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Abstract

Neuropathy is one among the known disorders corresponding diabetes. The biochemical mechanisms of this devastating neurodegenerative
disorder of diabetic neuropathy (DN) have not yet clearly understood. DN is loss of function nerves beginning distally in the lower extremities
that is also characterized by pain and substantial morbidity. It leads to distressing and expensive clinical complications such as foot ulceration,
leg amputation, and neuropathic pain. Despite countless promising therapeutic research efforts, effective drugs are still lacking for the
treatment of DN. Therefore, current review emphasizes on complications and therapeutic strategies which could be effective in DN. Various
search engines like Google Scholar, PubMed, SpringerLink, Medline and Science direct were used for accessing different articles of world-wide
journals to harness the information of previous work done with our relevance. Databases like PDB and NCBI were used to understand molecular
information of proteins and DNA in DN. In present review, we discussed causes, mechanisms that lead to promotion of DN and possible therapies
of DN. The information provided in this review provide research gap to investigators to understand molecular mechanisms underlying DN
and to attempt natural substances as possible effective therapy. Current review discusses significant research gaps for making an attempt to
investigate a successful natural product and its molecular target for DN. We also accentuate the use of natural product instead of a synthetic drug
for treatment of DN.
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Introduction

Diabetic neuropathy (DN) term is referred to a condition In accordance with current survey of International Diabetes

where symptoms of neuronal aberrations are found in a person
with diabetes, in whom other factors of atrophy of brain have
been excluded [1]. DN has complications of diabetes that result
in damage to the nervous system. DN is a prevalent complication
of type | and type 2 diabetes both and influences over 90% of the
diabetic sufferers [2]. It involves decline of sensory functions that
are start from distal to proximal in both extremities that is also
characterized by pain and substantial morbidity. Progressively, at
least 50% of individuals with diabetes develop DN [3]. Diabetes
mellitus (DM) is one among the most common cause of mortality
worldwide, and it accounts for about 63.5% of deaths due to its
relation to chronic complications [4]. International Diabetes
Federation (IDF) reported a number of cases where diabetes is
expected to ascend approximately 629 million by 2045 [5].

Federation (IDF), there are close to 73.12 million people in India
who are suffering from Diabetes and globally it is expected to move
upwards from 463 million in 2019 to 700 million by 2045 [6]. Pain
is one of the chief symptoms of neuropathy that associated with
diabetes but this mechanism of affecting physiology associated
with disease are not yet fully known [2]. DN is actually depend
on several factors that can affect the function of all organs of the
body either directly or indirectly, mainly due to altered glucose
metabolism, which affects nervous tissue including central as well
as peripheral nerves through oxidative stress mechanisms [7]. DN
may be categorized into two types in which one is symptomatic
another asymptomatic. Symptomatic DN is easily diagnosed due
to manifestation. It may be cured by many ways. Asymptomatic
diabetic peripheral neuropathy may be present up to 50% and
have more risk of injury than symptomatic [8].
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DN progresses due to an imbalance between nerve fiber injury
and repair. The nerve harming process preferentially affects
autonomic and distal sensory fibers, leading to the progressive
loss of sensation. DN affects specific cellular processes including
apoptosis, neuritis outgrowth, neurodegeneration, activity, and
bioenergetics [9]. The manifestations of DN worsen in night
time rather than day [8]. Although brain atrophy and other
neurological aberrations are prominent in DN yet there is no
proper mechanism which is clearly understood. Current review
ascertains the molecular cascade of onset and progression of
neuropathies followed by diabetes and simultaneously it helps
to understand, if any molecular dependencies are there between
DM and DN. It also highlights the complications and therapeutic

strategies of DN.

Causes

There are several factors that can lead to neuropathies
following DM. Uncontrolled high blood glucose levels, high
level of triglycerides and elevated cholesterol level in blood is
found associated with DN. High blood sugar weakens walls of
capillaries that supply to nerves with oxygen and nutrients. Figure
I demonstrates some factors which may contribute to nerve
damage following DM including age, obesity, availability of oxygen
to cells, vascular supply and biochemical levels of glucose, lipids
and insulin.
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Figure 1: Different reasons of promotion of neuropathies following DM.
DM: Diabetes mellitus
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DN is associated with many risk factors including metabolism.
Mostsignificantand well-known initial risk factor is hyperglycemia
[10]. It occurs when pancreas stop either production or secretion
of insulin or both. In a second condition, insulin is present in
adequate amount but cells are lacking in ability to uptake the
insulin [11]. It changes several metabolic pathways like advanced
glycation end products (AGEs), oxidative stress, polyol pathway
influx and activation of protein kinase C (PKC) which can lead to
nerve injury [12]. In another study, also reported AGEs, oxidative
stress, vascular factors, growth factors and immune mechanisms
to be involved in pathological processes of progression of DN [13].

