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Abstract: Diabetes mellitus (DM) is a chronic metabolic disorder with the feature of hyperglycemia, which has severely
endangered human health. Edible fungus polysaccharides (EFP), which has great development potential, have attracted
enormous attention since their natural and safe characteristics as well as obvious benefits against diabetes. This review
summarized the hypoglycemic effect of EFP and the underlying mechanism against diabetes by inhibiting digestive enzyme
activity, increasing insulin sensitivity and resistance, improving pancreatic function and lipid metabolism, alleviating
oxidative stress and inflammation, regulating gut microbiota and signal transduction. In addition, the relationships between
structure and hypoglycemic activity as well as future prospect of EFP were also discussed. This current review provides
valuable insights for readers and healthcare professionals developing preventive and therapeutic of diabetes and
development of functional products or foods of edible fungi in the future.
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1 Introduction

Diabetes mellitus (DM) is a kind of chronic metabolic disorder
characterized by chronic hyperglycemia, mainly owed to
deficiency insulin output or impaired cellular response to insulin
in the human body". According to a survey conducted by
International Diabetes Federation in 2021, 536.6 million (ages
from 20 to 79) people suffering from diabetes mellitus around the
world, and the number of people is expected to reach 783.2
million by 2045”. Clinical treatment of DM is generally applied
via insulin injection or oral hypoglycemic medicaments, which
mainly contains biguanide hypoglycemic agents”, a-glucosidase
inhibitors'”, thiazolidinediones”,  and  sulfonylureas'®.
Nevertheless, oral chemical drugs or biological injections may lead
to obvious side effects in gastrointestinal tract (such as vomiting,
diarrhea and other adverse reactions) and tolerability issues”.
Interestingly, it was found that various sources of natural products
or extracts, including polysaccharides, polyphenols, alkaloids,
flavonoids as well as others, displaying positive hypoglycemic
capacities and minimal toxicity in vivo or vitro experiments[gl.
Notably, natural polysaccharides are not only regarded as one base
of tissue structure and body energy but also possess efficient
hypoglycemic capacity, which is one of the hot topics in the
research field of polysaccharide bioactivity over recent years”.

Edible fungus, also widely called as mushrooms, are found

approximately around 15 thousand species all over the world"”. In
recent years, edible fungus have attracted increasing attention
attributed to nutritive and medicinal values and generous
bioactive ingredient, including active polysaccharides™",
proteins!'?, glycosides™, polyphenols"*, terpenoids'”, and organic
acids"®. Polysaccharide is one of the major components in edible
fungus and have various medicinal and health benefits. Various
investigations have shown that EFP possess various medicinal
effects, such as immunomodulatory, antioxidant, anti-
inflammatory and hypoglycemic effect’”'. Moreover, many
investigations revealed that EFP play a vital role in relieving
oxidative stress and inflammation, promoting glucose and lipid
metabolism, regulating signal transduction, and reshaping gut
microbiota, which might be interrelated to the process of
morbidity and development of diabetes, implying a prospective
therapeutic agent of EFP on DM"**,

In this review, we provide an all-encompassing insight into the
hypoglycemic properties, potential molecular mechanisms and
examine structure-hypoglycemic activity relationship of EFP. This
review will give readers a deep understanding of the hypoglycemic
property of EFP. Moreover, we hope it can help to find more
novel EFP with higher hypoglycemic activity and new
hypoglycemic mechanisms, which is crucial for developing
personalized dietary EFP and therapeutic strategies to prevent
diabetes in the future.
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2 Hypoglycemic mechanisms of polysaccharides
from edible fungus

Many pharmacological researches have proved that various
sources of EFP could own hypoglycemic capabilities via multiple
mechanisms, such as regulating enzymatic activity, regulating gut
microbiota, repairing impaired islet p-cells, alleviating oxidative
stress, and reducing inflammation. The latent hypoglycemic
mechanisms of EFP in this study are showed in Fig. 1.

CAT (Catalase), SOD (Superoxide dismutase), ROS (Reactive
oxygen species), GSH-Px (Glutathione peroxidase), MDA
(Malondialdehyde), AGEs (Advanced glycation end products),
PDX-1 (Pancreatic duodenal homeobox-1), iNOS (Inducible
nitric oxide synthase), GP (Glycogen phosphorylase), Bcl-2 (B-cell
lymphoma-2), GSK-3 (Glycogen synthase kinase 3), PEPCK
(Phosphoenolpyruvate carboxykinase), PK (Pyruvate kinase), HK,
Hexokinase), GS (Glutamine synthetase)) GLUT4 (Glucose
transporter 4).

2.1 Inhibition of digestive enzymes activities

It is well known that dietary polysaccharides possess inhibitory
activity towards to a-amylase and a-glucosidase, which related to
the digestion and absorption of digestible carbohydrate™.
Inhibiting the activities of a-amylase and a-glucosidase presents
the ability to block the hydrolysis of dietary starch into glucose
and block glucose absorption in the human body, leading to goal
of controlling postprandial hyperglycaemia. According to the
reports, EFP form Pleurotus eryngii and Hypsizygus marmoreus
also showed a-glucosidase inhibitory capacity with the ICy, values
of 02971 mg/mL and 0.832 mg/mlL, respectively””*., Lentinula
edodes polysaccharides (LEP) was treated by y-irradiation,
characterized its chemical composition, physicochemical features,

and then measured its inhibitory capabilities to a-amylase and a-
glucosidase in vitro. The experimental data also revealed that the
molecular weight (Mw) of LEP was 301.0-691.2 kDa. In addition,
the ICs, values range of LEP inhibitory activities towards to a-
amylase and a-glucosidase were 1.22-2.40 mg/mL and 1.20-3.93
mg/mL?. A novel neutral exopolysaccharide from Cordyceps
militaris, named EPS-III, was a homogeneous polysaccharide
owned the average Mw of 1.56 x 10° kDa, which contained
mannose (Man), glucose (Glc), and galactose (Gal) with the molar
ratios of 1.68: 1: 1.83. EPS-III showed a-glucosidase inhibitory rate
of 55.94% at 3 mg/mL. Moreover, EPS-III could dramatically
relieve diabetes via relieving weight loss, reducing plasma glucose
concentration, and increasing glucose tolerance in streptozotocin
(STZ) induced diabetic mice experimental model™. Besides, a
study found that Cantharellus yunnanensis polysaccharide (CY-2)
inhibit «a-glucosidase activity with the inhibitory rate of 79.24% at
1 mg/mL. When compared to metformin, CY-2 also owned a
superior activity to increase blood glucose consumption and
metabolism in HepG2 cells™. A novel Tricholoma matsutake
polysaccharide (Tmp) contained arabinose (Ara), Man, Glc and
Gal with the molar ratios of 1.9: 13.6: 42.7: 28.3, respectively, with
an average Mw of 72.14 kDa. Tmp could inhibit a-amylase and
a-glucosidase activities with the ICs, values of 0.10 mg/mL and
3.75 mg/mL", In addition, there are other similar reports listed in
Table 1. These above reported studies offer relevant insights into
the potential of EFP to inhibit some key enzymes involved in
glucose metabolism in human body, potentially being conducive
to managing DM. Generally, it is clear that EFP could effectively
inhibit a-amylase and a-glucosidase activities and reach the
purpose of controlling blood sugar level. However, future research
needs to be conducted to explore the prospective enzyme activities
of EFP and their clinical implications.
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Table1 The effects of EFP on digestive enzymes

