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Introduction

Diabetes mellitus is a disease in expansion. According
to International Diabetes Federation in 2014 an estimated
387 million people in the world have diabetes mellitus (DM),
with expected increase of 200 million in 20 years '. Diabetes
mellitus is characterized by metabolic disorder and hyper-
glycemia and results from insulin deficiency or decreased ef-
fects of insulin on the target tissues. The etiology of DM is
reasonably well known as well as the mechanism of its
pathogenesis.

Diabetes mellitus type 1 is characterized by absolute
lack of insulin and physiological destruction of B cells of
pancreas. Autoimmune damage of pancreatic islets is a long-
term process and clinical manifestation of the disease occurs
when more than 80% of the B cells are irreversibly damaged.

Diabetes mellitus type 2 is a metabolic disease caused
by defective insulin secretion and insulin resistance > It is
believed that many factors influence the onset of the disease:
genetic factors, reduced physical activity, overweight, mal-
nutrition in fetal and prenatal period, certain drugs (steroids,
diuretics, anti-hypersensitive). Adipose tissue produces lep-
tin, tumor necrosis factor (TNF) alpha, resistin, adiponectin
and interleukin (IL)-6 thereby affecting insulin resistance
and possible dysfunction of pancreatic B cells *°. New possi-
ble factors in etiopathogenesis of DM include microbiologi-
cal agents, such as disrupted saprophytic flora (the homeo-
static microbiome — HM) and infections of the pancreas.
Some studies 7 showed that certain types of bacteria and
fungi could cause increased or decreased insulin secretion in
the body thereby causing insulin resistance and the develop-

ment of diabetes mellitus and obesity. This leads to the ques-
tion how microorganisms affect insulin secretion and the oc-
currence of diabetes mellitus. Microorganisms in the pan-
creas could lead to destruction of B cells due to activation of
immune system as a response to infections inducing in this
way DM type 1. In interaction with pancreatic cells, micro-
organisms could lead to increased (Candida) or decreased
(bacteria) insulin secretion thereby increasing chances for the
onset of DM type 2. Saprophytes in the intestinal tract and
other organs lined with mucosa secretory products are able to
pass via the bloodstream to the pancreas thus indirectly af-
fecting insulin secretion. This report suggests that the total
body load of microbes (the microbiome) is an important
physiological factor, and that maintenance of this HM is im-
portant for human health. A speculation that can be derived
from this is that disruption in the HM may contribute to DM
and obesity. There are several lines of evidence that support
this hypothesis.

Infections of the pancreas

One of the important factors that might affect insulin
secretion is an infection of pancreas. It is well known that
certain pathological conditions such as acute pancreatitis, ne-
crotic pancreatitis and cysts are caused by following micro-
organisms: Gram (+) bacteria, 74%, Gram (—) bacteria, 21%
(Enterobacter, up to 58%), Candida albicans, 5-24% *°.
These microorganisms are mostly saprophytic and they are
part of the normal gastrointestinal flora *°. However, the ex-
tent of pancreas infection and effects and types of the infec-
tion are unclear. For example, severe cases of acute pan-
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creatitis might lead to numerous complications such as DM,
and a damaged pancreas could be infected by bacteria from
the small intestine. Symptoms of inflammation include fever,
increased number of leukocytes, and, in severe cases, organ
failure may also adversely effect the pancreas.

Possible mechanisms of pancreatic infection

Microorganisms from the intestine may enter the pan-
creas in three different ways (Figure 1): directly from the
duodenum through the pancreatic duct (ductus pancreati-
cus) """, penetration into body cavity due to injuries and via
the blood. Certain pathological conditions that can facilitate
direct penetration of microorganisms from the intestine to the
pancreas include reduced secretion of pancreatic juice (in pa-
tients with acute and chronic pancreatitis), weakening of the
sphincter of Oddi (sphincter muscles get weaker with age, a
major risk factor for the onset of DM type 2), anatomical
changes in intestinal tract, tumors, and excessive and fre-
quent food intake that can cause distension of the stomach
and intestine, disrupting the sphincter of Oddi so that it re-
mains open or to expand the lumen of the sphincter.

