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ABSTRACT: Vitamins are essential for a healthy life. Compared to other nutrients, the body
needs them in very small amounts. B vitamins, often known as the vitamin B complex, are a
class of water-soluble vitamins with key functions in cellular metabolism. Thiamine (vitamin
B1), riboflavin (vitamin B2), niacin (vitamin B3), pantothenic acid (vitamin B5), pyridoxine
(vitamin B6), biotin (vitamin B7), folate (vitamin B9), often known as folic acid, and cobalamin
(vitamin B12) are the eight distinct vitamins that collectively constitute the vitamin B complex.
The body’s energy levels, cognitive activity, and cell metabolism are all directly impacted by B
vitamins. Four main factors contribute to vitamin B deficiency: an unbalanced diet, excessive
alcohol intake, different drugs, and disorders that induce gut malabsorption. If these B vitamin
deficiencies are left untreated, they can eventually cause symptoms such as peripheral neuropathy,
heart attacks, strokes etc. B vitamins are present in natural, whole foods. Compared to
their unprocessed counterparts, white flour and other processed carbohydrates like sugar often
contain fewer B vitamins. Excellent sources of vitamins Bs comprise legumes (beans or pulses),
potatoes, bananas, whole grains, tempeh, chilli peppers, brewer’s yeast, nutritional yeast, and
molasses. This paper provides an in-depth summary of the most popular types of vitamin B,
emphasizing why the body needs them, the symptoms of a deficiency, and what diet or foods are
rich in them.

1. INTRODUCTION

The vitamin B complex is crucial for preserving health and
well-being. B vitamins are the foundation of a healthy body
along with other micronutrients. They have a direct impact on
your energy levels, brain function, and cell metabolism (EFSA,
2015; Hanna et al., 2022; Özilgen, 2018). Even when calories
are in plentiful supply or if deficient, would result in significant
sickness and maybe death. Scientists who were researching
human nutrition started to categorise all of the nutrients needed
for life in the 19th century. Although they were aware that
the body needs nutrients like protein, lipids, and sugars to
muscle buildup and drive biological processes, it soon became
apparent that there were other essential elements that, even in
the presence of an abundance of calories, might induce severe
sickness and even death (Shaffer, 2022). Scurvy is one of them,
which is caused by a lack of vitamin C, and was one of the
first of these deficient disorders to be recognised. This led to
the identification of vitamins Bs, a class of nutrients that work
with enzymes to support a variety of physiological activities.

Following that, beriberi disease was noticed, which occurs when
brought on by a deficiency in vitamin B1 (thiamine). The
symptoms of beriberi include swelling, breathing difficulties,
heart failure, and numbness and weakness in the feet and
legs (Chen et al., 2018; Ibrahim et al., 2022). There are
around a billion people in the world who do not have access
to healthy foods. All ages are affected by malnutrition, but
the poor and those with inadequate access to nutrition, clean
water, good sanitation, and health education are at a higher risk
than the general population. The majority of chronic disorders
including nervous problems associated with malnutrition are
avoidable (Sarwar et al., 2022).

Nearly a billion people on the planet do not eat enough. The
B complex is a component of eight nutrients, each of which has
a specific role in maintaining bodily health. These vitamins,
although frequently coexist in the same foods while having
names that sound similar (B1, B2, B3, etc.), are chemically
different molecules (Kennedy, 2016). For vital metabolic
activities, each B vitamin either serves as a cofactor (typically a
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coenzyme) or as a precursor required for synthesising one They
have a distinct role in the body and are crucial for preserving cell
health and keeping them stimulated. The eight vitamins that
make up the vitamin B complex are folate (B9), also referred
to as folic acid, and cobalamin (B12), as well as thiamine (B1),
riboflavin (B2), niacin (B3), pantothenic acid (B5), pyridoxine
(B6) and biotin (B7) (Figure 1) (Godswill et al., 2020; Hansen
et al., 2008).

Independently, each B vitamin is essential for the body’s need
to start the chemical processes that regulate numerous activities
of the body. As an illustration, cells use B vitamins to convert
fatty acids, carbohydrates, and other nutrients into energy. So,
if the body is deficient in B-complex vitamins, it may not
function properly at all. Hence, it is crucial to routinely absorb
B vitamins through food or supplements to prevent deficiency
because the body cannot readily retain them for extended
periods because B vitamins are water-soluble so these may be
radially eliminated from the body through urination (Alachram
et al., 2021). B vitamins are also required for the production
of red blood cells that transport oxygen throughout the body,
the adrenal glands’ ability to produce hormones associated with
sex and stress, the operation of the liver and nervous system, the
health of the gastrointestinal tract, and the growth of healthy
skin, hair, and eyes (Hanna et al., 2022; Sarwar et al., 2022).

Each vitamin of B complex protein is different structurally
and plays a particular function in the body. The following
medical issues have been linked to its supplement. A role
in wound healing has been demonstrated for the B vitamins
i.e. thiamine, pantothenic acid, and others. It has been
suggested that taking supplements of vitamins B1, B2, and
B6 will help treat canker sores. The treatments of vitamin
B-complex deficiencies may lessen alcohol cravings (desires);
early results also indicate an improvement in acne rosacea;
and sensations of anxiety, perceived tension, and fatigue have
decreased (Mikkelsen & Apostolopoulos, 2019). B-complex
vitamin supplements may help women relieve the symptoms of
premenstrual syndrome, significantly boost their bone density
to stave off osteoporosis after menopause, and depigment
vitiligo-affected skin (Dai & Koh, 2015).

Vegetarians face the risk of depleting their diets of nutri-
ents because they avoid eating meat. Vegans, who refrain
from eating any animal products, have more stringent dietary
requirements. Vegans must be aware that, while diets free
of eggs and dairy are thought to be healthier, they can
still lead to nutrient deficiencies if they are not balanced
and broadened enough to provide the daily recommended
amounts of nutrients. According to research, veganism, in
particular, is associated with significantly lower intakes of B
vitamins, especially B12, particularly among people who do not
take any vitamin supplements (Neufingerl & Eilander, 2022;
Rahman et al., 2022).

