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ABSTRACT polysaccharide; R% Regression coefficient; RPMI: Roswell park memorial
Aim: We aimed to optimize the steaming process of Pana notoginseng  institute.

using response surface methodology (RSM). Materials and
Methods: The yield and immune activity of steamed P notoginseng
polysaccharides (s-PNPs) was used as the indicators to optimize the
steaming parameters: wetting time, steaming time, and temperature.
After this, chromatogram and spectroscopy were used to analyze the
effect of steaming on the structure of polysaccharides. Then, our study
evaluated the immunological activities between s-PNPs and raw P
notoginseng polysaccharides (~PNPs) in vivo and in vitro. Results: The
optimal parameters of processing technology were as follows: wetting
time was 25 h, steaming time was 4 h, and steaming temperature was
110°C. The s-PNPs vyield reached a maximum of 13.67 + 0.39%, and
the cell proliferation rate was 22.87 + 0.015% under these conditions.
The chemical analysis method showed that the polysaccharide content
was slightly increased, the protein content was decreased and the
monosaccharide composition analysis indicated that the glucose content
in s-PNPs was significantly increased than ~PNPs. Moreover, Fourier
transform infrared spectroscopy analysis showed that the functional
groups of polysaccharides changed partially between s-PNPs and ~PNPs.
In addition, the immunological activity of s-PNPs was better than that
of FPNPs in vivo and in vitro. Conclusion: These studies showed that
polysaccharides content was increased, and the immune function of
s-PNPs was enhanced after applying steaming, making this approach
meaningful for the development and application of P notoginseng with
its immunomodulatory.

Key words: Immunological activity, Panax notoginseng, polysaccharides,
process technology, response surface methodology

SUMMARY

e Steaming processing is a common preparation method for Panax
notoginseng, which showed a great potential in enhancing the yield and
immune activity of steamed R notoginseng polysaccharides. Moreover,
response surface methodology-Box-Behnken design was indicated to be a
reliable technique for optimizing the conditions of parameters of steaming
processing, including wetting time, steamed temperature, and steamed
time.
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INTRODUCTION

Panax notoginseng, the root of P. notoginseng (Burk.) F. H. Chen, one of
the precious and important Traditional Chinese Medicines (TCMs), has
the functions of dispersing blood stasis and stopping bleeding, detaching
swelling and alleviating pain and Qi and blood invigorating."! It was a
TCM for promoting blood circulation and removing blood stasis. At
present, two kinds of decoction pieces, raw and steamed P. notoginseng,
are mainly used in clinic. Steamed P. notoginseng, a dosage form of P
notoginseng mixed with water vapor by a TCM processing method, was
used instead of raw P. notoginseng to strengthen the efficacy of tonifying
Qi and enhance the immune system.*! However, studies in the literature
on P. notoginseng are mainly concerned on the raw form."* In recent
years, an increasing number of researches have been focused on the
small molecule components of Steamed P. notoginseng.*”* However, few
attentions have been focused on the macromolecular polysaccharides
from the steamed P. notoginseng polysaccharide (s-PNPs) which are
the main active ingredients of P. notoginseng with various biological
activities, including antitumor,® antioxidant, anti-aging,'"®! and
immunomodulatory properties.'>*) Some studies have reported that the
polysaccharides content was significantly increased after processing.™! It
is inferred that the steaming process technology has a significant impact
on the polysaccharides yield.

To optimize the parameters for s-PNPs, the Response Surface
Methodology (RSM), a novel method comprised of mathematical
and statistical techniques, was used to identify complex quantitative
relations between parameters and responses.!'” Considering its high
efficiency and ease of operation, the Box-Behnken design (BBD) is
the best type of RSM that is commonly used to optimize the technical
parameters.!'*!”) Therefore, in this study, we selected BBD to optimize
the process conditions of steaming for s-PNPs, including the wetting
time, steaming time, and steaming temperature. Besides, s-PNPs have
been reported to have several physiological and health effects, such as
anti-complementary activity, inducing the production of interferon-y
and tumor necrosis factor-o, which may be closely related to immune
regulation. Thus, the polysaccharides yield and in vitro immune
activity were comprehensively evaluated to determine the best steaming
conditions. The results were expected to provide a scientific foundation
and technical support for further study of P. notoginseng, especially
s-PNPs.