In support of this hypothesis, there is the observation
that the microorganisms found in the pancreas originate
mainly from the small intestine and that they have colonized
the pancreas though the sphincter of Oddi *’. Among tested
samples, 31% were contaminated by bacteria (Pseudomonas
aeruginosa, Enterobacter spp. and Saphylococcus spp.),
24% were contaminated with Candida albicans and 45% we-
re sterile 7.

Saprophytes from the intestine can enter the pancreas in 3 different ways:

2. via the blood

—

. directly from the duodenum through

the pancreatic duct (ductus pancreaticus):

due to reduced secretion of pancreatic

juice (in patients with acute and
chronic pancreatitis)

b. weakening of the sphincter of
Oddi— muscles get weaker
as people get older
(Type 2 diabetes usually affects
older people)

. anatomical changes in intestinal
tract, tumors, excessive and frequent
food intake can cause distension
of the stomach and intestine

2

o

3. penetration into body cavity,
due to injuries

Fig. 1 — Possible ways of pancreatic infection.

Effects of infections in vivo on insulin secretion

Infections in the body can influence insulin secretion
and glucose metabolism. Infection causes marked changes in
whole body glucose metabolism as a result of acceleration in
endogenous glucose production due to increased gluconeo-
genesis '*. It was shown that acute infection in humans cau-
ses insulin resistance and glucose intolerance . Endotoxin
or lipopolysaccharide (LPS) is a potent stimulator of induc-
ible nitric oxide synthase (iNOS). LPS injection lead to hy-
perglycemia, insulin resistance and increased iNOS protein
expression and activity '*. One study with rats infected with
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E. coli demonstrated that infected animals were hyperthermic
and showed the increased rates of glucose metabolism as
well as mild hyperlacticacidemia. Plasma catecholamine
concentrations were increased by 50%-70% . Results of
experiment with male rats treated with bacterial endotoxin
(Salmonella enteritidis) suggest that variations in an individ-
ual's early life bacterial environment may contribute to dif-
ferences in glucose homeostasis, insulin action and disease
susceptibility later in life '°. The likelihood of elevated C-re-
active protein (CRP) concentrations increase with increasing
of HbAlc levels. Exposure to multiple pathogens could
cause a chronic low-grade inflammation, resulting in insulin
resistance .

The homeostatic microbiome

The HM consists of all microorganisms that normally
inhabit the human body (gastrointestinal system, urogenital
system, skin and all cavities lined with mucosa) and it is nec-
essary to maintain normal homeostasis and health. It follows
that the HM (i.e., saprophytic microorganisms) is an impor-
tant contributor to physiology. Since there is a mutual inter-
action on genetic and biochemical levels between microor-
ganisms that inhabit different places in human body, so there
is their communication with other physiological systems that
participate in the homeostasis of the human body — the law
of connected vessels (Figure 2).

Fig. 2 — Connection of the homeostatic microbiome with
other physiological systems involved in maintenance of
homeostasis in organism (endocrine, nervous, muscular,
integumentary, skeletal, female and male reproductive,
urinary, digestive, respiratory, cardiovascular and lym-
phatic system).

After birth, many microorganisms rapidly colonize the in-
testinal tract and remain there throughout life. After the death
they contribute to the decay of the organism. Homeostatic mi-
croorganisms in the body may have two effects: primary, being in-
volved in the digestion of food (food as nutrient medium for their
growth and development), and secondary, the production of me-
tabolites that are absorbed by the blood thereby affecting the me-
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tabolism and physiological state of the organism. Factors that cause
disorder of saprophytic flora are improper diet, too cold or too hot
food and beverages (growth of Candida albicans may be very inva-
sive at 25°C), immunological insufficiency and long-term treatment
with antibiotics, corticosteroids and immunosuppressive drugs’.
Disruption of the HM may lead to intensive growth of some micro-
organisms. When these organisms enter other organs they can cause
severe diseases and even death of the host.

