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Abstract The water-soluble polysaccharides from plants have attracted ever-increasing attention

in the field of food and drug due to their various activities and low toxicity. CBP50-1, as a purified

fraction of polysaccharide from the rhizome of Cibotium barometz (CBP), mainly consisted of glu-

cose (55.45%) and xylose (25.27%). CBP50-1 showed excellent antioxidant activity for scavenging

2,2 Diphenyl 1 picryl hydrazy (DPPH) radical and hydroxyl radical, further inhibiting lipid perox-

idation. CBP50-1 significantly improved the survival rate of Caenorhabditis elegans under thermal

and oxidative stress. Furthermore, CBP50-1 reduced the paralysis and oxidative damage induced by

amyloid-beta (Ab) and increased the antioxidant enzyme activity in Alzheimer’s disease (AD) model

C. elegans CL4176 through c-Jun N-terminal kinase (JNK) mitogen-activated protein kinase

(MAPK) signal pathway. Thus, CBP50-1 had a potential application in health industries.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Alzheimer’s disease (AD), or senile dementia, is a progressive chronic

degenerative dementia of the central nervous system that occurs major-

ity in the elderly. With the arrival of an aging society, the incidence of

AD is increasing year by year. One in every 85 people will live with AD
symptoms or a tendency to develop into AD by 2050 (Brookmeyer

et al., 2018). The main hypotheses concerning AD include amyloid-

beta (Ab) peptides, dystrophic neuronal extensions, activated micro-

glia, and reactive astrocytes (Folch et al., 2018). Additionally, much

evidence proved that free radicals are related to AD (Jiang et al.,

2016; Padurariu et al., 2013). The relationship between oxidative dam-

age and amyloid plaques is interactive. Oxidative stress is indirectly

involved in the amyloid genesis by inducing intralysosomal accumula-

tion of Ab (Zheng et al., 2006). Moreover, Ab disturbed the redox bal-

ance and aggravated oxidative damage by precipitating lipid

peroxidation and mitochondrial dysfunction, resulting in cell death

(Zhou et al., 2014).

There is ample evidence that the intake of antioxidants could

improve our resistance to diseases (Ribeiro et al., 2011). Natural

polysaccharides showed many biological properties such as anti-
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oxidation, anti-aging, anti-tumor, and anti-inflammatory (Mzoughi

et al., 2018). Owing to their safety and nontoxic properties, some of

these polysaccharides could be antioxidants and drugs (Teng et al.,

2020; Zheng et al., 2020). Consequently, there is growing attention

to pursuing the isolation, characterization, and bioactivity of diverse

polysaccharides from natural materials because of their potential

application in functional food and medicine. Caenorhabditis elegans

is often used to evaluate the activity of polysaccharides due to its short

lifespan and easy operation (Feng et al., 2018; Zhang et al., 2018). C.

elegans CL4176 expressed the human Ab1-42 in the muscle when the

culture temperature was over 23 �C, which caused progressive paralysis

(Yen et al., 2021). This type of worm is often used to evaluate the

effects of polysaccharides on AD (Li et al., 2018; Lin et al., 2020).

Cibotium barometz (L.) J. Sm, a great fern up to 2 meters, is widely

distributed in Guangdong, Guangxi, Guizhou, Sichuan, and Yunnan

in China (Zhang and Nishida,2013). It is a traditional food because

of its abundant starch in the rhizome, and it is also a Chinese medicinal

herb to relieve rheumatic arthralgia and cure traumatic hemorrhage

(Huang et al., 2018). It is widely used as an ornamental plant today.

Decoction was the most convenient method to obtain its effective con-

stituents. Therefore, the polysaccharide was considered an active ingre-

dient in the Cibotium barometz rhizome. It showed excellent

immunoactivity and antioxidant properties in vitro (Huang et al.,

2018; Shi et al., 2020). Previous research on fern polysaccharides

mainly aimed at the extraction method or preliminary analysis of its

antioxidant activity (Chiang and Lai, 2019; Xu et al., 2009). There

was little report about its mitigation effect on AD. Based on the close

relationship between oxidative damage and amyloid plaques, we eval-

uated the potential of polysaccharide from Cibotium barometz to

relieve the oxidative damage and symptoms of paralysis in the AD

model of C. elegans.

