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Abstract: Qifuyin (QFY) has been used for the treatment of senile dementia in traditional Chinese
medicine. Polysaccharides are the main components in QFY, but they have not been sufficiently studied.
Here, we extracted QFY polysaccharides (QFYP) with 29.9 £+ 0.81% yield and 70.1 £ 0.10% purity using
hydrothermal extraction and alcohol precipitation. The QFYP-1 and QFYP-2 were separated through
DEAE-52 cellulose column chromatography. The 207.1 mg QFYP-1 was obtained with 20.71% yield and
92.8% purity. The 108.0 mg QFYP-2 was extracted with 10.80% yield and 84.5% purity. The in vitro anti-
oxidant assay showed that QFYP could scavenge DPPH, ABTS+, O, radicals and chelate Fe**, with ICy, of
0.43 mg/mL, 0.92 mg/mL, 3.4 mg/mL and 6.5 mg/mL respectively. In vivo animal experiments showed that
QFYP increased the head regeneration score of the decapitated planaria after 72 h. The free-swimming
behavior test of the post-regenerated planaria showed that QFYP increased the total motion distance and
movement angle of planaria. This indicated that QFYP was successfully prepared, and exerted anti-oxidant
effects and promoted regenerative activities.
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1. Introduction

Alzheimer’s disease (AD) is an age-related neurodegenerative disease. Its main clinical manifestations
include progressive memory decline and cognitive dysfunction. One of the main pathologic features of AD
are the loss of neurons, reduced nerve cell function, and synaptic structural damage. In aged individuals,
nerve cells show reduced capacity to renew themselves and repair. In recent years, the prevalence and
mortality of AD have gradually increased, and it has become the third most lethal disease in the world after
tumor and cardiovascular diseases [1]. By 2060, the number of AD patients aged 65 years and older is
expected to increase to 13.8 million, imparting a huge cost to society and families [2]. Despite the significant
research and development of AD treatment drugs, no effective treatments have been developed.

The Qifuyin (QFY) derived from “jing yue Quan shu”. QFY was composed of Ginseng, Polygala
tenuifolia, Spina Date Seed, Rehmannia glutinosa, Angelicae Sinensis, Atractylodes macrocephala,
Glycyrrhiza [3]. It has been used to treat senile dementia in traditional Chinese medicine (TCM) [3-5].
Modern clinical studies show that the treatment of QFY effectively increases the daily living ability score,
MMSE score and cognitive function score of AD patients [6,7]. Experimental pharmacological research
shows that QFY can attenuate AGEs-induced AD-like pathophysiological changes [5] and ameliorate
synaptic injury and oxidative stress in APP/PS1 mice [8]. Our previous experiments revealed that the
administration of QFY improved the learning and memory ability of APP/PS1 and 5 x FAD mice [9,10].
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However, the pharmacodynamic mechanism of QFY in treating AD is not well understood.

Polysaccharides are the most abundant and effective components of QFY. The functions of polysaccharides
from herbs containing QFY have been widely reported. Ginseng polysaccharides showed several bioactivities,
such as anti-inflammatory [11], anti-tumor [12—14], anti-cancer [13,15,16] and modulating intestinal microbiota
[11,12]. Other herbs polysaccharides such as Angelica sinensis polysaccharide [17], Glycyrrhiza polysaccharides
[18], Atractylodes macrocephala polysaccharides [19] had anti-inflammatory and anti-tumor bioactivities.
Polysaccharides are complex components of the TCM. The activity of polysaccharide is influenced by
monosaccharide composition, branched chain structure and molecular weight, among other factors. Ginseng
polysaccharide PGP2a, with molecular weight of 3.2 x 10* Da and monosaccharide composition of galactose,
arabinose, glucose and galacturonic acid in the molar ratio of 3.7: 1.6: 0.5: 5.4, possess anti-gastric cancer
biological activity [13]. Ginseng polysaccharide PGPWI1, with a molecular weight of 3.5 x 10° Da and
monosaccharide composition of glucose, galactose, mannose and arabinose in the molar ratio of 3.3:1.2:0.5:1,
was found strong anti-bladder cancer biological activity [16]. Angelica sinensis polysaccharide (ASP) is
composed of glucose, galactose, arabinose, rhamnose, fucose, xylose and galacturonic acid, with a molecular
weight ranging between 3.2 x 10° and 2.6 x 10° Da [17]. Glycyrrhiza polysaccharides is mainly composed of
Ara, glucose, galactose, and a small amount of rhamnose, mannose, xylose, and galacturonic acid [18].
However, the QFY polysaccharides have not been studied.

