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To investigate the effects of Helvella leucopus (H. leucopus) on hyperlipidemic mice, polysaccharide (HLP) was
prepared from H. leucopus by hot water extraction and alcohol precipitation. HLP was primarily contained
glucose, rhamnose, galactose and mannose, with an average molecular weight of 7.34 x 10* Da. It was a complex
and irregular network with a few pores by scanning electron microscopy. Meanwhile, oral administration of HLP
at 60 mg/kg decreased levels of total cholesterol, triglycerides, and low-density lipoprotein cholesterol in serum

while increased that of high-density lipoprotein cholesterol in high fat diet (HFD) mice. Furthermore, HLP
significantly reversed the serum aspartate transaminase, alanine transaminase, and free fatty acid levels in HFD
mice. Moreover, HLP treatment markedly regulated the mRNA levels of PPAR-a, ACS, and CPT-1a compared to
the model group. Thus, these findings support that the supplement of Helvella leucopus polysaccharide is a novel
complementary alternative strategy for management of hyperlipidemia.

1. Introduction

The disorder of lipid and carbohydrate metabolism in human is
caused by many variables, such as faulty lipid/glucose synthesis,
breakdown, absorption, and other metabolic processes in the body,
resulting in excessive cholesterol, insulin resistance, and liver damage
(Li et al., 2020). More and more individuals are suffering from lipid and
glucose disorder and its complications as their lifestyle and environment
have changed. Therein, hyperlipidemia is one of the primary risk factors
for vascular disease, which is a widespread metabolic syndrome across
the world. Mostly, hyperlipidemia is clinically characterized by high
total cholesterol (TC), triglyceride (TG), and low-density lipoprotein
cholesterol (LDL-C) levels in the blood (De Costa & Park, 2017).
Although considerable progress has been made in the development of
medications to treat hyperlipidemia, the side effects of conventional
treatments are becoming more apparent as time goes on (Harvey,
Edrada-Ebel, & Quinn, 2015). Therefore, considerable efforts have been
devoted to developing new sources from natural foods for alleviating the
disorder of lipid and carbohydrate metabolism.

Helvella leucopus, also named Bachu mushroom, is a common edible
fungus in Xinjiang province, China (Hyde et al., 2016). It has attracted a
lot of interest in recent years because some species offer high economic,
nutritional, and health values (Hyde et al., 2016). H. leucopus’s
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therapeutic benefits included antitumor, antioxidant, hypolipidemic,
and immunomodulating capabilities (Hou & Chen, 2008). Poly-
saccharide from H. leucopus play an important role in their biological
activity. Some studies have shown their health-promoting functions. For
example, crude polysaccharide from the fruiting bodies of H. leucopus
had immunoenhancement effect on cyclophosphamide-induced immu-
nosuppressive mice (Zhang et al., 2020). Two fractions from H. leucopus
polysaccharide separated by DEAE-cellulose column exhibited strong
antioxidant activity and inhibited HepG2 cell proliferation (Zeng & Zhu,
2018). Hyperlipidemic causes the smooth muscle cells in arteries to
produce superoxide anion radicals. Recently, It was found that
enzymatic-extractable mycelia zinc polysaccharides from Pleurotus
eryngii var. tuoliensis had antioxidant and hepatoprotective properties in
hyperlipidemic mice (Xu et al., 2017). Administration of mushroom to
hypercholesterolemic rats up-regulated CoA synthetase (ACS), carnityl
palmityl transferase-1 (CPT-1) and peroxisome proliferator activator
receptor-a (PPAR-a) (Ismail, Soliman, Nassan, & Mohamed, 2015). All
those genes involved in hepatic lipid uptake and oxidation. However,
there are few studies on the anti-hyperlipidemia effects of H. leucopus
polysaccharide. It is therefore quite necessary and significative to
explore polysaccharide from H. leucopus ability to modulate cholesterol-
related gene expression in relieving hyperlipidemia induced by the high-
fat diet.
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Therefore, the emphases in this study were on the physicochemical
characterization of H. leucopus polysaccharide (HLP), and its anti-
hyperlipidemia effect and modulation of cholesterol-related genes
(PPAR-a, ACS and CPT-1a) in high fat diet mice. Results will help to
explore the H. leucopus polysaccharide as a potential functional food to
alleviate hyperlipidemia.

