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Abstract. Diabetes mellitus is a group of metabolic diseases characterized
by hyperglycemia caused by impaired insulin secretion, insulin action, or
both. The World Health Organization identifies 4 types of diabetes: type 1
diabetes is characterized by inadequate production of insulin in the human
body, type 2 is characterized by insulin resistance, impaired glucose
tolerance and impaired fasting glycemia and gestational diabetes. The
following criteria are important in studies of antidiabetic action: the level
of glucose in the blood plasma, the level of various types of lipoproteins,
the effect on immunity, the antioxidant effect, the level of insulin in the
blood plasma, the effect on the intestinal microbiota, structural changes in
B-cells of the pancreas glands. Many cultures of fungi are demonstrated
high activity against hypoglycaemia, insulin resistance and dyslipidemia.
The glucan part is often found in the composition of the investigated
mushroom preparations. The B-glucans of fungi are known for their wide
and varied biological activities. There is a hypothesis that it is these
substances that are responsible for the antidiabetic effect of fungi.
According to researchers, it is possible to identify how many possible key
mechanisms of action of natural polysaccharides on diabetes mellitus: - an
increase in plasma insulin levels and a decrease in the activity of pancreatic
glucagon; - an increase in the sensitivity of the insulin receptor and a
decrease in insulin resistance; - increased synthesis of glycogen in the
liver; - improving the use of glucose by peripheral tissues; - anti-
inflammatory effect.

1 Introduction

Diabetes mellitus is a group of chronic disease characterized by a high blood glucose level,
leading to systemic disruption of all types of metabolism and damage to the micro- and
macrovascular system of the body. Hyperglycemia is caused by impaired insulin secretion,
insulin action, or both. As a result of the diabetic process, a number of complications
develop, such as blindness, renal failure, neuropathy, stroke, and myocardial infarction.
There are two well-known forms of the disease: genetically determined insulin-dependent
type 1 diabetes, which develops as a result of autoimmune damage to B-cells of the
pancreas, and the most common type 2 insulin-resistant diabetes (approximately 90% of all
cases of diabetes) [1].
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2 Types of diabetes

Today, the World Health Organization identifies 4 types of diabetes.

2.1 Type 1 diabetes

Type 1 diabetes was previously called insulin-dependent type of diabetes (juvenile) and is
characterized by inadequate production of insulin in the human body, which leads to
impaired glucose metabolism. Insulin is synthesized in the B-cells of the islets of
Langerhans in the pancreas. This type of diabetes includes diabetes caused by the
autoimmune destruction of the islets of Langerhans, which leads to absolute insulin
deficiency and idiopathic diabetes. People with type 1 diabetes require daily insulin to
regulate the amount of glucose in their blood. The causes of type 1 diabetes are still
unclear. Symptoms include excessive urination (polyuria), thirst (polydipsia), constant
hunger, weight loss, vision changes, and fatigue [2].

2.2 Type 2 diabetes

Of all people with diabetes, the vast majority (90-95%) suffer from type 2 diabetes, which
was previously called non-insulin-dependent diabetes or adult diabetes. This type of disease
is characterized by insulin resistance and usually patients have a relative insulin deficiency
[1]. At least initially, and often throughout their lives, these people do not need insulin
injections to survive. Symptoms may be absent or not expressed, so the disease is difficult
to diagnose in the ecarly stages, while it has not yet caused complications. There are
probably many different causes of this form of diabetes. Although the specific etiology is
unknown, autoimmune B-cell destruction does not occur [2].

Most researchers identify the following factors leading to the development of type 2
diabetes: dietary disorders associated with a sedentary lifestyle and the consumption of
high-calorie fatty foods with a high content of easily digestible carbohydrates [3,4].
According to modern studies, long-term consumption of fatty foods with a high
carbohydrate content leads to a violation of the intestinal microflora, which leads to the
development of "low-grade inflammation". As shown by a number of researchers, this
ultimately leads to the development of insulin resistance in insulin-dependent tissues
(muscles, liver and adipose tissue), in other words, to a systemic decrease in sensitivity to
the anabolic hormone insulin [5].

2.3 The third group of diabetes

The third isolated group of diseases includes decreased glucose tolerance and impaired
fasting glycemia, which are intermediate states between normal and diabetes. People with
impaired glucose tolerance and impaired fasting glycemia are at high risk for type 2
diabetes, but this may not happen [2,6].