MATERIALS AND METHODS
Plant materials and reagents

Dried roots of P. notoginseng were purchased from Harbin, Heilongjiang,
China. A voucher specimen was deposited at the Key Laboratory
of Chinese Materia Medica, Heilongjiang University of Chinese
Medicine, Harbin, China. 2,4-Dinitrofluorobenzene (DNFB) and
cholecystokinin octopeptide (CCK-8) were obtained from Phar Mingen
products (San Diego, CA, USA), RPMI 1640 medium was obtained from
Gibco-BRL (Gaithersburg, MA, USA), fetal bovine serum (FBS) was
from Gibco-BRL (Grand Island, NY, USA), Penicillin, streptomycin,
lipopolysaccharide (LPS), D-Mannose (Man), L-rhamnose (Rha),
D-glucose (Glc), D-galactose (Gal), D-xylose (Xyl), L-fucose (Fuc) were
obtained from Sigma-Aldrich (St. Louis, MO, USA). Unless otherwise
stated, all of other reagents were of analytical grade.

Cells and animals

RAW264.7 cells (a murine macrophage line) were purchased from
the Cell Resource Center, Shanghai Institute of Life Sciences, Chinese
Academy of Sciences (Shanghai, MD, CN.). RAW264.7 cells were grown
in RPMI 1640 medium supplemented with 10% (v/v) FBS, 100 U/mL
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penicillin and 100 pug/mL streptomycin, under 5% CO,, at 37°C, ina CO,
incubator (Inco153, Memmert, Schwabach, Germany).

SPF BALB/c mice (half male and female), aged 6-8 weeks (22 + 2 g) were
purchased from Guangdong Medical Laboratory Animal Center (Guang
Zhou, China [SYXK (Yue) 2018-0002]). The animals were maintained
with free access to food and water in the temperature at 25 + 2°C on a
12 h light/dark cycle and humidity at 60 + 10%. All animal experiments
were performed in accordance with the Guidelines for Care and Use
of Laboratory Animals of Guangdong Pharmaceutical University and
approved by the Animal Ethics Committee of Guangdong Pharmaceutical
University.

Steaming methods of Panax notoginseng

Evenly sized root of P. notoginseng was put into the container, then
40% distilled water (V/W) was added into container, stirring to make
the surface of P. notoginseng completely contact with water for wetting.
After it and finally the soaked P. notoginseng roots were steamed in a
high-pressure steam boiler (Hirayama Manufacturing Corp., Saitama,
Japan) high-pressure cooker for steaming processing after steaming,
drying, and crushing.

Extraction and refining of Panax notoginseng
polysaccharides

The coarse powders of P. notoginseng (steamed or raw) were submitted
to sequential extraction as follows: Coarse powders (500 g) were refluxed
with 5 Vol. of 80% ethanol 3 times for 2 h and each time. The residue was
dried in air and then extracted three times with 30 Vol. of distilled water
for 2 h and each time. The aqueous extract solution was filtered and
concentrated to 1/5 volume and precipitated with 80% ethanol overnight.
The precipitate was dissolved in distilled water to remove protein by
Sevag method (n-butanol and chloroform mixed solution extraction).!
The resulting aqueous fraction was dialyzed (cut-off Mw 3500 Da) and
precipitated again by adding a 4-fold volume of 80% ethanol. After
centrifugation, the precipitated was washed with anhydrous ethanol
and acetone, and then dissolved in distilled water and lyophilized to
acquire the PNPs. The polysaccharides yield (%) was calculated using
the following Eq. (1).

Yield (%) = W/W_ x 100% (1)
W is the weight (g) of polysaccharides and W _ is the weight (g) of crude
P, notoginseng powder.

Measurement of Immunomodulatory Activities. s-PNPs was dissolved
in RPMI 1640 medium at a final concentration of 1.0 mg/mL and the
solution was sterilized by filtration through 0.22 um membrane filter.
RAW264.7 cells were seeded into 96 well plates at 5 x 10* cells/mL
for 24 h, then incubated with 100 pL of s-PNPs (250 ug/mL) for 24 h.
Cell viability was determined using a Cell Counting Kit-8 (CCK-8),
according to the manufacturer’s instructions, using a microplate
reader (Epoch2, BioTek, Winooski, USA) at a wavelength of 450 nm.
The cell proliferation rate was calculated according to the following
equation:

Cell proliferation rate (%) = [ 1-(A,-A,)/A ] x100% (2)

Single-factor experiments

The main factors of the polysaccharides yield in the steamed processing
of P. notoginseng are wetting time, steam time, and temperature. To
explore the impact of various factors on the polysaccharides yield of
steamed processing of P. notoginseng, the yield and immune activity
of s-PNPs were used as indicators and wetting time, steam time and
temperature were investigated as factors arranged in a single-factor
test.
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Response surface experimental design

Based on the single factor experiments, three independent variables
(A, wetting time; B, steam time; and C, steam temperature) at three
levels were employed for the optimization of the steamed processing of
P. notoginseng to obtain the best yield of PNPs and immune activity by
BBD-RSM. The range of independent variables and the corresponding
response values are shown in Table 1. The range of the independent
variables, the levels of the independent variables, and the results of the
whole design consisting of 17 test points performed in random order are
presented in Table 2.

