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Abstract

An indispensable micronutrient with clear roles in DNA synthesis, erythropoiesis, and neurological activity is
vitamin B12 (cobalamin). Emphasizing its mechanisms of action, clinical benefits, and challenges in modern
therapeutics, this review explores the expanding therapeutic uses of vitamin B12. Recent research shows that it can
have uses other than only filling in for shortages. It may also protect neurons, lower inflammation, and control
chronic disorders including diabetic neuropathy, Parkinson's disease, and multiple sclerosis. Because it promotes
one-carbon metabolism, methylation events, and energy generation in the mitochondria, vitamin B12 helps heal. It
has been shown to reduce side effects from chemotherapy, control glycemic control in those with diabetes, and treat
dermatological disorders including vitiligo and eczema. Still, barriers including bioavailability issues,
malabsorption syndromes, and disagreement on ideal dosing levels limit its broad use. Although vitamin B12 is
usually considered safe, concerns about too high supplementation and its long-term effects remain not sufficiently
investigated. This review points to research gaps including the need for more study on gene-nutrient interactions,
the need of customizing dosage, and the long-term effects of high supplement intake. The most current data showing
the need for vitamin B12 in modern medicine is gathered in this review. It also supports more studies to find the best
uses for different patient groups.
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Introduction

Background on Vitamin B12 (Cobalamin):Vitamin
B12, sometimes known as cobalamin, is essential for
many physiological activities including DNA synthesis,
erythropoiesis, and neurological function'. Structurally
one of the most complex vitamins, vitamin B12 is
defined by a cobalt ion at its core surrounded by a corrin
ring (Fig.1) and it is water soluble.

Its unusual arrangement allows involvement in two
important chemical reactions: methylmalonyl-CoA
mutase converts homocysteine to succinyl-CoA?, and
methionine synthase converts homocysteine to
methionine. Energy generation, nucleotide synthesis,
and the preservation of myelin sheaths in the nervous
system all depend on these reactions®. Not produced by
plants, vitamin B12 is mostly found in animal-derived
foods, including meat, fish, eggs, and dairy products®.
Starting in the stomach, absorption proceeds in several
phases where gastric acid and intrinsic factor (IF) help
the ileum to absorb them?.

R = 5'-deoxyadenosyl, OH, CN, CH,

Figure 1: The chemical structure of vitamin B12.

Significance in Metabolism, DNA Synthesis, and
Neurological Function: The biologically active form
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of vitamin B12, holotranscobalamin (holoTC), helps it
to be delivered to cells all around the body by binding
with transcobalamin II in the bloodstream. Cellular
metabolism, particularly the synthesis of DNA and
RNA, depends on vitamin B12. It facilitates the
reactivity of methionine synthase in activating
tetrahydrofolate, a required molecule in nucleotide
synthesis®. Inadequate vitamin B12 lowers DNA
replication, leading to megaloblastic anaemia and other
haematological issues’. Moreover, vitamin B12 is
essential for neurological activity since it helps myelin
sheaths preserve and synthesize neurotransmitters. A
deficit can lead to peripheral neuropathy as well as
subacute combined degeneration of the spinal cord
cognitive decline!.

Historical Perspective: Vitamin B12 has therapeutic
use going back to early in the 20th century;
Sobczynska-Malefora et al.” first identified it as the
"anti-pernicious anaemia factor". Discovering vitamin
B12 changed the course of treatment for pernicious
anaemia, a fatal condition marked by megaloblastic
anaemia and neurological damage. Before being
injected with pure vitamin B12, the raw liver was used
for treatment'. It is used to treat a wider spectrum of
diseases including neuropathies, cognitive disorders,
and even psychiatric illnesses as scientists have found
more about its function in metabolism and neurology®.

Rationale for the Review: Vitamin B12 is important
for treating deficits, but new studies show it can solve
many health issues. Vitamin B12 may have therapeutic
uses. It may protect neurons, lower inflammation, and
help people with Parkinson's disease and multiple
sclerosis!. In these new therapeutic environments, we
don't know how it works, the optimal dose, or its
duration. Vitamin B12 deficiency is also rising,
especially in the elderly, vegetarians, and
malabsorption patients. So, it is crucial to explore all
therapeutic options®. This review intends to investigate
the latest developments in vitamin B12 research,
underline new therapeutic uses, and point up areas
requiring more study to maximize its clinical use.

Recent Therapeutic Applications of Vitamin B12:
Traditionally, deficiencies and related disorders
including pernicious anaemia and neurological
problems have been treated with vitamin B12.
However, recent studies reported some therapeutic
possibilities like the management of chronic diseases,
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anti-inflammatory actions, and neuroprotection. We
discuss the most current therapeutic uses of vitamin
B12 in several clinical settings below.

