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Hericium erinaceus polypeptide (HEP) was prepared by an ultrasound-microwave assisted enzymatic method.
Using an ultrafiltration membrane with molecular weights of 5 and 10 kDa, HEP was fractionated into
three fractions, namely, (HEP-I (< 5 kDa), HEP-II (5-10 kDa), and HEP-III (> 10 kDa)). In vitro chemical
methods were used to compare the antioxidant and hypolipidemic abilities of the polypeptide fractions from
H. erinaceus before and after simulated gastrointestinal digestion. By constructing a hyperlipidemia model, the
hypolipidemic ability of the high active fraction (HEP-II) was verified. The results showed that the antioxidant
and hypolipidemic abilities of the polypeptide fractions from H. erinaceus did not change dramatically
during simulated gastrointestinal digestion in vitro. The polypeptide fractions from H. erinaceus exhibited
high tolerance to simulated gastrointestinal digestion in vitro, with strong antioxidant and hypolipidemic
activities. HEP-II with a molecular weight of 5-10 kDa had the best stability, antioxidant, and hypolipidemic
abilities in gastrointestinal digestion. The secondary structure of HEP-II was mainly composed of random
coil (18.36%) and a-helix (47.71%) structures, which was beneficial to the hypolipidemic ability of HEP-
II. Animal experiments showed that compared to the high-fat model group, HEP-II could inhibit the weight
gain of the mice, decrease the liver index and serum levels of the serum total cholesterol (TC), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), nitric oxide synthase (NOS), alanine aminotransferase
(AST), and glutamic-pyruvic transaminase (ALT), increase the levels of glutathione peroxidase (GSH-Px)
and high-density lipoprotein cholesterol (HDL-C), decrease the arteriosclerosis index (Al), and improve
the hemorheological indices of the mice. In addition, the whole blood and plasma viscosities of the mice
decreased, and HEP-II increased the level of superoxide dismutase (SOD) in the liver, reducing the level of
malondialdehyde (MDA), and the degree of oxidative stress in the liver of hypolipidemia mice. Furthermore,
HEP-II improved liver steatosis. These results indicated that the polypeptide fractions from H. erinaceus all
had a potential hypolipidemic effect, and HEP-II had the strongest potential hypolipidemic effect.

© 2022 Beijing Academy of Food Sciences. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

as both food and medicine [1]. H. erinaceus is widely distributed
in nature, mainly in the northern temperate zone of broadleaf or

Hericium erinaceus, which belongs to the basidiomycetes, porales, coniferous forest and broadleaf mixed forests, such as in Western
Odontodicae, and Hericium genus, is a large fungus that can be used Europe, North America, Japan, Russi. Modern studies have shown
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that H. erinaceus contains polypeptides, polysaccharides, terpenoids,
sterols, phenols, and other active ingredients [2] that have a variety

University, Changchun 130118, China of biological activities such as antioxidant, lowering blood lipid,
E-mail address: 1tt1984@163.com (T.T. Liu); xcpyfzx@163.com (Y.R. Zhang) immunity regulation, anti-tumor, and liver protection properties [3.4].
Peer review under responsibility of KeAi Communications Co., Ltd. Nagano et al. [5] studied the effects of H. erinaceus on patients
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with depression, sleep disorders, and anxiety, and in menopause,
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and they found that after eating H. erinaceus for four weeks, the
patients experienced reduced anxiety and stress. Kim et al. [6]
studied the effects of H. erinaceus extract on Salmonella bacteria,
and the results showed that H. erinaceus extract stimulated immune
cells to attack Salmonella, with certain improvement effects on liver
injury induced by Salmonella infections. Kazuyuki et al. [7] studied
the effects of H. erinaceus consumption on the lipid metabolism of
mice and noted that the ethanol extract of H. erinaceus improved
lipid metabolism in obese mice, and this effect was mediated by
regulating the lipid metabolism gene expression. Based on previous
functional explorations, H. erinaceus has been widely used in the
development of medicine, health food and common food, and has the
very broad market prospect [8]. With the continuous improvement
of separation methods in recent years, and the need for in-depth
research on the drug action mechanism of H. erinaceus, many new
compounds had been purified from fruiting bodies and mycelium,
and the pharmacological activities of single compounds have been
extensively studied. However, most current research on H. erinaceus
has focused on its polysaccharides [9], alcohol extracts [10] and water
extracts [11], and have been few reports on proteins and peptides of
H. erinaceus. H. erinaceus has been shown to contain high protein
content of 24.8% and 17 types of amino acids, including 8 types of
amino acids that are necessary for the human body [12]. Some studies
had used proteomics and genomics techniques to study the proteins
involved in the bioregulatory activities of H. erinaceus, among which
722 proteins were differentially expressed. Some experts speculated
that these differential proteins were possibly related to molecular
signal transduction, as well as secondary metabolism and energy
metabolism, indicating that the different regulations of biosynthesis
genes in H. erinaceus produced active metabolites with different
pharmacological effects [13]. Therefore, it is of great value to study
the pharmacological activities of H. erinaceus protein and active
peptide. There have been no reports on H. erinaceus polypeptide
(HEP) for hyperlipidemia so far.

Hyperlipidemia is a major risk factor for cardiovascular and
cerebrovascular diseases such as atherosclerosis and fatty liver,
which seriously affects human physical and mental health [14].
According to statistics, 30 million people around the world have
died every year from related diseases caused by hyperlipidemia, and
this number increases every year [15]. When blood lipids become
elevated, they become vulnerable to attack by free radicals, producing
a large number of lipid peroxides [16]. Studies have shown that many
metabolic diseases and aging in humans are related to the degree
of oxidative damage of macromolecules caused by reactive oxygen
species [17]. To fundamentally treat and prevent such diseases, we
must start by eliminating free radicals in the body, and restore the
free radical balance in the body by capturing or destroying oxygen
free radicals [18]. Currently, lipid-lowering agents such as lovastatin
and betoids have been widely used for clinical diagnosis and the
maintenance of normal blood lipid levels [19]. However, these drugs
can cause serious side effects in clinical applications; therefore, it is
particularly important to develop functional foods that can restore
oxidative damage and improve lipid levels in humans. Compared
to proteins, bioactive peptides can be absorbed and utilized by the
human body more easily, resulting in strong bioactivity at small
concentrations [20]. Bioactive peptides have functional activities
such as lowering blood pressure, anti-oxidation effects, immune

regulation, and can lower blood lipids [21-23]. In recent years,
numerous studies have been conducted on the hypolipidemic efficacy
of novel active peptides from edible fungi, including lentinus edodes
stem polypeptides [24], ganoderma lucidum polypeptides [25], and
morchella polypeptide [26], and progress has been made in studying
their hypolipidemic activity and related mechanism. Therefore, it is of
great significance to study the hypolipidemic activity of HEP.