2. Material and methods
2.1. Material and reagents

The mature fruiting body samples were purchased in Bachu county,
Xinjiang province, China and were identified by Guangdong Institute of
Microbiology to be Helvella leucopus. Petroleum ether, anhydrous
ethanol, and trichloromethane were procured from Sinopharm Chemical
Reagent (Chemical Reagent Co., 1td., Beijing, China). The standards
fucose, rhamnose, arabinose, galactose, glucose, xylose, mannose,
fructose, and ribose were acquired from Sigma-Aldrich (St. Louis, MO,
USA). In addition, RNA-easy Isolation Reagent, HiScript III-RT Super-
Mix, and ChamQ Universal SYBR qPCR Master Mix (Vazyme Biotech Co.
ltd. Nanjing, Jiangsu, China) were used in this study.

2.2. HLP preparation

The polysaccharide was prepared from H. leucopus by hot water
extraction. Briefly, the dried H. leucopus powder was extracted with
deionized distilled water at 95 °C in a 1:3 (w/v) ratio for 4 h. The ex-
tracts were centrifuged at 5000 x g for 10 min (Centrifuge 5424R,
Eppendorf, Germany), then precipitated with triple its volume of
anhydrous ethanol at 4 °C for 12 h. The precipitate was collected after
centrifugation at 10000 x g for 10 min and re-dissolved in distilled
water. The protein was removed by Sevage method (chloroform:
butanol, 4:1, v/v) (Huang, Chen, Yang, & Huang, 2021). The aqueous
phases were collected and freeze-dried (Christ Alpha 1-2 LD plus, Ger-
many) to obtain HLP.

2.3. Structural characteristics of HLP

2.3.1. Determination of total sugar, moisture, protein and ash content

The phenol-sulfuric acid method was employed to determine the
total sugar content of HLP (Chen et al., 2020). Briefly, phenol-sulfuric
acid reagent was added to HLP samples and standard glucose (10, 20,
30, 40, 60, 80 and 100 pg/mL). The mixture was heated at 90 °C water
bath for 10 min and cooled to room temperature. The absorbances of the
standard and sample solution were determined at the wavelength of 490
nm (Multiskan GO, Thermo Fisher Scientific, Waltham, USA). The
amount of total sugar in HLP was calculated using a standard curve
calibrated with glucose. The protein content was determined using
Bradford method (Bradford, 1976) and bovine serum albumin was used
as reference standard for test. Then, the oven drying method was used to
determine the moisture content. The loss weight obtained after drying
was used to calculate the moisture content (Ballesteros, Cerqueira,
Teixeira, & Mussatto, 2018). Moreover, the ash content was determined
using Manzi method (Manzi, Aguzzi, & Pizzoferrato, 2001). One gram of
sample was placed in a known weight crucible and heated to 550 °C for
6 hin a Gallenkamp furnace. The crucibles were weighed after cooling in
a desiccator.

2.3.2. Molecular weight determination

The average molecular weight was determined by a size-exclusion
chromatography coupled with multiple detectors, viz., a RID and a
MALLS (Wyatt Technology, CA, USA), which consisted of a DAWN
HELEOS-II laser photometer (Wyatt Technology, Santa Barbara, CA,
USA). Three tandem size-exclusion columns (300 mm x 8 mm, Shodex
OH-pak SB-805, 804 and 803; Showa Denko K.K., Tokyo, Japan) were
used. The lyophilized HLP samples were dissolved (1 mg/mL) in 0.1 M
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NaNOj3. A volume of 100 pL was injected into the separation system. The
elution was performed with 0.1 M NaNOs aqueous solution at a flow rate
of 0.4 mL/min. Data were acquired and processed using ASTRA software
(Version 6.1, Wyatt Technology Corporation, USA).