The HM microorganisms can flourish and increase their
numbers primarily in the gastrointestinal tract (GIT), and in the
urogenital system, and could have indirect effects on insulin se-
cretion. Until now, most attention is focused on one part of the
HM - the gut microbial community. A healthy adult human
harbors some 100 trillion bacteria in gut alone '®. The human
body contains a total of 10 times more microbes than the num-
ber of somatic cells and at least 100 times more genes in relation
to the complete human genome .

Microbiome should be considered as an organ since it
weighs 1-2 kg. Metagenomic analyzes of human mucosal
and fecal samples established that phyla Bacteroidetes and
Firmicutes constitute 90% of the microbiota and the rest
(10%) are Actinobacteria, Proteobacteria and Fusobacte-
ria'”*°. Pseudomonas aeruginosa and Enterobacter belong
to the group of Proteobacteria, while Staphylococcus belong
to the largest group, Firmicutes (Figure 3).

Proteobacteria
(Pseudomonas aeruginosa;

. - Enterobacter spp.)
Actinobacteria  / 7%

/ (
-3%

Other

3%

Fig. 3 — Percentage of specific phyla obtained by metage-
nomic analyses of human mucosal and fecal samples.
Pseudomonas aeruginosa and Enterobacter belong to the
group Proteobacteria while Staphylococcus belong to the
largest group, Firmicutes, represented by 90%.

Microbiome researches are relating primarily to bacte-
ria, not fungi. However, opportunistic infections caused by
Candida are obvious example of disrupt homeostatic micro-
biome. The yeast Candida albicans is a commensal and a
constituent of the normal microflora in 80% of human popu-
lation where predominately colonize mucosal surface of GIT,
but also urogenital tract and to a lesser extent the skin >"**. It
can cause infections that range from superficial to systemic
and potentially life-threatening diseases, such as in patients
with weakened immune system, i.e., patients with human
immunodeficiency virus (HIV) or cancer > and in patients
after long-term antibiotic therapy **, as the growth of intesti-
nal saprophytes (bacteria) is normally kept under control.

The growth of Candida is normally limited by immune
system and other microorganism occupying the same loca-
tion of the body. Immune response to Candida infections in
human is not well known. I suppose it is not likely that the
yeast growth is directly correlated with activation of gut as-
sociated lymphoid tissue (GALT). It is more likely that sap-
rophytic bacteria normally present in intestinal tract have
substantial influence on Candida growth control and antibi-
otic therapies could disrupt this relation leading to persistent
Candida infections. Each microorganism in the human body
occupies a particular ecological niche. They overlap and act
as a system of connected vessels. Reduction in the number of
one type of microorganism leads to an increase in the num-
ber and spread of other types. Microorganisms in a certain
amount are an essential factor of every human HM. Due to
increased number, some microorganisms may become pat-
hogenic and threaten the health of the host. If the presence of
all microorganisms in the HM is presented as 100%, it is not
determined what percentage occupies each microorganism.
Determining their ideal relationship, it would be easier to
predict and prevent certain diseases in humans. The HM
plays an important role in health preserving of the host. Dis-
order in the HM leads to insulin resistance, obesity and dia-
betes mellitus, but it is also assumed that disorder in the HM
can provoke other diseases.

The HM may affect heart disease. Amount of formic
acid in urine is inversely proportional to blood pressure
which is a risk factor for heart disease. Important source of
formic acid is microbiome in intestine . It is known that
microorganisms by mimicry can provoke an autoimmune at-
tack and the onset of diabetes mellitus or multiple sclero-
sis %°. There is a possible connection between microbiome
and autism >’. It is known that typhus, caused by infection of
GIT, is characterized by headaches, constipation, and at a later
stage, by diarrhea and disturbance of consciousness (neurologi-
cal symptoms) **. Some data suggest the impact of microbiota
on the incidence of cancer *. Formation of the HM is shown in
Figure 4 (Ring of Life) and takes place in several stages: preg-
nancy and childbirth, breastfeeding, contact with family and
wider environment, nutrition and sexual contacts.
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Fig. 4 — Ring of life. Steps important in formation of ho-
meostatic microbiome throughout life.
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Pregnancy

Microbial abundance and diversity might differ in preg-
nancy. Metagenomic analysis of DNA that was isolated from
the vagina showed that the diversity of microbiota was re-
duced in pregnancy with dominance of Lactobacillus species
and the orders Lactobacillales (and Lactobacillaceae family),
Clostridiales, Bacteroidales, and Actinomycetales®. Thus, dur-
ing pregnancy, the first group of the HM organisms is pre-
sent which will come into contact with the baby during birth.