2.4 Gestational diabetes

The fourth and last type of diabetes to be isolated is gestational diabetes, or pregnancy
diabetes, characterized by increased blood glucose (hyperglycemia) that develops or is first
detected during pregnancy. This diabetes is characterized by elevated glucose levels (above
normal), but still lower than in other types. It is usually temporary, but it can also carry a
long-term risk of developing type 2 diabetes. Gestational diabetes is diagnosed through
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prenatal screening, not symptoms. This type of diabetes affects about 7% of pregnant
women [1,2,7].

Diabetes is now widespread in the world, the prevalence of diabetes among people over
18 years old in 1980 was from 4.7%, in 2014 it increased to 8.5% and continues to grow.
The number of diabetic patients in Russia at the beginning of 2016 is 9.3% of the country's
population [2].

3 Biological activity of fungi against diabetes and
hyperglycaemia

More than 2 thousand edible or medicinal mushrooms have been identified, many of which
are widely consumed due to their properties to positively affect human health. These
properties are due to biologically active substances that fungi synthesize during their
growth and development, including polysaccharides.

One of the most biologically active polysaccharides of fungi are the
homopolysaccharides glucans, which are part of the cell walls. Fungal B-glucans are
polymers of D-glucose linked by B-(1,3)-(1,6)-glycosidic bonds. These bonds are not
hydrolyzed by enzymes secreted by the pancreas [5].

For the fungi Pleurotus ostreatus, Grifola frondosa, Schizophyllum commune,
Sclerotium rolfsii, Lentinus edodes, Ganoderma lusidum, Hericium erunaceus and
polysaccharides derived from them, a therapeutic effect has been shown against the
metabolic syndrome characterized by hyperglycemia associated with diabetes,
hyperglycemia associated with diabetes, obesity and hypertension [8—11].

In the case of diabetes, the following criteria are distinguished, which are important in
studies of antidiabetic action: the level of glucose in the blood plasma, the level of various
types of lipoproteins, the effect on immunity, the antioxidant effect, the level of insulin in
the blood plasma, the effect on the intestinal microbiota, structural changes in pB-cells of the
pancreas glands, etc. [5].

It is believed that dysglycemia and lipid metabolism disorders are the main criteria for
metabolic syndrome. These factors are very closely related. For example, diabetes often
develops insulin resistance and dyslipidemia, characterized by high triglyceride levels, low
high-density lipoprotein levels, and high levels of low-density lipoproteins [3,4].

Various studies have reported that mushroom polysaccharides reduce the symptoms
of diseases. Antidiabetic properties in laboratory rodent studies have previously been noted
for the following mushroom cultures: Agaricus brasiliensis, Agrocybe chaxingu,
Catathelasma ventricosum, Grifola frondosa, Phellinus linteus, Pleurotus eryngii,
Pleurotus florida, Pleurotus sajor-caju, Tremella fuciformis, Ganoderma lucidum [12, 13],
Lentinus strigosus, Pleurotus tuber-regium, Sparassis crispa n Tremella aurantialba [5].

Neyrinck et al. studied the effectiveness of the fungal chitin-glucan complex in
correcting gut microbiota and glucose and lipid metabolism in obese mice on a high fat
diet. The chitin-glucan complex significantly reduced body weight gain, development of fat
mass, glucose intolerance, hyperglycemia, and impaired fat metabolism. The use of the
drug in food had a positive effect on metabolism, in particular, it slowed down the
development of obesity and metabolic disorders associated with it, which was explained by
the restoration of the composition and activity of the intestinal microbiota [14,15].
According to the authors, fungal polysaccharides, even in small quantities, have prebiotic
properties due to the immunoregulatory mechanism, which suppresses the inflammatory
reaction in the intestine and stimulates the growth of probiotic microflora [16-18].

Kim et al. investigated and compared water-soluble B-glucans and oligosaccharides
obtained by enzymatic hydrolysis of glucans from the fungus Agaricus blazei. Both drugs
showed hypoglycemic, hypotriglyceride, hypocholesterol and anti-atherosclerotic effects in
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rats with induced diabetes, and the antidiabetic activity of oligosaccharides was twice that
of non-hydrolyzed B-glucans [19].