2.3.3. Monosaccharide composition

High-performance liquid chromatography (HPLC, ICS5000, Thermo
Fisher Scientific, USA) was used for the determination of mono-
saccharide composition of HLP (Chen et al., 2020). Briefly, HLP was
hydrolyzed by 2 M trifluoroacetic (TFA) at 121 °C for 2 h in a sealed
tube. TFA was removed by extraction with 1 mL of methanol three times.
The methanol was evaporated with a stream of nitrogen at room tem-
perature. The hydrolyzed sample was dissolved in deionized water and
filtered before injections. Nine standards (fucose, rhamnose, arabinose,
galactose, glucose, xylose, mannose, fructose, ribose) were similarly
dissolved in deionized water. The injection volume of hydrolysate was 5
pL. The temperature was set at 30 °C. The retention time of each
monosaccharide standard in the mixtures was confirmed by the analysis
of each monosaccharide.

2.3.4. Scanning electron microscopy

After coating lyophilized HLP with a thin layer of gold, the
morphological features of HLP were observed by using a scanning
electron microscopy instrument (Zeiss Merlin Compact, Germany) in
accelerating voltage of 3.0 kV at a 2000-fold magnification of the image
(Chen, You, Ma, Zhao, & Kulikouskaya, 2021).

2.4. Fourier transform infrared spectroscopy

The functional groups of HLP were determined by the Fourier
transforms infrared spectrometer (Nicolet iZ-10, Thermo fisher Scienti-
fic Inc., USA) in the frequency range of 4000-400 cm ™! by pressing HLP
(2 mg) and KBr (200 mg) into a pellet (Ye, Ji, You, Zhou, Zhao, &
Brennan, 2018).

2.5. Animal study

Six weeks old male Kunming mice were used after obtaining
approval from Guangdong Medical Laboratory Animal Center (Foshan,
Guangdong, China). All animals were maintained in an SPF environment
(controlled temperature: 25 + 1 °C, 12 h/12 h light-dark cycle; hu-
midity 60 + 10 %) with free access to water and food. All experimental
procedures were authorized by the Animal Management Committee and
the Animal Ethics Committee of the Experimental Animal Center, South
China Agricultural University. After a week acclimation period, the mice
were randomly divided into six groups and fed for six weeks as follow:
(1) normal (normal diet); (2) model (high fat diet); (3) AT (feeding HFD
and oral gavage atorvastatin; 10 mg/kg) (4) HLP-L (feeding HFD and
oral gavage HLP; 15 mg/kg); (5) HLP-M (feeding HFD and oral gavage
HLP; 30 mg/kg); and (6) HLP-H (feeding HFD and oral gavage HLP; 60
mg/kg). The mice were treated with atorvastatin or HLP in the same
volume of corresponding solution (0.1 mL/10 g body weight) once per
day in the morning. The control and model groups were treated with the
same volume of sterile saline solution. After 6 weeks of experimental
administration, all mice were fasted overnight with free access to water.
The mice were sacrificed by cervical dislocation after carbon dioxide
absorption anesthesia. The blood samples were collected, then centri-
fuged (2000 x g, 10 min, 25 °C) to separate serum and stored at —20 °C.
Liver and epididymal fat tissues were collected and weighted before
being stored at —80 °C for further analysis. Liver index or epididymal fat
index were calculated as the percentage of liver weight or epididymal fat
weight to mice body weight.

2.6. Biochemical analysis

The levels of total cholesterol (TC), triglyceride (TG), high-density
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lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), free fatty acids (FFA), and the blood urea nitrogen (BUN) in
serum were determined according to the instruction provided by the
enzyme-linked immunosorbent assay (ELISA) kit (Nanjing Jiancheng
Bioengineering Inc., Nanjing, Jiangsu, China).