Childbirth

At a delivery, the child comes into contact with the HM
of its mother (microflora of the urogenital and GIT). Several
lines of evidence suggest that this can influence the likeli-
hood in later life of overweight and obesity. For example, the
composition and development of infant gut microbiota are
influenced by weight and weight gain of mothers during
pregnancy. Fecal microbial composition showed signifi-
cantly higher concentrations of Bacteroides and Staphyloc-
cocus and lower concentrations of Bifidobacterium group in
infants of overweight mothers *'. Kalliomaki et al. ** reported
that numbers of the genus Bifidobacterium was higher in
children with normal weight than in children developing
overweight. In addition, number of fecal S. aureus organisms
was lower in children with normal weight than in obese chil-
dren. They suggest that S aureus may act as a trigger of low-
grade inflammation, contributing to the development of obe-
sity **. In vitro studies showed that Staphyloccocus spp. dras-
tically reduce insulin secretion of human pancreatic islets
leading to insulin resistance and obesity .

Breastfeeding

Infants receive their first microbial "package" at the
time of the birth. These bacteria reflect the microbiota of ma-
ternal vagina and GIT. Further intestinal colonization takes
place during breastfeeding by bacteria in breast milk and
breast skin. This finding begs the question as to what role
this community plays in colonization of the infant GIT and
maintaining mammary health **. Bacteria are better for ex-
tracting nutrition from mothers’ milk since induce glycoside
hydrolases which converts carbohydrate glycans, which are
abundant in milk, into usable sugars. The HM has the ca-
pacity to break down complex, indigestible carbohydrates
and creates small fatty-acid molecules as waste products,
particularly formic acid, acetic acid and butyric acid that can
pass through the gut wall into the bloodstream ' *’. Breast-
feeding protects infants from diarrheal and respiratory dis-
eases and it is associated with a reduced risk of developing
obesity *> .

Culture-dependent methods confirmed the presence of
Staphylococcus and Streptococcus (most abundant species)
in human milk *’. Techniques based on amplification of bac-
terial 16S rRNA in human milk detected several genera of
bacteria, including Lactobacillus and Bifidobacterium (rela-
tive abundance 2%—3%). Staphylococcus was represented by
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22%—59%. Previous studies showed that the microbiota pre-
sent in the lower GIT %, vagina ¥ oral cavity 4 and more
importantly, the differential composition of these communi-
ties in healthy versus diseased states, are related to the health
of the human host. Human milk contains oligosaccharides
with probiotic properties that promotes the growth of bifido-
bacteria after birth *>*"**,

Contact with family

Contact with family is essential for the formation of a
functioning HM. Analyzes of the genome of Methanobrevi-
bacter smitthii and Bacteroides thetaiotaomicron strains of
close relatives who live together showed it is identical in
96% *. Thus, early gut colonizers, such as those acquired
from parents and siblings, may remain in the intestine thro-
ughout the life of the individual.

Recent studies * have shown during five-year moni-
toring of 37 patients, by using a method for bacterial 16S
rRNA amplicon sequencing, that individual microbiota was
remarkably stable, with 60% strains (approximately 100 spe-
cies) remaining over this period. This suggests that most
strains are intestinal residents for decades. Members of Bac-
teroides and Actinobacteria are significantly more stable
components than the population average.

Contact with the wider environment (ecological niche)

A child with its microbiome represents an entity which
occupies one ecological niche. This niche will inevitably
overlap with other spatial niches, animal, plant and ecologi-
cal niches of other children, which could also lead to the
formation of specific microbiome.

