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Abstract

The vitamin B complex, a group of water-soluble vitamins, is essential for various metabolic and cellular processes and critical for
achieving optimal surgical outcomes in plastic and cosmetic procedures. This review examines the mechanistic contributions of this
complex at the cellular level, including any roles in mitochondrial bioenergetics, redox balance, gene regulation, and cellular repair
mechanisms. Niacinamide, as a precursor to NAD⁺, enhances mitochondrial efficiency and facilitates energy production, supporting
tissue regeneration. Pyridoxine functions as a cofactor in neurotransmitter biosynthesis and amino acid metabolism, contributing to nerve
recovery post-surgery. Furthermore, cobalamin is crucial formaintaining themyelin sheath and facilitating axonal repair, thereby ensuring
neuronal integrity and minimizing nerve damage. Additionally, pantothenic acid, through its role in coenzyme A synthesis, regulates
fatty acid metabolism and accelerates cellular repair, aiding in wound healing. Biotin is fundamental for keratin synthesis and follicular
cell proliferation, promoting skin integrity and hair regeneration, which are vital in aesthetic and reconstructive treatments. Meanwhile,
thiamine ensures a sufficient energy supply for neuronal recovery and cellular resilience through modulating carbohydrate metabolism.
Thus, by integrating these cellular mechanisms, the vitamin B complex enhances tissue repair, minimizes inflammation, and improves
both aesthetic and functional outcomes. Advances in precision supplementation, innovative drug delivery methods, and regenerative
medicine continue to expand the therapeutic potential of B vitamins in plastic and reconstructive surgery. This comprehensive overview
underscores the clinical significance of these vitamins in optimizing surgical recovery and promoting long-term tissue health.
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1. Introduction

Plastic and cosmetic surgery is a multifaceted and
rapidly advancing discipline dedicated to the repair, recon-
struction, and enhancement of the human body [1]. With
the growing demand for procedures aimed at improving
aesthetic appearance and functional outcomes, there is an
increasing focus on optimizing perioperative care and out-
comes. In recent years, the integration of nutritional sci-
ence into surgical practice has opened new avenues for en-
hancing recovery, minimizing complications, and improv-
ing long-term results. Among various nutrients, the vita-
min B complex has emerged as a metabolic and therapeu-
tic agent, particularly in fields such as wound healing, scar
modulation, nerve protection, and skin rejuvenation. Its
biochemical versatility and systemic effects offer potential
benefits that align with the physiological demands of plas-
tic surgery [2]. The vitamin B complex comprises water-
soluble vitamins, such as niacinamide (B3), pantothenic
acid (B5), biotin (B7), thiamine (B1), pyridoxine (B6), and
cobalamin (B12). Each of these vitamins has a unique and

critical role in energy production, cellular metabolism, and
neurological function [3,4]. Thiamine is crucial for carbo-
hydrate metabolism, acting as a coenzyme in the Krebs cy-
cle and the pentose phosphate pathway [5,6]. It facilitates
the activity of key enzymes such as pyruvate dehydrogenase
and α-ketoglutarate dehydrogenase, which are essential for
ATP production [7,8]. In addition, thiamine is particularly
important for nerve function, as it aids in neurotransmitter
synthesis. A deficiency in thiamine leads to conditions such
as beriberi, which affects the cardiovascular and nervous
systems, and Wernicke-Korsakoff syndrome, which is of-
ten associated with chronic alcohol consumption and mani-
fests as confusion, ataxia, and memory loss [5,9]. Niacin is
a precursor for nicotinamide adenine dinucleotide (NAD)
and its phosphate form (NADP), which are essential co-
factors in metabolic reactions that produce cellular energy.
These cofactors are involved in glycolysis, the citric acid
cycle, and oxidative phosphorylation, making niacin cru-
cial for ATP generation [10]. Additionally, niacin plays a
role inDNA repair and cellular signaling. Niacin deficiency
results in pellagra, a condition marked by the “three Ds”;
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dermatitis, diarrhea, and dementia, which can be fatal if un-
treated [11,12]. Niacin has demonstrated benefits in plastic
surgery by enhancing wound healing and improving tissue
viability, particularly in preoperative flap preparation. Its
role in collagen synthesis makes it a valuable supplement,
although caution is warranted due to risks like thrombocy-
topenia and anemia with long-term use [13,14]. In addition,
pantothenic acid is an essential component of coenzyme A
(CoA), which is required for the metabolism of carbohy-
drates, proteins, and fats. It has a significant role in fatty
acid synthesis and oxidation, as well as in the biosynthesis
of acetylcholine, steroid hormones, and neurotransmitters.
Since CoA is involved in numerous metabolic pathways,
pantothenic acid deficiency is rare but can lead to symp-
toms such as fatigue, irritability, and metabolic imbalances
[15,16]. Pantothenic acid supports wound healing in plastic
surgery by promoting fibroblast proliferation and strength-
ening connective tissue, such as aponeurosis, at surgical
sites. Supplementation, especially when combined with vi-
tamin C, has been shown to improve scar strength post-
operatively, suggesting its value in enhancing skin recov-
ery and surgical outcomes [17,18]. Furthermore, vitamin
B6, primarily in the form of pyridoxal phosphate (PLP),
serves as a coenzyme in over 100 enzymatic reactions, par-
ticularly in amino acid metabolism. It is vital for neuro-
transmitter synthesis, including serotonin, dopamine, and
gamma-aminobutyric acid (GABA), which regulate mood
and cognitive function [13,19]. Additionally, pyridoxine
is involved in hemoglobin production and immune func-
tion. A deficiency in B6 can lead to neurological symp-
toms such as depression, irritability, and seizures, as well
as anemia due to impaired hemoglobin synthesis [20,21].
Nevertheless, biotin serves as a coenzyme in carboxyla-
tion reactions, playing a crucial role in gluconeogenesis,
fatty acid metabolism, and amino acid catabolism [22].
Though rare, biotin deficiency can lead to symptoms like
hair loss, dermatitis, and neurological disturbances, often
caused by genetic mutations or excessive raw egg white
consumption, which inhibits biotin absorption [23,24]. In
cosmetic and plastic surgery applications, biotin could en-
hance skin and hair regeneration by supporting keratin in-
frastructure, promoting epithelial cell growth, and improv-
ing overall dermal health, thereby contributing to improved
aesthetic outcomes and postoperative healing [25]. Never-
theless, Cobalamin contributes fundamentally to neurologi-
cal function, red blood cell formation, and genomic stability
through its role in homocysteine metabolism and methyla-
tion processes. These functions are particularly relevant in
the surgical setting, where adequate B12 levels may sup-
port nerve recovery and reduce postoperative complications
[26].

These B vitamins work synergistically to support mi-
tochondrial function and energy production, playing vital
roles in the electron transport chain, oxidative phosphory-
lation, and ATP synthesis [27]. Deficiencies in multiple B

vitamins can severely impair mitochondrial function, lead-
ing to chronic fatigue and an increased risk of neurodegen-
erative diseases like Alzheimer’s and Parkinson’s disease
[28]. Beyond metabolism, the vitamin B complex exhibits
protective effects against oxidative stress, inflammation,
and neurodegeneration, which are associated with plastic
and cosmetic surgeries [29]. In our article, we explore the
emerging significance of the vitamin B complex in plastic
and cosmetic surgery, with a focus on its mechanistic roles
in wound healing, nerve regeneration, skin restoration, and
postoperative recovery. The review highlights how each
B vitamin contributes to enhancing surgical outcomes and
emphasizes their potential as supportive agents in improv-
ing both functional recovery and aesthetic results.

