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1. Introduction

Abstract:

Background: The homeostasis of the cell is maintained by tightly regulated and
interconnected metabolic pathways such as folate-mediated one-carbon
metabolism, the methylation cycle, glutathione redox system, and cofactor-
dependent energy and glucose metabolism. The insufficiency of any trace
elements that participate in the above-mentioned processes may disrupt their
physiological function.

Scope: This narrative review aimed to provide a mechanistic basis for the
reported clinical and experimental rationale for the use of the eleven-ingredient
formulation containing L-methylfolate, cyanocobalamin, pyridoxal-5-phosphate,
choline, myo-inositol, thiamine, D-biotin, alpha-lipoic acid, selenium, zinc, and
chromium picolinate. Methylation has been used as a theoretical basis for this
review, with individual ingredients being discussed in the context of their
primary role rather than one overarching theme.

Findings: The combination of folate, vitamin B12, vitamin B6, and choline was
consistently associated with the regulation of homocysteine and the promotion of
remethylation and transsulfuration. Alpha-lipoic acid, selenium, and zinc were
each involved in the maintenance of reduced glutathione and antioxidant
defence, with the connections to methylation being primarily indirect but firmly
established through transsulfuration. Thiamine and biotin acted as essential
cofactors in numerous enzymatic reactions, while myo-inositol and chromium
were beneficial for insulin function and glucose control, although the evidence
for this aspect was inconsistent.

Conclusion: The reviewed formulation was mainly focused on methylation and
interconnected biochemical pathways. While the most robust evidence was
provided for the impact of the individual ingredients on methylation and
antioxidant defence, the benefits in terms of improved glycemic control and
cardiovascular risk reduction were limited and should be considered cautiously.

Keywords: DNA methylation; homocysteine; micronutrient supplementation;
one-carbon metabolism; oxidative stress; redox homeostasis

Human cells maintain their function, replicate their genome and defend themselves against oxidative injury
through a small number of tightly interconnected biochemical networks. Among the most consequential of
these is folate-mediated one-carbon metabolism, which supplies the activated methyl groups required for
the synthesis of nucleotides and for the methylation of DNA, proteins and lipids."” Sitting immediately
downstream is the methionine cycle, in which S-adenosylmethionine acts as the principal methyl donor for
cellular methylation reactions, and its regeneration depends on the vitamin-dependent remethylation of
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homocysteine.™ The concentration of homocysteine in blood serves as a practical, widely measured
indicator of the efficiency of these coupled cycles, rising when the supply of folate, vitamin B12, vitamin
B6 or choline-derived methyl groups is inadequate.*’

These pathways do not operate in isolation. The transsulfuration arm of homocysteine metabolism,
driven by vitamin B6-dependent enzymes, diverts homocysteine toward the synthesis of cysteine and,
ultimately, glutathione, the principal intracellular antioxidant.”” In this way, the methylation network is
biochemically continuous with the redox-defence network, which additionally depends on selenium-
containing glutathione peroxidases, on zinc as a structural cofactor for antioxidant and DNA-repair
enzymes and on alpha-lipoic acid as a redox-active cofactor capable of regenerating other antioxidant
species.® A third axis, cofactor-dependent energy and glucose metabolism, links thiamine and biotin, as
classical coenzymes of carbohydrate and lipid metabolism, to myo-inositol and chromium, which influence
insulin signalling and glucose handling.”'*"'

The complex is best understood as a methylation core, comprising bioavailable methyl donors and
the cofactors that regenerate them, complemented by redox-active and metabolic-cofactor nutrients that
protect and sustain the same cellular machinery on which methylation depends. The rationale for
combining these actives rests on this interconnection rather than on a single shared mechanism. A
formulation that simultaneously supplies bioavailable methyl donors, the cofactors that regenerate them
and the trace elements and redox agents that protect the cell reflects the way these pathways function in
vivo, as a coupled system in which the output of one arm becomes the substrate of another (Figure 1).>*’
At the same time, the evidence supporting each active is heterogeneous in both quantity and strength, and
responsible synthesis requires that this heterogeneity be represented honestly rather than flattened into a
uniform claim.

The practical relevance of such support rests on the observation that insufficiencies of folate,
vitamin B12, vitamin B6, zinc and selenium remain common in specific population groups, including
during pregnancy, in older adults and among those following restrictive diets, so that correction of
marginal status is a plausible mechanism of benefit even where pharmacological effects in replete
individuals are absent.

This review therefore examines the eleven actives of the complex using methylation and one-
carbon metabolism as the organizing lens, assigning each active to the physiological role for which the
evidence is strongest and making explicit, where relevant, its biochemical connection back to the
methylation and DNA-health theme. It draws on original research published between 2016 and 2026,
supplemented by recent quantitative syntheses, and maps the resulting claims to a tiered framework
consistent with conservative, structure-function-based nutraceutical positioning. Throughout, it
distinguishes endpoints that the evidence supports, such as homocysteine reduction and antioxidant-
enzyme activity, from those it does not, most notably the reduction of cardiovascular events through
homocysteine lowering, a distinction with direct regulatory and interpretive consequences.™ 2