Notably, regardless of which B vitamin an individual is
deficient they will experience diverse symptoms of vitamin B
deficiency especially vegetarian people (Table 1). These can
include problems like anaemia or a weakened immune system,

as well as weariness, disorientation, and skin rashes. Vitamin
B deficiency is more likely to occur in older persons, pregnant
women, and people with specific medical disorders (Hasbaoui
et al., 2021). Therefore eating a balanced diet is essential to
obtaining all the nutrients. Additionally, a dietician will likely
recommend that people should take vitamin B supplements for
optimal cellular and metabolic function of the body. Moreover,
predicted toxicity and vegetarian sources of all vitamin Bs are
mentioned below (Tables 2 and 3).

2. METHODS

2.1. Search strategy

Search methods While choosing research to compare the
status of individuals eating plant-based diets, we followed a
methodical process. We used a search string like PubMed,
Science Direct, and Google Scholar databases that include
different phrases for plant-based diets, together with terms
on dietary consumption or nutritional status, i.e., Diet OR
“nutritional status” OR “Vitamin B complex” OR “Vitamins”
OR “Nutrients” OR “Plants” OR “Thiamine (B1)” OR
“Riboflavin (B2)” OR “Niacin (B3)” OR “Pantothenic acid
(B5)” OR “Pyridoxine (B6)” OR “Folate (B9),” OR “Coalmine
(B12)” AND “Vegetarian” OR “Vegan” in all fields.

3. ROLE OF VITAMIN B-COMPLEX IN OVERALL HEALTH, ITS
ACTION MECHANISM AND ADVERSE EFFECT

3.1. Vitamin B1 (Thiamin)

Vitamin B1, sometimes known as thiamine, is one of the
water-soluble B vitamins. Thiamin is a vitamin that is present
in some foods naturally, artificially, and in dietary supplements.
This vitamin is necessary for energy metabolism, which has
an impact on cell division, growth, and function. Vitamin
B1 is necessary for the heart, muscles, and nerves to function
properly and for the body to properly metabolise glucose. A
person could require supplements if their diet is lacking in B
vitamins, they are receiving hemodialysis, or they have another
medical condition. In particular, extremely low amounts of
thiamin are predominantly accumulated in the liver. Because
the vitamin has a constrained half-life, humans must regularly
ingest it through their foods to prevent a deficiency (Hudson,
2007).

The body needs vitamin B1 (thiamine) for the effective
digestion of carbohydrates. Thiamine is used to strengthen
the immune system and may lower the risk of type 2 diabetes,
cardiovascular disease, age-related illnesses, eye conditions
(poor vision, cataracts, and glaucoma), kidney disease, cancer,
mental disorders (depression), and neurodegenerative illnesses
(Alzheimer’s disease) (Karuppagounder et al., 2009). Thiamine
insufficiency leads to neuroinflammation and beriberi, a condi-
tion that affects the nerve and circulatory systems and produces
numbing in the hands and feet as well as dementia. Improper
enzymatic activity, distortion of the blood-brain barrier,
astrocyte dysfunction, impaired metabolism of glucose, and
prolonged proinflammatory action are additional consequences
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Figure 1. Types of all vitamin B complexes with chemical structure

of thiamine deficiency on oxidative metabolism (Lu’o’ng &
Nguyěn, 2013). As a result, thiamine inadequate triggers
pro-inflammatory reactions, abnormal tight junction proteins,
antioxidant enzymes, and NF-kB. Inducible nitric oxide
synthase (iNOS), which has been linked to oxidative stress and
neuronal cell death in murine macrophages and microglial cells
in the brain, is also upregulated in thiamine deficiency. In
addition, another study using animal models found that thi-
amine shortage causes neurodegeneration, insufficient oxidative
metabolism, inflammation, and its induced death of neurons.
Furthermore, thiamine shortfall enhances the production of
CD40 on microglial cells and CD40 ligands on astrocytes, both
of which result in the death of neurons (De Andrade et al.,
2014).

However, benfotiamine (synthetic thiamine) increases IL-
10 while decreasing heat shock protein 70, iNOS, NO,

COX-2, TNF-α, and NF-kB. Thiamine is, therefore, an
antioxidant and anti-inflammatory vitamin that suppresses the
prooxidative activity of microglial cells and may offer hope
for treating neurodegenerative diseases (Bozic et al., 2015).
Daily thiamine injections given to rats for three weeks days
diminish paw oedema, IL-1, TNF-α and thermal hyperalgesia
in complete Freund’s adjuvant-induced inflammation/arthritis.
These findings also support the antioxidant, anti-inflammatory,
and immunomodulatory properties of thiamine and its supple-
mentation may be helpful in the management of a variety of
diseases and disorders (Yadav et al., 2010).

3.1.1 Mechanism of Ac on

Thiamin is absorbed by the small intestine through passive
diffusion at pharmacologic levels and active transport at
nutritional doses when it is consumed in food and dietary
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Table 1
Negative impact due to vitamin B deficiency
Vitamin Name Deficiency effects
B1 Thiamine Thiamine deficiency causes beriberi and symptoms of this nervous system disease

comprise emotional disturbances, weight loss, weakness and pain in limbs, oedema
(bodily tissues swelling) periods of irregular heartbeat and Wernicke encephalopathy
(impaired sensory perception). Heart disasters and passing away could happen in
progressive circumstances. Prolonged thiamine shortage may as well cause alcoholic
korsakoff syndrome, an irreversible dementia regarded as compensatory confabulation
and amnesia

B2 Riboflavin Riboflavin insufficiency can cause ariboflavinosis, which might result in great sensitivity
to sunlight, cheilosis (cracks in lips), glossitis (swelling of the tongue), angular cheilitis,
pharyngitis (sore throat), oedema of the pharyngeal and oral mucosa, hyperemia, and
pseudo-syphilis or seborrheic dermatitis (predominantly distressing the mouth, and labia
majora or scrotum

B3 Niacin Niacin shortage, together with a lack of tryptophan, results in pellagra. Signs consist of
weakness, dermatitis, aggression, diarrhoea, mental confusion and insomnia (sleep
disorder). In progressive circumstances, pellagra can lead to dementia and passing away.