2. Specific Applications of the Vitamin B
Complex in Plastic and Cosmetic Surgery
2.1 Niacinamide Related to Skin Restoration and
Anti-Aging

The skin barrier serves as a protective layer against
environmental stressors, pathogens, and moisture loss [30].
Niacinamide plays a crucial role in enhancing the integrity
and function of the skin barrier by stimulating the produc-
tion of ceramides, free fatty acids, and cholesterol, all of
which are essential for maintaining skin hydration and pre-
venting trans-epidermal water loss (Fig. 1) [31]. A clini-
cal study found that topical niacinamide significantly im-
proved skin hydration and barrier function within 12 to
24 weeks after application, leading to enhanced resilience
against environmental damage and reduced sensitivity to
irritants [26]. Furthermore, Gueniche et al. [32] inves-
tigated a dermocosmetic formulation (M89PF) containing
niacinamide, hyaluronic acid, vitamin E, volcanic mineral
water, and probiotic fractions. The study demonstrated
that M89PF significantly improved skin hydration, accel-
erated barrier recovery, enhanced skin renewal, and re-
duced oxidative stress in both in vivo and ex vivo mod-
els. Clinical trials in women with stressed skin revealed
that M89PF also rebalanced the microbiome, diminished
fine lines, improved elasticity and radiance, and reduced
pigmentation, especially in Asian populations [32]. Addi-
tionally, Lee et al. [33] found that topical application of
niacinamide (2%) combined with human adipocyte-derived
stem cell-conditioned media (ADSC-CM) significantly en-
hanced post-laser skin rejuvenation. Over a 3-week pe-
riod following ablative fractional CO2 laser treatment, par-
ticipants showed marked reductions in wrinkles and pig-
mentation on the treated side, with greater patient satisfac-
tion and improved global aesthetic scores compared to the
control [33]. In vitro assays confirmed the combination’s
anti-inflammatory, antioxidant, and collagen-promoting ef-
fects, highlighting its synergistic potential in accelerating
skin repair and remodeling after resurfacing procedures
[33]. Additionally, a randomized, double-blind clinical
study examined the synergistic effect of niacinamide and
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4-hexylresorcinol, demonstrating superior skin tone cor-
rection and anti-aging benefits by enhancing tyrosinase
inhibition, reducing fine lines, and improving skin firm-
ness compared to niacinamide alone [34]. In addition,
niacinamide is widely recognized for its depigmenting ef-
fects, particularly in reducing post-inflammatory hyper-
pigmentation (PIH) and melasma. It achieves this by in-
hibiting the transfer of melanosomes from melanocytes to
keratinocytes, thereby decreasing visible skin pigmenta-
tion. This mechanism makes niacinamide an effective and
safer alternative to hydroquinone for managing hyperpig-
mentation disorders [35,36]. A study comparing niaci-
namide to 4% hydroquinone found that it was equally ef-
fective in reducing melasma while exhibiting fewer side
effects such as irritation and rebound pigmentation [37].
An emerging research has explored the role of niacinamide
in combination with other depigmenting agents such as
alpha-hydroxy acids (AHAs) and ascorbic acid. The syn-
ergistic effects of these compounds enhance skin bright-
ening, reduce blotchiness, and even out skin tone, mak-
ing niacinamide a critical component in comprehensive
anti-pigmentation skincare regimens [38]. Hakozaki et al.
[39] examined niacinamide and found that it does not in-
hibit tyrosinase or melanogenesis but significantly reduces
melanosome transfer (35–68%) from melanocytes to ker-
atinocytes. Clinical trials in Japanese women showed that
a 5% niacinamide moisturizer decreased hyperpigmenta-
tion and increased skin lightness after four weeks, while
2% niacinamide with sunscreen further enhanced skin light-
ening [39]. A 12-week clinical study assessed the effi-
cacy of a serum containing 5% niacinamide, 3% tranex-
amic acid (TXA), and 1% kojic acid in treating melasma
and PIH in 55 Brazilian women with Fitzpatrick skin types
I–IV, demonstrating significant improvements in pigmenta-
tion, skin tone homogeneity, and texture as early as week
2 with continued progress through week 12, highlight-
ing niacinamide’s role in inhibiting melanosome transfer
and improving skin hydration [40]. Kimball et al. [41]
reported that a topical formulation containing 4% niaci-
namide and 2% N-acetyl glucosamine significantly im-
proved facial hyperpigmentation, enhanced skin tone uni-
formity, and supported epidermal turnover over 10 weeks.
The observed effects were attributed to the inhibition of
melanosome transfer and improved barrier function, offer-
ing a well-tolerated, non-hydroquinone-based strategy for
addressing uneven pigmentation [41]. Furmanczyk et al.
[42] evaluated a depigmenting gel serum containing niaci-
namide, tranexamic acid, 4-butylresorcinol, phytic acid,
and hydroxy acids, showing a 67% reduction in melanin
production and a 31% decrease in melanin index after
84 days, reinforcing niacinamide’s depigmenting effects.
Mi et al. [43] further confirmed niacinamide’s environ-
mental protection benefits, showing that 5 mmol/L niaci-
namide inhibited pollution-induced melanogenesis, pre-
venting benzo(a)pyrene-induced pigmentation in a recon-

structed human epidermis model, indicating its efficacy
against environmental stressors. Chronic inflammation and
oxidative stress contribute to skin aging, leading to fine
lines, wrinkles, and loss of elasticity. In addition, niaci-
namide has been shown to counteract these effects by down-
regulating the production of pro-inflammatory cytokines,
such as interleukin (IL)-6 and tumor necrosis factor-alpha
(TNF-α) [44,45]. This anti-inflammatory action is partic-
ularly beneficial in reducing redness, irritation, and photo-
damage associatedwith prolonged sun exposure [46]. Mon-
frecola et al. [45] study found that nicotinamide signifi-
cantly downregulates UVB-induced pro-inflammatory cy-
tokines IL-6, IL-10, MCP-1, and TNF-α in HaCaT ker-
atinocytes, with the most effective reduction observed at 5
mM concentration. Nicotinamide exerts anti-inflammatory
and immunomodulatory effects by inhibiting poly (ADP-
ribose) polymerase (PARP)-1 and modulating NF-κB ac-
tivity, reducing UV-induced skin inflammation and damage
[45]. Another study showed that niacinamide significantly
reduces UVB-, pollution-, and cigarette smoke-induced in-
flammation in keratinocytes by lowering IL-6, IL-8, and
PGE2 levels while restoring Lamin B1. The study con-
firmed the ability of 5% niacinamide to reduce UV-induced
erythema and skin inflammation markers (IL-1aRA/IL-1a)
[47]. Zhou et al. [48] investigated the anti-inflammatory
effects of niacin and its underlying mechanisms. The re-
sults showed that niacin reduces the production of pro-
inflammatory cytokines in a dose-dependent manner while
inhibiting NF-κB activation by blocking the phosphoryla-
tion of p65 and IκBα, thereby preventing inflammatory sig-
naling [48]. Further analysis reveals that these effects are
mediated through the HCA2 receptor, as silencing HCA2
or inhibiting G-protein signaling abolishes niacin’s protec-
tive action [48]. A recent study demonstrated that niaci-
namide enhances dermal collagen synthesis, leading to im-
proved skin elasticity and reduced wrinkle formation. By
stimulating fibroblast activity and increasing ECM compo-
nents, niacinamide contributes to skin firmness and struc-
tural integrity, making it a valuable ingredient in anti-aging
skincare formulations [49]. In addition, a study explored
the combined effects of niacinamide, vitamin C, and poly-
deoxyribonucleotide in mitigating melanogenesis by mod-
ulating nicotinamide nucleotide transhydrogenase, show-
ing that this combination reduced oxidative stress, inhib-
ited tyrosinase activity, and decreased melanin production
in UV-B-irradiated animal skin [46]. Kim et al. [50] syn-
thesized a niacinamide derivative (N-nicotinoyl dopamine,
NND) with enhanced antioxidant properties, demonstrating
that topical 0.1% NND reduced melanin production while
neutralizing oxidative stress, reinforcing niacinamide’s role
as a potent free-radical scavenger.
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Fig. 1. Therapeutic benefits and biological effects of topical niacinamide in skin health.

Fig. 2. The role of Cobalamin, Thiamine, and Pyridoxine in neuroprotection, nerve regeneration, and function preservation.