In this study, HEP was prepared using an ultrasound-microwave
assisted enzymatic method with H. erinaceus protein as the raw
material, which was fractionated by ultrafiltration. By simulating the
gastrointestinal digestive system, the changes in antioxidants and
the hypolipidemic activities of different molecular weights of HEP
before and after gastrointestinal digestion were compared, and the
changes were analyzed. A hyperlipidemia model was established to
study the effects of HEP on the blood lipid and serum antioxidant
indices in mice, laying a foundation for the subsequent study of the
hypolipidemia mechanism of HEP in vivo.

2. Materials and methods
2.1 Materials and instruments

The H. erinaceus protein was made in the laboratory. Alkaline
protease was supplied by Sigma-Aldrich (St. Louis, MO, USA),
and BALB-c mice (ages 6—8 weeks) were purchased from Beijing
Weitong Lihua Laboratory Animal Science and Technology Co., Ltd.
(Beijing, China). The other chemical reagents and solvents were of
analytical grade and were provided by Sinopharm Chemical Reagents
Co., Ltd. (Shanghai, China).

A SynergyHTX type microplate reader (BIO-RAD Company,
USA), a UV2300 type ultraviolet spectrophotometer (Unico Co.
Ltd., USA), and a Vivaflow 50R & 200 type ultrafiltration system,
(Sartorius Co. Ltd., Germany) were also used in this work.

2.2 Preparation of HEP

The polypeptide yield was used as an index to prepare HEP
using alkaline protease to hydrolyze H. erinaceus protein solution
under ultrasonic conditions. H. erinaceus protein was dissolved
in phosphoric acid buffer solution (pH 9.0), and then the solution
was treated by ultrasonication. Throughout the extraction process,
the substrate concentration was 3%, ultrasonic power was 300 W,
the ultrasonic time was 50 min, the enzyme dosage was 5 000 U/g,
and the enzymolysis temperature was 50 °C. The hydrolysate was
centrifuged (20 min, 10 000 x g) and the supernatant was collected
and used subsequent separation.

2.3 Determination of polypeptide yield

The polypeptide yield was determined according to the methods
described by Yin et al. [27]:

C
Y (%) =—-x 100
(%) C ()]
where Y is the polypeptide yield (%), C, is the peptide content
of the supernatant (mg), and C, is the total protein content of the
hydrolysate (mg).
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2.4 Ultrafiltration fractionation

Hydrolysate was filtered through a tangential flow ultrafiltration
system with molecular weight (MWs) cut-offs of 10 and 5 kDa.
The 3 fractions of hydrolysate obtained via UF were denoted as
HEP-I (< 5 kDa), HEP-II (5-10 kDa), and HEP-III (> 10 kDa).
The proportion of polypeptide fractions from H. erinaceus was
determined, and the antioxidant and hypolipidemic activities of the
polypeptide fractions were analyzed in vitro.

2.5 Simulated gastroenteric fluid digestion experiment

The gastrointestinal digestion of polypeptide fractions from
H. erinaceus was simulated according to the procedures described
by Minekus et al. [28]. Simulated gastric juice (10 mL) was added to
the digestive system, and digestive juice digestion was simulated at
100 r/min for 2 h at 37 °C. After simulating gastric digestion, the
digestive system was adjusted to pH 7.0 with NaOH (1.0 mol/L),
and intestinal fluid (15 mL) was immediately added to the digestive
system to simulate intestinal digestion. The system was uniformly
stirred at 100 r/min for 2 h (pH 7.0) and the solution temperature
was maintained at 37 °C during digestion. The antioxidant
and hypolipidemic activities of the polypeptide fractions from
H. erinaceus were determined during simulated digestion.

2.6 Determination of antioxidant ability in vitro

DPPH free radical scavenging rate was determined according
to the methods by Mtetwa et al. [29], hydroxyl radical scavenging
rate was determined by the methods described by Qian et al. [30],
the superoxide radical scavenging rate was determined according to
the methods by Mandal et al. [31], and the total reducing power was
determined according to the methods described by Sun et al. [32].

2.7 Determination of hypolipidemic ability in vitro

The cholate binding ability was determined according to the
methods described by Kahlon et al. [33], where the standard curve
was plotted as a function of cholate content and absorbance (sodium
taurocholate: y = 0.403x + 0.055, R’ = 0.991 2; sodium glycocholate:
¥ =0.624x + 0.045, R*= 0.995).

The cholesterol-binding ability was determined according to the
methods described by Zhu et al. [34]. The cholesterol content was
determined following the Ortho-phthalaldehyde (OP) method, where
the cholesterol standard curve was y = 0.007 9x + 0.043, R*= 0.997.

Inhibition of pancreatic lipase was determined following the
methods by Liang et al. [35], where the mass concentration and
inhibition rate of HEP were used to draw the inhibition curve.
GraphPad Prism software was used for multivariate nonlinear fitting,
and the half inhibition concentration (ICs,) of HEP was obtained.

2.8 HEP structure
2.8.1 Analysis of the functional group structure

HEP and KBr were accurately weighed and fabricated into a
wafer, which was tested in a die press. EZ OMNIC software was

utilized and KBr was taken as the background. The spectral sweep
range was from 500 to 4 000 cm .

2.8.2  Determination of secondary structures

Fourier deconvolution and normalization were performed on the
HEP spectrum using Prota3s software, and multiple curve fitting was
performed for the amide I band. The secondary structure of HEP
was determined at room temperature and its relative content was
calculated.

2.9 Determination of hypolipidemic ability in vivo
2.9.1 Animal modeling and drug administration

Forty-eight four-week-old male mice (BALB/cCrSlc) were placed
in an animal feeding room for 1 week, and kept at controlled room
temperature ((25 £+ 1) °C), with 12 h light and dark cycles and fed
ad libitum [36]. During this period, the behavior states of the mice
were observed, including their appearance, hair state, behavior, and
feeding situation. After feeding, the mice were randomly divided into
6 groups, and 8 mice in each group were given gavage intervention
for 4 weeks. The grouping design of the experimental animals is
shown in Table 1.