B5 Pantothenic acid Pantothenic acid scarcity may give rise to acne and paresthesia, even though it is rare
B6 Pyridoxine, pyridoxamine Vitamin B6 deficiency causes seborrhoeic dermatitis-like eruptions, pink eye and

neurological symptoms (epilepsy).
B7 Biotin Biotin deficit does not normally cause indications in adults other than superficial matters

like declined nail and hair development, however, can cause reduced development and
nervous syndromes in children. Manifold carboxylase scarcity, an innate fault of
metabolism, may cause biotin lack even at what time dietetic biotin eating is common

B9 Folic acid Folic acid deficit leads to raised stages of homocysteine and macrocytic anaemia. Lack in
expectant females may cause delivery faults, mainly neural tubes defects like anencephaly
and spina bifida

B12 Cobalamins Vitamin B12 shortage leads to loss of memory and further cognitive insufficiencies,
macrocytic anaemia, peripheral neuropathy, and elevated methylmalonic acid and
homocysteine. It is maximum expected to happen amongst elderly persons, as
absorption through gut drops with age and autoimmune disease pernicious anaemia is
one more common cause. It could likewise result in signs of psychosis and mania. In
occasional risky cases, paralysis can take place.

Table 2
Predicted toxicity and recommended daily allowance of vitaminBs
Vitamin Chemical

structure
Moderate RDA value (mg) LD50 value

(mg/kg)
Predicted
toxicity classMen Women Pregnancy/

Lactation
B1 Thiamine 1.8 1.7 2.1 1000 4
B2 Riboflavin 2.5 2.4 3.0 10000 6
B3 Niacin 18 14 19 3720 5
B5 Pantothenic acid 5 5 7 10000 6
B6 Pyridoxine 2.4 1.9 2.06 3350 5
B7 Biotin 0.03 0.03 0.03-0.035 4000 5
B9 Folic acid 0.3 0.22 0.33 135 3
B12 Cobalamine 0.0022 0.0022 0.0032 NA -

supplements. After that, it circulates through the blood
until being eventually excreted through urination. The liver,
heart, kidney, and brain all temporarily store trace amounts of
thiamine (Wiley & Gupta, 2021).

Most of the thiamin in food is present in phosphorylated
forms, whereby gastrointestinal phosphatases enzyme hydrolyze
into free thiamin before it is absorbed. Thiamin is transformed
by the enzyme thiamin diphosphokinase to thiamin pyrophos-
phate (TPP), which is the active form in the blood. TPP plays a
variety of functions in the metabolic processes of glycolysis, the
Krebs cycle, and the pentose phosphate pathway (Dhir et al.,

2019). Additionally, it works alongside enzyme actions during
the metabolism of branched-chain amino acids, carbohydrates
and lipids It also serves as a cofactor during different phases
of glycolysis and oxidative decarboxylation of carbohydrates.
Furthermore, TPP functions as a cofactor for complexes of
mitochondrial enzymes like pyruvate dehydrogenase and -
ketoglutarate dehydrogenase. These enzymes are crucial for
both the Krebs cycle and the tricarboxylic acid cycle in the
body (Palmieri et al., 2022).

Lack of thiamin impedes these enzymes’ ability to convert
lactate into pyruvate, which causes an accumulation of lactic
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Table 3
Vegetarian source of vitamin Bs
Name of Vitamins Source
B1 Oats, Wheat, Rice, brown and white, Maize, Rye, Barley, Millet, Sorghum, Soybean, Lentil, Peanut, Macadamia

nut, Pistachio nut, Hazelnut, Walnut, Almond, Garlic, Potato, Carrot, Cabbage, Tomato, Broccoli, Cauliflower,
Spinach, Orange, Avocado, Strawberry, Apple, White bread, Brown bread, Oyster mushroom, Button
mushroom

B2 Oat, Wheat, Rice, brown and white, Maize, Rye, Barley, Millet, Sorghum, Soybean, Lentil, Peanut, Macadamia
nut, Pistachio nut, Hazelnut, Walnut, Almond, Garlic, Potato, Carrot, Cabbage, Tomato, Broccoli, Spinach,
Cauliflower, Orange, Avocado, Strawberry, Apple, White bread, Brown bread, Oyster mushroom, Button
mushroom

B3 Oat, Wheat, Rice, brown and white, Maize, Rye, Barley, Millet, Sorghum, Soybean, Lentil, Peanut, Macadamia
nut, Pistachio nut, Hazelnut, Walnut, Almond, Garlic, Potato, Carrot, Cabbage, Tomato, Broccoli, Cauliflower,
Spinach, Orange, Avocado, Strawberry, Apple, White bread, Brown bread, Oyster mushroom, Button
mushroom

B5 Shitake and white mushrooms, Sunflower seeds, Avocados, Potatoes, Tomato, Peanuts, Broccoli, Rice brown,
Oats, Carrots, Cabbage, Clementine, Tomatoes, Cherry, Apple

B6 Acorns, Apicrots, Bananas, Flax seeds, Apple, Garlic, Ginkgo, Black walnuts, Carrot, Durian, Golden seedless
raisins, Jackfruit, Lemon peel, Mango, Pineapple, Pistachio nuts, Prunes, Sunflower seeds, Avocados, Casaba
melon, Cherimoya, Dates, Drumstick leaves

B7 Spinach, Broccoli, Carrots, Almonds, Sunflower seeds, Avocados, Almonds, Walnuts, Sweet potatoes,
Mushrooms, Peanuts, Banana

B9 Broccoli, Spinach, Romaine lettuce, Turnip greens, Asparagus, Brussels sprouts, Beans Peanuts, Sunflower seeds
B12 Spinach, Broccoli, Asparagus, Japanese butterbur, mung bean, Sprouts, Tassa jute, Water shield

acid. Lactic acidosis may result in localised damage to
specific brain regions, such as the posteromedial thalamus and
mamillary bodies, which can be noticed on an MRI. As a
result, the TPP is required to operate throughout the pentose
phosphate pathway of nucleotide synthesis as well as for the
production of decreased nicotinamide adenine dinucleotide
phosphate for other synthetic pathways (Lerner et al., 2016).

