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Response surface optimization of polysaccharide extraction from Galla Chinensis and
determination of its antioxidant activity in vitro
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Abstract

Galla Chinensis was a traditional Chinese medicine used as an ingredient in many prescriptions for the treatment of oxidant
damage-associated symptoms in China. The current research on the isolation of polysaccharides from Galla Chinensis and
their antioxidant activities still remain as an ongoing challenge. The purpose of this study is to develop an isolation technique
for polysaccharides from Galla Chinensis and determine their antioxidant properties in vitro. An ultrasonic-assisted method
of polysaccharides extraction from Galla Chinensis were firstly developed and the key parameters were optimized response
surface analysis as crushing degree 100 mesh, ultrasonic time 20 min, and materials/liquid ratio 1: 40. The polysaccharides
presented dose-dependent antioxidant and free radical scavenging effects in DPPH, ABTS, total antioxidant and Iron ion
reduction assays. Moreover, it also demonstrated an effective protective effect for human under H,O,-induced oxidative damage
on human embryonic kidneyfibroblast 293 and hepatoma 7721 cells by cell proliferation assay. The study firstly determined the
antioxidant activities of polysaccharides from Galla Chinensis, thus providing a new natural resource for future investigation

and development of the polysaccharides-based antioxidant drugs, health products or addictives.

Keywords: Galla Chinensis; polysaccharide; antioxidant; response surface analysis.

Practical Application: As the candidate of bioactive component for ameliorating oxidant damage-associated diseases.

1 Introduction

Galla Chinensis, used as a Traditional Chinese Medicine (TCM),
is in a form of the gall produced through parasitic interaction
between plants (family Anacardiaceae, mainly Rhus chinensis Mill,
Rhus potaninii Maxim, and Rhus punjabensis var. sinica (Diels)
Rehd. EtWils) and insects (Chinese sumac aphid Baker, mainly
Melaphis chinensis Bell) (State Pharmacopoeia Committee of the
People’s Republic of China, 2015). This horned and reddish-brown
gall, covered with the velvety down, is traditionally used to treat
various body inflammatory diseases, such as toothache, dental
caries, diarrhea, dysentery, painful hemorrhoids, and cancers in
the many northeast and southeast Asian countries, especially in
China (Sariozlu & Livanc, 2011; Wang et al., 2019). Moreover,
Galla Chinensis was also claimed to be used as an ingredient in
many prescriptions for the treatment of oxidant damage-associated
symptoms in the TCM encyclopedia (Gao et al., 2018).

Based on its empirical uses for oxidative damage diseases,
such as cancers, cardiovascular diseases, degenerative diseases
and metabolic diseases, Galla Chinensis recently create a great
interest of scientific community toward its antioxidant and free
radical scavenging potentials. Gallic acid, ellagic acid, p-sitosterol,
amentoflavone and purpurogallin were most frequently
investigated and considered as the antioxidant compounds of
Galla Chinensis. Their protective role in preventing various
oxidative damage diseases have widely reported toward the
various application potentials in recent years (Chen et al., 2018;
Farbood et al., 2019; Kahkeshani et al., 2019; Ponnulakshmi et al.,

2019; Xie et al., 2019). However, as the complex plant-insect
symbiont, bioactive processes during galls formation suppose to
generate abundance of bioactive metabolites in Galla Chinensis.
The understanding of its phytochemical knowledge thus clearly
needs further complement.

Polysaccharides is the main antioxidant ingredient of
many herbal medicines, which has the functions of increasing
antioxidant enzyme activity, eliminating free radicals, inhibiting
lipid peroxidation and protecting the cells, tissues and organs
under oxidative stress (Liu et al., 2018). Previously, a broad
of polysaccharides isolated from traditional plants have been
reported to exhibit strong antioxidant and free radical scavenging
activities (Chen & Huang, 2019; Gao et al., 2016, 2019). However,
the bioactivities of polysaccharides from Galla Chinensis were
barely reported. A systematic investigation into the isolation
technique and antioxidant activities of the plant-insect symbiont
polysaccharides thus remained an ongoing challenge.

