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a b s t r a c t
Background: Sea cucumber is a seafood of high nutritional value. During its processing, sea cucumber processing
liquor is routinely produced, which is usually discarded as waste. The chemical composition of this processing
liquor is similar to sea cucumbers themselves. Hence, valuable ingredients, such as functional polysaccharides,
could be obtained from them.
Results: Biologically active polysaccharides from sea cucumber processing liquor were extracted through
protease hydrolysis and electroosmosis. The analysis revealed that the polysaccharide extract from sea
cucumber processing liquor (PESCPL) is predominantly composed of mannose, in addition to some glucose
and fucose. The antioxidant activity of PESCPL was analyzed using in vitro. It was demonstrated that PESCPL
could effectively scavenge 1,1-diphenyl-2-picrylhydrazyl radicals, hydroxyl radicals, and superoxide anion
radicals. The effect of PESCPL was investigated in vivo by using mice model fed with high-fat diets with/
without PESCPL supplement. It was shown that PESCPL could increase the catalase and superoxide dismutase
activity in the serum and decrease serum malonaldehyde content. Furthermore, mice fed with PESCPL diet
showed a considerable decrease in the serum cholesterol and triglyceride levels and an increase in
high-density lipoprotein cholesterol levels.
Conclusions: Our research highlights that PESCPL is a natural antioxidant and could be utilized as a therapeutic
supplement for dyslipidemia.
© 2017 Pontiﬁcia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Hyperlipidemia and dyslipidemia are considered contributing
factors for a number of health concerns, e.g., atherosclerosis, obesity,
heart disease, stroke, and kidney failure [1]. Elevated levels of
low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG)
coupled with low serum high-density lipoprotein cholesterol (HDL-C)
levels are considered to be signiﬁcant risk factors for atherosclerosis
[2]. In addition, atherosclerosis is often accompanied by the
production of free radicals by endothelial and vascular smooth
muscles [3]. Excessive free radicals such as hydroxyl radicals and
superoxide radicals are toxic and indeed result in organ damage and
accelerate the aging process [4,5]. Enzymes with antioxidant activities
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such as superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase serve as scavengers of free radicals [6] to ameliorate their
harmful effects.
The conventional therapeutic protocols for addressing hyperlipidemia
and dyslipidemia are lipid-lowering drugs such as simvastatin,
atorvastatin, lovastatin, and ﬁbrates. Recently, considerable efforts are
being devoted to obtain biologically active components from natural
sources, and polysaccharides stand out as promising alternatives.
Polysaccharides are natural materials and are available from
widespread sources. Several of them display antioxidant and
anti-dyslipidemic activities, e.g., polysaccharides from Pleurotus eryngii
[7], Catathelasma ventricosum [8], Pholiota nameko [9], and Cordyceps
militaris [10]. Functional polysaccharides have also been extracted and
studied from marine animal origins, such as sea cucumber [11,12,13],
abalone [14], and abalone gonad [15]. However, a rich reservoir of
functional polysaccharides from processing the by-products of these
marine species remains to be fully explored.

http://dx.doi.org/10.1016/j.ejbt.2017.04.001
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Sea cucumbers are a precious resource of substances with medicinal
importance. Their production reached more than 200 thousand tons in
the year 2014, with a market value of around $30 million [16].
Chinese and other East/Southeast Asians consume the majority of
them. Sea cucumbers contain more than 50 kinds of nutrients
including amino acids, essential/polyunsaturated fatty acids, vitamins,
and trace elements and active substances such as polysaccharides,
collagen proteins, saponins, and brain glycosides [15]. However, they
undergo strong autolysis soon after the animal is taken out of the
seawater [17,18], especially under UV radiation, which leads to severe
economic losses. To circumvent this quandary, fresh sea cucumbers
are being processed into instant and/or semi-dried products [15]. This
process involves several cycles of heating and cooking to deactivate
the autolyzing enzymes. However, such a protocol results in large
quantities (about 10 million tons annually) of processing liquor
that is currently being discarded directly into the sea as a wasteful
byproduct. The chemical composition of this processing liquor is
similar to sea cucumbers themselves [19]. Hence, valuable ingredients,
such as functional polysaccharides, could be obtained from them. In
this study, we explored methods of extraction and characterization of
polysaccharide extract from sea cucumber processing liquor (PESCPL)
and characterized its antioxidant and anti-dyslipidemic activities to
illustrate its potential applications as therapeutic supplements and/or
functional foods.