3.1.2 Adverse Effects

Thiamin is thought to be safe and well-tolerated. A
retrospective analysis of more than 300,000 patients’ adverse
reactions to thiamin administration revealed no significant
side effects. Lethargy, ataxia, urticaria, nausea, and reduced
gastrointestinal motility are a few of the more often reported
negative symptoms (Beltramo & Obeid, 2011).

3.2. Vitamin B2 (Riboflavin)

Vitamin B2 (Riboflavin), is a water-soluble and heat-stable
vitamin. It is converted proteins, carbohydrates, and lipids
into glucose for energy. This vitamin excellently works as an
antioxidant for the enhancement of the immune system, result-
ing in beautiful skin and strong hair in addition to boosting
energy. Additionally, it supports the maintenance of healthy
blood cells and boosts energy and metabolism (Suwannasom
et al., 2020). Vitamin B2 deficit makes it difficult for the
body to maintain itself through metabolising macronutrients
like lipids, carbohydrates, and proteins. Riboflavin is essential
for physical performance, healthy growth, breastfeeding, and
reproduction (Savarino et al., 2021).

Vitamin B2 deficiency may lead to desperation, exhaustion,
throat swelling, and impaired vision. It can also affect the
skin by causing dermatitis around the mouth, skin cracks, and

itching. Hyperemia, throat oedema, degeneration of the liver,
and loss of hair can also happen together with reproductive
problems. Vitamin B2 also has anti-inflammatory effects and
participates in oxidative metabolism (Balasubramaniam et al.,
2019).

Vitamin B2 deficiency in cultured cell lines of macrophage
leads to increased levels of inflammatory cytokines like TNF-α
and IL-1 in addition to high-mobility group box 1 (HMGB1)
protein, NO, iNOS, and monocyte chemoattractant protein-
1 (MCP-1) as well as in cultured murine adipocytes show
a remarkably elevated level of ROS, IL-6, TNF-α, leptin,
and NF-κB and reduced expression of adiponectin. Such
conditions would have an impact on insulin resistance and
diseases associated with metabolic syndrome (Balasubramaniam
et al., 2019; Mazur-Bialy & Pocheć, 2016). Additionally,
astrocytes and macrophages suffer significant oxidative damage
in actively demyelinating lesions in patients with multiple
sclerosis, which can be repaired by antioxidant enzymes and
riboflavin. Indeed, a clinical trial including 197 patients with
multiple sclerosis revealed that riboflavin has anti-inflammatory
and anti-oxidative properties. Riboflavin supplements should
be taken with meals to boost absorption levels and prevent the
related disease (Ghazarian et al., 2017).

Deficiencies in other nutrients frequently coexist with
vitamin B2 deficiency. Vitamin B2 inadequacy is often
curable, excluding structural changes like cataracts. It is
becoming clearer how important riboflavin is for both health
and sickness. Therefore, the primary care doctor, nurse
practitioner, chemist, and nutritionist should regularly advise
patients to eat either fruits and vegetables or plant-based
nutritional supplements to combat the problems associated with
vitamin B2 deficiency (Ibrahim et al., 2022; Mosegaard et al.,
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2020).

3.2.1 Mechanism of Ac on

Together with the enzymes riboflavin hydrogenase, riboflavin
kinase, and riboflavin synthase, it performs its function. The
molecules riboflavin monophosphate (or FMN) and flavin
mononucleotide (or FAD) are formed from riboflavin. The
majority of riboflavin’s antioxidant activity comes from its
function as a precursor of FAD, a cofactor necessary for the
formation of the antioxidant-reduced glutathione (Prentice &
Bates, 1981). The cofactor of the glutathione peroxidases that
include selenium is reduced glutathione, among others. The
enzyme glutathione reductase, which contains FAD, produces
reduced glutathione. In addition, riboflavin, a component of
the flavoproteins that protect tissues from lipid peroxidation,
is crucial for the generation of energy and also useful for the
metabolism of lipids and amino acids (Lubos et al., 2011). It
is essential for physical growth, facilitates the production of
red blood cells and also helps proteins in releasing their kinetic
energy.

3.2.2 Adverse effect

Urine may appear more yellow than usual when vitamin B2
is consumed, especially in high dosages. This is not alarming
and is to be expected. However, vitamin B2 typically has no
negative side effects (Buehler, 2011).

3.3. Vitamin B3 (Niacin)

Vitamin B3 is often called niacin. The word ”niacin”
refers to the chemical substance nicotinic acid, also known
as pyridine-3-carboxylic acid or pyridine-3-carboxamide, or
niacinamide, and its related derivatives, such as nicotinamide
riboside (Penberthy & Kirkland, 2020). All the body
tissues convert ingested niacin into the coenzyme nicotinamide
adenine dinucleotide (NAD), which is the metabolically
active form of niacin. With approximately 400 enzymes
involved, NAD catalyses more physiological processes than
any other vitamin-derived coenzyme. All tissues transform
NAD into the coenzyme nicotinamide adenine dinucleotide
phosphate (NADP), another active form except for skeletal
muscle (Penberthy & Kirkland, 2020; Ross et al., 2012).

NAD and NADP are required for the majority of metabolic
redox processes in cells that involve oxidising or reducing
substrates. NAD is essential for catabolic processes that produce
adenosine triphosphate (ATP), the primary energy source for
cells, from the potential energy found in proteins, lipids, and
carbohydrates. On the other hand, NADP encourages anabolic
procedures including the production of cholesterol and fatty
acids and is necessary for maintaining cellular antioxidant
activity (Mackay et al., 2012).

