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Abstract

Diabetes mellitus is a metabolic disorder which is characterized based on the blood glucose level. This can be due to the
lack of efficiency of utilizing insulin or lack of production of insulin. There are numerous therapies and medications which
are available for the treatment of this disease which can reduce the risk of diabetes. But there is no permanent cure found.
Nutritional antioxidants show a foremost role in sustaining the homeostasis of the oxidative equilibrium. They have imparted
their electron donor efficacy in preventing aging and in cancer. Vitamin C, E, f-carotene, carotenoids, polyphenols and sele-
nium have been appraised as antioxidant constituents in the human diet nourishment. This paper emphasizes on the role of
antioxidants which help in reducing or maintaining the level of glucose in the body. Antioxidants are substances that reduces
the damages to the cells caused by free radicals. The available treatment and medications and how the supplementation of
antioxidants is different from them is also discussed. Different type of antioxidants and their treatment in curing the disease

is further focused in this paper.
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Introduction

Diabetes mellitus, a chronic metabolic disease designated
by raise in the level of glucose in blood which is termed as
hyperglycemia. This condition is due to impaired production
of insulin or insulin resistance leading to micro and macro
vascular complications [1]. The increased level of glucose
results in long-term illness, dysfunction, and failure of dif-
ferent organs, mainly nerves, heart, kidney, eyes and blood
vessels. There are some processes associated with the pro-
gress of diabetes which involves autoimmune destruction of
p cells or impairment in insulin secretion. This leads to the
deficiency of insulin and abnormalities which causes resist-
ance in insulin action. Polydipsia, polyuria, weight loss and
blurred vision. Chronic hyperglycemia can cause impair-
ment of growth and makes susceptible to certain infections.
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Retinopathy, Nephropathy, Neuropathy are the long-term
complications related to diabetes mellitus [2]. Hyperglyce-
mia and its complication is related to the type and duration
of the disease. The most accepted classification of diabetes
and the one adopted by ADA (American diabetes associa-
tion) is categorized into Type 1, Type 2, Gestational diabetes
and other types. It is majorly divided into two categories;
(Insulin dependent diabetes)-Type 1 diabetes mellitus: It’s
the destruction of P cells by immune cells of the body. This
is because the immune cells recognize the p cells as foreign.
(Non-insulin dependent diabetes)-Type 2 diabetes mellitus:
the inability or insufficiency in the production of insulin or
insulin resistance. The two major reason for Type 2 diabetes
are obesity and lifestyle changes [3]

So, far there has been many drugs which is currently
available in the market which is advised to be administrated
to lower the blood glucose level or any other complications
related to it. Several reports demonstrate the side effects
of such drugs, thus there is a huge need for an alternative.
Therefore, this review focus on antioxidants which can be
described as compounds that prevent oxidation. The process
of production of free radicals which leads to chain reac-
tion causing damage to the DNA is known as oxidation
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[4]. Antioxidants are substances that defend the body from
harmful substances known as free radicals. Antioxidants can
be obtained through diet or produced within the body. When
there is an accumulation of free radical’s oxidative stress
occur [5].

There are many health benefits for anti-oxidants and this
article pay attention on the benefits shown by antioxidants
against oxidative stress, how it helps to reduce the formation
of reactive species and thus in preventing or treating of dia-
betes and related complications that is the pharmacokinetics
of antioxidants in treating diabetes. Pharmacokinetics can be
explained as what body does to a drug. It explains what hap-
pens or what all are the events that takes place when a drug
is administrated to the body until it gets eliminated from the
body. The administration of antioxidants and the signaling
cascades related to it are also explained.

Pathological state of diabetes and its
impediments

Diabetes is a metabolic disorder which has high level of
glucose in blood for a long period of time. As per the sta-
tistical survey the people affected by diabetes is increasing
all over the world there were 108 million people effected by
diabetes in the year 1980 followed by 422 million in 2014
with an increase of 5% mortality rate. The global diabetes
prevalence in 2019 estimated a rise of 10.2% that is nearly
578 million population will be termed as diabetic in the year
2030 and 700 million by 2045. Thus, a detailed understand-
ing on the cause and cure of this disease has turned in to a
necessity [6].

When an individual takes food, the blood sugar level gets
elevated. This stimulates the production of insulin by  cells,
this insulin decreases the glucose level in the blood by bio-
transformation, transportation, storage in muscles and serves
as an energy source [7]. When an individual is under fasting
the glucose is provided by liver which is stored in the form
of glycogen. In type 2 diabetes mellitus there is an inad-
equate amount of insulin production or insulin resistance
this results in various complications such as oxidative stress,
inflammation which leads to further complications such as
cardio vascular disease, stroke, neuropathy, nephropathy,
and diabetic foot ulcers etc.... [8].

Longer the period you have got diabetes and also, little
your glucose is controlled, there is a higher risk of com-
plications. Complications of diabetes can potentially be
debilitating or perhaps life-threatening [9]. Cardiovascular
disorder, the chance of different cardiovascular complica-
tions, which includes angina (artery disease with pain),
attack, narrowing of arteries and stroke, are significantly
increased by diabetes (atherosclerosis) [10]. Harm to nerves
(neuropathy) occurs when there is excess sugar, the walls of
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the small blood vessels which nutrify our nerves specifically
in our legs will be injured. It might cause tingling, burn-
ing or pain, numbness that typically starts and eventually
escalates upward at the ideas of the toes or fingers [11].
Harm to kidneys (nephropathy) occurs when filtration of
waste products from blood takes place through clusters of
small blood vessels known as glomeruli. This intricate fil-
tering system will be weakened by diabetes. The weakening
of this system, results in serious injury to the kidney which
needs dialysis or transplant of kidney, this leads to renal fail-
ure or permanent end-stage nephrosis [12]. Harm to the eye
(retinopathy) can damage the retina (diabetic retinopathy)
blood vessels, potentially resulting in blindness. The risk
of other critical vision problems, like cataracts and glau-
coma, is additionally escalated by diabetes [13]. Harm to
foot, the risk of varied foot problems is elevated by damage
to the nerves within the feet or insufficient supply of blood
to the feet. If it is not treated properly, the cuts and blisters
can result in serious infection with poor healing capacity
[14]. These infections may result in amputation of the toe,
foot or leg. Skin situations; Diabetes, including bacterial
and fungal infections, can cause you to more prone to skin
problems. Hearing disability, in individuals with diabetes,
hearing problems are more common [15]. Diabetes Type 2
may escalate the danger of dementia, and Alzheimer’s dis-
ease. The lower management of glucose, the greater the risk
it poses to be. Even though there are various theories on the
connectivity between these disorders, most of them remains
to be not yet proven. In individuals with Type 1 and Type
2 diabetes symptoms of depression are commonly found.
Depression can also affect diabetes management. There are
many treatments and drug now available within the market
which is supposed to treat diabetes and also the complica-
tions associated with it. As they're providing or working as
a remedy for lowering glucose level there also are limita-
tions or side effects which is observed on regular usage of
the same [16].