2. Methods of the review

This narrative review was based on a structured search of PubMed/MEDLINE for literature published
between 2016 and 2026. Searches were conducted separately for each of the eleven actives and for the
cross-cutting mechanistic themes of one-carbon metabolism, methylation, redox homeostasis and insulin or
glucose regulation, using single-concept queries to maximise topical precision. The full search strings for
each active and theme, together with the publication-type filters and date limits applied, are provided in
Supplementary Table S1 to support transparency and reproducibility. Priority was given to original
research, comprising randomised controlled trials, other clinical trials, cohort and cross-sectional studies
and experimental studies, with recent systematic reviews and meta-analyses from 2020 to 2026 retained
where they provided the strongest available synthesis for a given active. Records were screened for topical
relevance to the actives and their metabolic roles, and off-topic records arising from incidental keyword
overlap were excluded. Retained references were deduplicated at the level of the PubMed identifier, and
each digital object identifier was reconciled against authoritative registries and confirmed to be registered.
The final evidence base comprised 85 references, of which the large majority were original studies. As a
narrative rather than systematic review, this synthesis did not apply formal meta-analytic pooling or
quantitative risk-of-bias scoring; its aim is interpretive integration rather than statistical estimation.
Assessment of safety and tolerability was integrated into the same screening process rather than
conducted as a separate systematic search. For each active, adverse-event and tolerability data were
extracted from three sources: the safety and adverse-event reporting within the retrieved randomised and
clinical trials, which routinely document tolerability outcomes; the safety findings summarised in the
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and established tolerable upper intake levels,

contraindications and nutrient-nutrient interactions drawn from authoritative nutrition and regulatory
references. Where a retrieved study reported dose-limiting effects, characteristic toxicity (for example
selenosis or vitamin B6-associated sensory neuropathy), or analytical interference of clinical relevance (for
example high-dose biotin in immunoassays), these were carried forward into the safety synthesis in Section
8. Because this was a narrative review, no formal quantitative pooling of adverse-event rates was
performed; the safety account is therefore descriptive and is intended to flag formulation-relevant cautions
rather than to estimate incidence. Exact upper-intake limits applicable to the finished product should be
confirmed against the relevant regulatory schedules at the point of formulation and labelling.

2.1 Formulation composition

The composition of the reviewed complex is summarised in Table 1. Per-unit quantities are formulation-
specific and are shown as representative categories; exact label amounts should be confirmed against the
finished-product specification and applicable regulatory limits.

Table 1: Composition of the reviewed complex and functional roles

Active

Form

Primary functional role in the complex

L-methylfolate

L-5-
methyltetrahydrofolate

Bioactive folate; methyl donor for homocysteine
remethylation

Methionine synthase cofactor; folate-B12

Vitamin B12 Cyanocobalamin remethylation

Vitamin B6 Pyridoxal-5-phosphate Transsulfuration cofactor; glutathione precursor
supply

Choline Choline chloride Betaine-pathway (folate-independent) methyl

donor

Myo-inositol

Myo-inositol

Insulin second-messenger precursor; metabolic
support

Vitamin Bl

Thiamine mononitrate

Energy-metabolism coenzyme (transketolase,
dehydrogenases)

Vitamin B7

D-biotin

Carboxylase cofactor; macronutrient metabolism

Alpha-lipoic acid

Alpha-lipoic acid

Redox cofactor; regenerates glutathione and other
antioxidants

Selenium (as

leni . o 1 in/glutathione- i f:
Selenium selenite/selenomethionine) Selenoprotein/glutathione-peroxidase cofactor
Zinc Zinc sulphate : ntioxidant and DNA-synthesis/repair cofactor;

immune support
Chromium Chromium picolinate Proposed insulin-potentiating trace element

(conditional)

METHYLATION CORE: Folate (5-MTHF) — [B12] — Methionine — SAM — cellular/DNA
methylation

1 B6 (choline/betaine parallel route)

| homocysteine

| TRANSSULFURATION (B6-dependent)

REDOX AXIS: Homocysteine — Cysteine — GLUTATHIONE « Selenium (GPx), Zinc, Alpha-lipoic

acid

supported by 1 NADPH

| ENERGY / INSULIN AXIS: Thiamine, Biotin (cofactors) - Myo-inositol, Chromium (insulin/glucose) |

Fig 1: Schematic of the three interconnected metabolic axes
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METHYLATION CORE
Regenerates SAM for methylation reactions KEY FUNCTIONS
and controls homocysteine
FOLATE CYCLE 4 + Supports DNA and histone methylation
F°|3‘I (89) m CHOLINE + Regulates gene expression and
i epigenetic integri
VITAMINBT2 (Betaine) pig grity .
DHF (Methylcobalamin) + Supports neurotransmitter synthesis
l + Maintains normal homocysteine
THE Methylation reactions concentrations
(Methyl donor) > DNA, RNA, proteins, —
phospholipids, neurotransmitters
5-MTHF S
510 MTHF\_/(active folate) SAH |
(Product)
VITAMIN B6
( \I __--=""" (Pyridoxal-5-phosphate)
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P £ \ REDOX AXIS (
KEY FUNCTIONS
TRANSSULFURATION PATHWAY { Cystathionine J Glutathione protects cells from oxidative stress . ] ‘
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conjugation . Ir ““““““““““““ T S \ Jj
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| (Structural antioxidant, (Essential cofactor for
Y Ty gy g enzyme cofactor) GPx and other selenoproteins)
| «; T
,,,,,,,,,,,,,,,,,,,,,,,, e e
! | ! \
' 4
ENERGY AND INSULIN-COFACTOR AXIS ( o KEY FUNCTIONS
Supports energy metabolism, insulin signaling (I;n:ketoldas; BIOTIN (B7) : MYO-INOSITOL CHROMIUM + Supports effcent energy production
. . -aepenaent
and metabolic homeostasis Pe Supports insulin Enhances insulin + Promotes insulin sensitivity
—— : Cofactor for carboxylases signaling, cell action and glucose + Helps maintain healthy glucose
THIAMINE (81) v involved in glucose, fatty membrane function uptake; supports metabolism
Cofactor for TPP-dependent NADPH acid and amino acid and second metabolic control + Provides cofactors for key
enzymes in carbohydrate - - - s metabolism messenger pathways d
b ind e (for glut?thl;me metabolic enzymes
“ pentose phosphate pathway recycing
) ABBREVIATIONS: 5-MTHF, 5-methyltetrahydrofolate; SAM, S-adenosylmethionine;
LEGEND:  —>  Primary pathway SAH, S-adenosylhomocysteine; GSH, reduced glutathione; GSSG, oxidised glutathione;
--» Cofactorinfluence —> Supports/feedsinto =~ Supports metabolic environment GPx, glutathione peroxidase; NADPH, reduced nicotinamide adenine dinucleotide phosphate.