While some meals also include minor amounts of NAD
and NADP, the two main forms of niacin present in food are
nicotinic acid and nicotinamide. Tryptophan, an amino acid
present in proteins, is a dietary source of niacin because it is
partially processed by the body into NAD. NAD and NADP are

converted into nicotinamide in the gut after being consumed in
food before being absorbed (Mackay et al., 2012). Niacin can
be obtained as a dietary supplement, is added to some foods,
and naturally occurs in a variety of foods.

3.3.1 Mechanism of Ac on

Niacin has long been used for the management of cardio-
vascular disease and lipid disorders. It has various processes,
not all of which have been fully elucidated, and serves a
variety of activities in the body. Niacin may alter either the
liver’s process for the generation of triglycerides, which breaks
down apolipoprotein-B (apo-B), or the adipose tissue’s lipolysis
to lower lipids containing lipoproteins. Niacin also inhibits
hepatocyte diacylglycerol acyltransferase-2. By stopping the
last stage of triglyceride production in hepatocytes, this action
restricts the amount of triglycerides that are accessible for very
low-density lipoproteins (VLDL). Low-density lipoproteins, the
catabolic byproduct of VLDL, are produced less frequently as
a result of this activity, which also causes apo B to degrade
intracellularly. Niacin also blocks a receptor that catabolizes
high-density lipoprotein (HDL), increasing HDL levels and
half-life (Gille et al., 2008; Montecucco et al., 2010; Zeman
et al., 2015).

Furthermore, current research has expanded our understand-
ing of how niacin works and refuted previously held beliefs.
According to recent research, the essential enzyme for the
synthesis of TG, hepatocyte diacylglycerol acyltransferase-2, is
directly and non-competitively inhibited by niacin. Niacin’s
suppression of TG synthesis causes the hepatic apo B to degrade
more quickly inside cells and secrete fewer VLDL and LDL
particles. According to recent research, niacin enhances the
redox state of vascular endothelial cells, which inhibits the
production of oxidative stress and vascular inflammatory genes,
two important cytokines linked to atherosclerosis (Creider et al.,
2012; Zeman et al., 2015).

3.3.2 Adverse effect

Niacin toxicity from foods is uncommon, although it is
possible when using high-dose supplements over an extended
period. A characteristic symptom is flushed, crimson skin on
the chest, arms, and face that itches or tingles. Flushing occurs
more frequently while taking high amounts of nicotinic acid
supplements than nicotinamide. Large dosages of niacin taken
as supplements may also raise uric acid levels, which is a gout
risk factor (Wierzbicki, 2011).

3.4. Vitamin B5 (P antothenic acid)

Vitamin B5 is often called pantothenic acid. Although it is
rare, vitamin B5 deficiency can manifest as upper respiratory
infections, fatigue, sleeplessness, sadness, irritability, vomiting,
stomach pains, and burning feet (Hodges et al., 1958).
The body needs glucose, which is produced whenever food
(carbohydrates) are converted into fuel (B vitamins), to provide
energy. These vitamins aid the body’s digestion and absorption
of fats and proteins. Taking these vitamins is necessary for
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maintaining healthy skin, hair, eyes, and liver. They also
promote normal nervous system function. Red blood cells and
hormones associated with sex and stress that are produced in the
small adrenal glands, which are located on top of the kidneys,
depend on vitamin B5 (Özilgen, 2018; Sarwar et al., 2022).
Additionally, essential for digestive health, vitamin B5 aids in
the utilisation of other vitamins, particularly B2 (commonly
known as riboflavin), by the body. Although it is occasionally
referred to as the ”anti-stress” vitamin, there is no conclusive
proof that it makes the body more resilient to stress.

Pantothenic acid is required by your body to make
cholesterol. Pantethine, a pantothenic acid derivative, is now
being researched to determine whether it can assist in lowering
blood cholesterol levels. A crucial component of numerous
metabolic processes, acetyl coenzyme A, is produced only when
pantothenic acid is present. The only active form is the native
dextrorotatory type (Shimizu, 1999). The excellent plant food
sources are wheat germ, spinach, peanuts and peas. Although
there is no stated RDA, the majority of diets contain at least 10
mg daily.

3.4.1 Mechanism of Ac on

Vitamin B5 only affects metabolic functions because it is
merely a precursor in the formation of CoA. The production
of neurotransmitters, intermediate metabolism, and cell growth
are only a few of the processes that are dependent on CoA
in human metabolism. The CoA structure assists in these
many processes by acting as a carboxyl activating group and
an acyl group carrier. The citric acid cycle uses acetyl-CoA
as a crucial mechanism to break down carbs, protein, and
lipids so they can be used as fuel. The brain needs energy to
increase memory, clarity, and focus (Calogiuri, 2021). ACP,
an essential element in the synthesis of fatty acids as well as
in the acylation and acetylation processes required in many
enzyme functions, is also created from acetyl-CoA. Because
glucose by-products can be utilised as energy, amino acids
are Crucial for the growth of cells and fatty acids, which are
required for the synthesis of neurotransmitters, the by-products
of macronutrient breakdown are essential for appropriate
brain function. B5 is essential for the body’s and brain’s
synthesis of amino acids, which are required for healthy brain
function through the regulation of cells and the production of
neurotransmitters (Calogiuri, 2021).

3.4.2 Adverse Effects

Vitamin B5 toxicity is unlikely. In actuality, there is no
known Tolerable Upper-Level Intake (UL) for the vitamin.
Even, if someone consumed in large dosages (10 g/day), vitamin
B5 does not show known negative effects, and may only
cause moderate digestive irritation and, at worst, diarrhoea.
However, it has been hypothesised that large dosages of
vitamin B5 could exacerbate panic attacks in people who
already have panic disorder by extending the time before
adrenal exhaustion. It has been demonstrated that vitamin
B5, at a human equivalent dose that falls within the range

of typical supplementation, causes adrenal hyperresponsiveness
to stress stimulation. Additionally, there are no documented
negative effects from the vitamin’s parenteral (injected) or
topical (applied to the skin) usage (Calogiuri, 2021; Chawla &
Kvarnberg, 2014).

