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With Auricularia cornea Ehrenb polysaccharide (ACEP) as raw material, the purpose of the study was to prepare Auricularia
cornea Ehrenb polysaccharide-zinc (ACEP-Zn) complex. Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction
(XRD), scanning electron microscopy (SEM), nuclear magnetic resonance (NMR), and other means are used to analyze the
physical-chemical properties and structure of ACEP and ACEP-Zn, to investigate the inhibition of α-glycosidase and α-amylase
enzymes, and to explore its effects on the glucose metabolism of insulin-resistant HepG2 cells. Nuclear magnetic resonance
(NMR) results show that a group of COO-, -CH3, and -OH in the sugar chain binds to Zn2+. Compared with the original
polysaccharides, the surface morphology of ACEP-Zn changed obviously, and the molecular weight (Mn) of ACEP-Zn decreased,
but the molecular agglomeration of ACEP-Zn increased. Moreover, the inhibitory effect of ACEP-Zn on α-glucosidase and
α-amylase was stronger than that of the original polysaccharide. +e results indicated that the structure of Auricularia cornea
Ehrenb polysaccharide was changed obviously after the zinc complex, and its hypoglycemic activity was enhanced in vitro. In the
cell experiment, the glucose consumption of IR-HepG2 cells was significantly increased at a concentration of 50–200 μg/mL
(P< 0.05).+e activity of SOD and NOS significantly increased (P< 0.01), and the activity of intracellular PK increased (P< 0.05).
+erefore, it was speculated that the hypoglycemic effect of Auricularia cornea Ehrenb polysaccharide combined with zinc was
related to the alleviation of liver cell damage caused by oxidative stress and the improvement of glucose metabolism of IR-HepG2
cells. +e study provides a theoretical basis for the application of the polysaccharide-zinc complex in the hypoglycemic functional
food field.

1. Introduction

Type 2 diabetes mellitus (T2DM), an epidemic metabolic
disease characterized by postprandial hyperglycemia, has
become a major global health problem, which is predicted to
affect approximately 439 million people by 2030 [1, 2]. Due
to the decline in glucose uptake and metabolism in various

organs, the blood and liver glucose and lipids are abnormally
increased, resulting in hyperglycemia, hypertension and
hyperlipidemia, central obesity, atherosclerosis, and other
risk diseases [3]. Insulin resistance (IR) will trigger com-
pensatory secretion of insulin, load of pancreatic islet cells,
and function failure, thus making people with metabolic
disorders develop into T2DM patients [4]. +e liver, as the
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key organ of glucose and lipid metabolism in the human
body, plays a special role in systemic insulin sensitivity [5].
Current treatments for T2DM include insulin and its ana-
logues, sulfonylureas, thiazolidinediones, exenatide, and
biguanide [6]. However, these interventions and oral drugs
have the potential to have adverse effects, which are ex-
pensive. +erefore, it is necessary to explore new functional
foods or drugs to prevent the occurrence of T2DM, improve
the therapeutic effect of T2DM, and reduce its
complications.

Zinc (Zn), one of the essential trace elements in the
human body, is a component or activator of many enzymes
[6]. It plays an important role in maintaining normal
physiological function, enhancing immunity, and promot-
ing the physical and intellectual development of the human
body [7]. Studies have reported that zinc could lower the
blood sugar level of mice and correct impaired glucose
tolerance [8]. When the mice were deficient in zinc, they
were resistant to exogenous insulin, and their glucose
metabolism ability was decreased [9]. In cell experiments, Zn
stimulated glucose uptake in adipocytes, induced phos-
phorylation of AKT and GSK3B in 3T3-L1 fibroblasts, and
induced GLUT4 transfer to the cell membrane [10, 11]. With
the development of research, the role of Zn in the occurrence
and development of diabetes has gradually been clarified,
and the supplementary therapy of Zn has a significant effect
on diabetic animals and diabetic patients, suggesting that
this metal may become a new measure of diabetes treatment
in the future. However, most Zn supplement products are
mostly inorganic Zn, which is not conducive to human
absorption and is toxic. +e characteristics of organic Zn are
easy absorption, low toxicity, and higher biological func-
tions. Inorganic Zn can be changed into organic Zn by some
biological means [12]. Recent studies have shown that the
application of ligand-Zn is the main way, which improves
the biological activity of Zn and reduces its toxicity [13, 14].
Due to their good biocompatibility, such as stability, good
biodegradability, and multiple biological activities, poly-
saccharides can be used as excellent Zn complexes. In recent
years, people have prepared some polysaccharide Zn com-
plexes and evaluated their biological activities. Wang
Pingping et al. found that the antioxidant and hypoglycemic
activities of Fructus mori polysaccharide-zinc were higher
than polysaccharide at the same concentration [15]. At
present, the reported polysaccharide-Zn complex includes
4unb polysaccharide-zinc [10], Prunella vulgaris
L. polysaccharide-zinc [11], and Dictyophora indusiata
polysaccharide-zinc [12].

