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Use of nicofinamide in dermatology

Nicotinamide (synonym — niacinamide) is the water-soluble, amide isotype of vitamin Bs, whilst niacin (synonym —
nicotinic acid) is the corresponding acid isotype. It is used in dermatology for a long time. It has numerous applications,
and it seems useful to make an updated review of its multiple uses.

Nicotinamide is normally brought by our diet; meat and fish are very rich in niacinamide, which is less present in vegetables.
The lack of this vitamin can cause pellagra, presenting with the triad of dementia, dermatitis and diarrhoea. Nicotinamide
is the catalyst for multiple molecular reactions throughout the body, and is converted into several coenzymes, including
nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP), which are of central
importance for metabolism. NAD and NADP are the coenzymes of countless dehydrogenases involved in hydrogen transfer.
Their main function is to supply hydrogen to the respiratory chain of mitochondria for oxidation and energy production.
Nicotinamide increases ATP production which increases DNA repair, protecting the skin from photodamage. In solar-
simulated, UV-irradiated, niacinamide-treated human HaCaT keratinocytes, an increased amount and rate of DNA excision
repair was demonstrated in cells treated with nicotinamide vs. control.

This review aims to describe the major dermatological disorders where nicotinamide was studied, mainly photoprotection
and skin cancer prevention, deficiencies in skin barrier function — especially atopic dermatitis — pigmentation disorders,
inflammatory diseases or acne. In all these indications, use of oral or topical nicotinamide is well-documented and offer
interesting therapeutic perspectives.

In some other cases like wound healing, bullous or pruritic disorders or cosmetic indications, the use of nicotinamide seems
also promising, but less documented. This is also the case regarding the antibacterial properties of nicotinamide. This review
also contemplates the side effects of nicotinamide, which appear to be low and lack of severity, permitting to conclude that
nicotinamide is worth of being an important weapon in the dermatologists’ armamentarium.
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Introduction NAD and NADP are the coenzymes of countless

Nicotinamide is used in dermatology for a long
time. It has numerous applications, and it seems
useful to make an updated review of its multiple
uses.

Nicotinamide (synonym: niacinamide) is the
water-soluble, amide isotype of vitamin Bs, whilst
niacin (synonym: nicotinic acid) is the correspond-
ing acid isotype [1]. Nicotinamide is normally
brought by our diet; meat and fish are very rich in
niacinamide, which is less present in vegetables [2].
The lack of this vitamin can cause pellagra, present-
ing with the triad of dementia, dermatitis and diar-
rhoea. Nicotinamide is the catalyst for multiple
molecular reactions throughout the body, and is
converted into several coenzymes, including nico-
tinamide adenine dinucleotide (NAD) and nicotin-
amide adenine dinucleotide phosphate (NADP),
which are of central importance for metabolism.

dehydrogenases involved in hydrogen transfer.
Their main function is to supply hydrogen to the
respiratory chain of mitochondria for oxidation and
energy production.

1. Generalities about use of niacinamide

in dermatology

Niacinamide is a small molecule (Figure) whose
molecular mass is 122.12 g/mol. According to the
500 Dalton rule for the skin penetration of chemical

"

Figure. Chemical structure of niacinamide
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ompounds and drugs [3], this allows skin absorp-
tion. Besides, Feldmann et al. [4] proved percu-
taneous penetration of a topical preparation of
niacinamide in human skin. On the contrary, nico-
tinic acid is able to overcome the epidermal barrier
function only with dificulty. For this reason, both
systemic and topical use of niacinamide are popular
in dermatology.

2. Nicotinamide for photoprotection
and skin cancer prevention

Photoprotection and prophylaxis of skin cancer are
probably the best documented indications of
nicotinamide in dermatology.

