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Abstract: Leonurus japonicus is rich in bioactive compounds especially polysaccharide. Single factors
test and response surface methodology were used to study the optimum conditions for ultrasonic -
assisted extraction of polysaccharide from L. japonicus, and its physiochemical and DPPH scavenging
activities also were evaluated. The optimal conditions as underpinned by this paper is as follow:
extraction temperature of 70 °C, extraction time of 50 min and extraction power of 210W. The
polysaccharide of L. japonicus was shown to be a non-reducing sugar and to exhibit DPPH
scavenging activity to an extent. The polysaccharide structures were studied using SEM, AFM, and
FT-IR. It showed L. japonicus polysaccharide had been having more than one chains which were
branched and entangled with each other. and existed a broad band wavelength of 2925.64, 1635.06,
1539.7, 1046.73, and 477.86 cm™™. The study indicated that L. japonicus may have a beneficial use to
the medical and food industries.
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1. Introduction

Leonurus japonicus is employed in the treatment of several ailments among the 50 fundamental
Chinese medicine. Referred to as motherwort “Yimucao” in Chinese. Some of its use in Chinese
herbal medicine include edema dispel, regulation of menstrual disorder, diuretics and invigorating
blood circulation [1]. The active components of L. japonicus as conforming to modern
pharmacological studies such as bioactive polysaccharides, have been reported to exhibit some
pharmacological properties such as cardio protective, anticancer, antioxidant, analgesic and
neuroprotective, antibacterial as well as have effect on women uterus [2]. The leaves, which is capable
of producing essential oils has been reported to have some antioxidant properties too. In the cosmetics
industry, it is currently being used as facial masks or ointments and also in food products,
accompanied with other components to treat skin disease as well as help in activation of blood
circulation [3]. Presently, the replacement of synthetic antioxidant with naturally occurring antioxidant
is increasing due to the side effects associated with synthetic antioxidant such as increased risk of
cancer [4-15].

This has led to increased interest in finding natural elements in foods and medicinal plants with
bioactivities. Polysaccharides obtained from medicinal plants are an important health care product
because they function as anti-tumor [16], antioxidant [17], and anticoagulant [18].
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The extraction methods employed in the extraction of polysaccharides play huge role in the
bioactivities as well as the yield of polysaccharide. Response Surface Methodology (RSM) is a
collection of mathematical and statistical techniques used for improving and development of extraction
process [19-23]. It is also useful in evaluating the effects of several independent variables not
necessarily using predetermined relationship on the system responses. The application of RSM in
design optimization enables reduction in experimental trail numbers. In this study, ultrasonic assisted
extraction was used to extract polysaccharide from the whole plant including roots, stems, leaves and
flowers of L. japonicus due to its efficiency and low cost. RSM was used to optimize the extraction
process. The objective was to determine the physicochemical and DPPH scavenging antioxidant
capacity of the polysaccharide extracted from L. japonicus.

2. Materials and methods
2.1. Preparation of L. japonicus sample

Sample consisting of dried roots, stems, leaves, flowers of L. japonicus was purchased from
Lanzhou, Gansu province. It was air-dried and milled using a cyclotech mill. It was passed through a
40-mesh sieve to give a fine powder. Sample was packed, sealed and stored at room temperature for
other analysis.

2.2. Ultrasonic-assisted extraction of polysaccharide from L. japonicus sample

The extraction of polysaccharide from L. japonicus performed using ultrasonic assisted treatment
was carried out in an ultrasonic processor (KQ-250DB, Kunshan Ultrasonic Instrument Co., Ltd.,
Jiangsu, China). The extraction temperature, extraction time, and ultrasonic power were fixed at ranges
of 60-80°C, 40-60 min and 180-240 W, respectively. The solid-liquid ratio was constant at 1:15. After
extraction, it was centrifuged at 3000 rpm for 15min; the supernatant was collected and stored at 4°C
for further analysis.

2.3. Determination of polysaccharide yield from L. japonicus

The polysaccharide concentration was determined using the phenol-sulfuric acid method [24,25].
The extract was analyzed and its optical density measured at 485nm (ODugs). Polysaccharide
concentration was calculated using the linear regression equation (Y= 0.0569x — 0.0005, R?= 0.9973)
derived from the standard curve with vertical coordinate denoting ODags and horizontal coordinate the
concentration of glucose (g/mL), respectively. Polysaccharide yield was calculated according to the
formula below:

C XN XV

Yield of polysaccharide(%) = W X 1000

X 100% Q)

where C represents the concentration of the polysaccharide calculated by the calibrated regression
equation (mg/mL); N was the dilution factor; V was the total volume of extraction solution (mL) and
W as the weight of the dried L. japonicus sample (g).