The lack of fit statistics, P value, and F-value obtained from the analysis
of variance (ANOVA) were calculated by Design-Expert version 8.0.6
software to evaluate the adequacy of the model.”*"!

Analysis of monosaccharides of Panax notoginseng

polysaccharides

After that, the polysaccharides, uronic acid, and protein content
of polysaccharides of steamed P. notoginseng (s-PNPs) and raw P
notoginseng (r-PNPs) were determined by the phenol-sulfuric acid
method,?" sulfuric acid carbazole method,?” and Bradford method,*
respectively. D-glucose, D-glucuronic acid,
albumin (BSA) were used to construct a standard curve, respectively.
Three replicate data were obtained.

and bovine serum

The monosaccharide composition of the s-PNPs and r-PNPs samples
was analyzed by high-performance liquid chromatography (HPLC)
system (2695 HPLC, Waters Co., Ltd. USA) with Diamonsil C-
column (250 mm x 4.6 mm, 5 pm) under the mobile phase of water and
acetonitrile in a ratio of 20:80 (v/v, %, 0-70 min) at a flow rate of 1 mL/min
and ultraviolet absorbance of the effluent was monitored at 245 nm. The

Table 1: Codes and level of variables chosen for the Box-Behnken design

Symbol Factors Variable Coded levels
-1 0 1
A Wetting time (h) X, 18 24 30
B Steaming time (h) X, 3 4 5
C Steaming temperature (°C) X, 100 110 120

Table 2: Box-Behnken design matrix and the experimental data for the
responses

Test A/h (X1) B/h (Xz) C/Z (X3) Yield Cell
group s-PNPs (%)  proliferation
rate (%)
1 18 (-1) 5(1) 110 (0) 10.89 11.68
2 24 (0) 4(0) 110 (0) 13.67 21.32
3 24 (0) 4(0) 110 (0) 13.12 22.64
4 24 (0) 5(1) 120 (1) 11.55 19.51
5 24 (0) 5(1) 100 (=1) 8.51 15.24
6 18 (-1) 4(0) 100 (-1) 8.74 12.66
7 30 (1) 4(0) 120 (1) 10.67 18.15
8 24 (0) 4(0) 110 (0) 13.41 21.01
9 18 (-1) 4(0) 120 (1) 8.67 13.69
10 24 (0) 3(-1) 120 (1) 9.93 14.37
11 30 (1) 3(-1) 110 (0) 10.53 17.25
12 30 (1) 5(1) 110 (0) 12.11 18.24
13 24 (0) 3(-1) 100 (=1) 9.12 11.81
14 18 (~1) 3(-1) 110 (0) 10.12 13.04
15 24 (0) 4(0) 110 (0) 13.52 21.88
16 30 (1) 4(0) 100 (-1) 9.95 18.08
17 24 (0) 4(0) 110 (0) 13.32 22.87

s-PNP: Steamed-Panax notoginseng polysaccharides
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s-PNPs and r-PNPs samples preparation were as follows: polysaccharides
sample (10 mg) was dissolved in 2 mL 2.0 M trifluoroacetic acid (TFA)
and hydrolyzed at 120°C for 160 min. Then dried TFA with methanol
after cooled down to room temperature, the dry residuum was dissolved
in distilled water for the following experiments. 1 mL sample solution,
500 uL of 0.5M PMP methanol solution and 500 uL of 0.3 M sodium
hydroxide solution were mixed and incubated at 70°C for 60 min. Then,
the samples were cooled down at the room temperature for 10 min
and neutralized with 100 puL (0.3 M) hydrochloric acid (HCI) solution.
The resulting solution was extracted with equal volumes of isoamyl
acetate (twice) and chloroform. The chloroform was discarded by
centrifugation to obtain the upper aqueous phase, followed by filtering
with 0.45 pm microporous membrane. Moreover, the supernatant was
centrifuged for HPLC analysis. Six kinds of monosaccharides (Man,
Rha, Glc, Gal, Ara, and Xyl) were prepared as separate stock solutions
with purified water to different concentrations (187.5, 375, 750, 1500,
and 3000 uM). The derivatization procedure of hydrolysate samples and
standard samples must be carried out simultaneously under the same
conditions.