2.1. Nicotinamide and photoprotection

As early as 1997 and 1999, Gensler et al revealed
that topical as well as systemic nicotinamide pre-
vented UV-induced immune suppression and tu-
mour formation in mice [5, 6]. Later, investigators
demonstrated that both topical and oral forms of
nicotinamide had similar effects in reducing
UV immune suppression [7—9] and the develop-
ment of non- melanoma skin cancers [10] in humans.
Exposure to UV radiation causes the development
of skin cancers via a range of mechanisms including
direct cell damage (via substitutions in DNA of
pyrimidines, gene mutations and oxidative stress),
the activation of local inflammatory responses and
suppression of cutaneous anti-tumour immunity
[9]. Nicotinamide increases ATP production which
increases DNA repair, protecting the skin from
photodamage [9].

2.2. Nicotinamide and DNA damage

Direct damage to DNA in human keratinocytes by
UV results in the formation of cyclobutane
pyrimidine dimers (CPDs) and pyrimidine (6—4)
pyrimidine photoproducts [11]. These UV-induced
CPDsgiverise to C — T and CC — TT transitional
mutations within DNA, increased levels of which
are found in animal and human models of basal cell
carcinoma and squamous cell carcinoma, and these
UV-induced mutations can alter the function of the
p53 gene, an important tumour suppressor gene in
skin carcinogenesis [9]. Such mutations of p53 are
an important step in the dysregulation of epidermal
cell growth in the pathway leading to malignancy.
In solar-simulated, UV-irradiated, niacinamide-
treated human HaCaT keratinocytes, an increased
amount and rate of DNA excision repair was de-
monstrated in cells treated with nicotinamide vs.
control [12]. It therefore appears that by augmen-
ting access to ATP in UV-irradiated keratinocytes,
DNA repair is increased, which would reduce both
UV-induced immune suppression and the forma-

tion of mutations in oncogenes and tumour
SUppressor genes.

2.3. Nicotinamide and UV-induced inflammation

Ultraviolet (UV) radiation has profound effects on
human skin, causing sunburn, inflammation, cellu-
lar-tissue injury, cell death, and skin cancer. Most
of these effects are mediated by a number of cyto-
kines produced by keratinocytes, in particular
interleukin (IL)-1B, 1L-6, IL-8, IL-10, monocyte
chemoattractant protein (MCP)-1 and tumour
necrosis factor (TNF)-o. In a study [13], it was
investigated whether nicotinamide (NCT) might
have a protective function in reducing the expres-
sion of these cytokines in UV-irradiated keratino-
cytes. Nicotinamide significantly downregulated
IL-6,IL-10, MCP-1 and TNF-o. mRNA expression,
whereas it did not exert any significant effect on
IL-1pB or IL-8 expression. Based on this result, nico-
tinamide could be a possible therapy to improve or
prevent conditions induced or aggravated by UV
light. In vivo in humans, however, nicotinamide did
not reduce the erythema caused by UV radiation,
with two studies showing no significant change in
minimal erythema dose in humans receiving nico-
tinamide orally at 500 mg or 1500 mg daily [9], nor
when NAM was applied topically either before or
immediately after low-dose UV exposure [7].

2.4. Nicotinamide and UV-induced
immune Suppression

UV irradiation diminishes local cutaneous immune
responses even at very low, sub-erythemal doses
[14] by a number of mechanisms, including reduc-
ing tumour antigen-presenting cell function [15]
and increasing the production of immunomodula-
tory cytokines [16] which results in diminished
UV-induced contact and delayed- type hypersensi-
tivity responses [15]. Unrepaired DNA photole-
sions in the skin are a key trigger for UV-induced
immune suppression [17]. Using the Mantoux
model of skin immunity in healthy volunteers, oral
nicotinamide was compared to placebo (both admi-
nistered for 1 week) in a randomized, double-blind-
ed, crossover design against the effects of solar-
simulated UV radiation on delayed-type hypersen-
sitivity to tuberculin purified protein derivative.
Immunosuppression, calculated as the difference in
Mantoux induced erythema of irradiated sites com-
pared with unirradiated control sites, was deter-
mined in volunteers taking oral nicotinamide and
placebo. Significant immunosuppression occurred
in an UV dose-dependent manner in the presence
of placebo. Oral nicotinamide, at doses of either
1500 or 500 mg daily, was well tolerated and sig-
nificantly reduced UV immunosuppression with no
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immune effects in unirradiated skin [9]. Importantly,
nicotinamide did not alter immune responses at
unirradiated sites [9] indicating that it acts to nor-
malise cutaneous immune responses rather than
boosting baseline immunity.

