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Abstract

Vitamins B1, B6 and B12 are members of a group of water-soluble organic vitamins with important structural and
functional roles in the human body. This updated literature review examines the physiological and biochemical
properties of these B vitamins.
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Introduction
The B vitamins are a group of water-soluble organic compounds

which, while structurally diverse, all play crucial roles in the
maintenance of body functions, including proper cellular function,
tissue growth and development [1,2]. The B vitamin family includes
vitamin B1 (thiamine), B2 (riboflavin), B3 (niacin), B5 (pantothenic
acid), B6 (pyridoxine), B9 (folate), and B12 (cobalamin). With the
exception of vitamin B3, which can be synthesized from tryptophan,
all of the B vitamins the human body requires must be provided from a
dietary or exogenous source. Consequently, B-vitamin deficiency may
arise within weeks of inadequate intake, depending on the B vitamin.
The B complex vitamins (B1, B6 and B12) play fundamental roles in
the nervous system both structurally and in maintenance of proper
nervous system functions. Increasingly there is evidence in the
literature to suggest that the B complex vitamins contribute to
promoting nerve repair, both in acceleration of nerve tissue
regeneration and recovery of nerve function by a variety of
mechanisms [3,4].

Neuropathic, nociceptive and mixed pain
In any discussion of the participation of B vitamins in neuropathy

and neuropathic pain, it is important to briefly revisit the definitions
and the different pain types. The International Association for the
Study of Pain defines pain as “an unpleasant sensory and emotional
experience associated with actual or potential tissue damage or
described in terms of such damage” [5]. Pain classifications vary and
may include intensity, duration, and underlying mechanisms. In terms
of underlying mechanisms, pain can be divided into two broad
categories: nociceptive pain and neuropathic pain.

Neuropathic pain is defined as “pain arising as a direct consequence
of a lesion or disease affecting the somatosensory system” [6] and can
be classified based on its origin as central or peripheral, and also by

etiology, signs and symptoms, and mechanisms. Neuropathic pain may
arise from many different conditions affecting the central and/or
peripheral nervous system, occurring at any point along nerve
pathways from the peripheral nerves to the cortical neurons, although
the precise underlying mechanisms are not yet fully understood and
vary among individuals. It is a chronic condition and is associated with
negative impact on quality of life, increased disability, and increased
costs [7]. Examples of prevalent neuropathic pain conditions include
diabetic, alcoholic, and chemotherapy-induced polyneuropathy, nerve
compression or infiltration by tumor, post-herpetic neuralgia, complex
regional pain syndrome, and inflammatory demyelinating
polyradiculoneuropathy [8].

In contrast to neuropathic pain, nociceptive pain has a protective
function, occurring as a consequence of nociceptor activation in
response to actual or potential damage to non-neural tissue. Noxious
stimuli triggering nociceptive pain may be external or internal and are
generally categorized as thermal, mechanical, and chemical.
Nociceptive pain may be further subcategorized as somatic
(manifesting in musculoskeletal or cutaneous regions) or visceral
(affecting hollow organs and smooth muscle) [9]. It is also important
to note the difference between nociception and pain. Pain perception
occurs in the cerebral cortex, the final destination for noxious stimuli
which activate nociceptors in peripheral structures, which in turn
transmit the information to the dorsal horn or nucleus caudal is,
ascending to the brainstem and finally the cerebral cortex.

Mixed pain is a fairly recent concept, encompassing chronic pain
conditions including low back pain, cancer pain, and osteoarthritis,
presenting characteristics of both nociceptive and neuropathic pain
types. Mixed pain represents a challenge for physicians and requires
careful evaluation of the patient and multimodal, individualized
treatment approaches [10].
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Discussion

Vitamin B1: Dietary sources, functions and deficiency
Vitamin B1 or thiamine can be obtained from foods such as whole

grains, dairy products, and red meat. The recommended dietary
allowance (RDA) for vitamin B1 is 1.2 mg/day and 1.1 mg/day for men
and women, respectively [11]. Thiamine acts as both a biochemical co-
enzyme precursor in metabolic functions and as a structural
component in biological membranes of the peripheral and central
nervous system. The physiologically active form of thiamine is
thiamine pyrophosphate (or thiamine diphosphate), where it functions
as an essential enzyme for carbohydrate metabolism and in the brain, it
plays a key role in glucose and energy metabolism [12].