Table 1
Induction of hyperlipidemia and experimental design.

Group Feed Gastric drug  Dosing (mg/kg-bw)

Basic feed Normal saline -

High-fat feed

Normal control group

High-fat model control group Normal saline -

Low-dose group High-fat feed HEP-II 250
Medium-dose group High-fat feed HEP-1I 500

High-dose group High-fat feed HEP-1I 1 000

Simvastatin group High-fat feed Simvastatin 4

2.9.2  Sample collection and preservation

After 4 weeks of intragastric administration, the body weights of
the mice were weighed. After fasting for 24 h, blood was collected
from the eyes, centrifuged to fractionate the serum (15 min,
4 500 r/min), and the supernatant was obtained and stored at —20 °C
for later use. After the mice were euthanized and weighed, the livers
were removed, and washed with cold normal saline. Then, they were
wrapped in aluminum foil and placed into sample bags, which were
stored at —80 °C until further use. During determination, a certain
amount of tissue was obtained and added to pre-cooled 0.9% normal
saline, which was quickly ground into a 10% tissue homogenate with
glass homogenate on ice. After centrifugation (10 min, 4 000 r/min),
the supernatant was obtained and stored at —20 °C for testing.

2.9.3  Index detection
2.9.3.1 Evaluation of body weight and liver index

During experimentation, the activity states of the mice in each
group were observed, and their weights were recorded at a fixed time.
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At the end of the experiment, each group of mice was weighed and
euthanized. Then the organs were removed, weighed, and the liver
indices were calculated according to the following formula:

Y (%) = % x 100 @)

where y is the liver index (%), m is liver quality (g), and M is the
mouse weight (g).

2.9.3.2  Serum biochemical analysis

Serums triglycerides (TG), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), glutamic-pyruvic transaminase (ALT), alanine
aminotransferase (AST), glutathione peroxidase (GSH-Px), and
nitric oxide synthase (NOS) were determined using commercial kits
according to the manufacturer’s instructions. The atherosclerosis

index (AI) was calculated according to the following formula:

Al= TC/(mmol/L) — HDL-C/(mmol/L) 3
HDL-C/(mmol/L) @

2.9.3.3  Liver biochemical analysis

The spare mice liver tissue homogenate was obtained, and the
contents of malondialdehyde (MDA) and superoxide dismutase (SOD)
in the liver tissue were determined according to the kit instructions.
Subsequently, histopathological analysis was performed on the liver
tissues from the mice.

2.10 Statistical analysis

All of the experimental data were measured in 3 groups in
parallel, expressed as mean =+ standard deviation (SD), analyzed by
SPSS 17.0 software, and Origin 7.5 was used to construct the plots.

3. Results
3.1 Yield of polypeptide

The HEP was prepared using an ultrasound-microwave assisted
enzymatic method, and the polypeptide yield was (65.14% + 1.35%).
Compared to the parameter process of alkaline proteinase-trypsin
enzymatic hydrolysis of pumpkin seed proteins by Wang et al. [37],
the ultrasonic-microwave-assisted alkaline protease method decreased
the required time by a third, and increased the polypeptide yield by
66.17%. This was possibly due to the joint actions of ultrasound,
microwaves, and the enzymes, the mass transfer of the H. erinaceus
protein was accelerated, its conformation was changed, and the
number of enzymatic sites increased, which improved the enzymatic
hydrolysis efficiency. The ultrasound-microwave assisted enzymatic
method has been suggested as an economical and practical process
for peptide production, and more research will be needed to promote
the use of ultrasound technology in the protein and peptide industry,
improving its processing efficiency and capacity.

3.2 Results of ultrafiltration fractionation

As shown in Table 2, after Hydrosart® membrane ultrafiltration
fractionation, three different polypeptide fraction molecular weights
from H. erinaceus were obtained, and polypeptide fractions from
high to low were: HEP-II (5-10 kDa) > HEP-1III (< 10 kDa) > HEP-I
(> 5 kDa). Among these, polypeptide fractions with molecular
weights of 5-10 kDa accounted for 56.19% + 1.06%, which was
significantly higher than the other 2 fractions (P < 0.05).

Table 2
Ultrafiltration fractionation results
Fraction HEP-1 HEP-II HEP-III
Molecular weight distribution (kDa) <5 5-10 > 10
Percentage of total peptide (%) 1070+ 1.21°  56.19+1.06° 33.11 £ 0.94°

Notes: Data are expressed as mean * SD, and different letters (a, b, and c) indicate
significance between the lines (P < 0.05).

3.3 Evaluation of antioxidant ability in vitro
3.3.1 DPPH free radical scavenging ability

Fig. 1A shows the changes in the DPPH clearance rates of the
polypeptide fractions from H. erinaceus before and after simulated
gastrointestinal digestion. In the concentration range of 1.0-5.0 mg/mL,
the DPPH scavenging rate of the polypeptide fractions from
H. erinaceus before and after digestion increased with increasing
concentration, showing a certain dose-response relationship, and
indicating that they all had the scavenging effect on DPPH within
a certain concentration range. At the same concentration, there
were significant differences in DPPH clearance before and after
digestion (P < 0.05). After simulated gastrointestinal digestion, the
DPPH scavenging rate of polypeptide fractions from H. erinaceus
significantly increased (P < 0.05). These results were consistent with
the corresponding determination results of the antioxidant peptides
in mulberry leaves [38]. This was likely due to the action of protease,
causing previously unexpressed or potential active peptides to be
released from the parental sequence, generating new antioxidant
polypeptides during gastrointestinal digestion, or more hydrophobic
amino acid residues with antioxidant activity were exposed after
hydrolysis, which increased antioxidant activity. After simulated
gastrointestinal digestion, the order of DPPH radical capacity was
HEP-II > HEP-1 > HEP-III, the DPPH free radical scavenging
ability of HEP-II was significantly higher than the other fractions
(P < 0.05). These results showed that simulated gastrointestinal
digestion improved the DPPH free radical scavenging ability of the
polypeptide fractions of H. erinaceus, and the DPPH free radical
scavenging ability of HEP-II was the best.