1. Neuroprotection and Neurological Disorders

1.1 Multiple Sclerosis (MS): Vitamin B12 has shown
successful implementation in treating demyelination
and neurodegeneration-marked chronic autoimmune
disease, multiple sclerosis. Studies revealed that this
vitamin can reduce homocysteine levels, which are
usually raised in MS sufferers and aggravate their
condition. Additionally, it helps to repair myelin and
lowers oxidative stress, slows the course of the disease,
and improves neurological features>*.

1.2 Parkinson's Disease: Vitamin B12 has been looked
at in Parkinson's disease in terms of lowering oxidative
stress and enhancing mitochondrial activity. By
reducing the plasma homocysteine level, vitamin B12
(mostly methylcobalamin) helps Parkinson's sufferers
with their motor symptoms’*.

1.3 Cognitive Decline and Alzheimer’s Disease: By
supporting methylation processes and lowering
homocysteine levels, which are linked to cognitive
decline and Alzheimer's disease, vitamin B12 is
absolutely important for cognitive health. Often in
conjunction with folate and vitamin B6, vitamin B12
supplements have been shown in clinical studies to
slow cognitive decline and boost memory in elderly
patients!®!!,

2. Anti-Inflammatory and Immunomodulatory
Effects

2.1 Rheumatoid Arthritis: Because of its
anti-inflammatory qualities, vitamin B12 has been
investigated as an addition to rheumatoid arthritis
medication. By consuming vitamin B12, rheumatoid
arthritis sufferers may experience less pain and
inflammation in their joints since it modulates the
synthesis of cytokines and reduces oxidative stress'>.

2.2 Inflammatory Bowel Disease (IBD): Vitamin B12
malabsorption and deficiency have been linked to
inflammatory bowel disease including ulcerative colitis
and Crohn's disease. Research revealed that extra
vitamin B12 to IBD sufferers has been shown to
improve their health by reducing inflammation and
improving the healing of mucosal surfaces'?.
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3. Cardiovascular Health

3.1 Cardiovascular Disease and Hyperhomocysteinemia:
Raised homocysteine levels have been linked to heart
disease, stroke, atherosclerosis, and  other
cardiovascular diseases. Together with folate and
vitamin B6, vitamin B12 reduces homocysteine levels
and hence decreases the risk of cardiovascular events in
high-risk populations®.

3.2 Heart Failures: Common in those with heart
failure, vitamin B12 deficiency is associated with a
poor prognosis. Presumably because of its
involvement in energy metabolism and homocysteine
reduction. Moreover, vitamin B12 supplements have
also been shown to enhance cardiac function and lower
hospitalisations for heart failure sufferers'.

4. Mental Health and Psychiatric Illnesses

4.1 Depression and Anxiety: Serotonin and dopamine
are synthesized from vitamin B12, which regulates
mood and emotional well-being. Particularly in patients
with deficient or suboptimal levels, clinical studies
have reported that vitamin B12 supplementation can
help to improve symptoms of depression and anxiety?.

4.2 Psychosis and Schizophrenia: The study found
that a deficiency of vitamin B12 has been linked to
psychiatric  illness including  psychosis  and
schizophrenia. Supplements of vitamin B12 combined
with other B vitamins have been shown in patients with
schizophrenia to improve psychiatric symptoms and
cognitive performance®!?.

4.3 Autism Spectrum Disorder: A systematic review
and meta-analysis reported that the subcutaneous
injection of methylcobalamin (mB12) may improve
ASD-related metabolic abnormalities and clinical
symptoms!'4,

5. Chronic Pain and Neuropathy

Many studies have been carried out worldwide recently
in search of substitutes for conventional analgesic
medications to either replace them or at least shorten
the length of drug therapy, thus minimizing their side
effects'.

5.1 Diabetic Neuropathy: Investigated for its ability to
control diabetic neuropathy, a common diabetes
complication marked by nerve damage and chronic
pain, is vitamin B12. Patients with diabetic neuropathy
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have seen improved nerve conduction velocity and pain
reduction by methylcobalamin, a bioactive form of
vitamin B12'61%,

5.2 Chemotherapy-Induced Neuropathy: One
crippling side effect of cancer treatment is
chemotherapy-induced peripheral neuropathy (CIPN).
Some research shows improvements in nerve function
and pain relief by addition of vitamin BI12 in the
treatment plan that additionally prevents or lessens
CIPN"20,

6. Fertility and Pregnancy

6.1 Female Fertility: By helping DNA synthesis and
methylation processes, vitamin B12 is absolutely
important for reproductive health. Recurrent pregnancy
loss and infertility have been linked to a vitamin B
deficiency. Therefore, in women with a deficiency,
vitamin B12 supplements have been shown to increase
fertility outcomes®*!'-?2,

6.2 Pregnancy and Fetal Development: Both fetal
brain development and the prevention of neural tube
defects depend on vitamin B12. Adverse effects linked
to maternal vitamin B12 deficiency during pregnancy
have included low birth weight and preterm birth.
Particularly in vegetarian and vegan mothers, vitamin
B12 supplementation has been shown to improve
mother and fetal health outcomes* 2.