2.7. Real-time quantitative PCR (RT-qPCR) analysis

Total RNA was isolated by homogenizing the liver in RNA-easy
Isolation Reagent following the manufacturer’s instructions and was
quantified by Nanodrop (Thermo Fisher Scientific, Inc., Wilmington, DE,
USA). Reverse transcription was performed using the HiScript® III RT
SuperMix. And qRT-PCR was performed using ChamQ Universal SYBR®
qPCR Master Mix on the StepOne Plus (Thermo Fisher Scientific, USA)
following the manufacturer’s protocol. The list of primers (Sangon
Biotech, Shanghai, China) used for real-time PCR analysis is described in
Table 1. Levels of PPARa, ACS, and CPT1a mRNA were subsequently

normalized to GAPDH mRNA levels, the calculation method was
ZfAACT.

2.8. Statistical analysis

All the values obtained were (Table 2) shown as the mean =+ standard
deviations (S.D.) and were calculated through SPSS version 19 (IBM
software, NY, USA). Differences between experimental groups were
carried out by one-way ANOVA statistical method and *p < 0.05 was
deemed as a significant difference after repeating each experiment three
times.

3. Results and discussion
3.1. Physical and chemical characterization of HLP

Since the polysaccharide extracted from Helvella leucopus has not
been characterized previously, the results in this study can be considered
as a trailblazing step to explore the potential of HLP. The hot water
extraction used in this study resulted in a higher yield of 30 % which was
higher than that of the same genus mushroom as previously reported
(Hou & Chen, 2008; Hou, Zhang, Xiong, Li, & Yang, 2008). HLP was
found to contain 19.01 % total sugar. Other composition in HLP were
water (21.67 %), protein (8.75 %) and ash (46.23 %). Similar quantities
of total sugar content have been documented in other edible mushroom
extraction, like Auricularia auricula-judae (Sawangwan, Wansanit, Pat-
tani, & Noysang, 2018). Over the past decades, edible mushrooms have
confirmed utmost significance in the pharmaceutical and food industries
(Yang, Belwal, Devkota, Li, & Luo, 2019). The molecular weights of
biopolymers affects their bioactivity characteristics (Yang, Jiang, Zhao,
Shi, & Wang, 2008). The average molecular weight of HLP was deter-
mined by using HPSEC-MALLS-RID.

Due to differences in molecular weight, branching and mono-
saccharides composition, mushroom polysaccharides behave in different
biological activities while they interact with different receptors (Yang

Table 1
Primers of gene for qRT-PCR.

Gene Primer Product size
sequence (bp)

GADPH  Forward AGGAGCGAGACCCCACTAACA 247
Reverse AGGGGGGCTAAGCAGTTGGT

PPAR« Forward GAGCTGCAAGATTCAGAAGAAG 171
Reverse GAATCTTTCAGGTCGTGTTCAC

ACS Forward ATGTACGATGGCTTCCAGAGGG 254
Reverse GGGACGACCACCATTGAGTAAGA

CPTla Forward TCAAGAATGGCATCATCACTGG 177
Reverse CGATGTTCTTCGTCTGGCTTG
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Table 2
Chemical composition of Helvella leucopus polysaccharides.
Index Yield Total Water Protein  Ash Average
sugar molecular
weight (Da)
Values 30.07 % 19.01 % 21.67 % 8.75 % 46.23 % 7.34 x 10*

et al., 2019). The polysaccharide extracted from H. leucopus was further
analyzed its monosaccharide composition by using HPLC. The presence
of monosaccharide peaks in HLP was confirmed by comparing with
standard chromatograms. The result showed that monosaccharide from
H. leucopus was composed of glucose, rhamnose, galactose, and mannose
in a molar ratio of 4.58: 0.46: 8.51: 10.25 (Fig. 1A). Some poly-
saccharides were composed of the same monosaccharides but in a
different ratio and showed strong capacity in improving blood lipid
metabolism, liver lipid levels and antioxidant status (Yang et al., 2018).