2. Materials and methods

2.1. Material and reagents

The C. barometz rhizome was purchased from Guangxi in
China. The dried rhizome was pulverized and screened
through 80-mesh sieves. Absolute ethyl alcohol, sodium chlo-

ride, n-butyl alcohol, chloroform, acetone, Ascorbic acid
(Vc), Congo red, ethyl ether, and K2S2O4 were obtained from
Chengdu Kelong Chemical CO., ltd (Chengdu, China).

Monosaccharide standards, 2,2 Diphenyl 1 picryl hydrazy
(DPPH) were purchased from Solarbio Sci. & Tech. Co., ltd.
(Beijing, China). All reagents were analytically pure.

2.2. Caenorhabditis elegans strains maintenance and treatment

Wild type N2 and CL4176 (pAF29(myo-3/A-Beta 1–42/let
UTR) + pRF4 rol-6 (su1006)) were kept at 20 �C and

16 �C, respectively. All strains were cultured with Escherichia
coli var. OP50 and maintained on standard nematode growth
medium plates with CBP50-1 or not.

2.3. Optimation for polysaccharide extraction

2.3.1. Single-factor experiment

The effects of extraction time (30–70 min), ultrasonic power
(150–270 W), extraction temperature (30–70 �C), and liquid

to solid ratio (15–35 mL/g) on the yield of CBP were evalu-
ated. The sugar content was assayed according to Zhao et al.
(2019). The extraction yield was calculated by the formula:

Extractionyield ¼ C� V=M� 100 ð1Þ
where C was the sugar content (mg glucose/mL); V was the

volume (mL), and M was the sample dry weight (g DW).

2.3.2. Design of response surface methodology (RSM)

The design of RSM and statistical analysis were done by

Design Expert Software (8.0.6). with each parameter at three
levels: high (+1), medium (0), and low (-1). The Box-
Behnken design (BBD) for the extraction of CBP were shown

in Table S1. Each experiment was performed three times and
the mean was taken as the response. Analysis of experimental
data was performed using analysis of variance (ANOVA) and
the results were fitted by the following full second-order poly-

nomial equation:

Y ¼ b0 þ
X4

i¼1

biXi þ
X4

i¼1

biiX
2
i þ

X3

j<i

X4

i¼1

bijXiXj ð2Þ

where Y is the predicted response (extraction yield), Ai and Aj

are the coded independent variables, and b0, bi, bii, and bij are
the regression coefficients of variables for intercept, linear,
quadratic, and interaction terms, respectively.

2.3.3. Extraction and purification of polysaccharides

The degreased sample (200 g) was extracted under the opti-
mized condition. The supernatant was condensed with a rotary

evaporator, and the same volume of anhydrous ethanol was
added, centrifuging and collecting the precipitates (CBP50).
After freeze-drying, the crude polysaccharides were collected.

Seveg solution was used for deproteinization. Deproteinated
polysaccharides (CBP50) were separated by anion-exchange
chromatography (DEAE-52 cellulose column, 2.5 � 30 cm)

and eluted with 0–0.5 mol/L NaCl. The fraction washed with
deionized water was named CBP50-1, and further purified with
a Sephadex G-200 column. Then, followed by dialyzing
(3500 Da) and lyophilizing, purified CBP50-1 was obtained.

2.4. Assay of total sugars, uronic acid, and protein

The uronic acid content and protein content were determined

according to Zhao et al. (2019). The total sugar content was
determined according to Zhao et al. (2019).

2.5. Characterization of CBP50-1

2.5.1. Molecular weight and monosaccharide composition

The molecular weight of CBP50-1 was determined by High-
performance Gel Chromatography, and the standards curve
was made with a series of dextrans.

