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ABSTRACT

Background. Auricularia auricular polysaccharides (AAPs) derived from the dried fruit body of 4. auricular
are valuable compounds with many bioactivities. This research aimed to investigate the antioxidant and anti-
diabetic activities of these polysaccharides and their artificial gastrointestinal fluid hydrolysates (AAPHs).
Material and methods. Artificially simulated gastrointestinal fluid was used to obtain polysaccharide-de-
rived fragments, and a rat model of type 2 diabetes mellitus (T2DM) using a high-fat diet and low-dose
streptozotocin (STZ) was established to assess their antioxidant and anti-diabetic effects.

Results. It was found that AAPs and AAPHs were both heteropolysaccharides and were comprised of arab-
inose, xylose, mannose, 2-deoxy-glucose, glucose and glucosamine, but at different mole ratios. AAPHs was
purified by Sephadex G-100 chromatography to produce three fractions, namely, AAPHs1, AAPHs2, and
AAPHs3. The molecular weights of these three fractions were 320, 169, and 62 kDa respectively. Both AAPs
and AAPHs exhibited the evident ability to enhance the activities of antioxidant enzymes and the level of
GSH, while increasing the content of liver glycogen and plasma C-peptide compared with the diabetic model
group (p < 0.05). Furthermore, AAPHs could cause a marked improvement in glucose-stimulated GLP-1
secretion from 0 min to 30 min (p < 0.05).

Conclusions. The possible mechanism was that AAPHs could partly restore the STZ-induced impairment of
GLP-1 secretion, and inhibit the oxidative stress pathway, and thereby alleviate the progression of diabetes.
This data demonstrated that the molecular mole ratio and molecular weight had a definite effect on antioxi-
dant and anti-diabetic activities.

Keywords: Auricularia auricular polysaccharide, simulated hydrolysates, antioxidant effect, anti-diabetic
activity, T2DM rats
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INTRODUCTION

T2DM is a common metabolic disorder which is
a great public health concern, with the number of cases
increasing across the world (Chapman et al., 2017).
Recent assessments from the International Diabetes
Federation (IDF) show that older adults (>65 years)
account for approximately 25% of DM cases glob-
ally (Chapman et al., 2017). The modern treatment for
T2DM is mainly via Western medicine with a series
of synthetic agents. However, the severe side-effects
of medications make complementary and alternative
therapies more appealing for many patients and cli-
nicians (Liu et al., 2016), and a diet-based approach
to delay the need for such anti-diabetic medication
would be a useful adjunct (Lau, 2014).

Auricularia auricular, a widely distributed non-
toxic edible mushroom in Asia, is frequently con-
sumed as a culinary-medicinal mushroom (Qiu et al.,
2016). A. auricula has been consumed in traditional
medicine as recently as the 19th century. The fruit
bodies are wood ears or jelly ears with a high car-
bohydrate content (Zhang et al., 2011). A. auricular
polysaccharides (AAPs) are abundant in fruit bodies,
which have been reported to show a large variety of
physiological activities, including antioxidant activ-
ity (Xu et al., 2016; Zhang et al., 2011), immuno-
-enhancing properties (Nguyen et al., 2012), anti-tumor
activity (Mizuno et al., 1995), the attenuation of the
inflammatory response, oxidative stress and lipid depo-
sition (Chiu et al., 2014), anticoagulant activity (Yoon
et al., 2003), and hypoglycemic effects (Kim et al.,
2007; Yuan, 1998), and have attracted much attention.