2.2 Pantothenic Acid: Wound Healing and Scar
Management

Pantothenic acid and its derivatives, including dex-
panthenol, have an essential role in wound healing through

their involvement in cellular regeneration, inflammation,
modulation, and collagen synthesis. Recent studies have
demonstrated the efficacy of these compounds in promot-
ing faster wound closure and improving healing outcomes.
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A 5% dexpanthenol ointment significantly accelerates mu-
cosal wound healing in a 3D nonkeratinized model with
CO2 laser-induced lesions. It enhances wound closure and
upregulates key wound-healing genes (CXCL10, MUC4,
MUC16, MUC20, RARRES1), promoting epithelialization
and tissue repair, confirming its therapeutic potential [51].
Yildizhan et al. [52] and Küba et al. [53] found that
dexpanthenol accelerates wound healing in animal mod-
els, with dexpanthenol showing comparable effects to su-
cralfate and superior results to other compounds in cer-
tain contexts. Heise et al. [54] further confirmed that
a dexpanthenol-containing ointment significantly acceler-
ated wound healing and improved cosmetic outcomes fol-
lowing fractional CO2 laser resurfacing of photo-damaged
skin. Compared to petroleum jelly, dexpanthenol-treated
areas showed faster re-epithelialization, smaller lesion di-
ameters, and higher patient and investigator satisfaction
within the first 5 days post-treatment. These effects are
attributed to dexpanthenol’s ability to enhance hydration,
stimulate epithelial repair, and support collagen remodel-
ing [54]. Pantothenic acid has been shown to promote
wound healing by enhancing the migration and prolifera-
tion of keratinocytes and fibroblasts, which are essential for
epithelialization and collagen production [51,55]. Further-
more, the impact of pantothenic acid on the immune sys-
tem, specifically its ability to modulate cytokine produc-
tion. Pantothenic acid triggers immune cells to produce a
range of cytokines, influencing both pro-inflammatory and
anti-inflammatory responses, which is particularly benefi-
cial in controlling excessive inflammation during wound
healing [56]. The paradoxical nature of pantothenic acid’s
effects can shift the balance between proinflammatory and
anti-inflammatory cytokines depending on the physiolog-
ical context, thus enhancing its therapeutic potential in
various inflammatory and immune-related conditions [57].
Etensel et al. [58] showed dexpanthenol significantly miti-
gated oxidative stress and tissue injury in a rat model of tes-
ticular ischemia-reperfusion injury. Administering dexpan-
thenol at 500 mg/kg reduced serum malondialdehyde lev-
els and improved histopathological scores, indicating lower
lipid peroxidation and structural damage. These protective
effects are attributed to its role in boosting reduced glu-
tathione, Coenzyme A, and ATP synthesis, thereby enhanc-
ing cellular resilience against ROS-induced injury [58].
Similarly, Heise et al. [59] revealed that dexpanthenol
modulates gene expression to promote skin regeneration
and improve wound healing at the molecular level. This
regenerative effect is further supported by Proksch et al.
[60], who reviewed dexpanthenol’s long-established use in
skin care, emphasizing its ability to restore the skin bar-
rier and hydrate the skin, while Dell’Acqua and Schweikert
[61] found that its derivative, panthenyl triacetate, activates
metabolic pathways that stimulate skin healing. Further-
more, Ulger et al. [62] compared the wound healing effi-
cacy of dexpanthenol and nebivolol in a rat model and found

that both agents significantly enhanced healing compared to
untreated controls. While wound closure rates were simi-
lar between the two treatment groups, dexpanthenol-treated
wounds showed significantly lower inflammation and com-
parable levels of fibrosis and epithelialization [62]. This
ability to improve healing was also seen in corneal wounds,
as reported by Egger et al. [63], who found dexpanthenol
effective in reducing pain and promoting recovery. More-
over, Li et al. [64] reported that a topical formulation con-
taining 5% panthenol, madecassoside, and essential trace
elements (copper, zinc, manganese) significantly improved
skin recovery after fractional CO2 laser resurfacing. The
treatment reduced erythema, trans-epidermal water loss,
pain, and postoperative edema, while promoting faster crust
removal and delivering superior cosmetic outcomes com-
pared to a standard hospital-prepared emollient [64]. Fi-
nally, Celebi et al. [65] showed that dexpanthenol signif-
icantly improved post-tonsillectomy recovery by alleviat-
ing pain and accelerating mucosal healing. Taken together,
these studies emphasize the significant therapeutic potential
of pantothenic acid in facilitating tissue repair, reducing in-
flammation, and promoting skin regeneration, making it a
highly effective and versatile agent in medical, dermatolog-
ical, and cosmetic surgery applications.

2.3 Biotin: Hair Transplantation and Management

Biotin has gained widespread use as a supplement for
the management of hair loss, particularly in cases of biotin
deficiency, which can manifest as alopecia, brittle nails,
and other dermatologic issues [66]. Several studies have
examined the efficacy of biotin in both clinical and exper-
imental settings. El-Esawy et al. [67] demonstrated that
male patients with androgenetic alopecia (AGA) had sig-
nificantly lower serum levels of zinc and suboptimal levels
of biotin, suggesting that biotin supplementation may im-
prove hair quality and texture, although no correlation with
disease severity was observed. Duchi et al. [68] introduced
a novel encapsulated form of biotin, WS biotin, which sig-
nificantly enhanced the water solubility of biotin and was
shown to promote hair follicle keratin expression and the
activation of hair growth-related genes in vitro. In a ran-
domized controlled trial by Samadi et al. [69], the com-
bination of biotin and dexpanthenol injections significantly
improved hair density and reduced hair loss in patients with
diffuse hair loss. Chavan [70] reported the successful re-
versal of premature graying in a 25-year-old female using a
topical solution containing α-Melanocyte-Stimulating Hor-
mone Agonist (Greyverse) along with oral biotin supple-
mentation. After five months, the patient showed a >90%
conversion of gray hair to black [70]. Another study com-
pared the effectiveness of PRP therapy combined with bi-
otin, redensyl, and saw palmetto in treating androgenetic
alopecia. Results showed significant improvements in hair
regrowth [71]. In addition to its therapeutic potential in hair
regrowth, biotin’s role in metabolic processes influencing
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hair health has been explored. Güder and Eker [72] retro-
spectively analyzed biotin levels in dermatology patients,
findingweak positive correlations between biotin levels and
parameters such as basophil count and triglycerides. How-
ever, biotin did not show significant changes in hemogram
parameters, suggesting that its effects may be more sys-
temic than directly linked to hair growth [72]. Biotin’s ef-
ficacy in enhancing hair follicle function was also explored
in the context of scalp microbiome interventions. Jo et al.
[73] identified biotin as one of the active compounds in
Staphylococcus epidermidis Cicaria, a strain derived from
the human scalp microbiome, which exhibited the ability to
maintain the anagen phase in hair follicles and inhibit hair
loss. Moreover, studies such as those by Benke et al. [74]
have explored biotin’s broader implications, specifically its
use in patients with autism spectrum disorder and develop-
mental delay, where biotin supplementation restored hair
and nail growth in a patient with negligible growth in these
areas. Biotin is also included in topical formulations for
managing hair loss, such as in combination with other ac-
tive ingredients like minoxidil or procapil, with studies in-
dicating potential synergistic effects for promoting hair re-
growth [75,76]. Sahay described a case of a young male
with resistant alopecia areata who showed significant hair
regrowth (>90%) after three months of treatment with to-
facitinib, a Janus kinase inhibitor, combined with biotin
supplementation. This approach led to a positive clinical
response, marking biotin as a promising adjunct in resistant
alopecia areata cases [77]. Nevertheless, Daulatabad et al.
[78] investigated serum biotin levels in patients with pre-
mature graying (premature canities) and found that while
biotin levels were slightly lower in affected individuals, the
difference was not as substantial as deficiencies in vitamin
B12 and folic acid. This suggests that biotin, though not
the primary factor in premature graying, may still play a
supportive role in hair pigmentation [78]. In a separate
study, Grootens and Hartong [79] reported the successful
use of biotin (10,000 µg daily) to treat valproate-induced
telogen effluvium in a bipolar disorder patient. After three
months of biotin supplementation, the patient’s excessive
hair loss was reversed, further demonstrating biotin’s poten-
tial in managing drug-induced hair loss [79]. Furthermore,
Weimann et al. [80] developed a sensitive assay for mea-
suring biotin levels in plasma, which could improve diag-
nostic accuracy in clinical settings, particularly when eval-
uating the impact of high-dose biotin on hormone-related
diagnostic tests; therefore, it underscores the importance of
monitoring biotin levels in patients undergoing supplemen-
tation. However, despite the growing use of biotin supple-
ments for hair management, studies such as those by Lip-
ner and Almohanna et al. [81,82] highlight that biotin de-
ficiency is relatively rare in healthy individuals, with bi-
otin supplementation showing benefits primarily in cases
of inherited biotinidase deficiency or other specific patholo-
gies. Furthermore, biotin’s efficacy in treating hair loss in