Planarians are fresh-water flatworms that are generally less than 1 cm long. It possesses a central
nervous system consisting of a bilobed “brain” called the cephalic ganglia and two ventral nerve cords that
traverse the length of the body and support a peripheral nerve ladder [20]. Planarias has a strong ability to
regenerate. They can regenerate new heads, tails, sides, or entire organisms from small body fragments in a
process taking days to weeks [21]. In addition, the small size and easy breeding of planaria make it a good
animal model for investigating regeneration. Planaria has been extensively used a model to study
regeneration activity [21—24], neoblasts [21,25—27], neurotoxicology [28—32] and screen for regenerative
drugs [33-37].

The aims of the present study were to prepare and evaluate the biological activity of QFY
polysaccharides. QFY polysaccharides were obtained by water extraction and alcohol precipitation. The
polysaccharides were separated by DEAE-52 cellulose column chromatography. The anti-oxidant activity of
polysaccharides was evaluated through DPPH, ABTS+, and O, radical assays. The decapitated planaria
regeneration model to evaluate the promoting regeneration effects of QFY polysaccharides.

2. Materials and Methods
2.1. Materials

Ginseng (2012012), Polygala tenuifolia (2012001), Spina Date Seed (2007002) were purchased from
An Guo Shi Ju Yao Tang Pharmaceutical Co. (Hebei, China). Rehmannia glutinosa (201205), Angelicae
Sinensis (201203), Atractylodes macrocephala (210101), Glycyrrhiza (201201) (Prepared) were purchased
from An Guo Shi An Xing Chinese Medicine Decoction pieces Co. (Hebei, China). All herbs were identified
by Prof. Yongqing Zhang, an experienced botanist in Shandong University of Traditional Chinese Medicine.
Analytical pure ethanol, n-butyl alcohol were purchased from Fu Yu Fine Chemical Co. (Tianjin, China).
Analytical pure chloroform was purchased from Kunshan Jin Cheng Reagent Co. (Jiangsu, China).
Concentrated sulfuric acid was purchased from Sinopharm Group Chemical Reagent Co. (Shanghai, China).
Phenol was purchased from Shanghai Maclin Biochemical Technology Co. (Shanghai, China). Standard
glucose and standard bovine serum albumin were purchased from Jinan Xing Ji Medical Equipment Co.
(Shandong, China). Coomassie Brilliant Blue G-250 was purchased from Jinan Chang Ge Biotechnology Co.
(Shandong, China). DPPH, potassium persulfate, ABTS+, phenazine monosodium salt, NBT, and EDTA were
purchased from Anxia Biotechnology Co. (Shandong, China). Vitamin C and PMS were purchased from
Zhongchu Hengtong Biotechnology Co. (Shandong, China). All other chemicals were purchased from local
suppliers in Jinan and used without further purification.

2.2. Degrease and Decolorize of QFY Slices

QFY was total 43 g, including Ginseng (6 g), Rehmannia glutinosa (9 g), Angelicae (9 g), Atractylodes
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macrocephala (5 g), Glycyrrhiza (Prepared) (3 g), Spina Date Seed (6 g), Polygala tenuifolia (5 g). QFY was
put into a 1000 mL round-bottom flask, 320 mL 95% ethanol was added. After 6 h of heating reflux,
the mixture was filtered. the filter residue was dried in the oven at 60 °C, which was the degreased and
decolorized QFY slices.