The monosaccharide of CBP50-1 was determined through

Agilent 1260 High-performance Liquid Chromatography
(HPLC) system (Agilent, Santa Clara, CA, USA) coupled with
an Agilent C-18 column (Ø 4.6 � 250 mm, 5 lm) (Wang et al.,

2015). 0.05 mol/L phosphate buffer solution (pH 6.7) and ace-
tonitrile worked as mobile phase with a 1.0 mL/min flow rate.
The detection wavelength was 254 nm with the DAD detector.

2.5.2. The UV spectroscopy analysis and FT-IR

UV–visible absorption of CBP50-1 (100 lg/mL) was recorded
with a spectrophotometer (Shimadzu UV-1800, Japan).

CBP50-1 was compressed into a KBr pellet and scanned with
FTIR-8400S (Shimadzu, Japan).
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2.5.3. Thermal properties

Thermal properties were determined with a Q20 differential

scanning calorimeter (DSC) (AT, USA) under N2 at
0.1 MPa. 3.0 mg of CBP50-1 was placed in a closed aluminum
pan and heated from 50 to 350 �C.

2.5.4. Congo red assay

Congo red (1 mL, 0.2 mmol/L) and polysaccharide solution
(1.5 mL, 2.0 mg/mL) were mixed, then 2 mol/L NaOH was

added to the final concentration of 0–0.5 mol/L, followed by
incubation for 30 min. The solution was scanned with a spec-
trophotometer (400–700 nm) (Shimadzu UV-1800 Japan).

2.6. Antioxidant activities in vitro

Hydroxyl radical scavenging activity and DPPH radical scav-

enging activity was performed as Zhao et al. described
(2019), and Vc was taken as control. anti-lipid-peroxidation
capacity was measured as Liu & Huang described (Liu and
Huang, 2018), and 2,6-Di-tert-butyl-p-cresol (BHT) worked

as a control.

2.7. Thermal stress and oxidative stress of N2

Synergized nematodes were cultured after lysis. The nematodes
of the L4 stage were randomly transferred to new plates (con-
taining 0.1 mg/mL CBP50-1 or not). For thermal stress, 30

nematodes were exposed to 35 �C and the survival worms were
counted after 14 h. For oxidative stress, 30 nematodes were
transferred onto a 24-well plate with 50 lmol/L of Juglone

in 500 lL S-medium per well. The survival worms were
counted after 20 h.

2.8. Determination of paralysis rate

Synchronized L3 larvae (CL4176) were treated with 0.1 mg/
mL CBP50-1 for 48 h at 16 �C and then transferred to
25 �C. The number of paralysis nematodes was recorded after

36 h. Every plate contained 40 nematodes.

2.9. Fluorescent staining of Ab deposits in C. elegans strain

Synchronized L3 larvae CL4176 was treated with 0.1 mg/mL
CBP50-1 for 36 h at 16 �C and then transferred to 25 �C for
36 h. The fluorescent staining of Ab deposits in CL4176 was

performed according to Wang et al. (2022).

2.10. Measurement of antioxidant enzyme activity and MDA
level

Synchronized L3 larvae CL4176 was treated with 0.1 mg/mL
CBP50-1 for 36 h at 16 �C and then transferred to 25 �C for
36 h. Antioxidant enzyme activity superoxide dismutase (SOD)

and catalase (CAT) and malonaldehyde (MDA) content were
determined with corresponding kits (Nanjing, Jiancheng Cot).

2.11. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using the RNA simple Total RNA
Kit, and the quality and quantity of RNA were assessed with
Nanodrop ND-1000 (NanoDrop Technologies Wilmington,
DE) and formaldehyde gel electrophoresis. cDNA was synthe-
sized following the RrimeScript TMRT regent kit’s instruc-

tions. Quantitative Real-Time PCR was performed on the
CFXTM96 Real-time system (BIO-RAD, California, USA)
following the instructions of the SYBR Premix Ex Taq kit.

The PCR protocol was as follows: 95 �C for 2 min and then
45 cycles of 95 �C for 5 s, 55 �C for 10 s, and 72 �C for 20 s.
The results were evaluated using the 2�DDCT method relative

to Actin. Primer information is shown in Table. S2.

