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In this study, optimization of enzyme-assisted extraction, purification, characterization, and its bioactivities of polysaccharides from
Hedyotis corymbosa (HCP)was investigated. It was found that the optimum extraction conditions were 3% of enzyme concentration
(X1), 30 of liquid-to-solid ratio (X2), 56

∘C of extraction temperature (X3), 200Wof ultrasonic power (X4), 10 min of extraction time
(X5), and 5 of pH value (X6). Under optimum conditions, the experimental yield (4.10 ± 0.16%) was closed to the predicted value
(4.02%).The crudeHCPwas further purified using DEAE-52 and Sephadex G-150 gel column, and amajor polysaccharide fraction
from HCP, designed as HCP-1a with molecular weight of 33.9 kDa, was obtained. The HCP and HCP-1a were characterized by
chemical analysis, FT-IR, and HPLC. For antioxidant activities in vitro, HCP possessed strong hydroxyl radical scavenging, DPPH
radical scavenging, and Fe2+ chelating activities. In subsequent immunostimulatory studies, significantly decreased NO, IL-1𝛽, and
TNF-𝛼 concentrations were observed in both of HCP and HCP-1a treated RAW264.7 cells.Therefore, this study may indicate some
insights into the application of polysaccharides fromHedyotis corymbosa as potential natural antioxidants and immunostimulants.

1. Introduction

The genus Hedyotis (family of Rubiaceae) are mainly dis-
tributed in the tropical and subtropical region of the world
[1]. In the traditional medicine, over 20Hedyotis species have
been used for treatment of diseases and healing practices.
Hedyotis corymbosa is one of the most popular species,
which is regarded as the active ingredients in several Chinese
herbal medicines [2, 3]. Hedyotis corymbosa is taken for
treating arthralgia, tumor, fever, and jaundice [4–6]. Recently,
some research reports on Hedyotis corymbosa (HC) and
its compositions expression antifungal, antioxidant, anti-
injury, analgesic, and liver protection [5, 7, 8]. According
to the preparation process and primary active ingredients
of previously studies, the proteins, carbohydrates, phenols,
iridoids, tannins, flavonoids, saponins, steroids, terpenoids,
and glycosides were the main focus and accounted for

the major constituents [9, 10]. However, research into
some other components like polysaccharides is quite limit-
ed.

Functional components from plants, especially polysac-
charides, have gained much popularity on account of their
broad spectrum of biological activities and pharmacological
effects, such as antitumor, antioxidant, antimicrobial, and
anti-inflammatory activities [11–13]. Among these, interest is
growing recently in the antitumor and immunity-stimulating
activities of natural polysaccharides due to their relatively
low toxicities and few side effects [14, 15]. Immunity plays
a vital role in the balance of nutrition and infection. The
destruction of balance between immunity, nutrition, and
infection may lead to high morbidity and mortality, such
as cancer or autoimmune diseases [16]. Immunostimulatory
therapy has long been considered an important feature of
improving the body’s nonspecific defense. Therefore, natural
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polysaccharides were popular ingredient as medicine and
health products.

This study firstly aimed to optimize the extraction condi-
tions for polysaccharides ofHedyotis corymbosa (HCP) based
onPlackett-Burman statistical design, paths of steepest ascent
method, and central composite rotatable design. Moreover,
the crudeHCPwas separated and purified byDEAE-52 cellu-
lose and Sephadex G-150. All of the obtained polysaccharides
were further characterized via chemical analysis (UV, HPLC,
FT-IR, or HPGPC). Furthermore, the in vitro antioxidant
activities (ABTS, FRAP, andDPPH) and immunostimulatory
activities (IL-1𝛽, TNF-𝛼, and NO) of crude HCP and its
purified fractions were also discussed.

2. Materials and Methods

2.1. Materials and Chemicals. Hedyotis corymbosa (HC) was
bought fromGaoQiao natural herbal special market (Chang-
Sha, China). Dried sample was pulverized by a disintegrator
and screened to obtain the powder sample. All samples were
stored in a desiccator before used.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), Dextrans of different molecular weights,
2,2-diphenyl-1-picrylhydrazyl (DPPH), and lipopolysaccha-
ride (LPS) were obtained from Sigma Chemical Co. (USA).
Total antioxidant capacity assay kit (ABTS, FRAP) was
obtained from Beyotime Institute of Biotechnology (Jiangsu,
China).