Auricularia cornea Ehrenb (ACE) is a genus of jelly fungi
in the family Auriculariaceae, and belongs to a variant of
Auricularia cornea species. ACE has nutritional value and
medical applications, which were first reported and cultured
by the research team led by Prof. Li (the Chinese Academy of
Engineering) at Jilin Agricultural University, Jilin, China
[15, 16]. With high protein and low fat, it can avoid gaining
weight after eating. Long-term use is beneficial to health, and
dietary fiber can promote gastrointestinal motility, diges-
tion, and absorption. It has been reported that ACE has
antidiabetes and antinephritis effects, and it was speculated

that the polysaccharide of Auricularia cornea Ehrenb
(ACEP) might be the main reason of these beneficial effects
[17, 18]. ACEP can play an important role in lowering blood
sugar and blood lipid levels, antioxidation, and anticancer.

+e aim of this study was to obtain ACEP-Zn and clarify
its structural characterization. By inhibiting α -glucoside and
α -amylase activities, an insulin-resistant HepG2 cell model
(IR-HepG2) was established to evaluate the hypoglycemic
activity of CMP2B. +e regulatory effect of ACEP-Zn on
insulin resistance was investigated by detecting glucose
consumption, oxidative stress response SOD and NOS, and
glycolytic rate-limiting enzyme PK activity in IR-HepG2
cells. +e aim of this work was also to reveal the preliminary
hypoglycemic mechanism of ACEP-Zn. +is study will not
only help to promote the efficient utilization of edible
mushrooms such as Auricularia cornea Ehrenb and follow
the concept of “Small Auricularia, big industry” but also
develop a potential new organic Zn supplement to prevent
the occurrence of T2DM.

2. Materials and Methods

2.1. Materials. Auricularia cornea Ehrenb was made by the
academician from Li Yu Laboratory of edible fungus
processing, Jilin Agricultural University. +e ZnSO4 with
analytical grade was purchased from the Aladdin Chem-
istry Company (Shanghai, China). Dimethyl sulfoxide
(DMSO), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetra-
zolium bromide (MTT), p-nitrophenyl-β-D-galactopyr-
anoside (pNPG), fetal bovine serum (FBS), phosphate-
buffered saline (PBS), α-glucosidase, and α-amylase were
purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). HepG2 cells were purchased in Jilin province
from Beijing Biological Company. +e glucose assay, py-
ruvate kinase (PK), superoxide dismutase (SOD), and total
nitric oxide synthase (NOS) kits came from the Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). All of
the other chemicals used in this experiment were analytical
grade.

2.2. Preparation of ACEP. ACEP was prepared according to
our previous study [19]. In brief, crude polysaccharides were
extracted from Auricularia cornea Ehrenb using enzymatic
hydrolysis and pressurized hot water. 10 g of 140-mesh
auricula powder was accurately weighed, distilled water was
added, and 1.0% cellulase was added according to the solid-
liquid ratio of 1 :100 (g/mL), pH� 5.0, extraction at 50°C for
120min, and inactivation at 100°C for 15min. +e sample
solutions after enzymation were put into a high-pressure
reaction kettle for extraction at 100°C. +e pressure was
2.0MPa, the reaction time was 55min, and then sequentially
fractionated and purified using DEAE-52 cellulose and
Sephadex G-100 to obtain the polysaccharide ACEP.

2.3.PreparationofACEP-Zn. +eACEP (1.0 g) was mixed in
100mL of distilled water and stirred for 15min at 55°C. After
adding 0.6 g of ZnSO4 (0.1mol/L H2SO4) and mixing, 1mol/
L NaOH was used to adjust appropriate pH� 6 at 50°C,
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reaction for 2.0 h. At the end of the reaction, it was
centrifuged (5000 rpm, 10min) to remove the undissolved
substances. +e precipitate appeared by adding a four-fold
amount of ethanol and was kept overnight at 4°C. After
centrifugation again, the precipitate was dissolved in water
and then freeze-dried to obtain ACEP-Zn powder. +e Zn
content was tested by a graphite furnace atomic absorption
spectrometer (AAS) (Z-5000, Hitachi, Japan).