2.12. Statistical analysis

All analyses were done with SPSS 22.0. All the experiments
were conducted three times independently. Data were pre-
sented as the mean ± standard error of the mean (SEM).
P < 0.05 was regarded as significant.

3. Results

3.1. Effect of single-factors on the yield of CBP

To measure the influence of ultrasonic power (150, 180, 210,

240, and 270 W) on the yield of CBP, the extraction tempera-
ture was 50 �C, the extraction time was 50 min, and the ratio of
liquid to solid was 25 mL/g. Polysaccharide yield increased

with ultrasonic power, and it came up to the maximum when
the power was 210 W. Subsequently, the yield dropped with
the power (Fig. S1 A). Therefore, 210 W was selected as the

optimum ultrasonic power.
When evaluating the impact of extraction times (30, 40, 50,

60, and 70 min) on the yield of CBP, the temperature was
50 �C, the ultrasonic power was 210 W, and the ratio of liquid

to sample was 25 mL/g. The yield kept escalating with the
extraction time, and it reached the maximum when the time
was 60 min (Fig. S1 B). Subsequently, the yield exhibited a

slight decline. Hence, 60 min was chosen for optimum.
To assess the effect of the extraction temperature (30, 40,

50, 60, and 70 �C) on the yield of CBP, the ultrasonic power,

time, and the ratio of liquid to solid were followed by 210 W,
50 min, and 25 mL/g. The yield reached the maximum when
the temperature was 60 �C, then it declined with the tempera-
ture (Fig. S1 C). Thus, 60 �C was chosen for optimum.

When appraising the influence of the solvent to the material
ratio (15, 20, 25, 30, and 35 mL/g) on the CBP yield, the ultra-
sonic power, time, and extraction temperature were followed

by 210 W, 50 min, and 50 �C. The CBP yield increased with
the ratio, and it reached the maximum when the ratio was
25 mL/g (Fig. S1 D). The redundant solvent increased the dif-

fusion distance of compounds from sample tissue to liquid and
inhibited their dissolution (Shang et al., 2020). Accordingly,
25 mL/g was adopted for further optimum.

3.2. Optimization of CBP extraction condition by Box-Behnken

design

3.2.1. The RSM model fitting

According to the experimental conditions given by the BBD
design, the corresponding yield was presented in Supplemen-

tary material Table S1. The simulated model was shown in
the following equation:



Fig. 1 Monosaccharide composition of CBP50-1. (A) Standard

monosaccharides. (B) Monosaccharides composition of CBP50-1.
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Y ¼ 8:62þ 0:39�A1 � 0:01�A2 þ 0:19�A3 þ 0:29�A4

þ 0:077�A1A2 þ 0:52�A1A3 � 0:60�A1A4

þ 0:53�A2A3 þ 0:44�A2A4 þ 0:31�A3A4

� 0:32�A2
1 � 0:17�A2

2 � 0:58�A2
3 � 0:66�A2

4

Where A1 is the ultrasonic power, A2 is time, A3 is temper-

ature, A4 is the ratio of liquid to solid, and Y is the yield of
CBP.

The Model F (11.05) and P (<0.05) implied the model was

reliable. In this case, the P of two linear terms (A1, A3, and A4),
four interactive terms (A1A3, A1A4, A2A3, A2A4, and A3A4),
and two quadratic terms (A1

2, A3
2, and A4

2) were lower than

0.05, suggesting these parameters significantly affected the
yield of CBP. The P (1.20) of ‘‘Lack of Fit” was not apprecia-
ble, which is consistent with Model F. These results suggested
that the model could guide the experimental design (Table S1).

The ‘‘R2” (0.92) was not close to the ‘‘Adj R2” (0.83). This
might be caused by the low interaction between the ultrasonic
power and extraction time as well as extraction temperature

and the ratio of liquid to sample. The interactions between
ultrasonic power and temperature, ultrasonic power and the
ratio of liquid to sample, temperature and time, and time

and the ratio of liquid to sample were notable (Fig. S2). These
results were consistent with the ANOVA analysis (Table S1).