Fig 2: Integrated methylation, transsulfuration, redox, and metabolic-cofactor network. The
methylation core, comprising folate, vitamin B2, vitamin Bs, and choline, supports the regeneration of
methionine and S-adenosylmethionine (SAM), the principal methyl donor required for cellular, epigenetic,
and DNA methylation reactions, while contributing to the regulation of homocysteine concentrations.
Homocysteine may be remethylated to methionine or diverted through the vitamin Bs-dependent
transsulfuration pathway to form cysteine, a rate-limiting precursor for glutathione synthesis. This pathway
connects one-carbon metabolism with the redox-protection axis, supported by alpha-lipoic acid, selenium-
dependent glutathione peroxidases, and zinc-dependent antioxidant and cellular-protective systems. The
surrounding energy and insulin-cofactor axis—including thiamine, biotin, myo-inositol, and chromium—
supports carbohydrate metabolism, mitochondrial energy production, insulin signalling, and cellular
metabolic homeostasis. Thiamine additionally supports pentose-phosphate-pathway activity through
transketolase, indirectly contributing to NADPH generation required for glutathione recycling.

3. The methylation core
3.1 L-Methylfolate (L-5-methyltetrahydrofolate)

Mechanism and rationale. Folate is the entry point of one-carbon metabolism. Dietary and supplemental
folates are reduced and interconverted through the folate cycle, culminating in 5-methyltetrahydrofolate,
the circulating form that donates its methyl group to the remethylation of homocysteine to methionine.'”
L-Methylfolate is the bioactive, already-reduced form, and its inclusion in a complex is mechanistically
deliberate: it bypasses the reductive steps catalysed by methylenetetrahydrofolate reductase, the enzyme
whose common genetic variants reduce the efficiency of folic-acid activation.* Because 5-
methyltetrahydrofolate feeds directly into the methionine cycle, adequate folate status is a precondition for
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the regeneration of S-adenosylmethionine and therefore for cellular and DNA methylation, the biochemical
link that anchors this active to the review's central theme."*

Evidence. The most consistent human evidence concerns homocysteine. Controlled
supplementation studies show that folate, whether as folic acid or as reduced 5-methyltetrahydrofolate,
lowers circulating homocysteine, and dose-finding work has sought to identify the intake that optimises
this effect while avoiding unmetabolised folic acid.>'® A randomised controlled trial of combined
methylfolate, pyridoxal-5-phosphate and methylcobalamin in individuals carrying
methylenetetrahydrofolate reductase and related remethylation-pathway polymorphisms reported
reductions in homocysteine, illustrating the rationale for delivering the active folate form together with its
cofactor partners rather than in isolation.* Beyond homocysteine, exploratory intervention studies have
examined folate-containing dietary and lifestyle programmes in relation to epigenetic-ageing markers,
reporting shifts consistent with improved methylation capacity, though these findings are preliminary and
require replication '*'>."'® Recent quantitative syntheses continue to define folate's role in specific
populations and to map the boundaries of benefit '-'%!? 202!

Interpretation and tier. The evidence supports a Tier 1 (Established) structure-function role for L-
methylfolate in supporting one-carbon metabolism, methylation capacity and homocysteine regulation.
Claims tied to epigenetic or DNA-health outcomes remain Tier 2 (Emerging), appropriate for cautious
mechanistic language rather than asserted benefit. No disease-treatment claim is warranted.

A further consideration specific to this formulation is pharmacogenomic. Because common
polymorphisms in methylenetetrahydrofolate reductase reduce the capacity to generate 5-
methyltetrahydrofolate from folic acid, the use of the pre-reduced L-methylfolate form is a rational design
choice that makes methyl-group availability less dependent on individual enzyme genotype. This does not
constitute a personalised-medicine claim, but it provides a mechanistic rationale for selecting the active
folate form in a general-population product.

L-Methylfolate is the biologically

@ _ | -METHYLFOLATE
» &

(L-5-Methyltetrahydrofolate)
NH,
co @
N X N\ CONH use by the body.
2Ll )\ O 5 | @) rem "
HZN N synthesis, methylation, and
COO"

Qﬂ OVERVIEW

=

The active, bioavailable form of folate
| cellular function.

O

Supports cardiovascular health,
neurological function, and

Chemical Formula: CyoHz5N;0% healthy homocysteine levels.
Molecular Weight: 441.43 g/mol Superior bioavailability

compared to folic acid.

KEY FUNCTIONS
S
S W
)
Supports DNA Essential for Helps maintain Supports brain and Promotes cardiovascular
synthesis and repair methylation reactions healthy homocysteine nervous system and overall wellness
levels health
Also known as: (6S)-5-Methyltetrahydrofolic acid, 5-MTHF | Naturally occurring, reduced, and active form of folate.

Fig 3. Chemical structure, molecular characteristics, bioavailability, and principal physiological functions
of L-methylfolate (L-5-methyltetrahydrofolate).

3.2 Cyanocobalamin (Vitamin B12)

Mechanism and rationale. Vitamin B12 is the obligatory cofactor for methionine synthase, the enzyme that
transfers the methyl group from 5-methyltetrahydrofolate to homocysteine, regenerating methionine.***
This places vitamin B12 at the exact node where the folate cycle and the methionine cycle intersect:
without adequate vitamin B12, 5-methyltetrahydrofolate accumulates and cannot be used, the so-called
methyl-folate trap, so folate and vitamin B12 are functionally inseparable in supporting methylation.‘"22
Cyanocobalamin is a stable, widely used supplemental form that is converted intracellularly to the active
coenzymes; it is well absorbed, and although methylcobalamin is sometimes preferred for symmetry with

776



Leroy Rebello.,/Int. J. Pharmacy & Industrial Research, 16(3) 2026 [772-790]

active folate, the active-form argument is weaker for vitamin B12 than for folate. Its inclusion alongside
folate reflects the biochemical reality that methylation capacity depends on both together.