Source Name Molecular Monosacc.h.a ride Molar ratio Experimental models Hypoglycemic effects Reference
weight (kDa) composition
LEP4 4924 Man, Rib, Rha, GIcA, 1.00: 0.03: 0.03: 0.21: a-amylase and a-glucosidase 1.25 and 2.91 (IC;,,
Lentinula ’ Gle, Xyl, Ara and Fuc  0.55: 0.01: 0.18: 0.08 inhibitory activity mg/mL) [29]
edodes LEPS 4721 Man, Rib, Rha, GlcA, 1.00:0.03: 0.07: 0.44: a-amylase and a-glucosidase 1.64 and 3.93 (IC,
’ Glc, Xyl, Ara and Fuc  1.15: 0.02: 0.14: 0.29 inhibitory activity mg/mL)
Man, Rib, Rha, GlcA, 1: 0.09: 0.22: 0.26: 3.12: a-amylase and a-glucosidase 64.62% and 60.83%
UE-SPGs  11.0and 2.1 GalA and Glc 0.17 inhibitory activity (10 mg/mL)
. . . . . X- - i 0y 0y
ME-SPGs  16.6 and 1.0 Man, Rha, GlcA, GalA,1: 0.23: 0.32: 5.35: 0.17: « am?rlas.e 'and a gl'u?omdase 61.73% and 52.32%
Schizophyllum Fuc and Glc 0.09 inhibitory activity (10 mg/mL)
’ Man, Rib, Rha, GleA, ~ (1: 0.08: 0.27: 0.15: a-amylase and a-glucosidase 56.71% and 51.05% (85]
commune  pwg SpGs 527.2and 1.9 GalA, Gle, Gal, Xyl,  8.08: 0.41: 0.04: 0.02: ?nhibitor aftivit “a . P °
Ara and Fuc 0.05: 0.02 Y ¥ &
Man, Rha, GIcA, GalA -amyl -glucosi .899 .609
HPE-SPGs 159 and 2.3 Man Rha, GlcA, Ga 1:0.26: 0.29: 3.05: 0.18 * amyas.efindoc g.u§051dase 55.89% and 37.60%
and Glc inhibitory activity (10 mg/mL)
UAP - - - 77.78% (5 mg/mL)
Tremella
- - - - 1 ibi 1vi 0,
fuciformis EAP a-amylase inhibitory activity 71.08% (5 mg/mL) [86]
EUP - - - 77.99% (5 mg/mL)
Cantharellus .y, 26.90 Glc and Man 33.5:56.9 a-glucosidase inhibitory 74 ) 10, (1 o/mI) (31]
yunnanensis activity
Hypsizygus s a-glucosidase inhibitory
HMP-1 1.92 x 10 Man, Glc and Gal 1.15: 5.2826: 1.16 . 0.832 (IC5p, mg/mL) [27]
marmoreus __activity
Tricholoma . 7214 Ara,Man, Gleand Gal 19: 13.6:42.7: 28,3 - 8lucosidaseand a-amylase - 375and 010 (IG5, )
matsutake inhibitory activities mg/mL)

Note: -, Not detected. Ara (arabinose), Rib (ribose), Fuc (fucose), Man (mannose), Glc (glucose), Gal (galactose), Rha (rhamnose), GlcA (glucuronic acid),

GalA (galacturonic acid), Xyl (xylose).

2.2 Improve insulin sensitivity and insulin resistance

During the past several decades, the antidiabetic medications
have been developed by targeting insulin secretion and insulin
sensitivity™. EFP can be considered as potential hypoglycemic
healthy food owing to their abilities to lower blood sugar, increase
insulin sensitivity and improve insulin resistance. For instance, in
Hepal-6 cells, the treatment of 0.1 mg/mL neutral alkali-soluble
Armillaria mellea polysaccharide (AAMP-N) could stimulate
insulin-mediated phosphorylation of insulin receptor (IR) as well
as its downstream kinase of AKT. In addition, AAMP-N
ameliorated damaged glucose tolerance in db/db mice in the 2 h
period of glucose tolerance tests (GTT), with the hypoglycemic
rate ratio of 30%. Thus, AAMP-N could show hypoglycemic
effects via decreasing blood glucose and improving insulin
sensitivity™. Grifola frondosa polysaccharide fraction (GF5,000),
the Mw of which was greater than 5,000 Da, could improve
insulin resistance via restoring the gut microbiota dysbiosis in
diabetic rat™. Although the inflammation, serious renal injury
and inferior insulin sensitivity were occurred in diabetic mice, the
treatment of Ganoderma lucidum polysaccharide (F31) could
relieve inflammatory factor release, ameliorate carbohydrate
metabolism, and upgrade insulin sensitivity, resulting to the
purpose of protecting the kidney function and inhibition of
gluconeogenesis in diabetic mice™. Hence, the above reports
demonstrated the role of EFP in the amelioration of insulin
sensitivity and insulin resistance, and provided theoretical basis for
the advancement of EFP as a kind of potential hypoglycemic
healthy foods in the future.