repeated three times, and the ﬁnal residue was placed in a fume hood
for 3 h to remove excess acetone. Subsequently, it was dissolved in
distilled water with 1% neutral protease, and the pH of the solution
was adjusted to 7.0. The solution was incubated at 55°C for 3 h before
denaturing the enzyme at 100°C for 10 min. The pH of the solution
was then adjusted to 8.0, and the solution was incubated at 37°C for
3 h with 1% trypsin. Subsequently, the trypsin and other proteins were
denatured at 100°C for 10 min. After vigorous stirring, 80% ethanol
was added to the solution and stored overnight. The precipitate was
then collected by centrifugation (2500 × g at 4°C for 20 min),
dissolved in water, and subjected to electrodialysis at 20 V for 1 h to
remove the salt. Afterward, the solution was stored overnight with
80% ethanol. Finally, the precipitate was collected by centrifugation
(2500 × g at 4°C for 10 min) and freeze–dried.

2. Materials and methods

Reversed-phase, high-performance liquid chromatography (HPLC)
after pre-column derivatization and UV detection was used in this
study for monosaccharide compositional analysis [21]. Brieﬂy, 5 mg of
PESCPL was hydrolyzed in 1 mL 2 mol/L triﬂuoroacetic acid solution at
130°C for 2 h. Excess acid was removed by co-distillation with
the addition of 1 mL methanol. The dry hydrolysate was dissolved in
100 μL of 0.3 mol/L NH3·H2O, and 120 μL of 0.5 mol/L methanol
solution of 1-phenyl-3-methyl-5-pyrazolone (PMP) was added at 70°C
for 1 h. Later, 100 μL of 0.3 mol/L HCl was added; the mixture was
vigorously vortexed and then centrifuged at 2400 × g for 5 min. The
supernatant containing the labeled carbohydrate was ﬁltered through
0.22 μm nylon membranes (MSI, Westborough, MA, USA), and 10 μL of
the ﬁltrate was injected into the C18 column. The mobile phase was a
mixture of 0.1 mol/L KH2PO4 (pH 10) solution and acetonitrile
(83:17). The ﬂow rate was 1.0 mL/min and column temperature was
30°C. Compositional identiﬁcation was done by comparing the LC
spectrum of hydrolysate with the spectrum of reference standards
(D-mannose, N-acetyl-D-glucosamine, D-glucuronic acid, D-galacturonic
acid, N-acetyl-D-galactosamine, D-glucose, D-galactose, D-xylose,
L-arabinose, and L-fucose).