2.4. Structural Characterization of ACEP and ACEP-Zn

2.4.1. Molecular Weight Determination. A 2.0mg/mL ACEP
and ACEP-Zn solution (2.0mg/mL) were filtered through a
0.45 μm membrane and then injected into a high-perfor-
mance gel permeation chromatography (HPGPC) machine
(1515, Waters, USA) [17]. Test conditions were as follows:
1515 high-performance liquid chromatography; ultra-
hydrogel 500, 2000 chromatographic column; 2414 differ-
ential refractive detector; mobile phase was 0.1mol/L
NaNO3 solution; and the flow rate was 0.5mL/min. +e
temperature of the column and detector was 35°C, and the
sample volume was 25 μL.

2.4.2. FT-IR Spectroscopy. +e FT-IR spectral analyses of
ACEP and ACEP-Zn were performed by a Nicolet iS20 FT-
IR spectrophotometer (+ermo Fisher Inc., USA) and
recorded at 400–4000 cm−1.

2.4.3. Scanning Electron Microscopy (SEM). +e dried
powder of samples was placed on tapes, sputtered with gold,
and determined by SEMwith an acceleration voltage of 5 kV.
SEM images of ACEP and ACEP-Zn samples were obtained
by an environmental scanning electron microscope (JSM-
7500F, JEOL, Japan).

2.4.4. XRD Analysis. +e structural states of ACEP-5 and
ACEP-5-Zn were studied by XRD (Advance, Bruker, Ger-
many). +e XRD conditions were as follows: 40 kV, 40mA,
Cu target, 0.02° minimum step size, 0–90° scanning angle,
and 4.0°/min scanning rate.

2.4.5. DSC Analysis. DSC analysis was performed on a
differential scanning calorimetry instrument (DSC25, TA,
USA). Samples were recorded at the range of 20–400°C
under nitrogen atmosphere (99.9%) with a heating rate of
10°C/min. +e sample pool was an aluminum crucible.

2.4.6. Nuclear Magnetic Resonance (NMR) Spectroscopy.
+e ACEP and ACEP-Zn samples (60mg) were fully dis-
solved in D2O (0.5mL) at room temperature in an NMR
tube. 13C and 1H NMR spectra were analyzed by a Bruker
600MHz NMR spectrometer (Bruker, Fallanden,
Switzerland).

2.5. Hypoglycemic Activity In Vitro

2.5.1. Inhibitory Activities against α-Glucosidase. +e
α-glucosidase inhibitory activity was performed by the
previously reported method with some modifications [20].
ACEP and its Zn complex were prepared into sample so-
lutions at concentrations of 5, 10, 15, 20, and 25mg/mL,
respectively. 5mmol/L of pNPG and 0.1U/mL of α-gluco-
sidase solutions were prepared with 100mmol/L of PBS (PH
6.8), respectively. 50 μL of sample solution to be tested was
transferred into 96-well plate, and 50 μL of pNPG solution
was added to each of them, incubated at 37°C for 10min.
+en, 50 μL of α-glucosidase solution was added to each of
them and placed in the microplate analyzer for reaction at
37°C for 30min. +e absorbance A was measured at a
wavelength of 405 nm. +e following equation was used to
calculate the inhibition rate:

IR � 1 −
A1 − A2( 

A0 − A3
  × 100%, (1)

whereA1 was the absorbance of the sample group;A0 was the
absorbance of the blank group;A2 was the absorbance of PBS
instead of α-glucosidase solution; andA3 was the absorbance
of ACEP and α-glucosidase solution replaced by distilled
water and PBS, respectively.

2.5.2. Inhibitory Activities against α-Amylase. +e α-amy-
lase inhibitory activity was used the method of Adefegha
et al. [21] with minor modifications. ACEP and Zn complex
were prepared into sample solutions at concentrations of 5,
10, 15, 20, and 25mg/mL, respectively.10U/mL α-amylase
solution and 1% soluble starch solution were prepared with
25mmol/L PBS (pH 6.9). In each tube, 300 μL of solution to
be tested and α-amylase solution were added and incubated
at 37°C for 15min. 300 μL of soluble starch solution was
added to start the reaction. After 15min, 500 μL of DNS was
added to each tube for color development. +e reaction was
terminated by boiling for 10min immediately. +e volume
of the mixed system was fixed to 10mL, and the absorbance
was measured at 540 nm. +e following equation (2) was
used to calculate the inhibition rate:

IR � 1 −
A1 − A2( 

A0 − A3
  × 100%, (2)

whereA1 was the absorbance of the sample group;A0 was the
absorbance of the blank group; A2 was the absorbance of
replacing α-amylase solution with PBS; and A3 was the
absorbance of ACEP and α-amylase solution replaced by
distilled water and PBS, respectively.