The biological and physicochemical properties of
biomacromolecules are different from those of con-
ventional drug substances, particularly with regard
to their molecular weight, physicochemical stabil-
ity, solubility, biological half-life, conformational
stability, oral bioavailability, dose requirements, and
administration (Wang et al., 2009; Xiong, 2016).
Natural polysaccharides exhibiting their biological
activities are concerned with the oligosaccharide de-
rivatives that are produced by gastric acid or gastric
enzymes in the digestive tract (Agbagla-Dohnani
et al., 2012; Wang et al., 2016). Several studies in re-
cent years have shown that the derived oligosaccha-
rides produced by the acid or enzymatic hydrolysis
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of polysaccharides can be used as antioxidants or
prebiotics (Daisy et al., 2015; Suphavadee et al.,
2016; Xu et al., 2015). Numerous experimental stud-
ies have been carried out to evaluate the bioactivities
of A. auricular polysaccharides and their derivatives.
However, to date, little research has been carried out
on the potential antioxidant and anti-diabetic effects
of the polysaccharide hydrolysates obtained from this
mushroom. The aims of this study were to prepare the
artificial gastrointestinal fluid simulated hydrolysate
(AAPHs) from A. auricula polysaccharides (AAPs)
and to assess the antioxidant and anti-diabetic poten-
tial of AAPs and AAPHs using a rat model with dia-
betes induced by a high-fat diet and low-dose STZ,
then to analyze the effect of gastric acid and enzymes
on the biological activity of AAPs.

MATERIALS AND METHODS

Materials
Auricularia auricula was collected from a farmer’s
market (Greater Khingan Mountains, Heilongjiang,
China). The materials were washed and dried in a hot
air oven (DHG-9023AD, China) at 70°C, then pulver-
ized to a particle diameter size of 100—150 um.
Acarbose (biologically pure), was purchased from
Nanjing Duly Biotech Co., Ltd (Nanjing, Jiangsu
Province, China). STZ, a-amylase, pepsin (1:10 000)
and pancreatin (1:4000) were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Detection kits
for the following were provided by Nanjing Jiancheng
Bioengineering Institute (Nanjing, China): glutathione
peroxidase (GSH-PX), malonaldehyde (MDA), re-
duced glutathione (GSH), glutathione reductase (GR)
and catalase (CAT). ELISA test kits for insulin and
C-peptide were purchased from Shanghai Qiyi Bio-
technology Company (Shanghai, China). A one-touch
glucometer (for the analysis of blood glucose) was
provided by Roche Diagnostics GmbH (Mannheim,
Germany). All other chemicals were of analytical
grade.

Preparation of AAPs and AAPHs
Preparation of AAPs. AAPs were prepared by extrac-

tion from A. auricular as previously described (Xu et
al., 2016). Briefly, soluble components of A. auricula
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powders were extracted with 100 volumes of 1% (w/v)
NaOH at 80°C, followed by neutralization with hydro-
chloric acid, then centrifuged at 8000 rpm for 20 min.
The concentrated and dialyzed supernatant fraction
was precipitated four times (v/v) with 95% ethanol
overnight at 4°C. The precipitate was dissolved in
deionized water. Deproteinization was carried out with
the Sevag reagent, and this was repeated until there
was no absorption at 280 nm. The crude polysaccha-
ride was purified by ultrafiltration (membrane MW cut-
off: 5,000) under pressure (0.3 MPa) and lyophilized.

Artificial gastric and gastrointestinal fluid diges-
tion. The operation process of artificial gastric fluid
digestion was based on our previous studies (Lu et al.,
2018). Digestion by artificial intestinal fluid was car-
ried out as follows; the sample (2.5 g) was added to the
artificial gastric medium and hydrolyzed at 37°C for
30 min, then neutralized immediately by NaOH (1 M).
Next, a phosphate buffer (0.1 M, pH 6.0), NaHCO,
(1 M), amylase solution (0.1 mL, 20 mg/mL) and
pancreatin solution (5 mL, 25 mg/mL) were added to
the reaction system. The sample was hydrolyzed for
10, 20, 30, 60, 120, 180 and 240 mins at 37°C, fol-
lowed by centrifugation (10,000 rpm, 10 min) at 4°C.
The supernatant fraction was isolated by ultrafiltra-
tion (membrane MW cut-off: 5000) under pressure
(0.3 MPa) and lyophilized to obtain AAPHs.

Analysis of the degree of hydrolysis

of AAPs with HPLC

The AAPs hydrolyzates were performed by HPLC
on an LC-20AD pump (Shimadzu, Japan) equipped
with a TSK G3000 SW,  column (7.8 mm x 30 cm),
and a RID-10A refractometer (Shimadzu, Japan)
as a detector. Elution was performed with a flow rate
of 0.6 mL/min, the column was equilibrated with ul-
trapure water and elution was carried out with the
same solution.

