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ABSTRACT: Neuropathic pain is a severe form of pain that is brought on by dysfunction in the brain and is
connected with a number of degenerative alterations in the nervous system. Hyperalgesia and allodynia are
two of the main symptoms of pain. Many neurological diseases seen in chronic alcoholics are linked to dietary
deficiencies, especially vitamin deficits that are crucial for healthy brain function. The brain may suffer from
severe functional impairment and tissue damage, mostly neuronal and vascular, as a result of specific vitamin
and nutritional shortages that develop in chronic alcoholics. Moreover, nutritional inadequacies in chronic
alcoholics contribute to oxidative stress, metabolic dysfunction, ion channel dysfunction, and neurotransmitter
dysfunction. There are numerous molecular mechanisms that contribute to the development of alcohol-
induced neuropathy symptoms. A threonine/serine kinase protein kinase C (PKC) regulates various body
functions like cell growth and differentiation, release of neurotransmitters, excitation of cellular membranes
and in memory. It is necessary to investigate all connected pathways in order to create an effective therapy for
neuropath disease.
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INTRODUCTION

Neuropathic pain is a severe pain condition associated with various pathological changes in the nervous system
and it is occurring due to dysfunction in the brain. The major symptoms associated with ache includes
hyperalgesia and allodynia, hyperalgesia is an elevated response painful incentives and allodynia is a sore
reaction towards non-noxious spurs. Data concluded over the years revealed that approximately 2-3% of the
population in the world suffers from neuropathic pain (Hammi et al., 2022). After nicotine and caffeine,
alcohol is the third most addictive substance (Guo and Ren, 2010) and it has many chronic effects which can
result in early death and increases incidences of serious illness. It had been stated by the International
Classification of Disease (10" revision, 1993), alcoholism is a severe medical condition accomplished by a
strong and frequent need to use alcohol. Alcoholic neuropathy (AN) is chronic alcohol abuse and damage to
the nervous system due to (Yerdelen et al., 2008) damage in primary neurons and demyelination of secondary
motor and sensitive fibers (Ludin and Tackmann, 1984).
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Alcoholic neuropathy symptoms take several months and years to develop, and are more common in
continuous drinkers than in episodic drinkers (Monforte et al., 1995), women being more vulnerable than men
(Ammendola et al., 2001). Several reports concluded that approximately 90% of people drink alcohol and
about 30% of them develop alcohol disease (Sher, 2006). In the United States, higher consumption of alcohol
results in mortality (Mokdad et al., 2000). The condition mainly involves abnormalities in sensory, motor and
autonomic functions. The major symptom of alcoholic neuropathy is the sensation of pain (Koike et al., 2001,
Koike and Sobue, 2006). Other symptoms associated with alcoholic neuropathy are burning pain, muscle
weakness, nausea with or without vomiting, numbness, and pain.

The consumption of ethanol affects the central and peripheral nervous system and other tissues (liver), indirect
metabolic changes mediated by malabsorption, and some molecular mechanism (Victor, 1975, Pentney and
Quackenbush, 1990, Zou et al., 1993). Ethanol cleaves into acetaldehyde that disrupts the sensory signaling
of the brain which result in injury to nerves or tissues leading to the misfiring of neurons that result in painful
condition (Campbell and Meyer, 2006). The toxic effect of ethanol on the nervous system and other tissues
depletes the proteins in the liver which results in the destruction of protein and lipid metabolism leading to
metabolic changes which affect the action of the nervous system. Furthermore, alcohol consumption
influences the secretion of pro-inflammatory mediators associated with the protein kinase C (PKC), microglia
of the spinal cord, and that affects the nerves (Dina et al., 2000, Narita et al., 2007).