3.2.2. Overall optimization and model verification

Based on the model equation, the optimum variables for CBP
extraction were followed by 26.5 mL/g of liquid to solid ratio,
67.6 �C of temperature, 69.6 min of time, and 238.5 W of ultra-

sonic power, and the maximum yield of CBP was 97.4 mg glu-
cose/g DW. For operation convenience, the proved experiment
was done under the 26.5 mL/g of liquid to solid ratio and
240 W of ultrasonic power at 68 �C for 70 min. The actual

yield of CBP was 95.91 ± 1.33 mg glucose/g DW, which
was very similar to the predicted yield, suggesting the model
was suitable for CBP extraction.

3.3. Physicochemical properties

The CBP was precipitated by 50 % ethanol and named CBP50.

CBP50 was fractioned with DEAE-52 and then CBP50-1
(eluted by water) was further purified with Sephadex G-200
(Fig. S3). Its molecular weight was 61.02 KDa (Fig. S4), and

it contained 89.67 % of sugar. CBP50-1 contained 1.89 % of
protein and had no uronic acid.

The polysaccharide CBP50-1 mainly contained glucose
(55.45 %) and xylose (25.27 %), along with arabinose

(7.30 %), fucose (6.36 %), mannose (3.67 %), and rhamnose
(1.95 %) (Fig. 1). The kind of monosaccharide was agreed with
previous reports (Huang et al., 2018; Shi et al., 2020), and the

difference in the proportion of each monosaccharide might due
to the different origin and extraction treatment of the C. bar-
ometz rhizome.

3.4. The FT-IR and thermogravimetric analysis of CBP50-1

The FT-IR spectrum could provide information about the

vibrations of atoms or functional groups in molecules, which
is extensively used in the qualitative analysis of complex com-
pounds. As shown in Fig. 2A, the bond at 3419 cm�1 was
OAH, and the bond at 2937 cm�1 was CAH in the sugar ring.
The peaks at 1611 cm�1 and 1417 cm�1 were attributed to the
hydration peak. The band at 1253 cm�1 was the CAOAC
bonds in acetyl esters and 1072 cm�1 was the CAOAH

(Mzoughi et al., 2018). The characteristic peak at 894 cm�1

suggested the existence of a b-D-glucose pyranosyl ring in
CBP50-1.

The differential thermogravimetry (DTG) curve of CBP50-
1 was determined by TGA (Fig. 2B). A slight peak occurred at
152.50 �C due to the release of water from CBP50-1. Subse-

quently, an endothermic peak appeared at 182.38 �C indicted
the exothermic decomposing and oxidation of the polysaccha-
rides (Yu et al., 2019). Besides, the presence of an exothermic
peak at 261.45 �C might be caused by the high thermal depoly-

merization and debranching of CBP50-1.

3.5. Congo red analysis and UV spectral of CBP50-1

The maximum absorption wavelength (kmax) change of
polysaccharide and Congo red-complex in an alkaline solution
could provide information about polysaccharide conforma-

tion. When Congo red forms a complex with a three-helix
polysaccharide, the kmax will change. While NaOH exceeded
0.3 mol/L, its kmax decreased rapidly (Zhao et al, 2019). The

kmax of control dropped with the concentration of the alkaline
solution. The kmax of the mixture of Congo red and CBP50-1



Fig. 2 The property of CBP50-1. (A) FT-IR spectrum of CBP50-1. (B) Thermogravimetric analysis. (C) Congo red of CBP50-1. (D) UV

spectrum of CBP50-1.
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showed the same tendency, indicating that CBP50-1 had no
three-helix conformation (Fig. 2C).