2.4. Experimental design and statistical analysis

The single-factor experimentation with three factors including extraction power (A), extraction
time (B) and extraction temperature (C) was used to evaluate the effect on the yield of L. japonicus
polysaccharide.

According to the single-factor experimentation, three preliminary factors, extraction power (A),
extraction time (B) and extraction temperature (C) was obtained. To determine the best combination of
extraction factors for the optimization of L. japonicus, a Box-Behnken design (BBD) with three
independent variables at three levels was performed. The key parameters based on single-factor were
determined to be extraction power, extraction time and extraction temperature. The Box-Behnken
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design and response value used for the model development is displayed in Table 1. As described by
Montgometry [26], five central points in the experimental design accounted for the method
repeatability. 17 random trails were carried out and the quadratic polynomial model employed was as
follows;

Y = Bo+ B1A + B2B + 3C + L114% + [22B% + B33C* + B12AB + B13AC + B23BC  (2)

where Y denotes the dependent variable, S, represents the constant coefficient of the model which is
the intercept. (B1,82,83), (B11,B22,L33) and (B12,L13,L23) denotes the coefficient for linear,
quadratic and interaction terms, respectively. A, B, and C are the coded independent variables. The
regression coefficient R2 was used in determining the fitness of the quadratic polynomial model while
the significance of the regression coefficient was examined using the F- value and P-value.

Table 1. Box-Behnken design Independent variables and levels used

Levels Extraction power Extraction time Extraction Temp.
G (Watt.) (B) (min) © Q)
-1 180 40 60
0 210 50 70
1 240 60 80

2.5. Analysis of physicochemical properties

The physicochemical properties of the polysaccharide determined were as follows: colour test was
done according to Ge et al. [27], solubility as described by Armas et al. [28], Coomassie Brilliant Blue
method [29], Carbazole reaction by Bitter and Muir [30], FeCls reaction as described by Zhou [31],
Molish test following Mohamed [32], and phenol test using the sulfuric method [24].

2.7. Analysis of DPPH scavenging activity

The DPPH free radical scavenging activity was determined according to the method described
below, ascorbic acid (Vc) was used as a reference standard for comparison. The sample of the
polysaccharide was dissolved in methanol to get a series of solutions with different concentrations (20-
100 pg/mL). About 1.5 mL of methanol DPPH radical solution (0.004% w/v) and 1.0 mL of the
polysaccharide sample were mixed vigorously and incubated at room temperature for 30 min in the
dark. Absorbance of the mixture was measured at 517 nm. Blank solution contain all reagent except
plant extract. The scavenging activity (%) was then calculated by using the following equation.

Scavenging activity of DPPH (%) = % x 100%

where Ao was the absorbance of the control and A1 was the absorbance of the extract and standard.

2.8. Structural analysis of L. japonicus polysaccharide

The chemical structure of L. japonicus was determined by Fourier transform infrared spectroscopy
(FT-IR) at a resolution of 0.09 cm in the frequency range of 400-4000 cm™ [33] while the surface
microstructure and morphological characteristics were observed with Atomic force microscopy (AFM)
and Scanning electron microscopy (SEM) (JSM-5600LV, American Kevex Company, America).

2.9. Statistical analysis

Origin Pro software package 8.5 (Origin Lab Corp) and Design Expert software Version 8.0.5
(Stat-Ease Inc.) were used to conduct the statistical analysis. All data were represented as mean value
of three replicate determinant with differences considered to be significant when p <0.05.
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Table 2. The yield of polysaccharide by Box-Behnken design

No. A: Extraction power B: Extraction Duration C: Extraction temp.  Yield

(W) (min) (°0) (%)
1 180 40 70 9.56
2 240 40 70 9.38
3 180 60 70 9.32
4 240 60 70 9.27
5 180 50 60 9.93
6 240 50 60 9.63
7 180 50 80 9.24
8 240 50 80 9.15
9 210 40 60 10.1
10 210 60 60 9.8
11 210 40 80 9.51
12 210 60 80 9.24
13 210 50 70 11.58
14 210 50 70 11.6
15 210 50 70 1161
16 210 50 70 11.57
17 210 50 70 11.64

3. Results and discussions
3.1. Single factor experiment
3.1.1. Effect of different time on the extraction yield of L. japonicus polysaccharide

The effect of the different time (30, 40, 50, and 60 min) on the yield of polysaccharide was
examined with the other extraction parameters such as temperature, power and solid-liquid ratio set at
70°C, 210 watt and 1:15 respectively. The duration of time employed in the extraction of
polysaccharide play a vital role in the yield of polysaccharide. As illustrated in Fig. 1a, at 30min, the
yield of polysaccharide was 10.6% which continually increase with maximum yield of 11.5% at 50
min. There was a drastic decreased in the yield of polysaccharide when time was set at 60 min. This
could be due to longer extraction time which could result to lower yield of polysaccharide [34].