3.3.2  Superoxide anion radical scavenging ability

Fig. 1B shows the changes in the superoxide anion radical
scavenging abilities of the polypeptide fractions from H. erinaceus
before and after simulated gastrointestinal digestion. In the
experimental range, the polypeptide fractions of H. erinaceus could
scavenge superoxide anion radicals, and the superoxide anion
radical scavenging rate of the polypeptide fractions increased with
increasing mass concentration. After gastrointestinal digestion, the
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superoxide anion free radical capturing ability of the polypeptide
fractions from H. erinaceus significantly increased (P < 0.05). After
gastrointestinal digestion, the order of superoxide radical capacity
was HEP-II > HEP-I > HEP-III. Among them, the superoxide anion
radical scavenging abilities of HEP-II and HEP-I were significantly
better than HEP-III (P << 0.05). This was possibly because some
peptides were degraded into small molecules after gastrointestinal
digestion, exposing more active groups and increasing the opportunity
to react with the free radicals, which were conducive to improving
antioxidant activity [39]. At 5 mg/mL mass concentration, the
superoxide anion radical scavenging rates of HEP-II before and after
simulated digestion were 48.76% =+ 0.05% and 59.13% + 0.02%, with
1Cs, values of (2.23 + 0.02) and (2.47 = 0.02) mg/mL, respectively.
In conclusion, simulated gastrointestinal digestion contributed to
the superoxide anion radical scavenging ability of the polypeptide
fractions of H. erinaceus.

3.3.3  Hydroxyl radical scavenging ability

Fig. 1C shows the changes in the hydroxyl radical scavenging
ability of the polypeptide fractions from H. erinaceus before and after
simulated gastrointestinal digestion. The polypeptide fractions from
H. erinaceus had a certain scavenging ability on the hydroxyl radicals,
and were positively correlated with the mass concentration. Before
and after simulated gastrointestinal digestion, the order of hydroxyl
radical capacity was HEP-II > HEP-1 > HEP-III. The hydroxyl radical
scavenging ability of HEP-II was significantly higher than the other
fractions (P < 0.05). After simulated gastrointestinal digestion, the
hydroxyl radical scavenging ability of the polypeptide fractions only
slightly decreased, with no significant changes (P > 0.05), indicating
that HEP was not sensitive to gastrointestinal digestion. This was
possibly because the structure of polypeptides with hydroxyl radical
scavenging ability did not meet the specific requirements of the
digestive enzymes; thus, they could resist hydrolysis by the digestive
enzymes, and could maintain a higher hydroxyl radical scavenging
ability overall [40]. During digestion, the experimental data of HEP-I
and HEP-III were the same at 3 mg/mL, indicating that their hydroxyl
radical scavenging abilities were the same. In addition, the IC;, values
of HEP-II before and after simulated digestion were approximately
(1.84 £ 0.01) and (1.94 = 0.02) mg/mL, indicating that simulated
gastrointestinal digestion had little effect on the scavenging ability of
HEP-II, but still retained the high scavenging ability of the hydroxyl
radicals after digestion.

3.3.4 Total reducing ability

Fig. 1D shows the changes in the reducing power of the
polypeptide fractions from /. erinaceus before and after simulated
gastrointestinal digestion, where all of the polypeptide fractions
from H. erinaceus showed good reducing abilities. In the range of
1.0-5.0 mg/mL, the reduction ability increased with increasing sample
concentration in a dose-dependent manner. After gastrointestinal
digestion, the total reducing ability of the polypeptide fractions from
H. erinaceus significantly increased (P < 0.05), indicating that HEP
was sensitive to gastrointestinal digestion. As digestion progressed,
more polar and charged groups were exposed, and more electrons
and protons were produced by the breakage of peptide bonds; thus,

a higher redox potential was maintained. In the concentration range
of 1.0-5.0 mg/mL, the increasing trend of absorbance of HEP-I was
significantly greater than HEP-II and HEP-III (P < 0.05) as the mass
concentration increased, indicating that HEP-I had the highest total
reducing ability. This was possibly related to molecular weight. Small
molecular weight polypeptides tended to expose more hydrophobic
amino acids and branched amino acids with antioxidant activity at the
N-terminal [41], indicating high antioxidant activity.
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Fig. 1 Effects of the simulated gastrointestinal environment on the
antioxidant abilities of polypeptide fractions from H. erinaceus: (A) DPPH
free radical scavenging ability, (B) superoxide anion radical scavenging ability,
(C) hydroxyl radical scavenging ability, and (D) total reducing ability. Different

letters in same mass concentration indicate significant differences (P < 0.05).

3.4 Evaluation of hypolipidemic ability in vitro
3.4.1 Cholate binding ability

Table 3 shows that the polypeptide fractions from /1. erinaceus
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had an adsorption effect on taurocholate and glycocholate under
the simulated gastrointestinal environment, and its binding rate
increased with increasing polypeptide concentration, presenting an
obvious dose-response relationship. In the experimental concentration
range, the binding ability of the polypeptide fractions from
H. erinaceus to taurocholate was higher than glycocholate, and the
polypeptide fractions from H. erinaceus had a stronger binding
ability to taurocholate. In the experimental concentration range, the
ability of the HEP fractions to bind to taurocholate and glycocholate
followed the descending order of HEP-II > HEP-I > HEP-III.
At a concentration of 10 mg/mL, the binding rates of HEP-II to
taurocholate and glycocholate were 65.08% =+ 0.02% and 57.74% +
0.01%, respectively, and the adsorption rates of the two cholate salts
were all over 50%. Following the in vitro simulated gastrointestinal
environment test, we verified that HEP could bind to the cholate in
the human bile acid pool, reducing the strength of the intestinal liver
circulation of the bile acid in the body. Therefore, we preliminarily
confirmed that HEP had the potential to assist in lowering blood
lipids through cholate binding. Yoshie-Stark et al. [42] found that
the binding effect of protease hydrolysate on cholate was stronger
than lipid-lowering drugs. The mechanism of action was possibly
dependent on the hydrophobicity of the peptide chain amino acid
residues, and the amphiphilic hydrophobic skeleton structure of the
bile acids could effectively combine with the polar functional groups
through the hydrophobic amino acids [43].

Table 3
Effects of simulated gastrointestinal environment on the cholate binding rate
of the polypeptide fractions from H. erinaceus.