To underpin a fundamental understanding of bioactive
materials and antioxidant activities of Galla Chinensis and support
its ongoing clinical uses in China, this study firstly developed and
optimized an ultrasonic-assisted extraction method by response
surface analysis to isolate polysaccharides from Galla Chinensis.
Secondly, the antioxidant and free radical scavenging activities
of extracted polysaccharides were determined by chemical and
cellular analysis.
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2 Materials and methods
2.1 Sample preparation and cell lines

Galla Chinensis was purchased from Hao Yi Sheng
Chinese herbal medicine store, Luoyang. The identity of
original medicine was kindly confirmed as Galla Chinensis
by Professor Pu Liu at Henan University of Science and
Technology. A voucher specimen has been deposited in
natural products research laboratory, School of Chemical
Engineering and Pharmaceutics.

The dry herb was minced to proposed crushing degree
(60, 80, 100 or 120 mesh). The samples were then extract with
distilled water at proposed ratio (1:5, 1:10, 1:20, 1:30 or 1:40) in
the ultrasonic cleaning machine for proposed minutes (10 min,
20 min, 30 min, 40 min or 50 min) at 60 °C. The samples were
then centrifuged and collected supernatants. The supernatants
were mixed with absolute ethanol to achieve the final ethanol
concentration at 80%. The mixture was standstill for 12 hours
and centrifuged to precipitate the polysaccharides.

The human embryonic kidneyfibroblast cells 293 and
hepatoma cells 7721 were purchased from Beinglay Biotech
(Wuhan, Hubei, China). Cells were grown in DMEM medium
in a 5% carbon dioxide humidified incubator at 37 °C.

2.2 Response surface analysis

According to the results of single factor test, factor A crushing
degree (60, 80 and 100 mesh), factor B ultrasonic extraction
time (20, 30 and 40 min) and factor C materials/liquid ratio
(1:20, 1: 30 and 1: 40 g/mL) were selected for response surface
analysis. In the response surface analysis of Design-Expert 8.0.6,
Box-Behnken was selected to perform the experimental design
with three factors and three levels.

2.3 DPPH free radical scavenging assay

Prepared polysaccharides and Vitamin C at concentration
of 0.01, 0.03, 0.06, 0.12, 0.18, 0.24 mg/mL. The 3 mL DPPH
working solution was mixed with 1 mL sample. The mixtures
were then incubated at room temperature for 30 min and
measure the absorbance at 517 nm. DPPH free radical scavenging
rate = (A -(A-A))/A,* 100%. A : absorbance of DPPH working
solution+absorbance of distilled water; A : absorbance of DPPH
working solution+ absorbance of samples; A : absorbance of
distilled water+ absorbance of samples.

2.4 ABTS free radical scavenging assay

Prepared polysaccharides and Vitamin C at concentration
of 0.01, 0.02, 0.03, 0.06, 0.12, 0.24 mg/mL. The 2.4 mL
ABTS working solution was mixed with 0.6 mL sample.
The mixtures were then shake for 6 min in dark and measure
the absorbance at 734 nm. ABTS free radical scavenging
rate = (A -(A-A))/A, * 100%. A : absorbance of ABTS working
solution+ absorbance of distilled water; Ag absorbance of ABTS
working solution+ absorbance of samples; A : absorbance of
distilled water+ absorbance of samples.
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2.5 Total antioxidant activity test

Prepared polysaccharides and Vitamin C at concentration
of 0.06, 0.12, 0.18, 0.24, 0.30, 0.36 mg/mL. Prepared the stock
solution of phosphorus molybdenum reagent (0.6 mol/L sulfuric
acid, 28 mmol/L sodium phosphate and 4 mmol/L ammonium
molybdate). The 1.0 mL of each samples mixed with 3.0 mL
phosphorus molybdenum reagent solution and placed in 95 °C
water bath for 90 min. The samples were cooled down and
measured the absorbance at 625 nm.

2.6 Iron ion reduction assay (FRAP)

Prepared polysaccharides and Vitamin C at concentration
of 0.02, 0.04, 0.06, 0.08, 0.10 and 0.12 mg/mL. Prepared
FeSO, solution at concentration of 400, 200, 100, 50, 25 umol/L.
Dissolved 31.233 mg tripyridyl triazine in 40 mL 10 mmol/L
HCL to produce 10 mmol/L TPTZ solution. The 3.6 mL FRAP
working solution was mixed with 0.4 mL samples. The mixtures
were shaken and measured the absorbance at 593 nm. Used series
concentrations of FeSO, solution to produce the standard curve
and then determined the FeSO, concentrations in the samples
as FRAP values representing the antioxidant ability.