Examples of participation of thiamine in metabolic processes
include its use as a co-enzyme in reactions catalyzing the transfer of
two-carbon units, such as dehydrogenation of 2-oxoacids: 2-
oxoglutarate dehydrogenase, trans ketolase, and pyruvate
dehydrogenase - all of which are important in carbohydrate
metabolism [13]. Thiamine pyrophosphate is a co-factor in the three
enzymatic systems (the mitochondrial pyruvate dehydrogenase
complex, the α-ketoglutarate dehydrogenase complex, and the
cytosolic trans ketolase) responsible for cerebral glucose metabolism
[12]. Thiamine also functions as a catalyst in conjunction with
coenzymes such as flavin and NAD, in the conversion of pyruvate to
acetyl CoA, an oxidative decarboxylation reaction mediated by
pyruvate dehydrogenase [13].

Thiamine has been identified as an active cellular membrane
component in axoplasms, synaptosomes, and mitochondria, and plays
an important role in maintenance of cell membrane stability, exerting
physiologically protective actions on nervous cells, especially axonal
membranes and other tissues [14]. During embryogenesis, thiamine
stabilizes the membranes of newly generated neuronal cells, slows
developmental apoptosis, and contributes to plasma membrane
transformation of uterine epithelial cells [14]. Thiamine is also
important in the electrical function of neuronal membranes. During
synaptic transmission, thiamine undergoes both axonal anterograde
and retrograde transmission, and has been proposed to play a role in
regulation of membrane permeability to sodium during the action
potential and maintenance of electronegativity at the inner surface
membrane [15]. Experimentally, thiamine exerts an acute excitatory
effect on hippocampal neuron membrane ion channels, with a
significant increase in the number of repetitive after discharges, likely
involving potassium channel [16]. Phosphorylated thiamine functions
as an endogenous potassium ion (K+) channel blocker in neuronal
cells [17]. Thiamine has been shown to exert a protective effect of the
cellular membrane against ethanol-induced cytotoxicity, and to exert a
nonspecific stabilizing effect on the axonal membrane [18].

Thiamine absorption occurs in the gastrointestinal (GI) tract and
although it is widely distributed throughout the body, it is not stored at
appreciable levels [19]. Thiamine deficiency may arise within 2 to 3
weeks of inadequate intake, be it from poor nutrition, alcohol abuse,
illness, or surgical procedures, and primarily affects the nervous
system, the gastrointestinal tract, and the cardiovascular system [20].
In cerebellar granule neurons, thiamine deficiency results in
suppression of A-type K+ channel cells, consequently provoking a
significant decrease in voltage-dependent K+ membrane conductance
[21]. Other deficiency-associated nervous system alterations include
reduction in nervous conduction speed and disturbances in nervous

electrical activities arising from alterations to myelinogenesis, which
consequently results in a diameter reduction of myelinic fibers [18].