2.5.3. Effect of ACEP-Zn on HepG2 Cell Proliferation.
+e experiments related to the effect on HepG2 cell pro-
liferation were performed to determine the security of
ACEP-Zn.In brief, we selected the log-phase HepG2 cells,
added 0.25% trypsin for digestion, adjusted the cell density,
inoculated the 96-well plate, and cultured them in a 5% CO2
incubator at 37°C for 12 h. After the HepG2 cells adhered to
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the wall, 200 μL of complete culture medium was added to
the blank group and 200 μL of ACEP-Zn solution (10, 25, 50,
100, 200, and 400 μg/mL) to the sample group. Continuing
to culture for 24 hours, MTT solution (20 μL per well) was
added. After 4 h of incubation, DMSO solution (150 μL per
well) was added to terminate the reaction. +e absorbance
was tested at 490 nm.

2.5.4. Glucose Consumption Assay. +e glucose consump-
tion assay was performed by the previously reported method
with some modifications [22]. In order to explore the effects
of ACEP-Zn on glucose consumption, we modified the IR-
HepG2 cell model based on the reported high glucose in-
duction [23]. In short, HepG2 cells were simply cultured in
6-well plates at 37°C with 5% CO2 until 70–90% of the cells
were confluent. Incubation continued for 3 hours to ensure
that the no-serum DMEM (high glucose) synchrony cells
were used. After medium removing, fresh DMEM (high
sugar) containing 1.0×10−6mol/L insulin and 2% FBS was
added to each group and left for 48 hours. Different con-
centrations of ACEP-Zn solutions (10, 25, 50, 100, 200, and
400 μg/mL) were used for intervention treatment and in-
cubated with IR-HepG2 cells. +e blank control was cells
without insulin treatment, and themodel control was treated
with phosphate buffer (nonsample). +e concentrations of
glucose in the supernatant were determined by the glucose
assay kit purchased from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China).

2.5.5. Determination of Activities of SOD, NOS, and PK.
Making relevant modifications according to previous studies
[24]. HepG2 cells (1× 104 cells/mL, 0.1mL) were inoculated in
96-well plates and incubated in 5% CO2 at 37°C for 24h. +en,
the culture medium was removed and the cells were washed
twice with PBS. IR-HepG2 cell model was established by adding
1.0×10−6 insulin (3mol/L) and 2% FBS to fresh DMEM (high
glucose) for 48h in each group. +en, the experiments were
carried out with the blank group (no cells), the normal group
(withHepG2 cells), themodel group (withHepG2-IR cells), and
the experimental group (with IR-HepG2 cells and ACEP-Zn
(10, 25, 50, 100, 200, and 400μg/mL)). +e concentrations of
ACEP-Zn were (10, 25, 50, 100, 200, and 400μg/mL) After 24h,
the activities of NOS, SOD, and PK were measured with the
instructions of kits (Nanjing Jiancheng, China).

2.6. Statistical Analysis. All experiments were expressed as
mean standard deviation (SD)± for the three measurement
methods. +e statistical significance of the difference values
were recorded in P< 0.05 or P< 0.01. All statistical analyses
were evaluated using existing statistical software (SPSS20.0,
L, USA).

3. Results and Discussion

3.1. Synthesis of ACEP-Zn Complex. +e theory of atomic
absorption spectrometry (AAS) is based on the atomic
absorbance, which corresponds to the signal generated by

the measured atomic weight being measured and is suffi-
ciently sensitive to measure the trace metals in the sample
[25]. In the study, ACEP-Zn was successfully synthesized by
the reaction of polysaccharide ACEP with ZnSO4. +e zinc
content of the ACEP-Zn complex was 5.41± 0.01mg/g. +e
ACEP-Zn complex was synthesized under the optimum
conditions: the ratio of ACEP and ZnSO4 was 10 : 8 (w/w),
the pH was 5, the reaction temperature was 50°C, and the
reaction time was 2.5 h.