It is also reported that type II diabetes insist some other
pathways like TNF-alpha signaling (tumor necrosis factor),
lipoxygenase pathway, glycogen synthase kinase (GSK) pathways,
mitogen activated protein kinase (MAPK) pathways which are
associated with onset of DN. Despite the fact that symptomatic
treatment is available for diabetic neuropathy, but a few treatment
options are available to eliminate the root cause [14].

consistently if it is defined by scoring scales and sensory
loss [10,15,16].
hyperexcitability. During the elevated excitable period action
potential generated without a stimulus is known spontaneous
action linked with changes in stimulus—response activity [17-
19]. Performance of ion channels of sensory neurons can be
altered by phosphorylation and trafficking that plays a critical role
in excitability [20]. Nociceptors in sensory neurons are present
where nerve injury is occurred and associated with voltage-gated
sodium channel and identify the injurious stimuli [21]. Elevated
level of triglyceride and elevated blood pressure is one more risk
factors of diabetic neuropathy. Female sex is also a risk factor of
DN [16].

Destruction in sensory neuron leads to

Besides above-mentioned risk factors, smoking and alcohol
consumption is found harmful in DM as it can cause nerve
damage. In some cases, DN is also genetic. Obesity is one more
widespread risk factor induced by weighty diet that is rich of
saturated fatty acid and make possible triggering of DN that also
associated with both types of DM [22]. Weight is also associated
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with neuropathy therefore weight loss and exercise to beneficial
for neuropathy. Hypertension is considered as a peril factor for
diabetic neuropathy. In DN, Na* K‘ATPase activity decreases
and gets polyol disturbances which may lead to neurological
disturbances and also decline the density of myelination on nerve
[23]. Peripheral neuropathy is commonly caused in diabetics by a
chronically high blood sugar which is shunted to polyol pathway
and converts into different form like sorbitol and fructose both of
which lead to reduced nerve myoinositol.

Symptoms

Individuals affected with DN who usually have clinical
manifestations are called symptomatic. Those patients do not have
any symptoms are known as asymptomatic type. Symptomatic
patients suffer with paraesthesia as well as proprioceptive ataxia.
Positive sensory symptoms occurred such as sensation of tingling,
numbness, pricks and shocks. Insisted these burning feet sensation
and neuropathic pain also included. Symptoms in neuropathy
develop gradually. There are negative symptoms like numbness
experienced by patients. Damage in sensory nerve may lead to
allodynia or hyperalgesia where induced response is towards
noxious stimuli. A condition that leads to increase sensitivity to
tactile stimuli known as hyperesthesia while existence of pain is
still later than painful stimuli is eliminated. A situation ‘areflexia’

that can lead to absent of response with stimuli and associated
with large fibers [24]. Motor symptoms appeared in advanced
phase of neuropathy lead to muscle atrophy.

Classification

DN is based on nerve’s types and size as well as site of nerve
damage. DN also varies due to associates with various mechanisms
of diabetes which involve metabolism, inflammations, vascular
system and immunization. The neuropathic impediment might
broadly be classified into typical and atypical DN depending
upon occurrence. Distal symmetric polyneuropathy (DSP) is most
prevalent form of typical length dependent diabetic neuropathy
that is estimated to affect 75% of total DN cases [1]. In another
way, DN is divided into acute and chronic, depending upon time
duration of disorder. An acute condition is in which symptoms
present suddenly and may be severe that last for weeks and
month. A chronic condition is a long course developing disease.
While depend on which type nerve is affected, it may be classified
into three types like sensory, motor and autonomic. Further, based
on which site of nerve is damaged, it may be classified into three
types like generalized, focal and multifocal [8,25,26]. A simple
classification is given by the American Diabetes Association for
DN that is presented in figure 2.
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Figure 2: A flowchart explaining diversity of DN.
DN: Diabetes Neuropathy; DSPN: Distal Symmetric Polyneuropathy; PLFN: Large Fibre Polyneuropathy; PSFN: Small Fibre Polyneuropathy;
PSLFN: Small Large Fibre Polyneuropathy
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Diffuse neuropathy