Evidence. Human evidence establishes vitamin B12 as rate- 11m1t1n§ for remethylation: deficiency
raises homocysteine and methylmalonic acid, and repletion lowers them.”*> Dose-comparison trials have
examined oral vitamin B12 regimens and their relative efficacy in restoring status, informing rational
dosing within a complex.”** Cross-sectional and cohort studies document the determinants and
consequences of vitamin B12 status across life stages, including pregnancy and infancy, where adequate
maternal vitamin B12 interacts with folate in supporting neural development.”>*’ A recent systematic
review reinforces the folate and vitamin B12 interdependence at the Iz)og)ulatlon level, and formulation-
oriented studies have compared delivery formats to optimise absorption *°

Interpretation and tier. Vitamin B12's role as a methylation cofactor and homocysteine determinant
is Tier 1 (Established). Its inclusion is mechanistically essential rather than additive. As with folate,
extension to DNA-health outcomes is Tier 2 (Emerging) and should remain mechanistic in tone.

It is also worth distinguishing homocysteine's status as a biomarker from any causal role. Elevated
homocysteine reliably signals inadequate remethylation and is lowered by folate and vitamin B12, but the
failure of large homocysteine-lowering trials to reduce cardiovascular events indicates that homocysteine is
better understood here as a marker of methylation-cycle adequacy than as a therapeutic target in its own
right. This framing supports a methylation-support claim while explicitly declining a cardiovascular one.

CYANOCOBALAMIN

(Vitamin B12)
A Stable, Synthetic Form of Vitamin B12

CHEMICAL STRUCTURE
O

Cyanocobalamin is a synthetic form of
Vitamin B12. It is a stable, water-soluble
compound widely used in supplements
and fortified foods.

In the body, it is converted to the active
coenzyme forms methylcobalamin and
adenosylcobalamin.

KEY FEATURES

@ Water-soluble and highly stable

O Commonly used in dietary supplements
and injections

Converted in the body to active forms
(methylcobalamin & adenosylcobalamin)

Molecular Formula; CesHasCoN1aO14P Sk o
Molecular Weight: 1,355.37 g/mol 9 ! 4

PHYSIOLOGICAL FUNCTIONS - N m
Supports red blood 3 Essential for Required for /\ Aids in energy
. cell formation and nerve health and DNA synthesis metabolism and
‘ prevents megaloblastic | " myelin sheath and cell ENERGY reduction of @ ﬂ
anemia i ivisic

maintenance division fatigue
Milk & Dairy

Products

Meat Fish Eggs

0 C in is the most ly used and stable form of Vitamin B12 in supplements and fortified foods.

Fig 4. Chemical structure, molecular characteristics, dietary sources, and principal physiological functions
of cyanocobalamin (vitamin Bi2).

3.3 Pyridoxal-5-phosphate (Vitamin B6)

Mechanism and rationale. Vitamin B6, in its coenzyme form pyridoxal-5-phosphate, is the cofactor for the
transsulfuration pathway, comprising the enzymes cystathionine beta-synthase and cystathionine gamma-
lyase, through which homocysteine is committed irreversibly to cysteine.®” This is the second fate of
homocysteine, complementary to vitamin B12 and folate-dependent remethylation, and it is the point at
which the methylation network connects to redox defence: the cysteine produced is the rate-limiting
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substrate for glutathione synthesis.*’” Vitamin B6 therefore belongs to the methylation core by virtue of
controlling homocysteine's exit route, while simultaneously feeding the antioxidant axis discussed later, a
genuine biochemical bridge rather than a rhetorical one.

Evidence. Vitamin B6 status is an established determinant of homocysteine, particularly of post-
methionine-load homocysteine, which reflects transsulfuration capacity.”” The combined methylfolate,
pyridoxal-5-phosphate and methylcobalamin trial noted above supports the delivery of vitamin B6
alongside the remethylation cofactors for homocysteine control.* Intervention studies of folate combined
with vitamin B6 and vitamin B12 have examined effects on homocysteine and related functional
endpoints.”*® A recent synthesis has also examined vitamin B6 in specific symptomatic contexts, though
such indications lie outside the structure-function scope of this complex and are noted only to characterise
the evidence **.*

Interpretation and tier. Vitamin B6's role in transsulfuration and homocysteine handling is Tier 1
(Established). Its contribution to glutathione supply is mechanistically sound but should be described as
supporting antioxidant capacity rather than producing a specific clinical antioxidant outcome.

———~ PYRIDOXAL-5-PHOSPHATE .

The Active Coenzyme Form of Vitamin B6
‘
|
CHO Pyridoxal-5-phosphate (PLP) is the biologically active ! ‘

coenzyme form of vitamin B6. It plays a critical role in
enzyme reactions, particularly in amino acid metabolism,

HO neurotransmitter synthesis, and many other physiological
processes.
| T | m— ’
— CH,-0—P—0" KEY FEATURES -
|
H3C N I . @ Active coenzyme form of Vitamin B6
° |

e Involved in more than 140 enzyme reactions
Molecular Formula: CgH,oNOgP @ Essential for amino acid metabolism

Molecular Weight: 247.14 g/mol
g o/ Supports neurotransmitter synthesis

o Important for hemoglobin synthesis and red blood cell function

N, J

PHYSIOLOGICAL FUNCTIONS

o Water-soluble and readily utilized by the body

RO § —
i ‘ s Py

Synthesis Support and Cell
nthesis | Necessaryfor  Regulates immune
n. G-aminolewdlinic | responseand | Important for
ation | GABAdopamine, | acidsynthase | inflammatory | gene regulation
and norepinephrine | (ALA synthase) meditors | and cellsignaling

activity

Banana Salmon Chickpeas

0 PLP is essential for overall health, brain function, and metabolism.

Fig 5. Chemical structure, molecular characteristics, dietary sources, and principal physiological functions
of pyridoxal-5'-phosphate (PLP), the active coenzyme form of vitamin Be.

