). The use of synthetic antioxi-
dants, such as BHA, BHT, and TBHQ, are restricted because these
antioxidants have been suspected of causing liver damage and
carcinogenic (Guyton et al., 1991; Lin & Tang, 2007). However,
natural sources of polysaccharides can be explored as potential
antioxidants with low cytotoxicity (Ramarathnam, Osawa, Ochi, &
Kawakishi, 1995). Several researches have reported that polysac-
charides from plant showed strong antioxidant ability. It is reported
that water-soluble polysaccharides obtained from Acanthopanax
senticosu exhibit strong free radical scavenging activity (Chen et al.,
2011). Water-soluble polysaccharides extracted and purified from
litchi indicate strong superoxide radical and hydroxyl radical scav-
enging ability (Kong et al., 2010).

The most commonly used method for polysaccharides extrac-
tion is hot water extraction. The yield of hot water extraction largely
depends on extraction time and temperature (Bendjeddou, Lalaoui,
& Satta, 2003). In order to increase the yield, other new methods are
employed to extract polysaccharides, such as ultrasonic-assisted
extraction (Yan et al., 2011) and microwave-assisted extraction

(Wang et al., 2010). The better extraction efficiency by ultrasonic
treatment, enzyme treatment, and microwave treatment is mainly
attributed to the mechanical effects or catalytic action, which may
influence the structure of polysaccharides.

dx.doi.org/10.1016/j.carbpol.2012.09.051
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:dcb@sicau.edu.cn
dx.doi.org/10.1016/j.carbpol.2012.09.051
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In this paper, we extracted four polysaccharides from E. acumi-
atum via the method of hot water extraction, ultrasonic-assisted
xtraction, enzyme extraction, and microwave-assisted extrac-
ion. The preliminary structural characterization and antioxidant
ctivities of four polysaccharides were estimated by chemical com-
osition analysis, FT-IR, SEM and antioxidant assays, which include
PPH assay, ABTS assay, FRAP assay and AAPH-induced erythro-
yte hemolysis assay. The aim of this research was  to investigate
he influence of different extraction methods on the physicochem-
cal properties and antioxidant activities of polysaccharides from E.
cuminatum.

. Materials and methods

.1. Materials and reagents

Materials were collected from Yaan, Sichuan Province, China in
eptember, 2011 and identified by Prof. Chunbang Ding, Sichuan
gricultural University, China. The materials were washed thor-
ughly with water, dried at 70 ◦C, pulverized in a powerful mill
FW177, Taisite Instrument Co., Ltd., Tianjin, China), and screened
hrough an 80 mesh sieve. The powder of the materials was  stored
n a desiccator at room temperature.

2,2-Diphenyl-1-picryl-hydrazy (DPPH), 2,2′-azobis-(2-
midinopropane) hydrochloride (AAPH), 2,4,6-tripyridyl-s-trazine
TPTZ), 6-hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid
Trolox), d-glucose, and 2,2′-Azino-bis(3-ethylbenzthiazoline-6-
ulfonic) acid (ABTS) were purchased from Sigma Chemical Co.
St. Louis, MO,  USA). Ascorbic acid (Vc) was purchased from the
inopharm Chemical Reagent Co. (Beijing, China). All reagents
ere analytical grade.

.2. Extraction

The dried E. acuminatum powder was defatted with 80%
etroleum ether for 3 h to remove colored ingredients, and small
olecular impurities. Then, the residues were dried and extracted

y different previously reported methods with some modifications
Rodriguez-Jasso, Mussatto, Pastrana, Aguilar, & Teixeira, 2011;

u,  Zhu, Zhang, Yang, & Zhou, 2012). The polysaccharides extracted
rom E. acuminatum by hot water extraction, microwave-assisted
xtraction, enzyme extraction, and ultrasonic-assisted extraction
ere designated as EAP-H, EAP-U, EAP-E, and EAP-M, respectively.

AP-H was extracted with hot water in a ratio (material to water)
f 1:10 at 70 ◦C for 1 h. EAP-U was extracted by the ultrasonic-
ssisted method in a ratio (material to water) of 1:10 with a power
f 250 W in an ultrasonic bath (KQ-400GKDV, Kunshan Ultrasonic
nstrument Co., Ltd., China). The extraction process was performed
or 30 min. EAP-E was extracted by the enzyme method in a ratio
material to water) of 1:10 with cellulase at 60 ◦C for 1 h. EAP-M
as extracted by the microwave-assisted method in a ratio (mate-

ial to water) of 1:10 for 1 h. The extraction process was  performed
n an oven model MDS-2000 (CEM Corporation, Matthews, NC). All
xtraction solutions were condensed to 100 mL  and precipitated
ith four times the volume of 90% ethanol solution for 12 h at 4 ◦C.

recipitates were solubilized in deionized water, deproteinized by
evag solution (chloroform:butyl alcohol, 4:1), and dried to obtain
AP-H, EAP-U, EAP-E, and EAP-M.