3.5. Vitamin B6 (Pyridoxine)

Vitamin B6, known as pyridoxine (4-methanol version) is
a crucial vitamin that is found in several foods. Vitamin B6
is a necessary element needed for the everyday functioning of
many biological processes in the body. Excessive or insufficient
consumption can be risk factors for altered B6. B6 deficiencies
have specific causes, including protein-energy malnutrition,
inadequate gastrointestinal absorption, hepatic dysfunction,
and medication interactions or antagonists. In children, seizures
might be a sign of vitamin B6 insufficiency. Adults with
severe deficiencies frequently exhibit rashes and mental state
abnormalities. Clinical indications of B6 deficiency include
normocytic anaemia, cheilitis with scaly lip skin, a non-specific
pruritic rash, cracks found in the corner of the mouth, and
glossitis (tongue swelling) (Stach et al., 2021). The significance
of B6 deficiency was also reported in cardiovascular disease,
cancer, and cognitive decline as medical illnesses that may
benefit from supplementation are being investigated in recent
studies. Vitamin B6 must be taken every day because the
human body cannot synthesise it endogenously as many plants
and microbes can. Instead, they must receive it from dietary
supplements (Field et al., 2022).

Furthermore, vitamin B6 is essential for the proper function-
ing of cells. It is important for the actions of transamination,
decarboxylation, and the first stages of porphyrin produc-
tion. Pyridoxine aids in the production of neurotransmitters,
immune system function via generating interleukin-2 (IL-2)
and haemoglobin, and cognitive growth. For embryonic brain
development, which lasts until infancy, enough B6 is needed.
The highest recommended daily amount of vitamin B6 is given
to women who are pregnant or nursing, taking into account age
and stage of life (Du et al., 2018).

3.5.1 Mechanism of Ac on

Pyridoxine, Pyridoxal, Pyridoxamine, and their phos-
phorylated analogues Pyridoxine 5’-phosphate, Pyridoxal 5’-
phosphate, and Pyridoxamine 5’-phosphate are collectively
referred to as vitamin B6, which consists of three similar
compounds. Although scientifically speaking, only one of
these six substances, pyridoxine, qualifies as vitamin B6,
the term is frequently used to apply to all six. Vitamin
B6 is a biologically active coenzyme that contributes to a
variety of biochemical processes, such as the metabolism
of amino acids and glycogen and the creation of nucleic
acids, haemoglobin, sphingomyelin and the synthesis of several
neurotransmitters like dopamine, norepinephrine, serotonin,
and gamma-aminobutyric acid (Aspy et al., 2018; Brown et al.,
2018).
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3.5.2 Adverse Effects

Sensory neuropathy is the most well-known side effect of
vitamin B6 supplementation, but this disease seldom develops
at dosages below lethal levels, which for adults is 1 g/day or
higher, and there is no proof that it may develop at doses of
less than 100 mg/day for less than 30 weeks. It is important to
remember that individuals require 1.75 mg of vitamin B6 daily.
Although greater dosages of vitamin B6 below lethal levels may
produce indigestion, nausea, breast soreness, photosensitivity,
and vesicular dermatoses, there are no known adverse effects
associated with dietary concentrations or routine supplemental
doses of the vitamin (Lheureux et al., 2005). In toxicology,
vitamin B6 plays a crucial role in the treatment of poisonings
caused by isoniazid (INH), ethylene glycol, and gyromitrin
(toxic mushrooms). To avoid polyneuropathy caused by
isoniazid, it is also used as a preventative measure during
tuberculosis treatment (Bhargava & Bhargava, 2019).

3.6. Vitamin B7 (Bio n)

Vitamin B7 (biotin) is an important micronutrient for
human well-being because of the vital function that it plays
in many metabolic pathways. Under the umbrella of the
generic vitamin B6 are several active substances or vitamins.
These include 2,5’-phosphate esters, pyridoxamine, pyridoxine
alcohol, pyridoxal an aldehyde, and pyridoxamine, which varies
from the other two by having an amine group. The two
main esters, pyridoxal 5’phosphate (PLP) and pyridoxamine
5’phosphate (PMP) are the active coenzyme form. The
predominant plant source of vitamin B6 is pyridoxine, which
is less bioavailable, while the main form of B6 found in meats
is esters (Mock, 2017; Penberthy & Kirkland, 2020). The
most prevalent type of pyridoxine is found in multivitamins.
Numerous carboxylases require biotin as a cofactor to catalyse
important processes in gluconeogenesis, fatty acid synthesis, and
amino acid catabolism. In recent years, it has been discovered
that biotin also regulates gene expression, the immune system,
and mitochondrial function (Godswill et al., 2020). Clinical
abnormalities also spurred on by biotin deficiency include
immunological dysfunction, skin changes, and neurological
symptoms. Most importantly, it is noticed that biotin must
be obtained from exogenous sources (dietary supplements)
through intestinal absorption because humans cannot synthesise
vitamin B7 endogenously (Mock, 2017; Penberthy & Kirkland,
2020).

3.6.1 Mechanism of Ac on

In individuals, vitamin B7 prevents the irreversible conver-
sion of acetyl-CoA to malonyl-CoA by acting as a coenzyme
for several carboxylases. These enzymes are crucial to numerous
metabolic processes. Recent research has shown novel roles for
vitamin B7 in cell signalling and epigenetic control and it must
bind to specific lysine residues. Human colonic epithelium
uptake of biotin is a carrier-mediated mechanism (Agrawal et al.,
2016; Zempleni et al., 2008). Three important carboxylation
events, such as the transformation of pyruvate into oxalacetate,

acetyl-CoA into malonyl-CoA, and propionyl-CoA into methyl
malonyl-CoA, all require vitamin B7 as a cofactor. With the
help of vitamin B7, carbon is transferred during a carboxylase
reaction. Food is converted through these processes, helped by
biotin, into glucose, the main carbohydrate source for the body
and brain (He et al., 2020; Zempleni et al., 2009).