2.5. Nicotinamide and skin cancer prophylaxis

To determine whether oral nicotinamide, at differ-
ent doses, reduced AKs in sun-damaged indivi-
duals, healthy, immune-competent volunteers with
> 4 palpable actinic keratosis (AKSs) (face, scalp and
upper limbs) were recruited and assigned to take
nicotinamide 500 mg or matched placebo twice
daily (Study 1 — 35 volunteers) or once daily
(Study 2 — 41 volunteers) for 4 months [12]. At
baseline, 2 and 4 months, palpable AKs were identi-
fied visually and by touch by a blinded observer.
A 35 % relative reduction in AK count at 4 months
(p = 0.0006) was estimated from Study 1 (with
similar results at 2 months). A 29 % relative reduc-
tion in AK count at 4 months (p = 0.005) was esti-
mated from Study 2 (with smaller but significant
differences observed at 2 months). For Studies 1
and 2 combined, 37 patients were randomized to
placebo and 37 to nicotinamide. 81 and 79 % respec-
tively of placebo and nicotinamide patients, respec-
tively, had previous, histologically confirmed skin
cancers. During the 4-month trials, 11 placebo
patients developed 20 new skin cancers (12 basal
cell carcinoma (BCC) and 8 SCC) and 2 nicotin-
amide patients developed 4 cancers (2 BCC and
2 SCC). The results of these phase II studies sug-
gest nicotinamide is effective in reducing AKs and
shows promise for skin cancer chemoprevention.
In a phase 3, double-blind, randomized, cont-
rolled trial [10], 386 participants who had had at
least two nonmelanoma skin cancers in the previous
5 years were randomly assigned, in a 1 : 1 ratio, to
receive 500 mg of nicotinamide twice daily or pla-
cebo for 12 months. Participants were evaluated at
3-month intervals for 18 months. The primary end
point was the number of new nonmelanoma skin
cancers (i.e., basal-cell carcinomas plus squamous-
cell carcinomas) during the 12-month intervention
period. Secondary end points included the number
of new squamous-cell carcinomas and basal-cell
carcinomas and the number of actinic keratoses
during the 12-month intervention period, the num-
ber of nonmelanoma skin cancers in the 6-month
postintervention period, and the safety of nicotin-
amide. At 12 months, the rate of new nonmelanoma
skin cancers was lower by 23 % in the nicotinamide
group than in the placebo group (p = 0.02). Similar
differences were found between the nicotinamide
group and the placebo group with respect to new
basal-cell carcinomas (20 % lower rate with nicotin-

amide, p = 0.12) and new squamous-cell carcinomas
(30 % lower rate, p = 0.05). The number of actinic
keratoses was 11 % lower in the nicotinamide group
than in the placebo group at 3 months (p = 0.01),
14 % lower at 6 months (p < 0.001), 20 % lower at
9 months (p <0.001), and 13 % lower at 12 months
(p = 0.001). the number or types of adverse events
during the 12-month intervention period were simi-
lar in both groups. These results show that oral ni-
cotinamide was safe and effective in reducing the
rates of new nonmelanoma skin cancers and actinic
keratoses in high-risk patients [10]. It is hypothe-
sised that nicotinamide’s ability to reduce the inci-
dence of both BCC and SCC is thereby a result of
its ability to enhance DNA repair, and boost skin
immunity.