patients without biotin deficiency remains unsupported by
high-quality evidence. For example, a study by Şen and
Türkçapar [83] on patients following sleeve gastrectomy
found that although biotin supplementation was commonly
used to manage post-surgical hair loss, it provided minimal
improvement, particularly in patients without confirmed bi-
otin deficiency.

2.4 Thiamine, Pyridoxine, and Cobalamin: Postoperative
Nerve Protection

Postoperative nerve injuries represent a significant
complication following various surgical procedures, po-
tentially resulting in prolonged recovery, sensory deficits,
and motor dysfunction. Optimal nerve recovery and re-
generation post-surgery require effective neurometabolic
support to maintain neuronal integrity and facilitate repair
processes [84]. Recent scientific research highlights the
importance of thiamine and cobalamin in enhancing neu-
ronal metabolic efficiency and supporting myelin sheath
regeneration, making them essential components of post-
operative neurometabolic strategies (Fig. 2) [85,86]. Thi-
amine serves as a coenzyme for several enzymatic reac-
tions essential for neuronal energy metabolism, particu-
larly in the Krebs cycle and pentose phosphate pathway.
These metabolic pathways support ATP production, essen-
tial for axonal transport, synaptic function, and neuronal
repair [87,88]. Thiamine deficiency has been associated
with demyelinating disorders and impaired nerve function.
Studies suggest that adequate thiamine levels contribute to
Schwann cell function and myelin maintenance, reducing
the risk of postoperative neuropathy [89]. In addition, thi-
amine’s role in modulating oxidative stress and inflamma-
tory responses has been highlighted. It supports glutathione
production, a key antioxidant, and reduces neuroinflam-
matory cytokine release, potentially mitigating neuropathic
pain following surgery [90]. Experimental studies have
demonstrated that thiamine supplementation enhances ax-
onal regeneration following peripheral nerve injury. Re-
search suggests that thiamine promotes the expression of
nerve growth factors and accelerates functional recovery
in nerve crush injury models. In clinical settings, patients
receiving thiamine supplementation have shown improved
nerve function and reduced neuropathic pain after surgery,
supporting its potential role in postoperative nerve protec-
tion [91]. Alemanno et al. [92] reported that perineu-
ral administration of thiamine with levobupivacaine pro-
longed postoperative analgesia in patients undergoing in-
terscalene block for shoulder surgery, extending pain relief
without significant side effects. Thiamine enhances analge-
sia by increasing acetylcholine synthesis, which improves
nociceptive inhibition at the spinal level, making it a po-
tential adjunct for prolonged postoperative pain manage-
ment [92]. In a chronic compression dorsal root ganglion
model, thiamine administration leads to a dose-dependent
reduction in pain sensitivity, stabilization of nerve ex-
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citability, and restoration of tetrodotoxin-resistant (TTX-
R) sodium currents [93]. Moreover, Benfotiamine (lipid-
soluble thiamine) significantly improved nerve conduc-
tion velocity (NCV) and reduced advanced glycation end-
products, including carboxymethyl-lysine (CML) and 3-
deoxyglucosone (3DG)-type AGEs. Preventive adminis-
tration of benfotiamine nearly normalized NCV and com-
pletely inhibited glycoxidation in nerve tissues [94].

Meanwhile, cobalamin is essential for myelin sheath
maintenance and repair. It functions as a coenzyme in
methylation reactions crucial for myelin production, en-
suring nerve fibers’ structural integrity and conductivity.
Mekaj and Mekaj [95] reviewed the role of pharmacologi-
cal agents in peripheral nerve regeneration and highlighted
methylcobalamin as a key neuroregenerative compound.
They explained that methylcobalamin supports nerve re-
pair by promoting myelin sheath formation, increasing the
number of Schwann cells and myelinated fibers, and en-
hancing axon diameter. It also helps restore axoplasmic
flow and intracellular protein transport essential for nerve
function. In addition, its antioxidant activity and brain-
derived neurotrophic factor (BDNF) upregulation further
strengthen its potential as a neuroprotective therapy in both
systemic and local delivery strategies for peripheral nerve
injury [95]. This is particularly relevant for postoperative
patients with nerve damage, asmyelin regeneration is key to
restoring nerve function. High-dose methylcobalamin sup-
plementation has been shown to significantly reduce neu-
ropathic pain by suppressing pro-inflammatory cytokines,
such as TNF-α and IL-6, which contribute to peripheral and
central sensitization [96]. Zhang et al. [97] showed that
methylcobalamin significantly reduces spontaneous pain
episodes and hyperalgesia in patients with peripheral nerve
injuries. These effects are attributed to its ability to pro-
mote remyelination, support axon regeneration, and modu-
late neuroinflammation [97]. Nevertheless, methylcobal-
amin has been found to play a significant role in axonal
growth, as it facilitates the synthesis of methionine, an es-
sential precursor for DNA and RNA synthesis in neuronal
cells. This, in turn, promotes Schwann cell proliferation,
enhances neurite outgrowth, and speeds up nerve fiber re-
generation [98]. Abushukur and Knackstedt [99] reviewed
preclinical evidence supporting the role of nutritional sup-
plements in peripheral nerve injury recovery. They high-
lighted that methylcobalamin enhances nerve regeneration,
remyelination, and functional recovery in animal models,
particularly in injuries such as sciatic nerve crush and fa-
cial nerve damage. High-dose methylcobalamin was found
to increase myelination, motor nerve conduction velocity,
and reduce thermal hyperalgesia, positioning it as a promis-
ing adjunct in nerve repair strategies following reconstruc-
tive procedures or trauma [99]. Yoshimura et al. [100] in-
vestigated the neuroprotective effects of methylcobalamin
incorporated into electrospun nanofiber sheets for prevent-
ing postoperative nerve adhesion and damage. In a rat sci-

atic nerve adhesionmodel, methylcobalamin sheets showed
superior results compared to untreated groups and small
intestinal submucosa (SIS) sheets, demonstrating reduced
collagen deposition, decreased inflammatory cell infiltra-
tion, higher axon survival, and improvedmyelination [100].
On the other hand, Pyridoxine has a role in neurotransmitter
synthesis, includingGABA and serotonin, which contribute
to reducing postoperative neuropathic pain and sensory dis-
turbances. Yang and Wang [101] presented that pyridox-
ine inhibits depolarization-evoked glutamate release in rat
cerebrocortical nerve terminals, suggesting a neuroprotec-
tivemechanism against excitotoxicity. The study found that
pyridoxine suppresses glutamate release in a concentration-
dependent manner by blocking voltage-dependent calcium
(Ca2⁺) influx through N- and P/Q-type Ca2⁺ channels, with-
out altering synaptosomal membrane potential. Further-
more, pyridoxine inhibits protein kinase C (PKC) activa-
tion, reducing glutamate exocytosis [101]. Shabeeb et al.
[102] showed that pyridoxine supplementation reduced hy-
perexcitability of sensory neurons, alleviating symptoms of
numbness and neuropathic pain after surgical procedures.