3.6.2 Adverse Effects

Despite being an essential element, high dosages of biotin
from supplements or food sources might have negative impacts
on health. However, several studies recommend that individuals
take 30 mcg of biotin daily. Any excess might result in
skin allergies, which are characterised by rashes, flushing, and
itching. Excessive thirst, frequent urination, sleeplessness, and
a worrisomely low level of vitamins B6 and C are other signs
of biotin overdosage (Xiang et al., 2015). Notably, people
with diabetes should speak to a doctor before taking any
biotin supplements because it is important for the metabolism
of glucose and overdosing can be dangerous. Eosinophilic
pleuropericardial effusion, which happens when blood and air
enter the pleural cavity area around the lungs and produce
a chronic pulmonary infection, can occasionally be brought
on by excessive supplement consumption (Kadhim et al.,
2022; Zempleni et al., 2009). Additionally, the need for
biotin rises when using anticonvulsants like carbamazepine or
phenobarbital because these drugs prevent uptake into the
brush edges of membrane vesicles. Smoking also hastens
the metabolism of biotin, therefore if the patient smokes,
higher doses may be necessary when necessary. There is little
information available regarding drug interactions with other
substances. There have been documented cases of biotin
shortage, but there have not been any injuries associated with
taking too much biotin (Debourdeau et al., 2001).

3.7. Vitamin B9 (Folate or folic acid)

Vitamin B9 is often called folate or folic acid. It is important
for the growth of the central nervous system. Megaloblastic
and macrocytic anaemias caused by folate deficiency can be
managed and treated with folic acid, which has FDA approval.
This exercise explains the benefits of folic acid as a treatment
for megaloblastic anaemia and as a way of preventing other
diseases, as well as how it works and when it should not be
used (Scaglione & Panzavolta, 2014). The capacity of folate to
lower homocysteine levels in neural tube abnormalities appears
to be one of the vitamin’s positive functions. In addition,
folic acid supplements should be taken by expectant mothers
to lower the risk of neural tube abnormalities (NTDs), such as
spina bifida, in the growing foetus. A previous study suggested
that increased ubiquitination of genes related to neural tube
closure, which affects their expression, is the mechanism by
which NTDs develop when folate is deficient (Imbard et al.,
2013). The fourth week of foetus development is the most
vulnerable time when a woman could not even be aware that she
is pregnant. This is why sexually active women of childbearing
age should take folic acid supplements, especially when trying
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to get pregnant. It can take the expectant mother 20 weeks
to reach the ideal folate levels necessary to lower the risk of a
neural tube abnormality if she takes 4 mg of folic acid daily. As
a result, supplementing needs to start five to six months before
conception. Moreover, folic acid has been attributed to a lower
incidence of premature births (Ami et al., 2016; Soma-Pillay et
al., 2016).

Although there are many more therapeutic uses for folic
acid than those already described, these uses are less significant.
Folic acid can treat vitiligo, prevent cervical dysplasia, prevent
macrocytic anaemia caused by a folate shortage, boost gingival
resistance to local irritants, which reduces inflammation, and
restore hematopoiesis in macrocytic anaemia. Only one of
these applications, including preventing NTDs, is approved by
the FDA: treating megaloblastic anaemia (Liew, 2016; Mclean,
2020). Folic acid can be used as an adjuvant treatment for
methanol poisoning and is an alternative to leucovorin calcium.
Homocysteine levels that rise above the normal range can
impair general cognition, particularly in the elderly. According
to several studies, combining vitamin B12 and folate can
considerably boost cognitive function and is preferable to taking
only folate or B12 alone.

3.7.1 Mechanism of Ac on

Folic acid is biochemically inert, thus the dihydrofolate
reductase enzyme, which is dependent on nicotinamide ade-
nine dinucleotide phosphate hydrogen (NADPH), converts it
into tetrahydrofolic acid (THF) and methyltetrahydrofolate
(MTHF). The following transformation of THF into 5-10-
methylenetetrahydrofolate (5-10-MTHF) has two potential
outcomes: either it will lead to the production of methionine
or DNA via dTMP (Tjong et al., 2022). The maintenance of
healthy erythropoiesis, the synthesis of purine and thymidy-
late nucleic acids, the interconversion of amino acids, the
methylation of tRNA, and the production and utilisation of
formate all depend on the transfer of these folic acid congeners
across cells via receptor-mediated endocytosis. By remethylating
homocysteine to methionine through the enzyme methionine
synthetase, which requires vitamin B12 as a cofactor, folic acid
can normalise abnormally high homocysteine levels (Mai et al.,
2022; Menezo et al., 2022).

3.7.2 Adverse Effects

Intakes of folic acid below the recommended dose of
1000 mcg per day for the general population have not been
definitively linked to any negative health effects. The United
State National Toxicology Programme (USNTP) looked at
issues that had previously caused concern, such as cognition
(linked to vitamin B12 deficiency), cancer, diabetes, thyroid
diseases, and consequences associated with hypersensitivity.
From earlier reports of individuals getting more than 400
mcg per day, researchers were able to pinpoint these regions.
Overall, the NTP investigation concluded that there is not
any conclusive evidence for any of the potential negative
consequences of folic acid. However, there are isolated cases of

GI upset (Butterworth & Tamura, 1989; Patel & Sobczyńska-
Malefora, 2017).