2.3 Regulation of key enzymes expression in glycolysis
and glucose metabolism

The liver is a meaningful organ which can regulate blood
glucose levels in the human body. Glucose metabolism in liver
cells mainly contain glycogenolysis and gluconeogenesis. Recent
studies have shown that EFP can regulate blood sugar levels and
glucose metabolism. For example, a polysaccharide from Grifola

frondosa (GFP) was proved to have the ability to enhance the
absorptive capacity of glucose in HepG2 cells with a dose-
dependent behavior at 30 pg/mL during 24 h. The experimental
data revealed that the treatment of GFP can activate insulin
receptor protein (IRS) and increase the expression level of
phosphorylated-AktSer473, which can restrain the activation of
glycogen synthase kinase (GSK-3) and synthesis of intracellular
glycogen™. In a mice study, the hepatic mRNA expression levels
of glucose transporter 4 (GLUT4), glucose-6-phosphatase
(G6Pase), fructose 1,6-bisphosphatase (FBPase) as well as
phosphoenolpyruvate carboxykinase (PEPCK) were significantly
increased in high-fat diet (HFD) and STZ-induced type 2 diabetes
mellitus (T2DM) mice, while the situation was significantly
revered after the treatment of GFP (900 mg/kg day) in T2DM
mice. However, GFP could not significantly increase the
expression levels of PI3K and Akt™. Moreover, in insulin-
resistant-human hepatoma cell line (IR-HepG2) experiment, the
treatment of Tricholoma matsutake polysaccharide (Tmp) could
improve the glucose consumption and increase activities of
hexokinase (HK) and pyruvate kinase (PK), resulting the increase
of glycolysis and glucose metabolism™. In another study,
Ganoderma lucidum polysaccharides (GLPs) was prepared and
investigated the hypoglycemic effects and mechanisms of oral
gavage of GLPs in experimental T2DM mice. The corresponding
results showed that GLPs could decrease the epididymal fat/BW
ratio and markedly decrease hepatic mRNA expression levels of
PEPCK, glycogen phosphorylase (GP), FBPase, as well as
G6Pase™. Based on the above analysis results, we found that EFP
own the hypoglycemic capacities via regulating glycolysis and
glucose metabolism.

24 Antioxidant and anti-inflammation activity

Excessive oxidative stress and inflammation in the body have
been regarded as frequent risk factors involved to the pathogenesis
of diabetes and related metabolic disorders, as the total antioxidant
defense might be reduced because of dyslipidemia and
hyperglycemia in prediabetes. It was reported that some EFP
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exhibited hypoglycemic activity by protecting the body from
oxidative stress (Table 2). For example, in STZ-induced diabetes
mice, Inonotus obliquus polysaccharides (IOs) increased the
expression levels of catalase (CAT), superoxide dismutase (SOD),
and glutathione peroxidase (GSH-Px) and decreased the
production of malondialdehyde (MDA) in serum™. Auricularia
polytricha polysaccharide (APP) inhibited oxidative stress induced
by STZ via decreasing the levels of AR, reactive oxygen species
(ROS), MDA, advanced glycation end products (AGEs), as well as
MG and improving the levels of SOD, CAT and glutathione S-
transferase (GST) in liver tissue®. Besides, polysaccharides from
Catathelasma  ventricosum, Grifola  frondose, ~Catathelasma
ventricosum and Cordyceps militaris also showed hypoglycemic
activity via improving antioxidant capacity**.

Once the mice experimental diabetes model was constructed,
the hepatic and intestinal tissue in diabetes mice were obviously
damaged owing to the presence of serious inflammation and
oxidative stress. However, polysaccharides from Agrocybe
cylindracea residue (PACR) alleviated the inflammation via
reducing the levels of IL-1p, IL-6, and lipopolysaccharide (LPS) in
liver and colon™, Similarly, in STZ-induced diabetic mice
experimental model, oral treatment of Heimioporus retisporus
polysaccharide (HRP) for 4 weeks could significantly reduce blood
glucose levels, and reduce the expression levels of IL-6 and TNF-q,
resulting the decreasing of heart organ index™. Moreover, Grifola
frondose  polysaccharide named PGF could reverse the
inflammation via reducing IL-6, IL-1B, TNF-a, TGF-B1 and FN in
the renal tissue in STZ-induced diabetes mice™”. Basing on the
above reports, those investigations revealed that EFP possessed
positive antioxidant activities, which might protect the severity of

Food & Medicine Homology 2025, 2: 9420046

diabetes through improving the antioxidant enzymes expression
activities, activating Nrf2 pathway and regulating inflammation in
organisms.

25 Improvement in pancreatic function

The islet of Langerhans consists of endocrine cells (including a-
cells, B-cells, and §-cells) in organism. It is clear that pancreatic -
cells are closely related to producing insulin, which has the ability
of converting glucose into energy or glycogen™. Emerging
evidence revealed that polysaccharides have capabilities to restore
and regenerate impaired islet f-cells, consequently reducing blood
glucose levels. The situation of underwent compensatory
expansion and enlargement of islets was occurred in db/db mice,
which might due to peripheral insulin resistance. However, the
treatment of AAMP-N reduced blood glucose, modulated lipid
metabolism and restored the size of islets, indicating that AAMP-
N could protect pancreatic islets from compensatory
enlargement™, Zhang et al"” studied the impact of Ganoderma
lucidum polysaccharides (GI-PS) on STZ-induced diabetic rats.
Their corresponding experimental findings revealed that GI-PS
could alleviate apoptosis of pancreatic B-cells and promote the -
cells regeneration in pancreatic tissues via up-regulating PDX-1
and Bcl-2 mRNA expression levels and down-regulating the
expression levels of Bax, iNOS and Casp-3 proteins”’. In addition,
Cordyceps militaris polysaccharide (AEPSa) intervention relieved
the serious pancreatic damage with an unsharp boundary and
atrophy and decreased the contents of serum glucose, total
cholesterol (TC) as well as triglyceride (TG) in T2DM mice.
These investigations collectively provided robust evidence that
EFP can repair islet B-cells and maintain B-cell proliferation,

Table2 The hypoglycemic effects of EFP involved oxidative stress

Source Name Molecular Monosacc.h.a ride Molar ratio Experimental Mechanism Reference
weight (kDa) composition models
101 7,572-32,637 - -
102 2,229-8,564 - -
Inonotus STZ-induced Increased the SOD, CAT and GSH-
obliquus 103 245-4,578 ) ) diabetes Px and reduced MDA in serum [40]
104 55-3,234 - -
105 46-41,508 - -
Lentinus LNT-1 641 Rha, Fuc, Ara, GlcA, 1.00:6.13:1.28:1.79: HFD and STZ Ie?:rrzz:zlnﬂ;Egiﬁ;zsg:ﬁ;ﬂl (64]
edodes : Gal, Manand Gle ~ 20.62:4.74:842.17  induced T2DM <P LT e
in liver tissue
GFPS2 only enhanced the serum
GEPS2 2:43-9.62 ) ) levels of GSH-Px and CAT
Grifola GFPS3  0.85-4.69 - - STZ-induced ~ GFPS3 and GFPS4 groups had 23]
frondosa diabetes strongly enhanced levels of SOD,
GFPS4 0.05-3.35 - - GSH-Px, and CAT, and reduced
levels of MDA and ROS
0.93: 1.00: 2.63: 0.87: APP decreased the levels of ROS,
Avricularia AFF 1.6 Rgcﬁiﬁﬁlﬁzﬁx 0.90:0.79:15.58  STZ-induced AGEs, MDA, MG, AR and 1]
polytricha AAP 15.1 ’ acid 0.49:1.00: 2.23: 0.86:  diabetic mice ~ improved the levels of SOD, CAT
: 0.88:0.91: 23.76 and GST in liver sample
Catathelasma STZ-induced CVP-1S increased the SOD, CAT
X CVP-18 15.00 Glc, Gal and Fuc 94.2:3.51: 1.3; % . L and GSH-Px and reduced MDA in [42]
ventricosum diabetic mice . .
liver and kidney
AE-PS increased the SOD, CAT
Cordyceps AE-PS Fuc, Rib, Ara, Xyl,  1.23:0.57:0.29:2.12: HFD and STZ and GSH-Px and reduced MDA in [44]
militaris Man, Gal, and Glc 2.73:4.66: 88.4; % induced T2DM  kidney hepatic homogenates and