3.1.2. Effect of different temperature on the extraction yield of L. japonicus polysaccharide

The effect of extraction temperature (40, 50, 60, 70 and 80°C) on the yield of L. japonicus
polysaccharide was illustrated by Fig. 1b with other parameters set as follows: extraction time (50
min), extraction power (210 watt) and solid-liquid ratio (1:15). The figure showed that there was a
graduate increased in extraction yield as the temperature was increased. The maximum vyield of
polysaccharide (11.64%) was detected at 70°C which a sharp declined as soon at the temperature
attained 80°C. Although, some studies had suggested that a higher temperature benefit the solubility
and extraction yield of polysaccharide [35] but when the temperature was above certain degree, it
could decrease the polysaccharide yield of some plant materials as shown in Figure 2b. So, the
temperature range of 60-80°C was adopted as the optimal for the BBD experiment.

3.1.3. Effect of extraction power on the yield of L. japonicus polysaccharide

Different extraction power was set at 120, 180, 210, 240 and 300 W respectively in order to
investigate the influence of power on the yield of L. japonicus polysaccharide with other parameters
set as follows: extraction temperature (70 °C), extraction time (50 min) and solid-liquid ratio (1:15).
Plant molecules solubility could be increased with ultrasonic power as a result of the destruction of
intra and inter-molecular bonds and the increment of contact efficiency between hydrophilic groups
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and extraction solvents [36]. The yield of polysaccharide continually increased until it attained its
maximum vyield (11.54%) at was 210 watt and then declined. Higher ultrasonic power can result in the
degradation of the extracted polysaccharide which can bring about lower yield [37-43].
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Figure 1. Effect of time (A), power (B), and temperature (C) on the extraction
yield of L. japonicus polysaccharide

3.2. Fit of model and statistical analysis

BBD was used to optimize and investigate three independent variables extraction power (factor 1),
extraction time (factor 2) and extraction temperature (factor 3) in order to determine the most suitable
combination of extraction factors. Table 2 showed the response value of yield with the design matrix
obtained by BBD. It can be observed that the yield of polysaccharide ranged from 9.24 - 11.64% with
maximum yield at 70 °C, 210 W and 50 min. The experiment error was determined using Trial No. 13 -
17 in Table 2. The model for the predicted yield of polysaccharide (Y) according to the multiple
regression analysis on the experimental data was represented by the following quadratic polynomial
equation:

Y =-110.32375 + 0.538004 + 0.98175B + 1.21325C + 1.0833E — 004AB + 1.75000E
— 004AC + 7.50000E — 005BC - 1.32917E
— 0034%- 0.010212B% - 9.16250E — 003C*>

Analysis of variance (ANOVA) was used to carry out the statistical test as shown Table 3. Table 3
displayed the fitted quadratic polynomial model of extraction for L. japonicus polysaccharide. The
model F-value of 1037.46 implied that the model was significant. There was only a 0.01% chance that
this ‘Model F-Value’ could occur due to noise. Values of ‘Prob > F’ less than 0.0500 indicated model
terms were significant. In this case, the independent variables (A, B, C), the interaction term (AC) and
the quadratic term coefficient (A%, B2, and C?) were significant model terms. Values greater than
0.1000 indicated the model terms were significant. The “Lack of Fit F-value” of 4.13 implied that the
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Lack of Fit was not significantly relative to the pure error. There was a 10.20% chance that a “Lack of
Fit F-value” this large could occur due to noise. A Non-significant lack of fit indicated that the model
was well fitted. The “Pred-R?” of 0.9907 was in reasonable agreement with the “Adj-R?” of 0.9983.

3.3. Analysis of RSM

In order to assess the effects of variables and their interactions on the yield of polysaccharide, a tri-
dimensional (3D) surface plot and 2D contour plot (Figure 2 A-C) were used to illustrate the
interaction effects of the variables on responses. To determine the effect of the three variables
(extraction temperature, extraction duration and power) on the yield of polysaccharide, one variable
within the experimental range remained adjusted at central point which reflected the effect of the other
two variables.