2.3. Preparation of QFY Polysaccharides

The QFY slices were degreased and decolorized, then placed into a 1000 mL round-bottom flask, and
430 mL distilled water was added and stirred evenly with magnetic force (Qifuyin: water = 1:10). Soaked at
25 °C for 30 min. After 2 h of heating reflux, the mixture was filtered. The above process was repeated
3 times. The filtrates were combined and concentrated to 20 mL. After the concentrate was naturally cooled,
80 mL alcohol was added for alcohol precipitation. Precipitation could be seen. After standing at 4 °C for 48
h, the mixed solution was centrifuged at 3000 r/min for 10 min. The supernatant was discarded and the
precipitation was lyophilized to obtain QFY polysaccharides (QFYP).

The sample was weighted using an analytical balance, and the extraction yield (y) was calculated using
Equation (1):

y1(%, wiw) = w,/w x 100% (1)

where w, represents the lyophilized mycelia weight, and w represents the QFY weight.
Purity of the polysaccharide was calculated using Equation (2):

P(%, wiw) = w,/w, x 100% 2)

where w, represents the total sugar of the crude polysaccharide, determined by the phenol-sulfuric acid assay.
w, represents the lyophilized mycelia weight.

2.4. Sevage Deproteinization of QFY Polysaccharides

The lyophilized polysaccharide sample was dissolved in water (5%), then heated (70 °C) to complete
dissolution. The radio of Sevage reagent (chloroform:n-butanol = 4: 1) to polysaccharides aqueous solution was 1 :
5. Deproteinization was repeated 5 times. After complete oscillation by vortex, the samples were placed overnight
at 25 °C and centrifuged at 3000 r/min for 10 min. Next, the supernatant was collected and lyophilized.

2.5. Column Chromatography Isolation of QFY Polysaccharides

The deproteinized polysaccharide sample was dissolved in water (25 mg/mL), and heated (70 °C) to
complete dissolution. Through the separation by DEAE Cellouse-52 column (®25 mm X 200 mm), the
polysaccharide solution was eluted with distilled water and 0.05, 0.1, 0.2, 0.4 mol/L NaCl solution at a flow
rate of 5.0 mL/min. A tube of isovolumetric elution solution was collected every 3 min and the
polysaccharide content was determined using phenol-sulfuric acid assay. The elution curve was plotted with
the number of tubes of eluent as abscissa and the absorbance at 490 nm as ordinate. The only eluting peak
was collected and lyophilized.

2.6. Anti-Oxidant Activities of QFY Polysaccharides In Vitro
(1) DPPH radical-scavenging activity

DPPH radical-scavenging activity was measured as previously described [38]. 1.0 mL polysaccharide
samples at different concentrations (0—2.0 mg/mL) were mixed with 1.0 mL DPPH solutions (0.1 mmol/L
dissolved in ethanol). The mixture was shaken vigorously and then incubated at 30 °C for 30 min in the dark.
The absorbance was recorded at 517 nm. Vitamin C served as a positive control group. The scavenging
activity was calculated using the following Equation (3):

DPPH radical-scavenging activity (%) =1 — (A, = A))/(A, — A,) x 100% 3)

where A, was the absorbance for samples mixed with DPPH, A, was the absorbance for water mixed with
DPPH solution, and A, was the absorbance for samples mixed with water. The half-maximal inhibitory
concentration (IC,,) was calculated using GraphPad Prism 8.0.
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(2) ABTS+ radical-scavenging activity

The ABTS+ radical scavenging activity was measured using a previously described method [39].
Briefly, 7.0 mM ABTS solution was prepared using 2.45 mM K,S,0, solution, the mixture was stirred for
12 h in the dark at 25 °C. The ABTS+ mixture was diluted with PBS (pH 7.4), and the absorption value
measured at 734 nm was 0.700 + 0.020. 0.5 mL polysaccharide samples at different concentrations (0—10.0 mg/
mL) were mixed with 2.0 mL ABTS-working solution, the mixture was shaken vigorously and then incubated
at 30 °C for 2 h in the dark. The absorbance of the resulting solution was measured at 734 nm. Vitamin C
served as a positive control group. The IC,, was calculated using the following Equation (4):

ABTS + radical-scavenging activity (%) =1 — (A, = A))/(A, —Ay) x 100% @)

where A, was the absorbance for samples mixed with ABTS-working solution, A, was the absorbance for
sample mixed with water, and A, was the absorbance for blank control absorbance. The IC,, was calculated
using GraphPad Prism 8.0.

