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Abstract

Diabetes mellitus (DM) is a chronic disease that occurs due to inadequate production of insulin or decreased effect of
available insulin. Considered one of the most critical life-threatening diseases of the 21st century, the number of patients
has been increasing over the past few decades. These patients suffer many problems such as neuropathy, nephropathy
and rethinopathy which the first can decrease their life expectations.

Diabetic peripheral neuropathy (DPN) is the most common complication in diabetic patients and more than one half of
these patients develop nerve dysfunction through their life. The primary cause of diabetic foot disease is DPN which
sleep disturbances, poor quality of life, depression and finally unemployment are the results of it.

In this article, we are studying different biomarkers of diabetic neuropathy using related papers in order to consider them
in diabetic patients and prevent further complications in them.
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Introduction:

Diabetes mellitus (DM) is a chronic disease that occurs due to inadequate
production of insulin or decreased effect of available insulin. Considered
one of the most critical life-threatening diseases of the 21st century, the
number of patients has been increasing over the past few decades (World
Health Organization 2019). One of the complications in these patients is
diabetic neuropathy.

Diabetic peripheral neuropathy (DPN) is the most common complication
in diabetic patients and more than one half of these patients develop nerve
dysfunction through their life [1], [2]. One of the results of diabetes
mellitus is diabetic foot which many factors affect recurrence of it [3].
The primary cause of diabetic foot disease is DPN [2], [4] which sleep
disturbances, poor quality of life, depression and finally unemployment
are its results [2] , [6], [7], [8], [9]-

Biomarkers Of Diabetic Neuropathy
1-Nerve conduction studies (NCS)

NCS has been used as a diagnostic, staging, and prognostic biomarker for
DPN. Historically, it has been gold standard for the diagnosis of DPN.
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This study includes supramaximal transcutaneous stimulation of defined
upper and lower limb peripheral nerves. It has been done with surface
electrodes noninvasively.

One of the prognostic features of DPN is slowing of motor nerve
conduction velocity which can led to death [10],[2]. There are some
limitations for NCS, too. Most of the time, neurophysiology departments
have normal ranges but it is not the same for NCS and also there are not
specified standards for it [11],[2].

2-Pain-related Evoked Potentials

It is involved recording of cortical activity through scalp electrodes in
response to selective stimulation of nociceptive skin afferents. Distinct
waveforms can be obtained for A-delta and C-fiber stimulation, but for
the purposes of clinical evaluation only assessment of A-delta waveforms
is currently believed to be reliable [12],[13],[2]. Nociceptor stimulation
delivered by using a laser or a brief thermal stimulus.

The most reliable neurophysiological method to assess nociceptor
pathways is Laser evoked potentials (LEPs) [12],[13],[2]. LEPs have a lot
of advantages such as being noninvasive, almost rapid to perform and are
an objective neurophysiological biomarker for SFN [14],[2] There are
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some downsides for LEP, too. This technique is expensive, not common
and not available, and certain safety measures (eg, wearing of eye
protection) are required during the investigation. Also, the waveform
amplitudes are dependent on the participants’ attention [15],[2] and it
cannot differentiate between central and peripheral nervous system
pathology.

Mechanism of contact heat evoked potentials (CHEPS) is the same as
LEPs but they are noninvasive and do not have safety issues as with LEPs.
However, they require specialized equipment and are subject to
significant habituation effects [15],[2].

Intra-epidermal electrical evoked potentials (IEEPs) using specialized
electrodes that deliver a high current density to epidermal fibers. They do
not need a specialized stimulator device such as a laser or thermode. Also,
they are noninvasive and easy to perform but it is currently experimental,
with few studies that address the use of IEEPs in DM and none that
compare their use with other SFN biomarkers [16], [2]

3-Nerve Excitability Testing

One of noninvasive methods in which properties of human peripheral
nerve axons can be assessed is using nerve excitability testing (NET)

[171[2]

NET is performed in a similar manner to NCS but uses submaximal as
well as supra-maximal stimulation according to standardized excitability
protocols (stimulus-response curve, strength—duration properties,
threshold electrotonus and the current/threshold relationship, and the
recovery cycle) to obtain a reflection of firing threshold [17],[18],[19],[2]
The results provide a surrogate of ion channel and axonal membrane
potential properties at the stimulation site. Although motor axons are
more commonly investigated, because recordings are more stable and less
affected by artifact, sensory nerves can also be assessed. NET has the
advantage in that it assesses functional measures which may occur before
pathologic axonal or demyelinating features and their NCS corollary
become evident.

In diabetic patients, changes in excitability, including features compatible
with sodium channel dysfunction, have been reported in association with
subclinical neuropathy [20],[21],[2] These alterations progress with
increasing neuropathy severity and are seen in patients with normal NCS,
raising the possibility that NET could provide an opportunity to detect
abnormalities before they become irreversible [21],[2]. The types of
alteration are different between sensory and motor axons and occur at an
earlier stage in sensory nerves [2].

NET is not widely available and requires specialist equipment and
software. There are no clinically relevant normative ranges and, although
alterations in NET can be shown despite normal NCS, it has yet to be
validated as a biomarker for either DPN or pDPN. As with NCS, it does
not provide information about the status of small nerve fibers. However,
it is a useful, noninvasive method to explore disease pathophysiology and
may prove a useful biomarker when assessing response to treatment for
DPN or pDPN such as in trials of therapeutic agents that act on voltage-
gated ion channels [2].

4- Microneurography

Microneurography involves inserting a fine tungsten electrode into a
peripheral nerve. For evaluation of peripheral neuropathy, this typically
involves recording from the peroneal or superficial peroneal nerves. The
electrode is micromanipulated to enable recording of unmyelinated fibers.
A typical paradigm involves stimulation of the cutaneous receptive
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field(s) of the unmyelinated fibers by using electrical stimuli. Using this
method, several C-fibers can be recorded at one time. A raster plot is
generated showing action potentials time-locked to the electrical stimulus
with latencies appropriate for the slow conduction velocity of C fibers.
This enables differentiation of nociceptor  subtypes (eg,
polymodalnociceptorsvs silent nociceptors [22],[2]. Normally, there is a
stable baseline latency to low-frequency stimulation of the receptive field,
but when a fiber is spontaneously active an irregular “saw-tooth” baseline
is  seen [22],[23],[24].[25],[26],[2] Also,  assessment  of
“abnormal”sensitivity to cutaneous applied mechanical and thermal
stimuli can be recorded [23],[28],[2]. The method can provide evidence
of both spontaneous activity and sensitization. Patients with painful
peripheral neuropathy have been shown to have abnormal
hyperexcitability of nociceptor fibers [23], [26], [27], [28], [29],[2].
Microneurographic studies in DPN have shown variable findings. In
patients with documented large fiber neuropathy, one study found an
altered distribution of nociceptor subtypes with a higher proportion of
mechanically insensitive to mechanically sensitive C-nociceptors, as well
as evidence of loss of mechanical sensitivity in normally sensitive fibers
[30],[2] Although a small proportion of nociceptor fibers were
spontaneously active, this did not significantly differ between pDPN and
DPN. Other studies have shown a higher proportion of
hyperexcitablenociceptor fibers in patients with pDPN [26], [28], [2].

Although microneurography is an invaluable tool for investigating the
presence of nociceptorhyperexcitability, its use as a biomarker is limited.
The technique is invasive, albeit minimally and time consuming for both
the patient and investigator. Furthermore, it requires specialist equipment
and highly trained operators, and is performed only in a limited number
of centers worldwide. These factors significantly affect the availability
and cost effectiveness of microneurography. Also, age and potentially
disease-specific definitions of normative and abnormal data are needed so
that its sensitivity and predictive value can be determined, and it can be
established as a clinical tool. Anotherdownside of it is that each session
may Yield only small numbers of nociceptor recordings that are suitable
for analysis. For example, in one study, only 1 to 3 suitable nociceptor
fibers were recorded per session [26],[2] This limits diagnostic
applicability and capacity for monitoring interventions on an individual
level. It is not known how microneurography compares with the indirect,
but consider more widely available, QST techniques in identifying
patients with hyperexcitablenociceptors. Furthermore, the relationship
between abnormalities detected by microneurography and structural
changes of small fibers in the skin is unknown. The method is potentially
of use in clinical trials, especially those with a focus on underlying pain
mechanisms, in which patients with and without evidence of
hyperexcitability can be segregated [31],[26],[2]

5- Monocyte chemoattractant protein-1 (MCP-1)