4 Possible mechanisms of action

The effect of freeze-dried powders from the biomass of the edible fungus Pleurotus
ostreatus and P. cystidiosus on healthy volunteers and people with type 2 diabetes was
evaluated. When taking the drug for a month in patients with diabetes, there was a decrease
in serum glucose and an increase in insulin levels. The mechanism of hypoglycemic action,
according to the authors, is associated with an increase in glucokinase activity and
stimulation of insulin secretion, resulting in an increase in glucose consumption by
peripheral tissues and glycogen synthesis [20].

Sohn et al. studied the effects of a combination preparation of polycan (glucan of the
fungus A. pullulans) and mulberry extract (Folium mori) for the study of diabetes
complicated by hepatopathy and nephropathy in rats with a streptozotocin model of
diabetes. The complex preparation showed a significant reduction in hyperglycemia,
hepatopathy and nephropathy. Synergistic effects in the suppression of hyperglycemia and
the development of diabetes were most pronounced when the ratio of glucans to extract was
1: 4 [21].

Studies by Niwa et al. observed the effects of Agaricus blazei on the pancreas of rats
with streptozotocin diabetes. Histological examination of the islets of Langerhans after a
course of taking with daily oral feeding of powdered mushroom biomass during 2 months
showed an increase in the mass of pancreatic B-cells [22].

Treatment with crude exopolysaccharides from a submerged culture of the fungus
Lentinus strigosus resulted in a dose-dependent decrease in serum glucose levels and
regeneration in the pancreatic islets of Langerhans [23]. In a study by Lee et al., Agrocybe
chaxingu culture polysaccharides prevented the destruction of pancreatic B-cells in mice
[24]. Li et al. studied the effect of Pleurotus eryngii extract in mice with an alloxan model
of diabetes. When treated with the extract, mice showed a decrease in hyperglycemia, an
increase in insulin levels in the blood, an increase in glycogen synthesis, as well as partial
and gradual restoration of pancreatic B-cells damaged by alloxan [25].

Another study performed 70% partial pancreatectomy in mice to examine the effects of
a glycoprotein preparation from Agaricus bisporus. The drug caused the regeneration of
cells of the pancreas, which indicates that the induction of proliferation of islet B-cells has a
therapeutic effect [26]. Yamac studied the effect of aqueous extracts of Agaricus bisporus
biomass on rats with a streptozotocin model of diabetes. In addition to reducing
hyperglycemia and significantly increasing insulin levels, there was also an unexpected
effect of increasing the cellularity of the pancreatic islets of Langerhans and their apparent
colonization of B-cells [27].

In recent years, researchers have paid attention to the role of the gut microbiota in
glucose metabolism. For example, Cao et al. Investigated the effect of f-glucans from a
culture of baker's yeast Saccharomyces cerevisiae in mice with a streptozotocin model of
diabetes on a hyperlipidemic diet. In mice, liver glycogen synthesis increased and lipid
accumulation decreased. The drug showed significant hypoglycemic activity, accompanied
by an improvement in metabolism. Presumably, the mechanism of hypoglycemic action
may be associated with a change in the intestinal microbiota [28].

According to most researchers, it is possible to identify how many possible key
mechanisms of action of natural polysaccharides on diabetes mellitus:

- an increase in plasma insulin levels and a decrease in the activity of pancreatic
glucagon (a decrease in the breakdown of glycogen and gluconeogenesis);
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- an increase in the sensitivity of the insulin receptor, leading to a decrease in insulin
resistance;

- increased synthesis of glycogen in the liver;

- improving the use of glucose by peripheral tissues;

- anti-inflammatory effect;

- antioxidant and antiradical action [29-31].

Currently, diabetes is treated with either insulin replacement therapy or oral
hypoglycemic drugs such as sulfonylurea derivatives, biguanides, thiazolidinediones, and
alpha-glucosidase inhibitors. However, these drugs have a large number of undesirable side
effects: they increase blood pressure, cause dry mouth, constipation, headache, heart defects
and obesity. In addition, some hypoglycemic drugs, such as biguanides and sulfonylureas,
have a good hypoglycemic effect and have little effect on the development of long-term
complications in diabetes [32]. Therefore, the search for natural non-toxic agents capable of
providing preventive and therapeutic antidiabetic action is still relevant today.

5 Conclusion

Diabetes is a widespread and varied disorder of glucose metabolism. The variety of factors,
processes and parameters affecting glucose metabolism, interrelated and dependent on it,
are very large and represent a difficult object for research. Mushroom polysaccharides have
shown good results and are promising subjects for further research.
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