2.7 Cell antioxidant assay

200 pL cell suspension was seeded at a concentration of
1.5x10* cells/mL in a 96-well plate. After overnight incubation,
H,0, (1000, 10and 0.1 pg/mL) and serial dilutions of polysaccharides
(1000, 500, 100 and 10 pug/mL) were added in 10 pL aliquots. After
6 and 24 hours incubation, 20 pL MTT solution (5 mg/mL) was
added and incubated at 37 °C for 4 h to develop color. The optical
density (OD) was measured at 590 nm using a Multiskan Spectrum
Reader. The cell survive rate was determined using cell survive
rate = sample O.D/control O.D x100%.

2.8 Statistical analysis

The data were shown as mean + standard deviation (SD).
Statistical comparison among treatments was carried out using
one-way analysis of variance (ANOVA). The statistical significances
between control and sample groups were calculated by the
Student’s t-test. Data were taken as significant where p < 0.05.

3 Results and discussion

In the single factor experiment, crushing degree,
materials/liquid ratio, ultrasonic times and temperature were
selected to be the parameter optimized during the polysaccharides
isolation of Galla Chinensis. As shown in Figure 1A and C,
the extraction rate of polysaccharides increased at first and
then decreased at the different crushing degree and ultrasonic
time. The extraction rate reached the top value at 80 crushing
meshes and 30 minutes, respectively. The 60, 80 and 100 meshes,
and 20, 30 and 40 minutes were chosen to be used in following
response surface analysis. Moreover, the extraction rate raised
with the increase in materials/liquid ratio as shown in Figure 1B,
The ratios of 1:20, 1:30 and 1:40 were used in further analysis.

The water extraction following alcohol sedimentation is
the most common method used for natural polysaccharides
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isolation (Zhao et al., 2019). However, the parameters, such as
materials/liquid ratio, ultrasonic time, extraction temperature,
alcohol concentration, extraction repeating times, and crushing
degree of raw materials, all could play the roles affecting the
extraction efficiency (Shi, 2016). In the preliminary isolation
tests of current study, crushing degree of raw materials,
materials/liquid ratio and ultrasonic time were determined as the
key factor and then optimized using response surface analysis.
It was found that the smaller size of herbal raw materials could
increase the contact area with extracting liquid, which enhance
the extraction. However, too small size materials may led to
the accumulation and caking of samples, thus decreasing the
extraction rate. Appropriate enhancement of the ultrasound time
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also increased the extraction of polysaccharides. But the extensive
period of ultrasonic concussion may lead to the destruction of
polysaccharide macromolecule, thus decreasing the extraction
rate (Shang et al., 2019). The higher materials/liquid ratio
enhances the mutual contact and extraction between materials
and solvent. Considering the solvent and energy consumption,
materials/liquid ratio should also be controlled within a rational
range.

As shown in Table 1, the parameters selected above were
used to perform the response surface analysis using Box-Behnken
of Design-Expert 8.0.6. The results obtained were then merged
and optimized to produce the Formula 1 as follows:

0.40
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Figure 1. Single factor experiment of polysaccharides isolation from Galla Chinensis. (A) Degree of crushing/mesh; (B) Materials-liquid Ratio;

(C) Ultrasonic time/min.

Table 1. Experimental scheme and results.

No A crushing degree/mesh B ultrasonic extraction time/min  C materials/liquid ratio/g-mL"! Extraction Rate/%
1 100 30 40 0.52
2 80 30 30 0.32
3 60 30 20 0.24
4 80 20 40 0.43
5 80 30 30 0.33
6 60 20 30 0.19
7 60 30 40 0.30
8 100 40 30 0.40
9 80 40 20 0.50
10 100 30 20 0.51
11 80 30 30 0.35
12 80 40 40 0.35
13 80 30 30 0.30
14 60 40 30 0.26
15 80 30 30 0.29
16 100 20 30 0.40
17 80 20 20 0.21
190 Food Sci. Technol, Campinas, 41(1): 188-194, Jan.-Mar. 2021
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Extraction Rate (Y) = 0.320825702 + 0.104134237 * A +
0.032408266 * B + 0.018277963 * C — 0.016505191 * A * B — )

0.091808792 * B * C — 0.012389854 * B* + 0.068056154 * C?