Clinically, long-term thiamine deficiency is associated with a distal,
sensorimotor polyneuropathy, especially in the lower limbs [22].
Polyneuropathy due to thiamine deficiency has been described as slow,
bilateral, distal, painful paresthesia’s often referred to as burning feet.
Untreated, this progresses to gait alterations (steppage gait) and lower
limb muscle weakness [22]. Wernicke’s encephalopathy is a common
consequence of B1 deficiency, often with a clinical presentation of
acute onset nystagmus and ophthalmoplegia, changes in mental status,
and unstable stance and gait [20]. Other early clinical signs include
bilateral vision loss, hearing loss, hallucinations, stupor, tachycardia,
hypotension, and behavioral alterations. Left untreated, Wernicke’s
encephalopathy may progress to complete ophthalmoplegia, spastic
paresis and increased muscular tone, hyperthermia, choric
dyskinesisas, and coma [20]. The chronic form of Wernicke’s
encephalopathy is Korsakoff’s syndrome, arising from structural brain
lesions. The clinical picture includes emotional alterations, learning
impairment, and a noted loss of working memory while reference
memory is relatively unaffected [23]. Risk factors for Korsakoff’s
syndrome include the traditionally recognized alcohol abuse, as well as
non-alcohol related disease caused by thiamine deficiency itself, a
combination of the two, a genetic predisposition among individuals
with trans ketolase variants with reduced affinity for thiamine
pyrophosphate [24].

Treatment of thiamine deficiency via parenteral, oral, or
intramuscular administration of high doses of thiamine is indicated to
rapidly and fully replenish serum levels, although clinical guidelines
vary on optimal dose and duration of treatment within the different
deficiency states [25]. While thiamine administration completely
reverses the cardiovascular and GI symptoms of B1 deficiency,
recovery from the peripheral nervous system alterations varies
depending on their duration and severity [20].

Vitamin B6: Dietary sources, functions and deficiency
Vitamin B6 is found naturally in many food sources such as fish,

beef, starchy vegetables, and fruit, and is also produced by the
intestinal microflora. The RDA of vitamin B6 for adults 19-50 years of
age 1.3 mg/day for both genders. For individuals over 50 years old,
RDA is 1.7 mg/day for males and 1.5 mg/day for females; pregnant
women regardless of age require 1.9 mg/day, while during lactation the
RDA increases to 2.0 mg [11]. Of the seven known forms of vitamin
B6, pyridoxine is the most commonly used in B6 supplement
preparations. The metabolically active form of vitamin B6 is pyridoxal
5’-phosphate (PLP), which is converted from pyridoxine,
pyridoxamine, and pyridoxal, three related pyrimidine derivatives [26].

Vitamin B6 possesses two biologically distinct functions, acting as a
co-factor in many metabolic, physiologic, and developmental processes
and also as an antioxidant [27]. PLP is a co-factor for several enzymes
catalyzing more than 140 essential enzymatic reactions, including
participation in the metabolism of glucose, amino acids, and fatty
acids, synthesis of histamine, hemoglobin, and neurotransmitters, and
gene expression. PLP-dependent enzymes catalyze transamination
decarboxylation, racemization, and α, β-elimination reactions in
amino acid metabolism, while functioning as an essential co-factor for
enzymes involved in the biosynthesis of sphingolipids in lipid
metabolism [28,29]. Transformation reactions catalyzed by PLP
provide the amino acid substrates required for glucose metabolism.
The PLP-dependent enzyme glycogen phosphorylase, essential to
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glucose metabolism, acts as a proton donor or receptor, mediating
glycogen breakdown and the release of glucose from glycogen [30].

In hemoglobin synthesis, Vitamin B6 acts as a co-factor for the
enzyme δ-aminolaevulinic acid synthase, leading to primary
biosynthesis of δ-aminolaevulinic acid [31], while also binding to two
sites on hemoglobin which enhance oxygen binding [32]. PLP also acts
as a co-factor for enzymes involved neurotransmitter synthesis, most
notably epinephrine, norepinephrine, serotonin, and γ-aminobutyric
acid (GABA). DOPA carboxylase is a PLP-dependent enzyme involved
in both serotonin and dopamine biosynthesis. Serotonin synthesis
from L-tryptophan requires both tryptophan hydroxylase and DOPA
(L-dihydroxyphenyl alanine) decarboxylase, in order to catalyze the
conversion from 5-hydroxy-tryptophan to serotonin [33]. The initial
precursor in dopamine synthesis is L-tyrosine, which is converted to L-
DOPA by L-tyrosine hydroxylase. In turn, L-DOPA is converted to
dopamine in a reaction mediated by DOPA decarboxylase [32]. The
PLP-dependent enzyme L-glutamate decarboxylase catalyzes the
decarboxylation reaction from L-glutamate required in GABA
synthesis [34]. The neuromodulator D-serine relies on action of the
PLP-dependent enzyme serine racemase for its synthesis [35].