2.2. Preparation of HCP and Determination of the Yield.
In the three-neck flask, HC powder was pretreated with
petroleum ether and subsequently treated with 80% ethanol
for two times (60 C, 5h) in order to remove some small
molecules and colored materials. Finally, under centrifuge
conditions (5000 rpm / min, 10 min), the samples were
separated from the mixed solvent and dried until the weight
was constant. For ultrasound-assisted enzymatic treatment,
the sample was put into triangular flask. The extraction was
performed under optimum liquid-to-solid, enzyme concen-
tration (cellulase), ultrasonic power, pH value, extraction
time, and temperature. After the ultrasound treatment, sam-
ples were treated by centrifugation (5,000 rpm, 10 min).
Under the vacuum environment, the supernatant was further
concentrated in order to determinate solvents volume. The
concentrate was incubated for 12 h at 4∘C in a fixed concen-
tration of 80% (v/v) by using 100% (v/v) ethanol to gain the
crude HCP. Determining the extraction efficiency of HCP by
phenol-sulfuric acid method [17], the HCP (%) is measured
as follows:

HCP (%) =
the polysaccharides in extraction (g)

weigh of 𝐶𝑜𝑟𝑛𝑢𝑠 𝑜𝑓𝑓𝑖𝑐𝑖𝑛𝑎𝑙𝑖𝑠 powder (g)

× 100%

(1)

2.3. Experimental Design. Initially, a 12-run Plackett-Burman
experimental design (PBD) was applied to evaluate the tested
factors, such as enzyme concentration (X1), liquid-to-solid
ratio (X2), extraction temperature (X3), ultrasonic power

(X4), extraction time (X5), and PH (X6). For each factor, two
levels were designated: -1 for the low level and +1 for the high
level. HCP yield was designed as the response value in current
experiment. The design of the experiment for screening of
the variables was presented in Supplementary Table 1 and the
variables were mentioned and denoted as numerical factors.

In view of the above-mentioned results of the PBD, the
path of steepest ascent was used to obtain the center point of
the response by properly altering the value of the important
variables [18]. The -1 level of PBD was designed as base point
of the path. All tests ended at the steepest ascent path when
the response indicated no further increase. Moreover, this
point is confirmed to be the center point for central composite
design (CCD).

In order to optimize the extraction parameters to get
optimum conditions of HCP, a CCD and response surface
methodology were further performed. Based on the results
from PBD and the path of steepest ascent, CCD was applied
with three variables, which have significant influence on the
yield of HCP. Each variable was investigated at five levels,
coded as -1.682, -1, 0, +1, and +1.682, respectively. All the tests
designed for the study were indicated in Supplementary Table
2. The HCP yield was fitted in a second-order polynomial
equation, and the quadratic equation is as follows:

Y = 𝜑0 +
𝑛

∑
𝑖=1

𝜑𝑖𝑥𝑖 +
𝑛

∑
𝑖=1

𝜑𝑖𝑖𝑥𝑖
2 +
𝑛−1

∑
𝑖=1

𝑛

∑
𝑗=𝑖+1

𝜑𝑖𝑗𝑥𝑖𝑥𝑗 (2)

where Y, 𝜑0, 𝜑i, 𝜑ii, and 𝜑ij indicate the predicted HCP
yield, the intercept, the linear coefficient, the quadratic
coefficient, and the interaction coefficient, respectively. Some
indexeswere applied to identify the experiment-basedmodel,
such as determination coefficient (R2), F-value, and a lack of
fit [19].

2.4. Fractionation and Purification of Crude HCP. The crude
HCPwas pretreated through centrifugal machines in order to
obtain clear solutions which were appropriate for the follow-
ing fractionation and purification. Firstly, the fractionation
was tested using DEAE-52 cellulose column (3.0 cm × 50
cm). Further experiments were carried out by eluting with
NaCl in stepwise in different concentrations (0-0.5 mol/L, 1.0
mL/min). A main fraction named HCP-1 was obtained and
concentrated. This main fraction was further dissolved and
then loaded to a SephadexG-150 gel column (3.0 cm× 80 cm).
The fraction was further purified by eluting with 0.1 mL/min
NaCl at 0.6 mL/min. Finally, another fraction abundant in
polysaccharides was obtained, dialyzed, and freeze dried,
yielding HCP-1a.

2.5. Analysis of Polysaccharides Characterization

2.5.1. Preliminary Characterization of Polysaccharides. Phe-
nol-sulfuric acid method was applied to determine the
total polysaccharide applying glucose. Bradford method was
applied to determine the protein content in polysaccha-
rides applying bovine serum albumin (BSA) as a standard
[20]. Hydroxy biphenyl method was used to determine
the uronic acid content in polysaccharides applying bovine
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D-glucuronic acid as a standard [21]. Bariumchloride–gelatin
methodwas devoted to determine the sulfuric radical content
in polysaccharides applying potassium sulphate as a stan-
dard [22]. Folin-Ciocalteu method was applied to determine
the total polyphenols content in polysaccharides applying
bovine total polyphenols as a standard [23]. The results were
expressed as mg gallic acid equivalent (GAE) per mg dry
sample (mg GAE /100 mg dried extract).