Chronic and Acute Neuropathic pain

Nerve tissue damage indication of neurological disorder is an emotional and unpleasant experience of
perception (Merskey and Bogduk, 1994). Pain can be induced by pathological and physiological conditions.
The pain initiated in an undamaged nervous system of a healthy patient on exposure to a painful stimulus is
called physiological pain (McMahon et al., 1995). Depending upon the severity of the disease pathological
pain can be classified into two types namely chronic and acute. Based on the extent of damage in tissue the
pathological pain can be further divided into neuropathic pain and inflammatory pain (Scholz and Woolf,
2007; Davis-Taber et al., 2008). The pathological pathways that progress into tissue damage ultimately
destruct the tissue and account for the inflammatory pain (Tracey and Walker, 1995; Serhan et al., 2008). As
per the International Association for the Study of Pain (IASP) the neuropathic ache is the "pains resulting from
disease or damage of the peripheral or central nervous systems, and from dysfunction of the nervous system"
(Merskey and Bogduk, 1994). IASP also defined the pain and associated responses (Table 1). Various injuries
and disease interventions disturb the central and peripheral nervous system by fabricating the growth of lesions
in the somatosensory pathways and producing neuropathic pain (NP) (Figure 1) which has been regarded to
be problematic due to its continuous perception in different parts of the body. The pain is resistant to analgesics
and can be chronic or severe (Gilron et al., 2006).

Table 1: 1ASP definitions of pain and its concomitant symptoms

Pain An unusual sensual and sensitive experience characterized by tissue impairment
Neuropathic pain  Pain instigated by impairment in brain

Allodynia Pain due to a spurs that do not usually induce throbbing

Hyperalgesia An unpleasant reaction to incentives stimulus

Hyperpathia Painful condition associated with atypical pain

Dysesthesia An irregular sensation

Parasthesia An unpleasant skin perception such as numbness, tingling, itching or burning
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Figur 1: Mechanism of Acute and Chronic Pain

Neuropathic pain (NP) is categorized into two forms, spontaneous pain, and incentive-evoked pain. The
former type of NP is long lasting and can be illustrated by dysesthesias and paresthesia’s while the latter type
of NP is stimulated by chemical, mechanical and thermal methods portraying signs of allodynia and
hyperalgesia. Allodynia can be identified as an excruciating response to non-noxious stimuli and is evoked by
peripheral stimulation whereas an augmented response to aching stimuli is termed hyperalgesia. Hyperalgesia
is further categorized into primary and secondary hyperalgesia. The primary hyperalgesia begins when C-
fibers produce sensitization in the injury area while secondary hyperalgesia occurs on the dorsal horn neurons
induced sensitization in the surrounding undamaged area (Treede et al., 1992; Campbell and Meyer, 2006).
The onset of symptoms in stimulus independent pain is unexpectedly impulsive and occurs at any moment. C
fiberes, AP and Ad lead to the origination of ectopic impulses which further succeed in dysesthesias and
paresthesia leading to a drift towards the threshold potential due to unprompted activity of accumulated
damaged sodium channels in the affected nerves (Ochoa and Torebjork, 1980; Woolf et al., 1999). A decreased
inhibitory input from the central nervous system may also be held accountable for the stimulus-independent
pain (Woolf and Costigan, 1999). Mostly in neuropathic pain syndromes, stimulus-independent pain arises in
conjunction with stimulus-evoked pain, for instance, mechanical allodynia and pain on burning in complex
regional pain syndrome (CRPS) (Cline et al., 1989) and is named Mixed Pain Syndrome.
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Figure 2: Brief Mechanism of Neuropathic Pain

Alcoholic Neuropathy

Alcohol is a potent cytotoxic agent with a tendency to damage neurons and is the most frequently abused drug
in our society. It greatly influences the medical, psychological, economic, social and religious aspects of our
life. In measured quantities, alcohol produces beneficial effects (Truelsen et al., 2002; Ganguli et al., 2005)

but harms greatly when abused and may even lead to premature deaths and is fatal.

The chronic consumption of alcohol protrudes to a neurological complication disorder called alcoholic
peripheral neuropathy characterized with dysesthesias and pain mainly in the lower regions (Ratcliff, 1979;
Koike et al., 2001a; Koike and lijima, 2003). It is also accounted for the degradation of axons in neurons of
brain (Yerdelen et al., 2008). Alcoholic neuropathy incorporates primary damage in axons and demyelination
of secondary motor and sensory nerve fibers (Ludin and Tackmann, 1984). It arises with segmental thinning
or axonal demyelination in small sections for an instant while myelin loss on the peripheral ends (Mawdsley
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et al., 1965). Alcoholic neuropathy can be termed nutritional peripheral nervous system (PNS) disorder or
metabolic neuropathy hence making its classification lucid.