2.1. Materials and reagents
Sea cucumber processing liquor (SCPL) was collected from Dalian
Bangchuidao Seafood Co. Ltd. 2,2-Diphenyl-1-picrylhydrazyl (DPPH),
butylated hydroxytoluene (BHT), trichloroacetic acid, and standards of
monosaccharides and dextrans (molecular weight: 788, 404, 212, 112,
47.0, 11.8, and 5.9 kDa) were obtained from Sigma–Aldrich (St. Louis,
MO, USA). Assay kits for malonaldehyde (MDA), CAT, SOD, total
cholesterol (TC), total TG, and HDL-C were purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). Other reagents
used in this study were of the highest quality available from
commercial vendors.
2.2. Animals
Male BALB/c strain rats were purchased from Vital River Laboratory
Animal Technology Co. Ltd. (Certiﬁcate No. SCXK.2012-0001, Beijing,
China) and acclimatized for 1 week before experiment. Rodent
laboratory chow and tap water were provided ad libitum, and mice
were housed in animal cages at a temperature of 24 ± 1°C with a
12/12 h light/dark cycle and 50 ± 10% humidity. All the procedures
were in strict accordance with People's Republic of China's legislations
on the use and care of laboratory animals and guidelines established
by the Institute for Experimental Animals of Shandong University and
were approved by the University Committee for Animal experiments
(authorization date is March 1, 2015; authorization number is
AEC2015-024). During the feed stage, the average intake of each rat
was 3.7 ± 0.5 g; this was calculated by animal keepers. Therefore,
food intakes were not affected by body lipid metabolism.
2.3. Preparation of PESCPL
First, 95% ethanol was added to SCPL (same batches of concentrated
liquor from more than 250 kg processing liquor) to a ﬁnal 80% ethanol
content. After leaving it overnight, the precipitate was collected by
centrifugation at 2500 × g at 4°C for 20 min. The dried precipitate was
lyophilized, and crude polysaccharides were extracted with acetone
addition (1:3 w:v). The product was centrifuged at 2500 × g at 4°C for
10 min, and the supernatant was removed. This procedure was

2.4. Compositional analysis
Moisture, ash, crude protein, lipid, and sugars contents were
determined according to AOAC methods [20]. All experiments were
performed in triplicate and presented as means ± standard deviations
(n = 3).
2.5. Analysis of monosaccharide composition

2.6. Determination of scavenging activity for radicals
Hydroxyl radical scavenging activity was determined using the
electron spin resonance (ESR) spectrometric methodology. The
PESCPL samples were dissolved in deionized water to obtain a serial
of concentrations of 31.25, 62.5, 125, 250, and 500 mg/mL. The
sample (10 μL) was mixed with deionized water (52 μL), 6 mM
EDTA-Na2 (10 μL), 6% H2O2 (8 μL), and 1 M DMPO (10 μL). The
reaction was initiated by adding 10 μL of 6 mM FeSO4 to the mixture.
The mixture was then incubated in water bath at 40°C for 30 min.
Then, 40 μL of the sample was transferred into a glass capillary tube
(Blaubrand intraMARK, Brand, Germany) at room temperature
for spectral acquisition with an ESR spectrometer A200 (Bruker,
Karisruhe, Germany). The speciﬁc conditions used were receiver gain:
1.0 × 105, modulation amplitude: 1.0 G, microwave power: 74.8 mw,
microwave frequency: 9.44 GHz, time constant: 163.84 ms, conversion
time: 480 ms and modulation frequency: 100.00 kHz. Deionized water
was used as control. The amplitude of the second peak of the
spectrum represents the amount of DMPO-OH adducts, which is
related to the amount of hydroxyl radicals scavenged.
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2.7. Assays of MDA, SOD, and CAT activities
Rats were anesthetized and sacriﬁced by cervical decapitation.
Blood samples were collected and centrifuged for 10 min at 1000 × g
to obtain the serum. Serum homogenates were used for assays of
MDA, SOD, and CAT activities using appropriate activity assay kits.

2.8. Anti-dyslipidemic effect of PESCPL in rats
Male BALB/c rats aged 28 days were used in this study. The
composition of the high-fat diet was as follows: 78.8% basal feed, 1%
cholesterol, 0.2% sodium cholate, 10% custard powder, and 10% lard
oil. The energy content of the diet is 444.9 kcal/100 g. Ninety rats
were fed with a basic diet for 7 days to acclimatize to animal facilities.
They were then weighed and randomly divided into six groups of 15
animals each. Two different protocols were adopted in this study. In
all experiments, rules governing the use and care of laboratory
animals set by Chinese legislations and the University Committee for
animal experiments were strictly observed.
Protocol I: The ﬁrst group (control group) was fed with the common
commercial rat chow, while the second group, as dyslipidemic control,
received the high-fat diet. The third, fourth, and ﬁfth groups received
the high-fat diet with PESCPL supplemented at dosages of 400, 100,
and 25 mg/kg, respectively. The sixth group (positive control) received
the high-fat diet with the administration of an anti-dyslipidemia drug,
simvastatin, at a dosage of 20 mg/kg. The animals were treated for
30 days and had ad libitum access to food and water.
Protocol II: In each group, 15 rats were used. The mice were ﬁrst
fed with the high-fat diet for 20 days, and their TC levels were
measured on the 21st day. Once the rats exhibited dyslipidemic
symptoms, they were treated and tested with the procedure described
in protocol I.
At the end of each experiment, the rats were fasted for 18 h. Blood
was then collected from the tail and centrifuged to obtain the serum
for late lipid proﬁle analysis. Serum TC, TG, and HDL-C levels were
determined with commercially available kits.