Table 3. ANOVA for Response Surface Quadratic Model
(Analysis of variance table)

Source SSe CEP DFe¢ Mms¢ SE®  FValue P Value
Model 16.41 11.60 9 1.82 0.019 1037.46 <0.0001s
A 0.048 -0.077 1 0.048 0.015 27.35 0.0012
B 0.11 -0.11 1 0.11 0.015 60.21 0.0001
C 0.67 -0.29 1 0.67 0.015 382.89 <0.001
AB 4.225E-003 0.032 1 4.224E-003 0.021 2.40 0.1649
AC 0.011 0.052 1 0.011025 0.021 6.27 0.0407
BC 2.250E-004 7.500E-003 1 2.250E-004 0.021 0.13 0.7310
A2 6.025322 -1.20 1 6.03 0.020 3429.05 <0.0001
B? 4.39 -1.02 1 4.39 0.020 2499.16 <0.0001
c? 3.53 10.92 1 3.58 0.020 2011.67 <0.0001
Residual 0.012 7 1.757E-003
Lack of fit 9.300E-003 3 3.100E-003 4.13 0.1020ns
Pure error  3.000E-003 4 7.500E-004
Cor. total 16.42 16
Std. Dev. 0.042 R? 0.9993
Mean 10.13 Adj- R? 0.9983
C.V. (%) 0.41 Pred- R? 0.9907
PRESS 0.15 Adequate Precision  75.506

s: significant; ns: not significant, » Sums of squares, ® Coefficient estimate, ¢ Degree of freedom,
d Mean square, ¢ Standard error.

The 3D plot and 2 contour plots as shown in Figure 2A displayed the effect of extraction duration
and extraction temperature on the yield of polysaccharide. As the time increased, the yield
significantly increased. At 50 min and 70°C, the yield attained its maximum vyield and exponentially
decreased. As a result of the decline in yield after 50min and 70°C, 50 min extraction time and a
temperature of 70 °C was selected as the central point for the RSM analysis.

Figure 2B showed the interaction between extraction power (A) and extraction temperature (C) on
the yield of polysaccharide. From the plot, increase in extraction temperature brought about increase in
polysaccharide yield with maximum yield of 11.64% at 70°C and power at 210W, then it declined. It
can be observed from the 3D plot that the minimum yield at 9.15% resulted from the effect of
temperature at 70°C and power of 210W as reflected on the contour plot. Due to the decrease in
polysaccharide yield after 210W, a power of 210 W was adopted as the central point of the RSM
analysis. The relationship between the extraction duration and power as indicated in Figure 2C with
power at 210W and time at 50 min resulted in the maximum yield of the polysaccharide.
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A moderately high temperature and shorter time had been reported to be attributed to higher yield
using ultrasonic equipment. Some studies [44,45] reported that ultrasound assisted extraction had a
shorter extraction time (52 min) and a lower temperature (70 °C) as compared to traditional extraction
with longer time and temperature. The higher yield of polysaccharide which was accounted for at 50
min and 70 °C had been underpinned by this statement.

The three 3D surface plots were almost similar and all reflected that the maximum vyield of the
polysaccharide was attained at power of 210 W, extraction duration of 50 min and extraction
temperature of 70 °C. It can also be concluded that a slight change in any of the parameters (power,
time, temperature) could bring about a considerable change on the yield of polysaccharide.
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Figure 2. Response surface 3D surface plot and 2D contour plot illustrating the
effect of different parameters (power, extraction duration and temperature) on the
yield (%) of L. japonicus polysaccharide
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3.4. Physicochemical properties of the polysaccharide

Table 4. Result of physicochemical properties of L. japonicus polysaccharide

Colour Solubility test Phenol- Fehling’s test a-naphthol Carbazole test ~ FeCls test Coomassie
observation sulfuric test test brilliant blue
test
Brown Water +ve -ve -ve +ve -ve +ve

Note: +ve mean positive reaction and —ve means negative reaction.

According to Table 4, the physicochemical properties indicated that L. japonicus polysaccharide
was brown in colour and water soluble. It can also be said that it was a non-reducing polysaccharide
due to the result yielded by phenol-sulfuric test, fehling, and a-naphthol. Result obtained by FeCls also
indicated the absence of polyphenols in L. japonicus. Coomassie brilliant blue test and carbazole
which both yielded positive value indicated the presence of protein and uronic acid in L. japonicus.

3.3.5. DPPH Scavenging activity

Figure 3 showed the scavenging activities of L. japonicas and Vit. C against DPPH radical. At a
concentration of about 10 mg/mL to 100 mg/mL, the DPPH radical scavenging activity of L. japonicus
increased until the maximum value of 58% at 100 mg/mL. The scavenging effect of L. japonicus was
visibly not as strong as Vit. C as the maximum scavenging rate of Vit. C reached almost 96% at 100
mg/mL.