3.2. Molecular Weight Determination. As could be seen
from Figure 1, the HPGPC chromatographic peaks of
ACEP and ACEP-Zn showed a single peak shape, indi-
cating that both of them are composed of uniform
components. It could be seen from Table 1 that the average
molecular weight (MW) of ACEP was 35,479 g/mol, higher
than that of ACEP-Zn (32,667 g/mol). +e results indi-
cated that the molecular weight of ACEP-Zn decreased
significantly after the Zn complex reaction, which might
be attributed to the use of dilute hydrochloric acid to
regulate pH value during the complex reaction. As
hydrochloric acid is a strong acid, part of the polysac-
charide degrades, and some of its active groups are ex-
posed, thus enhancing its biological activity. +e results
were similar to those obtained by Wei et al. [26]. +rough
the establishment of a HepG2 cell insulin resistance
model, Wang et al. explored the mechanism of hypo-
glycemic activity of the mulberry polysaccharide Zn
complex. Both results showed that compared with the
original polysaccharide, mulberry polysaccharide Zn had
stronger activity of fall blood sugar, and it could promote
more insulin secretion and relieve more insulin resistance
[27]. +e reason was that the molecular weight of ACEP-
Zn was smaller than that of ACEP, and the substances with
smaller molecular weight are easier to act in cells through
the membrane, so its hypoglycemic activity ACEP-Zn
stronger than that of ACEP, which may be one of the
reasons why the hypoglycemic activity of ACEP-Zn was
stronger than that of ACEP, which needed to be further
explored and studied.

3.3. FT-IR Spectrometric Analysis. +e FT-IR spectrums of
ACEP and ACEP-Zn are shown in Figure 2. +e wide peak
of ACEP at 3380 cm−1 was due to the stretch vibration of
-OH bond, and the absorption peak in ACEP-Zn was
moved to 3360 cm−1, indicating that the coordination re-
action between –OH in ACEP and Zn2+ occurred [28]. +is
phenomenon was that the -OH groups of polysaccharides
participated in the coordination of Zn2+, formed inter-
molecular hydrogen bonds, and enhanced intermolecular
interactions. +e peak of ACEP at 2920 cm−1 was found to
be the absorption peak of the -CH asymmetric stretching
vibration in methyl (-CH3). In ACEP-Zn, the absorption
peak was moved to 2940 cm−1, indicating that -CH3 in
ACEP had a coordination reaction with Zn2+. +e peak of
ACEP at 1620 cm−1 was attributed to an asymmetric -C�O
stretching vibration in the carboxy group (-COO-). And the
absorption peak in ACEP-Zn was moved to 1650 cm−1,
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indicating -COO- groups might have participated in co-
ordination with Zn2+ [29]. +e absorption peaks of ACEP
at 1240 cm−1 and 1080 cm−1 corresponded to the stretching
vibration of the O-H and C-O-C groups, respectively.
Moreover, the absorption peaks in ACEP-Zn were moved
to 1250 cm−1 and 1040 cm−1, respectively. Additionally, the
absorption peaks at 798 cm−1 disappeared in ACEP. In
summary, the coordination reaction of Zn2+ polysaccha-
ride was mainly reflected in the reaction of -OH, -CH3,
-COO-, and other groups with Zn2+, rather than simple
physical mixing.

3.4. SEM Analysis. Scanning electron microscopy (SEM)
was used to observe the surface morphological character-
istics changes of ACEP before and after being chelated with
Zn2+. As shown in Figure 3, the SEM image of ACEP
exhibited a smooth and tight surface, which was closely
associated with its microscopic structure. By comparison,
the morphologies of ACEP-Zn samples were substantially
different from those of ACEP. However, the surface of
ACEP-Zn was rough with many layers, which suggested that
the Zn2+ successfully bridged the ACEP molecules and
created their aggregations. Additionally, there were some
small clastic particles on the surface. +erefore, it could be
concluded that ACEP might have physical adsorption
phenomena besides the complex reaction between ACEP
and Zn.

3.5. DSC Analysis. In order to identify the thermal char-
acteristics of the ACEP-Zn complex before and after the
reaction and the thermal stability of the reaction products,
ACEP and ACEP- Zn were analyzed by differential scanning
calorimetry. As shown in Figure 4, both ACEP and ACEP-
Zn had an obvious endothermic peak at 115°C, which might
be due to the evaporation of water in sugar molecules and
the absorption of heat. ACEP had an obvious endothermic
peak at 255°C, which might be due to the heat absorbed by
the redox reaction of hydroxyl and carbonyl groups in sugar
molecules. ACEP-Zn had a new exothermic peak at 360°C,
which indicated that the hydroxyl and carbonyl groups in
sugar molecules did not undergo redox reaction, but co-
ordinated reaction with Zn2+ to form a new polysaccharide
Zn2+ compound. And the stability of ACEP was higher than
that of ACEP-Zn.