Table 1
Chemical composition of PESCPL.
Component

PESCPL (%)

Moisture
Ash
Lipid
Crude Protein
Carbohydrate

2.81 ± 0.34
12.25 ± 1.28
1.19 ± 0.64
14.06 ± 2.31
69.69 ± 4.52

2.9. Statistical analysis
Results were presented as mean ± standard deviation. One-way
analysis of variance was used for data analysis using SPSS 16.0. The
signiﬁcance was set at P b 0.05 and P b 0.01 levels.

3. Results
3.1. Chemical analysis
In this study, an improved method of hydrolysis by combining
neutral protease and trypsin coupled with electroosmosis treatment
was developed to prepare the PESCPL. The chemical composition of
the PESCPL is listed in Table 1, which indicates that it contains 69.69%
carbohydrate, 14.06% protein, 2.81% water, 12.25% ash, and 1.19%
lipid. The monosaccharide composition analysis (Fig. 1) revealed that
mannose, glucose, and fucose are the main constituents of the
carbohydrate components of the PESCPL, although the content of
mannose is by far the highest.

3.2. Antioxidant activity of PESCPL in vitro
To conﬁrm that PESCPL has antioxidant functions, the scavenging
ability of PESCPL on DPPH free radicals, hydroxyl radicals, and
superoxide radicals was evaluated in vitro with biochemical tests. As
shown in Fig. 2, PESCPL exhibits a high radical-scavenging activity,
which positively correlates to the dosage. PESCPL's DPPH-scavenging
ability reached 65.80 ± 0.58% at the concentration of 4 mg/mL
(Fig. 2a). For hydroxyl radical, the highest scavenging ability was
55.00 ± 1.02% at a concentration of 50 mg/mL (Fig. 2b), apparently
lower than its DPPH-scavenging ability. For superoxide anion radicals,
it was 55.32 ± 0.50% at a concentration of 100 mg/mL (Fig. 2c), which
was the lowest among the three radicals. Overall, these data suggest
that the PESCPL could be effective as an antioxidant additive, but its
effectiveness varies depending on the radicals.
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DPPH radical scavenging activity was measured using the ESR. A
sample solution of 10 μL of PESCPL at different concentrations (10, 12.5,
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DPPH in methanol to a ﬁnal volume of 50 μL with deionized water.
After mixing vigorously, the solution was incubated for 30 min in dark
at room temperature. Subsequently, it was transferred into a glass
capillary tube (Blaubrand intraMARK, Brand, Germany) for spectral
acquisition at room temperature using an ESR spectrometer, A200
(Bruker, Karisruhe, Germany). The experimental conditions were 1.42
× 104 of receiver gain, 1.0 G of modulation amplitude, 5.32 mw of
microwave power, 9.44 GHz of microwave frequency, 81.82 ms of time
constant, 40 ms of conversion time, and 100.00 kHz of modulation
frequency.
Superoxide radical scavenging activity was determined using the ESR
method described by Qi et al. [22] with a little modiﬁcation. In brief,
the typical incubation mixture was composed of 5 μL hypoxanthine
(HPx, 500 μM), 1 μL xanthine oxidase (XOD, 0.7 unit/mL), 5 μL
DETAPAC, 7.5 μL DMPO (1 M), 21.5 μL phosphate buffer (50 mM at
pH 7.4), and 10 μL PESCPL. After mixing vigorously for 10 s, the
solution was transferred into a glass capillary tube (Blaubrand
intraMARK, Brand, Germany), and ESR spectra were recorded at room
temperature using an ESR spectrometer A200 (Bruker, Karisruhe,
Germany). The spectrum was recorded by the software provided with
the instrument using 5.02 × 105 receiver gain, 1.0 G modulation
amplitude, 1.17 mw microwave power, 9.438 GHz microwave
frequency, 2621.44 ms time constant, 480 ms conversion time, and
100.00 kHz modulation frequency.
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Fig. 1. HPLC analysis of monosaccharide composition of PESCPL (Man, mannose; Glc,
glucose; Fuc, fucose).