®— [.japonicus

80
70

50 ¢

DPPH Scavenging activity (%)

0 20 40 60 80 100

Concentration (mg/mL)
Figure 3. DPPH Scavenging activity of
L. japonicus polysaccharide

3.4. Structural Analysis of L. japonicus polysaccharide
3.4.1. Scanning Electron Microscope (SEM)

The Scanning Electron Microscope (SEM) is a type of electron microscope that enables a clear
observation of very small surface structures, impossible with an optical microscope. In addition, it can
engendered images with deeper focal depth and enable observations of 3-dimensional images, with a
similar sense as looking at a substance with the naked-eye, by enlarging the specimen surface which
has a rough structure. Although, the preparation of polysaccharide might have caused damaged to the
sample, the result as underpinned by Figure 4 (A & B) below showed that the microscopic
conformation of L. japonicus polysaccharide after ultrasonic effect reflected a morphological
characteristic of forming films without measurable and defined format. These micrographs was similar
to that reported by Pan et al. [46] that studied the heteropolysaccharide of corn silk. They denoted that
the pores presented in the sample was associated to the lyophilization process.
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A\ . (O
Figure 4. Scanning Electron Microscopy of L. japonicus polysaccharide
with magnification of x300 and x500

)

3.4.2. Atomic Force Microscopy (AFM)

One of the ways to study the steric structure of polysaccharide is Atomic Force Microscopy. It is a
novel type of scanning probe microscopy that generates images, primarily topographical ones, by
scanning the surface of samples with a sharp tip attached to a cantilever [47]. As a result of this, it can
be deduced that AFM generates images by having contact with the samples instead of observing them.
The overall particle size of a sample can be known with AFM due to the AFM tip-broadening effect
[48, 49]. Figure 5 (A, B) showed the molecular morphology as analyzed by AFM with an area of 10um
by 10 um, scan rate of 1.001Hz. The diameter of spherical lumps of L. japonicus polysaccharide was
in the range of 70-300 nm. AFM study showed that the polysaccharide from L. japonicus have a
dotted-like structure scattered around the flatten surface of the image depicted by the Figure 5b a
below. Figure 5b. demonstrated the depth of field, and height of polysaccharides fibre relative to the
background. These results underpinned L. japonicus polysaccharide had been having more than one
chains which were branched and entangled with each other [49-55].

Figure 5. AFM image of L. japonicus polysaccharide (A and B: scan
sizelOum, scan rate 1.001Hz)

3.4.3. Fourier transform infrared spectroscopy (FT-IR)

FT-IR principle works by detecting the band of organic matters present in the sample. The infrared
spectrum (Figure 6) showed a board band wavelength overlap between the absorption of various
components of the functional groups in the sample. 2925.64 cm™ band indicated the presence of C-H
stretching [56], this may be attribute to lipophilic components [57]. The peak at 1635.06 and 1539.73
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cm? indicated the presence C=C stretching in aromatic system. Peak at 1635.06 cm™ could also
indicate bond of N-H bend/C=C stretch. Indicative of C-O stretch is peak at 1046.73 cm™. The
absorbance of the polysaccharide at 477.86 cm™ can be assigned to skeletal modes of pyranose rings.
The observed functional groups of L. japonicus polysaccharide as indicated by the Fig. 6 below mainly
correspond to a good source of antioxidant [35, 36, 58-62].

70
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Tansrittance/%

10 1045.73
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4000 3000 2000 1000 0
Wavernumbersfom-1

Figure 6. FT-IR infrared spectrum of L. japonicus

4. Conclusions

The three independent variables (extraction temperature, extraction duration and power) have
significant effect on the yield of polysaccharide while the interaction effects of extraction time and
ultrasonic power was more significant on polysaccharide yield. To optimize the extraction by
ultrasonic technology, a second-order polynomial was applied. The optimum extraction conditions
were: extraction time 50 min, extraction temperature 70°C, ultrasonic power 210 W and ratio of
material to water 1:15. Under these sets of conditions, maximum value of polysaccharide yield was
11.64%. This work provided an efficient method that can be used to extract water soluble
polysaccharides from L. japonicus. The result of in vitro DPPH scavenging activity showed that
polysaccharides can act as a natural DPPH scavenger. The results of the structural analysis using AFM
showed L. japonicus polysaccharides have a dotted-like structure, scattered around the flatten surface
of the image while that of FT-IR showed a broad band wavelength of 2925.64, 1635.06, 1539.7,
1046.73 and 477.86 cm, indicting L. japonicus polysaccharides to be a good source of antioxidant.
Therefore, this study suggested that L. japonicus can play a vital role as a potential functional
ingredient in food and medicines.
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