This affects various parts of the body occurs in symmetrical
form initially include sensation abnormality. It has earlier effect

on toe and sole of lower limb feel vibration sensation. Sensory as

well as motor nerve associated with diffuse neuropathy. This also

included autonomic symptoms.
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Distal symmetric polyneuropathy (DSPN)

It is most frequent and long-persisting disease as well as
bilateral presentation that occurred in 3/4 of the patient those
have neurological disorder along with DM [26,27]. In an easy
way peripheral neurodegeneration disorder along with diabetes
identify by the help of symptoms and marks in a conventional way.
In a practical research proposed that the manner of development
of DSPN is associated with several factors moreover causes still
not discovered. Manner of developing DSPN related with multiple
route that may lead to ultimately neurodegeneration. Survey
reports of occurrence this DSPN is differ extremely [28,29].
Nevertheless, according to many confirmation reports and
Diabetes Control and Complications Trial (DCCT)/Epidemiology
of Diabetes Interventions and Complications (EDIC) Albers &
Martin et al. [26,30] mention that DSPN appeared in minimum
20% patients who suffered DM type 1 disorder from a large
duration while DSPN occurred in minimum 10%-15% with type
2 diabetes patients who recently identify [31,32]. After first time
recognition with DSPN, rate of prevalence increased up to 50%
when patient have experienced already ten years [29,33]. Earliest
Symptoms of DSPN is neuropathic pain that leads to patients to
search cure [34]. Neurological pain related with DSPN occurred
in people up to 50%. In the night pain due to nerve injury along
with diabetes get more worse rather than day period. In the
initial phase symptoms associated with small nerve fiber such
as burning, stabbing. Due to participation of larges fibers get
outcome abnormal sensation and pins and needles impaired with
vibration and feel numbness in lower limb including with disturb
of Achilles tendon response [1]. These symptoms get worse over
time duration with disease and lead to sensory ataxia. In a severe
condition, it may cause ulcers in feet, consequently amputation of
limb may occur [34].

Autonomic diabetic neuropathy (ADN)

It is mostly correlated with DSPN and hardly appeared in
separation [24]. It is minimum acknowledged in spite of its
notable effect on quality of this disease suffering person and may
lead to minor to severe [35]. This is described by automatic nerve
like sympathetic nerve as well as parasympathetic nerve disorder
along with diabetes. It has affected mostly on internal organs
that innervated by autonomic nerves such as urinary bladder
and gonads including gastro-intestine too. It may have many
subtypes based on which organ is injured like cardiac autonomic
neuropathy (CAN), gastro-intestinal autonomic neuropathy,
erectile dysfunction (ED), urogenital autonomic neuropathy.
In CAN, Patients feel discomfort and fatigue in addition loss of
consciousness associated with up and down from the normal
level of heartbeat. CAN along with diabetes can make a reason of
cardiac vascular abnormalities such as blood pressure, heartbeat
and disrupt the ability to innervate of cardiac muscle because
cardiovascular system controlled by autonomic nerves. CAN is
most dauce among several type of autonomic diabetic neuropathy
and least elucidate too [46-38]. According to ADA, Diarrhoea

and constipation is main manifest of gastrointestinal autonomic
neuropathy due to injurious of that nerve which innervate the
small intestine. Sometime other symptoms such as emesis,
bloating, wimble, loss of hunger also occurred because of stomach
nerve injury [3]. In the urogenital autonomic neuropathy erectile
abnormal functioning is present in man Type 1 DM correlated
with sugar regulation because damaging of that nerve which is
responsible for erection. Glucose control is related with a lower
incidence of erectile dysfunction (ED) in men with type 1 diabetes
[39,40]. Due to damage to nerve which innervates urinary bladder,
paralysis in bladder can occur. Abnormalities in nerve fibers
that regulate the function of sweat glands may lead to complete
absence of sweating, rough skin, unusual sensitivity to warm
materials [41,42].

Mononeuropathy

This may be further divided into isolated cranial or peripheral
nerve and mononeuritis multiplex. In the case of isolated nerve
that may lead to painful neuropathy as well as motor instability
that induced by scattering of single nerve regarding central as well
as peripheral. One another term is mononeuropathy multiplex in
which a group of nerve is damage and lead to paralysis as well as
dysesthesia [43].