. . Sodium
Fraction Mass concentration Sod}lun-l taurocholate glycocholatebinding
(mg/mL) binding rate (%) rate (%)
52.45+0.03 45.97 +0.03
HEP-I (< 5 kDa) 5 56.89 +0.03 51.56 £ 0.02
10 59.07 £ 0.02 53.19+£0.01
56.89 +0.02 48.39 +0.02
HEP-II (5-10 kDa) 5 61.57 +0.03 54.90 = 0.02
10 65.08 +0.02 57.74 £ 0.01
50.29 +0.02 41.95+0.03
HEP-III (> 10 kDa) 5 52.31 +£0.05 44.58 £ 0.01
10 54.62 +0.02 45.27 +0.02

Note: Data are expressed as mean + SD.
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3.4.2 Pancreatic lipase inhibition ability

As shown in Fig. 2A, in the concentration range of
1.0-6.0 mg/mL, the inhibitory effect of pancreatic lipase was better
with increasing HEP concentration, and the inhibitory rate curve was
flat with increasing concentration. At a concentration of 5 mg/mL,
the polypeptide fractions showed a certain saturation effect on the
inhibition of lipase activity, and we speculated that HEP could reduce
lipase activity only by changing the conformation of lipase, rather
than by inactivating lipase [44]. After digestion with pepsin and
trypsin, the inhibitory activity of pancreatic lipase on the polypeptide
fractions from H. erinaceus significantly decreased (P < 0.05). This
was possibly because the biological activities of the polypeptides
were mainly determined by their specific amino acid composition
and amino acid sequence. After simulated gastrointestinal digestion,
the polypeptides were further degraded to produce polypeptides
with lower molecular weights, which reduced the inhibitory activity
of pancreatic lipase. After simulated gastrointestinal digestion, the
inhibition activity of HEP-II reached 68.44% =+ 0.03%, which was
higher than HEP-I 49.52% =+ 0.02% and HEP-III 28.13% = 0.03%.
Multivariate nonlinear fitting was carried out using GraphPad Prism
software, and the ICs, values of HEP-I, HEP-II, and HEP-III were
(2.90 = 0.06), (2.75 = 0.03), and (3.27 * 0.04) mg/mL following
the regression equation, while the inhibition rate of HEP-II was
significantly higher than the other fractions (P < 0.05). In conclusion,
simulated gastrointestinal digestion was beneficial to the inhibition
of polypeptide fractions from H. erinaceus on pancreatic lipase, and
HEP-II had the strongest inhibitory effect on pancreatic lipase.

3.4.3 Cholesterol micellar binding ability

Fig. 2B shows the cholesterol adsorption of polypeptide fractions
from H. erinaceus before and after hydrolysis by complex enzymes
(pepsin and trypsin). In the experimental concentration range,
the cholesterol-binding rates of the polypeptide fractions from
H. erinaceus increased with increasing mass concentration,
proving that the polypeptide fractions had a good adsorption
effect on cholesterol in a dose-dependent manner. Within a
certain concentration range, the more polypeptide molecules in
a space of the same size, the greater the chance of contact with
the cholesterol micelles, causing more cholesterol micelles to
be destroyed. When the concentration was below 4 mg/mL, the
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Fig. 2 Effects of the simulated gastrointestinal environment on pancreatic lipase inhibition and cholesterol micellar binding abilities of polypeptide fractions from
H. erinaceus: (A) pancreatic lipase inhibition ability, and (B) cholesterol micellar binding ability. Different letters in same mass concentration indicate significant
differences (P < 0.05).
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Table 4
Secondary structure analysis of polypeptide fractions from H. erinaceus.
Seconday Amide I band wave HEP-I HEP-TI HEP-III
structure number interval (cm™") Wavenumber (cm ') Relative content (%) Wavenumber (cm ')  Relative content (%) Wavenumber (cm™')  Relative content (%)
1624.26 1620.35
p-Fold 1 610—1 640 1 635.65 21.48 1 631.54 23.15 1615.36 25.62
Random coil 1 640—1 650 1641.09 21.05 1648.31 18.36 1642.57 21.25
a-Helix 1 650—1 659 1 652.48 35.69 1 655.86 47.71 1 654.84 33.36
f-Turn 1 660—1 695 1 670.16 21.78 1 685.75 10.78 1 680.37 19.77

cholesterol-binding rate increased significantly with increasing
concentration, and the later binding rate was flat, possibly due
to the dynamic equilibrium of the adsorption process, and the
cholesterol-binding amount of the polypeptide fractions was close
to saturation. The inhibition rate of cholesterol micelle solubility
decreased after treatment with the simulated gastrointestinal
digestive environment; however, the change was not significant
(P >0.05), indicating that the polypeptide fractions from H. erinaceus
exhibited good stability in simulating gastrointestinal environment
treatment. There were relatively few sites where the peptide chains
could be acted on by proteases, and the polypeptides were not
easily hydrolyzed into smaller peptides by the enzymes. Thus, it
better retained its activity. At the same concentration of 5 mg/mL,
the cholesterol-binding rates of HEP-I, HEP-II, and HEP-III in
the simulated gastrointestinal environment were 44.59% =+ 0.03%,
59.89% * 0.05%, and 21.61% = 0.05%, respectively. The
results showed that the cholesterol-binding rates of HEP-I and
HEP-II were significantly higher than HEP-III (P < 0.05), and that
the hyperfiltration of HEP (< 10 kDa) exhibited stronger cholesterol-
binding activity. This was possibly because the amphiphilicity of the
polypeptide molecules enhanced their ability to interact with the free
and cholesterol micelle solutions, thereby reducing the emulsification and
solubility of dietary cholesterol [45]. Overall, this study demonstrated the
great potential of HEP in regulating cholesterol biosynthesis in vivo, and
HEP-II was the most active polypeptide fraction.

3.5 Infrared spectrum and secondary structure analysis

Infrared spectrum analysis of HEP-II is shown in Fig. 3, which
indicated a stretching vibration peak of the secondary amide N-H
at 3 304 cm . The effect of the amino group caused C=0 to move
to smaller wave numbers, and two strong C=O stretching vibration
peaks appeared at 1 660 and 1 650 cm . In addition, the aromatic
ether =C-O-C stretching vibration (symmetric) peaks appeared at
1031 cm ', where the oxygen and side chain carbon were connected [46].
The curved absorption peak of NH appeared at 1 592 ¢cm ', and at
1 152 and 1 245 cm ', the C-C stretching vibration absorption
peaks and alkane -C-H- in-plane bending absorption peaks were
characterized by protein absorption peaks [47]. By modifying the
scanning parameters, the amide I band that was sensitive to changes
in peptide structure was further scanned. After deconvolution
processing, 5 absorption peaks were fractionated from the amide I
band, and the spectrum was differentiated. Finally, band fitting of
the spectrum was carried out using Prota3s software. The fitting
spectrum of the amide I band of HEP-II is shown in Fig. 3, while
the area percentage and attribution of each sub-peak of HEP-II are

shown in Table 4.