2.5.2. Measurement of Molecular Weight (Mw). The Mw of
HCP-1A was analyzed with TSK gel G5000 column (7.8 mm
∗ 300 mm, 5 u m) by reverse phase high performance gel
permeation chromatography (7.8 mm × mm, 5 u m), eluting
with 0.002 M NaH2PO4 solution (0.05% NaN3) under 0.6
mL/min. Refractive index detector was applied to detect the
signal. Diverse standard Dextrans (Mw: 1000, 12000, 50000,
270000, 670000, and 1100000 Da) was used to establish
calibration curve. The equation of the calibration curve was
logM w = −0.442T + 10.78 (T represents retention time, R2 =
0.9939)

2.5.3. Analysis of Monosaccharides Compositions. Accord-
ing to previous research, monosaccharides compositions of
HCP and HCP-1a were analyzed by high performance liq-
uid chromatography (HPLC) after precolumn derivatization
[24]. Mannose (Man), galacturonic acid (GalUA), rhamnose
(Rha), xylose (Xyl), glucuronic acid (GlcUA), ribose (Rib),
arabinose (Ara), glucose (Glc), galactose (Gal), and fucose
(Fuc) were used as reference sugars.

2.5.4. FT-IR Spectrometric Analysis. An ATR-FTIR (Nicolet,
USA) spectrum of the extracted polysaccharides was applied.
All polysaccharideswere pretreated at 40∘C for 24 hunder the
condition of vacuum before FT-IR analysis. All spectra were
obtained using 64 scans in the frequency range of 525–4000
cm−1.

2.6. Assay of Antioxidant Activity In Vitro. The FRAP and
ABTS+ radical scavenging activity of HCP and HCP-1a solu-
tions were determined using a commercially available assay
kit on the basis of the manufacturer’s instructions. The FRAP
results were expressed as FeSO4 equivalent per mg of dry
weight (mM FeSO4/mg dried extract). The above experiment
was repeated three times. DPPH radical scavenging activity
was measured as described by a previous reported method
[25].

2.7. Assay of Anti-Inflammatory Effect In Vitro

2.7.1. Cell Treatment and Viability Analysis. RAW264.7 cell
was obtained from Central South University (Changsha,
China). Cells were cultured with Dulbecco’s modified Eagle
medium (DMEM), supplemented with 10% fetal bovine
serum in flasks and cultured at 37∘C in a humidified
incubator containing 5% CO2. To reduce the infection of
RAW264.7, 100U/mL penicillin and 100 𝜇g/mL streptomycin
were added. The effects of HCP and HCP-1a were deter-
mined by MTT assay through a previously reported method
[26].

2.7.2. Determination of TNF-𝛼, IL-1𝛽 and NO. The cells were
seeded into 96-well plates at 5 × 104 cells/well and cultured at
37∘C with 5% CO2. After seeding for 24 h, 100 𝜇L DMEM
medium with different concentrations of HCP and HCP-
1a (0, 5, 10, 20, 40, and 80 𝜇g/mL) was added to different
wells. And they were subsequently incubated for another 24
h. LPS (1 𝜇g/mL) was then added and incubated for another
24 h. Finally, the culture medium was collected for further
analysis.TheTNF-𝛼, IL-1𝛽, andNOwere quantified byELISA
kits (Becton Dickinson Medical Devices Co. Ltd., China)
according to the instruction of manufacturers.

2.8. Statistical Analysis. All data were expressed as X ± SD
from triple-repeat experiments. The significance difference
was tested using Student’s t-test and one-way analysis of
variance (ANOVA). p < 0.05 and p < 0.01 were considered
statistically significant differences.

3. Result and Discussion

3.1. Optimization of HCP Production by Plackett-Burman
Design (PBD). The importance of the six parameters for
HCP yield was studied by PBD. Factors with p<0.05 were
considered to be significant parameters on the response and
therefore were included in the further optimization tests.
As shown in Supplementary Table 1, the results showed
that the extraction temperature, enzyme concentration, and
liquid-to-solid ratio had significantly effect on HCP yield
(p < 0.05). Moreover, R2 was found to be 90.56%, which
indicated low amount of total variation in the response results
unexplained by the model. In order to improve economic
efficiency, extraction time and ultrasonic power were selected
to be 10 min and 200W, respectively. In addition, the PH was
fixed at 5.0 because by this value the reaction conditions were
relatively mild.

3.2. Screening by Path of Steepest Ascent Method. For each
of the three significant factors, the values of low level from
PBD tests were applied as initial points. The path of steepest
ascent started from this point and moved along with the
path through increasing or decreasing the values of the
three significant factors. As shown in Supplementary Table
3, the maximum production of HCP was obtained when
the parameters were enzyme concentration 3%, extraction
temperature 50∘C, and liquid-to-solid ratio 30 mL/g. Hence,
these conditions were set as the center point of the response
surface method, in view of which the response surface
optimization tests were designed.