3. Nicotinamide and skin barrier function

In disorders such as in atopic dermatitis [18], age-
ing skin [19] and weather-induced xerosis of the
skin in winter [20], there is a deficiency and related
restriction of the epidermal barrier function, cor-
responding to an increase in trans-epidermal water
loss (TEWL) and horny layer moisture deficiency.
Using cell cultures of human keratinocytes,
Tanno et al. [21] demonstrated that niacinamide led
to improved differentiation of keratinocytes and
increased synthesis of ceramides, free fatty acids
and cholesterol [22]. In vivo, the same authors
demonstrated, by the topical application of niacina-
mide in the context of a vehicle-controlled study in
the case of winter xerosis, an improvement in epi-
dermal barrier function, corresponding to a reduc-
tion of trans-epidermal water loss and an improve-
ment in horny layer moisture [22]. Similar results
were observed in another study [23] who also
showed improvement in horny layer moisture in
combination with a reduction in trans-epidermal
water loss after the topical application of 2% nia-
cinamide. In another trial [24], 28 patients with
atopic dermatitis, with symmetrical lesions of dry
skin on both forearms, were enrolled, and were
instructed to apply nicotinamide cream containing
2% nicotinamide on the left forearm and white
petrolatum on the right forearm, twice daily over a
4- or 8-week treatment period. Trans-epidermal
water loss and stratum corneum hydration were
measured by instrumental devices. At the end of
this period, it was observed that nicotinamide sig-
nificantly decreased TEWL, whilst white petrolatum
did not show any significant effect. Both nicotin-
amide and white petrolatum increased stratum cor-
neum hydration, but nicotinamide was significantly
more effective than white petrolatum, suggesting
that nicotinamide was a more effective moisturizer
than white petrolatum on atopic dry skin.
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4. Niacinamide and wound healing

Collins et al. investigated the postoperative healing
of wounds caused by reconstructive plastic surgery
and established better wound healing in the case of
parenteral administration of niacinamide [25]. In
the case of monotherapy with saline solution, the
skin flaps were 45.67 % (+ 31.14) vital. Niacinamide
increased the vitality rate to 85.30% (£ 9.24).
These results are statistically highly significant.
Surprisingly, following this promising study, no
other investigation was performed on niacinamide
in this important indication, and further trials
would be welcomed.

5. Niacinamide and blistering disorders

Based on its ability to inhibit proinflammatory
cytokine pathways, trials were conducted with
nicotinamide on blistering disorders. There have
been multiple case studies reporting the use of
nicotinamide as an adjunct (to tetracycline anti-
biotics) in a host of bullous dermatoses, most nota-
bly bullous pemphigoid and linear IgA bullous
dermatosis [26, 27] with therapeutic benefit repor-
ted with doses up to 2 g/day. The largest trial to
date reported that oral nicotinamide (500 mg three
times daily) in combination with tetracycline anti-
biotics was comparable to prednisolone (40—80 mg
daily), but with fewer adverse effects [26]. Here
also, more investigations are needed in order to sup-
port use of nicotinamide in these indications.

6. Niacinamide and pruritic disorders

To determine the efficacy of oral nicotinamide com-
pared with placebo to ameliorate uremic pruritus
(UP), a prospective, randomized, double-blind,
4-week study was conducted in 50 chronic kidney
disease patients with refractory UP [28]. The
patients were randomly allocated to nicotinamide
tablet 500 mg twice/day or placebo. Severity of
pruritus was evaluated before the start of the study
and at the end of each week for four weeks by using
a traditional Visual Analogue Scale and a modified
questionnaire method (pruritus score). At the end
of study, no significant benefit was found.