Fourier transform infrared spectroscopy analysis of
Panax notoginseng polysaccharides

Fourier transform infrared spectroscopy (FTIR) spectra of
the s-PNPs and r-PNPs samples were identified using a FTIR
spectrophotometer (TENSOR37, FTIR, Bruker, Germany) in the
4000-400 cm™ frequency range through the potassium bromide (KBr)
pressed-disc technique.®!

Assay of neutral red

RAW264.7 cells (1 x 10°/mL) were incubated in 96-well plates for 24 h
at 37°C. Cells were exposed to various concentrations of s-PNPs and
r-PNPs (15.625, 31.25, 62.5, 125, 250, and 500 pug/mL) and LPS (1 ug/mL)
and vehicle for 24 h. Then, the supernatant was removed and 100 pl/well
of 0.1% neutral red solution (100 mg neutral red/100 mL physiological
saline) were added to each well and incubated for 3 h. Then, the cells were
washed three times with warm PBS and 200 pL cell lysis solution (acetic
acid, ethanol = 1:1) were treated for 30 min, which was measured as the
absorbance value at 540 nm using a microplate reader (Epoch2, BioTek,
Winooski, USA). The phagocytic index was calculated according to the
following equation:

Phagocytic index (%) = (A

/A x100% 3)

medicated’ * “blank 1 )

Assay of carbon clearance

BALB/c mice were allocated randomly into seven groups with 10 rats in
each group, control group (Ctrl), model group (cyclophosphamide, Cy)
and Cy + s-PNPs-L, Cy + s-PNPs-H, Cy + r-PNPs-L and Cy + r-PNPs-L.
Ctrl and Cy mice, oral gavage with 0.2 mL of 0.9% saline solution for
7 days, polysaccharides groups, oral gavage with s-PNPs and r-PNPs
solutions for 7 days with different doses of 50 mg/kg and 200 mg/kg,
respectively. All mice, except for Ctrl, were subcutaneously injected
with Cy (80 mg/kg, 0.1 ml/10 g) on the 1%, 3, and 5" days to replicate
immunosuppression models.

All mice were injected with Indian ink (0.01 mL/g) through caudal vein
after 24 h of last administration. Blood samples were collected from the
ophthalmic vein at intervals of 2 (T,) and 12 (T,) min, a 20 ul sample
was mixed with 2 mL 0.1% sodium carbonate solution (Na,CO,,) and
placed for 2 h to measure absorbance (OD) at 680 nm. Then, the mice
were sacrificed by cervical dislocation. Organ index, carbon clearance
index (K), and phagocytic index (o) were calculated as following formula:

K = (logOD1- logOD2)/(T2- T1) (4)
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a = (K'/* x body wt of animal)/(liver wt + spleen wt) (5)
organ index (%) = organ mass/weight x 100% (6)

OD, and OD, are the absorbance of blood collected at 2 min and at
12 min; T, and T, are the time point of blood collection at 2 min and at
12 min.

Statistical analysis

The BBD-RSM results of the response surface design were analyzed
using the Design-Expert 8.0.6 software (trial version, State-Ease Inc.,
Minneapolis, MN, USA). The data were presented as mean + SEM and
analyzed by GraphPad Prism 7.0 software (GraphPad Software Inc., San
Diego, CA, USA). Moreover, statistical comparisons among groups were
examined using the two-tailed unpaired t-test. Statistical significance
was considered at P < 0.05.

RESULTS AND DISCUSSION

Single-factor experiments for wetting time on the
steaming process

As shown in Figure la and d, the wetting time on yield and immune
activity of s-PNPs in the steaming process was investigated. The yield
of s-PNPs increased with wetting time until 24 h and began to decrease
and the maximum extraction yield was 13.38 + 0.401% at 24 h. The
proliferation rate of RAW264.7 increased from 8.70 + 0.013% to
21.31 £ 0.012% when the wetting time increased from 6 to 24 h and then
presented a slight downward trend when the time exceeded 24 h. The
maximum values (13.38 + 0.401% and 21.31 + 0.012%) were reached
when the wetting time was 24 h. Therefore, 24 h was selected as the
center point of wetting time in the following RSM experiments.

Single factor experiments for steaming time on the
steaming process

The yield and immune activity of s-PNPs steamed by different steaming
time from 1 h to 5 h is shown in Figure 1b and e. The wetting time and
steaming temperature was fixed at 24 h and 100°C, respectively. The
yields of s-PNPs increased from 7.37 + 0.405% to 13.58 + 0.520% with
the steaming time increasing from 1 to 4 h. Then, it tended to go steady.
The proliferation rate of RAW264.7 increases rapidly with the increasing
steaming time from 1 to 4 h, then the proliferation rate of RAW264.7

tended stabilization from 4 to 5 h. The optimum yield (13.58 + 0.520%)
of s-PNPs was obtained when the steaming time was 4 h. At the same
steaming time, the cell proliferation rate reached to a maximum value,
which was 22.65 + 0.014%. Thus, the optimized teaming time range was
3-5h.