Clinical symptoms of alcoholic neuropathy

The central nervous system is encircled to produce complex toxic neurological effects on excessive
consumption of alcohol (Pentney and Quackenbush, 1990; Zou et al., 1993). It fabricates painful neuropathy
in peripheral system amidst its analgesic effect in the central system of the body. The alcoholic neuropathy
symptoms may take months or years to outshine including anomalous functioning of autonomic, motor and
sensory neurons. impaired gait and coordination, burning pain, weak muscles, numbness and nausea with or
without vomiting are some of the symptoms expressed in alcoholic neuropathy (Hawley et al., 1982). The
foremost and chief symptom of alcoholic neuropathy includes painful sensations in body with burning feeling
sometimes (Koike et al., 2001a; Koike and Sobue, 2006). The symptoms may become dreadful with time and
may impair gait (Hawley et al., 1982). Certain alternations in transmission and release of neurotransmitters
also occur on chronic excessive consumption of alcohol which further disturbs physiological and biochemical
processes of the body (Chandler et al., 1997) with modified signaling pathways (Hoek and Kholodenko, 1998).

Neurotransmitters Released

Alcohol overstimulates glutamatergic receptors of the body and induces neurotoxicity (Fadda and Rossetti,
1998; Dodd et al., 2000, Davis and Wu, 2001) by multiple mechanisms. An overexpressed glutamatergic
NMDA receptor is observed in animal models with chronic alcoholism (Hu and Ticku, 1995; Nagy, 2004).
The augmented transmission of glutamatergic receptors on exposure to chronic alcohol intake causes neuronal
death due to hyperexcitation (Choi, 1992; Hoffman et al., 1995). The mechanism of ethanol induced
neurotoxicity stimulates glutamatergic receptors which further synthesize reactive oxygen species (ROS),
generates nitric oxide and are also involved in apoptotic cell events (Fadda and Rossetti, 1998). Petty et al in
a study described that GABA levels are reduced in people on chronic alcohol consumption which leads to a
progression of dependence and tolerance to ethanol (Davis and Wu, 2001; Kumar et al., 2004). The functioning
of NMDA glutamatergic receptors is modulated by GABAA receptors and vice versa (Isokawa, 1998; Stobbs
et al., 2004). On consumption of alcohol, the transmission of GABAA receptors is reduced which enhances
the transmission of glutamatergic receptors causing the death of neuronal cells on prolonged excitability (Nutt
and Glue, 1990; Lovinger, 1993). The activity of voltage gated calcium channels is increased on chronic
exposure to ethanol due to amplified number of binding sites in dihydropyridine (Newton et al., 2005; Walter
et al., 2000). The consumption of ethanol is also regulated by these channels (Newton et al., 2005). The
hyperexcitation of glutamate receptors increases the influx of calcium ions which further recruits and activates
Ca-dependent enzymes (Arundine and Tymianski, 2003). Calcium blockers have been observed to diminish
neuronal cell death and tend to show neuroprotective effects against NMDA receptors.

The noradrenergic neurons in both peripheral nervous system (Perec et al., 1979; Jaatinen and Hervonen,
1994) and central nervous system (Nutt and Glue, 1990; Hoffman et al., 1995) are overstimulated on
prolonged contact with alcohol. Patkar et al. in year 2000 through a study on alcoholics and non-alcoholic
individuals evaluated that a higher concentration of noradrenaline was observed in alcoholics as compared to
non-alcoholics indicating the presence of more metabolites of norepinephrine in chronic alcoholics (Borg et
al., 1983). The dopamine system in mesolimbic system mediates the ethanolic effects in the body (Kiianmaa
et al., 2003). Schmidt et al in 1996 through a study depicted association between addiction of ethanol and
levels of dopamine in neurotransmission. Brodie (2002) in a study administered ethanol to mouse for 21 days
and observed an increased dopaminergic neuron excitation. In a study in 2001 Rothbath et al. reported that on
chronic exposure to alcohol for about an year the mesostriatal system of rats showed diminished dopamine
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levels. A decline in receptor density of dopamine (D2) in brain with shrunken functions in chronic alcoholics
was also observed through various studies (Volkow et al., 1996).