3. Cellular Metabolism and Anti-Aging
Cellular aging is characterized by a progressive loss of

cellular function driven by key molecular changes, includ-
ing mitochondrial dysfunction, oxidative stress, DNA dam-
age, and impaired repair mechanisms. These alterations
lead to reduced energy production, accumulation of ROS,
genomic instability, and eventual cellular senescence, con-
tributing to tissue degeneration and diminished regenera-
tive capacity. The vitamin B complex is deeply integrated
into these processes through its role in supporting mito-
chondrial metabolism, maintaining redox balance, and fa-
cilitating DNA and RNA synthesis. By acting as cofac-
tors in enzymatic reactions central to ATP production, an-
tioxidant defense, and cellular repair, B vitamins help pre-
serve cellular integrity and delay the onset of senescence.
Their involvement in epigenetic regulation and modula-
tion of pro-inflammatory pathways further strengthens their
role in maintaining homeostasis during aging (Table 1, Ref.
[5,9,86,103–111]) [112,113].

Cobalamin supports metabolic processes that regulate
one-carbon metabolism and energy production, with its de-
ficiency leading to systemicmetabolic dysfunction and con-
tributing to cellular aging. Studies have shown that cobal-
amin is essential for cellular reprogramming, with its de-
pletion impairing cellular plasticity and tissue repair, while
supplementation enhances regeneration through improved
histone methylation and transcriptional fidelity [108,114].
Under normal conditions, cobalamin serves as a coenzyme
for the enzyme methylmalonyl-CoA mutase, which cat-
alyzes the conversion of methylmalonyl-CoA to succinyl-
CoA. This reaction is essential for properly metabolizing
certain fatty acids and amino acids. The resulting succinyl-
CoA enters the Krebs cycle, which contributes to energy p-
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Table 1. The role of B vitamins in cellular aging regulation.
Compound Primary Function Molecular Targets Key Pathways Involved Anti-Aging Mechanism Clinical/Experimental Evidence

Thiamine (B1) Coenzyme in carbohy-
drate metabolism

Pyruvate dehydrogenase,
α-Ketoglutarate dehy-
drogenase

Krebs cycle, ATP synthesis Maintains mitochondrial energy out-
put, reduces ROS accumulation

Deficiency linked to neurodegeneration and
mitochondrial dysfunction [5,9]

Niacin (B3) NAD⁺ precursor SIRT1, PARP1 NAD⁺/Sirtuin signaling,
DNA repair, mTOR modula-
tion

Promotes autophagy, genomic stabil-
ity, and oxidative stress resistance

NAD⁺ restoration reverses senescence in fi-
broblasts, protective against depression [103,
104]

Pantothenic acid (B5) Component of Coen-
zyme A

Fatty acid synthase,
Acetyl-CoA synthase

Lipid metabolism, mitochon-
drial β-oxidation

Enhances mitochondrial dynamics
and wound healing

Improves connective tissue strength in postop-
erative models [86]

Pyridoxine (B6) Amino acid and neuro-
transmitter metabolism

PLP-dependent enzymes One-carbon cycle, glu-
tathione synthesis

Reduces inflammation, supports re-
dox balance, collagen synthesis

Prevents LEV-induced behavioral symptoms;
high doses linked to neuropathy [105,106]

Biotin (B7) Coenzyme in carboxyla-
tion reactions

Pyruvate carboxylase,
Acetyl-CoA carboxylase

Gluconeogenesis, lipid
biosynthesis

Supports skin/hair renewal, epithelial
turnover

Limited direct aging data; supports keratin in-
frastructure [107]

Cobalamin (B12) One-carbon metabolism,
DNA synthesis

Methionine synthase,
Methylmalonyl-CoA
mutase

DNA methylation, Krebs cy-
cle

Regulates epigenetic stability, pre-
vents MMA-induced mitochondrial
damage

Increases Klotho expression, improves histone
methylation in stem cells [108,109]

NMN Direct NAD⁺ precursor SIRT1, SIRT3, PGC-1α Mitochondrial biogenesis,
autophagy, and neurovascu-
lar signaling

Restores mitochondrial function, im-
proves cognitive and physical perfor-
mance

Clinically shown to enhance NAD⁺ levels and
physical endurance [110,111]

NAD, nicotinamide adenine dinucleotide; CoA, coenzyme A; PLP, pyridoxal phosphate; MMA, methylmalonic acid; NMN, nicotinamide mononucleotide.
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roduction and has a role in heme synthesis [115,116]. Ad-
ditionally, cobalamin deficiency leads to the accumulation
of methylmalonic acid (MMA), which disrupts mitochon-
drial function, increases oxidative stress, and triggers in-
flammation, accelerating the aging process (Fig. 3) [117].
Research further indicates that cobalamin contributes to
longevity by increasing the expression of the anti-aging pro-
tein Klotho, potentially mitigating metabolic decline and
age-related diseases [109]. Its role in modulating immune
responses and maintaining gut microbiota balance has also
been linked to reduced inflammaging, highlighting its sys-
temic benefits in aging prevention [113]. Furthermore,
studies on metabolic demands during cellular reprogram-
ming reveal that B12 depletion impairs epigenetic modifi-
cations, leading to reduced reprogramming efficiency and
limiting regenerative capacity, while supplementation re-
stores these processes, reinforcing its potential in anti-aging
therapies [108]. Song et al. [104] study demonstrates that
the Nampt inhibitor FK866 mimics vitamin B3 deficiency
by depleting intracellular NAD⁺ levels, which in turn re-
duces SIRT1 activity and induces cellular senescence in
human fibroblastic Hs68 cells. The senescence effect was
reversed by nicotinic acid, nicotinamide, or NAD⁺ supple-
mentation, confirming that attenuated NAD⁺-SIRT1 signal-
ing is the primary mechanism [104]. The mTOR is a cen-
tral regulator of cellular growth, metabolism, and survival.
It functions through two distinct complexes, mTORC1 and
mTORC2, with mTORC1 being particularly sensitive to
nutrient availability and playing a critical role in aging
by inhibiting autophagy and promoting anabolic processes.
Chronic mTORC1 activation is associated with cellular
senescence, stem cell exhaustion, and age-related tissue
dysfunction [118]. Niacin and folate indirectly modulate
mTOR signaling through their roles in NAD⁺ metabolism,
methylation cycles, and redox homeostasis. For instance,
Tripathi et al. [119] demonstrated that vitamin B supple-
mentation restores autophagic activity and suppresses aber-
rant mTOR signaling in hyperhomocysteinemia-induced
cellular stress. Abdullah et al. [120] emphasize the inter-
connected roles of mTOR and sirtuins, particularly SIRT1,
in regulating cellular aging, neurodegeneration, and pro-
teostasis. They explain that mTOR inhibits autophagy,
leading to the accumulation of misfolded proteins, while
SIRT1 promotes autophagy and mitochondrial function via
deacetylation of FOXO transcription factors and activation
of PGC1α [120].

Nicotinamide mononucleotide (NMN), a derivative of
niacinamide, plays an important role in mitochondrial en-
ergy metabolism by serving as a precursor to NAD+, a
coenzyme essential for ATP production [121]. NMN sup-
plementation has been shown to enhance mitochondrial
function, improve oxidative phosphorylation, and boost
cellular energy levels, all of which are crucial for main-
taining skin vitality and delaying cellular senescence. By
restoring NAD⁺ levels, NMN counteracts age-related mito-