Cascade of oxidative chain reaction and antogonist
action of antioxidants

Antioxidants, compounds have the ability to neutralize the
oxidants. It is steady enough to give an electron to free
radical and balance it, this scavenging property prevents
the damage to the organs and prevents its failure [17].
They associate with free radicals in a safe manner and
cease the chain reaction in advance to escape from getting
damaged. The antioxidants neutralize or remove the free
radicals and prevents it harmful effect upto a threshold
[18]. Oxidative stress arises when the free radicals over-
whelm the effect of antioxidants so if this imbalance is
corrected it can reduce the complications generated by
oxidative stress [19]. The antioxidants may be endogenous
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and exogenous which can be available through diet. The
mechanism in which some antioxidants reacting with other
antioxidants restoring their primary properties is known
as “Antioxidant network” [20]. This substance prevents
the cell from premature and abnormal ageing. In various
diseases there is an elevated level of free radicals with the
down regulation of antioxidant activity. The antioxidants
may be categorized into enzymatic, non-enzymatic and
chain breaking antioxidants [21].

Enzymatic anti-oxidants that hold back the deleterious
effect of Reactive species are catalase (CAT), superox-
ide dismutase (SOD) and glutathione peroxidase (GPX)
(Fig. 1). Non- enzymatic antioxidants comprise vitamin E,
Ascorbic acid, a-lipoic acid etc.... [22]. The chain breaking
antioxidants breaks the chain reaction in which one oxidant
react with other stable molecules producing more and more
free radicals. The chain breaking anti-oxidants include
a topocherol, carotenoids, flavonoids, ubiquinol [23].

Molecular Superoxide

SOD

) |

Pharmacokinetics and its mechanism

Pharmacokinetics can be referred as an area of pharma-
cology that determine the outcome of a substance which
is administered to living organism [24]. Pharmaceutical
drugs, food additives, cosmetics, pesticides etc. can be
termed as chemical xenobiotic which can be included as
the substance of interest. Pharmacokinetics aims at the
metabolism of a drug starting from its administration
point, it monitors the time when drug is inside the body
until it gets eliminated outside the body in simple words
it can be defined as how an organism affects a drug [25].
Pharmacokinetics can explain the effects of a chemical
or xenobiotic after it is been administrated through the
mechanism of absorption and distribution, it can also make
a note on the metabolic changes made in the body by that
substance It can depend on the route of administration of
the drug as well as the dose of the administrated drug [26].

A

oxygen radical -0,°

SOD-superoxide dismutase
CAT-catalase

GPx-Glutathione Peroxidase

Fig. 1 Conversion of superoxide radical into water and molecu-
lar oxygen by antioxidant enzymes. Reactive oxygen species (ROS)
formed from molecular oxygen. Singlet oxygen is a highly reactive
form of di-oxygen (O 2) in which one of the un-paired electrons of
ground-state di-oxygen is promoted to an orbital of higher energy.
The superoxide radical (O~ ,), hydrogen peroxide (H,O,) and the

highly reactive hydroxyl radical (OH) are formed by one-electron
reductions of molecular di-oxygen. Cellular defences such as super-
oxide dismutase (SOD), catalase and peroxidase serve to scavenge
O —2 and hydrogen peroxide (H 2 O 2), thereby preventing their par-
ticipation in the formation of hydroxyl radical (OH) via the iron cata-
lysed Haber—Weiss reaction
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The Fig. 2 depicts the topics or the steps which comes
under pharmacokinetics and they include the the process by
which the drug is released from the formulation which can
be termed as liberation. The next process is the entrance of
the substance in to blood circulation which is absorption and
the spreading of substances through the tissue and fluid of
the body which is distribution (Leopold 1986). Metabolism
can be the recognition that a foreign substance has entered

by the body and the non-reversible transformation of parent
compounds into daughter metabolites. Next is the elimina-
tion of substance from the body which can be termed as
excretion [27].

Metabolism and excretion grouped together called as
elimination (Fig. 3). To know more about these phases there
should be knowledge on manipulation of basic concept to
understand dynamics. To gain knowledge on kinetics of drug

Fig.2 Depicts the function

of NADPH and its conver-
sion to superoxide radical

and NADP™" From the above
reaction NADPH is reduced to
NADPH + giving out its one
hydrogen from the top (reduc-
tion reaction) and donating one
of its electrons to the O2 and
transforming it into superoxide
free radical which really is
lethal on accumulating
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Fig. 3 Process of pharmacoki-
netics inside Human body. The
complete mechanism of a drug
when it enters the body from
the liberation stage to excre-
tion phase. pharmacokinetics
as a drug’s journey through the
body, during which it passes
through four different phases:
absorption, distribution, metab-
olism, and excretion (ADME)
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it is important to know properties of substances that act as
excipients, the biological membrane, mechanisms of enzy-
matic reactions that inactivate the drug. There are different
models that explains the characteristics of molecules and to
understand how a drug will behave includes bioavailability,
acid dissociation constant and solubility [28].

At a particular level a drugs availability is termed as the
quantity of drug that out stretch to its active site. From the
intravenous view point on dispensing of drug gives the pos-
sible bioavailability and this procedure is expected to relent
a bioavailability of 1 or 100% [29]. The changes that are
required to be made in the dosage is known once the drug
availability is estimated so as to achieve the required blood
plasma levels. Therefore, bioavailability can be termed as a
mathematical factor for every single drug that influence the
dosage that is administered [30].

B cells dysfunction

Inflammation induced by cytokine, insulin resistance, obe-
sity and consumption of excess saturated fat and free fatty
acids includes f cell dysfunction [31]. B cell demise is fol-
lowed by a gradual decrease in f cell function that give rise
to B cell exhaustion. For the development of both type 1 and
2 diabetes, decrease in f cell mass and function are the key
factors [32].

An inflammatory response is caused by particular class
of pro inflammatory cytokines. Where, Obesity is correlated
with inflammation and these two are related to resistance of
insulin [33]. Through the activation of mitochondrial stress,
pro inflammatory cytokines induce p cell death. It is docu-
mented that cytokines produced by cells of immune system
which have invaded the pancreas are essential mediators of
the f cells impairment [34].

Chronic hyperglycemia exposure, induce oxidative stress
and inflammation that can cause changes in gene expression
regulation that merge on decreased secretion of insulin and
elevated apoptosis [35]. Specifically in mitochondria, pro-
teins, lipids and nucleic acids, oxidative stress leads to dam-
age. Although these mechanisms are not fully established, It
initiates and leads to both endoplasmic reticulum stress and
autophagy. For type 2 diabetes, ER tension is correlated with
apoptosis of f cells [36].

Reactive oxygen species and reactive nitrogen species are
created by cytokine induced pro-inflammatory f-cell dam-
age in type 1 diabetes as well as glucolipotoxicity-induced
dysfunction of f cells in diabetes type 2. Increased produc-
tion of ROS from over activation of mitochondria and RNS
from overproduction of nitric oxide in p cells contributes to
hampering of the electron transport chain, causing decreased
production of energy, damage to DNA and the production of
glycated end products [37].

The restricted extent of glycolytic uptake by p cells
has the ability to create ROS and the following oxidative
stress may dissociate glucose detecting from insulin secre-
tion. These insulin secreting cells are profoundly subjected
to ATP generation for Glucose stimulated insulin secre-
tion (GSIS) and they are powerless against abundant ROS
on account of their characteristically less articulation of
enzymes which has antioxidant properties. The disparity
or decreased accessibility of supplements to 3 cells, little
rehashed increments in ROS creation, reduce synthesis of
ATP and inefficient antioxidant equilibrium can incline to
dysfunction of f cells [38].