The antioxidant role of Vitamin B6 was first reported in 1999, when
Ehrenshaft et al. reported singlet oxygen quenching by pyridoxine at a
rate comparable to that of vitamin C and vitamin E [36]. Later studies
confirmed the antioxidant properties of vitamin B6, including
prevention of hydrogen peroxide-induced oxygen radical formation
and lipid peroxidation in U937 monocytes [37]. Reduced levels of
vitamin B6 have been associated with an increased susceptibility to
abiotic stress, including oxidation, salinity, drought, and UV-B
radiation in different organisms [38].

Following oral ingestion, pyridoxine is rapidly absorbed from the
healthy GI tract. Factors that may contribute to Vitamin B6 deficiency
include malnourishment, malabsorption, alcohol abuse, and some
medications. Alcohol abuse leads to production of acetaldehyde, which
competes with PLP for binding sites of PLP-dependent enzymes [25].
Drugs such as valproate, carbamazepine, and phenytoin increase
Vitamin B6 breakdown, while other such as isoniazid and
hydrocortisone interfere with its absorption. Other conditions
identified as risk factors for B6 deficiency include HIV infection, sickle
cell disease, hyperoxaluria, inflammation and tissue injury, and
hereditary sideroblastic anemia, among others [39].

Vitamin B6 deficiency is associated with accumulation and urinary
excretion of xanthurenic acid, an intermediate tryptophan metabolite,
together with a reduction of glutamic oxaloacetic transaminase activity
in red blood cells. In general, the signs of B6 deficiency among adults
are evidenced in the peripheral nervous system, the skin, mucous
membranes, and the hematopoietic system, while children are more
prone to display central nervous system effects of B6 deficiency. The
symptoms of B6 deficiency, which include seborrheic dermatitis,
microcytic anemia, depression and confusion, are completely reversed
by pyridoxine supplementation [40]. Vitamin B6 deficiency has also
been linked to seizures of several types (partial, myoclonic, and
generalized tonic-clonic). Although rare, these seizures are thought to
be related to imbalances in cerebral amine neurotransmitter
production, and while unresponsive to anticonvulsant drugs, they do
respond to pyridoxine supplementation [26]. Vitamin B6 deficiency in
adults produces a length dependent neuropathy beginning at the feet
and ascending the lower limbs; if left untreated it will eventually reach
the upper limbs. The early signs of this deficiency neuropathy include
burning pain or numbness and paresthesia’s and on neurological

examination decreased distal sensation and reduction of deep tendon
reflexes are evident, often accompanied by ataxia and mild distal
weakness [41]. Vitamin B6 deficiency may also be a causative factor in
idiopathic carpal tunnel syndrome, and supplementation with the
vitamin has been reported to alleviate symptoms [42]. Pyridoxine
deficiency may be corrected with supplementation, especially in cases
of drug-induced deficiency, or drug discontinuation [39].