chondrial decline, which is a key factor in skin aging and
reduced metabolic efficiency [122]. Wang et al. [123]
explored NMN’s role in rescuing mitochondrial dysfunc-
tion and delaying cellular senescence in mesenchymal stem
cells (MSCs), emphasizing how its ability to restore NAD⁺
levels and activate Sirt3 contributes to longevity and re-
generative medicine. Similarly, Xu et al. [124] demon-
strated NMN’s ability to reverse hair follicle atrophy, en-
hance cell proliferation, and reduce oxidative stress, high-
lighting its therapeutic potential in androgenetic alopecia
through the inhibition of theNF-κBp65 inflammatory path-
way. The broader implications of NMN supplementation
were reviewed by Soma and Lalam [125], who discussed its
role in counteracting age-related metabolic decline, DNA
damage, and immune dysregulation, establishing NMN as
a potential therapeutic intervention in diabetes, cardiovas-
cular diseases, and neurodegeneration. Clinical validation
of NMN’s efficacy was provided by Yi et al. [111], who
conducted a randomized controlled trial in middle-aged
adults, revealing that daily NMN supplementation signif-
icantly increased NAD⁺ levels, improved physical perfor-
mance, and enhanced overall health markers without ad-
verse effects. NMN’s neuroprotective properties were high-
lighted by Tarantini et al. [126], who demonstrated that
it restores neurovascular function, reduces endothelial ox-
idative stress, and enhances cognitive performance in aging
mice, suggesting its potential to prevent vascular cognitive
impairment and neurodegenerative diseases. Furthermore,
Mills et al. [110] confirmed NMN’s long-term safety and
efficacy in mitigating age-associated physiological decline,
reporting significant improvements in energy metabolism,
insulin sensitivity, and mitochondrial health over a 12-
month study in aging mice. Moreover, Niacinamide facil-
itates DNA repair and genomic stability by enhancing the
activity of poly (ADP-ribose) polymerase (PARP) enzymes,
which detect and repair DNA strand breaks. This prevents
the accumulation of genetic damage, a primary driver of
cellular aging and skin deterioration. By activating PARP-
dependent DNA repair mechanisms, niacinamide helpsmit-
igate oxidative stress-induced mutations, reduce inflamma-
tion, and preserve skin integrity, making it a valuable anti-
aging ingredient in dermatological and cosmeceutical for-
mulations [127,128]. Cao et al. [129] explored nicoti-
namide’s immunomodulatory role in autoimmune diseases,
revealing that it suppresses dendritic cell hyperactivation
through PARP-dependent NF-κB signaling, effectively re-
ducing psoriasis severity and inflammation. Furthermore,
Ziklo et al. [130] investigated niacinamide’s antimicrobial
properties, showing that it induces microbial cell cycle ar-
rest, disrupts chromatin structure, and inhibits DNA repli-
cation, suggesting its potential as a natural preservative in
skincare and cosmetic applications.

While the preceding sections have detailed the diverse
physiological and therapeutic benefits of individual B vi-
tamins in surgical and aesthetic contexts, it is equally im-
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Fig. 3. The role of cobalamin (vitamin B12) in the conversion of propionyl-CoA to succinyl-CoA via methylmalonyl-CoA mutase
(MMUT), linking odd-chain fatty acid and amino acid metabolism to the TCA cycle, with deficiencies leading to methylmalonic
acid (MMA) accumulation. CoA, coenzyme A; MMAB, methylmalonic aciduria type B; MMAA, methylmalonic aciduria type A.

portant to contextualize these benefits within the broader
framework of clinical safety. Understanding the potential
adverse effects associated with high-dose or long-term sup-
plementation provides essential guidance for integrating vi-
tamin B complex into patient care. The following section
addresses these safety considerations, ensuring a balanced
approach that aligns therapeutic potential with evidence-
based risk management.

4. Safety and Adverse Effects
Under normal physiological conditions, B vita-

mins are required for enzymatic functions that regulate
metabolism, red blood cell production, and nervous sys-
tem activity. Their widespread presence in food sources,
including meats, dairy products, leafy greens, and fortified
cereals, ensures adequate intake for most individuals [131].
Based on their water-soluble nature, excess amounts are
typically excreted in urine, reducing the likelihood of tox-
icity [132]. Vitamin B supplementation is commonly used
to prevent and manage deficiencies in high-risk groups,
such as pregnant women, the elderly, vegetarians, and in-

dividuals with malabsorption disorders [4,133]. In elderly
individuals, age-associated gastric atrophy, hypochlorhy-
dria, and polypharmacy contribute to diminished absorp-
tion of cobalamin and folate, increasing the risk of neu-
ropathy and cognitive decline [26]. Li et al. [134] con-
cluded that vitamin B supplementation, particularly in in-
dividuals with mild cognitive impairment (MCI), may be
a valuable preventative intervention against cognitive de-
cline. They suggest that routine B vitamin supplementa-
tion could benefit elderly adults at risk of developing de-
mentia. Furthermore, Vitagliano et al. [135] highlights
that optimal preoperative nutritional status, including B vi-
tamin adequacy, is crucial for favorable surgical and aes-
thetic outcomes. This is particularly important for elderly
individuals undergoing cosmetic procedures, who are more
prone to micronutrient deficiencies and impaired wound
healing. Importantly, elderly individuals undergoing plas-
tic surgery often present complex health profiles [135].
Broughton et al. [136] caution that vitamin supplements,
including B complex, may interact with anesthesia and
medications. Thus, surgeons should review all supplements
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Table 2. RDAs and tolerable UL of B vitamins [4,148,149].
Vitamin RDA (Adults 19–50 years) Pregnant female Tolerable UL

Thiamine (B1) 1.1–1.2 mg 1.4 mg No established UL
Niacin (B3) 14–16 mg 18 mg 35 mg (nicotinic acid form)
Pantothenic Acid (B5) 5 mg 6 mg No established UL
Pyridoxine (B6) 1.3–1.7 mg 1.9 mg 100 mg
Biotin (B7) 30 µg 30 µg No established UL
DCobalamin (B12) 2.4 µg 2.6 µg No established UL
RDAs, recommended daily allowance; UL, upper intake level.

during preoperative assessments [136]. Individuals with
malabsorption disorders, such as celiac disease or Crohn’s
disease, often require higher doses of cobalamin and folic
acid due to impaired intestinal absorption. Similarly, veg-
etarians and vegans are at higher risk of B12 deficiency
since this vitamin is predominantly found in animal-based
foods, making supplementation necessary to maintain op-
timal neurological and hematological function [137,138].
Pregnant and lactating women require increased levels of
certain B vitamins to support fetal development and mater-
nal health, where vitamin pyridoxine has been found to al-
leviate pregnancy-related nausea and vomiting, further em-
phasizing the importance of individualized nutrient plan-
ning during this period [139,140]. Athletes and individuals
with high metabolic demands may require higher doses of
B vitamins to support energy metabolism, muscle recovery,
and endurance [141,142].

Furthermore, diabetes patients may benefit from addi-
tional thiamine, as diabetes-related complications are asso-
ciated with thiamine depletion [143,144]. Toninello et al.
[145] reported that glutathione and vitamins, including B-
complex constituents, were reduced in diabetic wound tis-
sue. Nutritional supplementation aimed at restoring these
levels enhanced both tissue regeneration and cosmetic out-
comes following surgery. Additionally, pyridoxine and
cobalamin are critical in cardiovascular health, particularly
in individuals with elevated homocysteine levels, which
are linked to an increased risk of heart disease. Address-
ing these deficiencies through targeted supplementation
can help mitigate disease progression and improve over-
all health outcomes [146,147]. The safe dosage of vita-
min B complex varies based on physiological needs, di-
etary intake, and individual health conditions. The rec-
ommended daily allowances (RDAs) and tolerable upper
intake levels (UL) for each B vitamin are established to
ensure optimal health while preventing toxicity (Table 2,
Ref. [4,148,149]) [150]. In burn patients, daily supple-
mentation of B vitamins (B1 100 mg, B6 200 mg, cobal-
amin 2000 mcg) significantly reduced infection and sepsis
rates, and shortened hospital stays. The high-dose cobal-
amin likely overcame issues of bioavailability, particularly
in acute stress and catabolic states common in severe burns
[151]. Gardiner and Hartzell [152] highlight the effect of
thiamine in plastic surgery, presenting a case where post-

operative hypotension and hypothermia were reversed only
after intravenous thiamine. Furthermore, Sebastian et al.
[153] reported that unrecognized thiamine deficiency in
a post-bariatric patient caused acute neurological compro-
mise following aesthetic procedures, reinforcing the neces-
sity of vitamin B assessment in plastic surgery settings.
In such high-risk cases, thiamine supplementation of 100–
200 mg/day intravenously for 3–5 days, followed by oral
maintenance doses of 10–20 mg/day, is typically recom-
mended to prevent or treat deficiency-related complications
[153]. The excessive pyridoxine supplementation, particu-
larly in bariatric surgery patients, led to a significant rise
in cases of pyridoxine toxicity, including sensory neuropa-
thy, highlighting the need for stricter guidelines on pyri-
doxine dosing in clinical nutrition [109]. In addition, pa-
tients with a history of bariatric procedures, screening for
cobalamin deficiency is warranted. In cases of confirmed
deficiency, treatment typically involves intramuscular in-
jections of 1000 micrograms weekly for four weeks, tran-
sitioning to monthly doses, or alternatively, daily oral sup-
plementation of 1000 micrograms may be effective. Im-
portantly, prophylactic supplementation in individuals with
normal serum levels is not recommended, as it offers no
added clinical benefit [154,155].