B cell dysfunction and insulin obstruction
by Saturated fat and free unsaturated fats

Higher Body Mass Index (BMI) can enhance the impact of
hereditary variations on pathways of insulin obstruction, it’s
an impact that can be ascribed to tissue-explicit reactions to
the environment which is obesogenic [39]. The impacts of
Free fatty acid (FFA) on function of p cells are function of
time. Limited subjection to Free fatty acid (FFA) builds Glu-
cose stimulated insulin secretion (GSIS) which brings about
elevated insulin discharge after a blended meal and facilitate
piling of abundant quantity as fat which adds to tremendous
weight gain and leads to obesity. Free fatty acid(FFA) rep-
resent the remunerative stimulation of function of f cells
because of insulin obstruction [40]. On the other hand, long
time subjection to Free fatty acid(FFA) smothers Glucose
stimulated insulin secretion (GSIS) and has been proposed
to include impeded metabolism of glucose, decreased bio-
synthesis of insulin and loss of § cells [41].

Obese conditions and high fat intake tend to imitate the
impacts of extended period propagation of islets with Free
fatty acid(FFA) on secretion of insulin and dissemination
of Ca2 + -channel (Fig. 4). This in connection with elevated
measure of fat inside the islets and the encompassing exo-
crine pancreas. There is additionally a reverse connection
linking the measure of the quantity of fat in the pancreas of
humans and Glucose stimulated insulin secretion (GSIS),
with resilience to glucose and secretion of insulin improves
in correspondence with a decrease in pancreatic fat [42].
Fat deposits which are intra pancreatic or intra islet can
serve Free fatty acid(FFA) source over an extended period
of time unfavorably which influences function of § cell. Obe-
sity along with insulin obstruction expands the operational
requirements of each P cell which can build the load and
quicken dysfunction of P cells. p cell dysfunction related
pathogenesis can to a limited degree, mirror hepatic stea-
tosis: increased fat builds up in liver cause inflammation
there by stimulating death of cells and improper func-
tioning of cells [43]. Intra-islet, specifically the fat in the
B cell internally could impede Glucose stimulated insulin
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Fig.4 Shows the assembly and activation of NOX enzymes. The
above picture represents the activation of NOX. NOX1 is activated
by the phosphorylation of NOXO1 (Here due to phosphorylation free
radical of oxygen is released). Similarly, in NOX 2 which is acti-
vated by the phosphorylation of P47 (which is multi domain regula-
tory sub units) which form free radical of oxygen species. NOX 3 is
a P22 PHOX dependent and doesn't bind with RAC (RAC is a low
molecular weight guanine nucleotide binding proteins which helps

secretion (GSIS) and insulin signaling in islets. This prob-
ably addresses a system for dysfunction of P cell and
decreased p cell remuneration which disables Glucose stim-
ulated insulin secretion (GSIS) by sensing non glucose by
f cells like weakened signaling of insulin and subsequently
uptake of glucose into tissues which are glucose beneficiary,
this stimulates the resistance of insulin [44].

Inflammation of islets in diabetes type 2 is ascribed to
abundance of nutrients causes exhaustion in metabolism of
B cells. This can cause the confined cytokine production,
which results in immune cell enrollment to the generation
site this will stimulate dysfunction of p cell and intensify the
insulin. In inflammation induced by Free fatty acid(FFA) and
apoptosis of f cells an enhancer in 3 cells known as nuclear
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in translocation with the membrane). NOX 4 activation involves P22
and Polydip2 (polymerase delta interacting protein 2 precursor which
is considered as a Novel regulator of NOX 4). In contrast to NOX 5
and DUOX activation is Ca+dependent and DUOX proteins which
are from thyroid glands contains peroxide like domain which gener-
ates the hydrogen peroxide which leads to rapid oxidation and reduc-
tion of superoxide

factor of kappa light polypeptide gene enhancer (NF-kB)
plays a main controlling part in inflammation induced by
Free fatty acid(FFA) and apoptosis of p cells [45]. Palmi-
tate, induces dysfunction of § cells in vivo by activation of
inflammatory processes within islets of mouse. Treatment
with palmitate escalated the important cytokine expression
implicated in dysfunction of f cells, viz., interleukin (IL) 6,
IL8 (CXCL1), IP10 (CXCL10), MCP1 (CCL2), and MIP1A
(CCL3), this can affect the  cell in a autocrine manner. The
sensitivity of insulin is hampered by Free fatty acid(FFA)
which are saturated and enhanced by Free fatty acid(FFA)
which are polyunsaturated. The FFA which are saturated has
shown to elevate the palmitic acid build up intramuscularly
in rats thus causing a resistance to insulin [46].
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Antioxidant therapy in curing § CELLS AND T2DM

The subjection of humans to environmental oxidants plays
a vital contributive issue to the origin of spread of the dis-
eases, which includes atherosclerosis, neurodegeneration,
cancer and polygenic disorder [47]. In order to prevent
damage cause by oxidants and to prevent humans from life
threatening diseases supplementation with dietary antioxi-
dants has been arduously suggested [48].

Several studies demonstrate health advantages of sup-
plementation with antioxidants particularly for antioxi-
dants and phase II enzyme-inducing phytochemicals on
interception of cancer. Yet, different studies show that the
treatment with antioxidants isn't as effective for several dis-
ease endpoints [49]. Variety of clinical studies which are
well controlled with immediate ROS-scavenging vita-
mins and a few with endogenous antioxidant-inducing phy-
tochemical didn't exhibit unequivocal helpful outcomes. In
some studies, there have been even raised occurrence of dia-
betes, varied cancers, and all-cause death related to uptake
of antioxidants. These clinical information forged major
questions on the quality of antioxidant supplementation
and presumably on the elemental thought that improving
inhibitor capability is in general helpful [50].

Whereas the shortage on results of antioxidant supple-
ments is also attributed to several factors, like the design
of trial, intake dose, frequency, and bioavailability, a lot
of broad mechanistic research are required to judge the bio-
logical effects of antioxidants which are exogenous. Only
if ROS communication is involved in Glucose stimulated
insulin secretion (GSIS) in intracellular ROS and pancre-
atic P cells is weakened by antioxidants, we cannot tend
to exclude the likelihood that the escalated occurrence of
T2D over the decades may be due, a minimum of partly,
to self-prescribed preventive supplementations of anti-
oxidants. The antioxidant supplementation for patients
with type 2 diabetes could exacerbate their situation by
diminishing the signaling of ROS [51]. For interception
of cancer, phase II catalyst inducers, which causes activa-
tion of Nrf2, are thought as new compounds for chemopre-
vention. However seemingly to be effective in prevention
of cancer, such treatments might pre dispose patients to
T2D due to antioxidant-impede f cell functioning. The long-
run harmful outcomes of antioxidants which immediately
scavenge ROS and endogenous antioxidant-inducing phyto-
chemicals obviously want a lot of careful studies to ensure
attaining the specified therapeutic outcomes and preventing
harmful results. On the whole that ROS could play self-con-
tradictory part in pancreatic p cell function which is related
to the first and later phase of diabetes type 2, the side effects
could be reduced with new generation antioxidants which
are target specific [52].