H. Qi et al. / Electronic Journal of Biotechnology 28 (2017) 1–6

(a)

0
2 mg/mL
2.5 mg/mL
3 mg/mL
3.5 mg/mL

Scavenging activity (%)

4

100
90
80
70
60
50
40
30
20
10
0
2

2.5

4 mg/mL

3

3.5

Concentration

(b)

4

mg/mL

3.125 mg/mL
6.25 mg/mL
12.5 mg/mL
25 mg/mL
50 mg/mL

Scavenging activity (%)

100

0

80
60
40
20
0
3.125

100 mg/mL

6.25

12.5

25

50

100

Concentration (mg/mL)

(c)
0
3.125 mg/mL

12.5 mg/mL
25 mg/mL
50 mg/mL

Scavenging activity (%)

6.25 mg/mL

100
80
60
40
20
0
3.125

6.25

12.5

25

50

Concentration (mg/mL)
Fig. 2. Free radical scavenging of PESCPL. (a) DPPH scavenging ability; (b) superoxide radical scavenging ability; (c) hydroxyl radical scavenging ability.

3.3. Antioxidant activity of PESCPL in vivo
In order to assess the antioxidant functions of PESCPL in vivo, the
SOD, MDA, and CAT levels in rats' blood were analyzed. As shown in
Table 2 and Table 3, compared with the normal diet, feeding for
30 days with high-fat diet resulted in a decrease in CAT and SOD levels
by about 50% (Table 2 and Table 3). However, in the groups that were
fed the PESCPL to supplement the high-fat diet, CAT levels increased to
11.906 ± 4.335 and 10.545 ± 2.598 U/mL when fed 400 mg/kg
PESCPL in protocols I and II, respectively. Similarly, the SOD levels
also increased to 143.244 ± 18.979 and 148.530 ± 24.314 U/mL,
respectively. In comparison, the MDA levels did not show signiﬁcant
difference across all samples regardless of the diet. The levels of CAT,
SOD, and MDA nearly recovered in the normal group at the
concentration of 400 mg/kg in both the protocols. Overall, the in vivo
results clearly indicate that PESCPL is effective in increasing the
activities of antioxidant enzymes and removing the free radicals.

Table 2
Effect of PESCPL on serum level of antioxidant indices in rats fed a high-fat diet in protocol I
(x ± s, n = 15).
Group

Dose
(mg/kg)

CAT
(U/ml)

SOD
(U/ml)

MDA
(nmol/ml)

Normal
Control
P400
P100
P25
Sim20

–
–
400
100
25
20

9.774 ± 1.355
4.776 ± 1.879△△
11.906 ± 4.335⁎⁎
7.473 ± 1.758⁎⁎

149.057 ± 24.828
70.333 ± 27.583△△
143.244 ± 18.979⁎⁎
123.782 ± 28.992⁎⁎
91.864 ± 21.757⁎
121.284 ± 23.465⁎⁎

11.763 ± 3.597
15.118 ± 3.347△△
11.643 ± 2.127⁎⁎
11.552 ± 3.050⁎⁎
14.161 ± 2.919
11.347 ± 2.753⁎⁎

5.613 ± 2.190
6.612 ± 1.503⁎

△△
P b 0.01, compared with normal Group.
⁎⁎ P b 0.01, compared with the Control Group.
⁎ P b 0.05, compared with the Control Group.