Most individuals tolerate B vitamins well when con-
sumed through a balanced diet or in moderate supple-
ment doses. They are frequently prescribed for deficiency-
related conditions, including anemia, neuropathy, and cog-
nitive decline [156,157]. However, certain health con-
ditions, medication interactions, and long-term high-dose
supplementation can lead to unintended effects. For in-
stance, pyridoxine toxicity is well-documented, with pro-
longed intake of doses exceeding 200 mg per day leading
to sensory neuropathy, causing symptoms such as numb-
ness, tingling, and loss of coordination [158]. In extreme
cases, these neurological impairments may become irre-
versible [158,159]. An investigation by Alsaadi et al. [106]
explored the use of pyridoxine to manage behavioral side
effects, such as agitation and irritability, in adult patients
treated with levetiracetam. Among 51 patients, 66.6%
showed significant improvement in symptomswith an aver-
age dose of 54.5 mg/day, suggesting pyridoxine as a poten-
tially effective and well-tolerated adjunct for levetiracetam-
induced behavioral disturbances.
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Table 3. A general summary of the functional roles and mechanisms of B vitamins in plastic and cosmetic surgery.
B-Vitamin Primary Role in Surgery Mechanisms & Effects Key Findings References

Thiamine (B1) Postoperative nerve function
and cellular resilience

Supports carbohydrate metabolism, ATP pro-
duction, and neuronal function; modulates ox-
idative stress and reduces neuropathic pain.

Enhances ATP synthesis for neuronal recovery, reduces oxidative
stress, and improves nerve conduction and Schwann cell function.

[5,27,87,176]

Niacinamide (B3) Skin restoration, anti-aging,
and post-laser recovery

Enhances mitochondrial function, NAD⁺ pro-
duction, and DNA repair; improves skin bar-
rier integrity, hydration, and pigmentation
control.

Stimulates ceramide production for skin hydration, inhibits
melanosome transfer to reduce hyperpigmentation, and enhances
post-laser wound healing.

[30,31,175]

Pantothenic Acid (B5) Wound healing and scar man-
agement

Essential for CoA synthesis, accelerating cel-
lular repair, modulating inflammatory re-
sponses, and supporting collagen synthesis.

Dexpanthenol promotes keratinocyte proliferation and fibroblast ac-
tivity, reduces oxidative stress, and improves healing outcomes in
various wound models.

[51–53]

Pyridoxine (B6) Neuroprotection and neuro-
transmitter synthesis

Functions as a coenzyme in neurotransmitter
production; modulates excitotoxicity and sup-
ports pain modulation.

Regulates glutamate release to prevent excitotoxic damage, sup-
ports serotonin and dopamine synthesis, and alleviates postopera-
tive neuropathic pain.

[101,102,177]

Biotin (B7) Hair regeneration and follicu-
lar support

Supports keratin synthesis, enhances follicular
proliferation, and contributes to scalp micro-
biome balance.

Applied in hair transplant recovery to improve follicular survival;
enhances hair regrowth in alopecia and reduces drug-induced hair
loss.

[66,68,70]

Cobalamin (B12) Nerve regeneration and post-
operative recovery

Essential for myelin sheath maintenance, ax-
onal repair, and nerve impulse conduction; re-
duces nerve damage and facilitates recovery.

High-dose methylcobalamin accelerates nerve regeneration, re-
duces neuropathic pain by inhibiting pro-inflammatory cytokines,
and enhances Schwann cell proliferation.

[96,98,100]
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Table 4. Representative clinical human studies investigating the effects of vitamin B.
Vitamin Study Type & Sample Intervention Key Findings

Alemanno et al. [92] Thiamine (B1) Retrospective clinical study; 110 pa-
tients undergoing interscalene block
for shoulder surgery

2 mg/kg thiamine hydrochloride
added to 0.75% levobupivacaine vs.
levobupivacaine alone

Prolonged postoperative analgesia du-
ration (17.6 h vs. 11.4 h; p < 0.001).

Lee et al. [33] Niacinamide Randomized Controlled Trial (split-
face); 25 patients

ADSC-CM combined with 2% niaci-
namide post-laser

Improved wrinkles, pigmentation,
and collagen levels.

Hakozaki et al. [39] Niacinamide Randomized Controlled Trial; 18
Japanese women

5% niacinamide vs. vehicle Reduced hyperpigmentation and in-
creased skin brightness.

Navarrete‐Solís et al. [37] Niacinamide Randomized Controlled Trial; 27
women

4% niacinamide vs. 4% hydroquinone Effectively treated melasma with
fewer side effects than hydroquinone.

Chiu et al. [175] Niacinamide & Kinetin Randomized Controlled Trial (split-
face); 52 subjects

4% niacinamide combined with
kinetin vs. placebo

Produced synergistic improvement in
skin spots, pores, and wrinkles.

Heise et al. [54] Panthenol Randomized Controlled Trial; 38 pa-
tients

Dexpanthenol ointment vs. petroleum
jelly

Accelerated wound healing and im-
proved cosmetic outcomes.

Li et al. [64] Panthenol, Madecassoside &
Trace Elements

Randomized Controlled Trial (split-
face); 43 women

Cream containing 5% panthenol,
madecassoside, and trace elements

Improved healing post-laser treatment
and reduced erythema and TEWL.

Samadi et al. [69] Biotin & Dexpanthenol Randomized Controlled Trial
(double-blind); 50 patients

Intramuscular biotin combined with
dexpanthenol

Increased hair density and improved
terminal/vellus hair ratio; Bayer prod-
uct was more effective.

El‐Esawy et al. [67] Biotin & Zinc Observational study; 60 men with an-
drogenetic alopecia

Serum biotin and zinc level compari-
son

Found lower biotin and zinc levels in
AGA patients; suggested correlation
with hair loss.

Stücker et al. [178] Cobalamin (B12) Randomized Controlled Trial
(placebo-controlled); 49 patients
with atopic dermatitis

Topical vitamin B12 cream vs. base
cream

Significantly improved symptoms and
showed excellent tolerability.

Elgharably et al. [179] Cobalamin (B12) Clinical supplementation report 1000 mcg sublingual vitamin B12 for
dermatologic support

Improved skin and hair complaints as-
sociated with vitamin B12 deficiency.

ADSC-CM, adipocyte-derived stem cell-conditioned media; AGA, androgenetic alopecia.
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Similarly, excessive niacin intake can cause flushing,
gastrointestinal distress, and, at very high doses, hepatotox-
icity. Sustained-release niacin formulations have been par-
ticularly associated with liver damage and metabolic dis-
turbances, including insulin resistance and hyperglycemia
[160,161]. Zhou and Han [162] identified a U-shaped
relationship between dietary niacin intake and the risk
of metabolic dysfunction-associated steatotic liver disease
(MASLD), with the lowest risk observed at an intake of ap-
proximately 23.6 mg/day. The findings suggest that while
moderate niacin consumption may be protective, excessive
intake could increase MASLD risk. In addition, Li et al.
[163] reported that excessive niacin intake was strongly as-
sociated with the rising prevalence of childhood obesity in
the United States, with a 10-year lag correlation. Their
study also showed that a 300 mg nicotinamide load induced
insulin resistance, followed by reactive hypoglycemia in
healthy individuals. Tian et al. [103] analyzed data from
over 16,000 U.S. adults and found a U-shaped relationship
between dietary niacin intake and depression risk, with the
lowest risk observed at approximately 36 mg/day. Below
this level, increased niacin intake was associated with re-
duced depression, while higher intakes were linked to ele-
vated risk.