Oxidative stress

ROS include free radicals together with superoxide (#O,-
), radical (¢OH), peroxyl (eRO,), hydroperoxyl (éHRO,-)
additionally to non-reactive species which has oxide (H,0,)
and hydrochlorous acid (HOCI). RNS comprises of free
radicals like gas (eéNO) and gas (eNO,-), additionally to
non-radicals consisting of peroxynitrite (ONOO-), inhala-
tion anesthetic (HNO,) and chemical group peroxynitrates
(RONOO) (Sato et al. 2013). NO is often generated through
epithelial tissue gas synthase (eNOS) within side the vas-
culature from L-arginine [53]. Through its effect on gua-
nylate cyclase in vascular simple muscle cells (VSMC), NO
mediates endothelium-dependent vasorelaxation, initiating
a cascade which ends in vasorelaxation. NO to boot reveals
antiproliferative homes and stops vascular epithelial tis-
sue adhesion to platelets and leukocytes. Therefore, NO is
taken into thought as a vasculoprotective substance. Yet,
NO interacts certainly with oxide radical, producing the
notably reactive radical ONOO, and inflicting a series of
damaging events. So, its surroundings like the existence of
002-, decides whether or not nitroxyl radical makes use of
its defensive or dangerous results [54].

Although ROS is created beneath physiological things
and to some extent disturbed in signaling molecules and
defense mechanisms as visible in vasorelaxation caused
through activity, white blood cell feature, and shear-pres-
sure, further era in aerophilous pressure has pathological
results comprehensive of supermolecule, lipid, and DNA
harm [55]. LDL oxidization is precipitated through ROS and
ox-LDL, that is not regarded through the low-density lipo-
protein receptor, is absorbed via manner of suggests that of
scavenger receptors in macrophages, main to spume mobi-
leular generation and arterial sclerosis plaque [56]. O, will
reason several dangerous pathways in polygenic disorder,
in conjunction with increased produce of superior glyca-
tion end product (AGE), polyol and hexosamine pathway
and Protein kinase C activation, leads to increase in chance
for micro- and macrovascular complications. O, and H,0,
activate strain-associated signaling pathways consisting of
NF-kB, p38-MAPK and STAT-JAK, succeeding withinside
the migration and proliferation of VSMC [57].

In epithelial tissue cells, H,O, bring about necrobiosis
and pathological ontogenesis. Additionally, superoxide
reacts promptly with nitric oxide manufacturing cytotoxic
ONOO™ and their square measure some implications for this
response itself. Firstly, ONOO™ modifications the character-
istic of biomolecules via manner of suggests that of nitrat-
ing proteins and causing lipid peroxidation. ONOO™ reasons
the breakage of single strand of DNA that in flip stimulates
nuclear protein poly (ADP-ribose) enzyme. It alleviates NO
bioavailability inflicting impede rest and inhibition of the
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antiproliferative results of NO. Additionally, tetrahydrobi-
opterin (BH,), associate with chemical compound for NOS,
is to modify through ONOO- and reasons NOS uncoupling,
that generates O?- as opposition NO. ROS-brought regard-
ing membrane lipid peroxidation changes organic membrane
form and runniness, that within the finish impacts its feature.
The pathologic process of vascular disorder leads to these
sorts of pathological modifications [58].

NADPH Oxidase (C21H29N7017P3)

Nicotinamide adenine dinucleotide phosphate in any other
case referred to as NADPH, acts as a cofactor in anaerobic
reactions like Calvin cycle, nucleic acid synthesis, etc,. In
a few cycles they take location as decreasing agent. As a
cofactor they donate electrons and hydrogen to react cata-
lysed through a few enzymes. It is a membrane sure enzy-
matic complicated which faces extracellular space [59].
There are seven isoforms namely, NOX1, NOX2, NOX3,
NOX4, NOX5, DUOX1 and DUOX2. The subunits which
are involved in regulatory mechanism are p22PHOX, p47
PHOX, p40 PHOX, p67 PHOX and small G-proteins RAC1
or RAC 2. The oxidase translocation to the membrane and
pals with CYTS558 to turn out to be lively oxidase and next
switch of electron from donor to substrate, molecular oxygen
takes region [60].

The above response explains that the NADPH catalyze
the manufacturing of super-oxide unfastened radical through
the transformation of an electron to hydrogen. Reactive oxy-
gen species (ROS), derived from molecular oxygen consist
of oxygen free radicals, consisting of €02- and ¢OH and
non-reactive substances, which comprises of HOCL and
ozone. These oxidants play duplex, opposite part subject
to the context. The pressure mediated by the oxidants has
been involved in diverse diseases and abnormal functioning,
consisting of pathology of cardiovascular disease, immu-
nodeficiency and pulmonary artery diseases [61]. Still, the
launch of oxidants mediated by NADPH oxidase and NOX,
additionally known as oxidative burst, which results in the
removal of invaded microorganisms, acting as inflammatory
mediators [62].

The NOX genes generate the transmembrane proteins
chargeable for movement of electrons throughout organic
membranes, that ends up in the conversion of molecular
oxygen into superoxide radical. The not unusual place fea-
tures of NOX proteins have been ascribed to the conserved
structural homes of those enzymes such as the binding of
NADPH on the C-terminus, the flavin adenine dinucleotide
(FAD)-binding area placed next to the C-terminal trans-
membrane domain, six conserved trans membrane domains,
and four conserved heme-binding histidines. eight NOX
enzymes bring about numerous capabilities in several differ-
ent organisms thru redox signaling [63]. The significance of
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oxidants in host has been actually decided via the invention
of the disorder related to genetics, continual granulomatous
disease (CGD), which displays fault in NOX2 (or related
subunits). continual granulomatous disease is characterized
through faulty killing of neutrophil because of extraordi-
narily reduced oxidative burst in those cells throughout
phagocytes. Hypersensitivity to variety of bacterial and
fungal infections are symptoms of patients with CGD, and
the bacterial buildup in phagocytes results in the improve-
ment of granulomas. The accumulation of this phagocyte
displays the lack of ability of those phagocytes to eliminate
pathogens that are ingested or go through cell death process,
because of faulty NOX2 interest. The position of NOX has
additionally been nicely hooked up beneath non-pathologi-
cal conditions. Vascular NOX produce oxidants that are vital
for retaining regular cardiovascular fitness by controlling
blood pressure, that is important to fitness, as deviation from
ordinary stages may cause death. The existence of oxidants
decreases the bioavailability of the endothelial-derived anti-
oxidants element, nitric oxide (NO), which maintain the
blood pressure. In kidneys, oxidants are produced via NOX3,
and those substances adjust renal characteristic by the man-
agement of Na+ transport, tubule glomerular remarks and
renal oxygenation [64].

In addition to that, the oxidants boom the absorption of
NaCl withinside the loop of Henle and ensures the regula-
tion of Na+/H +exchange. Pulmonary NOX2 are involved
in remodeling of vascular system and airway. The p22phox
structured NOX2 controls the proliferation and differen-
tiation of easy muscle cells thru the stimulation of nuclear
aspect kappa B (NF-B) and inducible nitric oxide synthe-
ses (iNOS). ROS era thru DUOX and NOX1 withinside the
colon mucosa assists in synthesis of serotonin, that's impor-
tant in controlling the secretion and motility. NOX2 is con-
cerned withinside the regular functioning of the CNS via
angiotensin II signaling withinside the nucleus tractus soli-
tarius and the hypothalamic cardiovascular regulator nuclei.
Furthermore, microglial cells explicit NOX2 and p22PHOX,
and each of those enzymes take part withinside the of micro-
glial proliferation and when there is a reduction in nerve
growth factor it causes apoptosis of neuronal cells [65].