Pathophysiology: Associated pathways

The degradation of neurons induced by ethanol is multifactorial by origin (Charness, 1993). The exact mechanism
responsible for alcoholic neuropathy is not lucid though numerous pathophysiological mechanisms are being
studied. Chronic consumption of alcohol may lead to deficiency of thiamine and various other nutrients which
promote the genesis of neuropathy in alcoholic individuals. The levels of thiamine decrease in the liver due to its
reduced absorption from the intestine on consumption of alcohol and converting it into its active form due to
phosphorylation (Hoyumpa, 1980; Singleton and Martin, 2001). A dietary imbalance is also recorded in chronic
alcoholics. The neurotoxic effects of alcohol have been pinpointed through various recent studies. Rats
administered with alcohol showed damaged axonal neurons indicating neuropathy (Bosch, 1979). In humans, the
extent of neuropathy depends upon the amount of alcohol consumed indicating a direct dose dependent relationship
between neuropathy and ethanol consumption (Monforte et al., 1995; Ammendola et al., 2001).

The various molecular pathways that fabricate alcoholic neuropathy include protein kinase C activation
mediated by release of proinflammatory cytokines (Dina et al., 2000), chronic alcohol induced stimulation of
spinal cord microglia (Narita et al., 2007), mGlu5 receptor activation in the spinal cord (Figure 4) (Miyoshi
et al., 2007), opiodergic neuron induction and glutamate receptors (Narita et al., 2007) induced nerve damage
due to pronounced oxidative stress. The elevated oxidative stress in response to chronic consumption of
alcohol leads to stimulation of protein kinase C due to genesis of proinflammatory cytokines and reduced
threshold of nociception (Dina et al., 2000; Dina et al., 2007). Therefore, neuropathy arises due to multiple
factors however the exact pathway is still lucid.
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Figure 4: Pathophysiology of Alcoholic Neuropathy

Alcoholic neuropathy associated nutritional factors

The onset of alcohol induced neuropathy is intensified by several risk factors such as insufficient nutrition,
thiamine deficiency, direct and indirect toxic effects of alcohol and its metabolites on nerve fibers, and genetic
propensity of patients (Hamel and Logigian, 2017). The consumption of alcohol in excess produces fatal
effects on different tissues of the body causing metabolic disturbances affecting nervous system the most.
Demyelination of motor and sensory neurons accompanied with damage of axons are witnessed in alcoholic
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neuropathy (Ludin and Tackmann, 1984). It begins with axonal demyelination of small sections initially and
advances to peripheral ends with loss of myelin at later stages (Mawdsley et al., 1965). The decelerated
axoplasmic flow and failure of biological functions of proteins and enzymes of axons lead to demyelination
and this degeneration can be portrayed as dying back. Alcohol along with its metabolites disturb the neuronal
metabolism and hinder metabolic pathways of lysosomes, cytoplasm, nucleus, endoplasmic reticulum and
peroxisomes (Kucera et al., 2002). Acetaldehyde dehydrogenase and ethanol dehydrogenase play major role
in degrading ethanol. Ethanol in the presence of ethanol dehydrogenase is converted into acetaldehyde which
is converted into acetate by a mitochondrial enzyme called acetaldehyde dehydrogenase (Figure 5). The
unmetabolised acetaldehyde irreversibly binds to various proteins which further synthesizes cytotoxic proteins
that have detrimental effects on our nervous system. A number of cell populations including hepatocytes are
also influenced by the synthesized cytotoxic proteins causing liver cirrhosis (Achord, 1995). The proteins
utilized for production of energy are depleted on chronic consumption of alcohol which disturbs protein and
lipid metabolism alarming neuronal functions. The changes produced are gradual and advance to
malabsorption and maldigestion.
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Figure 5: Metabolism of ethanol and its metabolite.