renal homogenates

Note: Ara (arabinose), Rib (ribose), Fuc (fucose), Man (mannose), Glc (glucose), Gal (galactose), Rha (rhamnose), GlcA (glucuronic acid), Xyl (xylose),
HED (high-fat diet), STZ (streptozotocin), T2DM (type 2 diabetes mellitus), CAT (Catalase), MDA (Malondialdehyde), SOD (Superoxide dismutase),
GSH-Px (Glutathione peroxidase), GST (Glutathione S-transferase), ROS (Reactive oxygen), AGEs (Advanced glycation end products), MG

(Methylglyoxal), AR (Aldose reductase). -, Not detected.
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ultimately reducing blood glucose levels in diabetes.

2.6 Improvement in lipid metabolism

Diabetes patients were characterized by the disorders of glucose
and lipid metabolism™. Cordyceps militaris polysaccharides
(CBPS-II), with the average Mw of 1.273x10” kDa, could decrease
the blood glucose concentration, regulate the lipid metabolism and
gut microbiota in diabetic mice induced by STZ, indicating that
CBPS-II may have potential ability in the management of lipid
metabolism™. In a present investigation, the treatment of F31
may be upregulate the CYP4A12A expression, showing the ability
to participate in lipid metabolism and lower the blood glucose via
activating toward GCK"™. In addition, supplementation of GFP
(900 mg/kg day) improved the lipid metabolism via increasing the
expressions levels of LDLr, CYP7A1, Acoxl as well as BSEP
inhibited the expressions levels of ACC, Cd36, SREBP-1C, and
HMGCR in diabetic mice™. Therefore, several EFP decrease the
blood glucose and regulate the lipid metabolism possibly via
increasing the levels of hydroxylase and LDLr and decreasing the
specific lipid metabolism related genes. These findings suggest that
EFP can protect against diabetic lipid metabolism disorder.

2.7 Regulating signaling pathways

The hypoglycemic features of EFP are mediated by several
signaling pathways related to oxidative stress, glucose metabolism,
insulin resistance, insulin sensitivity and inflammation. This
multidimensional correlation leads to different ranges of
hypoglycemic effects, which is involved diverse pathways,
observed with EFP. Some notable pathways involved in
hypoglycemic effects of EFP including NF-kB, MAPK, AMPK,
PI3K/Akt, Nrf2, and PPARs pathways, which are depicted in
Fig. 2.

EFP (Edible fungus polysaccharides), ROS (Reactive oxygen
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species), IR (Insulin receptor), IRS1 (Insulin receptor substrate 1),
PI3K (Phosphoinositide 3-Kinase), Akt (Protein kinase B), GLU4
(Glucose transporter 4), AMPK (Adenosine 5-monophosphate
(AMP)-activated protein kinase), GP (Glycogen phosphorylase),
PEPCK (Phosphoenolpyruvate carboxykinase), MAPK (Mitogen-
activated protein kinase), PPARs (Peroxisome proliferator-
activated receptors), PPREs (Peroxisome proliferator response
elements), Nrf2 (Nuclear factor erythroid2-related factor 2), Keapl
(Kelch-like ECH-associated protein-1), HO-1 (Heme oxygenase-
1), NF-kB (Nuclear factor kappa-B).

2.7.1 NF-xB signaling pathway

NF-«B plays a considerable role in diverse bioprocess including
inflammation and oxidative stress responses®™. It is known that
the action cytokine (such as TNF-q, IL-6 and IFN-y) mediated
inflammatory response in organism. Oxidative stress responses are
characterized by the decrease in antioxidant enzyme levels (such
as CAT, SOD, and GSH-Px) and the increase of oxidative stress
products (such as ROS and MDA). Increasing evidence has
revealed that EFP could regulate NF-«kB signaling pathway,
alleviate inflammation and oxidative stress responses, and
promote insulin levels">***, Yang et al® reported that
Termitornyces albuminosus ~ polysaccharides (PTA) mainly
contained Glc, Gal, Man, Rha, and xylose (Xyl) and had the Mw
of 11.65 kDa. The potential therapeutic effect of PTA on db/db
mice was also evaluated. The results show that PTA could reduce
plasma glucose levels and the low-density lipid cholesterol (LDL-
C) level, as well as improve the levels of HDL-C. Besides, PTA
treatment also regulated the expression levels of IFN-y, TNF-q,
and M-CSF proteins in renal tissue. Furthermore, PTA treatment
could also show strong inhibitory activity to the kB alpha (IkBay),
kB kinase alpha + beta (IKKa + f) as well as NF-kB p65 in the
renal tissue of db/db mice, further indicating that PTA has positive
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Figure2 Signaling pathways involved in the hypoglycemic action of EFP.
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hypoglycemic ability™. Auricularia auricula polysaccharides
(AAP) could downregulate proinflammatory cytokines (IFN-y, IL-
6 and TNF-a), as well as the oxidative stress (AR, ROS, AGEs and
MG), inhibit NF-xB and increase serum insulin in STZ-induced
diabetic mice™. Moreover, the oral administration of Cordyceps
militaris polysaccharide (AEPSa) to HFD/STZ-induced T2DM
mice resulted in improved intestinal tight junction protein
expression and serum lipid metabolism, decreased glucose level
and inflammatory cytokines (IL-6, IL-1B, and TNF-a) in the
serum, and inhibited TLR4/NF-«kB pathway activation via
decreasing the phosphorylation of NF-kB p65 and IxBa™. All
those above researches proved that dietary EFP could alleviate
inflammation and oxidative stress to regulate blood glucose and
insulin levels via NF-kB signaling pathway.