.3. Chemical composition analysis
The carbohydrate content was analyzed by phenol–sulfuric
cid colorimetric method using d-glucose as the standard (Dubois,
illes, Hamilton, Rebers, & Smith, 1951). The uronic acid content
as measured by vitriol-carbazole method using glucuronic acid
Polymers 92 (2013) 63– 68

as the standard (Bitter & Muir, 1962). The protein compounds con-
tent was  estimated by the Coomassie Brilliant Blue reaction using
bovine serum albumin as the standard (Bradford, 1976).

2.4. FT-IR spectroscopy

The FT-IR spectrum of EAP was carried out using a Shimadzu
8400S spectrophotometer (Japan). The polysaccharides were incor-
porated into KBr powder and then pressed into a 1.0 mm disk. The
results were recorded in the frequency range of 4000–500 cm−1

(Ganesh, Joo, Choi, Koo, & Chang, 2004).

2.5. Scanning electron microscope

The polysaccharides were coated with gold and examined with
a scanning electron microscope system (JSM-7500, JEOL, Japan)
under high vacuum condition at an accelerating voltage of 5 kV,
as well as image magnifications of 1000× and 3000×.

2.6. Antioxidant activity

2.6.1. Scavenging activity of DPPH radical
The scavenging activity of EAP on DPPH radical was mea-

sured by the method described by Shimada, Fujikawa, Yahara, and
Nakamura (1992) with some modifications. Polysaccharide sam-
ples were dissovled in distilled water to form sample solution in
final concentrations of 0.1, 0.5, 1, 2, 3, and 4 mg/mL, respectively.
2 mL  of the sample solution was  mixed with 2 mL of 0.2 mmol/L
DPPH ethanol solution. The reaction solution was  incubated for
60 min at room temperature, and the absorbance of the mixture
was measured at 517 nm using the spectrophotometer (UV-1750,
Shimadzu). The scavenging activity on DPPH radical was  calculated
by the following equation.

Scavenging activity(%)  = Acontrol − Asample

Acontrol
× 100

where Acontrol is the absorbance of the DPPH radical solution with-
out sample and Asample is the absorbance of the DPPH radical
solution with tested samples.

2.6.2. Scavenging activity of ABTS radical
The ABTS radical scavenging activity was carried out by the

method described by Re et al. (1999) with some modifications. ABTS
radical solution was  produced by mixing ABTS aqueous solution
(final concentration 7 mmol/L) with potassium persulphate (final
concentration 2.45 mmol/L), and the mixture was  incubated in the
dark at room temperature for 16 h. After incubation, the ABTS rad-
ical solution was  diluted with PBS (pH 7.0) to an absorbance of
0.70 (±0.02) at 734 nm.  The polysaccharide samples were dissolved
in distilled water to form sample solution in final concentrations
of 0.1, 1, 2, 3, 4, and 5 mg/mL, respectively. The sample solution
was added to ABTS radical solution in a ratio of 1:20, and the mix-
ture solution was  incubated for 6 min  at room temperature. The
absorbance was  measured at 734 nm.  The scavenging activity on
ABTS radical was  calculated by the following formula.

Scavenging activity(%)  =
(

1 − Asample

Acontrol

)
× 100

where Acontrol is the absorbance of the ABTS radical solution without
sample and Asample is the absorbance of the ABTS radical solution
with tested samples.
2.6.3. FRAP assay
The FRAP assay was  measured by the method described by

Benzie and Strain (1996) with some modifications. FRAP reagent
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E. The difference may be related the selective type of extraction
method. In conclusion, the chemical compositions of four polysac-
charides were similar.

Table 1
Duncana for chemical compositions of EAP-H, EAP-U, EAP-E, and EAP-M.

Samples EAP-H EAP-U EAP-E EAP-M

Carbohydrate (%) 73.84 ± 2.35a 74.09 ± 1.71a 73.21 ± 1.23a 74.59 ± 1.54a
Fig. 1. (a) Infrared spectra of polysaccharid

as prepared by mixing 300 mmol/L Acetate buffer (pH 3.6) with
0 mmol/L 2,4,6-tripyridyl-s-trazine (TPTZ) and 20 mmol/L FeCl3 in

 10:1:1 ratio. Polysaccharide samples were dissolved in distilled
ater to form sample solution in final concentrations of 0.1, 0.2,

.4, 0.6, 0.8, and 1 mg/mL, respectively. 20 �L sample solution was
dded to 500 �L FRAP reagent, and the mixture was heated to 37 ◦C.
fter 8 min, the absorbance of mixture solution was measured at
93 nm.  A standard curve was prepared by FeSO4·7H2O solution
ith several concentrations (100–1000 �M).  The final results were

xpressed as the concentrations of FeSO4·7H2O with equivalent
ntioxidant activity.