Single factor experiments for steaming temperature
on the steaming process

In the steaming process, the steaming temperature was performed using
ranging from 90°C to 130°C with the other steaming parameters as
follows: 24 h of wetting time and 4 h of steaming time. The s-PNPs yield
increased as the steaming temperature ascended from 90°C to 110°C,
and then, the s-PNPs yield presented gradually descended from 110°C
to 130°C [Figure 1c]. The cell proliferation rate increased rapidly when
the steaming temperature ranged from 90°C to 110°C and then dropped
gradually when the steaming temperature ascended from 110°C to
130°C [Figure 1f], which showed a similar tendency with the s-PNPs
yield and the maximum yield (12.46 + 0.572%) and cell proliferation
rate (21.03 £ 0.015%) were reached when the steaming temperature
was performed 110°C. According to the results in Figure 1lc and f,
100°C-120°C were chosen as the range of steaming temperature for the
following experiments in the steaming process.

According to the single-parameter study, we adopted steaming time
18-30 h; steaming time 3-5 h, and steaming temperature 100°C-120°C
for RSM experiments.

Statistical analysis and the model fitting

At present, the RSM is widely recommended in optimization research
due to its characteristics of optimizing processing conditions, reducing
development costs and improving product quality.?” BBD is an effective
statistical method for obtaining optimal levels of two or more treatment
variables.*) RSM with BBD was employed to optimize the processing
technology of steamed P. notoginseng. According to the experimental
design, the results of 17 trial points tested in a random order are presented
in Table 3. After the steaming process of P. notoginseng, the percentage
yield of s-PNPs ranged from 8.51% to 13.67% and the proliferation rate
of RAW264.7 ranged from 11.68% to 22.87%. The maximum yield of
s-PNPs (13.67%) and proliferation rate of RAW264.7 (22.87%) was
obtained at the following experimental conditions: 25 h of wetting time,

Wetting time (h)
257 30

20

Cell proliferation rate (%)
Cell proliferation rate (%)
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Figure 1: Effect of different steam parameters on the steamed P. notoginseng polysaccharides yield (a-c) and cell proliferation rate on RAW264.7 (b-d). (a and
d) Effect of wetting time, (b and e) steaming temperature (c and f) steaming time (n = 3)

746

Pharmacognosy Magazine, Volume 17, Issue 76, October-December 2021



NA XING, et al.: Optimization of Polysaccharides from Panax notoginseng and Comparison of Immunomodulatory Effects

Table 3: The analysis of variance results for the response surface quadratic models for the yield and immune activity of steamed Panax notoginseng

polysaccharides

Factor Sum of squares Degrees of freedom Mean square F P (Pro>F)

Yield of s-PNPs
Model 52.30 9 5.81 20.46 0.0003
A 2.93 1 2.93 10.31 0.0148
B 1.41 1 1.41 4.97 0.0611
C 2.53 1 2.53 8.91 0.0204
AB 0.16 1 0.16 0.58 0.4721
AC 0.16 1 0.16 0.55 0.4827
BC 1.24 1 1.24 4.38 0.0747
A? 8.05 1 8.05 28.34 0.0011
B? 5.21 1 5.21 18.35 0.0036
@2 26.69 1 26.69 93.96 <0.0001
Residual 1.99 7 0.28
Lack of fit 1.82 3 0.61 14.09 0.0136
Pure error 0.17 4 0.043
Cor total 54.29 16
R, Rzadj, CV% 0.9634, 0.9163, 4.82

Immune activity of s-PNPs
Model 0.023 9 2.533x107 10.55 0.0026
A 5.330x107* 1 5.330x107° 22.21 0.0022
B 8.405x10~* 1 8.405x10~* 3.50 0.1035
C 7.861x10* 1 7.861x10* 3.28 0.1133
AB 7.381x10* 1 7.381x10* 0.58 0.4730
AC 2.304x10° 1 2.304x10° 0.096 0.7657
BC 7.310x10° 1 7.310x10° 0.30 0.5982
A? 4.419x10°3 1 4.419x10°? 18.41 0.0036
B? 5.616x107 1 5.616x107 23.40 0.0019
@z 3.941x107 1 3.941x107 16.42 0.0049
Residual 1.680x10 7 2.400x10*
Lack of fit 1.419x107 3 4.731x10™* 7.26 0.0428
Pure error 2.608x10* 4 6.519x10~°
Cor total 0.024 16

R, R*adj, CV%

0.9314, 0.8431, 8.98

CV: Coeflicient of variation; s-PNPs: Steamed-Panax notoginseng polysaccharides

4 h of steaming time, 110°C of steaming temperature. The multiple
regression analysis was applied for statistical analysis and the predicted
response Y for the s-PNPs yield and cell proliferation rate could be
obtained by the following second-order polynomial equation:
s-PNPsyield =13.41+0.61 A+ 0.42B+0.56 C+0.20 AB + 0.20 AC- 0.56
BC-1.38 A2-1.11 B2-2.52 C2.