No apparent peak occurred at 260 or 280 nm (Fig. 2D),
suggesting CBP50-1 contained little nucleic acid and protein.
This result confirmed the previous quantitative analysis of pro-
tein (3.3).
Fig. 3 Antioxidant activity of CBP50-1. (A) DPPH radical cleani

peroxidation capacity.
3.6. Antioxidant activity in vitro

Under normal physiological conditions, reactive oxygen spe-
cies (ROS) are balanced by antioxidative defense systems.
Once ROS overwhelms the cellular antioxidant system and

causes oxidative damage, a series of untoward effects even neu-
ng activity. (B) hydroxyl radical cleaning activity. (C) anti-lipid
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ron destruction occurs (Jiang et al., 2016). CBP50-1 showed a
remarkable DPPH cleaning activity. It reached 82.57 % of the
clearance rate at 1.0 mg/mL (Fig. 3A). Its hydroxyl radical

scavenging rate was 65.51 % at 1.0 mg/mL (Fig. 3B). Addi-
Fig. 4 Effects of CBP50-1 on thermal stress and oxidative stress

in N2. (A) Thermal stress. (B) Oxidative stress (* is significant at

the 0.05 level, ** is significant at the 0.01 level).

Fig. 5 Effects of CBP50-1 on C. elegans CL4176. (A) Ab deposits me

Paralysis rate. (D)MDAaccumulation. (E) SODactivity. (F)CATactivi
tionally, CBP50-1 also showed strong anti-lipid-peroxidation
capacity and its inhibition rate of lipid peroxidation was
51.83 % at 1.0 mg/mL (Fig. 3C).

3.7. Polysaccharide CBP50-1 improved the survival rate of N2

under heat and oxidative stress

The survival rate of the CBP50-1-treated worms was higher
than the control under heat stress as well as acute oxidative
stress (Fig. 4), indicating that CBP50-1 could improve the tol-

erance of N2 under adverse conditions. Other polysaccharides
also played a similar role in N2 (Gu et al., 2020; Wang et al.,
2019). Many pieces of research proved that oxidation was

the main damage caused by heat stress (Hamilton et al.,
2016; Kaldur et al., 2014). Therefore, CBP50-1 might be a
good antioxidant in N2.

3.8. Polysaccharide CBP50-1 relieved symptoms of paralysis
and oxidative damage induced by Ab in C. Elegans CL4176

Although the exact mechanism of AD has not been elucidated,

Ab was considered one of the major risk factors. It is effective
for the treatment of AD by reducing or eliminating the nega-
an fluorescent intensity. (B) Ab1-42 relative mRNA expression. (C)

ty (* is significant at the 0.05 level, *** is significant at the 0.001 level).



Fig. 6 Relative mRNA expression. (A) jnk-1 expression. (B) daf-

16 expression (*** is significant at the 0.001 level).
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tive consequences of Ab (Sun et al., 2015). The expression of
Ab1-42 in the CBP50-1 group was higher than blank, but the
mean fluorescent intensity was lower compared to the blank
(Fig. 5A, B). These results indicated that CBP50-1 reduced

the accumulation of Ab1-42 in CL4176, which suggested
CBP50-1 might work at the translational or posttranslational
level. Besides, CBP50-1 could reduce the paralysis rate and

the accumulation of MDA induced by Ab (Fig. 5C, D).
Growing evidence indicated that Ab-induced neurotoxicity

was closely related to oxidative damage (Padurariu et al.,

2013). Ab induces oxidative damage to DNA, proteins, and
lipids, and is one of the key reasons for neurological deteriora-
tion (Mancuso et al., 2010). CBP50-1 improved the capacity of

SOD and CAT (Fig. 5E, F). These results indicated that
CBP50-1 might promote the antioxidant system and reduce
oxidative damage, and then relieve the symptom of paralysis.

3.9. Polysaccharide CBP50-1 could decrease the Ab toxicity
through the JNK MAPK pathway

The accumulation of Ab will cause oxidative stress. c-Jun N-

terminal kinase (JNK) mitogen-activated protein kinase
MAPK signaling pathway, one of the MAPK signaling family,
acts as a central signaling hub to regulate various important

biological processes like movement, and stress resistance (Qu
et al., 2020). Moreover, the activated C. elegans JNK MAPK
can directly phosphorylate DAF-16 which plays an important

role in stress resistance (Wolf et al., 2008). CBP50-1 could
improve the expression of jnk-1 and up-regulate the transcrip-
tion of daf-16 (Fig. 6).