.6.4. Erythrocyte hemolysis
Blood samples were collected from a healthy volunteer. The

0% erythrocyte suspension from blood samples was  obtained by
he method of Malpezzi and Freitas (1991).  AAPH-induced eryth-
ocyte hemolysis assay was carried out by the method of Miki,
amai, Mino, Yamamoto, and Niki (1987) with some modifications.
he reaction was initialed by mixing 0.5 mL  of 200 mmol/L AAPH
olutions to 0.5 mL  of 10% erythrocyte suspension. Then, 0.5 mL  of

 mg/mL  sample solution was added to the mixture. The reaction
olution was incubated at 37 ◦C for 1 h. After incubation, the mix-
ure was diluted with 4 mL  physiological saline and centrifuged at
500 g for 10 min. The absorbance of the supernatant was mea-
ured at 540 nm.  The percentage of inhibition was calculated by
he following equation.

emolysis(%) = Acontrol − Asample

A
× 100
control

here Acontrol is the absorbance of the reaction solution without
ample and Asample is absorbance of the reaction solution with the
ested samples.
) EAP-H; (b) EAP-U; (c) EAP-E; (d) EAP-M.

2.7. Statistical analysis

All the experiments were carried out in triplicate, and the data
were shown in means ± standard deviation (SD) and evaluated
by one-way analysis of variance (ANOVA) with Duncan multiple
range tests. The p values were set at p < 0.05 to assess the statisti-
cally significant. All statistical analysis was  carried out with SPSS
12.0.

3. Results and discussion

3.1. Chemical compositions

The chemical compositions of EAP-H, EAP-U, EAP-E, and EAP-M
are shown in Table 1. The carbohydrate contents were similar, and
there was no significant difference in the protein contents among
four polysaccharides. But the uronic acid contents were significant
difference followed the order of EAP-M, EAP-H, EAP-U, and EAP-
Protein (%) 2.42 ± 0.28a 1.94 ± 0.14a 2.55 ± 0.39a 2.03 ± 0.14a

Uronic acid (%) 8.65 ± 0.25ab 7.93 ± 0.16b 4.31 ± 0.60c 8.93 ± 0.24a

Each value is expressed as mean means ± stand deviation (n = 3). Means with differ-
ent letters within a row are significantly different (p < 0.05).
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ig. 2. (a) Scanning electron micrographs of the five polysaccharides: (a) EAP-H (10
AP-E  (3000×);  (g) EAP-M (1000×); (h) EAP-M (3000×).

.2. FT-IR analysis
FT-IR spectra of EAP-H, EAP-U, EAP-E, and EAP-M are shown in
ig. 1. The broad bands at 3380–3400 cm−1 were the characteristic
eaks of hydrogen bonded O H stretching vibration and the
ignals at 2929–2933 cm−1 indicated C H stretching vibration.
; (b) EAP-H (3000×); (c) EAP-U (1000×); (d) EAP-U (3000×); (e) EAP-E (1000×); (f)

The signals at 1620 cm−1 and 1420 cm−1 were attribute to asym-
metric and symmetric stretching of carboxylate anions group

(C O). Protein structure could also be presented by the absorption
around 1243 cm−1. The absorption bands between 1100 cm−1 and
1000 cm−1 were attribute to the characteristic of C O C glycosidic
bond vibrations and ring vibrations overlapped with stretching
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Fig. 3. (a) DPPH radical scavenging activities of EAP-H, EAP-U, EAP-E, EAP-M, and Vc. (b) ABTS radical scavenging activities of EAP-H, EAP-U, EAP-E, EAP-M and Trolox. (c)
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educing power of EAP-H, EAP-U, EAP-E, and EAP-M. (d) AAPH radical induced he
riplicate measurements.

ibrations of side group C O H link bonds. EAP-H, EAP-E, and EAP-
 displayed the absorption near 890 cm−1, which was due to the

inkage of �-glycosides. The absorption band at 871 cm−1 suggested
he linkage of �-glycosides in the molecular structure of EAP-U.