3.3. Optimization by Central Composite Design (CCD). The
respective designmatrix and the corresponding experimental
data were shown in Supplementary Table 2. The main effects
and the interactions between factors were assessed following
ANOVA through Design Expert software 8.0.6 (Table 1). The
result indicated that the three significant factors (P < 0.0001)
explained 99.44% of the model variability, showing a high
degree of correlation between the observed and predicted
responses.The large adjustedR2 (98.94%) also validate a good
relationship between the experimental data and the fitted
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Table 1: Results of ANOVA and regression analysis of CCD.

Source Sum of Squares Mean Square F Value p-value significant
Model 9.34 1.04 197.71 < 0.0001 ∗ ∗ ∗
X1 0.25 0.25 48.18 < 0.0001 ∗ ∗ ∗
X2 0.031 0.031 5.99 0.0344 ∗
X3 0.34 0.34 63.80 < 0.0001 ∗ ∗ ∗
X1 X2 1.42 1.42 269.92 < 0.0001 ∗ ∗ ∗
X1 X3 0.49 0.49 93.95 < 0.0001 ∗ ∗ ∗
X2X3 0.050 0.050 9.47 0.0117 ∗
X2

1 2.68 2.68 510.57 < 0.0001 ∗ ∗ ∗
X2

2 4.69 4.69 892.45 < 0.0001 ∗ ∗ ∗
X2

3 0.28 0.28 52.74 < 0.0001 ∗ ∗ ∗
Residual 0.053 5.251E-003
Lack of Fit 0.028 5.515E-003 1.11 0.4574 ⧫
Pure Error 0.025 4.987E-003
Cor Total 9.40
R-Squared 0.9954
Adj R-Squared 0.9894
Pred R-Squared 0.9454
Adeq Precision 34.815
∗, ∗∗, and ∗ ∗ ∗ represent p<0.05, p<0.01, and p<0.0001, respectively.
⧫ represents “not significant”

model. Moreover, the value of lack of fit (p=0.4574) implied
that the model adequately was fitted to the significant inde-
pendent variable effects.The quadratic polynomial regression
equation referring to the three independent variables (coded)
is as follows:

𝑌 = 3.98 + 0.14 × 𝑥1 + 0.048 × 𝑥2 + 0.16 × 𝑥3 − 0.42

× 𝑥1 × 𝑥2 − 0.25 × 𝑥1 × 𝑥3 − 0.079 × 𝑥2 × 𝑥3

− 0.43 × 𝑥21 − 0.57 × 𝑥
2
2 − 0.14 × 𝑥

2
3

(3)

To further discuss the mutual interactions and explain
the results of statistical analyses, the 3D and 2D plots were
obtained on the basis of the model equation (see (3)). As
shown in Figures 1(a) and 1(b), the HCP yield increased as
enzyme concentration and liquid-to-solid ratio increased to
optimum values and then decreased with further increases of
them.The 2D contour plot showed a clearly elliptical contour,
suggesting a significant interaction between X1 and X2 on
HCP yield. Moreover, the optimum values of X1 and X2 were
observed inside the experimental boundary as there was an
obvious peak in the 3D response surface curve. The similar
results occurred between X1 and X3, which was shown in
Figures 1(c) and 1(d), as well as interaction between X2 and
X3, which was shown in Figures 1(e) and 1(f).

According to the results of statistically designed experi-
ments, the optimumvalueswere as follows: 2.99%ofX1 , 30.06
of X2, and 55.71∘C of X3. At this point, HCP yield predicted
by the model was 4.02%. Considering the feasibility of the
practical process, the optimal conditions were amended as
follows: 3% X1, 30 of X2, and 56∘C of X3.

To confirm the validation of the optimization results, the
optimized process was repeated three times to extract HCP.

The result showed that the experimental HCP yield (4.10 ±
0.16%) agreed well with the predicted value.

3.4. Isolation and Purification of HCP. The crude HCP de-
scribed above was fractionated by DEAE–52 column. After
an aqueous solution was applied to the column, it was
eluted stepwise with NaCl solutions (0.1, 0.3, and 0.5 M).
Three fractions were obtained, namely, HCP-1, HCP-2, and
HCP-3 (Figure 2(a)). HCP-1 was collected for subsequent
purification on account of the low yield of HCP-2 (<15mg)
and HCP-3 (<10mg). The HCP-1 was then loaded onto a
Sephadex G-150 gel column. HCP-1 produced two elution
peaks (Figure 2(b)). The highest peak, namely, HCP-1a, was
collected, dialyzed, and lyophilized.