7. Niacinamide and pigmentation disorders

In a study [29] facial pigment disorders in 18 Ja-
panese women were treated on one side with 5%
niacinamide and on the other side with vehicle only.
The pigment disorders were evaluated qualitatively
and quantitatively using high resolution digital
images and subjective evaluation. In both evalua-
tion procedures, it was found that after 8 weeks of
treatment there was a significant lightening of
hyperpigmentation as a result of niacinamide com-
pared with the effect of the vehicle. In a second

study by the same author [29] conducted in
120 Japanese women, using the same evaluation
parameters as in the previous study, comparisons
were made among an SPF15 sun protection cream
with and without 2 % niacinamide and the relevant
vehicle. As a result, with niacinamide treatment,
there was a lightening of the skin after 4 and
6 weeks, which was significantly better than with
either the sun cream without niacinamide or the
vehicle. Later, a double blind, randomized clinical
trial of niacinamide 4 % versus hydroquinone 4 % in
the treatment of melasma was published [30].
27 women with melasma were included and ran-
domized in a double-blind manner to receive one
treatment on the left and the other on the right side
of the face, namely a 4 % niacinamide cream or 4%
HQ cream. Treatment was administered for the
period of 8 weeks, with basal evaluation and follow-
up at 4 and 8 weeks. Assessments included a skin
pigment evaluation by a chromameter, melasma area
and severity index (MAST), physician global assess-
ment (PGA), conventional photography, and infra-
red thermography. The onset average MASI score
for the HQ side was 4 (5% CI, 90.9—1.8) and 1.2
(95% IC, 0.8—1.6) after eight weeks (p < 0.001).
The initial MAST score for the niacinamide side was
3.7 (95% CI, 2.9—4.4) and 1.4 (95% CI, 3.3—4.7)
at the end of the study (p < 0.001). The average
decrease for HQ was 70 and 62 % for niacinamide.
This improvement was registered using conven-
tional photography with no perceptible differences
between both sides. The PGA rated the niacinamide
side improvement as excellent in three patients,
good in nine, moderate in seven, and mild in eight.
The HQ-treated side was rated excellent in seven,
good in eight, moderate in six, and mild in six
patients. As per colorimetric assessment, the lighten-
ing efect of HQ and niacinamide was apparent at
4 weeks of treatment, whereas it was more evident
at 8 weeks. Colorimetric measures showed no statis-
tical diferences between both treatments. As a con-
clusion, niacinamide was proposed as an efective,
integral, and safe therapeutic alternative in the
melasma treatment, with minimal side effects. The
aim of another trial was to compare the efficacy of
niacinamide 4 % and desonide 0.05% emulsions vs.
placebo in the treatment of axillary hyperpigmenta-
tion [31]. Twenty-four women aged 19—27 years
with hyperpigmented axillae (phototype IIT1—V)
were randomly assigned to receive the study treat-
ments in the axillary region. Improvement was
assessed at baseline, then clinically and by colorim-
etry 9 weeks later. Both niacinamide and desonide
induced significant colorimetric improvement com-
pared with placebo; however, desonide showed a
better depigmenting effect than niacinamide. A good

88 YKPAIHCBKIMN XXYPHAA AEPMATOAOTIT, BEHEpPOAOTii, KocmeTonorii ¢ N24(75) « 2019



OINIAN

to excellent response was achieved in 24 % of cases for
niacinamide, 30 % for desonide, and 6 % for placebo.

8. Niacinamide and inflammation

In our chapter 2.3 it was reported that nicotinamide
was capable of decreasing the expression of a num-
ber of proinflammatory cytokines. Therefore, it is
not surprising that nicotinamide can display anti-
inflammatory properties. First, studies were initi-
ated regarding the hypothesis that nicotinamide
could inhibit the production of tumour necrosis
factor alpha (TNF-a) and the inflammatory response
as well as induce apoptosis via inhibition of NF-xB
[32]. The investigator’s data have shown that nico-
tinamide gave dose dependent inhibition of lipopoly-
saccharide-induced TNF-a. in the mouse within the
dose range of 10—500 mg/kg. These data strongly
support the notion that nicotinamide has potent
anti-inflammatory and antitumor properties, because
its primary mechanism of action is regulated by inhi-
bition at the gene transcription level of NF-kappaB,
which in turn inhibits TNF-a and induces apoptosis.
Later, in an in vitro model of endotoxemia, human
whole blood was stimulated for two hours with
endotoxin at 1 ng/ml, achieving high levels of the
proinflammatory cytokines IL-1f, IL-6, IL-8 and
TNF-o [33]. When co-incubating whole blood,
endotoxin and nicotinamide, all four cytokines mea-
sured were inhibited in a dose dependent manner.
Inhibition was observed already at a nicotinamide
concentration of 2 mmol/l and at a concentration of
40 mmol/l, the IL-1B, IL-6 and TNF a responses
were reduced by more than 95 % and the IL-8 levels
reduced by 85 %. These data demonstrate that nico-
tinamide is a potent modulator of several proinflam-
matory cytokines, and has a potent immunomodula-
tory effect in vitro, and may have great potential for
treatment of human inflammatory disease.