H. Qi et al. / Electronic Journal of Biotechnology 28 (2017) 1–6
Table 3
Effect of PESCPL on serum level of antioxidant indices in rats fed a high-fat diet in protocol
II (x ± s, n = 15).
Group
Normal
Control
P400
P100
P25
Sim20

Dose
(mg/kg)

CAT
(U/ml)

SOD
(U/ml)

MDA
(nmol/ml)

–
–
400
100
25
20

10.563 ± 2.869
5.257 ± 1.503△△⁎
10.545 ± 2.598⁎⁎
8.010 ± 2.510⁎⁎
5.721 ± 2.301
10.105 ± 2.323⁎⁎

149.990 ± 12.455
103.878 ± 25.201△△
148.530 ± 24.314⁎⁎
142.353 ± 22.754⁎⁎
126.737 ± 21.014⁎⁎
142.966 ± 20.007⁎⁎

12.167 ± 2.161
15.753 ± 4.487△△
9.574 ± 1.477⁎⁎
12.425 ± 2.615⁎⁎
13.775 ± 3.555
11.459 ± 3.120⁎⁎

△△

P b 0.01, compared with the Normal Group.
⁎ P b 0.05, compared with Control Group.
⁎⁎ P b 0.01, compared with Control Group.
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Table 6
Effect of PESCPL on serum level of dyslipidemic indices in rats fed a high-fat diet in
protocol I (x ± s, n = 15).
Group

Dose(mg/kg)

TC (mmol/L)

TG (mmol/L)

HDL-C (mmol/L)

Normal
Control
P400
P100
P25
Sim20

–
–
400
100
25
20

3.003 ± 0.500
5.078 ± 0.399△△
4.289 ± 0.393⁎⁎
4.597 ± 0.352⁎⁎
4.884 ± 0.497
4.570 ± 0.577⁎⁎

1.522 ± 0.265
2.176 ± 0.415△△
1.378 ± 0.208⁎⁎
1.435 ± 0.419⁎⁎
1.567 ± 0.327⁎⁎
1.382 ± 0.394⁎⁎

1.695 ± 0.352
1.285 ± 0.302△△
1.699 ± 0.339⁎⁎
1.541 ± 0.205⁎⁎
1.459 ± 0.510
1.812 ± 0.548⁎⁎

△△
P b 0.01, compared with Normal Group.
⁎⁎ P b 0.01, compared with the Control Group.

4. Discussion
Table 4
Effect of PESCPL on body weight in rats fed a high-fat diet in protocol I (x ± s, n = 15).
Group

Normal
Control
P400
P100
P25
Sim20

Dose
(mg/kg)