3.5. Characterization of HCP and HCP-1a

3.5.1. Preliminary Characterization of Polysaccharides. As
shown in Table 2, the carbohydrate contents in HCP and
HCP-1a were 70.36 ± 3.86% and 60.95 ± 3.05%, respectively.
No protein and a small amount of total polyphenols (0.49 ±
0.02) were detected in HCP-1a, indicating that the isolation
and purification of HCP by using DEAE-52 and Sephadex G-
150 was efficient and useful. Moreover, HCP and HCP-1a had
high content of uronic acid (21.88 ± 1.06% for crude HCP,
35.26 ± 1.51% for HCP-1a), suggesting that they were acid
polysaccharide.

3.5.2. Monosaccharide Composition of Crude HCP and HCP-
1a. The Mw of HCP-1a was determined by HPGPC, which
has been shown to be an effective method [21]. As shown
in Table 2, the Mw of HCP-1a was calculated as 33.9 kDa
according to the calibration curve.The typical chromatogram
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Figure 1: 3D Response surface plots (a, c, e) and 2D contour plots (b, d, f) (X1: enzyme concentration, %; X2: liquid-to-solid ratio; X3:
extraction temperature, ∘C).

of crude HCP and HCP-1a sample was shown in Figure 3.
Various ratios and types of monosaccharide compositions in
both of polysaccharides were observed. According to the data
presented in Table 2, HCP-1a had one more monosaccharide
composition than that of HCP. HCP-1a consist of Man, Rib,
Rha, GlcUA, GalUA, Glc, Gal, Xyl, Ara, and Fuc, with molar
percentages of 21.60%, 7.85%, 5.25%, 2.79%, 3.24%, 9.79%,
23.28%, 13.88%, 9.67%, and 2.65%, respectively. Besides Fuc,
HCP consist of Man, Rib, Rha, GlcUA, GalUA, Glc, Gal, Xyl
and Ara in a molar percentage of 23.85, 10.52, 4.45, 3.83, 6.85,
16.94, 2.86, 15.50 and 15.20, respectively. The results indicated
that HCP and HCP-1a were acidic polysaccharide.

3.5.3. FT-IR Spectroscopy. The infrared spectra of HCP and
HCP-1a ranging from 525 cm−1 to 4000 cm−1 were shown
in Figure 4. Signals close to 3420, 2920, 1620, 1400, 1100,
and 810 cm−1 were the characteristic absorption band of
polysaccharides [27]. The absorption peaks of coarse HCP
and HCP-1A near 1605 cm−1 and 1415 cm−1 are related to
the tensile vibration of carbonyl bond ester carbonyl groups
(C = O) and carboxyl groups (COO-), indicating that crude
HCP and HCP-1A were acidic polysaccharides. The strong
absorption band of 1035 cm−1 (1038 cm−1 for HCP and 1036
cm−1 for HCP-1a) was the stretching vibration of C-O-C and
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Figure 2: (a) Elution profile from HCP based on DEAE-52 column with water and gradient NaCl solutions (0.1, 0.3, and 0.5 M); (b)
purification result of HCP-1a on Sephadex G-150 gel column with 0.1 mL/min NaCl.

Table 2: Preliminary characterization of crude HCP and HCP-1a.

Item Crude HCP HCP-1a
Carbohydrate (%) 70.36 ± 3.86 60.95 ± 3.05
Protein (%) 1.07 ± 0.03 -
Uronic acid (%) 21.88 ± 1.06 35.26 ± 1.51
Sulfuric radical (%) 7.79 ± 0.21 1.73 ± 0.04
Total polyphenol (mg GAE /mg
dried extract) 1.89 ± 0.08 0.49 ± 0.02

Molecular weight (KDa) - 33.9
Monosaccharide composition
(%)
Man 23.85 21.60
Rib 10.52 7.85
Rha 4.45 5.25
GlcUA 3.83 2.79
GalUA: 6.85 3.24
Glc 16.94 9.79
Gal 2.86 23.28
Xyl 15.50 13.88
Ara 15.20 9.67
Fuc - 2.65

C-O-H caused by the sugar ring. Moreover, absorption close
to 810 cm−1 was typical for the presence of mannose.

3.6. In Vitro Antioxidant Analysis. The ABTS radical cation
(ABTS+) scavenging assay is a commonly applied method to
assess the antioxidant activity of most natural products [28].
Here, ABTS+was employed in this study, bywhich the antiox-
idant properties of crude HCP and HCP-1a were assessed.
As shown in Figure 5(a), both of the polysaccharides showed
increased scavenging activities in a concentration-dependent
pattern. When the tested concentration increased to 6.0

mg/mL, the scavenging abilities of crude HCP, HCP-1a,
and Trolox were 60.11%, 48.88%, and 92.46%, respectively.
Therefore, both of the crude HCP and HCP-1a had an
appreciable ABTS+ scavenging activity.