3.6. XRD Analysis. +e X-ray diffraction (XRD) profile of
ACEP and ACEP-Zn complexes from 0o to 90o is exhibited
in Figure 4. It could be seen that ACEP and its ACEP-Zn
only in 20o had a diffraction peak, suggesting that ACEP and
the ACEP-Zn complex were both amorphous substances.
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Figure 1: Molecular weight distribution of ACEP and ACEP-Zn.

Table 1: Molecular characteristic parameters of ACEP and ACEP-
Zn complex.

Molecular characteristic parameter ACEP ACEP-Zn
Mn (g/mol) 21705 21310
Mw (g/mol) 35479 32667
Mw/Mn 1.635 1.533
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Figure 2: Fourier transform infrared spectroscopy (FT-IR) of
ACEP and ACEP-Zn complex.
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+e result was similar to the study of the chitosan-zinc
complex [30]. As shown in Figure 5, the strength of the peak
was higher than that of ACEP but did not find the char-
acteristics of the Zn2+ sulfate diffraction peak, both for the
amorphous structure, and once again proved that ACEP and
Zn2+ did undergo complexation, which led to the specula-
tion that Zn2+ could be evenly dispersed in ACEP on the
chain of sugar and form a complex. +e distribution of
ACEP indicated that the overall crystallinity was low. +e
properties of ACEP were not affected by the combination of
Zn2+, indicating that the structure of ACEP was basically
unchanged. +e results were consistent with the report of
Yun et al. [31] on the preparation of polysaccharides-Zn
from rattan. +is might be due to the complex chemical
structure of polysaccharides, which are often composed of

more than thousands of monosaccharides through glycosylic
bonds. After chelating with Zn2+, the amorphous properties
of the polysaccharide did not change.

3.7. NMR Spectra Analysis. NMR spectroscopy can be used
as an important means to further characterize the structural
characteristics of AEPS and AEPS-Zn by analyzing the
plasmid structure, linkage pattern, and a series of sugar units
in the molecules [32]. NMR spectra were used to analyze the
chemical shifts of main chain residues that occurred in the
repeating units.1HNMR spectra of ACEP and ACEP-Zn are
shown in Figures 6(a)1 and 6(a)2. +e1HNMR spectrum
signals of the two samples were mostly concentrated in the δ
(3.0–5.0) PPM region.+e very strong signal peak near δ4.79

(b)(a)

(c) (d)

Figure 3: Morphological observation of ACEP and ACEP-Zn complex. (a, b) Scanning electron microscope (SEM) image of ACEP; (c, d)
scanning electron microscope (SEM) image of ACEP-Zn complex.
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PPM was the formant of D2O. Studies have shown that the
proton chemical shift of β-type pyranose residues is below
5.0 ppm and that of α-type pyranose residues is above
5.0 ppm, which could distinguish the types of sugar rings
[33]. In the heterocephalic hydrogen proton signal range,
ACEP had three signals at 4.44, 4.51, and 4.54 ppm, indi-
cating that it was a β-pyranose, which was consistent with
the FT-IR analysis. Compared with the 1HNMR spectra of
ACEP, the H intensity of AEPS-Zn spectra was obviously
weakened and the peak deformation was wider. ACEP-Zn
also has four signals at 4.1, 4.21, 4.26 and 4.34 ppm, indi-
cating that it was a β-pyranose. +is was because when the
ACEP ligand was integrated with zinc, the relaxation time of
the ACEP ligand was shortened and the signal range was so
wide that the signal around the paramagnetic Zn2+ could not
be detected. +erefore, a blind region was formed centered
on Zn2+ with high spin, which provided a basis for the
occurrence of the integration reaction between ACEP and
Zn.