Radiculopathy

It may be further divided into lambosacral radiculoplexus
neuropathies (RPN) and thoracic radiculopathy. RPN is correlated
with ischemic injury in lumber sacral (L5-SI) nerve that supply
into lower limb such as sciatic nerves [44]. Only 1% patient of
diabetic neuropathy experiences with RPN [45]. Symptoms as
well as any nerve disorder may not be seen in initial phase of this
atypical radiculopathy [46]. In cervical radiculopathy, disabling
condition refers to damage in nerve root of cervical spine and
lead to pain in neck. Some inflammation factors such as cytokines
secrete from injured spinal disk of cervical and progressively lead
to swelling [47].

Mechanism of generation of DN (Figure 3)

DN is a unique disabling disorder of neurons especially of
peripheral nervous system that preferentially affects sensory
nerves, and later to damage motor nerves. Among the sensory
nerves longest sensory nerve injures initially and later to
proximally [48]. In progressive DN, damage starts with terminal
of sensory neurons and associated Schwann cell and then it moves
toward cell body. In which way sensory nerves is affected is not
clear and also a topic of debate yet [3].

Excessive amount of glucose affects multiple cells of nervous
system including axon and Schwann cell as well as dorsal root
ganglion. It leads to further formation of reactive oxygen species
(ROS) and advanced glycation end product (AGE). Increased
amounts of ROS progressively mitochondrial dysfunction and
as a result of these event loss of ATP production. In following
cause of activation of stress pathway and pro-inflammatory
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pathway that promote endoplasmic reticulum (ER) stress and
DNA damage as well as apoptosis and ultimately to lead nerve
injury. Diabetic peripheral neuropathy (DPN) is associated with
nerve degeneration and atrophic alteration in peripheral nervous
system as well as central nervous system [49,50]. Hyperglycemia
leads to stress in progressive demyelination of Schwann cells that
ultimately causes nerve damage due to disruption of neuronal

support. Hyperglycemia included with dyslipidemia leads to
neuronal death and vascular system thickening as evident in
capillary basement membrane and endothelial Hyperplasia [50].
A recent study considered that hyperglycemia and dyslipidemia
also include of vascular risk factors induces disrupting pathways
that’s lead to downstream damaging of microvessel endothelium,
axonal degeneration and Schwann cell [51].

4 N
Glutose
Extrucellular
SONNGNNOGENT
Intracelhular
1 Glucoie
i
Acetvl-Con
Hewtrophils
cytokines T
+
l ER Stress l [ Dh.i.blm.ur ] Magrophage
Hr-t:puf 3
B
uﬁ‘llﬂrl
Apoptosks
rl Mmhend:lalouhm:m
Dymyelination & Capillary Bayement
Myelination fibre membrane thickening *
deniity decrease Herve Conduction = Endothelial Hyperplacla
Intially distal axon velocity 4 = Damage pericyte coverage
Figure 3: Mechanism of promotion and progression of DN.
AGE: Advanced Glycation End Products; COX1: Cyclooxygenases 1; FFA: Free Fatty Acids; LDL: Low Density Lipoproteins; MAPK: Mitogen
Activated Kinase; PARP: Poly ADP Ribo Polymerase; PKC: Protein Kinase C; RAGE: Receptor for Advanced Glycation End Products; TLR:
Toll like Receptors; ROS: Reactive Oxygen Species
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In current advances, it is suggested that cumulative effect of
these processes lead to neurodegeneration via different molecular
pathways as well as mitochondrial dysfunction. Depend on
mechanism and pathology of neuronal death do not distinguish
painful and painless DPN [52]. A number of genes are associated
with neuropathic pain in diabetes are OPRM 1, IL-6, HLA, and
GCH 1, COMT TNFA [53]. Vitamin D is responsible to decrease
perception of pain in diabetic nerve disorder patients [54].

Mechanism of promotion and progression of DN is associates
with several molecular pathways that lead to disease Etiology
and development of this disorder. Some significant pathways
described here are advanced glycation end products (AGEs),
protein kinase C (PKC), polyol pathway activation, hexoamine

pathway, signaling pathway, oxidative stress and reactive oxygen
species (ROS). Still, more focused research is needed for better
understanding of mechanism of nerve injury along with diabetes.