MCP-1 protein also known as C-C motif ligand 2 (CCL2)/Monocyte
Chemotactic and activation factor (MCAF), belongs to the chemokine
family. MCP-1 is a monomeric polypeptide secreted by monocyte,
macrophages, and dendritic cells at the site of infection, damage, and
injury [32],[33]. MCP-1 secretion is induced by pro-inflammatory
mediators like TNFa, interferon-gamma (INF-c), interleukin 1 beta (IL-
1b), and platelet-derived growth factor (PDGF) during inflammation.
According to scientific reports, MCP-1 aids mononuclear phagocytes
relocation during hypoxia and inflammation. Investigators reported that
serum, urinary levels of MCP-1 are significantly upregulated in early and
late stages in type 2 diabetes. An increase in expression or upregulation
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of MCP-1 is mainly associated with monocyte binding. MCP-1
contributes to the treatment and management of diabetic neuropathic pain
via C-C motif ligand receptor 2 (CCR2) receptors. MCP-1 acts by
augmenting excitatory synaptic transmission. The literature showed that
spinal astrocytes play a crucial role in neuropathic pain sensitisation by
activation of c-Jun-N-terminal kinase (JNK). Some reports showed that
TNF-a could activate JINK via TNF receptor 1. This activated TNF-a/JNK
pathway transiently stimulates MCP-1. This upregulated levels of MCP-
1 can be considered as a potential biomarker in the diagnosis of diabetic
neuropathy pain during its early stage to avoid its diverse progression and
damage of neurons. MCP-1 inhibitory activity is linked with the
management of inflammation as well as the treatment of neuropathic pain
[33].

6-Vascular endothelial growth factor (VEGF)

VEGF is an angiogenic factor secreted by various cells, including
platelets, macrophages, renal mesangial cells, and keratinocytes. VEGF
plays a critical role in cellular activities like haematopoiesis, bone
formation, wound healing, and development [33],[34]. Hyperglycaemia
modulates the VEGF pathway at protein and mRNA levels in Schwann
cells and dorsal root ganglion. Various therapeutic approaches, like
VEGF-A165b and VEGF gene transfer, are used to treat diabetic
neuropathy. The VEGF-A165b initiates extravasation in dorsal root
ganglia, plantar skin of hind paw, and saphenous nerve. This potentiates
transient receptor potential cation channel, subfamily A, memberl
(TRPA1) channel at the initial stages of diabetic neuropathy leading to
altered neuronal stress and pain [33],[35]. A study by Veves et al. showed
that VEGF gene transfer studies had reversed severe diabetic neuropathic
conditions [33],[36]. DM also influences neuropeptide Y and VEGF
during inflammation; both of them play a crucial role in the
pathophysiology of diabetic neuropathy. VEGF exhibits polymorphism
and halts the potential regulation of gene expression [33], [37] VEGF also
reported for its association with atherosclerosis by increasing vascular
permeability to low-density lipoproteins in the cardiovascular system,
phosphorylation of Murine thymoma viral oncogene Akt and stimulation
of neurons linked with neuroprotection in the central nervous system
[33]. It is also reported that patients with diabetic peripheral neuropathy
in the symptomatic stage have downregulated serum levels of VEGF
[33],[38]. Studies also reported that Schwann cells, when cultured in the
hyperglycaemic medium, resulted in impairment of neurite outgrowth.
This impairment was due to alteration in VEGF receptors regulation in
dorsal root ganglion. This causes decreased intracellular secreted protein
levels without altering the mRNA level in Schwann cells. This leads to
reduced expression of the VEGF both in Schwann cells and dorsal root
ganglion [33].

7- Transient receptor potential vanilloid 1 or transient
receptor potential cation channel subfamily V member
(TRPV1)

TRPV1 is a transducer protein associated with noxious inflammatory and
thermal stimuli. TRPV1 proteins are mainly found in nociceptive neurons
of the peripheral nervous system and some tissues of the central nervous
system. TRPV1 plays a crucial role in pain sensation. It is activated in the
presence of capsaicin and acidic condition [33],[39]. It is also activated
by ligands like phosphatidylinositol, tyrosine kinase, and proton influx,
specifically in peripheral and nociceptive neurons [33],[40]. Diabetic
peripheral neuropathy is mainly characterised by allodynia and
hyperalgesia [33],[41] The severe pain in diabetic neuropathy is primarily
associated with the upregulation of TRPV1 in peripheral nerves [33],[42].
The elevated levels of TRPV1 were reported due to enhanced reflex arc
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functioning in diabetics [33], [43] Itis also said that in peripheral sensory
neurons, the inhibitory activity of TRPV1 is due to the activation of the
m-opioid receptor. This inhibition of TRPV1 is due to impaired function
in the dorsal root of the ganglion and TRPV1 activity [33], [44] This
impairment of TRPV1 was confirmed in human embryonic kidney cells.
These cells heterologously expressed TRPV1 by stimulating PKA and
PKC mediated phosphorylation and resulted in the modulation of TRPV1.
Scientific reports also showed that the TRPV1 activation is mainly
associated with increased stress in dorsal root ganglion. TRPV1 also has a
potential role in pain and post-traumatic neuropathy [33],[45]

The involvement of C fibres was assessed through microneurography.
The mechanism of transduction channels TRPAL1 and TRPV1 in
methylglyoxal-induced pain sensation was investigated by using specific
ion channel blockers. The study showed that the selective
pharmacological blockade of TRPV1 showed that TRPV1 is crucially
involved in methylglyoxal- induced chemical pain sensation and heat
hyperalgesia.

The study concluded that methylglyoxal could be a mediator of diabetes-
induced neuropathic pain through TRPV1 activation and sensitisation of
the voltage-gated sodium channel subtype 1.8 [33],[46]

Cellular oxidative stress plays a key role in the post-translational
modification of proteins via SUMOylation. The effect of SUMOylation
on the TRPV1 ion channel was carried out by Agarwal and group in
diabetic mice and patients. In this study, they have identified the novel
molecular targets, that is, key enzymes involved in the regulation of
metabolic pathways and ion channels of SUMOylation. In the study
sensory neurons of diabetic mice and diabetic patients showed significant
changes in the SUMOylation status of metabolic enzymes and ion
channels in western blot analysis. These changes lead to metabolic
dysfunction, sensory loss, and accelerated neuropathology in diabetic
gene-targeted mice selectively lacking the ability to SUMOylate proteins
in peripheral sensory neurons. The study showed that diabetes induced
de-SUMOylation can impair the functions of TRPV1. The diabetes-
induced and metabolic imbalance is caused by de-SUMOylation of
various metabolic enzymes that facilitate diabetic sensory loss. The study
concluded that endogenous post-translational mechanism regulates
TRPV1 function in diabetic neuropathy [33], [47]

It is documented that a-lipoic acid has the ability to regulate TRPV1 in
dorsal root ganglion neurons of rats with diabetes. Alpha-lipoic acid acts
via alleviating the neuropathic pain in diabetes by regulating TRPV1
expression [33],[48]. All scientific reports insist that the regulation of
TRPV1 will provide the new strategy for the management of painful
diabetic neuropathy.

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-jB)
NF-jB is a pro-inflammatory mediator predominantly involved in
adaptive immunity, stress responses, lymphoid organogenesis, and B-cell
development. The pro-inflammatory mediators, namely TNF-a and IL-6,
are responsible for the activation of NF-jB during cellular damage and
inflammation [33], [49]. NF-jB is involved in pro-inflammatory cytokine
production during immunological responses. Hyperglycaemia causes
activation of NF-jB. This activated NF-jB further triggers expressions of
inflammatory mediators. Literature showed that NF-jB is associated with
activation, survival, and differentiation of inflammatory T cells and innate
immune cells. NF-jB is mainly expressed in endothelialcells linked with
its dysfunction and progressing of diabetic neuropathy. The
overexpression of NF-jB triggers damage to endothelial cells [33],[50 ]

8- Oxidative biomarkers Nuclear factor (erythroid-derived
2) (NFE2L2)

Nrf2 or NFE2L2 is a dynamic controller of antioxidant responses and
cellular damage. Oxidative stress is a factor involved in many metabolic

Page 3 of 10


http://www.auctoresonline.org/

J. Clinical Research and Reports

disorders, including diabetes and its complications. Oxidative stress is
linked to insulin resistance [33],[51]. The activation of “NFE2L2” plays
an important role in maintaining blood glucose level, vascular
complications, and endothelial dysfunction by reducing oxidative stress.
Hyperglycaemia induced oxidative stress leads to disturbance in the
normal physiology of nervous tissue. Increased oxidative stress is one of
the early events in the development of insulin resistance, inflammation,
and alteration of the aldose-reductase pathway [33] The endogenous
disturbance body stimulates major reactive oxygen species defense
machinery, NFE2L2. Itscavenges free radicales and increases insulin
sensitivity and lipid metabolism. The excess oxidative stress during
prolonged hyperglycaemia cannot be controlled by NFE2L2. This leads
to the downregulation of NFE2L2 in the sciatic nerve of diabetic animals
[33]. [52]