NOX inhibitors

Recent analysis has targeted on proteins additionally
upstream to reduce aerobic strain the utilization of choking
up enzymes that sell ROS producing. sadly, the presently
accessible inhibitors of NOX lack specificity. As a result, the
form of NOX2 enzymes has been interpreted and its suggest
that the suitable NOX assembly is important for its func-
tion, the inhibition of meeting represents a singular healing
technique [66]. For instance, the membrane affiliation of the
GTPase RAC one, that's important for oxidant activation, is
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avoided the usage of 5-hydroxy-3-methylglutaryl-coenzyme
a enzyme inhibitors. Similarly, apocynin (4hydroxy-3-meth-
oxyacetophenone) is associate degree orally spirited agent
that also blocks Roman deity meeting. Originally remoted
from the healthful plant Picrorhiza Kurroa, apocynin inhib-
its every entity or living thing ROS produces through the
inhibition of the phagosomal affiliation of the cytosolic mac-
romolecule p47PHOX. Still, a bother of apocynin is that
this macromolecule needs oxidase for activation, and thus,
apocynin interest isn't fast. The nitration and nitrosylation
in addition cause the hampering of NOX. for instance, the
NO donor, deta-nonoate, represses basal NOX-established
superoxide producing. additionally, alkyl pyruvate performs
a life-sized position in aerobic chemical change associate
degreed is a powerful matter of antioxidant [67]. Moreo-
ver, there are inhibitors that perturb the sign transduction of
NOX-associated pathways. Binary compound associate with
pyruvate occupies an aldol-like condensation response to
form 2-hydroxy-2methyl-4-ketoglutarate (Para pyruvate), an
effective process of producing ROS through globulin recep-
tor focused on for the recognition of LPS in glia cells. Mem-
brane channel blockers in addition act as oxidant inhibitors.
Hypertensin stimulates NOX-derived ROS producing in sim-
ple muscle cells via the activation of Ca channels. Felodi-
pine and amlodipine typically used Ca channel blockers that
significantly suppress the binding. Gomicin C, a polymer
extract from Schizandra chinensis, decreases cytosolic Ca
and portrays a restrictive motion towards NOX2. Com-
pounds, which has 6-aminonicotinamide, dearth the supply
of lepton donors, that embrace NADPH, and hampers the
monosaccharose phosphate pathway, that precludes oxidant
activation. moreover, oxidants activation is likewise regu-
lated through Hypertensin, platelet-derived increase side and
TGEF, all of which may be blocked through valsartan [68].

Structure

NOX refers back to the primary characterized isoform
NOX2, consisting of six exceptional subunits that engage
in the formation of oxide radical. The dual NOX subunits,
GP91PHOX and P22PHOX, are important proteins that
together embody the massive heterodimeric unit flavocy-
tochrome B558 (Cyt B558). Beneath unmodulated condi-
tions, the multidomain restrictive subunits, pAOPHOX, p47
PHOX and p67 PHOX, exist withinside the cytoplasm as a
compound [69]. Upon modulation, p47 PHOX undergoes
phosphorylation, and therefore the complete sophisticated
eventually transported to the membrane and assists with
Cyt b558 to form the active form of oxidase. The activated
compound moves electrons from the substrate to element
via a prosthetic cluster, flavin, and a pigment team, which
incorporates electrons. The stimulation of the compound
also needs low-molecular-weight purine nucleotide-binding

proteins, RAC2 and RAP1A. RAC?2 is localized withinside
the cytoplasm in a very dimeric sophisticated with Rho-GDI
(guanine ester dissociation inhibitor), as RAP1A may be a
membrane macromolecule. Upon stimulation, RAC2 asso-
ciates with nucleoside triphosphate (GTP) and transported
to the membrane at the side of pA0PHOX, p47 PHOX, and
p67 PHOX (cytosolic complicated). The cell membrane is
internalized and within the finish turns into the inside wall of
the phagocytic cell vesicle in a process called phagocytosis
[70]. later on, O, is embarked on the vesicle via the accelera-
tor compound, and upon conversion of O, into its successor
product, the internalized goal can become submerged in a
very toxic combination of oxidants. RAP1A and Cyt b558
area unit delivered to the cell membrane via the fusion of
humor vesicles, thereby facilitating the discharge of these
proteins to the outside. ROS producing is not restricted to
cells which are phagocytic, and therefore the invention of
gp91PHOX homologs has significantly progressed our data
of loose radical producing together said because the NOX
family, those gp91PHOX homologs contains varied differ-
entially expressed members: NOX1, NOX2 (previously said
as gp91PHOX), NOX3, NOX4, NOXS, twin oxidase DUOX
proteins (DUOX 1 and DUOX 2) (Fig. 5).

Signaling cascade
Nrf2-ARE signaling pathway

Nuclear issue blood corpuscle a pair of connected issue
(Nrf2), associate degree inhibitor response part. Its cell sig-
nal pathway has a very important role in reducing the oxida-
tive stress by dominant the organic phenomenon whose mac-
romolecule merchandise square measure related to reducing
the oxidative stress and increasing the cellular anti-oxidant
activity [71]. Nrf-2 is a very important molecule regulation
the inhibitor enzymes. It belongs to the taxonomic group of
basic essential amino acid zipper (bZIP) transcription factors
and has seven purposeful domains ((Nrf2 ECH Homology)
Nehl to NEH 7). NEH1 permits dimerization of Nrf2 with
MAF proteins (Musculo facia fibrosarcoma) and alternative
transcription factors that permits the formation of nuclear
advanced with ubiquitin —conjugating catalyst (UbcM2).
DLG and ETGE square measure the 2 motifs of NHE2, this
square measure vital for the association between Nrf2 and
its substance Keapl [72].

Under traditional state, Nrf2 is in sure state with kelch-
like ECH associated macromolecule one (Keap1). Keapl, a
Cullin based mostly E3-ubiquitin ligase substrate adapter.
underneath traditional condition, the transcriptional activ-
ity of Nrf-2 is reserved by Keapl through ubiquitination
and proteosomal degradation. Underneath the condition of
oxidative stress Nrf-2 becomes activated, it moves to the
nucleus of the cell wherever the formation of heterodimer
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Fig.5 Glucose-stimulated insulin secretion model. Classic model of
glucose-stimulated insulin secretion. An increase in the glucose con-
centration in the extracellular space induces metabolic and energy
production processes with subsequent ATP/ADP elevation, KATP

takes place and attaches to inhibitor response part (ARE)
with transcription factors like c-Jun and tiny MAF proteins
[73]. ARE, cis-acting part on the promoters of genes that
encodes for two crucial detoxification enzymes NQO1
(NADPH: compound enzyme 1) and GSTA2 (glutathione
S-transferase A2). The binding of Nrf2 with ARE modulates
the expression of more than two hundred genes associated
within the inhibitor and anti- inflammatory activity [74].

MAP Kinase pathway

Mitogen activated protein kinases (MAPK) belongs to the
family of serine-threonine protein kinases that are concerned
within the transmission of signals from plasma membrane to
the nucleus. These kinases are divided into 3 subcategories.