4 Choline (as choline chloride)

Mechanism and rationale. Choline provides a folate-independent route for homocysteine remethylation.
Oxidised to betaine, it donates a methyl group via betaine-homoc?lsteine methyltransferase, regenerating
methionine in parallel with the folate and vitamin B12 pathway.’ ** This redundancy is physiologically
important: methylation capacity can be sustained through two complementary donor systems, which
explains why choline is included alongside folate rather than as a substitute.’'> Choline is additionally a
substrate for phospholipid and acetylcholine synthesis, but within this complex its methylation-relevant
role, as a betaine-pathway methyl donor supporting the same methionine cycle as folate, is the one that ties
it to the review's theme.

Evidence. Controlled studies show that betaine supplementation lowers homoc;/steine, confirming
the functional activity of the choline and betaine remethylation route in humans.**”' Mechanistic and
metabolomic work has examined choline-derived metabolites in relation to cardiometabolic pathways,
illustrating both the reach and the complexity of choline metabolism.’*** Reviews of choline in pregnancy
and neurodevelopment document its physiological importance, while trials of betaine on body-composition
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and performance endpoints have generally not su}pported benefits beyond its biochemical effect on
homocysteine, a useful boundary for claim-setting **.**~*

Interpretation and tier. Choline's betaine-pathway contribution to remethylation and homocysteine
lowering is Tier 1 (Established). Broader performance or body-composition claims are Tier 3 (Excluded)
and are explicitly not made. Its neurodevelopmental role is real but pertains to specific populations rather
than to a general methylation-support claim.

4. The redox axis

The methylation core described above does not terminate at homocysteine. Through the vitamin B6-
dependent transsulfuration pathway, homocysteine is converted to cysteine, the rate-limiting precursor of
glutathione, the principal intracellular antioxidant.®” This is the biochemical hinge on which the present
complex turns: the same one-carbon machinery that sustains methylation also feeds the synthesis of the
tripeptide that anchors redox defence. The three actives considered in this section, alpha-lipoic acid,
selenium and zinc, operate within that redox network. They do not act as methyl donors, and this review
does not represent them as such; rather, they protect and regenerate the glutathione-centred antioxidant
system that is biochemically continuous with the methylation cycle, and in doing so they support the
integrity of DNA and cellular components that methylation status is meant to preserve.

4.1 Alpha-lipoic acid

Mechanism and rationale. Alpha-lipoic acid is a dithiol compound that functions both as an essential
cofactor for mitochondrial dehydrogenase complexes in energy metabolism and as a redox-active
antioxidant.””*® Its distinctive feature is amphiphilicity: it is active in both aqueous and lipid environments,
and its reduced form, dihydrolipoic acid, can regenerate other antioxidants including glutathione, vitamin
C and vitamin E.>”*® This regenerative role is what links alpha-lipoic acid to the methylation-connected
redox axis: by helping to maintain glutathione in its reduced, active state, it supports the antioxidant pool
that transsulfuration supplies with cysteine.””* Its inclusion in the complex is therefore rationalised not as
a methyl donor but as a protector of the redox environment on which cellular and DNA integrity depend.

Evidence. Alpha-lipoic acid has the largest clinical-trial literature of the redox-axis actives,
concentrated in glucose metabolism and oxidative-stress endpoints. Randomised trials and their syntheses
show that supplementation improves markers of glycaemic control and reduces circulating oxidative-stress
and inflammatory biomarkers in metabolically at-risk populations.””***" The best-established clinical
application is symptomatic diabetic peripheral neuropathy, where oral alpha-lipoic acid has shown benefit
in controlled evaluation, an indication that is clinically real but lies outside the structure-function scope of
a general cellular-health complex and is noted here only to characterise the evidence, not to support a
product claim ***"*>** Fyrther trials have examined effects on intermediate cardiometabolic and hepatic
markers in overweight and obese adults, with effects that are measurable but modest *>#¢#7 3%48

Interpretation and tier. Alpha-lipoic acid's role in supporting redox homeostasis and antioxidant
regeneration is Tier 1 (Established) at the mechanistic and biomarker level. Its glycaemic effects are Tier 2
(Emerging), real but variable in magnitude. Neuropathy benefit is a therapeutic indication and is Tier 3
(Excluded) for this product. The defensible claim is support for antioxidant and redox status, not treatment
of any condition.

4.2 Selenium

Mechanism and rationale. Selenium exerts its biological effects almost entirely through selenoproteins, in
which it is incorporated as selenocysteine.””® The most relevant of these to this complex are the
glutathione peroxidases, the enzyme family that uses reduced glutathione to detoxify hydrogen peroxide
and lipid hydroperoxides.*”® This is the direct mechanistic junction with the methylation core:
transsulfuration supplies the cysteine for glutathione synthesis, and selenium supplies the enzymatic
machinery that puts that glutathione to work in antioxidant defence.** Selenium is thus positioned in the
complex as the trace-element cofactor of the glutathione-dependent antioxidant system rather than as a
methyl-cycle participant.

Evidence. Human evidence links selenium status to glutathione peroxidase activity and to immune
and endocrine function. A systematic review and meta-analysis of experimental human studies supports a
role for selenium in immune function, and controlled evidence documents effects in thyroid-related
autoimmunity, where selenoprotein-dependent antioxidant activity is mechanistically implicated 31,32 4950
Trials have examined selenium supplementation in relation to insulin resistance and other metabolic

markers, with mixed results that caution against strong metabolic claims *****°.*° Observational and
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interventional data together indicate that selenium's benefits are most evident where baseline status is
inadequate, consistent with a repletion rather than pharmacological model, an important boundary
condition for a supplement.***

Interpretation and tier. Selenium's role as a cofactor for glutathione peroxidases and in antioxidant
and immune support is Tier 1 (Established), strongest in the context of correcting insufficiency. Metabolic
and endocrine effects are Tier 2 (Emerging) and context-dependent. Claims should emphasise antioxidant-
enzyme support and be framed against adequacy of status, not as a universal benefit.