Sexual contacts

There are indications that human microbiota have a pro-
tective role in the prevention of sexually transmitted diseases
(bacterial vaginosis) **. In my opinion, sexual contact is also
important in formation and maintenance of the HM. Sexual
contact inevitably leads to the exchange between the micro-
biome of partners. This contact is an essential and useful for
individual to maintain social contact with other person, but it
can also be harmful to the HM leading to its disruption if mi-
crobiome of two individuals is not compatible. Incompatibil-
ity of two microbiome may lead to sterile marriages. Promis-
cuous persons are subjected to frequent distortions of their
HM. Probably microbiome of reproductive system affects
sperm motility and thus indirectly affects the sex of the child.
This subject is not sufficiently explored.

Nutrition

Nutrition is one of the key factors in the early develop-
ment and long-term maintenance of homeostatic micro-
biome. The question is how diet affects obesity and whether
it is the main cause of obesity and diabetes mellitus. Nutri-
tionists recommend for healthy diet the following: 20% of
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protein intake, to 50%—60% of carbohydrate intake and lipid in-
take less than 30% *. It has long been known that carbohydrates
are necessary for the health preservation. One of the most an-
cient data is written in the Bible *. During the seven years of
hunger, Jacob sent his sons in Miser for wheat: “I hear there is
wheat in Miser. Go there and buy it so we stay alive and don’t
die of hunger”. Back then, they knew they would not survive
without wheat, and they had cattle, sheep, goats, and camels. In
contrast to this recommendation *, a nation from the north, the
Inuit, does not have carbohydrates in their thousand-year-long
traditional diet. They mostly eat fishes, marine mammals and
caribous. Inuit are not prone to diabetes mellitus and cardiovas-
cular diseases. What sets them apart from other nations? The an-
swer is the composition of the HM.

A research on twins shown that genetic factors do not
have a decisive influence on obesity *". He found out that
twins of which one is nourished and the other is malnour-
ished had different microbiome. Recent studies (rodent
model and in human) have shown that changes in gut micro-
biota may play an important role in the development of obe-
sity **. Genetically obese mice had 50% reduction in Bacter-
oidetes and a proportional increase in Firmicutes compared
to lean mice. Comparing distal gut microbiota of obese and
lean human subject, Ley et al. * demonstrated that obese
people had lower Bacteroidetes and more Firmicutes than
lean subjects. After a fat restricted or a carbohydrate re-
stricted low calorie diet, the ratio of Bacteroidetes to Fir-
micutes approaches a lean type.

In a series of experiments, Bickhed et al. ** showed that
conventionally reared mice had 40% higher body fat content
than germ-free mice, even they consumed less food. After
conventionalization (transplantation of distal gut microbiota
from normal mice to germ-free mice) body fat content in-
crease 60% after 2 weeks without increase in food consump-
tion. Cani et al.**>' proposed that metabolic endotoxemia
may provoke metabolic diseases such as diabetes mellitus
and obesity in response to a high-fat diet. They hypothesized
that bacterial lipopolysaccharide (LPS) from Gram-negative
intestinal bacteria can be a triggering factor.

There are attempts of surgical interventions (Roux-en-Y
gastric bypass) to reduce obesity and insulin resistance *.
Approximately 80% of the patients with diabetes type 2 ex-
perience complete remission, defined as normoglycemia
which can be explained by a reduction in body weight. It has
also an impact on the food flow. Taken food bypasses the
duodenum and directly goes to jejunum. Since there are no
nutrients in the duodenum, microflora can not be held.
Therefore, the possibility of penetration of the conditional
pathogens through sphincter of Oddi into the pancreas is sig-
nificantly reduced. Their impact and penetration into the
pancreas is previously discussed ®®. Metagenomic analysis
of samples from the jejunum reveals that most represented
bacteria is of genus Sreptococcus, whereas dominant bacte-
ria in the distal ileum, colon and rectum are Bacteroidetes
and Firmicutes. This is anatomically very dangerous opera-
tion; it bypasses most of the stomach and the upper part of
the small intestine and reduces the metabolic and exogenous
effects of the pancreas and liver.