The intake of calories is an added drawback in alcoholic patients. The alcoholic beverages with high calories and
low nutritional values are source of calories in these patients. Also as discussed above the energy producing
proteins in liver are degraded leading to insufficient intake of proteins on chronic consumption of alcohol and
deteriorates this balance. This malnourishment disrupts metabolic pathways and effects the functioning of the
nervous system. The main protein that is highly impinged on is neuronal target esterase (NTE) which is very
important in the functioning and proliferation of neurons (Glynn, 2000; Moretto, 2000), damage to which protrudes
deflected neuronal functioning and decelerated axoplasmic flow indicating neuropathy.
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Thiamine Deficiency

There is an active debate over the pathogenesis of alcoholic neuropathy. It has previously been considered in
regard to nutritional deficiencies, especially thiamine, exhibited in alcoholics. Thiamine deficiency can cause
neuropathy in alcoholic patients and is directly related to persistent alcoholism. The hepatic reserves of
thiamine are decreased by ethanol, and it also affects the phosphorylation of thiamine, which turns it into its
active form  (Singleton et al., 2011). The metabolic demand of thiamine is increased by alcohol. The low
intake of nutrients on chronic consumption of alcohol progresses to depleted levels of thiamine. The absorption
of thiamine from intestine also drops due to interference of ethanol further cutting down its levels in the body
(Cornblath et al., 2001). Many body reactions highly depend upon thiamine therefore deficient thiamine levels
impair glycolysis and prevent neurons from maintaining a requisite adenosine triphosphate (ATP) levels and
produce neuropathy.

Other Nutritional Factors

Deficiency of vitamins apart from thiamine also produces alcoholic neuropathy. Chronic alcoholism can alter
the intake, absorption and utilization of various nutrients such as nicotinic acid, vitamin B2, vitamin B6,
vitamin B12, folate or vitamin E. (Koike et al., 2004). Alcoholics' serum levels of vitamin A were substantially
lower than those of a control group of healthy individuals (Atukorala et al., 1986). The severity of the liver
lesions was correlated with the depression of vitamin A levels, with cirrhotic having the lowest levels.
Although drinking less alcohol and for a shorter period of time than male alcoholics, female alcoholics had a
more severe impact on their vitamin A levels. Some of the clinical traits include diarrhea, anorexia,
hyperkeratotic dermatitis, glossitis, dermatitis and keratoconjuctivitis and vitamin B12 deficiency induced
myelopathy though they are not the roots of alcoholic neuropathy (Koike et al., 2004). Even with the provision
of other important nutrients, prolonged alcohol use degrades the folate coenzymes and may result in the
malabsorption of enterohepatically circulating folates in folate deficit (Blocker and Thenen, 1987).

Direct toxic effects

Role of acetaldehyde

The metabolites of alcohol and alcohol itself have direct fatal toxic effects on the nervous system.
Acetaldehyde is the most toxic metabolite of alcohol. It prevents synthesis and depletes levels of glutathione,
impairs microtubule, blocks mitochondrial electron transport chain and inhibits the repair of DNA in the liver.
On decreased expression of alcohol dehydrogenase the incidence of adducts of acetaldehyde protein in organs
that lack synthesis of acetaldehyde has been reported through studies (Masaki et al., 2004). The presence of
acetaldehyde may be explained either due to blood flow to the distant organ or microsomal ethanol oxidizing
system-induced formation of acetaldehyde (Lieber, 1998). Administering anti-AAAG-specific antibodies can
treat neurotoxicity induced by acetaldehyde and its fashioned advanced acetylated end products (AA-AGE)
(Takeuchi and Saito, 2005). These verdicts suggest that the acetaldehyde induced neurotoxicity is linked to
the progression of alcoholic neuropathy.

Oxidative-nitrosative stress

Oxidative stress plays an imperative part in neuropathic pain animal models. Bosch-Morell et al. revealed
ethanol induced production of oxidative stress in peripheral nerves of rats (Bosch-Morell et al., 1998). Ethanol
on metabolism induces production of reactive oxygen species (ROS) (Ekstrom and Ingelman, 1989),
superoxide radical (Boveris, 1983), 1-hydroxylethyl radical (Rashba, 1993), hydroxyl radical (Ingelman and
Johansson, 1984) and thiobarbituric acid reactive substances. Free radicals are generated in bulk on chronic
consumption of alcohol often linked with hepatic diseases (Ishii et al., 1997). Various experimental studies
have demonstrated decreased glutathione levels and increased synthesis of malondialdehyde (MDA) in liver
on chronic intake of ethanol (Nordmann et al., 1992). The ruined antioxidant resistance besides synthesis of
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oxygen derived free radicals is the key factor for alcohol induced hepatic diseases due to oxidative stress. The
transformation of alcohol to acetate with the help of acetaldehyde dehydrogenase in mitochondria of liver
cells results in free radical synthesis and generates reactive oxygen species (ROS) (Mayes et al., 1993; Reddy
et al., 1999; Charness, 1993). Cytochrome P-450 metabolises ethanol in brain cells and forms ROS (Reddy et
al., 1999; Somani and Hussain, 1997). Alcohol dehydrogenase mediated production of NADH and NADH
dependent ROS synthesis increases on excessive alcohol administration (Kukielka et al., 1994; Zima et al.,
2001). The ROS generated fabricates cellular damage unless neutralized by action of antioxidants system
(Reddy et al., 1999; Somani and Hussain, 1997; Zima et al., 2001).