The reduction of the power of Fe3+ to Fe2+ by ferric
reducing antioxidant plasma (FRAP) assay is also an indicator
of potential antioxidant activity of natural products [29]. As
shown in Figure 5(b), the crude HCP and HCP-1a indicated
different Fe3+ reducing activities. The FRAP values of HCP
significantly increased in concentration-dependent pattern
and had stronger activities than that of HCP-1a in the tested
range of concentration. The highest FRAP values of crude
HCP and HCP-1a were 2.61 and 1.42 mmoL FeSO4/g dry
extract, respectively. Accordingly, crude HCP and HCP-1a
may be good sources of natural antioxidants.

As a convenient method for antioxidant screening, the
DPPHmethod is performed by forming a stable and reduced
DPPH molecule through the donating of hydrogen [30].
Figure 5(c) showed the scavenging activity of crude HCP
and HCP-1a on the DPPH radical compared with Trolox.
Among the two polysaccharides, HCP possessed higher
DPPH radical scavenging capacity compared with HCP-
1a in a concentration-dependent pattern within all the
tested concentration (0.5 mg/mL-6.0 mg/mL). When the
concentration of HCP reached to 6.0 mg/mL, its DPPH
radical scavenging capacity (82.23%) was close to Trolox
(92.07%), indicating that HCP was a promising natural
antioxidant.

3.7. Immunostimulatory Effect of Polysaccharides on Murine
Macrophage Cell Line RAW264.7. The immunostimulatory
activity of crude HCP and HCP-1a on murine RAW264.7
macrophage cells was investigated and commercial LPS was
used for comparison. As shown in Figure 6(a), both of
the crude HCP and HCP-1a did not inhibit viability of
RAW264.7 macrophage cells over the concentration range
tested.Therefore, these dosageswere used for the treatment of
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crudeHCP and HCP-1a in the following immunostimulatory
activity experiments.

To test the immunostimulatory activity of polysaccha-
rides, the concentrations of TNF-𝛼, IL-1𝛽, and NO were
determined in culture supernatant when macrophages were
exposed to crude HCP and HCP-1a. As shown in Figures
6(b) and 6(c), both of crude HCP and HCP-1a treat-
ments suppressed LPS-induced TNF-𝛼 and IL-1𝛽 release
in a concentration-dependent pattern while LPS treat-
ment increased. Particularly, the production of TNF-𝛼 was
decreased by 73.01% and 40.37% when the pretreatment of
RAWwas 264.7 cells by 80 𝜇g/mL of crude HCP and HCP-1a,
respectively. Meanwhile, the results also indicated that crude
HCP was more sensitive to TNF-𝛼 and IL-1𝛽 release than
HCP-1a. As shown in Figure 6(d), LPS treatment increased

NO release. But, crude HCP and HCP-1a treatment could
significantly inhibit NO release in LPS-induced RAW264.7
cells. NO concentrations in RAW264.7 cells were 64.00 ±
1.34 IU/mL (68.24 ± 2.23 for HCP-1a) in a negative control
and 109.03 ± 5.00 IU/mL (106.23 ± 3.24 for HCP-1a) in
LPS-induced cells. NO concentrations were 77.01 ± 2.12
IU/mL (71.08% inhibition) and 90.09 ± 3.02 IU/mL (43.98%
inhibition) when treated with 80 mg/mL crude HCP and
HCP-1a, respectively.

NO, TNF-𝛼, and IL-1𝛽 as important proinflamma-
tory cytokines and inflammatory mediators, were critical
in inflammation-associated and immunization-associated
response [31]. Samples with NO, TNF-𝛼, and IL-1𝛽 inhibitory
activity have potential to possess immunostimulatory activ-
ity. The present study strongly suggested that the crude HCP
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Figure 5: Antioxidant activity of polysaccharides. ABTS+ radical scavenging activity of HCP and HCP-1a (Trolox as standard control) (a);
ferric reducing antioxidant power of HCP and HCP-1a (b); DPPH radicals-scavenging effect of HCP and HCP-1a (c).

and HCP-1amay have beneficial effects on early immunomo-
dulation.