9- Adiponectin

Adiponectin hormone is made of 147 amino acids with 30 kDamolecular
weight. Adiponectin involved in homeostatic control of blood glucose
circulation, lipid oxidation, insulin sensitivity, coronary heart diseases
and atherosclerosis [33],[53]. Adiponectin secreted by adipocytes and
white adipose tissue is associated with the progression of diabetic
neuropathy. Adiponectin gene polymorphism and glypican secretions are
significantly involved in diabetic peripheral neuropathy. The upregulation
of serum adiponectin levels is positively correlated with aching diabetic
neuropathy [33]. Increased levels of adiponectin were associated with a
decrease in heart rate and an increase in heart rate velocity leading to
cardiovascular autonomic neuropathy. Type 1 diabetics are more prone to
cardiovascular autonomic neuropathy, but these findings were found to
be limited in type 2 diabetics.Researches have been shown that the
adiponectin polymorphism at G276T and T45G is associated with a
significantly increased risk of diabetic neuropathy in Type 2 diabetic
patients. There is a strong connection between adiponectin and decreased
nerve conduction velocity in inflammation and progression of diabetic
sensorimotor neuropathy [33],[54]. Recently, ketogenic diet is reported to
control upregulatedadiponectin levels in diabetic neuropathy. Ketogenic
diet (High-fat, adequate-protein, and low carbohydrate) strategy is usually
used to control several diseases such as diabetes, neurological disorders,
and cancer. Ketogenic diet replaces plasma glucose with ketone bodies.

The ketogenic diet gives the body the capacity to fight against several
diseases such as metabolic disorders, epileptic  seizures,
neurodegeneration to skeletal muscle atrophy, autosomal dominant
polycystic kidney disease, and peripheral neuropathy. A ketogenic diet
control the diabetic neuropathy via reducing oxidative stress, enhancing
mitochondrial efficiency via regulating the phospho-AMP-activated
protein kinase, Nap/ Kppump, ketogenesis, gamma-aminobutyric acid-
glutamate, ghrelin and leptin levels, lipolysis, lipogenesis, and
gluconeogenesis. Anti-inflammatory and antioxidant activities of the
ketogenic diet reduce metabolic syndromes-associated allodynia and
stimulate peripheral sensory and axonal regeneration [33],[55]. Further
studies should be planned to study the detailed molecular mechanism of
adiponectin in diabetic neuropathy.

10- Nicotinamide adenine dinucleotide phosphate oxidase
(NOX1)

A multicomponent enzyme, NOX, mediates electron transfer from
NADPH to molecular oxygen.Mostly they are present in the phagocytic
cells and primary cells in the brain, such as vascular endothelial cells,
microglia neurons and astrocytes. NOXs mediate neuropathic painby
production of reactive oxygen species like superoxide in phagocytic cells.
The prolonged hyperglycaemic condition develops upregulation of NOX
4 via tyrosine kinase and MAPK pathway. Reactive oxygen species
(ROS) is a triggering factor for activation of NOX 4 via angiotensin |1
(Ang 11). NOX is involved in the generation of peroxynitrite (powerful
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oxidant), which acts via Ang Il in endothelial nitric oxide synthase
uncoupling in nerve tissue. Hyperglycaemia-induced oxidative stress
plays a crucial role in the progression of diabetic complications. NOX-
ROS significantly contributes to the activation of oxidative stress-
associated inflammatory pathways that lead to vascular tissue damage
including nerves [33],[34] These pathways are basically associated with
hypertrophy, angiogenesis, and inflammation in nerve cells. These
pathways are responsible for the upregulation of the NOX in diabetic
neuropathy [33]. Recently, an in vivo study was carried out by Oghbaei
and group to observe the effect of a low dose of sodium nitrate on the
diabetic peripheral neuropathy in male Wistar rats.

Diabetes was caused using STZ (60 mg/kg i.p.). Diabetic animals were
treated with 100 mg/L sodium nitrate solution (SC) administered for 60
days. Behavioural studies, mechanical allodynia like von Frey filament
test, thermal algesia like tail withdrawal test, hot plate test were carried
out. Blood samples were analysed for serum insulin and NOX levels at
the end of the study. The NOX levels were upregulated in animals with
diabetic neuropathy. The study revealed that sodium nitrate has a
protective effect on diabetic neuropathy [33].

11- Ceruloplasmin

Copper is an essential factor necessary for homeostasis. Ceruloplasmin, ,
also known as a 2- glycoprotein, is a serum ferroxidase produced by liver
cells and contains almost 95% of copper found in plasma [33], [56]. It
plays a key role in copper transportation and metabolism within the
plasma. Ceruloplasmin also monitors iron efflux from cells with the
enrollment of iron [33], [57]. Recently, scientific data reported that
ceruloplasmin gene abnormality is associated with various neuronal
diseases, including neuropathy and neurodegenerative disorders [33]. It is
also known as “moonlighting protein” for its versatile pro-oxidant and
antioxidant activities. The pro-oxidant activity is linked with amine
oxidase and antioxidant activity linked with glutathione peroxidase
activity. The upregulation of ceruloplasmin is linked with the acute phase
of trauma, inflammation, diabetes, and its complications [33]. The
damage to ceruloplasmin is coupled with extrapyramidal diseases,
progressive dementia, cerebellar ataxia, and diabetes mellitus [33].
Scientists also expected significantly increased levels of ceruloplasmin in
diabetic neuropathy. More studies are required to understand the
mechanism of action of ceruloplasmin in diabetic neuropathy [33].

Haem oxygenase-1 (HO-1)

Haem oxygenase-1, is associated with stress response and is widely
distributed in systemic tissues. HO-1 is mainly regulated by the Nrf2 gene
and induced by haem, inflammatory cytokines, prostaglandins, heat shock
protein, endotoxins, and heavy metals. HO-1 helps in the regulation of
haem metabolism, cellular homeostasis, and vascular inflammation
[33],[58]

HO-1 is associated with the rate-limiting step involved in oxidative
cleavage of haem degradation, which generates biliverdin, carbon
monoxide, and free iron. HO-1 is reported for different activities, namely
anti-inflammatory, antioxidant, immunomodulatory, antiapoptotic, and
antiproliferative activities. The upregulation ofHO-1 is associated with
the activation of multiple signaling pathways like PI3K/Akt, p38 MAPK,
and JAK-STAT pathway. HO-1 is implicated in oxidative stress and
cellular defense, specifically in neuro-inflammation and also in the
progression of diabetic neuropathy

The function of HO-1 in diabetic neuropathy was studied by Leng and
group. Diabetes was induced in male C57 mice with a high-fat diet (8
weeks) and STZ (100 mg/kg, i.p. for 2 successive days). Diabetic animals
were treated with diosgenin (50 & 100 mg/kg) for 14 days (after 6 weeks
of induction). The study showed that diosgenin significantly increased tail
withdrawal latency and mechanical hyperalgesia. Diabetic animals
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showed down-regulation of HO-1 compared to normal control in western
blot analysis. Diosgenin treatment upregulated the HO-1 expression as
compared to diabetic animals. The study concluded that diosgenin has a
neuroprotective effect in diabetic peripheral neuropathy via reducing
oxidative stress in Nrf2/HO-1 pathway [33[,[59]. Similarly in vitro
studies were carried out in dorsal root ganglionic cells. The cells exposed
to high glucose displayed downregulation of HO-1 in diabetic peripheral
neuropathy. The cells treated with hirudin protected dorsal root ganglion
neuronal cells from apoptosis by scavenging ROS, upregulating Nrf-
2/HO-1 expressions, inhibiting NF-j B, and Caspase-3 pathway [33],[52]

12- Dipeptidyl peptidase-4 (DPP4)

DPP4 is an immune regulated enzyme involved in signal transduction in
glucose metabolism. It also helps in the degradation of glucose like
peptide-1 (GLP-1), cytokines, and growth factors. DPP4 inhibitors
improve levels of incretin hormones and insulin sensitivity, which
regulate glucose level. The higher levels of serum DPP4 have been
reported during a condition called metabolic syndrome which obesity,
non-alcoholic fatty liver disease, and diabetes are its signs .

Alterations in regulations of DPP4 are linked with neuroinflammation in
hyperthermia [33],[60] The mechanism of action of DPP4 is still not
understood clearly.

