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The present study introduces diabetes from neurological point of view. Although existing literature has largely focused on
diabetes from metabolic point of view, we think stress biology has impacts on the initiation and progression of diabetes. We have
previously demonstrated that diabetes may occur as a functional alteration in white matter in which we examined the phenomenon
of overexpression of inducible nitric oxide synthase (iNOS). At the same time, we noticed that the expression of HSP70 in the
same area was down-regulated. When we studied different tissues such as kidneys, and liver of diabetic rats, we also found the
same trend. According to this context, we developed our new hypothesis that stated that diabetes and diabetic neuropathies are
independent events. In other words, we think that the same factors that developed diabetes resulted in diabetic neuropathies.
Taken together, we think we have to change some basic concepts and to consider diabetes to be more neurological diseases
more than a metabolic disease. Studying biomarkers such as iNOS and HSP70 helps in introducing the concept of epigenetics
to play new important roles in initiating and progression of diabetes. The expression of mentioned biomarkers in white matter
impacts other tissues and we think it is responsible to initiate diseases such as diabetes.
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Introduction

An overview of diabetes

Diabetes is considered as a metabolic disease characterized by
hyperglycemia resulting from insulin insufficiency either in lower
levels, insulin function, or both [1-3]. It has been reported that the
prevalence of diabetes has dramatically increased from 4.7% to
8.5% of world population between years 1980-2014. Furthermore,
it has been estimated that diabetes attributed to 1.5 million deaths
in 2012, and increased the risk of cardiovascular diseases which is
estimated to attribute in further 2.2 million deaths [4, 5]. Reports
by WHO indicated that diabetes is more likely to rank as the 7th
cause of death in 2030. Micro-vascular changes associated with
diabetes are thought to induce complications of diabetes such as
vision impairment, cardiovascular disease, and nerves [3].

The metabolic syndrome (MS) is defined as a group of metabolic
abnormalities that increase the risk of both cardiovascular diseases
and T2DM. In this syndrome, there are several characteristics
including insulin resistance, central obesity, hypertension, and
dyslipidemia [6, 7]. According to the study of Tong et al, it has
been pointed to the decreased survival rate by 10 years in case of
existence of MS in diabetics. Manifestations of MS also include
prediabetes in addition to type 2 diabetes [3].

In a recent study, Hannou et al put emphasis on the importance of
the trend of increasing sugar consumption as a main factor leading
to obesity, diabetes, and cardio metabolic risks [8]. According to
Hannou et al, fructose is harmful and has the potential to produce
features of MS.

Diabetes and oxidative stress

Free radicals are chemical species characterized by being reactive
with short life, and they have one or more unpaired electrons [9].
The free radicals can cause breakdown to cells through the process
of giving the unpaired electron leading to oxidizing cell parts and
molecules [10].

There are three types of free radical: Reactive Oxygen Species
(ROS), Reactive Nitrogen Species (RNS), and Reactive Chlorine
Species (RCS) [11].

Free radicals play important roles in activating various signaling
pathways within the cell including the Mitogen activated protein kinase
(MAPK) and extracellular-signal-regulated kinase (ERK) pathways
that modify the expression of genes, in addition to interacting with
superoxide dismutase to initiate cell death [12]. RNS are produced
by neurons and act as neurotransmitters, while that produced by
macrophages act as mediators of immunity. Other biological activities
include leukocyte adhesion, thrombosis, angiogenesis and vascular
tone. In a similar way, ROS plays a role in gene transcription, single
transduction and regulation of other activities in cell [13].
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The production of free radicals within cells can occur by exogenous
and endogenous substances through the reaction of non-enzymatic
reactions with oxygen in addition to products by ionizing radiations
[14]. Mitochondrion is likely to be influenced by this process through
oxidative phosphorylation [9]. Free radicals can be created through
various sources such as radiations, ROS, RNS, Neutrophils and
macrophages production, chemicals, different smoking models,
and synthetic agents [15].

From a physiological point of view, the body responds to overcome
the influence of free radicals through several mechanisms to generate
antioxidants either endogenous or exogenous to balance the increased
levels of free radicals and to protect the cells from the harmful effects
of free radicals and to participate in prevention and development
of diseases [14].

Oxidative stress is the alteration of the balance between the oxidants
and non-oxidants in which oxidants overcome this imbalance, and
this may due to various agents including ageing, drug actions and
toxicity, inflammation and/or addiction [16]. This imbalance implies
the existence of accumulation of free radicals as a result of increased
production of free radicals, or the inability to remove them in an
appropriate rate [17].

The role of oxidative stress in diabetes

Oxidative stress has significant role in the progression of vascular
complications in diabetes [14]. Increased levels of ROS among
diabetics are thought to due to defects in oxidant / non-oxidant
system including catalase, superoxide dismutase (SOD) and
glutathione peroxidase (GSH—Px) antioxidants, ending with
diabetic complications [18]. Oxidative stress has crucial roles in the
occurrence of both type 1 and type 2 diabetes. The excess formation
of free radicals in diabetes induces breakdown of enzymes, cellular
machinery and increased insulin resistance because of resultant
oxidative stress [19]. In diabetes mellitus, oxidative stress is mainly
resulting from mitochondria in which oxidative metabolism in
mitochondria leads to reduce oxygen to water, and the remaining
oxygen becomes oxygen free radical [20]. There are two ways to
modulate insulin signaling by free radicals: the first way involves
the production of ROS/RNS as a response to insulin, and the other
way implies the existence of negative regulation regulating insulin
signaling leading to the progression of insulin resistance [21].

Literature showed a relationship between oxidative stress and
diabetes mellitus as indicated through measuring the levels of
different biomarkers such as DNA damage biomarkers and lipid
peroxidation products. It is believed that hyperglycemia has a
role in oxidative stress development leading to the progression of
endothelial dysfunction in blood vessels of diabetics [22].

Our experience from our studies: diabetes as a neurological
disorder

From our experience, we think that diabetes is more likely to be
a neurological disease more than metabolic disease, although
metabolic aspects still exist. Our first group of experiments showed
the existence of functional alterations in white matter of diabetic rats.
We demonstrated up-regulation of inducible nitric oxide synthase
(iNOS) in white matter of diabetic rats. In comparison with control
group, there was a significant difference in the expression rate of
iNOS (p<0.001). We also examined the expression of heat shock
protein (HSP70) in both groups and found that the expression of

HSP70 was down-regulated in white matter of diabetic rats compared
with that in control group. This was also statistically significant
(p<0.001) [23].

We further developed our hypothesis “Functional alterations of
white matter participate in inducing functional alterations in other
tissues including heart, liver, pancreas, and kidneys”. To examine
if this hypothesis is likely to work or not, we examined each of
liver, heart, and kidneys for the expression of iNOS and HSP70.
Our findings showed that the expression of iNOS was up-regulated
in liver, heart, and kidneys of diabetic rats compared with control
groups (p<0.001). At the same time, we found that the expression
of HSP70 was down-regulated in the same tissues [24-27].

Taken together, we think that these findings can frame our hypothesis
that diabetes can be neurological disorder, and neurological signals
can be part of initiation of both diabetes, and diabetic neuropathies.
We further developed another hypothesis in which diabetes and
diabetic neuropathies are independent events [28-32].

Conclusion

Although studies in literature about diabetes reviewed the disease
from metabolic points of view and have made focus on the disease
as part of metabolic syndrome, our previous experiments denoted
that the possibility of being a neurological disease at the first degree
framed our hypothesis.
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