2.7.2 MAPK and AMPK signaling pathway

Mitogen-activated protein kinase (MAPK) is a prominent
pathway for transmitting signals from the cell surface to the
nucleus. MAPK has a regulatory effect on bioprocess such as cell
proliferation, growth, differentiation, and apoptosis®™!. AMP-
activated protein kinase (AMPK) is a metabolic regulatory factor
that protects cellular metabolic balance by regulating intracellular
metabolic processes such as glucose metabolism. Targeting the
p38 MAPK and MAPK pathway has become a kind of prospective
therapeutic strategies for managing diabetes and its associated
complications through relieving oxidative stress, increasing insulin
sensitivity, or regulating hepatic glucose regulatory enzymes. For
example, Agrocybe cylindracea residue polyscaaharides (PACR)
contained Man, ribose (Rib), Rha, GlcA, galacturonic acid (GalA),
Gle, Gal, Xyl, Ara and fucose (Fuc) with the ratios 13.69: 4.23:
4.61: 6.31: 1.98: 17.33: 24.03: 8.78: 11.18: 7.86. PACR could relieve
T2DM, decrease blood glucose, restore lipid levels, and relieve
diabetes-oxidative stress and inflammatory response levels by
inhibiting p38 MAPK signaling pathway in STZ-induced
experimental diabetic mice™). Likewise, Cao et al. * revealed that
a novel Lentinus edodes mycelia polysaccharide (LMP) could
inhibit the activation of p38 MAPK, JNK, NF-kB signaling
pathways as well as activating Nrf2 signaling pathway, resulting
the protective effects on islet-B cells. Moreover, a novel
Ganoderma lucidum polysaccharide fraction (F31) has the Mw of
15.90 kDa and contained Glc, Man, Xyl, Ara, Gal, Rib and Uronic
acid (67.31: 17.79: 6.87: 3.16: 4.35: 0.52: 18.7; %, w/w). F31 could
increase the mRNA levels of GLUT4, while decreasing the levels of
fatty acid synthase (FAS), acetyl-CoA carboxylase (ACCI1), and
resisting in epididymal fat tissue in db/db mice. What’s more, F31
activated AMPK pathway via up-regulated the ratio of (p-
AMPK)/AMPK in hepatic tissue™. Taken together, these studies
collectively reveal that EFP can exert hypoglycemic effects by
regulating the MAPK and AMPK signaling pathway, activating
hepatic glucose regulatory enzymes, reducing relieving oxidative
stress, increasing insulin sensitivity, relieving diabetes-oxidative
stress and inflammatory response levels in diabetic conditions.

2.7.3 PI3K/Akt signaling pathway

It is obvious that PI3K/Akt signaling pathway plays a notable
role in regulating blood glucose levels and insulin signal
transduction®™*, Increasing investigations have demonstrated
that EFP can regulate PI3K/Akt signaling pathway, regulate blood
glucose level, and increase insulin levels. Lentinus edodes
polysaccharide (LNT) was extracted by ultrasound-assisted hot
water method. The obtained LNT has the Mw of 395 kDa and
mainly contained Glc, Gal, Man, and Ara with molar ratios of
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10.20: 3.03: 1.15: 0.39. LNT could show the inhibitory activities to
a-glucosidase and a-amylase and facilitate glucose consumption in
vivo. Besides, LNT promoted the expression levels of PI3K and P-
AKT in PI3K/AKTsignaling pathway, resulting the AKT
phosphorylation®. Liu et al® reported that dietary ganoderma
lucidum polysaccharides (GLP) could dramatically improve the
phosphorylation of Akt, and increase expression levels of glycogen
synthase (GS), PI3K-p85, and GLUT4 proteins in HFD and STZ-
induced experimental T2DM rats. Hericium erinaceus
polysaccharides (HEP-C), which has the Mw of 263.6 kDa,
contained Rha, Ara, Man, Glu, and Gal with the molar ratios of
9.0: 2.0: 1.0:4 0.7: 7.5. HEP-C could protect against hepatic lesions
and improve the expression levels of Akt, p-Akt, PI3K-p110, and
PI3K-p85 proteins in the livers tissue of STZ-induced
experimental diabetic rats®). Another research revealed that
Pleurotus eryngii polysaccharide (WPS) displayed a-glucosidase
inhibitory effects with the IC;;, of 0.4211 mg/mL. Meanwhile, WPS
and Grifola frondose polysaccharide (GFP-W) promoted the
expression levels of PI3K and Akt proteins, resulting to alleviating
insulin resistance in IR-HepG2 Cells***. Basing on the above
reports, these investigations revealed that dietary EFP possesses
antioxidant abilities and can alleviate syndrome of diabetes via
regulating PI3K/AKT pathway in organisms.

2.74 Nrf2 signaling pathway

The nuclear factor-erythroid 2-related factor 2 (Nrf2) signaling
pathway involved in regulating oxidative stress level of the body.
Under the hyperglycemia state, the high expression of Nrf2 can
effectively decrease the generation of MDA and ROS through
managing the expression levels of its downstream related
proteins’®®, Gong et al® reported that Lentinus edodes
polysaccharide (LNT-1) contained Rha, Fuc, Ara, glucuronic acid
(GlcA), Gal, Man and Glc with the molar ratios of 1.00: 6.13: 1.28:
1.79: 20.62: 4.74: 842.17, and owned the Mw of 6.41 kDa. The oral
administration of LNT-1 evidently decreased the insulin resistance
and MDA, promoted the expression of SOD and GSH, and
improved the expression levels of the Nrf2/HO-1 mRNA and
proteins in HFD and STZ induced experimental T2DM mice®",
Similarly, ~ Paecilomyces  hepiali ~ fermented  mycelium
polysaccharide (PHEA) mainly contained Rha, Gal, and Glc. The
average Mw of PHEA was 3,011.47 kDa. In db/db mice, the
treatment of PHEA markedly restrained the expression of ROS
and MDA, and promoted the expression of CAT and SOD, and
GSH-Px in serum and renal tissue via enhancing the expression of
Nrf2 and HO-1, Hence, EFP could regulate Nrf2 signaling
pathway to achieve hypoglycemic activity. Those studies indicated
the ability of EFP to regulate Nrf2 signaling pathway, reduce
oxidative stress level, offering potential implications for the
management of diabetes.