The amide I band was used to analyze the difference in the
secondary structure of HEP-II, where the wave number was f-fold in
1 610-1 640 cm ', random coil was in 1 640—1 650 cm ', a-helix was
in 1 650-1 658 cm ', and #-turn was in 1 6601 695 cm . Table 4
shows the secondary structure content of HEP-II, which was as
follows: S-fold (23.15%), random coil (18.36%), a-helix (47.71%),
and f-turn (10.78%). Among the test results, HEP-II had the highest
proportion of a-helix content, indicating that the polypeptide had high
hydrophobicity. Reports have shown polypeptide hydrophobicity plays
an important role in maintaining its cholesterol-binding activity [48].
In conclusion, the high content of a-helix structures showed a certain
contribution to the hypolipidemic effect of HEP-II.
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Fig. 3 Fourier transform infrared spectroscopy of HEP-II.

3.6  Animal experiments
3.6.1 Establishment of hyperlipidemia model

The serum lipid parameters of the mice are shown in Table 5 after
4 weeks of a high-fat diet. Compared to the normal control group, the
serum TC levels of the high-fat model group significantly increased
(P < 0.05) and the level of serum TG significantly increased (P < 0.01),
indicating that the hyperlipidemia model was successfully established.

Table 5
Effects of a high-fat diet on the serum lipid parameters of mice fed for 4 weeks.
Group TC (mmol/L) TG (mmol/L)
Normal control group 2.07+0.19 1.43 £0.56
High-fat model control group 3.18£0.37* 8.74 091"

Note: Values are presented as mean = SD (n = 8). “ P < 0.05 and “** P < 0.01 compared to
the normal control group.

3.6.2 Conditions of the mice during the experiment

During the experimental feeding period, mice in the normal
control group were fed a normal diet and exhibited normal defecation,
normal body weight growth, and no disease or death. With the
extension of the experiment period, the mice in the high-fat model
group moved slowly, showed decreased hair luster and sparse feces;
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however, the other states were normal, and no death occurred. The
diet, defecation, and body growth status of the simvastatin group
and HEP-II group were between the normal control group and high-
fat model group. This suggested that HEP-II gavage reduced certain,
adverse effects such as slow movement, loss of hair luster, and
thinning of feces in the hyperlipidemia mice.

3.6.3 Effects of HEP-II intervention on the body weight and
liver index of high-fat mice

Obesity has been widely accepted and confirmed as an
independent risk factor for hyperlipidemia [49]. After 4 weeks
of intervention, the body weight of the mice in each group was
measured, and the results are shown in Table 6. There was no
significant difference in the initial body weight between the 6 groups
before experimentation (P > 0.05), proving the rationality of random
grouping. However, after 4 weeks of intragastric administration, the
body weight of the mice in the high-fat model group was significantly
higher than the normal control group (P < 0.05), indicating that the
establishment of a high-fat model group had a significant effect on
the body weight of the mice. The final body weights of mice in the
low-, medium-, and high-dose groups were lower than the high-
fat model group, and there was a significant difference between
the high-dose group and the high-fat model group (P < 0.05),
which was statistically significant. The results showed that HEP-II
intervention inhibited the weight gain of the high-fat diet mice in a
dose-dependent manner; however, the effects in the high-dose group
were more significant. Analysis showed that the adsorption effect of
HEP-II on cholesterol, sodium cholate, and other substances broke the
hepatoenteric circulation of the bile acids, inhibiting the reabsorption
of bile acids and cholate, and ultimately achieving weight loss [50].
Therefore, HEP-II had a certain alleviating effect on the prevention of
hyperlipidemia-induced obesity.

The liver is an important part of the body. The liver index can
reflect the function and quality of the liver, and it can indirectly
reflect bodily health levels. The effects of HEP-II on the livers of the
hyperlipidemia mice are shown in Table 6. Compared to the normal
control group, the liver weight and liver index of the high-fat model
group significantly increased (P < 0.05), indicating that the high-fat
diet caused fat accumulation in the liver of the mice. Compared to the
high-fat model group, the simvastatin and high-dose groups showed
significantly reduced liver weight and liver index of the high-fat diet
mice (P < 0.05), indicating that the gavage of HEP-II protected the
liver health of the hyperlipidemia mice and could potentially prevent
fatty liver disease.

Table 6
Effects of HEP-II on body weight and liver index in high-fat mice.

3.6.4 Effects of HEP-II intervention on the serum lipid
indices of the high-fat mice

Hyperlipidemia is caused by abnormal lipid metabolism, which
mainly manifests as high TC, TG, and LDL-C levels or low HDL-C
levels in the serum [51]. The abnormal increase in serum TC and
TG levels has been correlated with the occurrence of cardiovascular
diseases. HDL-C can also be used as a carrier of reverse transport of
TC, and an increase in HDL-C can accelerate the decomposition of
TC in the blood.

The effects of HEP-II intervention on the serum lipid indices of
high-fat diet mice are shown in Table 7. Compared to the normal
control group, serum TC and TG concentrations in the high-fat
model group significantly increased (P < 0.05), LDL-C significantly
increased (P < 0.01), HDL-C significantly decreased (P < 0.05), and
the results showed that the high-fat model group mice had obvious
dyslipidemia. Compared to the high-fat model group, serum TC
and TG concentrations in the medium-dose and high-dose groups
significantly decreased (P < 0.05), TC and TG concentrations in
the low-dose group also decreased (P > 0.05), and there were no
significant differences in the serum TC and TG concentrations in the
high-dose group compared to the simvastatin group (P > 0.05). This
indicated that a certain dose of HEP-II could inhibit the increase in
serum TC and TG concentrations in the mice, and the concentration
was negatively correlated with the dose. Compared to the high-
fat model group, the serum HDL-C concentrations in the low-
dose group increased by about 0.08 mmol/L, and the increase was
not significant (P > 0.05). The serum HDL-C concentrations in the
medium- and high-dose groups were significantly higher than in the
high-fat model group (P < 0.05), and the increase rates were 15.32%
and 31.53%, respectively. This indicated that a certain dose of HEP-
II could effectively increase the serum HDL-C levels in the mice. The
serum LDL-C concentrations of the mice in the low-, medium-, and
high-dose groups decreased compared to the high-fat model group,
resulting in a negative correlation with increasing dose. Compared to
the high-fat model group, there was no significant difference in the
low-dose group (P > 0.05). Compared to the high-fat model group,
the difference between the medium-dose and high-dose groups was
significant (P < 0.05). Experimental results showed that HEP-II could
effectively reduce the concentration of LDL-C in mice, with a better
effect in the high-dose group.