(3) O, radical-scavenging activity

The scavenging activity of polysaccharides on the superoxide radical was assayed using methods
reported by Robak and Gryglewski [40]. Briefly, 50 uL of different concentrations of polysaccharide sample
(0.25-5.0 mg/mL) was mixed with 50 uL. NBT solution (0.30 mmol/L), 50 uL. NADH solution (0.936 mmol/L),
50 uL PMS solution (0.12 pumol/L). The reaction mixture was shaken thoroughly and then incubated at 25 °C
for 5 min, and the absorbance at 569 nm was measured. The scavenging ability of polysaccharide on the
superoxide radical was calculated according to the following Equation (5).

0, radical-scavenging activity (%) =1 - (A, = A)/(A, — A,) x 100% &)

where A, was the absorbance of the polysaccharide samples group, and A, was the absorbance for samples
solution without NBT solution, and A, was the absorbance for blank control absorbance, respectively. The
IC,, was calculated using GraphPad Prism 8.0.

(4) Fe*'-chelating activity

The Fe*'-chelating rate was determined using a previously reported method with slight modification
[39]. 100 puL of polysaccharide samples at a series of concentrations (0—40 mg/mL) were mixed with 20 pL of
FeCl, (2 mmol/L), 50 pL of ferrozine solution (5 mmol/L), and 135 pL of distilled water. The reaction was
shaken vigorously and left to stand at 25 °C for 10 min. The absorbance of the mixture was determined at 562 nm.
The Fe**-chelating rate was calculated using the following Equation (6).

Fe*"-chelating rate (%) = 1 — (A, — A)/(A, - A,) x 100% 6)

where A, was the absorbance of the polysaccharide samples group, A, was the absorbance for samples
solution mixed water, and A, was the absorbance for FeCl, solution mixed with water, respectively. The IC,,
was calculated using GraphPad Prism 8.0.

2.7. Test Animals

Planaria, strain ZB-1, were provided by Dr. Xu Zhenbiao of Shandong University of Technology (Zibo,
Shandong, China). They were maintained at 22 °C in dechlorinated tap water, from which chlorine naturally
dissipated by letting the water sit in open stainless-steel containers for 3 d. The animals were fed fresh beef
liver twice a week but were not fed for 7 d before the regeneration assay.

2.8. Tolerance Concentration of QFY Polysaccharides in Planaria

Planarians were exposed to QFY polysaccharides concentrations of 0, 2, 4, 6, 8, 10 mg/mL. The
experiment was examined at 15 min, 30 min, 1 h, 2 h, 4 h, 8 h, 16 h, 32, 64 h for mortality and number of
dead organisms recorded. Animals with body degeneration or no detectable movement under intense light
were considered dead. The death rate of planaria with concentration at different times was recorded. The
maximum concentration that was not lethal to planaria was defined as the maximum tolerance concentration
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of planaria.

2.9. Regeneration Assay

A regeneration assay was performed for the control group and three treatment groups. Based on the
results of the tolerance concentration of QFY polysaccharides, the polysaccharides were tested in the
regeneration assays at concentrations of 0.5, 1.0, 2.0 mg/mL. The planaria were decapitated immediately
behind the auricles, as described previously [29], and used immediately. Eight decapitated planaria were kept
in 10 mL of test media in 6-hole plates and three replicates for each concentration with four groups. The
regeneration assays were conducted under static conditions at 22 °C with a 12: 12 h dark: light cycle. The
decapitated animals were observed under a dissection microscope at 72, 88, 96, 104, 112, and 116 h after
decapitation. The regeneration score standard of planaria was determined using a previous method with slight
modifications [31].