Neuropathic pain can also be induced by nitric oxide (Levy and Zochodne, 2004; Sung et al., 2004). The
spinal and central neurons of the body are sensitized by nitric oxide. A very toxic compound named
peroxynitrite is produced when deficient superoxide dismutase couples with nitric oxide. Malondialdehyde, a
product of lipid peroxidation amplifies in the sciatic nerves of rats administered with a diet containing alcohol.
The activity of glutathione peroxidase and glutathione content also decreases in rats fed with ethanol indicating
alcohol-induced oxidative stress in a state of pain post-chronic consumption of alcohol.

MOLECULAR MECHANISMS

Role of Protein Kinases

A threonine/serine kinase protein kinase C (PKC) regulates various body functions like cell growth and
differentiation, release of neurotransmitters, excitation of cellular membranes and in memory and learning on
phosphorylation of several proteins (Miller, 1986; Nishizuka) and subsists in 1 different isoform (Hofmann,
1997; Mochly-Rosen & Kauvar, 1998). The chronic consumption of alcohol phosphorylates and activates
PKC thereby sustaining alcohol induced neuropathic pain hence indicating a sharp role of PKC in alcoholic
neuropathy. The excited activation of protein kinase C epsilon (PKCe) mediates neuropathic pain in a major
way (Aley and Levine, 2002). Both protein kinase A and C regulate nociceptor functions (Ahlgren and Levine,
1994; Khasar, 1999). In a study by Dina et al. mechanical hyperalgesia was induced in rats fed with alcohol
by fourth week from initiation which reached its maximum by 10" week (Dina et al., 2007). Mechanical
allodynia and thermal hyperalgesia were also present besides it. Injecting non selective or selective PKC
inhibitors intradermally attenuated hyperalgesia. Through a western blot analysis it was estimated that the
levels of PKC were exceptionally high in dorsal root ganglia of rats administered with high alcohol hence
justifying the role of PKCs in nociception advancing to hyperalgesia post chronic alcohol intake (Dina et al.,
2000). The threshold of mechanical nociception significantly decreased as witnessed 5 weeks later of
excessive intake of alcohol in rats according to study by Miyoshi et al (Miyoshi et al., 2007).

The activation of a calcium permeable ion channel named transient receptor vanilloid potential (TRPV1)
which is highly expressed in thin myelinated primary axonal neurons Ad and unmyelinated C fibers by PKC
phosphorylation leads to excitation of neurons producing neuronal toxicity and releasing proinflammatory
cytokines (Fitzgerald, 1983; Sakurada et al., 2003). The contribution of PKA is petite as compared to PKC in
neuropathic pain.

Role of Glial Cells

The commencement and maintenance of state of pain is controlled by glial cells (DeLeo and Yezierski, 2001;
Raghavendra and Deleo, 2003). The peripheral inflammation and neuropathic pain activate astrocytes, glial
cells and microglia (Raghavendra and Deleo, 2003) by pain related compounds namely substance P,
excitatory amino acids and ATP (Julius and Basbaum, 2001; Norenberg, 1994) which led to hyperexcitation
of neurons producing chronic inflammation and toxicity. The macrophage antigen complex-1 (Mac-1),
phagocytosis and various cytotoxic molecules such as prostaglandins, nitric oxide, ROS and other cell surface
markers are up-regulated in activation of microglia (Hopkins and Rothwell, 1995) which further participate in
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promoting conditions of chronic pain (DelLeo and Colburn, 1999; Raghavendra and DelLeo, 2003). Narita et
al. in their study on alcohol-induced neuropathy in the spinal cord of rats further justified their role in
decreasing nociceptive effects by treatment with activation of microglia.