Cell proliferation rate = 0.22 + 0.026 A + 0.010 B + 9.913 x 10-3
C+5.875x10-3 AB-2.400 x 10-3 AC +4.275 x 10-3 BC- 0.032 A2-0.037
B2-0.031 C2.

Where A, B, and C are the coded values of the wetting time, steaming
time, and steaming temperature, respectively.

ANOVA was used for response surface analyze quadratic and the
statistical summary is shown in Table 3. The F values of the model were
20.46 and 10.55, respectively, that means each model was significant and
able to fit the data properly.””! The co-efficient of determination (R?)
was the proportion of variability in the data explained by or accounted
for by the model.? For the quadratic regression model, the R* values
were 0.9634 and 0.9314, respectively. These indicated that the general
availability and accuracy of the polynomial model were adequate and
could explain 96.34% and 93.14% of the variation. The value of adjusted
determination coefficient (R ,*) was 0.9163 and 0.8431, respectively. The
high values of R ,* confirmed that the model has a good fitting degree.
At the same time, the coeflicient of variation value (4.82% and 8.98%)
was relatively low, indicating a high degree of precision, reliability, and
reproducibility of the model.*”!

According to Table 3, we could find that the linear coefficients (A and C)
and the quadratic term coeflicients (A2, B2 and C2) were significant with

Pharmacognosy Magazine, Volume 17, Issue 76, October-December 2021

P values (P < 0.05), whereas the linear coefficients (B) and cross-product
coefficients (AB, AC, and BC) had no significant influence (P > 0.05)
on the yield of s-PNPs. From an analysis of the influence on cell
proliferation rate of s-PNPs, Table 3 showed that linear coefficients (A)
and quadratic coeflicients (A2, B,2and C2) were significant (P < 0.05),
while linear coefficients (B and C) and cross product coefficients (AB,
AC, and BC) had no significant difference (P > 0.05). It concluded from
the data presented in Table 1 that the independent variable (A), the
interaction terms (A2, B2and C2) significantly affected the yield and cell
proliferation rate of s-PNPs.

Response surface plots analysis

Then, we evaluate the influence of the interaction between wetting
time and steaming time on the s-PNPs yield [Figure 2a]. The yield
of polysaccharides s-PNPs was increased with the increase of the
preparation time and the peak value was at 25.49 h. In addition,
when the steaming time was from 3 to 4.25 h, the s-PNPs yield always
increased and then decreased with further steaming time. As shown in
Figure 2b, the dependence of the s-PNPs yield on the varying wetting
time and steaming temperature was measured and found that the yield
increased as the wetting time increased from 18 to 25.49 h and the
steaming temperature increased from 100 to 111.48°C, but the yield
decreased for more than 25.49 h and 111.48°C. Figure 2c shows the
effect of the interaction of steaming time and steaming temperature
on the s-PNPs yield. The s-PNPs yield was increased with steaming
time increased from 3 to 4.25 h. After the steaming time reaches
4.25 h, the curve tends to be stable. The s-PNPs yield increased in the
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Figure 2: Response surface plots (3D) showing effect of variables on the steamed P. notoginseng polysaccharides yield (a-c) and cell proliferation rate of
RAW264.7 (d-f). Wetting time, (a and d), Steaming time (b and e), Steaming temperature (c and f)

temperature range of 100°C-111.48°C and showed a downward trend
over 111.48°C.

As shown in Figure 2d, within a certain range of wetting time, the cell
proliferation rate of s-PNPs increases with the increase of the wetting
time and steaming time and the maximum value was at 25.99 h of
wetting time and 4.21 h of steaming time. As shown in Figure 2e, it was
apparent that the cell proliferation rate for s-PNPs reached maximum
when the wetting time was 25.99 h and the steaming temperature was
111.53°C, respectively. From Figure 2f, we evaluated the effect of the
interaction between steaming time and steaming temperature on the cell
proliferation rate for s-PNPs and found that the cell proliferation rate for
s-PNPs had a maximum value at 4.21 h of steaming time and 111.53°C
of steaming temperature.