3.8. Vitamin B12 (Cobalamin or Cynocobalamin)

Vitamin B12 is often called cobalamin or cyanocobalamin.
It can be found in some foods naturally as well as in dietary
supplements and prescription medications. Cobalt is a compo-
nent of vitamin B12, which wherefore substances that operate
like vitamin B12 are commonly referred to as ”cobalamin.”
Methylcobalamin and 5-deoxy adenosylcobalamin are the forms
of vitamin B12 that are metabolically active. However, two
further forms, hydroxocobalamin and cyanocobalamin, become
physiologically active after being converted into methylcobal-
amin or 5-deoxy adenosylcobalamin (Niklewicz et al., 2022).

For the synthesis of DNA, the growth, myelination, and
proper operation of the central nervous system, and the
production of healthy red blood cells, vitamin B12 is crucial.
Vitamin B12 functions as a cofactor for the enzymes methionine
synthase and L-methyl malonyl-CoA. The enzyme methionine
synthase converts homocysteine into the essential amino acid
methionine. Vitamin B12 is necessary for both DNA and
red blood cells. Vitamin B12 supplementation reduces hyper-
homocysteinemia, a complication of chronic kidney disease
(CKD) that has harmful cardiovascular implications (Maron
& Loscalzo, 2009; Theobald & Lim, 2019). Additionally, it
is crucial for the growth and function of brain and nerve cells
(EFSA, 2015).

It’s significant to note that vitamin B12 insufficiency is
uncommon but vegetarians and vegans may be more susceptible
to insufficiency because general foods do not contain vitamin
B12. A vitamin B12 shortage can also impact people
over 65 and those with digestive issues that interfere with
nutrient absorption. Thus, if left untreated, it may result
in anaemia, muscle weakness, indigestion, nerve damage, and
depression (Andrès et al., 2010, 2004).

3.8.1 Mechanism of Ac on

Vitamin B12 in nutritional supplements forms a bond with
dietary proteins. In the stomach, enzymes and hydrochloric
acid release vitamin B12 ligands to release it into its free form.
In the stomach, enzymes and hydrochloric acid disassemble
vitamin B12 covalent bonds, releasing the free vitamin. Then,
vitamin B12 works with the intrinsic factor protein to ensure
ongoing absorption in the small intestine (O’leary & Samman,
2010). Vitamin B12 functions as a cofactor in the synthesis
of methionine from homocysteine. S-adenosylmethionine,
a methyl donor for many substrates, including proteins,
lipids, hormones, DNA, and RNA, can only be made from
methionine. Without vitamin B12, tetrahydrofolate cannot
be converted back into 5-methyltetrahydrofolate, which can
result in functional folate insufficiency (Calderón-Ospina &
Nava-Mesa, 2020). In this reaction, the methyl group
of methyltetrahydrofolate is transferred to homocysteine to
produce methionine and tetrahydrofolate, which is required
on methylcobalamin (vitamin B12) as a co-factor and also
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dependent on folate. Folic acid is retained in developing
red blood cells because vitamin B12 assimilates the molecule.
Megaloblastic anaemia is brought on by a vitamin B12
deficiency and the disruption of this process (Calderón-Ospina
& Nava-Mesa, 2020; Startsev et al., 2011).

3.8.2 Adverse effect

Supplemental vitamin B12 is typically regarded as secure.
Higher amounts of vitamin B12 are secure, even though people
should only consume 2.4 micrograms each day. Your body only
takes in what it needs, and any extra is excreted in the form of
urine. High dosages of vitamin B-12, such as those prescribed to
correct a deficiency, may sometimes result in headache, nausea,
vomiting, diarrhoea, weakness, or exhaustion as well as tingling
in the hands and feet (Carmel, 2008; Vidal-Alaball et al., 2005).

3.8.3 Use in Specific Pa ent Popula on

3.8.3.1 Hepatic Impairment The product labelling from the man-
ufacturer makes no mention of the usage of cyanocobalamin
in individuals with hepatic impairment. The use of vitamin
B12 has not been associated with clinically obvious acute liver
damage or transaminase increases.

3.8.3.2 Renal Impairment The product labelling from the man-
ufacturer makes no mention of the usage of cyanocobalamin
in patients with renal impairment. However, vitamin B12
supplementation may be beneficial for people with anaemia in
chronic renal disease, according to kidney disease improving
global outcomes (KDIGO) guidelines.

3.8.3.3 Pregnancy Considerations A lack of vitamin B12 raises the
possibility of unfavourable pregnancy outcomes. Supplement-
ing with vitamin B12 proactively is necessary, especially for
vegetarian mothers.

3.8.3.4 Breastfeeding Considerations Human milk contains vita-
min B12. However, breastfeeding exclusively while having
vitamin B12 insufficiency due to lesser intake of animal
products or malabsorption are risk factors for vitamin B12
deficiency in newborns. Babies with vitamin B12 deficiency
can experience neurological issues, anaemia, and other negative
health effects. As a result, it’s essential to increase newborns’
vitamin B12 status through maternal supplementation during
nursing.

4. CONCLUSION

B vitamins are essential since they regulate each other and
give the body a variety of health benefits. In order to maintain
excellent health and well-being, it is crucial to have adequate
amounts of all the B vitamins in your body. It has been
shown that vitamin B supports and speeds up metabolism,
maintains lean muscles and healthy skin, enhances immune
and neurological system function, and improves red blood cell
growth and division, which helps prevent anaemia. Together,
these nutrients help to combat the symptoms and underlying

causes of many conditions, including cardiovascular disease,
stress, depression, and anxiety. In addition, vitamin B improves
the body’s nerves and cells as a necessary component of health
and assists in the synthesis of DNA, which is a molecule
from which genes are formed. A maximum amount of
these nutrients are found in meat and fish, so, to maintain
the level of B vitamins in the body for healthy growth and
development as well as to prevent various diseases brought on
by vitamin deficiencies, a vegan individual must take some
dietary supplements. Conclusively, based on the reports that
are available at the moment, biomedical researchers would like
to recommend that vegetarians may take dietary supplements
to meet their nutritional needs, such as vitamin B complex,
but they should always seek the advice of dietitians, healthcare
providers, and nutritionists before taking any supplements to
prevent any negative side effects.
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