4.3 Zinc

Mechanism and rationale. Zinc is a structural and catalytic cofactor for hundreds of enzymes and for the
zinc-finger motifs that stabilise DNA-binding proteins.'™"** Two of its roles connect it directly to the
concerns of this review. First, zinc contributes to antioxidant defence, both as a component of copper-zinc
superoxide dismutase and by stabilising cellular thiols, complementing the glutathione-centred system
supported by selenium and alpha-lipoic acid.'®"* Second, zinc is required for the fidelity of DNA
synthesis and repair and for the function of proteins that regulate genome stability, a link that ties it
specifically to the DNA-health element of the review's theme.'™'"™ Zinc is therefore positioned as a
cofactor supporting both redox balance and DNA integrity rather than as a methyl-cycle component.

Evidence. Controlled human studies show that zinc supplementation affects immune and
metabolic endpoints, particularly where intake is marginal. Trials and their syntheses report effects of zinc
on glycaemic and insulin-resistance markers and on cardiovascular risk factors, with a GRADE-assessed
review indicating measurable but heterogeneous effects.'”!" Zinc status is an established determinant of
immune competence, and repletion studies support its role in immune function %% %" Ag with
selenium, the pattern of evidence indicates that benefit is clearest in the setting of insufficiency, and that
zinc must be balanced against copper status in chronic supplementation, a formulation and safety
consideration rather than an efficacy claim.'®'**

Interpretation and tier. Zinc's role as an antioxidant and DNA-integrity cofactor is Tier 1
(Established) at the mechanistic level, with its DNA-health link being one of the more defensible
connections to the review's title. Glycaemic and cardiovascular-risk-factor effects are Tier 2 (Emerging)
and heterogeneous. Immune-support claims are defensible where framed against adequacy of status.

Taken together, alpha-lipoic acid, selenium and zinc constitute a redox-support cluster that is
biochemically continuous with the methylation core through the shared currency of glutathione. None is a
methyl donor, and the review does not claim otherwise; their contribution is to protect the cellular and
genomic substrate that methylation status exists to preserve, and to do so most reliably where baseline
micronutrient status is inadequate.”

An additional and often underappreciated point is that these redox actives interact with one
another. Selenium and alpha-lipoic acid both bear on glutathione status, and their combined presence may
support redox capacity more consistently than either alone; equally, such interactions can be antagonistic
as well as additive, which is why the formulation's rationale is framed as coordinated nutritional support
rather than as demonstrated multiplicative benefit.

5. The energy and insulin-cofactor axis

The third axis of the complex is the most loosely connected to methylation, and this review represents that
distance honestly rather than obscuring it. Thiamine and biotin are classical coenzymes of energy
metabolism whose relevance to cellular health is foundational but indirect; myo-inositol and chromium
relate to insulin signalling and glucose handling%, domains in which they have their own evidence base
largely independent of the one-carbon cycle.”'”"" These actives are included as broad metabolic-support
components, nutrients that sustain the energetic and glucoregulatory context within which methylation and
redox reactions occur, and their claims are tiered accordingly, with the two glucose-related actives treated
conservatively given the heterogeneity of their evidence.

5.1 Thiamine (Vitamin B1, as thiamine mononitrate)

Mechanism and rationale. Thiamine, in its coenzyme form thiamine pyrophosphate, is essential for the
activity of transketolase in the pentose phosphate pathway and of the pyruvate and alpha-ketoglutarate
dehydrogenase complexes in oxidative energy metabolism.”® Its role is foundational to carbohydrate
metabolism and to the generation of cellular energy and reducing equivalents. The link to this complex's
theme is indirect but genuine: the pentose phosphate pathway that thiamine supports generates the NADPH
required to maintain glutathione in its reduced state, connecting thiamine to the same redox-support
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economy that underlies cellular and DNA integrity.” ®° Thiamine mononitrate is a stable supplemental form
suited to multi-ingredient formulation.

Evidence. The clearest human evidence concerns deficiency and repletion: inadequate thiamine
status impairs energy metabolism, and correction restores it, with deficiency states well characterised
clinically.®”" In the metabolic domain, trials and syntheses have examined thiamine and its derivatives,
including benfotiamine, in relation to glycaemic markers and diabetes, where thiamine status is often
reduced; effects on glycaemic outcomes are inconsistent and generally modest.”®" Studies in acute and
critical-illness settings have investigated thiamine's role in metabolic support, but these lie outside the
scope of a general-wellness complex.

Interpretation and tier. Thiamine's role as an energy-metabolism cofactor is Tier 1 (Established) on
the basis of well-understood biochemistry and deficiency data. Its glycaemic effects are Tier 2 (Emerging)
and inconsistent. The defensible claim is support for normal energy metabolism; glucose-specific claims
are not supported for this active.
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o Vitamin B1 (Thiamine) is a water-soluble vitamin and should be consumed regularly as the body does not store it in large amounts.

Fig 6. Chemical structure, molecular characteristics, dietary sources, key physiological functions, and
deficiency manifestations of thiamine (vitamin B).

5.2 D-Biotin (Vitamin B7)

Mechanism and rationale. Biotin is the covalently bound cofactor of the carboxylase enzymes that catalyse
key steps in gluconeogenesis, fatty-acid synthesis and amino-acid catabolism.*>® It also participates in the
regulation of gene expression, and its status affects a range of metabolic processes. Within this complex,
biotin functions as a metabolic cofactor supporting carbohydrate and lipid metabolism; its connection to
the methylation theme is the most distal of the eleven actives, and the review does not force one. It is
included as a component of comprehensive B-vitamin metabolic support rather than as a methyl-cycle
participant.