Vitamin B12: Dietary sources, functions and deficiency
The term vitamin B12 is used to refer to the cobalamins, a group of

cobalt-containing corrinoids. Dietary sources of hydroxocobalamin,
the form present in food, include animal products such as fish, beef,
poultry, and dairy products. Vitamin B12 is synthesized in some
bacteria, but not in plants and animals, thus dietary intake is important
to maintain adequate levels and prevent deficiency [43]. The RDA for
vitamin B12 in adults is 2.4 µg/day. As the largest and most chemically
complex of all the vitamins B12 functions as an enzymatic co-factor in
a wide variety of biological reactions [44]. The metabolically active
forms of B12 are adenosyl cobalamin, methyl cobalamin, and
hydroxocobalamin; while cyanocobalamin, present in supplements,
has no known direct biological role and must be converted into either
adenosyl cobalamin or methyl cobalamin [43-45]. Vitamin B12 is
required in the human body for the maintenance of normal
erythropoiesis, cell reproduction and growth, as well as synthesis of
nucleoproteins and myelin. Although the precise mechanisms of B12-
mediated myelination have not yet been entirely elucidated, methyl
cobalamin has been shown to promote the synthesis of lecithin, one of
the principle ingredients of myelin sheath lipids [46].

The B12-dependent enzymes can be divided into those relying on
methyl cobalamin as a cofactor and those that rely on adenosyl
cobalamin. Methyl cobalamin is important in the metabolism of
propionic acid and the conversion of α-leucine to β-leucine, and acts as
a co-factor for the enzymes methionine synthase and L-methyl
malonyl-CoA mutase. Methionine synthase relies on vitamin B12 as a
co-factor for the methyl transfer from methyl tetrahydrofolate to
homocysteine in the synthesis of methionine and tetrahydrofolate [47].
Vitamin B12 is also involved in the production of S-adenosyl
methionine from homocysteine, with S-adenosyl methionine acting as
the methyl donor in the maintenance of methylation patterns in DNA
that determine gene expression and DNA conformation [48]. Adenosyl
cobalamin is an essential co-factor of several enzymes, including L-
Methyl malonyl-CoA mutase, in the isomerization reaction that
converts L-methyl malonyl-CoA to succinyl-CoA, a key molecule in
the citric acid cycle [43].

The regeneration of tetrahydrofolate from its inactive form of 5-
methyltetrahydrofolate requires B12 as a coenzyme, and its absence
leads to a functional folate deficiency [15,44]. Vitamin B12’s role in the
remethylation of homocysteine to methionine for de novo synthesis of
s-adenosyl methionine makes it important to nerve metabolism. In
protein synthesis as well as fat and carbohydrate metabolism, B12 acts
in the maintenance of sulfhydryl groups in the reduced form required
by many sulfhydryl-activated enzyme systems [15,43,44].

The release of cobalamin from food proteins requires the presence
of an acidic environment in the stomach, thus elderly patients and
those undergoing acid reduction therapy may be at risk for cobalamin
deficiency [49]. Upon ingestion, gastrointestinal absorption of vitamin
B12 relies on the presence of intrinsic factor, a gastric mucosa-secreted
glycoprotein that binds B12 prior to absorption. The trans cobalamins,
particularly trans cobalamin II, are a group of plasma proteins that
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bind vitamin B12 and act in the rapid transport of B12 to tissues [50].
Ilea absorption of B12 may be affected by several different conditions:
in patients lacking intrinsic factor, those presenting a malabsorption
syndrome, dietary habits (vegetarianism/veganism), or as a result of
alteration to the GI tract due to disease, anatomic abnormality or
following gastrectomy.

The underlying causes of Vitamin B12 deficiency are often
inadequate intake, poor absorption, or a combination of the two. The
principal clinical manifestations of B12 deficiency include
megaloblastic anemia, gastrointestinal lesions and neurological
damage due to the disruption of myelin formation followed by gradual
degeneration of the axon and nerve head, the clinical signs of which
are myelopathy and neuropathy [51]. The neurological symptoms of
B12 deficiency have been attributed to the absence of s-adenosyl
methionine formation, disrupting reactions beginning with this
compound. Another important aspect of B12 deficiency is the resultant
elevation of total plasma homocysteine, increasing risk of thrombosis
and stroke [52]. B12 supplementation leads to complete reversal of
megaloblastic anemia and gastrointestinal alterations associated with
B12 deficiency. Supplementation also halts progression of neurological
lesions, although resolution of neurological symptoms may take up six
months or more, depending on the duration of the deficiency and the
severity of the lesions [39,43].