3.2. Microstructure of HLP

The surface microscopic structure of HLP was determined by Scan-
ning Electronic Microscopy (SEM). As shown in Fig. 1B, the HLP dis-
played a complex and irregular network with a few pores. The results
were in agreement with the previous reports of Fu and others, which
showed that polysaccharides extracted from mushroom Inonotus obli-
quus exhibited the surface of the pores covering with smooth small
particles (Fu, Chen, Dong, Zhang, & Zhang, 2010). By comparison with
others, different microstructure of mushroom polysaccharides can be
found. The surface of Lactarius volemus Fr. showed ovoid-shaped parti-
cles that distributed throughout its randomly (Huang, Yu, Huang, Liu, &
Liang, 2020). Moreover, the microstructure of the most mushroom and
mycelial particles species turned compact and particulate aggregates to
more porous and flattened fragments after ultrasound-assisted extrac-
tion (Cheung, Siu, & Wu, 2013). Therefore, the surface microscopic
structure of polysaccharide was closely associated with its extraction
method.

3.3. FT-IR spectra analysis of HLP

The Fourier Transform Infrared (FT-IR) spectra of H. leucopus poly-
saccharide was presented in Fig. 1C. The intense absorption band be-
tween 3600 cm ™! to 3200 cm™! was associated with the stretching
vibration of O—H. Stretch vibrations of O—H and saturated C—H are
seen in the infrared spectra at 3419.2 cm ™! and 2931.6 cm™}, respec-
tively (Tian, Zhao, Zeng, Zhang, & Zheng, 2016). The stretching vibra-
tions of C=0 and C—O in ester and carboxyl groups were ascribed to the
absorbance peaks at 1730.1 cm™! and 1249.9 cm ™}, indicating that HLP
contained uronic acid (Pu et al., 2016). The absorption band at 1026 cm-
1 in the FT-IR belongs to the tensile vibration of the pyranose ring, which
indicated the presence of glucan in HLP (Zhao, Gao, Wang, Liu, Jin, &
Xing, 2016). However, HLP did not show any absorbance peak at this
region, indicating that it did not contain uronic acid, which was
consistent with the results in monosaccharides composition. The
absorbance peaks at 815 cm ™! corresponding to the presence of p-
mannose in the polysaccharide (Hu, Kong, Yang, & Pan, 2011).

3.4. HLP alleviate body weight, liver index, and epididymal fat index in in
HFD-fed mice

The body weight change of mice was described in Table 3. During the
42 days study, HFD mice presented a significant increase in body weight
as compared to the normal group (p < 0.01). Compared with model
group, the body weight of mice in HLP-H (p < 0.05) and AT (p < 0.01)
treatment were slowly increased. These results indicated that high dose
of HLP treatment had capacity to inhibit the weight gain induced by
HFD. However, there was no significant difference in liver index among
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Fig. 1. The physicochemical characteristics of polysaccharide from H. leucopus.
Typical chromatograms of mixed standards (including Fuc, Ara, Rha, Gal, Xyl,
Man, Fru, and Rib) and monosaccharides composition of polysaccharide from
H. leucopus analyzed by HPLC (A), microstructure of HLP under scanning
electron microscopy: zoomed 2000 times (B), Fourier Transform Infrared
spectra of HLP (C).

the six experimental groups (p > 0.05). HFD mice displayed a significant
increase in epididymal fat index compared with the normal group (p <
0.05), which could be alleviated by HLP and AT treatment.
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Table 3
Effect of model group with HLP on body weight, liver index, and adipose tissue.
Group Body weight (g)  Body weight (g)  Liver Epididymal
in day 7 in day 42 index (%) fat
weight index
(%)
Normal  34.78 + 0.83 41.93 + 1.98° 3.69 + 2.28 + 0.42°
0.17
Model  33.62 + 1.07 48.93 + 2.45° 4,01 + 3.39 + 0.50%
0.23
AT 33.08 + 0.92 43.96 + 2.31° 3.87 + 2.17 + 0.51°
0.14
HLP-L 34.27 + 0.48 45.26 + 1.01°° 3.96 + 2.27 + 0.65"
0.10
HLP-M  33.81 +1.10 45.40 + 1.40°° 3.86 + 212 +0.13°
0.17
HLP-H  33.40 + 1.04 43.86 + 1.30° 3.98 + 1.91 + 0.03°
0.07

Values are expressed as means + SD (n = 10). ® p < 0.05 compare to the model
group.