Role of Opioidergic System

Narita et al. in a study stated that v opioid receptors are disabled on chronic intake of alcohol leading to
hyperalgesia even after withdrawal of ethanol. Following excessive administration of ethanol, the PKC
activated degraded p type opioid receptors reducing sensitivity to morphine induced anti-nociception in
alcoholic neuropathy.

Role of Caspases

The cysteine proteases named Caspases play fundamental function in inflammation, necrosis and apoptosis.
The endogenous proteolytic enzymes systems caspases are activated on translocation of NFkb receptors to the
nucleus producing apoptosis (Robbins et al., 2003; Krebs et al., 1999). The apoptotic process play crucial role
in inducing neuropathic pain as recommended by Joseph and Levine (Joseph and Levine, 2004). Besides
peripheral neuropathies the effector and activator caspases alongwith TNFa and death receptor ligand
contribute in neuropathic pain. The extent of oxidative damage increases on chronic administration of alcohol
which aids activation and translocation of PKC and NF«b receptors following to fragmentation of DNA and
ultimately escalating to apoptosis induced neuronal death (Jung et al., 2005).

Role of Glutamate

A major excitatory amino acid neurotransmitter named Glutamate contributes highly in major physiological
functions of the body. In inflammation induced pain, hyperalgesia and processing of nociception the role of
metabotropic glutamate receptors (mGIuRs) has been successfully proved (Meller et al., 1996; Young et al.,
1997). The upper part of spinal cord has been detected with multiple subtypes of mGIuR (Jia et al., 1999;
Valerio et al., 1997). The introduction of mGIuR agonists intrathecally in rats produced thermal hyperalgesia,
nociceptive behavior (Fisher and Coderre, 1996a) and allodynia but the precise cellular mechanism
responsible is not yet lucid. The glutamate receptors activate protein kinase C by releasing intracellular
calcium ions from stimulation of phospholipase C. Many studies suggest that besides activation of PKC, the
mGIuR can also trigger various downstream kinases like extracellular signal regulated kinase (ERK) (Peavy
and Conn, 1998; Ferraguti et al., 1999). Post inflammation in dirsal horn neurons of rats both ERK1 and ERK2
are activated. (Thomas and Hunt, 1993; Ji et al., 1999). Besides mGIuR, ionotropic glutamate receptor also
take part in regulation of alcohol induced neuropathic pain. On conditions of chronic alcoholism, a subunit of
NMDA receptors was increased in spinal cord of rats as revealed by Narita et al. that concentration of calcium
and cAMP increased on NMDA glutamate receptor phosphorylation further activating protein kinase C (PKC)
(Campbell and Meyer, 2006). The generation of nitric oxide synthase is promoted by NMDA receptor which
further promotes release of various other neuropeptides from the sting fibers. This signaling cascade brings
about pain.

CONCLUSION

Alcoholic Neuropathy is a chronic disease produced by ingestion of 10g/kg of 35% v/v ethanol two times a
day (Tiwari et al., 2009). The consumption of ethanol was responsible for the development of neuropathic
pain (Narita et al., 2007) and it was developed in a duration of nine weeks with estimation of biochemical
parameters on 10" week. Alpha-tocopherol is a vitamin help in generating neurodegenerative effect of
alcohol ingestion. It has been stated that a-tocopherol inhibit the excess formation of nitric oxide in the brains
of diabetic rodents (Tiwari et al., 2009), thus a-tocopherol exhibit anti-nociceptive activity by increasing
oxidative stress level that leads the downregulating the effect of protein kinase C (PKC). Threonine/serine

Page 4854



Shashidhar Mehta, International Journal of Ayurvedic & Herbal Medicine 15(2) March-April, 2025 (4845-4860)

kinase PKC regulates various body functions like cell growth and differentiation, release of neurotransmitters,
excitation of cellular membranes and in memory and learning on phosphorylation of several proteins (Miller,
1986; Nishizuka). It is necessary to investigate all connected pathways in order to create an effective therapy
for neuropath disease.
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