Body weight (g)
initial

1 week

2 week

3 week

4 week

–
–
400
100
25
20

18.4 ± 0.8
18.7 ± 0.8
18.7 ± 0.7
18.3 ± 1.0
18.4 ± 0.6
18.3 ± 0.6

19.6 ± 0.7
20.1 ± 1.0
20.0 ± 0.9
19.9 ± 1.1
20.1 ± 0.7
20.0 ± 1.0

19.8 ± 0.9
20.1 ± 1.1
20.3 ± 1.3
19.9 ± 1.4
19.7 ± 1.1
20.4 ± 1.0

21.5 ± 0.7
21.6 ± 1.4
21.5 ± 1.0
21.4 ± 1.0
21.2 ± 0.7
21.4 ± 1.0

22.1 ± 1.1
22.4 ± 1.7
22.2 ± 1.1
21.7 ± 1.0
21.5 ± 0.6
22.0 ± 1.4

3.4. Evaluation of anti-dyslipidemic activity of the PESCPL in vivo
As shown in Table 4 and Table 5, all rats started with similar initial
body weights at 18.6 ± 0.6 g. The increase in body weights of rats fed
with high-fat diets w/o PESCPL supplement showed no signiﬁcant
differences (P N 0.05).
Table 6 shows the effect of diet w/o the PESCPL on serum lipid levels.
First, the serums levels of TC and TG in rats of the control group (i.e. fed
with normal diet) were signiﬁcantly lower (P b 0.01) than those of
high-fat diet groups, indicating that high-fat food could effectively
induce dyslipidemia in rats. However, supplementing the high-fat diet
with PESCPL at 100 and 400 mg/kg remarkably reduced the TC and TG
levels in the serum (P b 0.01) to 4.289 ± 0.393 and 1.378 ±
0.208 mmol/L, respectively, and increased the serum HDL-C levels to
1.699 ± 0.339 mmol/L. Thus, it appears that PESCPL could effectively
prevent dyslipidemia (P b 0.01). Furthermore, in protocol II, after rats
were fed with the high-fat diet, the serum TC and TG levels were
signiﬁcantly greater (Table 7) than those in the normal group (P b
0.01), reﬂecting that dyslipidemia had been induced by the high-fat
diet but with no detectable difference between the groups.
Interestingly, PESCPL administration has substantially reduced the
serum levels of TC and TG. However, HDL-C levels increased (Table 7).
The effects of PESCPL to lower blood lipid levels in dyslipidemic rats
are comparable to those of the drug simvastatin.

In recent years, increasing interest in human health, nutrition, and
disease prevention has greatly boosted consumer's demand for
functional foods. Although sea cucumbers have become attractive
functional foods and sources of bioactive compounds [17,18], their
value remains to be fully explored because valuable ingredients (e.g.
sulfated polysaccharide) in the SCPL are being discarded as waste in
the processing industry. Further processing of the SCPL to extract
these polysaccharides can not only reduce the negative environmental
impact but also generate added value in the form of functional
PESCPL. Our data indicated that the content of PESCPL, which was
prepared by our method, was quite high. The monosaccharide
composition of PESCPL was mainly mannose, glucose, and fucose. The
content of mannose was the most, which is much higher than the
others.
It has been shown in this study that PESCPL can effectively scavenge
DPPH, hydroxyl radicals, and superoxide anion radicals in a
dose-dependent manner. When the rats was fed with high-fat diet, it
was found that although PESCPL did not change the mice's weight, it
could signiﬁcantly increase serum CAT and SOD activity (P b 0.01) and
decrease MDA content (P b 0.01). PESCPL possessed strong antioxidant
activity both in vitro and in vivo. The antioxidant performance of the
PESCPL was comparable to that of water-soluble the polysaccharidic
extract of P. eryngii [7], polysaccharide from L. japonica [23], and
polysaccharides from C. ventricosum [8].
Notably, not only had PESCPL shown antioxidant activity capabilities
but also oral administration of PESCPL signiﬁcantly lowered the levels of
TC and TG and increased the HDL-C content (P b 0.01) in dyslipidemic
mice in two different protocol models. In protocol I, oral administration
of PESCPL to the rats on high-fat diets clearly prevented the occurrence
of dyslipidemia and kept their serum lipid levels normal compared
with those mice were fed a high-fat diet only. Moreover, in protocol II,
when PESCPL was orally administered to mice that had been fed the
high-fat diet and demonstrated dyslipidemia, PESCPL still could
remarkably reduce the serum levels of TC and TG and increase HDL-C
content. More notably, our study indicated that the PESCPL also
showed strong in vivo anti-dyslipidemia effects. The PESCPL could act
not only as a functional food additive to prevent dyslipidemia but also

Table 5
Effect of PESCPL on body weight in rats fed a high-fat diet in protocol II (x ± s, n = 15).
Group

Normal
Control
P400
P100
P25
Sim20

Dose
(mg/kg)