2.10. Free Swimming Behavior Test of the Post-Regenerated Planaria

The behavior of the post-regenerating planaria were tested by a self-made multifunctional detection tank
after six days of administration with polysaccharide. The speed, angle of motion, total distance of motion
were calculated using Image J and R (4.2.1) [41].

2.11. Statistical Analysis

Data were expressed as the mean + SEM. GraphPad Prism 8.0 was used to plot and analyze data. Data
between the two groups were compared using Student’s #-test. Comparison of data from multiple groups
against one group was conducted using a one-way analysis of variance (ANOVA) followed by Dunnett’s
multiple comparisons test.

3. Result
3.1. Preparation of QFY Polysaccharide

In this work, the content of polysaccharides was determined using the phenol-concentrated sulfuric acid
colorimetry, and glucose was used as the standard. The extraction yield of polysaccharide was 29.9 + 0.81%
with 70.1 + 0.10% purity. Six polysaccharides fractions of 1, 2, 3, 4, 5 and 6 were separated by DEAE-52
cellulose column chromatography (Figure 1). The QFYP-1 was obtained 207.1 mg with 20.71% yield and
92.8% purity. The QFYP-2 was obtained 108.0 mg with 10.80% yield and 84.5% purity. Fraction 1 and 2
polysaccharides were all white flocculent solids after lyophilized.

3.0 1 r 0.5

A490nm

Concentration of NaCI{ mol/L)

0 40 80 120 160
Test tube

Figure 1. Elution profiles of Qifuyin polysaccharides on DEAE-52 chromatography.

3.2. Anti-Oxidant Activities of QFY Polysaccharides In Vitro

The DPPH radical, ABTS+ radical and O, radical scavenging activities of QFY polysaccharides were
increased with the increasing concentrations (Figure 2A,C,E). The IC,, of polysaccharides were 0.43 mg/mL,
0.92 mg/mL and 3.4 mg/mL for DPPH radical, ABTS+ radical and O, radical, respectively. The IC,, of
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positive control vitamin C was 4.8 x 107 mg/mL, 1.4 x 10 mg/mL and 8.1 x 107 mg/mL (Figure 2B,D,F).
Similarly, the Fe’*-chelating rate increased with the increase in the concentrations of QFY polysaccharides
(Figure 2G). The ICy, of polysaccharides was 6.5 mg/mL, while the IC,, of positive control EDTA was 3.8 x
10 mg/mL (Figure 2H).
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Figure 2. Anti-oxidant activities of QYF polysaccharides in vitro. (A,B) DPPH radicals, (C,D) ABTS+ radicals, (E,F)
O, radicals, (G,H) Fe**-chelating rate.
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3.4. The Effect of QFY Polysaccharides on the Head Regeneration of Planaria

The results of QFY polysaccharides tolerance concentration of planaria are shown in Figure 3. With the
increase of QFY polysaccharides concentration, the death rate of planaria increased. Moreover, the death rate
of planaria increased with the extension of time under the same concentration. The mortality of planaria was
concentration-dependent. At concentrations 8 and 10 mg/mL, the planaria appeared dead after 1 h, until all
died quickly. At concentrations 4 and 6 mg/mL, the planaria died with time, until all died at 8 h and 64 h,
respectively. At a concentration of 2 mg/mL or less, the planaria did not die during the entire experiment.
Even after extending the observation period to 128 h, the planaria exhibited no signs of mortality. In this
work, we set the maximum tolerance concentration of planaria as 2.0 mg/mL, and conducted the subsequent
regeneration experiment of planaria.