9. Antibacterial properties of niacinamide

At least one recent trial considered the antibacte-
rial properties of nicotinamide [34]. To determine
whether niacinamide 3% formulation exerts an
antimicrobial benefit on skin, E. coli & S. aureus
survival on the volar forearm of human volunteers
was evaluated after formulation application. Bac-
terial survival was measured 6 hours after the appli-
cation of the niacinamide formulation iz vivo. The
decrease in account of E. coli was 55.1 % whilst in
S. aureus it was 33.1 %. To rule out the possibility of
direct antimicrobial action of niacinamide, E. coli
kill was measured using two different in vitro pro-
tocols. Pure niacinamide was added to bacterial
growth medium, and E. coli survival was assessed.
Additionally, niacinamide formulations were appli-
ed on artificial skin which again contains no bio-

logical materials. Six hours after application, E. coli
survival was measured: neither niacinamide formu-
lations nor pure niacinamide exhibited direct anti-
microbial effect against E. coli. Similar to E. coli,
niacinamide formulations did not impact S. aureus
survival in vitro. Taken together, data clearly indi-
cated that niacinamide formulations tested in the
human volunteer study had no direct effect on
bacterial survival. Using primary skin keratino-
cytes, antimicrobial peptide (AMP) psoriasin levels
were investigated after niacinamide treatment in
vitro. According to the results, niacinamide treat-
ment enhanced psoriasin secretion from primary
skin keratinocytes, but also gene expression of
AMPs like RNase 7 and calprotectin. This study
shows that a niacinamide containing formulation
can boost the skin’s antimicrobial properties and
provide protection from bacteria 6 hours after for-
mulation application in vivo.

10. Use of nicotinamide in acne

At that time, to the best of our knowledge, four
studies used nicotinamide as a single-agent topical
product, either at 4% [35—37] or at 5% [38].
In three studies, nicotinamide was compared to 1 %
clindamycin gel [36, 37] or 2% clindamycin gel
[38]. In all four studies, a significant improvement
was noted in acne vulgaris from baseline, whilst in
all three studies vs. clindamycin, it was stated that
nicotinamide and clindamycin resulted in similar
reductions in acne lesions.

11. Cosmetic applications of niacinamide

In a study on cell cultures [39], it was found that in
ageing cells, niacinamide enabled NADP content to
be increased to a level comparable with that of
young cells. Tt was also possible to prove that nia-
cinamide, as a precursor of NAD/NADP, had a
stimulatory effect on collagen synthesis, epidermal
biopolymers (proteins) keratin, flaggrin and invo-
lucrin. In general, niacinamide enabled improved
dermal and epidermal cell growth. Thus, niacina-
mide is a therapeutic option in the case of age-
related skin changes.