Monosaccharide composition analysis with GC
The monosaccharide compositions of AAPs and
AAPHs were detected based on the previous study
(Xu et al., 2016). Nine monosaccharides were stand-
ards, including xylose, 2-deoxy-D-glucose, arab-
inose, ribose, mannose, fucose, glucose, galactose and
N-acetyl-D-(+)-glucosamine.
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Purification of AAPHs

AAPHs, dissolved in deionized water (15 mg/mL), was
loaded onto a gel-filtration column (3.5 x 150 cm) of
Sephadex G-100 eluted with deionized water at a flow
rate of 20 mL/h. The eluent fractions were collected
and measured by the phenol-sulfuric acid method at
490 nm. Three fractions were obtained, denoted as
AAPHs1, AAPHs2 and AAPHs3. The corresponding
fraction was concentrated, dialyzed and lyophilized,
then re-dissolved in deionized water (1.0 mg/mL), and
the UV absorption spectrum of the solution was re-
corded in the wavelength range of 190~500 nm.

Molecular weight determination

The M of AAPHs1, AAPHs2 and AAPHs3 were de-
termined by HPGPC. A Shimadzu apparatus equipped
with a TSKgel G4000SW,, (TOSOH, Japan) column
(7.8 x 300 mm) and a RID were used. Ultrapure wa-
ter was used as eluent, the column temperature was
33°C, and 20 pL of sample was injected after passing
through a 0.22 pum syringe filter. Six dextran stand-
ards (M = 505, 4300, 20 100, 31 200, 158 100 and
291 600 Da) were applied for calibration. The stand-
ard curve represented the linear relationship of the re-
tention time (R,) and the logarithm of the molecular
weights. The M of the sample was calculated using
R, based on the equation of linear regression of the
standard curve.

Animals and their care

Male Wistar rats (initial bw 200-250 g) were provided
by the animal centre of Hangzhou Normal University.
The animals were housed under conditions of 25 £2°C
and relative humidity ranging from 50% to 70% with
a 12 h darkness/light cycle and maintained with ad [i-
bitum access to water throughout the experimental
period. The experiment was approved by the Commit-
tee for Laboratory Animal Care and Use of Hangzhou
Normal University. All procedures were performed
strictly following the “Guide for the care and use of
laboratory animals” published by the National Insti-
tute of Health.

Induction of T2DM in rats

T2DM was induced in the rats by feeding them a high-
fat diet (HFD), which was prepared by mixing 20%
sucrose (w/w), 1% cholesterol (w/w), 2.5% dried egg
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yolk powder and 10% lard fat (w/w) into the basal diet
for 6 weeks, followed by intraperitoneal injection of
STZ (30 mg/kg bw) dissolved in 0.1 M citrate buffer
(pH 4.5). Two weeks later, the rats were confirmed to
be in the diabetic stage with a fasting blood glucose
higher than 15.6 mmol/L, and were used as diabetic
experiment animals in this study.

EXPERIMENTAL DESIGN

The continuous cycle of animal experiments were 4
weeks. The rats were randomly divided into five ex-
perimental groups (n = 5) as follow:

» group l: the control group (C), normal rats admin-
istered with normal saline (0.86% NaCl) by oral
gavage at 5 ml/kg bw/day

» group 2: the diabetic model group (D), HFD and
low-dose STZ induced diabetic rats administered
with normal saline by oral gavage at 5 ml/kg bw/day

» group 3: the diabetic with STZ group (DS), HFD
and low-dose STZ induced diabetic rats adminis-
tered with acarbose in normal saline by oral gavage
at 15 mg/kg bw/day

» group 4: the diabetic with STZ and APPs group
(DSA), HFD and low-dose STZ induced diabetic
rats administered with AAPs by oral gavage at
150 mg/kg bw/day. The dose of AAPs was chosen
based on a previous study (Xu et al., 2016)

» group 5: the diabetic with STZ and AAPHs group
(DSAH), HFD and low-dose STZ induced diabetic
rats administered with AAPHs by oral gavage at
150 mg/kg bw/day.