The atherosclerosis index (AI) was calculated according to the
serum TC and HDL-C. Compared to the normal control group, the Al
values in the high-fat model group significantly increased (P < 0.01),
indicating that a high-fat diet caused the formation of atherosclerosis
in the mice. Compared to the high-fat model group, the Al values
of the simvastatin group, as well as medium and high-dose groups

Weight increment (g) Liver weight (g) Liver index (%)

Group Initial weight (g) Final weight (g)
Normal control group 20.12+1.62 28.76 + 1.85
High-fat model control group 20.41 +1.58 38.66 + 1.93"
Simvastatin group 19.35 £ 1.01 32.59 + 1.74*
Low-dose group 20.36 £0.71 36.71 = 1.83
Medium-dose group 21.74 +1.08 3548 +1.80
High-dose group 20.35 +2.06 3420 = 1.75*

8.64 = 1.10 1.01+0.13 3.51+0.33
18.25 + 1.42° 1.84 £0.12° 4.76 £0.51*
13.24 + 1.02% 1.22 +0.17* 3.74 £ 0.45%
16.35 0.82 1.68 +0.22 4.58 +0.36
14.14 £0.32 1.63 +0.24 4.35+0.46
13.85 + 0.96* 1.30 £ 0.28% 3.80 £ 0.41%

Notes: Values are presented as mean + SD (n = 8). “ P < 0.05 compared to the normal control group; * P <0.05 compared to the high-fat model control group.
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Table 7
Effects of HEP-II on the serum lipid indices in high-fat mice.
Group TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) Al
Normal control group 271 £0.19 1.74 £0.25 241043 0.45=0.16 0.13+£0.03
High-fat model control group 3.67+0.51° 2.63+0.31° 1.75 £0.47° 1.07 £0.62** 1.10 +£0.09**
Simvastatin group 2.69 £0.25 1.85£0.29° 2.35£0.68 0.66 £0.26° 0.15£0.08"
Low-dose group 3.31£0.20 2.51+£0.19 1.75+£0.55 0.93 +£0.46 0.89 +0.15
Medium-dose group 3.06%0.16° 226+0.29 2.12+0.44° 0.79+0.37" 0.45+0.11"
High-dose group 2.63+0.20° 1.91+0.48 2.29+0.63° 0.62 +0.14" 0.15+0.08"

Notes: Values are presented as mean = SD (7 = 8). “ P < 0.05 and “* P < 0.01 compared to the normal control group; * P < 0.05 and ** P < 0.01 compared to the high-fat model control group.

decreased. The Al value in the low-dose group significantly decreased
(P < 0.05), and Al value of the simvastatin group, as well as medium-
dose and high-dose groups significantly decreased (P < 0.01). These
results showed that HEP-II inhibited atherosclerosis in a dose-
dependent manner.

In summary, in this study, we confirmed the preventive effect
of HEP-II on dyslipidemia and cardiovascular diseases, and the
regulation effect of high HEP-II concentration on lipid levels was
more obvious.

3.6.5 Effects of HEP-II intervention on the levels of ALT and
AST and antioxidant indexes in high-fat mice

ALT and AST are key indicators of liver function and can
reflect the degree of liver injury, and ALT and AST are ubiquitous
in liver cells. When liver cells die, ALT and AST will enter the
bloodstream, resulting in an increase in serum enzymes. Increased
levels of ALT and AST have been shown to be consistent with the
level of hepatocyte injury [52]. As shown in Table 8, the AST and
ALT levels in the high-fat model group mice were significantly
higher than the normal control group (P < 0.05), indicating that the
high-fat diet caused liver damage in the mice. Compared to the high-
fat model group, the simvastatin group (P < 0.01), low-dose group
(P > 0.05), medium-dose group (P < 0.05), and high-dose group
(P < 0.01) reduced the levels of AST and ALT in the mice. These
results suggested that HEP-II improved the degree of liver injury in
the mice, which could be restored to the level of the normal control
group after long-term treatment.

GSH-Px is present in all oxygen-metabolizing cells, protecting
them from free radical damage. As shown in Table 8, the level of
GSH-Px in the high-fat model group mice was significantly lower
than that in the normal control group (P < 0.01). The levels of GSH-
Px in the low, medium, and high-dose groups were higher than in
the high-fat model group, and the level of GSH-Px in the mice was
positively correlated with the gavage dose of HEP-II. Among these,
the level of GSH-Px in the medium-dose group mice was significantly
higher than in the high-fat model group (P < 0.05), Furthermore,
the level of GSH-Px in the high-dose group mice was significantly
higher than in the high-fat model group (P < 0.01), with only a 6.46%
difference compared to the normal control group. These results
indicated that HEP-II could effectively increase the level of GSH-Px
in mice, and the high-dose group had the best effect.

NO can control mitochondrial respiration, insulin signal
transduction, and oxidative stress [53], and a high-fat diet has been
shown to cause more NO production in mice, as NOS is a catalytic

enzyme for NO synthesis [54]. As shown in Table 8, the level of NOS
in the high-fat model group mice significantly increased compared
to the normal control group (P < 0.01), indicating that a high-fat diet
caused oxidative stress damage in the mice. Compared to the high-
fat model group, the simvastatin group (P < 0.01), low-dose group
(P < 0.05), medium-dose group (P < 0.05), and high-dose group
(P < 0.01) showed levels of NOS in the mice. In conclusion, HEP-II
improved the degree of oxidative stress injury and antioxidant ability
of the body to a certain extent.

Table 8
Effects of HEP-II on the levels of ALT and AST and antioxidant indices in
high-fat mice.

Serum index
AST (U/L) GSH-Px (umol/L) NOS (umol/L)
32.13 £2.60

Grou
P ALT (U/L)

Normal control group 25.86 +£2.17 48.71+1.79 467.11 £ 12.54
High-fat model control
group
Simvastatin group

33.76 + 4.14** 64.97 £ 5.73** 306.76 +23.38** 41.97 +3.75"*

2660+ 1.75" 49.16 +5.13™ 44426+ 19.52" 32.86+2.25"

Low-dose group ~ 30.04+ 124 6023+223 32625+11.04 37.32+3.46
Medium-dose group  28.47 + 1.53° 56.06 £3.39" 361.46+15.37 34.83+1.81"
2640 £3.12" 50.93 £5.86" 428.05+20.60" 32.71+3.16"

Notes: Values are presented as mean = SD (n = 8). “ P < 0.05 and “* P < 0.01 compared
to the normal control group; * P < 0.05 and ** P < 0.01 compared to the high-fat model
control group.