Poly ADP ribose polymerase a (PARP a) Eukaryotic cells manage various
endogenous and environmental genotoxic agents, reactive nitrogen
species (nitrosative) and oxidative stress through PARP a. The PARP
repair DNA by the removal of base and cell proliferation mechanism
[33],[61]. PARP activation is an essential downstream effector in
metabolic changes in the diabetic neuropathy. Enzyme PARP can cleave
nicotinamide adenine dinucleotide and give rise to poly (ADP-ribose)
polymer and nicotinamide. These end products have a considerable role
in neurodegenerative diseases. It is well known that the relation between
PARP activation and oxidative-nitrosative pressure is unidirectional, and
it is just the outcome of scavenging free radicles and oxidation [33],[62].
The mechanism of PARP involves the reduction of NADp and moderates
ATP generation, electron transport, and glycolysis. Overall results
revealed in acute endothelial dysfunction in blood vessels during diabetic
neuropathy. It is discovered that PARP activation leads to
NADpdepletion, which further leads to alteration in transcriptional
regulation, impaired signal transduction, gene expression, and damage to
neurons and neuroglial cells.

In diabetic neuropathy, PARP activation was basically found in peripheral
nerves, dorsal root ganglia and spinal cord. This activated PARP causes
up-regulation of inducible nitric oxide synthase (iNOS) as a pro-
inflammatory response. This nitrosative stress may cause damage to
nerves and nerve fibres, which leads to diabetic neuropathy [33],[63]

The effect of Lipoic acid was studied on PARP expression in type 2
diabetic Sprague Dawley rats by Chen and group. Type 2 diabetes was
induced using a high-fat diet followed by STZ (35 mg/kg, i.p.). Diabetic
animals were treated with100 mg/kg i.p. lipoic acid for 8 weeks. The
results showed that diabetic animals showed demyelinating changes to
sciatic nerve fibres.PARP expression and the apoptosis index of sciatic
nerve cells were significantly higher than normal animals in
immunohistochemistry. Lipoic acid treatment showed significant
improvement in the symptoms of diabetic neuropathy by reducing PARP
activity and inhibiting apoptosis [33],[63]

13- Sirtuin 1 (SIRT1)
SIRT, also known as metabolic sensor, belongs to the family of
Nicotinamide adenine  dinucleotide  (NAD)-dependant  histone

deacetylases. It plays a critical role in the assessment of the energy status
of the body by regulation of mitochondrial function, oxidative stress, and
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inflammation. The imbalance between the energy requirement and supply
may lead to the progression of various forms of diabetic neuropathy
[32],[64]. This epigenetic enzyme act by deacetylation of multiple factors.
Inactivation of SIRT1 is one of the underlying causes of pathogenesis in
hyperglycaemia associated with vascular complications and insulin
resistance. Studies have been shown that the inhibitory activity of SIRT1
is due to the interaction between pro-inflammatory mediators like IL-6,
TNF-a, and NF-jB [32]. The downregulation of SIRT1 has been majorly
documented in type 2 diabetic neuropathy. Downregulation of SIRT1
may lead to hypoxia, oxidative, and metabolic stress which leads to the
progression of diabetic neuropathy. SIRT1 associated antioxidant
signalling in experimental diabetic neuropathy works by reducing
oxidative stress and improving mitochondrial impairment [32],[65] .
SIRT also regulates the synaptic plasticity in the brain and spinal dorsal
horn neurons. The role of SIRT in synaptic plasticity is still unclear. But
literature showed that the upregulation of SIRT is linked with the
neuroprotective activity of diabetic neuropathy.

14- Metastasis associated lung adenocarcinoma transcript
1 (MALAT1)

MALAT1 which is the first identified non-protein-coding long noncoding
RNA (IncRNA), has a highly conserved gene [32]. MALATL is located
in various tissues like kidney, liver, lung, brain, and heart. The p53 gene
regulates the MALATL expression during haematopoiesis. MALAT1
helps in retaining the proliferation of haematopoietic cells [33],[66].
Glucose imbalance leads to activation of MALAT1 by inflammatory
mediators and may increase serum amyloid antigen 3 significantly [33].
MALATL overexpression occured during the progression of diabetic
neuropathy. Scientific data showed that the MALAT1 was also associated
with an anti-inflammatory role during nerve damages. The study revealed
that MALATL can be the potential biomarker for diabetic neuropathy
[33].

15- microRNA (miRNA)

MiRNAs whichare small (19-25 nucleotides) single-stranded, noncoding
RNA transcripts, are present in tissue and plasma samples. They act by
inducing messenger RNA (mRNA) degradation or blocking protein
translation during post-translation modifications of genes.While the
mechanism of miRNA in the progression of diabetic neuropathy is still
unclear [33],[67] it has been shown that the degree of miRNA aberration
is directly associated with painful diabetic neuropathy. For instance,
miRNAs -146, -199a-3p and -499a can be used as circulating biomarkers
for the detection of diabetic neuropathy. Some miRNAs -25, -190a-50, -
23a, -9 and -29c¢ have a potential role as therapeutic targets in diabetic
neuropathy.

Recently, the literature showed that miRNA plays a key role in the
progression of diabetes-associated with neuropathic pain. But the
mechanism ofmiRNA accumulation and diabetic neuropathy is unclear.
The role of miR-155 in diabetic peripheral neuropathy in vivo and in vitro
was studied by Chen and group. The study was done in Schwann cells.
Hyperglycaemia was caused in Schwann cells by exposing the cells to
5.5mM glucose. Functional studies were carried out to determine the
effect of miR-155 on cellular function, reactive oxygen species, Nrf2 and
inflammation.In an in vivo study in type 1 diabetic rats,diabetes was
induced by using STZ (60 mg/kg, i.p.). Diabetic rats were treated with
miR-155 antagomir or agomirin order to study the role of miR-155 on
nerve conduction velocities, angiogenesis, and inflammatory response. In
vitro silencing of miR-155 was carried out in Schwann cells. The results
of the study showed the inhibition of apoptosis and alleviated
inflammation. In vitro and in vivo treatment of miR-155 antagomir-
induced inhibition enhanced nerve conduction velocities, strengthened
angiogenesis, and alleviated inflammation. The study showed that miR-
155 was involved in the regulation of Nrf2 in diabetic peripheral
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neuropathy. The study concluded that the silencing of miR-155 alleviate  of diabetic peripheral neuropathy [33]. Further studies should be done to
sciatic nerve injury in diabetic peripheral neuropathy. Hence miR-155  confirm the mechanism of miRNA in the progression of diabetic
would be considered the potential therapeutic target for the management  neuropathy.

Imagel-Summery of some of the biomarkers

Number Biomarker Mechanism
1 Nerve conduction studies (NCS) Supramaximal transcutaneous
stimulation of defined upper and lower
limb peripheral nerves with surface
electrodes.

2 Pain-related Evoked Potentials Recording of cortical activity through
scalp electrodes in response to selective
stimulation of nociceptive skin
afferents.

3 Nerve Excitability Testing Similar to NCS but uses submaximal as
well as supra-maximal stimulation
according to standardized excitability
protocols.

4 Microneurography Involves insertion of a fine tungsten
electrode into a peripheral nerve to

Auctores Publishing LLC — Volume 13(1)-289 www.auctoresonline.org
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enable recording of unmyelinated
fibers.

Inflammatory biomarkers Monocyte
chemoattractant protein-1 (MCP-1)

Aids mononuclear phagocytes
relocation during hypoxia and
inflammation. Also, serum, urinary
levels of MCP-1 are significantly
upregulated in early and late stages in
type 2 diabetes.

Vascular endothelial growth factor
(VEGF)

Plays a crucial role in cellular activities
like haematopoiesis, bone formation,
wound healing, and development.

Transient receptor potential vanilloid 1
or transient receptor potential cation
channel subfamily V member (TRPV1)

Plays a crucial role in pain sensation.

Oxidative biomarkers Nuclear factor
(erythroid-derived 2) (NFE2L2)

Activation of “NFE2L2” plays a
crucial role in maintaining blood
glucose level, vascular complications,
and endothelial dysfunction by
reducing oxidative stress.

Adiponectin

Involved in homeostatic control of
blood glucose circulation, lipid
oxidation, insulin sensitivity, coronary
heart diseases and atherosclerosis,
upregulation of serum adiponectin
levels is positively correlated with
painful diabetic neuropathy.

10

Nicotinamide adenine dinucleotide
phosphate oxidase (NOX1)

NOX-ROS significantly contributes to
the activation of oxidative stress-
associated inflammatory pathways that
lead to vascular tissue damage
including nerves.

11

Ceruloplasmin

Upregulation of ceruloplasmin is
connected with the acute phase of
trauma, inflammation, diabetes, and its
complications.