Polyol pathway flux and aldose reductase

One of the most important pathways to understand the
mechanism of DN is Polyol pathway. In this pathway intracellular
elevated level of glucose is induced to convert into sorbitol
(polyol) mediated by aldose reductase enzyme. These changes
lead to hyper-osmolarity due to collection of large amounts of
sorbitol in nerve cell following by outflow of 2-aminoethane
sulfonic acid and a carbocyclic sugar such as myoinositol [51]. As
a result, myoinositol and taurine level down in cell. Myo-inositol
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plays a significant role in usual function of NA+/K+ ATPase pump
that correlated usual conduction velocity of nerve. Decline in
myoinositol leads to lack in production of ATP progressively
less activity of PKC. AS a result, these changes induce oxidative
stress. This oxidative stress may cause of poly (ADP-ribose),
polymerase (PARP) activation. This activity stimulates some
death pathway and ultimately leads to apoptosis. In additional
step Sorbitol further transforms into fructose mediated by
sorbitol dehydrogenase (SDH) this subsequently depletion of
NAD+ subsequently depletion of NADPH which is essential
for antioxidant formation such as glutathione and nitric oxide
(NO) which causes elevated level of ROS and lead to a major
problem such as abnormal functioning by cell organs and in a
severe condition may cause of cell death. Consequently, a term is
used for the process ‘Metabolic Flux’ [55]. Several studies have
established that inhibitor of aldose reductase (ARI) prevents most
of complication of neuropathy. Polyol pathways enzymes may be
manipulated that is leads to changes in expression in a result due
to highly activeness of aldose reductase enzyme causes excessive
metabolism of glucose to sorbitol [56-59].

Potential strategies of treatment

Table 1: Synthetic drugs reported for therapy against DN till date.

Role of Hexosamine

It is well known that excessive amount of glucose is converted
into fructose-6- P in glycolysis, but when fructose-6-P in changes
into uridine diphosphate-N-acetyl glucosamine ultimately it
promotes transformation of growth factors, and inhibition of
plasminogen activator regarding neurological disorder [35].

AGEs

It has been seen that excessive amount of AGEs is deposited
nearly in every component of diabetic nerve tissue as well as in
stromal collagens and Schwann cells [60,61].

Dyslipidemia

During cellular studies it was revealed that a high amount
of saturated fatty acid like palmitate is associated with sensory
neurons lead to mitochondrial dysfunction and changes in the
number of ATP formation [62]. However, palmitate induced
mitochondrial abnormalities are prevented by supplementation
of mono saturated fatty acid to neurons.

S.No Commercial Drugs/ Mechanism of Action References
Compounds
1 Mexiletine It reduces insomnia and effective in pain. Oskarsson et al. [63]
2 Oxycodone An opioid that depends on contro.lle:‘d-release formulation provide Gimbel et al. [64]
and analgesic in nature.
3 Pregabalin (Lyrica) It binds with subum.t of ca’ voltage gaFed chz.mnel and changes Richter et al. [65]
may provide relieve from painful diabetes.
4 Epelrestat Inhibition of AGEs formation. It is inhibitor of aldose reductase Kaplan [66]
enzyme.
. It binds with a subunit (026-1) of Ca“+channel and alters the activ-

> Gabapentin ity of this channel and provide relax from neuropathic pain Kukkar etal. [67]

6 Topirainate It is used in reducing nerve pain Shamsinejad et al. [68]
7 Tapentadol It blocks the process of reuptake of nor-epinephrine. Vadiveluet et al. [69]
8 Lidocaine It has analgesic effect Przeklasa-Muszynska et al. [70]
9 Duloxetine (Cymbalta) It plays a role of pain rehever l?y inhibition of serotonin and Kim et al. [71]

nor-epinephrine reuptake

10 Tramadol Inhibitor of noradrenergic and serotonin reuptake Lidia et al. [72]

11 Desipramine Blocking the reuptake of noradrenaline. Alba-Delgado et al. [73]
12 Phloretin Suppression of hyperglycemic effect Balaha et al. [74]
13 Amitriptyline It blocks painful stimuli by 1nh1b1t10.n of ERK1/2 and CREB protein Kim et al. [75]

expression
14 Osthole A type of coumarin that is effective in DN by down-regulation of Wu et al. [76]
p23 receptor
15 Phalp It reduces the progress3v1ty of DN by dﬂecreasmg the level of IL-6 Da Silva et al. [77]
and intracellular ca“+ level

16 Reboxetine It provides relief in pain caused by a normally painless stimulus. Yiicel et al. [78]
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A number of medications are used for the treatment of DN yet
none of them are found safe. Some of them are used for relieving
nerve pain (eg mexiletine and topiramate) whereas others target
specific organelles as mitochondria. Duloxetine is a pain reliever
in DN which exerts its effects by impacting neurotransmitters
like serotonin and epinephrine. Even after global involvement of
decades in investigations, no single remedy is there which is safe
for DN. Table 1 demonstrates some synthetic medications used in

Even though, numerous drugs are attempted till date but
none of them has become able to cure DN. In present time,
several natural compounds and herbs have been reported that
can ameliorate pathological effects of DN. Natural compounds
have been reported to be effective in restoring sensation in feet,
decreasing hyperglycemic effects and healing the ulcer. Herbal
ingredients that are reported to prevent from DN and have no side
effects are listed in table 2.