High-dose group

3.6.6 Effects of HEP-II intervention on the levels of MDA
and SOD in high-fat mice

Lipid oxidation in the liver is a major source of ROS. As TG
accumulates in the liver, excessive fatty acid oxidation will increase
ROS production, leading to oxidative stress in the liver [55]. SOD
is also an important antioxidant enzyme in organisms and can act
as the main defense system against ROS during oxidative stress.
Furthermore, MDA is a product of lipid oxidation that can inactivate
some proteins and enzymes, and has been used as an indicator of
oxidative damage under oxidative stress [56]. As shown in Table 9,
the level of SOD in the high-fat model group mice was significantly
lower than in the normal control group (P < 0.01), indicating that a
high-fat diet reduced the antioxidant ability of the liver tissue in the
mice. Compared to the high-fat model group, the levels of SOD in the
low-dose, medium-dose, and high-dose groups increased by 6.11%
(P > 0.05), 13.59% (P < 0.05), and 25.62% (P < 0.01), respectively,
indicating that a certain dose of HEP-II improved the levels of SOD
in the mice. Compared to the normal control group, the level of MDA
in the liver tissue of the high-fat model group significantly increased
(P < 0.01), indicating that a high-fat diet led to an increase in lipid
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peroxidation and decrease in the antioxidant ability of organisms.
Compared to the high-fat model group, the levels of MDA in the
low-dose, medium-dose, and high-dose groups decreased by 4.52%
(P > 0.05), 11.00% (P < 0.05), and 18.86% (P < 0.01), respectively.
These results indicated that the different HEP-II doses reduced the
levels of MDA in the mice to varying degrees; thus, reducing the
degree of lipid peroxidation in the body, and protecting the integrity
of the cell structure and function [57].

Table 9
Effects of HEP-II on the levels of MDA and SOD in the high-fat mice.
Group MDA (U/mg) SOD (U/mg)
Normal control group 10.67 £3.12 262.10 £ 15.58
High-fat model control group 17.16 +2.30** 195.85 +7.85%*
Simvastatin group 12.61 £3.66" 246.29 + 15.92"
Low-dose group 16.88 £3.46 209.61 +6.53
Medium-dose group 15.65 = 1.67" 221.01 £ 10.37
High-dose group 13.53 £2.26" 240.77 £ 15.12"

Notes: Values are presented as mean = SD (n = 8). “ P < 0.05 and ** P < 0.01 compared
to the normal control group; * P < 0.05 and ** P < 0.01 compared to the high-fat model
control group.

3.6.7 Effects of HEP-II intervention on liver pathological
changes in high-fat mice

The effect of HEP-1I on the lipid metabolism in the liver was
reflected by the results of liver oil red O staining, where the volume
of red-stained fat droplets in the liver cells was proportional to the
degree of fat accumulation. As shown in Fig. 4, the liver cells of the
mice in the normal control group (Fig. 4A) were arranged neatly and
closely with normal morphology, and the cells were scattered around
the central meridians without obvious pathological changes. The liver
cells of the high-fat model group (Fig. 4B) were disordered and loose,
and the cells around the central meridian were disordered. In addition,
the cell boundaries were not obvious, the cell space was large, and the
degree of liver injury was serious [58]. After HEP-II intervention, the
liver cells of the mice in the low-dose group (Fig. 4D) were disordered
and relaxed, with different nuclear sizes and the cell boundaries
were more distinct. The morphologies of the liver cells in the low-
dose group were generally superior to those in the high-fat model
group. The liver cells of the mice in the medium-dose group (Fig. 4E)

13
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N

were arranged in an orderly and compact manner, with obvious cell
spacing. The cells around the central vein were arranged in a regular
manner, the cells were distributed in a regular and sporadic manner.
The morphologies of the hepatocytes in the simvastatin (Fig. 4C) and
high-dose (Fig. 4F) group were more similar to the normal control
group, with a relatively regular arrangement. In summary, HEP-II
effectively relieved hepatocyte injury in the mice, and the degree
of liver disease in the mice decreased with increasing HEP-II dose,
indicating that a high-dose HEP-II had a good therapeutic effect on
liver injury in mice, and also significant inhibitory and regulatory
effects on liver lesions in the hyperlipidemia mice [59,60].

4. Conclusion

HEP was prepared using an ultrasound-microwave assisted
enzymatic method, and the polypeptide yield was (65.14% =+
0.05%). Three types of polypeptide fractions from H. erinaceus with
different molecular weight ranges were obtained by 5 and 10 kDa
ultrafiltration membranes, namely, HEP-I (10.70% + 1.21%), HEP-II
(56.19% + 1.06%), and HEP-IIT (33.11% =+ 0.94%). In this study, the
antioxidant and hypolipidemic abilities of the polypeptide fractions
from H. erinaceus before and after digestion were compared and
analyzed by simulated gastrointestinal digestion experiments. The
results showed that the polypeptide fractions from /. erinaceus
had strong antioxidant and lipid lowering abilities before and after
gastrointestinal digestion, and the overall activity of the polypeptide
fractions after gastrointestinal digestion showed few changes,
resulting in high gastrointestinal stability. Among them, HEP-II with
a molecular weight of 5-10 kDa had the strongest antioxidant and
hypolipidemic abilities, presumably because the secondary structure
of HEP-II was mainly composed of random coil (18.36%) and
o-helix (47.71%) structures, which were beneficial to the antioxidant
and hypolipidemic abilities of HEP-II. The results of the animal
experiments showed that HEP-II had a significant hypolipidemic
effect by ameliorating hypolipidemia and improving the antioxidant
ability of the liver. Combined with pathological observation and
analysis, we found that HEP-II improved liver fatty lesions and lipid
metabolism disorder, and it could reduce lipid accumulation in the
liver, thereby protecting the liver and reducing the risk of fatty liver

ehl

Fig. 4 Effects of HEP-II on liver pathological changes in mice. (A) Normal control group; (B) High fat model control group; (C) Simvastatin group; (D) Low
dose group; (E) Medium dose group; (F) High dose group. Magnification: 200 x.
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disease. Taken all together, these results suggested that HEP was a
promising functional component for the remission of hypolipidemia.
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