4. Conclusions

In this study, several special design methods were applied to
study the extraction process of HCP, and the results were veri-
fied.The optimum conditions for enzyme-assisted extraction
were determined as follows: extraction temperature 50∘C,
enzyme concentration 3%, and liquid-solid ratio 30ml/g. A
major acidic polysaccharide fraction HCP-1a from HCP was
obtained by using of column chromatography. Furthermore,
compared with HCP-1, it was found that HCP had stronger
antioxidant activity through evaluating in DPPH radical,
hydroxyl radical scavenging, and Fe2+ chelating assay with
comparison to Trolox. Investigation of the immunostimula-
tory effect of HCP and HCP-1a on RAW264.7 cells revealed
that both of HCP and HCP-1a significantly upregulated the
concentrations ofIL-1𝛽, NO, and TNF-𝛼 in a dose-dependent

pattern. Therefore, the present study may provide new
insights into the application of polysaccharides fromHedyotis
corymbosa. To further provide theoretical information for the
application of polysaccharide from Hedyotis corymbosa, the
detailed structure of HCP and HCP-1a and in vivo studies
should be further investigated.
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Figure 6: Effects ofHCP andHCP-1a on cell viability, proinflammatory cytokines, andNOconcentration in RAW264.7 cells. After incubating
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Acknowledgments

This research was supported by Natural Science Foundation
of Hunan Province (2017JJ4045) and National Natural Sci-
ence Foundation of China (81503041).

Supplementary Materials

Supplementary Table 1: Placket-Burman design matrix and
Identification of significant variables for HCP yield. Supple-
mentary Table 2: design and results of CCD. Supplementary
Table 3: experimental design and response value of path of
steepest. (Supplementary Materials)

References

[1] W. H. Lewis, “Oldenlandia corymbosa (rubiaceae),” Grana
Palynologica, vol. 5, no. 3, pp. 330–341, 1964.

[2] C.-C. Lin, L.-T.Ng, J.-J. Yang, andY.-F.Hsu, “Anti-inflammatory
and hepatoprotective activity of Peh-Hue-Juwa-Chi-Cao in
male rats,” American Journal of Chinese Medicine, vol. 30, no.
2-3, pp. 225–234, 2002.

[3] N. H. Lajis and R. Ahmad, “Phytochemical studies and phar-
macological activities of plants in genus Hedyotis/oldenlandia,”
Studies in Natural Products Chemistry, vol. 33, no. M, pp. 1057–
1090, 2006.

[4] K. Anbarasu, K. K. T. Manisenthil, and S. Ramachandran,
“Antipyretic, anti-inflammatory and analgesic properties of

http://downloads.hindawi.com/journals/ecam/2018/8617070.f1.docx


10 Evidence-Based Complementary and Alternative Medicine

nilavembu kudineer choornam: A classical preparation used in
the treatment of chikungunya fever,” Asian Pacific Journal of
Tropical Medicine, vol. 4, no. 10, pp. 819–823, 2011.

[5] M. Moniruzzaman, A. Ferdous, and S. Irin, “Evaluation of
antinociceptive effect of ethanol extract of Hedyotis corymbosa
Linn. whole plant in mice,” Journal of Ethnopharmacology, vol.
161, pp. 82–85, 2015.

[6] A. Meiftasari, J. C. WP, A. Novarina, J. Yovi, and R. I. Jenie,
“Ethanolic extract of hedyotis corymbosa and its combination
with 5-fu inhibit cyclin d expression on widr colorectal cancer
cell,” Indonesian Journal of Cancer Chemoprevention, vol. 7, no.
1, p. 25, 2017.

[7] A. J. Das, G. Das, T. Miyaji, and S. C. Deka, “In vitro antioxidant
activities of polyphenols purified from four plant species used
in rice beer preparation in Assam India,” International Journal
of Food Properties, vol. 19, no. 3, pp. 636–651, 2016.

[8] R. K. Gupta, R. K. Singh, S. R. Swain, T. Hussain, and C. V. Rao,
“Anti-hepatotoxic potential of Hedyotis corymbosa against D-
galactosamine-induced hepatopathy in experimental rodents,”
Asian Pacific Journal of Tropical Biomedicine, vol. 2, no. 3, pp.
S1542–S1547, 2012.

[9] Y.-C. Yang and M.-C. Wei, “Ethanol solution-modified super-
critical carbon dioxide extraction of triterpenic acids from
Hedyotis corymbosa with ultrasound assistance and determi-
nation of their solubilities,” Separation and Purification Technol-
ogy, vol. 150, pp. 204–214, 2015.

[10] S. Sivaprakasam, K. Karunakaran, U. Subburaya, S. Kuppusamy,
and T. Subashini, “A Review on phytochemical and pharma-
cological profile of Hedyotis corymbosa Linn,” International
Journal of Pharmaceutical Sciences Review and Research, vol. 26,
pp. 320–324, 2014.

[11] I. C. F. R. Ferreira, S. A. Heleno, F. S. Reis et al., “Chemical
features of Ganoderma polysaccharides with antioxidant, anti-
tumor and antimicrobial activities,” Phytochemistry, vol. 114, pp.
38–55, 2015.

[12] X. Meng, H. Liang, and L. Luo, “Antitumor polysaccharides
from mushrooms: a review on the structural characteristics,
antitumor mechanisms and immunomodulating activities,”
Carbohydrate Research, vol. 424, pp. 30–41, 2016.