BIOCHEMICAL ANALYSIS

The rats were fasted overnight and blood glucose lev-
els in the tail vein were determined using a glucom-
eter. Then fresh serum samples were prepared from
the rat hearts and the serum insulin concentration was
determined using an ELISA kit (QY-R2097). Enzyme
activity of the antioxidant enzymes was determined
using the test kits of CAT (A007-2), GR (A062), GSH
(A006-2) and MDA (A003-1). The liver was homog-
enized and centrifuged for 15 min at 5000 rpm. The
supernatant was obtained for the determination of he-
patic glycogen by anthrone spectrophotometric meth-
od (Agbagla-Dohnani et al., 2012).
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Determination of GLP-1 secretion level

GLP-1 secretion level was determined at the end of
the experiment. After 18 h fasting, the rats in differ-
ent groups were administered with 5 ml of normal
saline, 15 mg/kg bw of acarbose and 150 mg/kg bw
of AAPs and AAPHs, successively. After 1 h, the rats
were orally gavaged with 2 g/kg bw of glucose dis-
solved in deionized water. Then, blood samples from
the eyeball vein were collected at 0, 30, 60 and 120
min after glucose loading under light ether anesthesia.
The serum GLP-1 concentration was determined using
a commercial rat kit GLP-1 ELISA (QY-R2115).

STATISTICAL ANALYSIS

All data were shown as means +standard deviations
and carried out in triplicate. ANOVA was used for
multiple comparisons, and P values of less than 0.05
were considered statistically significant.

RESULTS AND DISCUSSION

Simulated digestion of AAPs in vitro

Based on our previous study (Lu et al., 2018), AAPs
could be degraded to some extent in the artificial gas-
tric fluid in vitro, and gastric acid and enzymes had
a certain influence on AAPs. Thus, after 30 minutes of
digestion in an artificial gastric fluid, AAPs were fur-
ther digested in the artificial intestinal fluid. As shown
in Table 1, there was no difference in retention time in

Table 1. R, for A. auricula polysaccharides after artificial
simulated intestinal digestion in vitro

Hyd.roly.sm Retention time of main peak
reaction time .
. min
min
10 12.31 16.55 19.58
20 12.24 16.48 19.56
30 12.30 16.58 19.54
60 12.28 16.54 19.25
120 12.29 16.56 19.54
180 12.30 16.51 19.57
210 12.30 16.57 19.57
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Fig. 1. GC spectrum: A — standard monosaccharide mixture; 1 — ribose, 2 — arabinose, 3 — xylose, 4 — fucose,

5 — 2-deoxy-D-glucose, 6 — mannose, 7 — glucose, 8 —

C—-AAPHs

the artificial intestinal juice at different time periods.
As hydrolysis time went on, the chromatographic peak
number and the peak time remained unchanged. The
results showed that AAPs could be degraded in arti-
ficial gastric fluid in vitro, but could not be degraded
in artificial intestinal fluid. Thus, the hydrolysates
(AAPHs) were prepared after 30 min of digestion
in artificial gastric juice and used in the following
experiments.

Molecular composition analysis

The molecular composition of 4. auricula polysaccha-

rides (AAPs) and their hydrolyzed product (AAPHs)

was analyzed using gas chromatograms (Fig. 1).
AAPs presented four major components with

arabinose, mannose, glucose and glucosamine, and

www.food.actapol.net/

galactose, 9 — N-acetyl-D-(+)-glucosamine; B — AAPs;

mannose was the predominant sugar in AAPs. The dif-
ference was that AAPHs presented four major compo-
nents with arabinose, 2-deoxy-glucose, mannose and
glucose, and 2-deoxy-glucose was the predominant
sugar in AAPHSs. It was inferred that AAPs was a kind
of heteropolysaccharide, and contained arabinose,
xylose, 2-deoxy-glucose, mannose, glucose, and glu-
cosamine with the molar ratio of 1 : 0.44 : 0.33 : 1.67
:1:0.17. AAPHs also was a kind of heteropolysac-
charide, and contained arabinose, xylose, 2-deoxy-
glucose, mannose, glucose and glucosamine with the
molar ratio of 2.85:0.78 : 4.31: 1.49: 1.00 : 0.34.