As shown in Table 2, the model P value was less than
0.001 and the missing item P values was less than 0.2549, which
indicated that the model was fully fitted and could well described
the relationship between each factor and the response value.
The determination coefficient R? of the regression equation
above was 0.9549. The corrected correlation coefficient R 2 Was
0.9199, which showed that the variability of the test data could
be explained by this regression model. Therefore, the model
could be used to predict the extraction rate of Galla Chinensis
polysaccharides. Moreover, the P value of primary item A was less
than 0.001 with the extremely significant difference. The P value
of quadratic term item BC and C? was less than 0.01 with the
highly significant difference. The P value of primary item B was
significantly difference. The P value of primary item C was not

Table 2. Variance analysis.

significantly difference. The results showed that the extraction rate
of Galla Chinensis polysaccharides was not determined by a single
factor, but by a variety of interactive factors. According to their P
values, it could be concluded that the influence levels was crushing
degree (A) > ultrasonic time (B) > ratio of materials/liquid (C).

The optimum extraction conditions for polysaccharides of
Galla Chinensis were determined using the regression model above
as follows: crushing degree 100 mesh, ultrasonic time 20 min,
and materials/liquid ratio 1: 40. Natural polysaccharides isolation
optimized by response surface analysis has been exhaustively reported
and reviewed elsewhere (Bargougui et al., 2019; Xue et al., 2019).
The constructed regression model could accurately predict the
extraction rate of polysaccharides in this work. The actual extraction
value was validated as 0.54%, which was closed to the predicted
value (0.57%) in a great extent with fractional error less than 5%.

In the DPPH assay, polysaccharides of Galla Chinensis
presented the dose-dependent free radical scavenging effects
as shown in Figure 2A. The maximum clearance rate was as

Source of variance mean square F value P value significant
model 0.022 27.25 < 0.0001 bl
A-crushing degree 0.087 108.52 <0.0001 ok
B- ultrasonic extraction time 8.40E-03 10.51 0.0101 *
C- materials/liquid ratio 2.67E-03 3.34 0.1007
AC 1.09E-03 1.36 0.273
BC 0.034 42.18 0.0001 bl
AN2 6.48E-04 0.81 0.3913
CA2 0.02 24.46 0.0008 e
residual 7.99E-04
missing item 1.03E-03 2.04 0.2549 -
pure error 5.07E-04
***p < 0.001 extremely significant; **p < 0.001 highly significant; *p < 0.05 significant.
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Figure 2. Antioxidant and free radical scavenging activities of Galla Chinensis polysaccharides. (A) DPPH assay; (B) ABTS assay; (C) Total
antioxidant activity test; (D) Iron ion reduction assay (FRAP). VC: Vitamin C.
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Figure 3. Cellular antioxidant activities of Galla Chinensis polysaccharides.

6 h treatment; (D) 7721 cells, 24 h treatment.

high as 83% when the concentration of polysaccharides reached
0.18 mg/mL. Moreover, polysaccharides of Galla Chinensis
demonstrated stronger free radical scavenging effects against
ABTS in the test. It could clear almost 100% free radicals at
concentration of 0.06 mg/mL, while vitamin C achieved the
similar effects at concentration of 0.02 mg/mL (Figure 2B).
Compared to that of vitamin C, the antioxidant activity of Galla
Chinensis polysaccharides were relatively weak in the total
antioxidant assay. At the dose of 0.36 mg/mL (maximum value
tested), the antioxidant effects of polysaccharides were about
12.4% of those of vitamin C (Figure 2C). In the iron ion reduction
assay, both of vitamin C and Galla Chinensis polysaccharides
demonstrated effectively reductive ability of ferrous ions in the
dose-dependent manner. At the concentration of 0.12 mg/mL,
the amount of ferrous ion reduced by vitamin C solution could
reach 553.99 umol/L, while that of polysaccharide solution reached
189.31 pmol/L (Figure 2D). Taken together, polysaccharides of
Galla Chinensis presented nearly similar free radicals scavenging
effects as vitamin C. It also behaved antioxidant and reductive
ability which were not as stronger as those of vitamin C.

As shown in Figure 3, polysaccharides of Galla Chinensis
presented effectively protection against H O,-induced oxidative
damage on both of tested cell lines, including the human embryonic
kidneyfibroblast cells 293 and human hepatoma cells 7721, in a
dose-dependent manner after 6 and 24 hour treatment.

In 293 cells, the higher concentration of the hydrogen
peroxide could lead to the lower survival rate of the cells.
After polysaccharides were added, the cell survival rate was
significantly increased. At the maximum concentration of
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(A) 293 cells, 6 h treatment; (B) 293 cells, 24 h treatment; (C) 7721 cells,

polysaccharides (1000 pug/mL), the cell survival rate reached
75%, 78% and 89% in 1000 ug/mL, 10 ug/mL and 0.1 pg/mL
H,0, treatment groups at 6 hours, respectively (Figure 3A).
At 24 hour, these numbers were 74%, 71% and 76% in 1000 pg/mL,
10 pug/mL and 0.1 pg/mL H,O, treatment groups, respectively
(Figure 3B).