[13] J.-J. Cheng, C.-H. Chao, P.-C. Chang, and M.-K. Lu, “Studies
on anti-inflammatory activity of sulfated polysaccharides from
cultivated fungi Antrodia cinnamomea,” Food Hydrocolloids,
vol. 53, pp. 37–45, 2016.

[14] O. M. Bondarenko, A. Ivask, A. Kahru et al., “Bacterial polysac-
charide levan as stabilizing, non-toxic and functional coating
material for microelement-nanoparticles,” Carbohydrate Poly-
mers, vol. 136, pp. 710–720, 2015.

[15] L. Sun, J. Chu, Z. Sun, and L. Chen, “Physicochemical prop-
erties, immunomodulation and antitumor activities of polysac-
charide from Pavlova viridis,” Life Sciences, vol. 144, pp. 156–161,
2016.

[16] P. Venkatalakshmi, V. Vadivel, and P. Brindha, “Role of phy-
tochemicals as immunomodulatory agents: A review,” Interna-
tional Journal of Green Pharmacy, vol. 10, no. 1, pp. 1–18, 2016.

[17] G. Kochert, “Carbohydrate determination by the phenol-
sulfuric acid method,” Handbook of Phycological Methods, vol.
2, pp. 95–97, 1978.

[18] Y.-N. Chang, J.-C. Huang, C.-C. Lee, I.-L. Shih, and Y.-M.
Tzeng, “Use of response surface methodology to optimize
culture medium for production of lovastatin by Monascus
ruber,” Enzyme andMicrobial Technology, vol. 30, no. 7, pp. 889–
894, 2002.

[19] R. V. Lenth, “Response-Surface Methods in R, Using rsm,”
Journal of Statistical So�ware, vol. 32, no. 7, pp. 1–17, 2009.

[20] M. M. Bradford, “A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle
of protein dye binding,” Analytical Biochemistry, vol. 72, no. 1-2,
pp. 248–254, 1976.

[21] N. Sahragard and K. Jahanbin, “Structural elucidation of
the main water-soluble polysaccharide from Rubus anatolicus
roots,” Carbohydrate Polymers, vol. 175, pp. 610–617, 2017.

[22] K. S. Dodgson and R. G. Price, “A note on the determination
of the ester sulphate content of sulphated polysaccharides,”
Biochemical Journal, vol. 84, pp. 106–110, 1962.

[23] V. Singleton and J. Rossi, “Colorimetry of total phenolics with
phosphomolybdic phosphotungstic acid reagents,” American
Journal of Enology and Viticulture, vol. 16, pp. 144–158, 1965.

[24] X. Liu, Z.-L. Sun, A.-R. Jia, Y.-P. Shi, R.-H. Li, and P.-M. Yang,
“Extraction, preliminary characterization and evaluation of in
vitro antitumor and antioxidant activities of polysaccharides
from Mentha piperita,” International Journal of Molecular Sci-
ences, vol. 15, no. 9, pp. 16302–16319, 2014.

[25] L. L. Mensor, F. S. Menezes, G. G. Leitão et al., “Screening of
Brazilian plant extracts for antioxidant activity by the use of
DPPH free radical method,” Phytotherapy Research, vol. 15, no.
2, pp. 127–130, 2001.

[26] K. G. Ozdemir, H. Yilmaz, and S. Yilmaz, “In vitro evaluation
of cytotoxicity of soft lining materials on L929 cells by MTT
assay,” Journal of Biomedical Materials Research Part B: Applied
Biomaterials, vol. 90, no. 1, pp. 82–86, 2009.

[27] D. Qiao, J. Liu, C. Ke, Y. Sun, H. Ye, and X. Zeng, “Structural
characterization of polysaccharides from Hyriopsis cumingii,”
Carbohydrate Polymers, vol. 82, no. 4, pp. 1184–1190, 2010.

[28] K. Masisi, T. Beta, and M. H. Moghadasian, “Antioxidant
properties of diverse cereal grains: a review on in vitro and in
vivo studies,” Food Chemistry, vol. 196, pp. 90–97, 2016.

[29] B. Gullón, G. Eibes, M. T. Moreira, I. Dávila, J. Labidi, and
P. Gullón, “Antioxidant and antimicrobial activities of extracts
obtained from the refining of autohydrolysis liquors of vine
shoots,” Industrial Crops and Products, vol. 107, pp. 105–113, 2017.

[30] R. Amorati and L. Valgimigli, “Advantages and limitations
of common testing methods for antioxidants,” Free Radical
Research, vol. 49, no. 5, pp. 633–649, 2015.

[31] Y. Zhang, W. Kong, and J. Jiang, “Prevention and treatment
of cancer targeting chronic inflammation: research progress,
potential agents, clinical studies and mechanisms,” Science
China Life Sciences, vol. 60, no. 6, pp. 1–16, 2017.