12

Dipeptidyl peptidase-4 (DPP4)

Higher levels of serum DPP4 have

been reported during obesity, non-

alcoholic fatty liver disease, and
diabetes.

13

Sirtuin 1 (SIRTY)

Downregulation of SIRT1 has been
majorly documented in type 2 diabetic
neuropathy. Downregulation of SIRT1

may lead to hypoxia, oxidative, and

metabolic stress which leads to the
progression of diabetic neuropathy.

14

Metastasis associated lung
adenocarcinoma transcript 1
(MALAT1)

MALAT1 overexpression occured
during the progression of diabetic
neuropathy.

15

MicroRNA (miRNA)

Involved in the regulation of Nrf2 in
diabetic peripheral neuropathy,
silencing of miR-155 has the ability to
alleviate sciatic nerve injury in diabetic
peripheral neuropathy.

Table 1-Summery of biomarkers of DPN

References:

1.

Abbott CA, Malik RA, van Ross ER, Kulkarni J, Boulton AJ.
(2011) Prevalence and characteristics of painful diabetic
neuropathy in a large community-based diabetic population in the
U.K. Diabetes care. 34(10):2220-2224.

Marshall A, Alam U, ThemistocleousA, Calcutt N, Marshall A.
(2021) Novel and Emerging Electrophysiological Biomarkers of

Auctores Publishing LLC — Volume 13(1)-289 www.auctoresonline.org
ISSN: 2690-1919

Diabetic Neuropathy and Painful Diabetic Neuropathy. Clinical
therapeutics. 43(9):1441-1456.

Hajilou F, Darvishi M, Shiehmorteza M. (2021) Evaluation of
Predisposing Factors for Recurrence of Diabetic Foot Ulcer in
Patients Admitted to the Hospital. Annals of the Romanian
Society for Cell Biology. 8288-8294.

Page 7 of 10


http://www.auctoresonline.org/
https://diabetesjournals.org/care/article-abstract/34/10/2220/27090
https://diabetesjournals.org/care/article-abstract/34/10/2220/27090
https://diabetesjournals.org/care/article-abstract/34/10/2220/27090
https://diabetesjournals.org/care/article-abstract/34/10/2220/27090
https://www.sciencedirect.com/science/article/pii/S0149291821001557
https://www.sciencedirect.com/science/article/pii/S0149291821001557
https://www.sciencedirect.com/science/article/pii/S0149291821001557
https://www.sciencedirect.com/science/article/pii/S0149291821001557
https://www.annalsofrscb.ro/index.php/journal/article/view/2370
https://www.annalsofrscb.ro/index.php/journal/article/view/2370
https://www.annalsofrscb.ro/index.php/journal/article/view/2370
https://www.annalsofrscb.ro/index.php/journal/article/view/2370

J. Clinical Research and Reports

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Vinik Al, Nevoret ML, Casellini C, Parson H. (2013) Diabetic
neuropathy. Endocrinology and metabolism clinics of North
America. 42(4):747-787.

Gore M, Brandenburg NA, Dukes E, Hoffman DL, Tai KS, Stacey
B. (2005) Pain severity in diabetic peripheral neuropathy is
associated with patient functioning, symptom levels of anxiety
and depression, and sleep. Journal of pain and symptom
management. 30(4):374-385.

Gore M, Brandenburg NA, Hoffman DL, Tai KS, Stacey B.
(2006) Burden of illness in painful diabetic peripheral neuropathy:
the patients' perspectives. The journal of pain. 7(12):892-900.
Zelman DC, Brandenburg NA, Gore M. (2006) Sleep impairment
in patients with painful diabetic peripheral neuropathy. The
Clinical journal of pain. 22(8):681-685.

Tolle T, Xu X, Sadosky AB. (2006) Painful diabetic neuropathy:
a cross-sectional survey of health state impairment and treatment
patterns. Journal of diabetes and its complications. 20(1):26-33.
Carrington AL, Shaw JE, Van Schie CH, Abbott CA, Vileikyte L,
Boulton AJ. (2002) Can motor nerve conduction velocity predict
foot problems in diabetic subjects over a 6-year outcome period?
Diabetes care. 25(11):2010-2015.

Dillingham T, Chen S, Andary M, Buschbacher R, Del Toro D,
Smith B, et al. (2016) Establishing high-quality reference values
for nerve conduction studies: A report from the normative data
task force of the American Association Of Neuromuscular &
Electrodiagnostic Medicine. Muscle & nerve. 54(3):366-370.
Cruccu G, Sommer C, Anand P, Attal N, Baron R, Garcia-Larrea
L, etal. (2010) EFNS guidelines on neuropathic pain assessment:
revised 2009. European journal of neurology. 17(8):1010-1018.
Haanpad M, Attal N, Backonja M, Baron R, Bennett M,
Bouhassira D, et al. (2011) NeuPSIG guidelines on neuropathic
pain assessment. Pain. 152(1):14-27.

Casanova-Molla J, Grau-Junyent JM, Morales M, Valls-Solé J.
(2011) On the relationshipbetween nociceptive evoked potentials
and intraepidermal nerve fiber density in painful sensory
polyneuropathies. Pain. 152(2):410-418.

Lefaucheur JP. (2019) Clinical neurophysiology of pain.
Handbook of clinical neurology. 161:121-148.

Mueller D, Obermann M, Koeppen S, Kavuk I, Yoon MS, Sack
F, etal. (2010) Electrically evoked nociceptive potentials for early
detection of diabetic small-fiber neuropathy. European journal of
neurology. 17(6):834-841.

Bostock H, Cikurel K, Burke D. (1998) Threshold tracking
techniques in the study of human peripheral nerve. Muscle &
nerve. 21(2):137-158.

Burke D, Kiernan MC, Bostock H. (2001) Excitability of human
axons. Clinical neurophysiology: official journal of the
International ~ Federation of  Clinical Neurophysiology.
112(9):1575-1585.

Kiernan MC, Bostock H, Park SB, Kaji R, Krarup C, Krishnan
AV, et al. (2020) Measurement of axonal excitability: Consensus
guidelines. Clinical Neurophysiology. 131(1):308-323.

Bae JS, Kim OK, Kim JM. (2011) Altered nerve excitability in
subclinical/early diabetic neuropathy: evidence for early
neurovascular process in diabetes mellitus? Diabetes research and
clinical practice. 91(2):183-189.

Sung JY, Park SB, Liu YT, Kwai N, Arnold R, Krishnan AV, et
al.(2012) Progressive axonaldysfunction precedes development of
neuropathy in type 2 diabetes. Diabetes 61(6):1592-1598.
Evdokimov D, Frank J, Klitsch A, Unterecker S, Warrings B,
Serra J, et al. . (2019) Reduction of skin innervation is associated
with a severe fibromyalgia phenotype. Annals of
neurology86(4):504-516.

Auctores Publishing LLC — Volume 13(1)-289 www.auctoresonline.org
ISSN: 2690-1919

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Copy rights@ Mohammad Darvishi et.al.

Ochoa JL, Campero M, Serra J, Bostock H. (2005) Hyperexcitable
polymodal and insensitive nociceptors in painful human
neuropathy. Muscle & nerve. 32(4):459-472.

Serra J, Campero M, Ochoa J, (1999) Bostock H. Activity-
dependent slowing of conduction differentiates functional
subtypes of C fibres innervating human skin. J Physiol. 515 ( Pt
3)(Pt 3):799-811.

Serra J. (2012) Microneurography: towards a biomarker of
spontaneous pain. Pain. 153(10):1989-1990.

Serra J, Duan WR, Locke C, Sola R, Liu W, Nothaft W. (2015)
Effects of a T-type calcium channel blocker, ABT-639, on
spontaneous activity in C-nociceptors in patients with painful
diabetic neuropathy: a randomized controlled trial. Pain.
156(11):2175-2183.

Schmidt R, Kleggetveit IP, Namer B, Helas T, Obreja O, Schmelz
M, et al. . (2012) Double spikes to single electrical stimulation
correlates to spontaneous activity of nociceptors in painful
neuropathy patients. Pain 153(2):391-398.

Kleggetveit IP, Namer B, Schmidt R, Helas T, Riickel M, @rstavik
K, et al. (2012) High spontaneous activity of C-nociceptors in
painful polyneuropathy. Pain. 153(10):2040-2047.

Kleggetveit IP, Schmidt R, Namer B, Salter H, Helas T, Schmelz
M, et al. (2016) Pathological nociceptors in twopatients with
erythromelalgia-like symptoms and rare genetic Nav 1.9 variants.
Brain and behavior. 6(10)

@rstavik K, Namer B, Schmidt R, Schmelz M, Hilliges M,
Weidner C, et al. (2006) Abnormal function of C-fibers in patients
with diabetic neuropathy. The Journal of neuroscience : the
official journal of the Society for Neuroscience. 26(44):11287-
11294,

Serra J. (2010) Microneurography: an opportunity for
translational drug development in neuropathic pain. Neuroscience
letters. 470(3):155-157.