Purification of AAPHs

Gel-filtration chromatography was performed for
the purification of AAPHs, and the curve of elution
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Fig. 2. The profile of AAPHSs eluted from a Sephadex G-100 column (3.5 x 150 cm)
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Fig. 3. UV spectrum of AAPHs1, AAPHs2 and AAPHs3

was shown in Figure 2. Three fractions (AAPHs],
AAPHs2 and AAPHs3) were obtained from a Sepha-
dex G-100 column. In addition, no significant absorb-
ance was observed at 260 nm or 280 nm in the UV
spectrum (Fig. 3), suggesting that the three fractions
did not contain protein or nucleic acid.

The molecular weight of AAPHs1, AAPHs2

and AAPHs3

The average molecular weights of AAPHs1, AAPHs2
and AAPHs3 were determined by HPLC. Dextrans
with different molecular weights were used for pre-
paring a standard curve. Figure 4 shows the standard
equation Log M = —0.4496T, + 10.734 (R* = 0.9972)
and its curve. AAPHs1, AAPHs2 and AAPHs3 were
eluted as a single symmetrical peak, as determined
by HPGPC in Figure 5, which showed that AAPHsl1,
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AAPHs2 and AAPHs3 were homogeneous and puri-
fied. The molecular weights of AAPHs1, AAPHs2 and
AAPHSs3 were found to be 320, 169, 62 kDa respec-
tively, according to the calibration curve.

Log Mw

0 5 10 15 20
Retention time (min)

Fig. 4. Standard curve of determining the molecular weight
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Changes in enzyme activities and antioxidant
The results of the antioxidant enzyme activities (CAT
and GR), as well as GSH and MAD contents, were
shown in Figure 6.
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Fig. 6. Effects of AAPs and AAPHs on the activities of an-
tioxidant enzymes and the level of GSH and MDA in the
serum of T2DM rats: A — the activity of CAT, B — activity
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presented as means #SD (n = 5). *p < 0.05 — significant
from the diabetic model (D). **p < 0.01 — significant from
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AAPHs displayed an extraordinary ability to en-
hance the activities of GR and CAT, as well as the
level of GSH, while reducing the content of MDA
compared with the diabetic model group (D). The ac-
tivity of CAT for AAPHs and AAPs was 1.57 +0.57
U/mL and 0.64 +0.18 U/mL, respectively, which was
significantly higher than that of diabetic model group
(D) (0.22 £0.07 U/mL, P < 0.01 and P < 0.05). The
activity of GR was 41.87 £6.25 U/L and 41.59 +6.57
U/L for AAPHs and AAPs respectively, which was
significantly higher than that of the diabetic model
group (D) (23.31 £2.26 U/L, P < 0.01 and P < 0.01).
In addition, AAPHs and AAPs also possessed a re-
markable capability to increase the level of GSH. The
level of GSH reached 3.14 £0.30 mg GSH/L and 3.13
+0.22 mg GSH/L for AAPHs and AAPs respectively,
which was significantly higher than that of the diabetic
model group (D) (1.62 £0.42 mg GSH/L, P <0.01 and
P < 0.01). Additionally, AAPHs caused a significant
decrease in the level of MDA (18.57 £1.67 nmol/mL,
P < 0.05) compared with that of the diabetic model
group (D) (25.30 £2.69 nmol/mL), while AAPs had no
effect on MDA in this study.

Changes in FBG, glycogen, C-peptide and insulin
levels in T2DM rats

HFD could play an important role in inducing insulin
resistance while low-dose STZ can partially damage
islet cells, similar to in T2DM in humans (Jiao et al.,
2017), and the integration of HFD and low-dose STZ

substituted as an animal model to similar the human
T2DM. As expected, the rats administered HFD and
a low dose of STZ had significantly elevated fasting
blood glucose (FBG), and evident damage to islet and
hepatic cells. A rat model of type 2 diabetes mellitus
was successfully established.

As shown in Table 2, the FBG level of the control
group (C) remained constant throughout the experi-
mental period, and six weeks of high-fat diet (HFD)
feeding and 2 weeks with low-dose STZ brought about
a 4-fold and 23.7% increase in blood glucose levels
compared to the control group (C) respectively, and
there was a significant difference compared to the dia-
betic model rats (D) (P < 0.05).