100 0
——
75 & 1 mg/mL
- A 2mg/mL
X
g 50 A~ 4mg/mL
:::: -0~ 6mg/mL
<
a 25= -0 8mg/mL
- 10mg/mL
0
2 0 2 4 6
Time (log,h)

Figure 3. The death rate of planaria with time under different QFY polysaccharide concentrations.

For the QFY polysaccharides, the regeneration experiments were carried out in the concentrations
0 mg/mL(con), 0.5 mg/mL, 1.0 mg/mL, 2.0 mg/mL. The photos of planaria before and after decapitating are
shown in Figure 4. The score range of planaria regeneration was set at 0—1 modified from Henderson and
Eakin 1959 (Figure 5). The regeneration scores of 0.5 mg/mL group were higher than in the control group at
72 h, while there was no significant difference in 1.0 mg/mL, 2.0 mg/mL group (Figure 6A). With the
extension of time, the regeneration scores of all groups were improved. At 80 h, 0.5 mg/mL, 1.0 mg/mL,
2.0 mg/mL group were all higher than the control group (Figure 6B, p <0.01, p <0.001, p <0.001). At 88 h,
1.0 mg/mL, 2.0 mg/mL group were all higher than in the control group (Figure 6C, p < 0.01, p < 0.001). At
104 h, 0.5 mg/mL and 1.0 mg/mL differed significantly from the control group (Figure 6E, p < 0.05, p <
0.001). All the planaria formed complete heads within 112 h after decapitation. The results showed that the
0.5 mg/mL, 1.0 mg/mL, 2.0 mg/mL polysaccharides promoted the regeneration of the head of planaria.

A B

Figure 4. Photos of planaria before decapitating (A) and after decapitating (B).
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Figure 5. Regeneration scoring criteria for planaria. The score range of planaria regeneration was set at 0—1 modified
from Henderson and Eakin 1959. 0: wound or lesion present; 0.2: wound closed but no blastema; 0.4: blastema
formed; 0.6: eyespots begin to form; 0.8: auricles begin to form; 1: head completely formed.
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Figure 6. Effect of polysaccharide on planaria’ head regenerated scores at different time. (A—G) were 72 h, 80 h,
88 h,96 h, 104 h, 112 h, 116 h. *** p <0.001, ** p <0.01, * p <0.05 vs. Con, mean + S.D, n = 18. One-way ANOVA
followed by Dunnett’s multiple comparisons test, GraphPad 8.0.

3.5. Free Swimming Behavior Test of the Post-Regenerated Planaria

The decapitated planaria were cultured in QFY polysaccharide solutions of 0, 0.5, 1.0, 2.0 mg/mL
concentration for six days. The planaria had regenerated completely when viewed with eyes. Further
investigation is needed to assess whether the planaria head fully regained its functional capacity. Therefore,
we tested the free-swimming behavior of planaria. The results are shown in Figure 7. The control group was
intact planaria without decapitating. Compared with the control group, the total distance of post-regenerated
planaria of 0, 0.5, 2.0 mg/mL group was significantly decreased (Figure 7A). The total distance was not
significantly different between the 1.0 mg/mL group and the control group, but it was significantly higher
compared with 0.0 mg/mL group. There was no significant difference in the speed of planaria in all groups
(Figure 7B). Compared with the control group, there was no significant change in the turned angle of planaria
in each group. Compared with 0 mg/mL group, the turned angle of 1.0 mg/mL group was significantly
reduced (Figure 7C). The movement track diagram of the post-regenerated planaria is shown in Figure 8.
These results indicated that 1.0 mg/mL polysaccharides not only promoted the regeneration of the head of
planaria, but also promoted the recovery of the head function.
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Figure 7. Effect of polysaccharides on total distance (A), speed (B), and angle change (C). Data are shown as the
mean + SEM. n = 6. * p < 0.05, ** p < 0.01 vs. Con group and “p < 0.05, vs. 0 mg/mL group by One-way ANOVA
followed by Dunnett’s multiple.
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Figure 8. The motion trajectory diagram of planaria (A), speed of planaria (B) and motion angle of planaria (C). Con
group: 1-6, 0 mg/mL group: 7-12, 0.5 mg/mL group: 13-18, 1.0 mg/mL group: 19-24, 2.0 mg/mL group: 25-30.