Multiple B vitamin deficiency: Interactions and Implications
of Poly-Deficiency

It is important to note that the B vitamins often work in synergy
with one another in biochemical and physiological processes [25].
Thus, the concept of poly-deficiency must be taken into account when
assessing and treating a given B vitamin deficiency, as there may be a
concomitant unidentified deficiency of another of the B vitamins. One
clear example of this situation is in folate (vitamin B9) deficiency, in
which thiamine absorption is impaired as a result of frequent diarrhea
arising from damage to the gastrointestinal tract caused by the folate
deficiency. This damage in turn hampers proper absorption of other
vitamins and nutrients, including folate itself [53]. Folate deficiency at
the cellular level and its resultant decline in dihydrofolate reductase
activity can also interfere with thiamine activation, indirectly
contributing to thiamine deficiency even in the presence of sufficient
thiamine [54]. Thiamine, in turn, may impact pyridoxine metabolism
in situations of altered B1 metabolism [55].

Specific situations - such as alcoholism - are favorable to the
development of multiple B vitamin deficiencies, with B1 deficiency
reported among 30-80% of alcoholics, B6 deficiency in 50%, and B12
deficiency in 17% [56]. Among adults over 65 years of age, a sub-
deficiency of both vitamin B2 and vitamin B6 has been noted, and
supplementation among this population with riboflavin results in a
return to normal levels not only of riboflavin itself but also of
pyridoxine [39]. Metabolically, several of the B vitamins rely on the
biologically active forms of riboflavin in order to properly function,
and consequently a B2 deficiency could give rise to deficiencies in
folate, vitamin B6, and vitamin B12. For instance, cobalamin synthesis
requires the presence of flavin adenine dinucleotide [57]. Another
example of this dependency is the conversion of pyridoxine to PLP,
which relies on pyridoxine 5´-phosphate oxidase, a flavin
mononucleotide-dependent enzyme [58]. While results have varied
especially among different age brackets, the relationship between folate
and B12 status has been noted among senior populations, with an

increased risk of cognitive impairment and anemia upon exposure to
high levels of folate in individuals with sub-optimal B12 status [59].

There is a great deal of interest surrounding a possible role of the B
vitamins in protecting against neurodegeneration, particularly among
the aging population. It is hoped that the B vitamins and other
micronutrients and vitamins may aid in delaying or even reversing
age-related neurodegeneration associated with cognitive decline
among the elderly, as well as dementia and Alzheimer’s disease [60].
Vitamins B6 and B12 participate as co-factors in homocysteine
methylation and are associated with increased homocysteine
concentrations. Possible roles of homocysteine in cognitive decline and
dementia include: promotion of apoptosis, platelet activation,
neurotoxicity arising from N-methyl-D-aspartate receptor activation
and vascular injury associated with atherogenesis stimulation and
smooth muscle cell proliferation [61]. Despite the suggested
association of low serum concentrations of vitamins B6 and B12 with
dementia and impaired cognition, to date there is no concrete evidence
to suggest that supplementation prevents either of these conditions
[62]. There is a need for well-designed large-scale trials to confirm the
role of B vitamins and a potential benefit of their supplementation in
these degenerative conditions.

B vitamins, neuropathy and neuropathic pain
In addition to their important role in the maintenance of body

functions, including repair, development, and growth, there is
increasing evidence of an involvement of the B complex vitamins in
the peripheral nervous system, in promoting acceleration of nerve
repair, both in enhancement of nerve regeneration and recovery of
nerve function [3,4]. Of particular note is the finding that
experimental peripheral nerve injury leads to significant variations in
nerve tissue levels of the B vitamins especially in the acute phase of
injury, leading to the supplementation with B complex vitamins in the
acute period of peripheral nerve injury may be beneficial for
accelerating nerve regeneration [3].