Extracellular signal connected kinases (ERK)—ERK1
and ERK a pair of [soform.

e c-Jun N-terminal kinases (JNK)
e JNK -1, INK-2, INK-3

@ Springer

channel. This glucose-induced initial event is called the first phase or
triggering pathway if it is followed by persistent and enhanced insulin
secretion that is known as the second phase or potentiating pathway

¢ p38MAPKs: p38-a(alpha), p38-p(Beta), p38-y(Gamma),
and p38-0 (delta) Isoforms [75].

MAPKSs are turned on through a series of resultant phos-
phorylation events. Firstly, MAP3K (MAP enzyme enzyme
kinase) is activated that causes phosphorylation and activa-
tion of MAP2K. MAP2K activation triggers the activation
and phosphorylation of MAPK. MAPK activation ends up
in the phosphorylation of assorted substrate protein leading
to regulation of cellular activities [76]. The harmful effects
of activation of MAPK pathways embody the excessive pro-
liferation of cells, uncontrolled necrobiosis and excessive
regulation of MAPK genes. ROS has the potential to induce
MAPK pathways at totally different cell sorts. Antioxidants
and alternative inhibitors of reactive element species will
inhibit the MAPK pathway [77]

The activation of ERK is majorly by growth factors (EGF
and PGDF) and cytokines. ROS will cause the activation
of EGF and PGDF while not its corresponding substance.
When the protein or protein binds to the receptors it ends
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up in the activation of Ras. once gross domestic product
certain to the Ras is reborn to GTP. For activation, living
substance Raf is recruited to the plasma membrane. The
activated Raf (MAPKKK) phosphorylates (MAPKK) that
successively phosphorylates MAPK and ends up in the
activation of many transcription factors. what is more, once
some cells are treated with peroxide it causes the activation
of PLC-gamma (Phospholipase-c) [75]. This ends up in the
assembly of IP3 and DAG. IP3 will cause elevated level of
animate thing Ca from the animate thing stores. This causes
the activation of ERK pathways and high level of Ca causes
the stimulation of many macros molecule enzyme c resulting
in the activation of RAS and RAF proteins. INK pathway is
activated by aerophilic stress and cytokines. It's the same as
the ERK pathway. Once there's higher level of ROS it ends
up in activation of JNK pathway and causes phosphatases
inactivation and leads to prolonged activation of JNK [78].

Different anti-oxidants and their role
in diabetes

Mechanism of drug action in medicine defines the biochemi-
cal interaction through that the substance delivers a medi-
cine result. Mechanism of action embody a selected target
wherever the drug ought to bind like associate degree cata-
lyst or receptor. supported the chemical structure of the drug
the receptor has specific affinities to that the drug binds [79].

Vitamins A, C and E; glutathione; a-lipoic acid; carote-
noids; trace parts like copper, metal and selenium; molecule
Q10 (CoQ10); and cofactors like acid, Folic acid, albumin,
and vitamins B1, B2, B6 and B12 square measure a number
of the non-enzymatic antioxidants [80]. As an instantaneous
scavenger furthermore as a co-substrate for GSH oxidase,
glutathione (GSH) works. it's a giant reaction tampon device
that's intracellular. Fat-soluble {vitaminlantioxidant} may be
a vitamin that's fat-soluble and twiddling my thumbs the per-
oxidation of lipids. It happens in eight distinct forms, of that
the foremost operational kind in humans is a-tocopherol.
group responds to antioxidant, by the formation of stabi-
lized synthetic resin radical that's reduced by ascorbate and
NAD(P)H primarily based enzyme enzymes back to the
phenol [81].

Throughout mitochondrial lepton transport chain, mol-
ecule Q10 that is associate degree endogenously synthesized
lipoid soluble inhibitor acts as a carrier of lepton within the
advanced II. Once in higher concentrations, it reduces the
epithelial tissue disfunction caused in polygenic disease by
scavenging the superoxide radical. By stabilization of NOS
chemical compound BH4 water-soluble vitamin elevates the
assembly of NO within the epithelial tissue cells. a-Lipoic
acid may be a hydrophilic inhibitor and might so exert useful
effects in each binary compound and lipoid environments.

Dihydrolipoate, reduced type of a-lipoic acid has the capa-
bility to revive alternative antioxidants such a antioxidant,
reduced glutathione and vitamin C through the method of
reaction athletics [82].

Vitamin E

Vitamin E, a fat-soluble antioxidant in a way that the body is
able to store this and use whenever needed and a-tocopherol
is the most functional type of vitamin E. Vitamin E is avail-
able in different food sources among which vegetable oil,
green leafy vegetables and nuts are the prominent sources
[83]. The main antioxidant property of Vitamin E is that it
can stop the production of ROS which is formed when fat
undergo oxidation, which are responsible for any adverse
effects which include damage to DNA, RNA, and proteins,
and it can also cause cell death. Vitamin E can protect the
cell from damages. The anti-oxidant property of one mol-
ecule of a-tocopherol is lost when it neutralizes free radicle,
which can then be restored using other antioxidants [84].
Vitamin E triggers the diacylglycerol activating kinase
and holds back phosphatidate phosphohydrolase. This will
reduce diacylglycerol activity and activates PKC which
will eliminate the adverse effect of free fatty acid which can
reduce the sensitivity of insulin by skeletal muscle. There
are studies which provided proof that Vitamin E can reduce
cardiovascular risk when they are administrated to patients
on a daily basis [85]. Studies proved there is a decline in
both the lipid the lipid peroxidation and free radical produc-
tion by circulating monocytes when patients suffering from
diabetes mellitus Type 2 were supplemented with tocopherol
[86]. In another study, when patients who had diabetes mel-
litus Type 1 treated with tocopherol for four months it ele-
vated the retinal blood flow and prevented renal dysfunction
with no changes in the glycated haemoglobin levels (Bursell
et al. 1999). Thus, these studies proved that the treatment of
DM patients with vitamin E supress the progression of late
complications like retinopathy, cardiovascular complications
and foot ulcers after a period of 24 months. This suggests
that the long-term antioxidant therapy can be beneficial, as
it delays the development of diabetes complications [87].
It should also be noted that high dose of vitamin E can
be toxic to the body. There are reports available which talks
about the High-Dosage of Vitamin E and their effects on
Insulin Resistance and other parameters related to it. stud-
ies shows that in the group which received vitamin E at
3 months the plasma peroxidases level lowered by 27% and
at 6 months by 29% and the correlation was done positively
by plasma vitamin E at 6 months’ time point. The fasting
glucose and the amount of insulin significantly decreased
and there was an increase in homeostasis model assessment
at a period of three months. These changes were not evident
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at 6 months. Throughout the study period the plasma ALT
concentrations declined significantly [88].

Vitamin C

Vitamin C also known a ascorbic acid a significant vitamin
which is soluble in water with high antioxidant characteris-
tics that can also restore the activity of other antioxidants.
However, it can be a prooxidant and can glycate proteins in
certain in vitro conditions. There has seen a decline in the
level of vitamin C and high level of lipid peroxide in patients
suffering from high glucose level and other metabolic dis-
eases [89]. A significant inverse relation between vitamin C
level and diabetes was recorded in a latest study among the
adults of European origin. advancement in insulin activity,
glycaemic regulation and function of endothelium on treat-
ment with vitamin C are also reported. However, despite
these studies, high-dose vitamin C administration in dia-
betes type 2 patients do not fully restore vitamin C plasma
or endothelial control or insulin resistance levels. The rate
of cardiovascular complications will actually increase with
increased concentration of vitamin C. Vitamin C compen-
sate for low blood levels of insulin, which regularly attempts
to assist cells with retaining the nutrient [90]. Appropriate
measures of vitamin C may assist the body with keeping
a decent cholesterol level and monitor glucose levels [91].