4. Discussion

Hydrothermal extraction and alcohol precipitation are the traditional extraction methods for
polysaccharides from TCM. To improve the extraction rate of polysaccharides, ultrasonic-assisted extraction,
enzyme-assisted extraction and microwave-assisted extraction methods have been developed [17,18]. These
extraction methods have been used for extraction of single medicinal polysaccharide from QFY [16,42]. To
explore the active substance basis of QFY, we still choose the traditional hydrothermal extraction and alcohol
precipitation to prepare polysaccharides. Here, we successfully prepared QFY polysaccharides with a 29.9%
yield. The high polysaccharide extraction rate was due to the high sugar content of the medicine itself, and
honey was added in the processing of the medicine. Of course, there are also impurities in the extracted
polysaccharide, and the purity of the polysaccharide is about 70%.

Polysaccharide from TCM and single herb showed anti-oxidant, anti-inflammatory, anti-tumor, anti-cancer
and other biological activities. Similarly, it has been reported that the polysaccharides from the herb of QFY
also showed anti-oxidant, anti-inflammatory, anti-tumor anti-cancer activity [11,12]. Here, we found that QFYP
could scavenge DPPH, ABTS+, and O, radicals, while chelating Fe*'. This is consistent with the reported anti-
oxidant activity of ginseng polysaccharide [42]. QFY polysaccharides can enhance the regeneration score of
decapitated planaria and improve their post-regeneration locomotor abilities. This indicated that QFY
polysaccharide can promote the regeneration of the functional head in planaria. It was crucial in the treatment of
neurodegenerative diseases such as AD. Mechanistically, the QFY polysaccharide can promote the head or
nerve regeneration of planaria by reducing oxidative stress and promoting the proliferation and differentiation
of stem cells of planaria. However, the specific mechanism needs to be studied.

In this study, we selected planaria to test the regenerative activity for the following four reasons: (1)
Planaria has a strong regenerative ability and can regenerate any missing part of the body, especially the head
regeneration was more attractive. (2) The head of planaria contains a nerve cluster analogous to the central
nervous system (CNS), making it ideal for investigations on neuro-regenerative activity. (3) Planaria has a
short regeneration cycle, and can regenerate into a complete individual within 7 days, and the experiment
cycle was short. (4) Planaria are small in size and easy to breed and cultivate. The advantages of using this
model include its ability to screen a large number of compounds for active substances that promote
regeneration, particularly nerve regeneration. This approach allows for the identification of promising
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candidates before advancing to more complex animal models, such as mice, thus saving both time and
financial resources. Among the limitations of using this model is that planarians are invertebrates and thus,
substances that are effective in planaria may not achieve similar effects on higher animals. However, this
phenomenon cannot be avoided even in mouse models.

Planarians have a strong ability to regenerate. In our experiments, we found that decapitated planarians
can regenerate its entire head within seven days. This was consistent with those reported in the literature.
Planarians have been extensively studied, such as research on the regulatory mechanism of regeneration [21-24],
neoblasts [25—27], neurotoxicology [28,32] and screening of regenerative drugs [33—35] using planaria as a
model. Analysis of the phenotype has revealed that the head of the planaria can be completely regenerated,
but whether its function is restored is not known. In this study, the regenerated planaria were tested for free
swimming behavior to observe the function of new head.

5. Conclusions

We obtained QFY polysaccharides by hydrothermal extraction and alcohol precipitation, and separated
through the DEAE-52 cellulose column chromatography. The in vitro anti-oxidant assay demonstrated that
QFYP had superior scavenging activities on DPPH, ABTS+, O, radicals and chelating activities of Fe*".
QFYP can significantly promote head regeneration and recovery of the head function in planaria. This
suggests that QFYP might be used to treat AD and planarian can be used as a model for screening and
evaluating compounds for AD.
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