Obese and lean people have a different composition of
the microflora, so it can play a role in the development of
obesity. High-fat and low-fiber diet changes microbiome,
leading to metabolic endotoxemia, increased depositing of
lipids and decreased sensitivity to insulin resistance >

Reduced number of Bifidobacterium and increased
number of Firmicutes spp (274 genera, including Staphylo-
coccus, Enterococcus and Sreptococcus) lead to increased
permeability of the intestinal epithelium and elevated levels
of fatty acid and endotoxin in the blood and at the same time
reduce the concentration of ghrelin, angiopoietins (angiopoietin-
like protein 4, that inhibits the absorption of fatty acids from cir-
culating triglycerides in adipose and muscle tissue, a potent in-
hibitor of lipoprotein lipase), and in turn, lead to an increase li-
pogenesis in the liver and adipose tissue, number of B-cells
and insulin secretion in pancreas decrease and insulin resis-
tance occurs in muscle (reduced insulin sensitivity) *.

To restore normal relationship within the microbiome
that inhabits GIT it is recommended to take prebiotics in the
diet. Probiotics may change the composition of the micro-
flora only briefly because without intake of probiotics comes
to normalization and the establishment of the previous mi-
croflora in GIT.

A prebiotic is a non-digestible food ingredient, particularly
oligosaccharides, that selectively stimulates the growth of bene-
ficial commensal colonic microbiota (e.g., Bifidobacterium and
Lactobacillus species) and thus improves host health **. Among
the natural non-digestible oligosaccharides that fulfill the criteria
of a colonic food are fructo-oligosaccharides that are fermented
by a number of colonic bacteria to modulate the growth of bene-
ficial bacteria . The number of Bifidobacteria increases in the
presence of inulin-type fructans. This increase occurs within a
few days, but rapidly disappears upon withdrawal of prebiotics,
after one week . The extent of increase in number of Bifido-
bacteria depends on their initial number.

Dietary fructans, present in various fruits and vegeta-
bles or as food additives, are used as an energy substrate by
bacteria, including Bifidobacterium spp, that express B-fruc-
tofuranosidase, which promotes their growth in the gut. The
number of Bifidobacterium spp in mice with diet-induced or
genetically determined obesity increase with intake of inulin-
type fructans *’. The number of Bifidobacteria was inversely
correlated with the development of fat mass, glucose intoler-
ance and lipopolysaccharide (LPS) level **.

Summary-impact of contemporary nutrition on the ho-
meostatic microbione

Food with long-term preservation is present on today's
market. This means that such food produced on farms does
not contain the necessary and essential microbial agents.
Herbal food is produced on large surfaces. In such large
plantations it is necessary to treat the surface with insecti-
cides, herbicides and particularly fungicides that directly de-
stroy the natural microorganisms normally inhabiting the
surface of fruits and vegetables.

It is the same case with animal food. Animals are
mostly grown on large farms and treated with antibiotics.
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The food that they eat is also obtained by modern farm grow-
ing. Animals (cows, pigs and poultry) generally lead seden-
tary lifestyle, which means that they have no contact with the
microbiome of the soil and the environment. Such food is
usually represented in highly developed countries where the
highest percentage of diabetes mellitus and obese people is
presented. Organically produced food was grown in the vil-
lages and individual farmers (e.g., in Serbia), the food was
produced in small quantities and was not treated with chemi-
cal preparations and originally contained a certain percentage
of indigenous bacteria and fungi, and that is the advantage of
such a diet. One of the factors that accompanies the onset of
diabetes mellitus and obesity is the migration of the popula-
tion. A person grew up in one ecological system and had
contact with one microbiome through diet and direct contact,
and once moving, for example, from Europe to America
comes to an entirely different surroundings. This is direct
evidence that the homeostatic saprophyte flora acquired by a
healthy diet for years must be maintained throughout life and
without a big attack by intake of unknown and new types of
microorganisms. To understand better the impact of local
microbes on food, it is enough to mention the original pro-
duction of cheeses that are very different from place to place
and have different tastes and odors, originating mostly from
local microbiological agents. All listed above indicate that
food should be considered not only as a source of essential
nutrients but also as a necessary source of microbiological
agents. Many harmful microbiological agents if present nor-
mal amounts in the HM represent the real source of essential
metabolites and enzymes that contribute to maintaining the
host health, but if their numbers begin to grow without con-
trol, they can cause severe illness and death of the host. Example
of the symbiosis of the organism and the microbiome is peristal-
sis of GIT. It is well known how dangerous it is to interrupt
normal movement of food and bowel motion as well as the con-
sequences of persistent diarrhea for the body. E. coli causes diar-