Body weight (g)
Pre-chemical treatment

Post-chemical treatment

1 week

2 week

3 week

4 week

–
–
400
100
25
20

18.2 ± 0.7
18.6 ± 0.8
18.6 ± 0.7
18.4 ± 0.8
18.4 ± 1.0
18.4 ± 0.6

22.1 ± 1.4
22.1 ± 1.3
21.8 ± 0.8
22.2 ± 0.1
22.8 ± 1.1
21.8 ± 0.9

23.0 ± 1.7
22.9 ± 1.5
23.0 ± 1.1
23.0 ± 1.2
23.5 ± 1.1
22.2 ± 0.8

23.0 ± 1.6
23.0 ± 1.6
23.5 ± 0.9
23.2 ± 1.4
23.4 ± 1.2
23.0 ± 1.7

23.2 ± 1.5
22.8 ± 1.3
23.6 ± 1.3
23.0 ± 1.4
23.9 ± 1.7
23.3 ± 0.7

24.1 ± 1.7
23.7 ± 1.2
24.2 ± 1.3
23.8 ± 1.0
24.0 ± 1.5
24.2 ± 1.3
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Table 7
Effect of PESCPL on serum level of dyslipidemic indices in rats fed a high-fat diet in
protocol II (x ± s, n = 15).
Group

Dose(mg/kg)

TC (mmol/L)

TG (mmol/L)

HDL-C (mmol/L)

Normal
Control
P400
P100
P25
Sim20

–
–
400
100
25
20

3.528 ± 0.287
5.031 ± 0.632△△
4.057 ± 0.359⁎⁎
4.546 ± 0.606⁎⁎
4.685 ± 0.374⁎
4.100 ± 0.429⁎⁎

1.784 ± 0.184
2.020 ± 0.491△
1.736 ± 0.205⁎
1.666 ± 0.327⁎⁎
1.729 ± 0.215⁎
1.595 ± 0.308⁎⁎

1.871 ± 0.462
1.106 ± 0.244△△
1.888 ± 0.306⁎⁎
1.641 ± 0.280⁎⁎
1.361 ± 0.400⁎
1.647 ± 0.369⁎⁎

△

P 0.05, compared with Normal Group.
P b 0.01, compared with Normal Group.
⁎ P b 0.05, compared with the Control Group.
⁎⁎ P b 0.01, compared with the Control Group.
△△

as a therapeutic agent to ameliorate symptoms of dyslipidemia.
This raises the question of ﬁnding the underlying mechanisms behind
the anti-dyslipidemic effects of the PESCPL in rats. One possible
explanation is the PESCPL molecules bind with lipids and act as carriers
to participate in the metabolism of cholesterol to accelerate the
transport and excretion of serum lipids [10]. To pinpoint which
components of the PESCPL might bind to lipids, more characterization
assays for the components of the PESCPL are needed. Some preliminary
work with HPLC indicated that the content of proteins was much
lower than that of polysaccharides. It is highly unlikely that proteins
are the main functional component of the PESCPL. The polysaccharide
component of the PESCPL is believed to be the functional one.
More studies are necessary to further characterize these bioactive
components and their structures to conﬁrm their interaction with lipids.
It is also possible that the anti-dyslipidemic function of the PESCPL is
realized through the bile acid sequestration mechanism [24]. PESCPL
can act as a stimulator of bile acid synthesis. Most bile acids are
reabsorbed in the small intestine, and then returned to the liver so
that the bile acid pool remains constant. Bile acid sequestering agents
in the small intestine may interrupt the enterohepatic circulation by
increasing the fecal excretion of bile acids to reduce bile acid returning
to the liver. To compensate the loss of bile acid, the liver may increase
its synthesis of bile acids by oxidation of more hepatic cholesterol, the
only precursor to bile acids, thereby resulting in the decrease in the
total blood cholesterol level [24].
5. Conclusion
PESCPL could signiﬁcantly scavenge DPPH radicals, hydroxyl radicals,
and superoxide anion radicals. In vivo assay showed that they can also
increase serum CAT and SOD activities while decrease MDA content.
Furthermore, PESCPL can also reduce TC and TG levels signiﬁcantly,
and increase HDL-C signiﬁcantly in dyslipidemic rats. PESCPL are
natural antioxidants that can be effective both preventively and
therapeutically against dyslipidemia.
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