2.7.5 PPARs signaling pathway

Peroxisome  proliferator-activated ~ receptors (PPARs)
are valuable nuclear transcription factors, which involved
in maintaining homeostasis of lipid and blood glucose
metabolism® %), A previous study conducted by Huang et al®®
explored the effect of Pleurotus tuber-regium extracellular
polysaccharides (HP, MP and LP) on HFD and STZ induced
experimental obese-diabetic mice. The corresponding results
reveled that the treatment of extracellular polysaccharides
increased fatty acid component n-6/n-3 ratio in serum and hepatic
tissue, reduced ratios of MUFA/PUFA and MUFA/SFA. This
hypolipidemic feature could be involved to increase expression of
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PPAR-a at the levels of mRNA and protein in hepatic tissue
(P < 0.01)™™, PPAR-y displays low expression in the hepatic tissue
and skeletal muscles tissue and owns high expression level in the
adipose tissue®. Through the activation of multiple genes
occurred in the different tissues, PPAR-y could activate multiple
genes in the tissues, leading to the reduction of free fatty acid
content, remission of insulin resistance, acceleration of glucose
oxidation and uptaking of glucose and lipids®. Tremella
fuciformis exopolysaccharides (Tf-EPS) and Phellinus baumii
exopolysaccharides (Pb-EPS) have been shown to enhance adipose
tissue PPAR-y messenger RNA (mRNA) as well as the serum
expression levels of PPAR-y in ob/ob mice, ultimately leading to
improvement of insulin sensitivity and indicating emergent
potentiality in the management of lipid metabolism and
hypoglycemic effect”. These findings collectively suggest that EFP
can exert hypoglycemic effects by activating the PPAR-y signaling
pathway, enhancing glucose oxidation expression, accelerating
lipids metabolism, and reducing insulin resistance in diabetic
conditions.

2.8 Regulation of gut microbiota composition

Gut dysgenesis may play an a etiological role in obesity,
diabetes, and cardiovascular disease . Increasing investigations
have affirmed the close interaction between dietary
polysaccharides and gut microbiota™. Excessive intake of high
sugar and high-fat diet may ruin the general gut microbiota, which
might lead to T2DM or related complicating disease. There are
several studies involved hypoglycemic effects of EFP by regulating
gut microbiota listed in Table 3. For instance, in a HFD mice
study, dietary Tremella fuciformis polysaccharides (TP) reduced
the Firmicutes/Bacteroidetes ratio”. Guo et al™ reported that
GFP extracted from Grifola frondose could reduce the relative
abundance of Enterococcus, Staphylococcus, Aerococcus, and
Streptococcusin in T2DM mice, while a polysaccharides fraction
F31 from Ganoderma lucidum enriched the relative abundance of
Lactobacillus, Bacteroides and Ruminococcaceae”. AEPSa
obtained from Cordyceps militaris reshaped gut microbiota by
increasing beneficial microbiota and decreasing
Ruminococcus_torques_group and Enterococcus™. In addition,

Phellinus linteus polysaccharides (PLPE) enhanced levels of
Anaerotruncus, Lachnospiraceae-NK4A136,
Eubacterium_xylanophilum, Lachnospiraceae-UCG-006,
Roseburia, Prevotella 9, Blautia, Ruminiclostridium-9, and
Oscillibacter in T2DM mice”™. These above studies highlight the
importance of gut microbiota homeostasis for the hypoglycemic
effect of EFP.

Overall, these previous findings emphasize the need to further
explore the hypoglycemic mechanisms of EFP on different
signaling pathways, which is vital for developing personalized
dietary and therapeutic strategies to prevent DM and its related
diseases.

Natural polysaccharides with virous structures may possess
distinct biological activities. Interestingly, the structure of natural
polysaccharides is closely related to their biological activity””.
Since there are few studies on the structure-hypoglycemic
biological activity of EFP, it is not easy to relate their hypoglycemic
activity to their specific structure. However, some scientific
inferences between hypoglycemic properties of dietary EFP and
their individual structural features can be made from the
published literature. The current studies about EFP mostly focused
on individual bioactivity or their structural characteristics, While
the relationships between structure and hypoglycemic activity of
EFP were rarely reported. In this part, the hypoglycemic EFP with
various structural features including Mw, monosaccharide
composition, individual glycosides, and unique conformation
were discussed, and their underlying relationships were deduced
in Table 4.

3.1 Molecular weight

The Mw of a polysaccharide fragment is closely related to its
bioactivity. Generally, polysaccharides with low Mw may exhibit
more stronger hypoglycemic activity than polysaccharides with
high Mw, which may be attributed to their higher surface area,
better biocompatibility and solubility, easier membrane
penetration, as well as effective interaction with receptors and

Table3 The hypoglycemic effects of EFP involved regulating gut microbiota

Molecular Monosaccharide

Molar ratio/Percentage

Experimental

Source  Name weight (kDa) composition ratio (%) models Mechanism Reference
Tremella Man, Rha, GIcA, Glc, 15.95:0.31: 2.47: 1.20: TP reduced the
fuciformis TP 10.071t066.29 Gal, and Xyl 3.18:1.72 HED Firmicutes/Bacteroidetes ratio (73]
Grifola oo 1oy 1sgsg Kb Fuc Man, Gal, 5.18:9.92:25.49:15.02:  HED and STZ GFE;;SECfi;tj;selz:z:rzgr;i:nCe [38]
frondosa - GlcA, GalA and Gle  9.49:7.30:27.59; %  induced T2DM P ’ ’
Staphylococcus and Aerococcus
Ganoderma 31 11.08 Ara, Gal, Glc, Xyl,  5.32:5.47:57.63:0.84: HFD and STZ F31 enriched Lactobacillus, (74]
lucidum ’ Man, Rib and Rha 25.41:1.95:3.38;%  induced T2DM  Bacteroides and Ruminococcaceae,
AEPSa reshaped gut microbiota by
increasing Allobaculum, Alistipes,
Cordyceps HFD and STZ  Lachnospiraceae_NK4A136_group
militaris AEPSa 87.80 Man, Gal and Glc 2.2:15.1:1 induced T2DM  and norank_f Muribaculaceae and (48]
decreasing Enterococcus and
Ruminococcus_torques_group
PLPE enhanced levels of
Lachnospiraceae-NK4A136,
prelinis y py : : HEDandSTZ o b, 172
linteus induced T2DM ura, Frev ’ ’

Ruminiclostridium-9,
Eubacterium_xylanophilum,
Anaerotruncus, and Oscillibacter

Note: Ara (arabinose), Rib (ribose), Fuc (fucose), Man (mannose), Glc (glucose), Gal (galactose), Rha (thamnose), GlcA (glucuronic acid), GalA
(galacturonic acid), Xyl (xylose), HFD (high-fat diet), STZ (streptozotocin), T2DM (type 2 diabetes mellitus). -, Not detected.
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Table4 Structure-hypoglycemic activity relationship of EFP

