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Gut-Diabetes Connection
Gut microbiota in Diabetes
Diabetes mellitus
Diabetes mellitus (DM), commonly referred to as diabetes, is a group of metabolic disorders in which
there are high blood sugar levels over a prolonged period. Diabetes is due to either the pancreas not
producing enough insulin or the cells of the body not responding properly to the insulin produced. [1].
There are two main types of diabetes mellitus.
Type 1 Diabetes mellitus (Type 1 DM) results from the pancreas's failure to produce enough
insulin [2]. This form was previously referred to as "insulin-dependent diabetes mellitus" (IDDM)
or "juvenile diabetes." The cause is unknown. [2]. Since in type 1 DM not enough insulin is
produced, it is resulting in high blood sugar levels in the body.[2].
Type 2 Diabetes mellitus (Type 2 DM) begins with insulin resistance, a condition in which cells
fail to respond to insulin properly [2]. As the disease progresses a lack of insulin may also lead to
progressive deterioration in b-cell function coupled with the addition of acquired insulin resistance
for which the b-cell cannot compensate [3]. This form was previously referred to as "non insulindependent diabetes mellitus" (NIDDM) or "adult-onset diabetes" [2].
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Table 1: Diabetes type info box [4]
1) Pathogenesis of Type 1 DM
Type 1 DM is a multifactorial disease in which genetic and environmental factors play a key role. The
triggering event is still obscure, and so are many of the immune events that follow. Type 1 DM is
primarily caused by the destruction of insulin producing beta cells. Cytotoxic T-lymphocytes execute the
killing of insulin-producing beta cells during onset of type 1 DM [5].
One monogenic subtype of diabetes, Maturity Onset Diabetes of the Young (MODY) is characterized by
young onset (usually before the age of 25 years) non-insulin dependent diabetes caused by b-cell
dysfunction, with an autosomal dominant inheritance [6].
As with autoimmune diabetes, however, there is clear loss of b-cell function. Diabetes occurring before
the age of 6 months is most likely to be monogenic neonatal diabetes rather than autoimmune T1DM [3,
6]. In addition to the typically young people with acute – onset T1DM, there is an older group with slower
onset disease. They may present in middle age with apparent T2DM but have evidence of autoimmunity.
This is referred to as latent autoimmune diabetes of adults (LADA) [3, 7].
2) Pathogenesis of Type 2 DM [8].
The pathological sequence for type 2 diabetes is complex and entails many different elements. For the
development of a T2DM a genetic predisposition must exist. Type 2 DM is a heterogeneous disorder
caused by a combination of genetic and environmental factors which adversely affect b- cell function and
tissue insulin sensitivity. Type 2 DM develops because of a progressive deterioration in b-cell function
coupled with the addition of acquired insulin resistance for which the b- cell cannot compensate. [3].
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3) Regulation of Insulin Synthesis and Secretion and Pancreatic Beta-Cell Dysfunction in Diabetes
[9].
Pancreatic ?-cell dysfunction plays an important role in the pathogenesis of both type 1 and type 2
diabetes. Insulin, which is produced in ?-cells, is a critical regulator of metabolism. The ?-cell is a
metabolic hub in the body, connecting nutrient metabolism and the endocrine system. Thus, the b-cells
are equipped with mechanisms to detect changes in circulating nutrients, in hormone levels, and in the
activity of the autonomic nervous system [3, 9, 10]
In b-cells Insulin is synthesized as proinsulin. After processing of the proform in the vesicles of the golgi
apparatus yielding insulin, it is stored in secretory vesicles. Insulin is released from the secretory vesicles
by exocytosis. A process in which the granule membrane of the secretory vesicle and plasma membrane
fuse together, releasing the vesicular contents into the interstitial space.
Release of insulin
When the glucose concentration outside the cell is high, Metabolism of the glucose produces ATP, which
increases the ATP to ADP ratio [11]. This change in potential difference opens the voltage-gated calcium
channels, which allows calcium ions from outside the cell to diffuse in down their concentration gradient.
When the calcium ions enter the cell, they cause vesicles containing insulin to move to, and fuse with, the
cell surface membrane, releasing insulin by exocytosis [12].
Diabetes and the Gastrointestinal Tract
Many gastrointestinal complications of diabetes seem to be related to dysfunction of the neurons
supplying the enteric nervous system. involvement of the intestinal nerves may lead to enteric
neuropathy. Inflammatory neuropathy of the enteric nervous system is one of symptoms associated with
diabetes mellitus [13].
The Colon in Diabetes
Diabetes mellitus is a group of diseases with different types producing very similar symptoms with acute
and chronic complications. Amongst these, gastrointestinal dysmotility, associated with the development
of neuropathy in the enteric nervous system (ENS). The ENS shares embryological, morphological,
neurochemical, and functional features with the CNS [14, 15]. The close homology between these two
connected neural systems is strengthened by instances in which CNS disorders involve enteric neural
dysfunction. For example, patients with Alzheimer’s or Parkinson’s diseases often manifest symptoms
suggestive of disturbed bowel transit, including either diarrhea or constipation, which are likely due to
underlying ENS dysfunction [14].
Probiotics and intestinal neuroimmunology
The human gastrointestinal tract contains a large and complex neural network called the enteric nervous
system, whose main purpose is to regulate the physiological function of the gut and to modulate
communication between the gut and the central nervous system. [16].Unsaturated fatty acids from plant
and fish diets are enriched in ??3 fatty acids regulate the immune reactivity [17]. Probiotics are defined
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as microorganisms that are believed to provide health benefits when consumed [18, 19]. Probiotics
possess well documented decay properties in the prevention and treatment of diarrhoeal diseases [20, 21]
as well as modulating immune responses [22].
The Gut flora, gut microbiota or gastrointestinal microbiota are a complex community of
microorganisms providing a barrier to pathogenic organisms [23, 24]. The gut -associated lymphoid
tissue (GALT), forms part of the intestinal epithelium and detects and reacts to pathogens appearing and
developing during the time that the gut flora develops and establishes [24]. Even more, if the gut flora is
disturbed and not homeostasis, can provoke auto immune diseases like rheumatoid arthritis, diabetes and
multiple sclerosis [25].
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