3.5. HLP ameliorated hyperlipidemia in HFD-fed mice

Hyperlipidemia is a dyslipidemia condition that affects lipid meta-
bolism (Nelson, 2013). It has been found to induce oxidative stress and
could cause cellular damage (Amal & Sanaa, 2012). Meanwhile,
elevated levels of blood lipids are risk factors for cardiovascular disease
(Nelson, 2013). Some studies showed that patients with high levels of
TC, LDL-C, and TG were at increased risk of coronary heart disease
(Ghosian Moghaddam, Roghani, & Maleki, 2016). In other words, the
levels of serum TC and TG are important in evaluating hyperlipidemia
effects. After 6 weeks in vivo animal study, the levels of TC and TG in
HFD mice (Fig. 2A - B) reached up to 3.4 and 1.8 mmol/L, respectively.
Supplementation with HLP at high dosages, the levels of TC and TG were
decreased, close to those of control and atorvastatin treated groups. The
TC can be transported to peripheral tissues leading to unnormal gather
of atherosclerotic plaque lesion in the blood vessel walls by LDL-C
(Wang et al., 2015). Conversely, TC also can be transferred from pe-
ripheral tissues to the liver by the HDL-C and affords potential protec-
tion against many cardiac problems (Sathivel, Raghavendran,
Srinivasan, & Devaki, 2008). In this study, a marked increase in serum
LDL-C level, along with a decrease in serum HDL-C level were observed
in HFD induced hyperlipidemic mice. The treatment of high dose of HLP
tended to delay increased level of LDL-C in serum, and the decrease level
of that in serum HDL-C (Fig. 2C-D). The effect of high HLP dosage is
comparable to Atorvastatin treatment which induced increases in the
concentration of HDL-C correlated significantly with the reduction in
serum TG. Furthermore, free fatty acids (FFA) are closely linked to blood
lipid metabolism and many diseases including metabolic syndrome (Niu
et al., 2012). Blood urea nitrogen (BUN) is an important index in the
kidney, which can be considered as an indicator of kidney function.
Model group had higher level of FFA (p < 0.05) and BUN (p > 0.05)
compared with control group (Fig. 2E - F). Low dose of HLP supple-
mentation significantly decreased serum FFA level (p < 0.05). All doses
of HLP maintained at similar levels with control group in serum BUN.
Moreover, ALT and AST enzyme activities in serum were commonly
used for the investigation of early liver damage. Elevated levels of ALT
and AST enzymes indicate cellular leakage and cell membrane func-
tional integrity loss in the liver. In the present study, the levels of AST (p
< 0.01) and ALT (p < 0.05) in the serum of the model group significantly
increased compared to those in normal group. The administration of
HLP improved the liver function by decreasing the serum AST and ALT
in the model group. This indicates that HLP protected liver cell by
decreasing lipid levels efficiently. Those interesting results indicated
that HLP could lower the serum lipids and restore lipid metabolic
disturbance induced by high fat diet through attenuating fatty acids
synthesis.
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Fig. 2. Effects of HLP on serum index and hepatic function in HFD-induced hyperlipidemia mice. (A) total cholesterol (TC), (B) triglycerides TG, (C) high-density
lipoprotein cholesterol HDL-C, (D) low-density lipoprotein cholesterol LDL-C, (E) free fatty acid (FFA), (F) blood urea nitrogen (BUN), (G) aspartate aminotransferase
(AST), (H) alanine aminotransferase (ALT). The values were reported as the Mean + S.D, n = 10, *p < 0.05, **p < 0.01compared to model group.