+e so-called 13CNMR usually refers to the spectrum
obtained by the full decoupling method, and the chemical
shift of the carbon spectrum is concentrated around

0–200 ppm [34]. In polysaccharides, the signal of hetero-
carbonate is mostly distributed in the low field of
90–120 ppm, and the signal number in this region is related
to the composition number of monosaccharides and the
chemical shift is close to and easily overlaps [35].+e carbon
spectra of ACEP and ACEP-Zn are shown in Figures 6(b)1
and 6(b)2. +e carbon spectra of ACEP showed that there
were three major signal peaks (96.11, 99.07, and 103.43 ppm)
in the first carbon region of 90–120 ppm, indicating that
ACEPmainly contained three sugar residues and β-pyranose
glycogen bonds. +is result was consistent with the 1HNMR
result of ACEP; compared with the 13CNMR map of ACEP,
the basic carbon skeleton of ACEP-Zn polysaccharides did
not change. +e signal peaks of ACEP and ACEP-Zn
appeared at 172.96 ppm and 172.89 ppm, indicating that
both of them were acidic polysaccharides. +ere was no
proton chemical shift between 82 and 88 ppm, and both of
them were pyranose. +e main signal peak of ACEP-Zn
appeared around 96–103, indicating that the C1 polycephalic
carbon in ACEP was replaced. A group of strong peaks
appeared at 70–77 ppm, indicating that the signal peak
formed by C2, C3, C4, or C5 was not replaced, and 69.27 ppm
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Figure 6: (a) 1H and (b) 13C NMR spectra of ACEP and the ACEP-Zn complex.
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was the signal peak spectrum formed by C6. After the
complex reaction between ACEP and Zn, the signal peak
(C6) located at 67.16 ppm disappeared. All the above-
mentioned results indicated that the complex reaction be-
tween ACEP and zinc occurred, and the measured results
were consistent with the results of FT-IR and 1HNMR.

3.8. Inhibitory Activities against α-Glucosidase

3.8.1. Inhibitory Activities against α-Glucosidase. As shown
in Figure 7, ACEP and ACEP-Zn sample solutions had a
certain inhibitory effect on α-glucosidase, and the inhi-
bition rate of both increased significantly with the increase
of concentration. At the same concentration, the inhi-
bition rate of ACEP-Zn was significantly or extremely
significantly greater than that of ACEP. When the con-
centration was 25mg/mL, the inhibition rates of ACEP
and ACEP-Zn on α-glucosidase both reached the maxi-
mum, which were (37.37 ± 0.02)% and (53.74 ± 0.07)%,
respectively. After calculation, the half-maximal inhibi-
tory concentration (IC50) of the two inhibitors of
α-glucosidase is 34.70 and 21.03mg/mL, respectively. +e
smaller the IC50, the stronger the inhibitory ability [36]. It
could be seen that the inhibitory ability of ACEP-Zn was
stronger than that of ACEP. It can be seen that under the
same conditions, the inhibitory ability of ACEP-Zn on
α-amylase reached 1.55 times that of ACEP.

3.8.2. Inhibitory Activities against α-Amylase. It could be
seen from Figure 8 that at the same concentration, the
inhibition rate of ACEP-Zn was extremely significantly
greater than that of ACEP. +e inhibition rates of ACEP
and ACEP-Zn on α-amylase both reached the maximum
at the concentration of 25mg/mL, which were
(59.70 ± 1.20)% and (70.47 ± 0.73)%, respectively. After
calculation, the IC50 of the two inhibiting α-amylases was
17.29 and 11.64mg/mL, respectively. It could be seen that
the inhibitory ability of ACEP-Zn was stronger than that
of ACEP.

3.9. Hypoglycemic Activity of ACEP and ACEP-Zn In Vitro

3.9.1. Effect of ACEP-Zn on the Viability of HepG2 Cells.
As shown in Figure 9, with the increase of ACEP-Zn
concentration, HepG2 cell viability gradually decreased, and
the two showed a dose-effect relationship. When the con-
centration of ACEP-Zn was 10, 25, 50, 100, and 200 μg/mL,
the cell viability was (99.85± 1.04)%, (96.24± 1.77)%,
(94.34± 0.68)%, (93.29± 0.25)%, and (92.90± 0.43)%. All
were more than 90%, indicating no effect on cell viability.
When the concentration of ACEP-Zn was 400 μg/mL, the
cell viability was (85.86± 1.82)%, indicating that a high
concentration of ACEP-Zn has a certain toxic effect on cells.
+erefore, in order to eliminate the influence of ACEP-Zn
on the viability of HepG2 cells, the concentrations of 10, 25,
50, 100, and 200 μg/mL were selected as the safe adminis-
tration range, and follow-up experiments were carried out.