Carr MW, Roth SJ, Luther E, Rose SS, Springer TA. (1994)
Monocyte chemoattractant protein 1 acts as a T-lymphocyte
chemoattractant. Proceedings of the National Academy of
Sciences of the United States of America. 91(9):3652-3656.

Adki KM, Kulkarni YA. (2020) Biomarkers in diabetic
neuropathy. Archives of physiology and biochemistry.:1-16.
Laddha AP, Kulkarni YA. (2020) NADPH oxidase: A membrane-
bound enzyme and its inhibitors in diabetic complications.
European journal of pharmacology. 881:173206.

Lim YC, Bhatt MP, Kwon MH, Park D, Lee S, Choe J, et al.
(2014) Prevention of VEGF-mediated microvascular permeability
by C-peptide in diabetic mice. Cardiovascular research.
101(1):155-164.

Veves A, King GL.(2001) Can VEGF reverse diabetic neuropathy
in human subjects? J Clin Invest 107(10):1215-1218.
Tavakkoly-Bazzaz J, Amoli MM, Pravica V, Chandrasecaran R,
Boulton AJ, Larijani B, et al. (2010) VEGF gene polymorphism
association with diabetic neuropathy. Molecular biology y reports.
37(7):3625-3630.

Mizukami H, Yagihashi S. (2010) [Cytokine role in diabetic
neuropathy]. Nihon rinsho Japanese journal of clinical medicine.
68 Suppl 9:563-567.

Farhi LE, Plewes JL, Olszowka AJ. (1976) Lung carbonate
dehydratase (carbonic anhydrase), CO2 stores and CO2 transport.
Ciba Foundation symposium. (38):235-249.

Smith GD, Gunthorpe MJ, Kelsell RE, Hayes PD, Reilly P, Facer
P, et al. (2002) TRPV3 is a temperature-sensitive vanilloid
receptor-like protein. Nature. 418(6894):186-190.

Stino AM, Smith AG. (2017) Peripheralneuropathy in prediabetes
and the metabolic syndrome. Journal of diabetes investigation.
8(5):646-655.

Page 8 of 10


http://www.auctoresonline.org/
https://www.endo.theclinics.com/article/S0889-8529(13)00052-2/abstract
https://www.endo.theclinics.com/article/S0889-8529(13)00052-2/abstract
https://www.endo.theclinics.com/article/S0889-8529(13)00052-2/abstract
https://www.sciencedirect.com/science/article/pii/S0885392405003921
https://www.sciencedirect.com/science/article/pii/S0885392405003921
https://www.sciencedirect.com/science/article/pii/S0885392405003921
https://www.sciencedirect.com/science/article/pii/S0885392405003921
https://www.sciencedirect.com/science/article/pii/S0885392405003921
https://www.sciencedirect.com/science/article/pii/S1526590006007899
https://www.sciencedirect.com/science/article/pii/S1526590006007899
https://www.sciencedirect.com/science/article/pii/S1526590006007899
https://journals.lww.com/clinicalpain/Fulltext/2006/10000/How_Pain_and_Analgesics_Disturb_Sleep.00003.aspx
https://journals.lww.com/clinicalpain/Fulltext/2006/10000/How_Pain_and_Analgesics_Disturb_Sleep.00003.aspx
https://journals.lww.com/clinicalpain/Fulltext/2006/10000/How_Pain_and_Analgesics_Disturb_Sleep.00003.aspx
https://www.sciencedirect.com/science/article/pii/S1056872705001509
https://www.sciencedirect.com/science/article/pii/S1056872705001509
https://www.sciencedirect.com/science/article/pii/S1056872705001509
https://diabetesjournals.org/care/article-abstract/25/11/2010/24774
https://diabetesjournals.org/care/article-abstract/25/11/2010/24774
https://diabetesjournals.org/care/article-abstract/25/11/2010/24774
https://diabetesjournals.org/care/article-abstract/25/11/2010/24774
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.25204
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.25204
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.25204
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.25204
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.25204
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2004.00791.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2004.00791.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2004.00791.x
https://www.sciencedirect.com/science/article/pii/S0304395910004537
https://www.sciencedirect.com/science/article/pii/S0304395910004537
https://www.sciencedirect.com/science/article/pii/S0304395910004537
https://www.sciencedirect.com/science/article/pii/S0304395910006974
https://www.sciencedirect.com/science/article/pii/S0304395910006974
https://www.sciencedirect.com/science/article/pii/S0304395910006974
https://www.sciencedirect.com/science/article/pii/S0304395910006974
https://books.google.com/books?hl=en&lr&id=gs18EAAAQBAJ&oi=fnd&pg=PA71&dq=14.%09Lefaucheur%2BJP.%2B(2019)%2BClinical%2Bneurophysiology%2Bof%2Bpain.%2BHandbook%2Bof%2Bclinical%2Bneurology.%2B161%3A121-148.&ots=tJU4JP-VX7&sig=i9j0KcBCQH2gwuO1Npx0GgL1CPY
https://books.google.com/books?hl=en&lr&id=gs18EAAAQBAJ&oi=fnd&pg=PA71&dq=14.%09Lefaucheur%2BJP.%2B(2019)%2BClinical%2Bneurophysiology%2Bof%2Bpain.%2BHandbook%2Bof%2Bclinical%2Bneurology.%2B161%3A121-148.&ots=tJU4JP-VX7&sig=i9j0KcBCQH2gwuO1Npx0GgL1CPY
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2009.02938.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2009.02938.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2009.02938.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2009.02938.x
https://www.sciencedirect.com/science/article/pii/S1388245719311708
https://www.sciencedirect.com/science/article/pii/S1388245719311708
https://www.sciencedirect.com/science/article/pii/S1388245719311708
https://www.sciencedirect.com/science/article/pii/S0168822710005607
https://www.sciencedirect.com/science/article/pii/S0168822710005607
https://www.sciencedirect.com/science/article/pii/S0168822710005607
https://www.sciencedirect.com/science/article/pii/S0168822710005607
https://diabetesjournals.org/diabetes/article-abstract/61/6/1592/15391
https://diabetesjournals.org/diabetes/article-abstract/61/6/1592/15391
https://diabetesjournals.org/diabetes/article-abstract/61/6/1592/15391
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.25565
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.25565
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.25565
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.25565
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.20367
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.20367
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.20367
https://onlinelibrary.wiley.com/doi/abs/10.1002/mus.20367
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7793.1999.799ab.x
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7793.1999.799ab.x
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7793.1999.799ab.x
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7793.1999.799ab.x
https://journals.lww.com/pain/fulltext/2012/10000/Microneurography__Towards_a_biomarker_of.4.aspx
https://journals.lww.com/pain/fulltext/2012/10000/Microneurography__Towards_a_biomarker_of.4.aspx
https://journals.lww.com/pain/Fulltext/2015/11000/Effects_of_a_T_type_calcium_channel_blocker%2C.11.aspx
https://journals.lww.com/pain/Fulltext/2015/11000/Effects_of_a_T_type_calcium_channel_blocker%2C.11.aspx
https://journals.lww.com/pain/Fulltext/2015/11000/Effects_of_a_T_type_calcium_channel_blocker%2C.11.aspx
https://journals.lww.com/pain/Fulltext/2015/11000/Effects_of_a_T_type_calcium_channel_blocker%2C.11.aspx
https://journals.lww.com/pain/Fulltext/2015/11000/Effects_of_a_T_type_calcium_channel_blocker%2C.11.aspx
https://www.sciencedirect.com/science/article/pii/S0304395911006609
https://www.sciencedirect.com/science/article/pii/S0304395911006609
https://www.sciencedirect.com/science/article/pii/S0304395911006609
https://www.sciencedirect.com/science/article/pii/S0304395911006609
https://www.sciencedirect.com/science/article/pii/S0304395912003193
https://www.sciencedirect.com/science/article/pii/S0304395912003193
https://www.sciencedirect.com/science/article/pii/S0304395912003193
https://onlinelibrary.wiley.com/doi/abs/10.1002/brb3.528
https://onlinelibrary.wiley.com/doi/abs/10.1002/brb3.528
https://onlinelibrary.wiley.com/doi/abs/10.1002/brb3.528
https://onlinelibrary.wiley.com/doi/abs/10.1002/brb3.528
https://www.jneurosci.org/content/26/44/11287.short
https://www.jneurosci.org/content/26/44/11287.short
https://www.jneurosci.org/content/26/44/11287.short
https://www.jneurosci.org/content/26/44/11287.short
https://www.jneurosci.org/content/26/44/11287.short
https://pubmed.ncbi.nlm.nih.gov/20045040/
https://pubmed.ncbi.nlm.nih.gov/20045040/
https://pubmed.ncbi.nlm.nih.gov/20045040/
https://www.pnas.org/doi/abs/10.1073/pnas.91.9.3652
https://www.pnas.org/doi/abs/10.1073/pnas.91.9.3652
https://www.pnas.org/doi/abs/10.1073/pnas.91.9.3652
https://www.pnas.org/doi/abs/10.1073/pnas.91.9.3652
https://www.sciencedirect.com/science/article/pii/S0014299920302983
https://www.sciencedirect.com/science/article/pii/S0014299920302983
https://www.sciencedirect.com/science/article/pii/S0014299920302983
https://academic.oup.com/cardiovascres/article-abstract/101/1/155/274874
https://academic.oup.com/cardiovascres/article-abstract/101/1/155/274874
https://academic.oup.com/cardiovascres/article-abstract/101/1/155/274874
https://academic.oup.com/cardiovascres/article-abstract/101/1/155/274874
https://www.jci.org/articles/view/13038
https://www.jci.org/articles/view/13038
https://link.springer.com/article/10.1007/s11033-010-0013-6
https://link.springer.com/article/10.1007/s11033-010-0013-6
https://link.springer.com/article/10.1007/s11033-010-0013-6
https://link.springer.com/article/10.1007/s11033-010-0013-6
https://europepmc.org/article/med/21667512
https://europepmc.org/article/med/21667512
https://europepmc.org/article/med/21667512
https://books.google.com/books?hl=en&lr&id=jELpNWtuflYC&oi=fnd&pg=PA235&dq=38.%09Farhi%2BLE%2C%2BPlewes%2BJL%2C%2BOlszowka%2BAJ.%2B(1976)%2BLung%2Bcarbonate%2Bdehydratase%2B(carbonic%2Banhydrase)%2C%2BCO2%2Bstores%2Band%2BCO2%2Btransport.%2BCiba%2BFoundation%2Bsymposium.%2B(38)%3A235-249.&ots=OoxrjEi6gh&sig=bGi5QELOr91EHM1nNpxogRPNRbA
https://books.google.com/books?hl=en&lr&id=jELpNWtuflYC&oi=fnd&pg=PA235&dq=38.%09Farhi%2BLE%2C%2BPlewes%2BJL%2C%2BOlszowka%2BAJ.%2B(1976)%2BLung%2Bcarbonate%2Bdehydratase%2B(carbonic%2Banhydrase)%2C%2BCO2%2Bstores%2Band%2BCO2%2Btransport.%2BCiba%2BFoundation%2Bsymposium.%2B(38)%3A235-249.&ots=OoxrjEi6gh&sig=bGi5QELOr91EHM1nNpxogRPNRbA
https://books.google.com/books?hl=en&lr&id=jELpNWtuflYC&oi=fnd&pg=PA235&dq=38.%09Farhi%2BLE%2C%2BPlewes%2BJL%2C%2BOlszowka%2BAJ.%2B(1976)%2BLung%2Bcarbonate%2Bdehydratase%2B(carbonic%2Banhydrase)%2C%2BCO2%2Bstores%2Band%2BCO2%2Btransport.%2BCiba%2BFoundation%2Bsymposium.%2B(38)%3A235-249.&ots=OoxrjEi6gh&sig=bGi5QELOr91EHM1nNpxogRPNRbA
https://www.nature.com/articles/nature00894
https://www.nature.com/articles/nature00894
https://www.nature.com/articles/nature00894
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.12650
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.12650
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.12650