According to these results, the optimal modified conditions for the
steaming process of P. notoginseng were as follows: the wetting time
was 25 h, the steaming time was 4 h, and the steaming temperature
was 110°C. Under this condition, the actual s-PNPs yield, and cell
proliferation rate were 13.36 + 0.43% and 22.03 + 0.014%, which were
similar to the predicted value 13.67 + 0.39% and 22.87 + 0.015%.
This similarity indicates that the steaming regression model is highly
significant and can be used to predict the yield and immune activity
of s-PNPs.

Monosaccharide composition

The changes of polysaccharides, uronic acid, and protein before and
after processing were compared by chemical analysis method, and
these results showed that the sugar, uronic acid, and protein contents
of the s-PNPs were 75.6 + 2.37, 25.3 + 2.09, and 11.3 + 0.91 (w/w),
while r-PNPs were 69.7 + 2.05, 28.8 + 2.17, and 19.9 + 1.01 (w/w),
respectively. The results suggested that the polysaccharides content
was significantly increased, and the protein content was reduced after
steaming.

The analysis results of monosaccharide composition are shown in
Figure 3. The chromatograms of 1-phenyl-3-methyl-5-pyrazolone (PMP)
derivatives of six kinds of standard monosaccharide samples are shown
in Figure 3c. These six kinds of monosaccharide standards were well
separated, and the peak sequence was as follows: 1: Man; 2: Rha; 3: Glg;
4: Gal; 5: Xyl; 6: Fuc. And their corresponding molar percentages (mol%)
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were 0.75%, 1.69%, 162.62%, 65.56%, 12.40%, and 2.29% in r-PNPs
sample and 0.56%, 1.34%, 218.91%, 70.91%, 10.62%, and 2.44% in
s-PNPs sample, respectively [Figure 3a and b]. These results also showed
that the Glc content in the polysaccharides of P. notoginseng increased
significantly after steaming.

Fourier transform infrared spectroscopy
spectroscopy

To further characterize s-PNPs and r-PNPs and identify the
fundamental group present in its structure, FTIR spectra analysis
was carried out. As Figure 3d, the strong peaks at 3401 and 3419
cm™ were the characteristic signals of the hydroxyl groups which
due to inter-and intramolecular interactions of the polysaccharide
chains. The weak peaks at 2931 and 2934 cm™ were caused by the
C-H anti-symmetrical stretching vibration of methyl group. The
band at around 1619 and 1604 cm™" was regarded as the nonesterified
carbonyl group carbon-oxygen double bond (C = O) asymmetric
stretching vibration, which indicated the presence of characteristic
peaks of uronic acid and bound water absorption peak and the
C = O absorption peak of r-PNPs was higher than that of s-PNPs."*!
The absorption peaks at 1411 and 1420 cm™ were derived from the
stretching vibration of C-H and represented the deformations of CH,
groups.®!l The absorption peak at 1250 and 1241 cm™ demonstrated
C = O stretching vibration. The particular bands at approximately
1200-1000 cm™, suggesting the pyranose form of sugar.*? In addition,
r-PNPs contained the o-configuration as demonstrated by the bands
at 825 cm™, r-PNPs existed absorption at 1328 cm™ indication of
the presence of a carboxyl group with symmetrical C = O stretching
vibration, 959 and 896 cm™' were representative of [-dominating
configuration in pyranose and 825 cm™ was an indication of the
presence of a-glycoside bond in the polysaccharides.**! The absorption
peak at 849 cm™ was representative of o-configuration bond in
s-PNPs.*¥ Besides, the absorption bands at 765 and 762 cm™ were
taken as the typical pattern for a glucopyranose derivative. Based on
the above results, it could be concluded that s-PNPs mainly contained
a-glycosidic bonds of sugar units and r-PNPs mainly contained two
glycosidic linkages of ci-and f-configuration.
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Figure 3: (a-c) Chromatography of monosaccharides of steamed P. notoginseng polysaccharides and raw P. notoginseng polysaccharides, (a) raw P.
notoginseng polysaccharides, (b) steamed P. notoginseng polysaccharides; (c) six standard monosaccharides. 1: Man; 2: Rha; 3: GIc; 4: Gal; 5: Xyl; 6: Fuc. (d)
Fourier transform infrared spectroscopy spectroscopy of steamed P. notoginseng polysaccharides and raw P. notoginseng polysaccharides between 400 and
4000 cm™', the blue line represents raw P. notoginseng polysaccharides and the red line represents steamed P. notoginseng polysaccharides

Effect of Panax notoginseng polysaccharides on the
phagocytosis of RAW264.7 cells