3.6. HLP regulated mRNA expressions levels of genes involved in lipid
metabolism

In order to elucidate the mechanism of hyperlipidemia effect of HLP,
the hepatic mRNA expressions of some key genes involved in lipid
metabolism were evaluated. PPAR was a transcription factor that could
modulate tissue lipolysis and blood lipoprotein metabolism by regu-
lating its gene expression (Bougarne et al., 2018). PPAR-« is a type of
PPAR and its activation leads to the improvement of liver steatosis,
inflammation, and fibrosis in mice (Staels et al., 2013). Moreover, PPAR-
a is a known transcriptional regulator of CPT-1 that catalyzes the
transfer of long-chain fatty acids from acyl-CoA to carnitine, allowing
them to pass mitochondrial membranes. Previous study has shown that
PPAR played a key role in fatty acids p-oxidation (Burri, Thoresen, &
Berge, 2010). As a result, it is possible that PPAR activation could result
in increasing ACS expression, allowing for more conjugated acyl-CoAs to

be used as fuels via the fatty acids p-oxidative pathway.

As depicted in Fig. 3, there was a significant decrease in PPAR-a (p <
0.05), ACS (p < 0.05) and CPT-1a (p < 0.01) mRNA expression levels in
the liver tissue of model group compare with normal group. In different
doses of HLP treatment, the mRNA expression levels of PPAR-a were
significantly up-regulated (p < 0.05) and closed to that of normal group.
PPARa gene could regulate fatty acid oxidation and lipolysis (Kim,
Jeong, Kang, Kim, Song, & Seo, 2017). Thus, the level of hepatic PPAR-«
in HLP treatment mice were remarkably higher than that in the model
group, implicating that HLP might reduce lipid deposition in the liver.
Furthermore, HLP significantly up-regulated the CPT-la mRNA
expression (p < 0.05) comparing with model group while its level still
lower than normal group. It could result in promoting lipolysis in HFD
mice through promoting hepatic fatty acid catabolism (Guo, Zhu, Li,
Feng, Wu, & Zeng, 2021). Besides, the mRNA expression levels of ACS in
liver in HLP-M and HLP-H groups were higher than that in the model
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Fig. 3. Effects of HLP on hepatic expression of genes involved in fatty acid
metabolism at the end of the intervention. HLP increased the gene expression of
PPAR-a (A), CPT-1a (B), and ACS (C). The values were reported as the Mean +
S.D, n = 10, *p < 0.05, **p < 0.01, ***p < 0.001 compared to model group.

group. Several in vitro studies have proven the efficacy of ACSL1 in
increasing TG and phospholipid production. The mRNA expression of
ACSL1 in the liver is upregulated by PPAR-a ligands (Martin, Schoon-
jans, Lefebvre, Staels, & Auwerx, 1997).

High dosage of HLP supplementation might contribute to regulating
lipid metabolism involved in genes in the liver, and finally, prevent
abnormal levels of serum indexes in HFD mice. Therefore, the anti-
hyperlipemia effect of HLP might be because it could decrease lipid
lipogenesis and enhance fat catabolism and oxidation.

Food Chemistry: X 15 (2022) 100443
4. Conclusion

This is the first study to report the structural characteristics and anti-
hyperlipidemic effect of H. leucopus polysaccharide (HLP). HLP was
found to be a heteropolysaccharide with an average molecular weight of
7.34 x 10* Da. HLP could alleviate hyperlipidemic symptoms through
relieving the body weight gain and regulating the levels of TC, TG, LDL-
C, and HDL-C in serum. Furthermore, HLP could catalyze the transfer of
long-chain fatty acids from acyl-CoA to carnitine by upgrading the ac-
tivity and gene expression of PPAR-a, CPT-1A, and ACS in the liver.
Thus, these findings could pave the foundation for the high utilization of
H. leucopus.
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