Evidence. Human evidence for biotin is dominated by deficiency and its correction: biotin
deficiency, whether dietary or due to biotinidase deficiency, produces characteristic metabolic and
dermatological features that resolve with repletion.”*® Beyond frank deficiency, the evidence for
supplemental biotin producing benefit in replete individuals is limited, and this boundary is stated plainly
here. Studies of combined micronutrient supplementation that include biotin report composite effects that
cannot be attributed to biotin speciﬁcally.63

Interpretation and tier. Biotin's role as a carboxylase cofactor is Tier 1 (Established) at the level of
essential biochemistry and deficiency correction. Independent supplemental benefit in replete individuals
is Tier 3 (Excluded). Its inclusion is justified as part of B-complex adequacy, not as a standalone active
with asserted benefit. A practical caution is that high-dose biotin can interfere with certain immunoassays,
including thyroid-hormone and cardiac-troponin tests, a laboratory consideration relevant to labelling.
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Fig 7. Chemical structure, molecular characteristics, dietary sources, key physiological functions, and
deficiency manifestations of D-biotin (vitamin B+/vitamin H).

5.3 Myo-inositol

Mechanism and rationale. Myo-inositol is a carbocyclic polyol that serves as a precursor for
phosphatidylinositol and for the inositol phosphoglycan second messengers involved in insulin signal
transduction.'”®* Its principal evidence-supported role is in insulin sensitivity and ovarian function, and it
is included in this complex as a metabolic-support component in that domain. This review does not link
myo-inositol to the one-carbon cycle, because the evidence does not support such a link; it is positioned
honestly as a glucose- and insulin-related active whose rationale stands on its own literature.

Evidence. Myo-inositol has a substantial randomised-trial base, concentrated in two areas:
polycystic ovary syndrome, where it improves ovulatory and metabolic parameters, and gestational-
diabetes-related glycaemic measures, where trials and meta-analyses report improvements. "%
Comparative trials against metformin and other insulin sensitisers position myo-inositol as a reasonably
tolerated option in these specific populations 7.%%*% The evidence is strongest in these reproductive-
metabolic contexts and does not generalise to a broad methylation or cellular-health claim.

Interpretation and tier. Myo-inositol's role in insulin signalling and in polycystic ovary syndrome
and gestational-diabetes contexts is Tier 1 (Established) within those indications. As a general cellular-
health or methylation-support claim it is Tier 3 (Excluded). Within this complex it warrants only a broad
supports metabolic and insulin function structure-function framing, and its condition-specific evidence
should not be imported as a general product claim.

5.4 Chromium (as chromium picolinate)

Mechanism and rationale. Chromium is proposed to potentiate insulin action, historically via the
oligopeptide chromodulin, thereby influencing glucose and lipid metabolism.''*® Chromium picolinate is a
commonly used, relatively bioavailable form. It is the active most distant from the methylation theme and
the one with the weakest and most contested evidence; the review positions it as a conditional glucose-
metabolism component and treats its claims with the greatest caution of any ingredient in the complex.

Evidence. The trial literature on chromium picolinate and glycaemic control is genuinely mixed.
Meta-analyses report small effects on glucose and lipid measures in some diabetic populations, but effects
are inconsistent, of uncertain clinical significance and not reliably reproduced in well-controlled trials;
syntheses on body composition, blood pressure and lipid profile likewise show heterogeneous and often
null results "*’""*'"°% The essentiality of chromium in human nutrition itself has been questioned in
authoritative reviews, further weakening the basis for strong claims.
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Interpretation and tier. Chromium's glycaemic effect is Tier 2 (Emerging) at best and arguably Tier
3 for any firm claim. This review assigns chromium a conservative may support normal glucose
metabolism framing only, with explicit acknowledgement of inconsistent evidence, and excludes any claim
of glycaemic treatment, weight loss or cardiovascular benefit.

6. Rationale for the combination

The scientific case for combining these eleven actives rests on the interconnection of the pathways they
serve rather than on additive independent effects. The methylation core, comprising L-methylfolate,
cyanocobalamin, pyridoxal-5-phosphate and choline, is functionally interdependent: folate supplies the
methyl group, vitamin B12 enables its transfer, vitamin B6 governs homocysteine's transsulfuration exit
and choline provides a parallel remethylation route.*”' Delivering these together is mechanistically rational
because a deficiency in any one constrains flux through the shared cycle, and because the co-
administration of the active folate form with its vitamin B12 and vitamin B6 cofactors has been shown to
lower homocysteine in a single intervention. The transsulfuration output of this core connects to the redox
cluster, comprising alpha-lipoic acid, selenium and zinc, through glutathione, the antioxidant whose
synthesis depends on cysteine derived from homocysteine and whose function depends on selenium-
containing peroxidases and zinc- and alpha-lipoic-acid-supported redox maintenance.***** The energy and
insulin-cofactor axis, comprising thiamine, biotin, myo-inositol and chromium, sustains the broader
metabolic environment, with thiamine additionally feeding the NADPH supply that keeps glutathione
reduced.”"’

This tri-axial structure is the honest scientific rationale for the complex: not that every ingredient
methylates, but that the ingredients populate a connected network in which methylation, redox defence and
energy metabolism are mutually dependent, and in which insufficiency at one node can propagate to
others.*” The combination is best understood as broad nutritional support for that network, with its
strongest and most specific evidence residing in the methylation core. It should be noted that this rationale
is mechanistic and complementary rather than a demonstration of synergistic clinical efficacy, which
would require a trial of the finished formulation.

Two nutrient-interaction considerations reinforce the combination logic while also bounding it.
Positively, the co-delivery of folate with vitamin B12 avoids the functional folate trap that can occur when
folate is supplied without adequate vitamin B12, and the pairing of the transsulfuration cofactor vitamin
B6 with the remethylation cofactors addresses both fates of homocysteine simultaneously. Cautionarily,
chronic zinc intake can depress copper status and high folate intake can mask vitamin B12 deficiency, so
the same interconnectedness that motivates the combination also imposes formulation constraints that
responsible dosing must respect.