DN till now.
Table 2: Herbs/natural medications useful against DN.

S.No Herbal Madication Mechanism of action References
1 Capsaicin It suppresses the activity of substance P. Campbell & Baker [79]
2 Catharanthus roseus Linn Promotes beta cell to insulin secrs;;;)n and improve glucose uptake by Singh et al. [80]
3 Cinnamon Extracts enhanced extracellular glucose consumption. Lu etal. [81]
4 Olea europea Reduced the activation of caspase 3. Kaeidi et al. [82].
5 Allium cepa Reduced the elevated level glucose and has anti-oxidative effect too. Ogunmodede et al. [83]
6 Fenugreek Seed extract prevent peripheral nerves such as sciatic nerve from Moghadam et al. [84]

damage.
7 Resveratrol A radical scavenger that may cease or inverse the deformity as well as Kumar et al. [85]
disorder progressivity.
8 Cressa cretica Lesion of hyperglycemic effect. Verma et al. [86]
9 Capsicum It repressed substance P that a neuropeptide the of pain. Katz et al. [87]
10 Ginkgolide (Baiyu) Blocking the process of inflammation. Li[88]
11 Coriandrum sativum It effects on insulin release from the pancreatic beta cells. Al-snafil [89]
12 Piper alglgll?sg]l (Bitter Leaf extracts antioxidant activity as well as AGE inhibitory activities. Dzib-Guerra et al. [90]
13 Aloe-vera Alloxan that is leaf extract reduce the effect of elevated level of glucose. John etal. [91]
14 Annona eticulata Bark Blocking the neuropathic pain and sensation. Kandimalla et al. [92].
15 Ocimum sanctum It is used to arrest nociception. Basavraj & Nitin [93]
16 Momordica-charantia It acts like saponin and reduced the excessive glucose and elevated El-Barky et al. [94]
the level of glycogen synthesis.
17 Azadirachta indica It is depletion 0X1datlve.stress ina dlab.et.lc condition and possibly to Sriraksa et al. [95]
improve nerve injury.
18 Corilagin It is a member of polyphenolic tannins which have antioxidant property. Nandini & Naik [96]
19 Onosma echioides It promotes the cell survival by the decrease level of ROS. Shoaib et al. [97]
20 Curcuma caesia Blocking the process of neuro-inflammation. Grover et al. [98]
21 Polypeptide-P Reduces hyperglycemic effects. Kashyap et al. [99]
22 Syzygiumcumini It promotes reuptake of glucose by cell. Maneeniegalai & Narmatha [100]
23 Trichilia catigua Antioxidant effect. Panizzona et al. [101].
24 Zingiber officinale Roscoe. Extract have ability to decrease neuropathic pain. Fajrin et al. [102]
25 Citrullus colocynthis L. Decreases myelin sheath degradation as well as nerve damage. Ostovara et al. [103]
It suppresses the activity of pro-inflammation molecule as well as
26 Dunaliella salina oxidative stress developing mediated up-regulation of thiol-reductase El-Baz et al. [104]
system GSH and Trx.
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Summary and Conclusion

DN is not a single disease but rather a group of syndromic
complications [105]. In DN, nervous tissue is greatly atrophied
because it affects both CNS and PNS abruptly. There are various
studies which exhibit severity and different molecular pathways
that interplay for promotion of DN. None of the findings present
an actual molecular cascade for progression of neuronal atrophy
following diabetes. In current review, we studied a possible
connection between various molecular and biochemical cascades
such as glycolysis, dyslipidemia and polyol pathway that can
trigger mitochondrial dysfunctions and microvascular damage in
DN. Treatment strategies of DN, whether using synthetic or natural
compounds, have their own limitations. So, in perspective of
therapy, this review provides significant research gap for making
an attempt to investigate a successful drug and its molecular
target for DN. Currently, there is a need to develop new techniques
for diagnosis of DN as early as possible. Since there is no certain
cure for DN, it is cardinal to make attempts for developing drugs
that trigger those pathways that are responsible to prevent the
diabetic neurodegeneration together with inhibition of disease
developing mechanism .
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