The B vitamins also play a role in nociception and may be employed
for relief of pain and hyperalgesia. In addition to the neurological
impact of B vitamin deficiencies, vitamins B1, B6, and B12 have been
shown to exert anti-inflammatory and analgesic effects in animal
models of chemical, electrical and thermal stimulation-induced pain.
In clinical evaluations, the B-vitamins have been successfully used to
address painful conditions such as carpal tunnel syndrome, lumbago,
and neuropathies [42,63-70].

The suggested mechanisms of action by which vitamin B1 may exert
an effect in pain relief include a blockade of metabolic damage
pathways, including the advanced glycation end-product formation
pathway, the diacylglycerol protein kinase C pathway, and the
hexamine pathway [65,71,72]. Vitamin B1 also plays a role in
modulation of neural excitability and Na+ currents in injured DRG
neurons, with a partial reversal of injury-induced density alterations
and inactivation properties of tetrodotoxin-resistant and tetrodotoxin-
sensitive Na+ currents and ramp currents in small DRG neurons [73].
Thiamine has also been suggested to mediate pain via its roles in trans
ketolase activation (providing a shift for glucose to the pentose
phosphate shunt) [74]; protein kinase B/Akt-mediated potentiation of
angiogenesis and inhibition of apoptosis [75]; as well as antagonism of
cerebral oxidative stress [76].

The roles of Vitamin B6 in pain relief and suppression of
hyperalgesia include the participation in presynaptic inhibition of
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transmitter release from nociceptive afferent fibers carrying excitatory
input to the spinal dorsal horn and thalamic neurons [77] as well as
suppression of neuronal hyper-excitability [78]. Vitamin B6 has also
been shown to to enhance inhibitory synaptic control by opioid or
non-opioid mechanisms [79]. Additionally, vitamin B6 has been
associated with an increase in brain levels of 5-hydroxytyptamine as an
inhibitory transmitter, enhancing the inhibitory functions in central
pain transmission [80].

The proposed mechanisms for a role of vitamin B12 in pain relief
have included the promotion of nerve regeneration and/or
remyelination by accumulation of exogenous B12 [67]. Because
vitamin B12 may act as a methyl donor in DNA metabolism, high
concentrations upregulate gene transcription, increasing protein
synthesis for nerve regeneration [81]. Vitamin B12 may also be
involved in selective blockade of sensory nerve conduction as a
mechanism of action for vitamin B12 in painful conditions [82].

Conclusion
This updated review has briefly covered the physiological and

biochemical properties of vitamins B1, B6 and B12. There is ample
evidence for a role of these B vitamins in the nervous system, where
they are active in metabolic and physiologic processes needed for
maintenance and repair, in addition to an evident role in nerve repair
regeneration, as evidenced by both deficiency states and studies in
which they have been employed for analgesia and inflammation relief.
Several mechanisms of action have been proposed for the role of these
vitamins in the nervous system, and while further studies will
undoubtedly shed more light on the specific mechanisms by which
they exert their protective and therapeutic effects on the nervous
system, it is currently clear that they do have an essential role. It is
important to remember that as water-soluble vitamins with relatively
little storage in the human body, maintenance of ideal levels through
food and supplementation are vital. It is also important to note that
RDAs are general guidelines, based broadly on the assumption that the
populations of developed countries have access to proper nutrition and
are not particularly at risk for deficiencies. There is however a wide
spectrum of factors that can influence vitamin absorption and
metabolism that must also be taken into account on a more individual
basis, including diseases and medical/surgical history, lifestyle, age, and
specific genetic polymorphisms, among others [1]. Furthermore, there
is evidence that a large part of the population of the US and European
nations does not reach RDA for many vitamins [83]. Consequently,
there is a significant population with the potential to benefit from
supplementation.
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