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Abstract

Niacin or nicotinic acid is a form of B3 vitamin prescribed at higher concen-
trations for the suppression of cholesterol levels. Supplemental doses may
cause very little or no side effects. However, higher concentrations of niacin
cause hot flushes for most people. Here we propose a biochemical mechanism
of niacin induced hot flushes. Orally taken prescription doses of niacin are
converted to NAD with the liberation of excess pyrophosphate which in turn
releases energy in the form of heat (hot flushes through capsaicin receptor) by
the action of pyrophosphatases. The excess pyrophosphate may suppress
cholesterol biosynthesis through feedback mechanism. The pathways of NAD
and cholesterol biosynthesis were discussed with refence to the production
and function of pyrophosphate.
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1. Introduction

Niacin, or nicotinic acid, is a water-soluble B3 vitamin. The other forms of B3
are niacinamide or nicotinamide and nicotinamide riboside. Among the B3 vi-
tamins niacin is an important precursor of NAD and most of the NAD is syn-
thesized from niacin. Besides from B3 vitamins very little NAD is synthesized
from amino acid, tryptophane. Niacin is prescribed at higher doses (500 to 2000
mg/day) to help control cholesterol levels. Normal supplemental doses (10 to 25
mg/day) have minimal side-effects, whereas prescription doses cause hot flushes:
characterized by cutaneous vasodilation with redness and warmth of the skin
accompanied by tingling, burning and itching. It is a nonallergic form of re-
sponse that lasts within an hour producing discomfort to patients. It has been

shown that prescription doses of niacin suppress serum levels of total cholesterol
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as well as low-density lipoprotein, while raising high-density lipoprotein [1].
This leads to reduced risk of mortality from cardiovascular disease. While it may
cause flushing, statin-intolerant individuals may have to use niacin as their pri-
mary medication for dyslipidemia. The mechanism by which niacin induces
flushing and suppressing cholesterol levels is not well understood. I collected li-
terature, analyzed niacin and cholesterol metabolism, and proposed a mechan-
ism for its function as an inducer of hot flushes as well as regulator of cholesterol

biosynthesis and presented here.

2. Methods

I collected literature using key words niacin, niacinamide, niacin metabolism,
NAD, niacin supplemental and prescription doses, cholesterol metabolism and
the effects of niacin on cholesterol levels as well as its side effects of inducing hot
flushes through PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Google

(https://www.google.com/).

Initially, a total of 35 related articles (including reviews) with a coverage of
years 1958 to 2022 were selected in a preliminary search. From the initially se-
lected articles, the important articles which are more relevant to this study were
further analyzed for their exclusion and inclusion criteria. Only 13 articles were
finally used in this study to support the newly proposed mechanism of niacin
induced hot flushes and suppression of cholesterol biosynthesis. My search was

limited to the papers in English only.

3. Results and Discussion

Pyrophosphates (PPi) are high energy inorganic polyphosphates liberated from
nearly 200 biochemical reactions, including biosynthesis of DNA, RNA, proteins,
lipids and coenzymes [2]. Pyrophosphatases are enzymes present throughout the
cell and extracellular space, with the exception of mitochondria, which hydro-
lyze PPi into phosphates and maintain PPi homeostasis. Abundance of PPi is
detrimental so it must be eliminated. During DNA and RNA synthesis, the po-
lymerase activity is coupled to pyrophosphatase activity that eliminates pyro-
phosphates making the reactions irreversible [3]. The PPi formed during choles-
terol biosynthesis serves as feedback to control cholesterol levels. The locations
and numbers of PPi synthesis during NAD biosynthesis from niacin and choles-
terol biosynthesis from acetate are shown in Figure 1. The PPi formed during
NAD synthesis is transported out of mitochondria into the cytosol since there is
no pyrophosphatase activity within the mitochondria and more than 70% of
NAD is synthesized inside the mitochondria [4]. For each molecule of NAD
synthesis from niacin there are three PPi molecules formed inside the cell as
shown in Figure 1(a). Since the pyrophosphatase reaction is exothermic, it re-
leases the energy as heat into the cell and there will be minimal adverse effects
under normal physiological concentrations of the substrates. At prescription