3.9.2. Effect of ACEP-Zn on Glucose Consumption of HepG2
Cells. Glucose in the medium mainly supplies the survival
and expansion of hepatocytes in vitro. +erefore, the
measurement of glucose consumption in cells is the most
effective indicator to assess the improvement of IR in dif-
ferent groups. As shown in Figure 10, the cells were treated
with 1× 10−6 concentrations of insulin for 48h. With the
normal group, the glucose consumption was obviously
decreased comparitively (P< 0.01), demonstrating that the
insulin resistance model (IR-HepG2 cells) was established
successfully. To evaluate the effect of the polysaccharide
complex ACEP-Zn on glucose consumption, IR-HepG2 cells
were cultivated with different concentrations of ACEP-Zn
(10, 25, 50, 100, and 200 μg/mL). ACEP-Zn significantly
improved glucose uptake in IR-HepG2 cells compared with
the model group. ACEP-Zn (50, 100, and 200 μg/mL)
treatment groups can significantly improve its activity
(P< 0.01, P< 0.05). At a concentration of 100 μg/mL,
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ACEP-Zn showed a significant increase in glucose con-
sumption in HepG2 cells, which was comparable to that in
the normal group. +erefore, it indicated that the poly-
saccharide complex ACEP-Zn could improve glucose con-
sumption in IR-HepG2 cells. +e result is similar to the
study of Wang and others.

3.9.3. Determination of Activities of SOD and NOS. +e
emergence and development of diabetes lead to the
increase of free radicals and the decrease of antioxidant
capacity, which leads to the emergence of an oxidative
stress response. Oxidative stress leads to apoptosis,
hyperglycemia, hyperinsulinemia, and dyslipidemia
and plays an important role in diabetes and diabetes-

related complications [37]. Some hypoglycemic drugs
can reduce oxidative stress in cells. +erefore, we also
measured the activities of SOD and NOS in HepG2-IR
cells, and the results are shown in Figures 11(a) and
11(b). +e SOD activity in the model group was sig-
nificantly lower than that in the normal group (P< 0.01).
Compared with the model group, the SOD activity of
the experimental group (ACEP-Zn) was increased in a
concentration-dependent manner, suggesting that
ACEP-Zn can significantly reduce the oxidative stress of
HepG2-IR cells, which is closely connected with the
regulation of IR.

In addition, the NOS activity of the model group was
significantly higher than that of the normal group. Com-
pared with the normal group, NOS activity was signifi-
cantly increased in the insulin resistance model group
(P< 0.01). Compared with the insulin resistance model
group, the addition of ACEP-5-Zn at different concen-
trations (10, 25, 50, 100, and 200 μg/mL) significantly re-
duced the intracellular NOS activity, and the difference was
statistically significant (P< 0.05, P< 0.01) and decreased
with the increase of ACEP-Zn concentration, showing a
certain dose-dependent relationship.

3.9.4. Determination of Activities of PK. PK is a key rate-
limiting enzyme in the glycolytic pathway, whose main
function is to convert phosphoenolpyruvate and ADP into
ATP and pyruvate, which also plays an important role in
liver glucose uptake and glucose regulation [38]. +e ex-
periment was conducted by PK. To evaluate the effect of
ACEP-Zn on the glucose metabolism of IR-HepG2 cells
(Figure 12). Compared with themodel group, the PK activity
of ACEP-Zn groups was significantly increased
(P< 0.05, P< 0.01). When the concentration of ACEP-Zn
reached 200 μg/mL, the activity of HKwas close to that of the
normal group. In conclusion, ACEP-Zn has a significant
effect on glucose metabolism by regulating the activities of
key-related enzymes.
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4. Conclusion

In this study, we used FT-IR, XRD, SEM, and NMR to
characterize polysaccharide and its Zn2+ complex structure
characterization and evaluate their hypoglycemic activity in
vitro. +e results indicated that the structure of Auricularia
auricula polysaccharide was changed obviously after zinc
complex, and its hypoglycemic activity was enhanced in
vitro. In the cell experiment, the glucose consumption of IR-
HepG2 cells was significantly increased at a concentration of
50–200 μg/mL (P< 0.05). +e activities of SOD and NOS
increased (P< 0.01). +e activity of intracellular PK

increased (P< 0.05). In conclusion, the molecular structure
characteristics of Auricularia cornea Ehrenb Zn2+ were
significantly changed compared with the original polysac-
charide, and the hypoglycemic activity of the Auricularia
cornea Ehrenb polysaccharide Zn2+ complex was signifi-
cantly enhanced in vitro. As a new kind of polysaccharide
Zn2+ supplement, Auricularia cornea Ehrenb polysaccharide
Zn2+ complex has broad development prospects.
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