4. Discussion

Polysaccharide, as a native antioxidant, has been drawn more
and more attention due to their low toxicity and stability in the

foods or medical field. We optimized the process of hot water
extraction of polysaccharide from C. barometz rhizome with a
yield of 95.9 ± 1.3 mg glucose/g DW. Polysaccharides protect

tissues primarily through antioxidant activity organisms. The
main mechanism for its antioxidant activity is the riched
hydroxyl which could scavenge free radicals. In addition,

polysaccharide can reduce oxidative damage through the
antioxidant system. CBP50-1 had strong antioxidant activity
in vitro and could enhance the resistance of C. elegans to heat
and acute oxidant stress.

The level of Ab is in dynamic balance, and abnormal Ab
accumulation is one of the main etiologies in AD (Yan et al.,
2022). Once the balance was upset, Ab would accumulate, then
a cascade reaction of inflammation, tau phosphorylation, and

nerve fiber tangles occurred. These will exacerbate neurotoxic-
ity. Antioxidant-based therapy is a potential pathway to
relieve AD in mice (Dumont et al., 2009). C. elegans CL4176

expresses human Ab1-42 in muscle cells when the temperature
is higher than 23 �C, which exhibited paralysis symptoms
related to AD. CBP50-1 could significantly reduce the accumu-
lation of Ab and paralysis of C. elegans CL4176. The polysac-

charide from Coptis Franch and Cyclocarya paliurus also
showed the same function (Li et al., 2018; Lin et al., 2020).
To our astonishment, CBP50-1 up-regulated the expression

of Ab1-42, which should not be affected by the non-
temperature factor. However, the result of fluorescent staining
indicated a decrease in Ab deposits treated by CBP50-1.

Oxidative stress is dangerous, and it is considered one of the
main mechanisms which induce the neurodegenerative cas-
cades of AD. Oxidative stress could lead to both the activation

of AD-related pathways and the promotion of AD pathology.
Oxidative stress promoted Ab deposition in APP/PS1 mice,
and reduced oxidative damage in mice (Lee et al., 2012;
Dumont et al., 2009). CBP50-1 reduced the oxidative injury

in CL4176 and N2 worms, which might explain why CBP50-
1 decreased Ab deposits but up-regulated the expression of
Ab1-42.

The JNK MAPK signaling was proven to regulate stress
response in C. elegans (Mizuno et al., 2004; Zhao et al.,
2015). The C. elegans JNK MAPK signaling pathway mainly

contains JNK-1, a homolog of human JNK, and two MAP
kinase kinases (MEK-1 and JKK-1). MEK-1 and JKK-1 act
as activators of JNK. jnk-1 is expressed in the neurons and

could impact daf-16 directly (Oh et al., 2005). Many natural
compounds have proved that activated daf-16 could enhance
the antioxidant activity of C. elegans under stress
(Abdelfattah et al., 2022; Jabeen et al., 2020; Li et al., 2021).

The deposition of Ab would aggravate the injury in C. elegans
CL4176, CBP50-1 could affect jnk-1 to activate daf-16, then
the antioxidant enzyme activity was increased.

5. Conclusions

In this study, we extracted polysaccharides from the C. barometz root.

The optimal parameters were ultrasonic power 234 W, liquid to solid

ratio 26.5 mL/g, time 70 min, and temperature 68 �C. Under these con-

ditions, the yield of CBP was 95.9 ± 1.3 mg glucose/g DW. CBP50-1

was a neutral polysaccharide with a molecular weight of 61.02 KDa,

mainly consisting of glucose and xylose. CBP50-1 had notable antiox-

idant activities in vitro. Furthermore, it relieved the symptom of paral-

ysis induced by the Ab and enhanced the antioxidant system through

the JNK MAPK pathway in the AD model of C. elegans. Taking

together, CBP50-1 has a potential application in human health

industries.
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