The phagocytic function of resting macrophages was measured by
detecting the size of phagocytic activity.®” The neutral red method is
a common and simple method to quickly screen the components that
regulate the phagocytic function of macrophages. The experimental
results showed [Table 4] that s-PNPs and r-PNPs (15.62, 31.25, 62.5,
125, 250, and 500 pg/mL) incubation in RAW264.7 cells for 24 h could
promote the activation of macrophages and improve phagocytosis
of neutral red. With the increase of s-PNPs or r-PNPs concentration,
the phagocytosis of macrophages also increased, but the proliferation
activity gradually decreases at high concentrations. It was found that
the phagocytosis index of the s-PNPs group was higher than that of

Pharmacognosy Magazine, Volume 17, Issue 76, October-December 2021

the r-PNPs group (s-PNPs, 49.86% vs. r-PNPs, 40.92%), suggesting
that the polysaccharides and protein content of s-PNPs and the
different functional groups might affect the phagocytic activity of
macrophages [Figure 4]. These results indicated that PNPs could activate
macrophages, promote macrophages differentiation and maturation,
and significantly enhance their phagocytic ability. Moreover, the effect of
s-PNPs was better than that of r-PNPs.

Effect of polysaccharides on carbon clearance test
in mice

Nonspecific immunity is an important part of the bodys immune
system and the phagocytic ability of mononuclear macrophages is one
of the indicators to measure the body’s nonspecific immune function.
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Figure 4: Comparison of steamed P. notoginseng polysaccharides and raw
P. notoginseng polysaccharides on the phagocytosis of RAW264.7 cells

Table 4: Phagocytic activity of RAW264.7 cells stimulated with
steamed-Panax notoginseng polysaccharides and raw-Panax notoginseng
polysaccharides

Group Dose/ug-L™" Index of phagocytosis (%)
Positive control (LPS) 1.00 53.79+5.18
s-PNPs 15.62 29.68+3.29
31.25 34.03+3.89
62.50 39.94+5.43
125 44.55%5.31
250 49.86+5.47
500 47.46+4.35
r-PNPs 15.62 26.31+3.68
31.25 28.77+4.29
62.50 33.61+5.58
125 37.70+4.55
250 40.92+4.51
500 39.99+4.00

PNP: Panax notoginseng polysaccharides; s-PNP: Steamed-PNP; r-PNPs:
Raw-PNP; LPS: Lipopolysaccharide

The clear index of macrophages can reflect the strength of phagocytic
function, which is positively correlated with immune activity. The
immunological effects of s-PNPs and r-PNPs on carbon clearance test
showed that the clearance index k and phagocytic index o were decreased
in the cyclophosphamide (Cy) group compared to the Control (Ctrl)
group [Figure 5a and b, P < 0.001], indicating that the mouse
immunocompromised model was successfully established. However,
compared to the Cy group, there was a marked increase in the clearance
index k in the high dose of s-PNPs (s-PNPs-H) group and high dose of
r-PNPs (r-PNPs-H) group (P < 0.01, P < 0.05, respectively), phagocytic
index a in high dose of s-PNPs (s-PNPs-H) group was also significant
increased (P < 0.05). As shown in Figure 5c¢ and d, spleen index and
thymus index were decreased in the Cy group compared with the Ctrl
group (P < 0.001). Treatment with s-PNPs-H could drastically increase
the spleen index and thymus index to varying degrees (P < 0.01, P < 0.05,
respectively); however, r-PNPs-H only showed an enhanced trend
without significance (P > 0.05). Compared with r-PNPs and s-PNPs at
the same concentration, the effects of s-PNPs were better than that of
r-PNPs.

CONCLUSION

In summary, we have optimized stable and reliable processing parameters
with wetting time 25 h, steaming time 4 h, and steaming temperature
110°C by BBD along with RSM. In addition, the immunomodulatory
activity of P. notoginseng polysaccharides was enhanced in vivo and
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Figure 5: Effect of steamed Panax notoginseng polysaccharides and
raw Panax notoginseng polysaccharides on carbon clearance test. (a)
carbon clearance index (n = 10), (b) phagocytic index (n = 10). (c) Spleen
index (n = 10). (d) Thymus index (n = 10). Data are shown as mean = SD.
##P < 0.001 versus Ctrl group; *P < 0.05, **P < 0.01 versus Cy group

in vitro after steaming, which may be due to the changes in the structure
of the polysaccharides during the steaming process. Based on these
results, further studies on the structure and immune functions of s-PNPs
should be conducted. Our study suggests that s-PNPs pretreatment is
a promising therapeutic approach for patients with immune disorders.
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