Direct impact:

Candida albicans
Indirect impact:

Fungal metabolites

Direct impact:

A Pseudomonas aeruginosa
Enterobacter spp.
Staphylococcus spp.

Indirect impact
Bacterial metabolites

rhea, but the question is whether its presence in allowed quantity
is necessary for the regular emptying of the bowel.

The question is which is the favorable ratio of microbes
in the body, particularly in the intestine. Their percentage in
healthy people and in members of the same population sho-
uld be determined and their relationship and tolerance to
change of amount should be expressed in mathematical for-
mulas. By establishing a mathematical model for the HM, it
is easy to determine disorders and predisposition for certain
diseases, in this case diabetes mellitus. Why food rich in
sugar is often accompanied by overgrowth of the fungus
Candida. According to our results Candida increases insulin
secretion of pancreatic islets, thus helping the elimination of
high glucose doses in the blood and prevents glucotoxicity. It
is obvious example of the necessity to take food and associ-
ated microbiome together — Candida is the most present in
the sugar-rich food. Intake of probiotics is desirable, but in
the disrupted HM they cannot compensate all microbial
agents that are necessary for the preservation of human
health. It is known that certain members of the HM regulate
and affect the insulin secretion.

Our research results demonstrated that microorganisms
can influence on pancreatic islets insulin secretion. Namely,
they perform their impact directly (when present in pan-
creas) ** and indirectly, by secreting their metabolites which
have influence on pancreas islets trough the blood vessels -
as a consequence of the increase in their number in human
body, disorder of the HM emerged ® (Figure 5).

Bacterial agents (Enterobacter spp, Pseudomonas aerugi-
nosa, Saphyloccocus spp.) reduce insulin secretion leading
to postprandial hyperglycemia.

Fungal agents (e.t., Candida albicans) increase insulin
secretion causing postprandial hypoglycemia and insulin re-
sistance. It is known that increased insulin secretion is fre-
quent in obese persons.

postprandial hypoglycemia

Insulin resistance and
. —_>
glucose intolerance

Type 2 diabetes

postprandial hyperlycemia

Fig. 5 — Direct and indirect influence of Candida and bacteria
on the development of diabetes mellitus type 2.
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Both cases lead to glucose intolerance and insulin re-
sistance and in some cases the development of the DM type 2
and obesity.

In a healthy body, microorganisms are part of the ho-
meostatic microbiome and play a key role in maintaining he-
alth, digestion and metabolism. Formation of the HM (Ring
of Life) takes place in several stages: pregnancy and child-
birth, breastfeeding, contact with family and wider envi-
ronment, nutrition and sexual contacts. Many internal and
environmental factors can lead to disorders of homeostatic
microbiome, which leads to certain diseases, including dis-
order of glucose homeostasis.

Conclusion

We can conclude that infection of pancreas and change
(disrupt) of the HM play an important role in etiopathogene-
sis of diabetes mellitus and obesity.

The HM is a great enigma and a challenge for further
scientific research. The goal is to initiate extensive re-
searches — interactive collaboration of scientific community
in various fields, researches linking the man as an individual
in a sustainable ecosystem, but they should be strictly con-
trolled because the knowledge and the results can be ma-
nipulative, used not only for treatment but also for causing
the disease. Complete understanding of the human micro-
biome could easily compromise moral, ethical and religious
principles of understanding life and it is a serious subject for
another debate and discussion.
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