In 7721 cells, polysaccharides of Galla Chinensis showed
great antioxidant activities as well. The higher concentrations
could achieve higher survival rate of cells. At the concentration
of 1000 ug/mL, polysaccharides could protect 82%, 85% and
95% cells out of oxidative damage by 1000 pg/mL, 10 pg/mL and
0.1 ug/mL H,O, 6 hour’s treatment, respectively (Figure 3C). These
protective effects could last at least 24 hours. The cell survival
rate could be maintained at 81%, 70% and 80% in 1000 ug/mL,
10 ug/mL and 0.1 pg/mL H,O, treatment groups at 24 hours,
respectively (Figure 3D).

Excessively high levels of free radicals could initiate lipid
peroxidation, cause oxidative damage to cellular proteins,
membrane lipids and nucleic acids, resulting in cells, tissues and
organ injury (Maritim et al., 2003). The chronic oxidative damage
currently has been exemplified to increase the risk of cancers,
type 2 diabetes mellitus, coronary artery disease, atherosclerosis
and neurodegenerative disease (Li et al., 2015; Lushchak, 2014).
Meanwhile, natural polysaccharides isolated from traditional
herbal medicines are a type of agents with promising therapeutic
potentials to be developed as novel adjuvant or even clinical drugs
for future use in the treatment of oxidative damage diseases (Shi,
2016). In this study, the antioxidant and free radical scavenging
activities of polysaccharides from Galla Chinensis were determined
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for the first time. Especially, its free radical scavenging effects were
as strong as those of Vitamin C and much stronger than those of
many natural polysaccharides reported in literature. To achieve
over 80% DPPH radical scavenging rates, the concentration of
Galla Chinensis polysaccharides was 0.18 mg/mL, which the
concentration of Lilium davidii polysaccharides was 2 mg/mL
(Hui et al., 2019). Moreover, the polysaccharides of Hovenia dulcis
and Viscum coloratum should reach 4 mg/mL and 6 mg/mL to
obtain the similar effect (Chai et al., 2019; Yang et al., 2019).
To achieve 60% ABST radical scavenging rates, the concentration
of polysaccharides was 0.03 mg/mL, 2 mg/mL and 4 mg/mL for
Galla Chinensis, Hovenia dulcis and Lilium davidii, respectively
(Hui et al,, 2019; Yang et al,, 2019). In addition, the protective
effects of Galla Chinensis polysaccharides under oxidative
damage were firstly determined on two types of human cell
lines in vitro. Under strong oxidant agent H O, treatment,
Galla Chinensis polysaccharides could effectively increase the
cell survival compared to cells without protection. The survival
rates of cells remained constant level from 6 hours to 24 hours,
thus proving the persistence effect of this protection. Though
the underlying mechanisms of this protection were unclear yet,
the similar antioxidant pharmacological mechanisms of natural
polysaccharides have been broadly investigated in both of in vitro
and in vivo oxidative models. Those could be related to the
regulation of various signaling pathways through a wide range
of enzymic and non-enzymic antioxidants, such as superoxide
dismutase (SOD), catalase (CAT), malondialdehyde (MDA),
reduced glutathione (GSH), glutathione peroxidase (GPx) and
glutathione reductase (GR) (Liu et al., 2019; Xu et al., 2019).
Therefore, further investigation into the roles of polysaccharides
of Galla Chinensis in those potential targets remains as an
ongoing challenge. Taken together, the finding in this study
firstly determined polysaccharides as an effective antioxidant
ingredient from Galla Chinensis, thus providing a valuable
natural antioxidant for further investigation and development.

4 Conclusion

In this study, an ultrasonic-assisted method has been
developed to extract the polysaccharides from Galla Chinensis
through response surface optimization. Its antioxidant activities
were further evaluated and confirmed in chemical and cellular
oxidative models in vitro. The results firstly determined that
polysaccharides were a significant group of bioactive components
constitute the antioxidant effects of Galla Chinensis. The further
studies are strongly suggested to characterize the composition
of Galla Chinensis polysaccharides and then explore its
pharmacological mechanisms underlying antioxidant effects.
Moreover, it strongly underpinned a fundamental understanding
of antioxidant activities of herb Galla Chinensis and supports
its ongoing clinical uses in China.
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