7. Endocrine and metabolic diseases

Metabolic problems including type 2 diabetes and
insulin resistance are closely associated with vitamin
B12 deficiency. In diabetic patients, vitamin B12
supplements lowered homocysteine levels and
improved glycemic control, according to a randomized
controlled trial®*. Moreover, vitamin B12's advantages
in controlling polycystic ovary syndrome (PCOS),
especially in terms of metabolic and hormonal
imbalance correction, especially in light of metabolic
and hormonal imbalance®.

8. Dermatological Reversals

In dermatology, especially in treating inflammatory
skin disorders, topical vitamin B12 has
promising performance in lowering the symptoms of
psoriasis and eczema®’, presumably because of its
function in melanin synthesis. Other studies showed

shown

119

that vitamin B12 supplementation enhanced skin

repigmentation in vitiligo sufferers 2%

9. Low back pain and Other Musculoskeletal pain

A double-blind, randomised, placebo-controlled study
reported that intramuscular injection of vitamin B12
supplementation improved low back pain in lumbago
sciatica or  sciatic patients®. An
anti-inflammatory, antinociceptive, neuroprotective,
and neuromodulating action on the descending pain
system explains this effect’* 2. On pain relief in patients
with knee osteoarthritis, a clinical trial looked at the
effectiveness of vitamins B and E in concert with
diclofenac. According to the study, adding vitamins B
and E along with diclofenac might help osteoarthritis
sufferers find better pain relief *°.

neuritis

10. Acute and subacute herpetic neuralgia

In patients with subacute herpetic neuralgia and
subacute ophthalmic herpetic neuralgia, studies
reported that local methylcobalamin injections reduced
pain and improved quality of life**%. In addition,
vitamin B12 supplementation improved the quality of
life for postherpetic neuralgia patients by reducing
pain2*3e.

11. Temporomandibular disorders

A randomised clinical trial evaluating the orofacial pain
and temporomandibular disorders (TMD) investigating
the treatment efficacy of laser punctures coupled with
vitamin B12 revealed that the combined laser and B12
group had the fastest pain relief by the fourth session®’.

12. Chronic Post-Thoracotomy Pain Syndrome
(CPTPS)

Patients in a clinical trial provided with the pregabalin
and methylcobalamin combination reported far less
pain than those treated with diclofenac potassium. The
pregabalin and methylcobalamin combination was
found to be safe and effective for lowering CPTPS with
low side effects and high patient compliance?®.

13. Aphthous Ulcers

Another clinical study looked at aphthous ulcers using
vitamin B12 ointment. Compared to the placebo group,
patients receiving vitamin B12 ointment showed a
significant reduction in pain®.
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Experimental Uses of Vitamin B12: Animal Model
Neuropathic Pain

The combined use of vitamin B12 with metformin
reduced neuropathic pain in diabetic rats*. Another
study showed that vitamin B12 can improve the
analgesic effects of opiates’’ and nonsteroidal
anti-inflammatory drugs (NSAIDs). Vitamin BI12
significantly lowered the formalin-induced jerking
frequency and flexing-licking duration, ultimately
exhibiting antinociceptive effects when combined with
ketorolac**.

Conclusion

Previously used to prevent deficiencies, vitamin B12 is
now used in endocrinology, dermatology, neurology,
and oncology. Important mechanisms show their
relevance in both cellular and systemic equilibrium.
Recent studies show its potential in neuroprotection,
modulation of inflammation, and management of
chronic diseases, as well as supporting new clinical
interventions. Still, problems with bioavailability,
malabsorption syndromes, and different dosages call
for more research. The growing prevalence of vitamin
B12 deficiency, especially among elderly people,
vegetarians, and those with gastrointestinal problems,
emphasises the need to address these differences.
Priority areas for the next studies would focus on
improving bioavailability, looking at gene-nutrient
interactions, and creating evidence-based
supplementation programs. Long-term studies are
needed to assess the safety and effectiveness of
high-dose vitamin B12 in different populations.

Finally, vitamin B12 has a great medicinal value. A
multidisciplinary study can fully realise its ability to
improve health outcomes in different diseases. This
review argues for the inclusion of vitamin B12 into
modern therapeutic approaches to ensure that everyone
can benefit from it.
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