Effect on GLP-1 secretion in vivo
The effect of AAPs and AAPHs on GLP-1 secretion
for experimental type 2 diabetic rats was evaluated.
As shown in Figure 7, the glucose-stimulated GLP-1
secretion in a diabetic rat was impaired and exhibited
a reduction after oral glucose administration during
the experimental period compared to the control group
(C). The AAPHSs group showed a significant increase
in GLP-1 level (P < 0.05) compared to the diabetic
model group (D) from 0 min to 30 min, but no signifi-
cant difference was observed at 60 min. For the AAPs
group, there was no significant difference compared to
the diabetic model group (D) during the experimental
period.

Table 2. The effects of AAPs and AAPHs on FBG, glycogen, C-peptide and insulin level in T2DM rats

FBG levels, mmol/L

Group

Liver glycogen

Plasma C-peptide Plasma insulin

b:f};rel?il;%;f end of experiment mg/g ng/L mlU/L
C 4.88 £0.22%** 4.40 +£0.47** 48.33 £2.05%* 41.48 £9.36** 1.28 £0.35*
D 19.54 £2.38 18.64 £5.67 40.33 £2.51 23.91 £2.51 0.44 +0.12
DS 18.94 £2.23 11.78 £2.77* 4799 +1.17* 31.58 £9.94* 1.19 +0.21*
DSA 19.16 £1.29 13.80 £3.03* 46.32 +4.56* 34.67 £13.22%* 0.51 +0.10
DSAH 19.20 +£1.56 14.22 £5.04* 44.81 £1.82* 29.14 +£1.86* 0.55+0.11

Data presented as means £SD (r = 5). *p < 0.05 significant from the diabetic control (D), **p < 0.01 significant from the diabetic

control (D).
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(n=35)
DISCUSSION

A. auricula polysaccharides could be degraded in the
environment of artificial gastric fluid, but could not be
degraded in the artificial intestinal fluid in vitro. The
hydrolyzed product (AAPHs) from AAPs was com-
posed of three fractions and the molecular weight of
these three fractions were the difference. AAPHs ex-
hibited marked antioxidative capabilities compared
with the diabetic model rats. One of the main patho-
logical mechanisms suggested in diabetes is the oxida-
tive stress caused by the production of excess reactive
oxygen species (ROS; Tiwari et al., 2013). It is com-
monly known that oxidative stress arises under the
conditions of imbalance between free radical release
and the antioxidant potential of non-enzymatic and en-
zymatic substances in tissues (Rumyana et al., 2016),
so it is vital to enhance the antioxidant capability for
relieving oxidative stress. Glutathione (GSH), an im-
portant antioxidant in the body, and the primary anti-
oxidant enzymes for catalase (CAT) and glutathione
reductase (GR), can effectively inhibit free radical
generation and improve oxidative damage in cells or
organisms.

In the present study, the induced hyperglycemia
in the rats became more pronounced with increasing

www.food.actapol.net/

production of MDA and decreasing non-enzymatic
(GSH) and enzymatic (CAT, GR) antioxidant de-
fense (Fig. 6). These are the cytotoxic effects of STZ
that can be partially mediated through the formation
of NO and ROS, which is explained by Takasu et al.
(1991) in their studies. The results demonstrated that
AAPHs had marked potential to enhance the activi-
ties of CAT (Fig. 6A) and GR (Fig. 6B) in rat serum
compared to diabetic model rats, which showed that
AAPHs possesses remarkable antioxidant activity in
vivo. GSH, an important antioxidant in the body, can
scavenge free radicals and plays an important part in
the biochemical defense system of the body. CAT is
a key enzyme of the antioxidant defense system and
can break down H,O, into water, and GR plays a key
role in the scavenging of ROS during oxidative stress.
Hence, the enhanced level of GSH and activities of
these enzymes may provide an effective defense to
free radical damage. Malondialdehyde (MDA), an im-
portant by-product of lipid peroxidation, demonstrates
the degree of lipid peroxidation (Zeng et al., 2017).
As shown in Figure 6D, the MDA level was reduced
in AAPHs groups, which suggested that certain active
groups were produced or exposed after the hydrolysis
of AAPs and had the ability to inhibit the production
of cytotoxic chemicals.
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The liver can regulate the amount of blood glucose
in the body. However, in diabetes, glycogen output
has a positive correlation with fasting blood glucose,
which is the primary cause for the hyperglycemia. As
shown in Table 2, the liver glycogen level of AAPHs
(diabetes + AAPHs) and AAPs (diabetes + AAPs)
increased significantly (P < 0.05) compared with the
diabetic model group (D). This suggested that both
AAPHs and AAPs could improve glucose metabo-
lism, inhibiting hepatic glucose output, and raising
glycogen content. Therefore, AAPs and their simulat-
ed hydrolysate might both exhibit a certain therapeutic
effect in the liver function to HFD and low-dose STZ-
-induced T2DM.