doses (500 to 2000 mg/day) of niacin, large amounts of PPi are liberated and
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Figure 1. Formation of PPi during the biosynthesis of NAD (a), cholesterol (b) and its effect (c). (a) In mammals, Na enters the
cell and is converted to NaMN by the enzyme NaPT using PRPP as co-substrate, with the formation of one molecule of PPi. The
enzyme NMNAT then converts NaMN to NaAD using ATP as co-substrate, with the formation of a second molecule of PPi. Fi-
nally, NaAD is converted to NAD by the enzyme NADS using ATP and glutamine as co-substrates, with the formation of a third
molecule of PPi and AMP. For comparison NAD synthesis from niacinamide is shown. This pathway produces only two mole-
cules of PPi. In total, three molecules of PPi are formed for each molecule of NAD synthesized from Na. (b) Pathway of cholester-
ol biosynthesis from acetyl CoA; only the PPi forming reactions are mentioned. After several reactions, acetyl CoA is converted to
isopentenyl pyrophosphate which then isomerizes to dimethylallyl pyrophosphate. Each one molecule of isopentenyl pyrophos-
phate and dimethylallyl pyrophosphate condenses to form geranyl pyrophosphate with the formation of one molecule of PPi.
Again, isopentenyl pyrophosphate condenses with geranyl pyrophosphate to yield farnesyl pyrophosphate, with the formation of a
second molecule of PPi. Two molecules of farnesyl pyrophosphate condense to form squalene with the formation of two molecules
of PPi. Squalene undergoes further reactions to form cholesterol. During cholesterol biosynthesis four molecules of PPi are
formed. The pyrophosphate has to be eliminated by pyrophosphatases to make the cholesterol biosynthesis irreversible. If there is
excess PPi, it can push back the reaction and halt cholesterol biosynthesis. (c) At supplemental doses of niacin, only limited
amount of PPi is formed that can be hydrolyzed by the pyrophosphatase to Pi with the liberation of a physiological amount of
heat. At prescription doses of niacin, large amounts of PPi are formed which are then hydrolyzed to Pi with the liberation of
excess heat resulting in hot flushes. The available pyrophosphatase is unable to hydrolyze all of the PPi produced, so in turn, this
excess PPi makes the cholesterol biosynthesis reaction reversible and inhibits cholesterol synthesis. NaPT: Nicotinic acid phos-
phoribosyl transferase; PRPP: Phosphoribosyl pyrophosphate; PPi: inorganic pyrophosphate; NaMN: Nicotinic acid mononucleo-
tide; NMNAT: Nicotinic acid (nicotinamide) mononucleotide adenylyl transferase; ATP: Adenosine triphosphate; NaAD: Nico-
tinic acid adenine dinucleotide; NADS: NAD synthase; AMP: Adenosine monophosphate; NAD: Nicotinamide adenine dinucleo-
tide; NAMPT: nicotinamide phosphoribosyl transferase; NMN: nicotinamide mononucleotide; Pi: inorganic phosphate.
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their hydrolysis releases large amounts of heat that cause hot flushes through the
activation of capsaicin receptor,TRPV1 [5]. Capsaicin has been reported to in-
duce upregulation of oxidative phosphorylation uncoupling proteins like UCP-1
and produce heat [6]. This liberated heat activates TRPV1 which is a heat sens-
ing protein that induces pain sensation and thermoregulatory responses such as
sweating and vasodilation. The induction of hot flushes by niacin and capsaicin
may be similar, but the mechanism may be different. Capsaicin induces heat
through uncoupling of oxidative phosphorylation by upregulating uncouplers
whereas niacin induces heat through the production of PPi and its hydrolysis by
pyrophosphatases.

It has been shown that increasing intracellular levels of NAD enhances surviv-
al by boosting energy production and upregulating cellular repair system [7]. It
is well known that vitamin B3 is a precursor and building block of NAD. Vita-
min B3 includes niacin, nicotinamide and nicotinamide riboside. Besides these
three precursors of NAD, nicotinamide mononucleotide (NMN) has been shown
to increase the intracellular level of NAD without hot flush [8]. It should be
noted (Figure 1(a)) that for each molecule of NAD synthesis the PPi formed
from nicotinamide is two molecules and only one molecule from NMN com-
pared to three molecules from niacin. Since nicotinamide and NMN formed
lower PPi, they should produce less or no hot flushes when compared to niacin.
Our hypothesis is supported by the previous report [9] that nicotinamide didn’t
induce hot flushes or reduce cholesterol levels like niacin. In addition, NMN is
safe even at a high concentration of 1000 mg/day without producing hot flush
and several manufacturers are selling as an antiaging supplement. Taken togeth-
er all these observations suggest that excess PPi produced by niacin during NAD
synthesis cause hot flush.

During cholesterol biosynthesis there are four PPi molecules formed from
each molecule of cholesterol (Figure 1(b)) which can serve as a feedback me-
chanism for cholesterol biosynthesis, making PPi a key regulator [10]. Still, it is
not clear where the PPi goes and whether they produce heat. During DNA, RNA
synthesis also one molecule of PPi is formed for each addition of nucleotide into
the growing chain of DNA or RNA. Here the polymerases are coupled to pyro-
phosphatase activity and eliminate the PPi formed [3]. But there is no evidence
that during DNA and RNA synthesis heat is liberated. Further work is needed to
show where the energy goes during DNA, RNA or cholesterol synthesis. How-
ever, the excess PPi produced during NAD synthesis can produce heat through
pyrophosphatase hydrolysis and the PPi escaped from pyrophosphatase can
suppress cholesterol synthesis.

The mechanism of prescription-dose niacin-induced hot flushes and suppres-
sion of cholesterol biosynthesis is shown in Figure 1(c). High doses of niacin
lead to the synthesis of large quantities of NAD that can prevent aging and sub-
sequently PPi. Large quantities of PPi are hydrolyzed by pyrophosphatase that

produce excess heat resulting in hot flushes. The level of pyrophosphatase
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present inside the cell may not be sufficient to hydrolyze that large amount of
PPi and the remaining PPi inhibits the biosynthesis of cholesterol in a feedback
manor. Although high doses of niacin produce hot flushes, it is good for reduc-
ing cholesterol synthesis with the production of large amount of NAD which
aids preventing aging. It is important to note that supplemental doses of nicoti-
namide or other precursors of NAD will not produce hot flush and will not re-
duce cholesterol biosynthesis. In a recent study it has been shown that 500 mg of
nicotinamide given to patients did not produce hot flush [11]. In addition, a
non-flush form of niacin, inositol hexanicotinate has not been shown to have
any beneficial effects on lipid levels [12]. According to our hypothesis and the
previous report [9], the cholesterol reducing effect of niacin may be through the
excess PPi production that escapes from pyrophosphatases. So, it can be advisa-
ble to take prescription doses of niacin along with aspirin to reduce flushing [13]

for lowering cholesterol.
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