Coenzyme Q10

Coenzyme Q10 also known as coenzyme Q, CoQ, Vitamin
Q10, a benzoquine found in many oxygens in taking organ-
isms going from microscopic to vertebrates. It is almost
present in all the cells of the human body. This molecule
can be an electron carrier in respiratory chain for generation
of Adenosine triphosphate (ATP) in mitochondria. In 1957,
Q10 was first isolated from mitochondria of cow’s heart
[92]. In coenzyme Q10, 10 stands for the number of isoprene
repeats. The Coenzyme Q10 in its reduced form protects bio-
logical membrane against oxidation, inhibits peroxidation of
lipids thus acting as antioxidants. It is a lipid-soluble antioxi-
dant. Its lipophilic nature prevents the peroxidation of lipids
present in circulation. The synthesis takes place through
the mevalonate pathway and some of them may be made
available through diet. Meat is the major source of CoQ10.
The CQ10 occurs in the body both in oxidized (ubiquinone,
CoQ10) and reduced (ubiquinol, CoQ10H,) [93]. CoQ10 is
the most crucial cofactor involved in mitochondrial phospho-
rylation and necessary in production of ATP. Flavoenzymes
which includes NADH dehydrogenase and mitochondrial
succinate dehydrogenase are involved in the conversion of
oxidized (CoQ10) to reduced (CoQ10H,). In mitochondria,
CoQ10 acts as an electron transporter to cytochrome bcl
complex (complex III) from NADH Coenzyme Q reductase

@ Springer

(complex I) or from succinate dehydrogenase (complex II)
to cytochrome bcl complex (complex IIT) [94].

Mitochondrial dysfunction and oxidative stress have an
important role in diabetic complications. Coenzyme Q10
has gained interest due to its antioxidant activity that it can
be used as a supplement to treat type 2 diabetes mellitus.
The deficiency of CoQ10 mainly ubiquinol was observed in
Type 2 diabetes patients. When 15 patients suffering from
diabetes was treated using 60 mg of CoQ10 for 12 weeks
there was a significant increase in synthesis and secretion of
Insulin [95]. Glycemic control was also enhanced but this
study does not contain a placebo control group. Some stud-
ies suggest that CoQ10 could possibly reduce the oxidative
stress, restore mitochondrial function and enhance glycemic
control [96].

Ruboxistaurin

In diabetes mellitus, chronic hyperglycemia leads to micro-
vascular complications which include diabetic neuropathy,
nephropathy, retinopathy and cardio vascular diseases [97].
PKC protein kinase C are family of calcium or lipid serine
—threonine kinase enzymes involved in intracellular sig-
nalling. Under chronic hyperglycemic conditions, there is
an elevated level of DAG Diacylglycerol which activates
various isoforms of PKC. Of these PKC p and PKC delta
are over activated. PKC —p show prominent characteristics
in Oxidative stress, endothelial dysfunction with diabetic
microvascular complications [98]. Ruboxistaurin (RBX) is a
potent and specific inhibitor of p isoform of PKC. It inhibits
the phosphorylation of substrates by interfering with adeno-
sine triphosphate binding through its binding with PKC-f
active site. RBX gets metabolized to its equally potent
metabolite N-desmethyl RBX by CYP3A4. RBX half-life is
24 h and its primary route of excretion in human is through
faecal and renal excretion playing a small role [99].

When streptozotocin treated diabetes rats were treated
with PKC-p inhibitor RBX. the superoxide radical produc-
tion was decreased along with the inhibition of PKC-f acti-
vation. It also prevented NADPH oxidase subunit Phox67
translocation and Phox22 overexpression. It can prevent the
hyperglycemia induced oxidative stress [100]

PKC-p, a transduction mediator which can induce sev-
eral processes that can result in kidney injury. This diabetic
nephropathy can be prevented by selective inhibitor of PKC-
B, Ruboxistaurin [101]. When diabetes type 2 patients and
nephropathy were treated with RBX it showed reduced albu-
minuria and estimated glomerular filtrate rate over a period
of 1 year [102]. In addition to this the treatment with oral
Ruboxistaurin decreased loss of vision, reduced require-
ment for laser treatment and reduced progression of macular
edema. It also increased the visual improvement of patients
with non-proliferative retinopathy [103]. From this is evident
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Table 1 (continued)

&

Correa R, Rodriguez Q, Nappe TM.

Reference

hypoglycemia, jaundice, liver damage,

Disadvantage

Glipizide is used with a proper diet

Advantage

Glipizide involve a partial block of

Mechanism

Glipizide

S.No Drug name

14

Springer

Glipizide
Basit A, Riaz M, Fawwad A. Glimepir-

and exercise program to control fever, bleeding or bruising, skin

the potassium channels in the beta

changes, SIADH, and porphyria

high blood sugar in people with type
2 diabetes. It may also be used with

cells of the pancreatic islets. This

ide: evidence-based facts, trends, and
observations. Vascular health and risk

potassium channel blockade results in
management. 2012;8:463

cell depolarization, which opens up

other diabetes medications. Control-

ling high blood sugar helps prevent
kidney damage, blindness, nerve

the voltage-gated calcium channels,

causing insulin secretion from the

pancreatic beta cells

problems, loss of limbs, and sexual

function problems

The frequent occurrence of gastrointes- Jackson SH, Martin TS, Jones JD, Seal

Mild degrees of weight loss and hypo-

Liraglutide increases intracellular

Liraglutide

D, Emanuel F. Liraglutide (victoza):
the first once-daily incretin mimetic

tinal adverse effects, the requirement

glycemia

cyclic AMP (cAMP) leading to insu-

of subcutaneous injection once daily,

lin release in the presence of elevated
glucose concentrations. This insulin

injection for type-2 diabetes. Pharmacy
and Therapeutics. 2010 Sep;35(9):498

and the lack of long-term efficacy and

safety data

secretion subsides as blood glucose

concentrations decrease and approach

euglycemia

that RBX can be a promising treatment to treat complica-
tions related with diabetes Type 2.

Carnitine and its derivative and insulin resistance

Diabetes has now become a common illness which can be a
result of insufficient insulin. Stimulating the glucose uptake
is the role played by insulin. The glucose which is taken is
stored as glycogen for the generation of tryglycerols in the
adipose tissue. It has the ability to inhibit glucose efflux from
liver [104]. In patient suffering from T2DM, insulin resist-
ance is experienced, many theories are proposed for studying
the action of insulin and how it works in lipid and glucose
metabolism. Some theories studied that the lipid contributes
to improving insulin resistance [105]. Many research works
showed the over action of lipid on insulin resistance, it was
studied that the oversupply of nutritional fat can show insu-
lin resistance. It was found that fatty acyl CoA derivatives
hampers insulin signalling and oxidation of glucose. Though
the exact mechanism is not yet understood studies focus on
the signalling of fatty acid which is meant to trigger insulin
resistance. Lipid over accumulation can result in production
of bioactive lipid metabolites [106].