Other B vitamins, such as pantothenic acid, have an
excellent safety profile, with minimal reported adverse ef-
fects. Scott et al. [107] found that panthenol, pantothenic
acid, and related derivatives are safe for use in cosmetic
products when formulated within currently accepted con-
centrations. The safety assessment, based on toxicologi-
cal evidence and usage data, concluded that these ingre-
dients do not pose significant health risks under intended
conditions of use. Pantothenic acid toxicity is rare but
may cause mild gastrointestinal symptoms such as diarrhea
when taken in excessive amounts [164,165]. Biotin is gen-
erally safe; however, recent studies have shown that high
doses may interfere with laboratory tests, particularly those
assessing thyroid function and cardiac biomarkers, leading
to potential misdiagnoses [166,167]. Furthermore, cobal-
amin is considered safe, even at high doses, due to its ef-
ficient storage and excretion mechanisms. However, hy-
persensitivity reactions and acne-like eruptions have been
reported in some individuals taking high-dose cobalamin
supplements [168,169]. Additionally, some studies have
suggested that excessive cobalamin intake in individuals
with kidney disease may be associated with adverse vas-
cular effects [170,171]. The risk of vitamin B complex tox-
icity is further influenced by underlying health conditions
and medication interactions. Individuals with liver disease
should avoid excessive niacin intake due to its hepatotoxic
effects, while those with kidney diseasemay be at risk of ac-
cumulating excess water-soluble vitamins, leading to unin-
tended side effects [169,171]. Furthermore, certain medica-
tions can interact with B vitamins, altering their metabolism
and effectiveness. For example, pyridoxine can reduce the

efficacy of levodopa, a medication used for Parkinson’s dis-
ease [172]. In addition, proton pump inhibitors and met-
formin can reduce cobalamin absorption, increasing the risk
of deficiency in long-term users [173,174].

5. Future Directions
Despite the established role of the vitamin B complex

in plastic and cosmetic surgery, several critical areas require
further exploration to optimize its therapeutic applications
(Table 3, Ref. [5,27,30,31,51–53,66,68,70,87,96,98,100–
102,175–177] and Table 4 Ref. [33,37,39,54,64,67,69,92,
175,178,179]). Research should focus on precision sup-
plementation, innovative drug delivery systems, synergis-
tic combinations with regenerative medicine, large-scale
clinical trials, and the elucidation of epigenetic and anti-
aging mechanisms. Addressing these research gaps will en-
able the development of more effective, personalized, and
evidence-based strategies for enhancing surgical outcomes,
promoting tissue regeneration, and improving post-surgical
recovery.

The metabolic processing and physiological effects of
B vitamins vary significantly among individuals due to ge-
netic polymorphisms, enzymatic activity differences, di-
etary factors, and gut microbiota composition [180]. This
variability necessitates a shift from generalized supplemen-
tation protocols toward precision medicine approaches that
tailor B vitamin intake based on individual metabolic pro-
files and surgical requirements [180–182]. Investigating
genomic markers such as MTHFR mutations, which af-
fect folate and cobalamin metabolism, to determine opti-
mal dosages for enhanced skin repair, nerve protection, and
collagen synthesis [183]. Additionally, nutrigenomic and
metabolomic studies should assess how gut microbiota in-
fluences the absorption and bioavailability of B vitamins,
particularly biotin and pantothenic acid, which play key
roles in wound healing and scar management [184,185].
Developing biomarker-based diagnostic tools for preop-
erative vitamin B screening can ensure patients receive
adequate supplementation to enhance post-surgical recov-
ery while preventing deficiencies that may lead to delayed
wound healing, poor neural regeneration, and increased
scar formation [186].

While the therapeutic benefits of B vitamins are well
recognized, their rapid metabolism and excretion present
challenges in maintaining sustained therapeutic efficacy.
To overcome these limitations, further studies should ex-
plore the development of advanced drug delivery systems,
including liposomal encapsulation, nanoemulsions, and
polymeric microneedles, to enhance targeted delivery, sus-
tained release, and localized action in plastic and cosmetic
surgery applications [187,188]. Liposomal formulations,
for instance, have shown improved penetration into der-
mal and neural tissues, making them valuable in postopera-
tive wound healing, scar modulation, and skin rejuvenation
[188,189]. Microneedle patches infused with niacinamide
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and dexpanthenol offer a promising minimally invasive ap-
proach for enhancing skin barrier function and pigmenta-
tion control in post-laser treatments and hyperpigmentation
disorders [190,191]. Additionally, hydrogel-based carriers
loaded with cobalamin and pantothenic acid could serve as
bioactive wound dressings, accelerating tissue regeneration
by promoting fibroblast proliferation, extracellular matrix
(ECM) remodeling, and angiogenesis [192,193]. More re-
search should focus on transdermal and implantable for-
mulations that ensure prolonged vitamin release, reducing
the need for frequent supplementation and optimizing thera-
peutic outcomes in aesthetic and reconstructive procedures.

The integration of vitamin B complex with regenera-
tive medicine techniques holds significant potential for ad-
vancing plastic and reconstructive surgery. Several stud-
ies suggest that niacinamide enhances mitochondrial func-
tion and stem cell viability, making it a valuable adjunct
in MSC therapy for skin rejuvenation and hair follicle re-
generation [127,194]. Additionally, vitamin B derivatives
such as cobalamin and pyridoxine have an important role
in Schwann cell proliferation and nerve regeneration, in-
dicating their potential for incorporation into biodegrad-
able nerve conduits for peripheral nerve repair [176,195].
Future research should investigate how vitamin B com-
plex interacts with PRP and ECM scaffolds to synergisti-
cally promote tissue regeneration, modulate inflammatory
responses, and accelerate post-surgical recovery. Further-
more, exploring the role of vitamin B-enriched bioinks in
3D bioprinting could pave the way for engineered skin
grafts and customized reconstructive implants that optimize
wound healing and aesthetic outcomes in plastic surgery.
Nevertheless, current dosing recommendations for vitamin
B supplementation are based primarily on nutritional re-
quirements rather than the specific demands of perioper-
ative care and tissue repair. Therefore, more researches
need to focus on defining optimal dosages, duration of sup-
plementation, and mode of administration for different sur-
gical procedures, ensuring maximum efficacy with mini-
mal risk [196,197]. Efforts should be made to elucidate
the metabolic effects of chronic vitamin B supplementa-
tion and identify safe upper intake levels for patients un-
dergoing prolonged reconstructive and cosmetic treatments
[167,198]. Additionally, post-surgical clinical trials should
evaluate objective measures of functional recovery, such as
scar elasticity, skin hydration, and nerve conduction veloc-
ity, to determine the long-term benefits and risks of vitamin
B complex therapy in plastic surgery patients [199,200].
Finally, future studies should explore how NAD⁺ precur-
sors modulate fibroblast lifespan, collagen biosynthesis,
and dermal remodeling, particularly in post-surgical scar
prevention and anti-aging therapies [201,202].

6. Conclusions
The vitamin B complex offers substantial therapeutic

potential in enhancing the outcomes of plastic and cosmetic

surgery. Its benefits extend beyond basic metabolic func-
tions, aiding in skin restoration, wound healing, anti-aging
therapies, and nerve protection. While the evidence sup-
porting its role in these areas is promising, further research
is needed to optimize dosing regimens, delivery methods,
and the precise targeting of deficiencies based on individual
patient profiles. Future studies should focus on integrating
vitamin B complex into regenerative medicine and preci-
sion medicine frameworks, ensuring personalized care that
maximizes therapeutic outcomes. Given its safety profile
and multifaceted therapeutic roles, the vitamin B complex
remains a critical element in advancing the clinical practice
of plastic and cosmetic surgery.
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