.3. SEM analysis

SEM images provide visual evidences of the difference morpho-
ogical changes of EAPs. As shown in Fig. 2, EAP-H (Fig. 2a and b)
ad a flat and smooth surface. EAP-U (Fig. 2c and d) was  distinc-
ive from others. The surface was observed as rough stone with
arge cave. The structural changes were caused by ultrasonic cavi-
ation. The surface of EAP-E (Fig. 2e and f) appeared to be a flat and
mooth surface with pores openings. For the EAP-M (Fig. 2g and h),
he surface appeared to be rough with characteristic large wrinkles,
his was different from the works of Rodriguez-Jasso (Rodriguez-
asso et al., 2011), in which it was reported that polysaccharides
ad a rough flat with many cavities. The different surface topog-
aphy of the polysaccharides was probably caused by the changes
f physicochemical properties and the selective type of extraction
ethod.

.4. Antioxidant activity

.4.1. Scavenging activity of DPPH radical
As shown in Fig. 3a, EAP-H, EAP-U, EAP-E, EAP-M and Trolox

ossessed DPPH radical scavenging activities in a concentration-
ependent manner, and the abilities were followed by Vc, EAP-H,
AP-M, EAP-E, and EAP-U. At 2 mg/mL, the scavenging activities
ere 83.23%, 65.15%, 71.14% and 77.16% for the EAP-H, EAP-U, EAP-

, and EAP-M, respectively. The IC50 values were 0.59, 1.30, 1.12,
nd 0.8 mg/mL  for EAP-H, EAP-U, EAP-E, and EAP-M. In summary,

. acuminatum polysaccharides might act as electron or hydrogen
onator to scavenge DPPH radical, and EAP-H showed significantly
igher ability on DPPH radical scavenging activities than EAP-M,
AP-E and EAP-U.
is with EAP-H, EAP-U, EAP-E, EAP-M, and Vc. (a–d) Each value is the mean ± SD of

3.4.2. Scavenging activity of ABTS radical
As shown in Fig. 3b, EAP-H, EAP-U, EAP-E, EAP-M and Trolox

possessed ABTS radical scavenging activities in a dose-dependent
manner, and the abilities were followed by Trolox, EAP-H, EAP-
E, EAP-M, and EAP-U. At 2 mg/mL, the scavenging activities were
65.68%, 30.36%, 46.49%, and 36.63% for EAP-H, EAP-U, EAP-E, and
EAP-M, respectively. The IC50 values of EAP-H, EAP-U, EAP-E, and
EAP-M were 1.53, 2.94, 1.74, and 2.25 mg/mL. Obviously, ABTS rad-
ical scavenging activities of EAP-H were significantly higher than
that of EAP-U, EAP-E, and EAP-M.

3.4.3. FRAP
FRAP assay was often used to evaluated the antioxidant ability of

polysaccharides (Fan, Li, Deng, & Ai, 2012). It utilizes the procedure
that a colorless Fe(III) reacts with electron-donating antioxidants
to generate a colored Fe(II)–tripyridyltriazine form. As shown in
Fig. 3c, all polysaccharides possessed reducing power in the order
of EAP-H, EAP-M, EAP-E, and EAP-U. The FRAP values of EAP-H, EAP-
U, EAP-E, and EAP-M were 162.76, 45.55, 74.33 and 136.2 �mol/L
at the concentration of 0.6 mg/mL, respectively. Obviously, ferric
reducing power of EAP-H was significantly higher than that of EAP-
U, EAP-E, and EAP-M.

3.4.4. Erythrocyte hemolysis
AAPH-induced hemolysis assay was a common model to eval-

uate oxidative membrane damage and the protective effects of
antioxidants (Miki et al., 1987; Niki et al., 1988). It is initialed by
the procedure that AAPH radicals react with Fe(II) in erythrocyte.
As shown in Fig. 3d, EAP-H exhibited higher ability of hemolysis

inhibition than EAP-M, EAP-E, and EAP-U. Our  data on AAPH-
induced hemolysis assay indicated that polysaccharides could act
as antioxidant to reduce the formation of free radical mediated by
AAPH.
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from Salvia miltiorrhiza Bunge. Carbohydrate Polymers, 87(2), 1348–1353.
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. Conclusions

In the present study, the polysaccharides from E. acuminatum
ere obtained by hot water extraction, ultrasonic-assisted extrac-

ion, enzyme extraction, and microwave-assisted extraction. The
arbohydrate content, protein content, and FT-IR spectra of EAP-H,
AP-U, EAP-E, and EAP-M were similar, and the uronic acid content
as significantly different. The SEM images revealed that different

xtraction methods led to different surface. Moreover, E. acumi-
atum polysaccharides showed significant free radical scavenging
ctivities in a dose-dependent manner, and EAP-H showed signifi-
antly higher scavenging activity on DPPH assay, ABTS assay, FRAP
ssay, and the AAPH-induced erythrocyte hemolysis assay than
AP-U, EAP-E, and EAP-M.
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