7. Tiered claim framework

The following table maps representative claims to their evidence tier and to a conservative structure-
function framing suitable for a nutraceutical positioning under the FSSAI nutraceutical category. Tier 1
(Established) denotes claims supported by consistent human evidence and well-understood biochemistry;
Tier 2 (Emerging) denotes biologically plausible claims with inconsistent or preliminary human support;
Tier 3 (Excluded) denotes claims not supported for this product and deliberately not made. Table 2 presents
this framework.

Table 2: Tiered claim framework for the complex

Active(s) Claim domain Tier Permitted struc.t ure-function Excluded (Tier 3)
framing
L-methylfolate; | Methylation / . Supports one-carbon metabohsm Treats CV disease;
. Tier 1 and healthy homocysteine
B12 homocysteine . reduces CV events
metabolism
Transsulfuration; Supports homocysteine Treats neuropathy-
Vitamin B6 glutathione Tier 1 metabolism and antioxidant . opaty;
disease claims
precursor precursor supply
Choline Betalne—paj[hway Tier 1 Supportg methyl-group Weight loss;
remethylation metabolism performance
DNA / epigenetic . Supports processes involved in | Reverses ageing; treats
Folate /BI2 health Tier 2 DNA methylation (mechanistic) |disease
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Active(s) Claim domain Tier Permitted ;truc.t ure-function Excluded (Tier 3)
raming
Alpha-lipoic | Antioxidant / redox Tier 1 Supports antioxidant defence Treats diabetic
acid support and redox balance neuropathy
Alpha-lipoic . . May support normal glucose Treats/controls
acid Glycaemic support | Tier 2 metabolism diabetes
. Glutathione . Supports antioxidant-enzyme Treats thyroid disease;
Selenium . . Tier 1 . . .
peroxidase; immune and immune function cancer prevention
. Antioxidant + DNA | .. Sup P o.rts DNA 1ntegr1ty,. Treats infection; CV
Zinc S Tier 1 antioxidant defence and immune .
repair; immune . event reduction
function
Thiamine Energy metabolism | Tier 1 Support§ normal energy-yielding Glycaemlc—control
metabolism claims
Biotin Macrongtrlent Tier 1/3 Supportg normal macronutrient Halr/skln/nall efficacy
metabolism metabolism if replete
Myo-inositol Insuh.n / metabolic Tier 1/3 Suppprts metabolic and insulin Geperal methylation
function function claim
Chromium . . May support normal glucose Weight loss; diabetes
picolinate Glucose metabolism | Tier 2 metabolism treatment; CV benefit

8. Safety, tolerability and upper intake considerations

The safety profile of the complex is generally favourable at nutritional doses, but several actives carry
specific considerations that responsible formulation and labelling should address. Water-soluble vitamins,
comprising folate, vitamin B12, vitamin B6, thiamine and biotin, have wide margins of safety, though
chronically high vitamin B6 intake is associated with sensory neuropathy and warrants an upper limit, and
high-dose biotin is a recognised source of interference in immunoassays including thyroid and cardiac-
troponin tests.”*> Among the trace elements, selenium has a comparatively narrow therapeutic window,
with excess intake producing selenosis, so dosing should respect established tolerable upper intake levels
and account for background dietary intake.”™ Zinc supplementation over extended periods can impair
copper status, making the zinc-to-copper balance a formulation consideration.**"" Chromium picolinate is
generally well tolerated at supplemental doses, though its benefit-risk rationale is weak given the
inconsistent efficacy evidence.''”® Alpha-lipoic acid and myo-inositol are well tolerated in trials, with mild
gastrointestinal effects reported occasionally.’”'" Across all actives, the evidence indicates that benefit is
most reliable in the context of correcting insufficiency, and that supplementation should be positioned as
nutritional support rather than pharmacological intervention. Exact tolerable upper intake levels should be
verified against the applicable FSSAI schedules at the point of formulation and labelling.

9. Limitations and evidence gaps

Several limitations qualify the conclusions of this review. First and most importantly, the evidence
synthesised here pertains to the individual actives, not to the finished multi-ingredient formulation; no
clinical trial of the complex as a whole is available, and the combination rationale is therefore mechanistic
rather than demonstrated in outcome terms. Second, the strength of evidence is uneven across the eleven
actives, ranging from robust for the folate, vitamin B12 and vitamin B6 methylation core to weak and
contested for chromium; presenting these uniformly would misrepresent the evidence, and the tiered
framework is intended to prevent that. Third, much of the supporting evidence derives from populations
with insufficiency or specific clinical conditions, and benefits observed under those circumstances may not
translate to replete or general-wellness users. Fourth, as a narrative review, this synthesis did not apply
systematic search protocols, formal risk-of-bias assessment or meta-analytic pooling, and is subject to the
selection and interpretation limitations inherent to the format. Finally, and consistent with the wider
literature, homocysteine lowering by B-vitamins has not been shown to reduce cardiovascular events in
randomisesd1 ;[rials, and the biochemical effects documented here should not be extrapolated to hard clinical
outcomes.”

784



Leroy Rebello.,/Int. J. Pharmacy & Industrial Research, 16(3) 2026 [772-790]

10. Conclusion

The eleven-component complex examined here is best understood as multi-pathway nutritional support
organized around a methylation core. Its most substantiated actions lie in one-carbon metabolism and
homocysteine regulation, supported by the folate, vitamin B12, vitamin B6 and choline group, and in
glutathione-linked redox defence, supported by alpha-lipoic acid, selenium and zinc and connected to the
methylation core through the transsulfuration pathway. The energy and insulin-cofactor actives, thiamine,
biotin, myo-inositol and chromium, provide broader metabolic support with more variable evidence.
Framed honestly and tiered by evidence strength, the complex offers a mechanistically coherent, structure-
function-consistent approach to supporting cellular methylation and the metabolic environment on which it
depends. Claims should remain strongest for methylation and redox endpoints and conservative for
glycaemic outcomes, and no claim of cardiovascular-event reduction or disease treatment is warranted.
Evaluation of the finished formulation in controlled human studies is the logical next step to substantiate
the combination directly.
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