J. Clinical Research and Reports

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Feldman-Billard S, Larger E, Massin P. (2018) Early worsening
of diabetic retinopathy after rapid improvement of blood glucose
control in patients withdiabetes. Diabetes & metabolism. 44(1):4-
14.

Sharopov BR, Gulak KL, Philyppov IB, Sotkis AV, Shuba YM.
(2018) TRPV1 alterations in urinary bladder dysfunction in a rat
model of STZ-induced diabetes. Life sciences. 193:207-213.
Shaqura M, Khalefa BI, Shakibaei M, Zéllner C, Al-Khrasani M,
Furst S, et al. (2014) New insights into mechanisms of opioid
inhibitory effects on capsaicin-induced TRPV1 activity during
painful diabetic neuropathy. Neuropharmacology. 85:142-150.
Hong S, Agresta L, Guo C, Wiley JW. (2008) The TRPV1
receptor is associated with preferential stress in large dorsal root
ganglion neurons in early diabetic sensory neuropathy. Journal of
neurochemistry. 105(4):1212-1222.

Dill MM, Riegel K, Tappenbeck J, Ries V, Strupf M, FlemingT,
et al. (2019) Methylglyoxal causes pain and hyperalgesia in
human through C-fiber activation. Pain. 160(11):2497-2507.
Agarwal N, Taberner FJ, Rangel Rojas D, Moroni M, Omberbasic
D, Njoo C, et al. (2020) SUMOylation of Enzymes and lon
Channels in Sensory Neurons Protects against Metabolic
Dysfunction, Neuropathy, and Sensory Loss in Diabetes. Neuron.
107(6):1141-59.e7.

Zhang BY, Zhang YL, Sun Q, Zhang PA, Wang XX, Xu GY, et
al. (2020) Alpha-lipoic acid downregulates TRPV1 receptor via
NF-xB and attenuates neuropathic pain in rats with diabetes. CNS
neuroscience & therapeutics. 26(7):762-772.

Lawrence T. (2009) The nuclear factor NF-kappaB pathway in
inflammation. Cold Spring Harbor perspectives in biology.
1(6):a001651.

Suryavanshi SV, KulkarniYA. NF-x: (2017) A Potential Target
in the Management of Vascular Complications of Diabetes.
Frontiers in pharmacology.8:798.

Gupte AA, Lyon CJ, Hsueh WA. (2013) Nuclear factor
(erythroid-derived 2)-like-2 factor (Nrf2), a key regulator of the
antioxidant response to protect against atherosclerosis and
nonalcoholic steatohepatitis. Current diabetes reports. 13(3):362-
371.

Leng J, Li X, Tian H, Liu C, Guo Y, Zhang S, et al. (2020)
Neuroprotective effect of diosgenin in a mouse model of diabetic
peripheral neuropathy involves the Nrf2/HO-1 pathway. BMC
Complement Med Ther. 20(1):126-.

Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe
S, et al. (2003) Plasma adiponectin concentrations predict insulin
sensitivity of both glucose and lipid metabolism. Diabetes.
52(2):239-243.

Cha JJ, Min HS, Kim K, Lee MJ, Lee MH, Kim JE, et al. (2018)
Long-term study of the association of adipokines and glucose
variability with diabetic complications. The Korean journal of
internal medicine. 33(2):367-382.

Auctores Publishing LLC — Volume 13(1)-289 www.auctoresonline.org
ISSN: 2690-1919

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Copy rights@ Mohammad Darvishi et.al.

LiJ, Hu X, Liang F, Liu J, Zhou H, Liu J, et al. (2019) Therapeutic
effects of moxibustion simultaneously targeting Nrf2 and NF-«xB
in diabetic peripheral neuropathy. Applied biochemistry and
biotechnology. 189(4):1167-1182.

Savic-Radojevic A, Pljesa-Ercegovac M, Matic M, Simic D,
Radovanovic S, Simic T. (2017) Novel Biomarkers of Heart
Failure. Advances in clinical chemistry. 79:93-152.

Hellman NE, Gitlin JD. (2002) Ceruloplasmin metabolism and
function. Annual review of nutrition. 22:439-458.

Choi AM, Alam J. (1996) Heme oxygenase-1: function,
regulation, and implication of a novel stress-inducible protein in
oxidant-induced lung injury. American journal of respiratory cell
and molecular biology. 15(1):9-19.

Negi G, Nakkina V, Kamble P, SharmaSS. (2015) Heme
oxygenase-1, a novel target for the treatment of diabetic
complications: focus on diabetic peripheral neuropathy.
Pharmacological research. 102:158-167.

Nargis T, Chakrabarti PA-O. Significance of circulatory DPP4
activity in metabolic diseases. (1521-6551 (Electronic)).

Dantzer F, Nasheuer HP, VVonesch JL, de Murcia G, Ménissier-de
Murcia J. (1998) Functional association of poly(ADP-ribose)
polymerase with DNA polymerase alpha-primase complex: a link
between DNA strand break detection and DNA replication.
Nucleic Acids Res. 26(8):1891-1898.