Molecular Monosacchari Experimental Dose / H 1 i
Source Name . de Molar ratio xperimenta 08¢ YPOBYCEMIC 5 nformation  Reference
weight (kDa) composition models Duration effects
1.00: 0.04: 0.03:
. 2.40 and 1.90
LEPO 6912 Man,Rib,Rha, 025:029:003: . (1 Ny D
Lentinula GluA, Glu, 0.26: 0.17 IY id 0-10.0 mg/mL 0 ME [29]
edodes Xyl, Araand  1.00:0.03:0.05: UCOSICASE  for 10 min
LEP16 301.0 F 0.42:0.2:0,02; Imhibitoryactivity 1-22and 1.20
' ue b (IC5, mg/mL)
0.15:0.43 ’
1.95:1: 1.49: 1.43: 30.32% and
GFP-W1 916.1 indi : -
‘ Ara, Fuc, Xyl, _2094:1.13,  Bindingrates with 25.08%
Grifola 5733 % 10 Man, Gle and 2.32:1:1.30: 1.67: sodium cholate Incubated for  37.41% and (76]
frondosa  GFP-W2 2733 x ol 58.52: 2.65 and sodium 60 min 33.68% -
6.35:1:4.88: 1.41:  glycocholat 47.62% and
EP-X1 25.64 glycocholate -
3.75:5.45 38.70%
2,07 x 10° Man, Rha, Gal, .
Thelephora TZP1-1 DX and Xyl 4:1:83.9:7.5 a-amylase  0-1 pg/mL for 23% None (77]
ganbajun  T7py_q 4.89 Ma:;dGl)c(;leaL 54:1:79.0: 8.1 inhibitoryactivity 10 min 48.6% C;Frrlller?:tl;;‘n
Glc, Gal, Man, 9.0:2.0: 1.0:4 0.7: Reduced blood
AAMP-A -
Armillaria GlcA, and Fuc 7.5 glucose, ALT and
Il Gle. Gal and db/db mice 50 mg/kg/day AST levels as well [34]
meted AAMP-N Man 49.8:25.2:18.2 as increased -
insulin sensitivity
WPS 450 Rha, Ara, Xyl, 035 0-24: 0.45: . 0.4211 (ICs, )
Pleurotus 0.24:28.78:1.10  a-glucosidase 0-8 mg/mL for mg/mL)
o Man, Glc, and 0.95: 0.64: 0.66: rihils . . 0.2971 (IC [28]
eryngii P-1 2 Gal .95:0.64: 0.66: inhibitory activity =~ 15 min - (ICs, .
1.84: 60.69: 0.67 3 I5n6g/n(l)L7)3(y
.56+ 0.78%
EPS-1 - - - (1.25 mg/mL) None
- i _ + 0
Co@yce‘ps EPS-II i ) ) & g.luc081da.s§ 0-3 mg/n'nL for 38.32+0.69% None [30]
militaris inhibitory activity 15 min (1.25 mg/mL)
Man, Glc, and 44.18 £ 0.45%  Triple helix
- 1.56x10° T S 1
EPS-III Gal 1.68:1:1.83 (1.25 mg/mL) structure

Note: Ara (arabinose), Rib (ribose), Fuc (fucose), Man (mannose), Glc (glucose), Gal (galactose), Rha (thamnose), GlcA (glucuronic acid), GalA

(galacturonic acid), Xyl (xylose). -, Not detected.

enzymes®. For example, two intracellular Grifola frondosa

polysaccharides (named GFP-W1 and GFP-W2) and a Grifola
frondosa exopolysaccharide (EP-X1) were obtained and their
hypolipidemic activity were investigated. The average Mw of GFP-
W1, GFP-W2 and EP-XI were 916.1 kDa, 2.733 x 10* kDa and
25.64 kDa, respectively. The experimental sodium cholate binding
rates of GFP-W1, GFP-W2 as well as EP-X1 were showed as
30.32%, 37.41%, and 47.62%, respectively. In addition, the
corresponding binding rates of them towards to sodium
glycocholate were showed as 25.08%, 33.68%, and 38.70%,
respectively. Thus, EP-X1 owned the strongest cholate-binding
ability, which might be related to its lower Mw and more
revealable hydroxyl groups”. In addition, two novel Thelephora
ganbajun fruiting bodies polysaccharide components (named
TZP1-1 and TZP2-1) were purified via DEAE-52 cellulose ion
exchange column and Superdex 200 columns chromatography.
The average Mw of TZP1-1 and TZP2-1 were showed as 2.07 x
10° kDa and 4.89 kDa, respectively. TZP2-1 (48.6%) displayed
higher inhibitory activity on a-amylase than TZP1-1 (23%) in the
concentration of 400 pg/mL, which might be related to its lower
Mw of TZP2-17"), Based on above reported literatures, the Mw of
EFP can affect their hypoglycemic activities to a certain degree.
However, further comprehensive exploration is required to study
the effect of EFP Mw on their hypoglycemic mechanisms.

3.2 Monosaccharide composition

Polysaccharides contained virous monosaccharides and molar
ratios may show different hypoglycemic activity, often
demonstrated through different monosaccharide composition
raios and the with or without of characteristic

) 727w | Sci@pen

monosaccharides®™. ~ Natural ~ polysaccharides  exhibited
hypoglycemic activities generally consist of Glc, Gal, Ara, or Xyl,
with some of them also contain lesser quantities of galacturonic
acid, fucose, or rhamnose®™**™. For example, Gong et al””
conducted a study investigating the hypoglycemic abilities of two
novel polysaccharide purified from Thelephora ganbajun
mushroom. TZP1-1 contained Gal, Xyl, Man, and, Rha with the
molar ratios of 83.9: 7.5: 4.0: 1.0, while TZP2-1 was composed of
Gal, Xyl, Man, and Glc, with the molar ratios of 79.0: 8.1: 5.4: 1.0.
Then, they also discovered that TZP2-1 exhibit better inhibitory
abilities towards to a-amylase and a-glucosidase than TZP1-1,
indicating that TZP2-1 possessing stronger hypoglycemic activity
in contrast to TZP1-1. This diversity was owed to the deficiency of
glucose in the monosaccharide composition of TZP1-1 compared
to TZP2-17"), Yang et al® obtained the neutral polysaccharide
(AAMP-N) and acidic polysaccharide (AAMP-A) extracted from
Armillaria mellea. The results revealed that AAMP-A contained
Glc, Fuc, Gal, Man, and, GlcA, with molar ratios of 81.6: 3.1: 3.3:
3.5: 6.0, while AAMP-N contained Glc, Gal and Man with the
molar ratios of 49.8: 25.2: 18.2. Interestingly, compared to AAMP-
A, AAMP-N showed better hypoglycemic activity via reducing
blood glucose, ALT and AST levels as well as increasing insulin
sensitivity in db/db mice®™. In addition, the molar ratio of
monosaccharides inside natural polysaccharides similarly plays a
significant role in their hypoglycemic effect. For example, a study
explored two polysaccharide fractions derived from Pleurotus
eryngii, namely WPS and P-1. The experimental result of gas
chromatography (GC) revealed that they were contained Glc,
Man, Rha, Ara, Xyl, and Gal, with the ratios of 60.69: 1.84: 0.95:
0.64: 0.66: 0.67 for P-1 and 28.78: 0.24: 0.35: 0.24: 0.45: 1.10 for
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WPS. They also found that P-1 and WPS showed dose-dependent
inhibitory effects towards to a-glucosidase, with the ICs, values of
0.2971 mg/mL and 0.4211 mg/mL, respectively. This diversity may
be attributed to the difference of them in the monosaccharide
composition ratios®.