Insulin receptor substrate phosphorylation. Some theory
suggests that, the long-chain Acyl-CoAs are precursors of
ceramide, and as such, resistance to insulin is improved
through inhibition of ceramide synthesis [107-110]. Some
researches recommend that oversupply of lipid ended in
aggregation of incompletely metabolized fatty acids with-
inside the mitochondria causing ‘mitochondrial pressure’,
main to insulin resistance [111-114]. To provide an expla-
nation for lipid-brought about repression of muscle glucose
disposal, Randle and co-workers put forward the glucose
fatty acid cycle. With reference this speculation acetyl-CoA
molecules derived from glucose and lipid substrates compete
for access into the TCA cycle. The precise process of the
effect of lipid oversupply on insulin resistance is still not
clear. Since the essential organic characteristic of carnitine
is its ester-forming functionality with natural acids of each
exogenous and endogenous origin, it could lessen the gath-
ered acetyl CoA derivatives and/or their metabolites through
transporting the outside the mitochondria.so, carnitine may
be a capacity adjuvant with inside the remedy or prevention
of insulin resistance and T2D [115].

Several human and animal research verified wherein
L-carnitine supply has useful impact. On complete frame
using glucose increase numerous lipid factors or oxida-
tive pressure. Low amount of L-carnitine is associated to
problems related to diabetes [116]. Medical studies showed
that by managing the derivatives of carnitine with PLC and
ALS can improve parameters associated to neurophysiol-
ogy and decreases the symptoms shown by diabetic peo-
ple, thus acting as a remedy for treating diabetes [117].
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Table 2 Dietary anti-oxidants and their available food sources

S.No Antioxidants

Food source

Quantity of Antioxidants

Advantages

Spinach, raw 5.6 mg/100 mg
Carrots, raw 18.3 mg/100 mg
Sweet potato, cooked 9.5/100 mg

Processed tomatoes—9.9-13.44 mg
lycopene/100 g,

fresh tomatoes—0.88-7.74 mg lyco-
pene/100 g

Lettuce — 10.0-47.8 pg/g

Green pepper-8.8 ug/g

Egg yolk- 3.84-13.2 pg/g
Strawberry- 2-50 mg/100 g
Cider-4 mg/100 g

Beans-35-55 mg/100 g

Green tea-10-80 mg/100 g
Oysters (raw)—47.9 mg/100 mg
Pumpkin seeds- 7.5 mg/100 mg
Sun dried tomatoes- 13.6 mg/100 mg
Sesame seeds-5.5 mg/100 mg

It Is a major chain breaking antioxidant.

it prevents lipid peroxidation [1, 2]

It’s Anti-oxidant and anti-inflammatory

properties prevents cardio vascular
diseases and it regulates oxidative
stress and pro-inflammatory stress.
[2-4]

It has the ability to scavenge superoxide

and hydroxide radicals and also inhib-
ited the lipid peroxidation [2, 5, 6]

It scavenges ROS, induce Antioxi-

dant enzymes, inhibits pro-oxidant
enzymes such as xanthine oxidase,
NADPH-oxidase [7, 8]

Zinc inhibits the enzyme NADPH oxi-

dases. It acts a cofactor for important
antioxidant enzymes and induces the
synthesis of metallothioneins which

1 f carotene Green leafy vegetables, orange and
yellow fruits

2 Lycopene Tomato, pink grapefruit, Watermelon

3 Lutein Lettuce, green pepper, Egg yolk

4 catechin Strawberry, cider,beans,

Green tea, algae

5 zinc Opysters, tomatoes, flax seeds, pumpkin
seeds, sunflower seeds, sesame seeds,
beef

6 Selenium Fish, vegetables

Meat and poultry, Egg,

Fish- (0.152-0.788 pg/g)
Meat and poultry. (0.043-0.324 pg/g)
Egg- (0.267 pglg)

helps in attenuating the effects of free
radicals[9, 10]

Selenium in the form of selenoenzymes
and selenoproteins reduces the lipid
peroxidation and prevents heart dis-
eases[11, 12]

However, current studies improve the chance wherein
L-carnitine-associated metabolites exert accelerated car-
dio-metabolic complications [118].

Conclusion

A disease characterized with increased level of glucose is
diabetes mellitus. Chronic hyperglycemia lead to many com-
plications such as diabetic neuropathy, diabetic nephropa-
thy, diabetic retinopathy, cardiovascular diseases and stroke
[108]. The hyperglycemic state also leads stress associated
with progression of diabetic complications. The high con-
centration of free radicals leads to vascular dysfunction
and peroxidation of lipid. Hyperglycemic condition can
be lowered by many drugs such as Sulphonylureas, Thia-
zolidinediones, Metformin but it comes with certain side
effects on regular usage of them (Table 1). In this we have
seen that though oxidants at certain level are involved in
defense mechanisms but when the oxidants accumulate
or overwhelm the antioxidants it leads to oxidative stress.
The oxidants cause the advanced glycation products pro-
duction, PKC-DAG activation and endothelial dysfunction.
NADPH oxidases the enzyme involved in electron trans-
fer from the cytosolic NADPH to molecular oxygen. Some
reports suggests that f cells on exposure to glucose causes

the generation of PHOX 47, a subunit of NADPH oxidases
which causes the tremendous free radicals’ generation. In
addition, the oxidative stress triggers various cell signalling
pathways such as MAPK and NFkf. This activation leads
to the apoptosis and pathological effects so it’s important
to lower the oxidative stress to prevent further progression
of complications related to diabetes mellitus. Here comes
use of antioxidants this substance can naturally neutralize
the free radicals there by lowering oxidative stress. These
antioxidants can be enzymatic or non-enzymatic. Some evi-
dences shows that the substances such as f§ carotene, lyco-
pene, lutein, catechin, zinc and selenium serves as dietary
source of antioxidants as it is present in green vegetables,
egg yolks, fruits etc....(Table 2). These above-mentioned
substances are important chain breaking antioxidants,
scavenges the reactive oxygen species, induce antioxidant
enzymes. It also has the ability to inhibit NADPH oxidases
and prevent lipid peroxidation. Several other antioxidants
include vitamin E, Vitamin C, Lipoic acid, coenzyme 10
and RBX. Here we see that vitamin E has radical scavenging
characteristics and reduce the action of DAG. In addition
to this some studies suggest that it reduced the risk of car-
diovascular diseases, lowered the level of free radicals and
reduced lipid peroxidation. Vitamin C helps in maintaining
proper blood sugar level and cholesterol. Also, a-lipoic acid
reduces the oxidative stress and helps restoring the function
of antioxidant enzymes.

@ Springer
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Furthermore, Coenzyme Q10, helps in maintaining the
blood sugar by increasing insulin secretion and restoring
mitochondrial function there by reducing oxidative stress.
Some studies shows that Ruboxistaurin, a PKC-f inhibi-
tor treatment for diabetes decreased the superoxide radical
production and prevented the overexpression of NADPH
oxidases. In addition to this it prevented the progression of
diabetic nephropathy and neuropathy. This suggest that anti-
oxidants can be a boon to treat diabetes. Antioxidants, can
be used to treat various diseases the above evidence suggest
that it will be a potential add on to treat diabetes and its
associated complications.
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