Testing plasma insulin and C-peptide levels is help-
ful in assessing insulin resistance and predicting the
progress of T2DM. In the present study, C-peptide and
insulin secretory capacity in plasma was significantly
lower in the diabetic model rats (p < 0.05) compared to
the control (normal) rats. There was a significant differ-
ence in C-peptide level (p < 0.05) between the AAPHs
(diabetes + AAPHs) and AAPs (diabetes + AAPs)
groups and the diabetic model group (D), but treatment
with AAPHs and AAPs did not affect the insulin level
in diabetic rats. This was perhaps due to the different
biological half-lives of insulin and C peptide (the half-
life of insulin is 4.8 min, and of C peptide 11 min). Se-
rum insulin content is partly dependent on body mass
and the degree of insulin resistance, while C-peptide
reflects islet f cell reserves and may offer a more accu-
rate measurement of /5 cell insulin response to glucose
(Mallipedhi et al., 2015). Therefore, this data suggests
that AAPs and their simulated hydrolysate might re-
lieve hyperglycemia by improving islet function.

ACCURATE MEASUREMENT

AAPs have been reported to have evident antioxidant
properties and anti-diabetic effects and prevent oxida-
tive stress (Xu et al., 2016; Yuan et al., 1998; Zhang
et al., 2011). It has been reported that some oligosac-
charides can exhibit marked anti-diabetic effects in ex-
perimental T2DM (Li et al., 2012). The present study
demonstrated that Auricularia auricular polysaccha-
rides, as well as their hydrolysis, could ameliorate
impaired islet function and improve the hepatic injury
brought on by the experimental T2DM to some extent.
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GLP-1 can exert its effects through the promotion
of the proliferation of S-cells, and the inhibition of the
p-cells apoptosis. Moreover, endogenous GLP-1 se-
cretion by direct stimulation, or endogenous GLP-1
generation by elimination of the factors resulting in
its attenuation, may be a viable method to strengthen
GLP-1 action (Lai et al., 2017). Our findings indicat-
ed that AAPHs could partly restore the STZ-induced
damage of GLP-1 secretion, inhibit the oxidative stress
pathway, and slow down the apoptosis of S-cells. In
addition, the effect of the hydrolysates from A. auricu-
la polysaccharides was better than the polysaccharides
themselves.

CONCLUSIONS

In the present study, Auricularia auricular polysac-
charide simulated hydrolysates (AAPHs) were pre-
pared from Auricularia auricular polysaccharides
(AAPs) throughout hydrolysis by artificial gastroin-
testinal fluid. AAPs and AAPHSs are both heteropol-
ysaccharides and comprised of six monosaccharide
components (arabinose, Xylose, 2-deoxy-glucose,
mannose, glucose and glucosamine at different molar
ratios). AAPHs consisted of three components, and the
molecular weights of the three components were 320,
169, 62 kDa respectively. Additionally, evaluation of
the antioxidant and anti-diabetic activities in vivo of
AAPs and AAPHs was performed. Using HFD and
low-dose STZ-induced Wistar rats as a T2DM model,
administration of AAPHs appears to be better than
AAPs in terms of antioxidant activities. AAPHs exhib-
ited an extraordinary ability to enhance the activities
of antioxidant enzymes (GR and CAT) and the level of
GSH, and to reduce the level of MDA compared to the
diabetic model group (D). Meanwhile, AAPHs could
significantly increase FBG, liver glycogen and plasma
C-peptide levels in experimental type 2 diabetic rats.
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