Obrosova IG, Li F, Abatan Ol, Forsell MA, Komijati K, Pacher P,
et al. (2004) Role of poly(ADP-ribose) polymerase activation in
diabetic neuropathy. Diabetes. 53(3):711-720.

Dewanjee S, Das S, Das AK, Bhattacharjee N, Dihingia A, Dua
TK, et al. (2018) Molecular mechanism of diabetic neuropathy
and its pharmacotherapeutic targets. European journal of
pharmacology. 833:472-523.

Chen J, Li Q. (2020) Lipoic Acid Decreases the Expression of
Poly ADP-Ribose Polymerase and Inhibits Apoptosis in Diabetic
Rats. Diabetes, metabolic syndrome and obesity : targets and
therapy. 13:1725-1731.

Yerra VG, Kalvala AK, Kumar A. (2017) Isoliquiritigenin reduces
oxidative damage and alleviates mitochondrial impairment by
SIRT1 activation in experimental diabetic neuropathy. J Nutr
Biochem. 47:41-52.

Ma XY, Wang JH, Wang JL, Ma CX, Wang XC, Liu FS. (2015)
Malatl as an evolutionarily conserved IncRNA, plays a positive
role in regulating proliferation and maintaining undifferentiated
status of early-stage hematopoietic cells. BMC genomics.
16(1):676.

Xourgia E, (2018) Papazafiropoulou A, Melidonis A. Circulating
microRNAs as biomarkers for diabetic neuropathy: A novel
approach. World J Exp Med. 8(3):18-23.

Chen J, Li C, Liu W, Yan B, Hu X, Yang F. (2019) miRNA-155
silencing reduces sciatic nerve injury in diabetic peripheral
neuropathy. Journal of molecular endocrinology. 63(3):227-238.

Page 9 of 10


http://www.auctoresonline.org/
https://www.sciencedirect.com/science/article/pii/S1262363617305700
https://www.sciencedirect.com/science/article/pii/S1262363617305700
https://www.sciencedirect.com/science/article/pii/S1262363617305700
https://www.sciencedirect.com/science/article/pii/S1262363617305700
https://www.sciencedirect.com/science/article/pii/S0024320517305763
https://www.sciencedirect.com/science/article/pii/S0024320517305763
https://www.sciencedirect.com/science/article/pii/S0024320517305763
https://www.sciencedirect.com/science/article/pii/S0028390814001932
https://www.sciencedirect.com/science/article/pii/S0028390814001932
https://www.sciencedirect.com/science/article/pii/S0028390814001932
https://www.sciencedirect.com/science/article/pii/S0028390814001932
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-4159.2008.05220.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-4159.2008.05220.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-4159.2008.05220.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-4159.2008.05220.x
https://journals.lww.com/pain/Fulltext/2019/11000/Methylglyoxal_causes_pain_and_hyperalgesia_in.10.aspx
https://journals.lww.com/pain/Fulltext/2019/11000/Methylglyoxal_causes_pain_and_hyperalgesia_in.10.aspx
https://journals.lww.com/pain/Fulltext/2019/11000/Methylglyoxal_causes_pain_and_hyperalgesia_in.10.aspx
https://www.sciencedirect.com/science/article/pii/S0896627320304918
https://www.sciencedirect.com/science/article/pii/S0896627320304918
https://www.sciencedirect.com/science/article/pii/S0896627320304918
https://www.sciencedirect.com/science/article/pii/S0896627320304918
https://www.sciencedirect.com/science/article/pii/S0896627320304918
https://onlinelibrary.wiley.com/doi/abs/10.1111/cns.13303
https://onlinelibrary.wiley.com/doi/abs/10.1111/cns.13303
https://onlinelibrary.wiley.com/doi/abs/10.1111/cns.13303
https://onlinelibrary.wiley.com/doi/abs/10.1111/cns.13303
https://cshperspectives.cshlp.org/content/1/6/a001651.short
https://cshperspectives.cshlp.org/content/1/6/a001651.short
https://cshperspectives.cshlp.org/content/1/6/a001651.short
https://www.frontiersin.org/articles/10.3389/fphar.2017.00798/full
https://www.frontiersin.org/articles/10.3389/fphar.2017.00798/full
https://www.frontiersin.org/articles/10.3389/fphar.2017.00798/full
https://link.springer.com/article/10.1007/s11892-013-0372-1
https://link.springer.com/article/10.1007/s11892-013-0372-1
https://link.springer.com/article/10.1007/s11892-013-0372-1
https://link.springer.com/article/10.1007/s11892-013-0372-1
https://link.springer.com/article/10.1007/s11892-013-0372-1
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02930-7
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02930-7
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02930-7
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-02930-7
https://diabetesjournals.org/diabetes/article-abstract/52/2/239/26695
https://diabetesjournals.org/diabetes/article-abstract/52/2/239/26695
https://diabetesjournals.org/diabetes/article-abstract/52/2/239/26695
https://diabetesjournals.org/diabetes/article-abstract/52/2/239/26695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840591/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840591/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840591/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840591/
https://link.springer.com/article/10.1007/s12010-019-03052-8
https://link.springer.com/article/10.1007/s12010-019-03052-8
https://link.springer.com/article/10.1007/s12010-019-03052-8
https://link.springer.com/article/10.1007/s12010-019-03052-8
https://link.springer.com/article/10.1007/s12010-019-03052-8
https://search.proquest.com/openview/a48ea12853951b023aa40e28c123a37a/1?pq-origsite=gscholar&cbl=49287
https://search.proquest.com/openview/a48ea12853951b023aa40e28c123a37a/1?pq-origsite=gscholar&cbl=49287
https://www.atsjournals.org/doi/abs/10.1165/ajrcmb.15.1.8679227
https://www.atsjournals.org/doi/abs/10.1165/ajrcmb.15.1.8679227
https://www.atsjournals.org/doi/abs/10.1165/ajrcmb.15.1.8679227
https://www.atsjournals.org/doi/abs/10.1165/ajrcmb.15.1.8679227
https://www.sciencedirect.com/science/article/pii/S1043661815002182
https://www.sciencedirect.com/science/article/pii/S1043661815002182
https://www.sciencedirect.com/science/article/pii/S1043661815002182
https://www.sciencedirect.com/science/article/pii/S1043661815002182
https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/iub.1709
https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/iub.1709
https://academic.oup.com/nar/article-abstract/26/8/1891/2902025
https://academic.oup.com/nar/article-abstract/26/8/1891/2902025
https://academic.oup.com/nar/article-abstract/26/8/1891/2902025
https://academic.oup.com/nar/article-abstract/26/8/1891/2902025
https://academic.oup.com/nar/article-abstract/26/8/1891/2902025
https://diabetesjournals.org/diabetes/article-abstract/53/3/711/24330
https://diabetesjournals.org/diabetes/article-abstract/53/3/711/24330
https://diabetesjournals.org/diabetes/article-abstract/53/3/711/24330
https://www.sciencedirect.com/science/article/pii/S0014299918303662
https://www.sciencedirect.com/science/article/pii/S0014299918303662
https://www.sciencedirect.com/science/article/pii/S0014299918303662
https://www.sciencedirect.com/science/article/pii/S0014299918303662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246310/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246310/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246310/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246310/
https://www.sciencedirect.com/science/article/pii/S0955286317302048
https://www.sciencedirect.com/science/article/pii/S0955286317302048
https://www.sciencedirect.com/science/article/pii/S0955286317302048
https://www.sciencedirect.com/science/article/pii/S0955286317302048
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1881-x
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1881-x
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1881-x
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1881-x
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1881-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6305524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6305524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6305524/
https://jme.bioscientifica.com/downloadpdf/journals/jme/63/3/JME-19-0067.pdf
https://jme.bioscientifica.com/downloadpdf/journals/jme/63/3/JME-19-0067.pdf
https://jme.bioscientifica.com/downloadpdf/journals/jme/63/3/JME-19-0067.pdf

J. Clinical Research and Reports Copy rights@ Mohammad Darvishi et.al.

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

@ @ This work is licensed under Creative

Commons Attribution 4.0 License

YV V VYV VY

To Submit Your Article Click Here: ISubmit Manuscrigtl

At Auctores, research is always in progress.

DOI: 10.31579/2690-1919/289 Learn more https://auctoresonline.org/journals/journal-of-clinical-research-
and-reports

Auctores Publishing LLC — Volume 13(1)-289 www.auctoresonline.org
ISSN: 2690-1919 Page 10 of 10


http://www.auctoresonline.org/
https://www.auctoresonline.org/submit-manuscript?e=72