3.3 Glycosidic bond

Edible fungus contains high content of -D-glucans, especially
p-glucan, a type of physiologically active dietary fiber which
displayed positive impact in fighting against T2DM". For
instance, Gong et al.” revealed that WPS mainly contained a-
glycosidic bonds and p-glycosidic bonds, while P-1 was only
dominated by a-glycosidic bonds. They also found that WPS
displayed dose-dependent inhibitory manner towards to cellular
insulin resistance in IR-HepG2 Cells, but not P-1. This above
difference may be attributed to the difference of them in the
glycosidic bonds™. It was also reported that the 1,3-linked
glycosidic bond of polysaccharides were closely related to their
hypoglycemic ~effect®™®). For example, Lentinula edodes
polysaccharides (LNT) can display the inhibitory rates towards to
a-glucosidase and a-amylase, achieving 53.92% and 94.85% of the
acarbose and relieve insulin resistance via regulating PI3K/AKT
pathway in HepG2 cells, which may be related to the high level of
1,3-linked B-glycosidic bond in LNT', Meanwhile, the dominant
structure with high content of S-glycosidic bond mostly display
high bioactivities in many EFP. Neutral Hohenbuehelia serotina
polysaccharides (NHSPs) contained mainly 1,4-linked S-D-
glucose, 1,6-linked a-D-mannose, and 1,6-linked f-D-galactose,
1,3-linked f3-D-glucose, and 1,6-linked -D-mannose and notably
reduced the blood glucose level in type 2 diabetic mice/®. In a
word, it is easily revealed that virous glycosidic bonds could partly
influence the hypoglycemic effects of EFP.

34 Conformation

In most cases, polysaccharides with the triple helix structure
may enhance their hypoglycemic activity®™®!, For example, two
novel polysaccharides (TZP1-1 and TZP2-1) were purified from
Thelephora ganbajun. Interestingly, TZP2-1 displayed better
inhibitory activities on a-amylase and a-glucosidase than TZP1-1,
which might be related to its triple helix conformation in TZP2-
17, Interestingly, three Cordyceps militaris polysaccharide
fragments named EPS-I, EPS-II, and EPS-III and their inhibitory
rates to a-glucosidase were showed as 31.56 + 0.78%, 38.32 *
0.69%, and 44.18 + 0.45% with the concentration of 1.25 mg/mL,
respectively. However, only EPS-IIT owned triple helix structure in
NaOH solution, rather than EPS-IT and EPS-III™”. These above
studies indicated that EFP with the triple helix structure may have
better hypoglycemic effects.

Overall, the hypoglycemic effects of dietary EFP are affected by
many factors, including Mw, monosaccharide composition,
individual glycosides, and unique conformation. Moreover,
changes in hypoglycemic bioactivity of EFP may be related to an
improved solubility because of the introduced moiety. Future
research should pay close attention to the intricate crosstalk
between hypoglycemic effects and structure of EFP, which is
crucial for developing personalized dietary EFP and therapeutic
strategies to prevent diabetes.

In summary, this current study reveals that EFP” hypoglycemic

effects involve inhibiting digestive enzyme activity, increasing
insulin sensitivity and resistance, improving pancreatic function
and lipid metabolism, alleviating excessive oxidative stress and
inflammation, and regulating gut microbiota. In addition,
signaling pathways like NF-kB, MAPK, AMPK, PI3K/Akt, Nrf2
and PPARs mediate hypoglycemic effects of EFP. Characteristics
of EFP such as Mw, monosaccharide composition and its ratio,
glycosidic bond types, and triple helix structure affect their
hypoglycemic activity. Obtaining EFP with hypoglycemic effects
from natural and safe edible fungus and studying their regulatory
mechanisms on the body can offer a theoretical basis for the
development of new hypoglycemic agent. EFP with hypoglycemic
effects have broad application prospects in the fields of functional
foods and pharmaceuticals.

However, owing to the wide variety of edible fungus and the
complex composition of EFP, there are still certain limitations in
the current research on the hypoglycemic effect and prospective
mechanism of action of EFP. Meanwhile, we should pay attention
to that most reported studies were conducted in vitro or in
animals, which cannot totally represent the actual effects in
human body. Thus, the clinical investigations are needed to study
the practical hypoglycemic application of EFP in human.
Moreover, as the limitation of research methods and complexity
of intracellular process, the hypoglycemic mechanism of EFP is
still not fully revealed and needs in-depth investigation in the
future. More uncovered targets and signaling pathways related
with the hypoglycemic effect of EFP may be revealed in the future.

Regarding to probable future research directions and trends of
EFP involved hypoglycemic effects. There are still many issues to
be resolved in the future, such as: 1) There are numerous
investigations on the hypoglycemic mechanism of EFP, which
focus on some specific genes, proteins, and key known metabolic
pathways. However, research on the overall metabolic changes
that occur in the body under the intervention of EFP is relatively
limited; 2) The structure of EFP is complex, and the hypoglycemic
effect and prospective mechanism of action of a single component
of EFP are relatively limited; 3) Although there are more
investigations on the hypoglycemic activity and mechanism of
action of EFP at the cellular and animal levels, and there is a lack
of clinical trials. Further clinical trial research is needed in human
body; 4) The investigation on the hypoglycemic effect of EFP lacks
the understanding and treatment of the complications of diabetes.
Therefore, it is necessary to deeply study the effect of EFP on the
complications of diabetes; 5) The structure-hypoglycemic activity
relationship of EFP is still relatively lacking and further in-depth
research is needed to achieve the preparation of functional EFP
fragments; 6) The development of metabolomics in food nutrition
and drug development is not yet fully mature. It is necessary to
further combine proteomics and transcriptomics to conduct a
joint analysis of multiple genomics and further elaborate scientific
issues, to sufficiently comprehend the preventive and therapeutic
effects of EFP towards to diabetes.
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