12. Safety profile of nicotinamide

12.1. Side effects of nicotinamide

The side effects of oral nicotinamide develop three
major axes: Parkinson’s disease (PD), diabetes and
liver damage. Niacin and nicotinamide are neuro-
protective at low doses but may be toxic at high
doses [40]. Excess nicotinamide has been hypoth-
esized to be involved in the development of PD, but
this was not definitely demonstrated [41]. Overlo-
ading rats with cumulative doses of nicotinamide or
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N-methyl-nicotinamide induced acute insulin resis-
tance [42]. This was a relatively small study, how-
ever, and effects may not be the same in humans. In
one of the largest double-blind, placebo controlled
human trials of nondiabetics with relatives with
islet cell antibodies, there was no difference in inci-
dence of diabetes in the treatment and placebo
group when 1.2 g/m? of nicotinamide was given
daily for 5 years [43]. However, a study of children
given 1.2 g/m? nicotinamide per day over an aver-
age follow up period of 7.1 years found there was a
statistically very significant reduction in the inci-
dence of diabetes. Development of diabetes in those
treated with nicotinamide was only 41 % that of the
group not treated with nicotinamide. This shows
that nicotinamide may in fact be protective against
the development of diabetes [44]. Concerning liver
toxicity, a study using high doses of nicotinamide in
rats caused liver cell enlargement, increased glyco-
gen deposition, and increased total hepatic lipids
[45]. Doses of 10 g/day did however cause acute
heptocellular changes in humans but these disap-
peared when treatment was ceased [46]. Converse-
ly, nicotinamide used in conjunction with metho-
trexate in arthritis studies in animals protected the
liver from the usual damage caused by methotrex-
ate [47]. This finding could be of interest in derma-
tological treatments using methotrexate.

Side effects from the topical application of nico-
tinamide are minor and rare and include: mild burn-
ing, pruritis, and erythema. These side effects
improve with continued use [48].
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Hikorunamiz 3a3Buuaii HajxoUTh 10 OPraHizmy 3 Keto; M'sico i puba jyske OaraTi Ha Hial[MHAMIJI, MEHIIIE fI0T0 MiCTUTHCS
B oBouax. /ledinut 11pboro BiTamiHy MOXKE CIPUYMHUTH I€JIArpy, SKa BUSABJSETHCS TPIiaJIOI0: JIIEMEHILEO, AePMATUTOM
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i miapeeto. HikoTrHaMi BUcTyae KataaisaTopoM YNCAeHHUX MOJIEKYJIIPHUX PeaKIliii B yChbOMY OpraHi3Mi i mepeTBopio-
€ThCS Ha KiJibKa KoepMeHTIB, BKI0Yaoun HikoTnHaMifaaeHinanHykaeotn (NAD) i HikoTHHAMITaeHIHAMHYKICOTHT
dochar (NADP), saki BigirpaoTs kio4uoBy posb B 00Miti peuoBuH. NAD i NADP € kodepmenTamu Gesiiui gerigporetas,
1110 6epyTh YYacTh y nepeHeceHHi BOAHIO.

Ixns ocHOBHA yHKINS TOMSATAE B MOJAYI BOAHIO O AMXAMBHOTO JIAHIIIOTA MiTOXOHPIi 7Tl OKHCHEHHS i BUPOOIEHHS
eneprii. Hikotunamin 36inbiye supobienns ATD, mo cupuse Bignosiaentio JHK i saxucry wkipu Big dhoroypaxkens.
V¥ HaCaT kepaTvHOIMTaX JIOAUHU, CTUMYJIbOBAHUX COHSAUHOIO €HEPIi€r0, ONPOMiHeHUX yJbrpadioseToM i 00pobieHnx
HiaIMHAMIZIOM, BUSBJIEHO 30LIbIIEHY KIIBKICTH 1 IBUAKICTD BiHOBIeHHs ekciusiit JHK y kiitunax, 06pobiaeHux Hiko-
THHAMIJIOM, ITOPIBHSIHO 3 KOHTPOJIEM.

[eit ornsig Mae HA MeTi OTMCATH OCHOBHI JIEPMATOJIOTIUHI PO3JIA/IN, IJIT YCYHEHHS SIKUX BUKOPUCTOBYBATH HIKOTHHAMI/,
FOJIOBHMM YMHOM (hOTO3aXMCT Ta NPOMIIAKTUKY paky MIKipu, Heao ik 6ap’epHoi hyHKIi mKipu — 0co6aMBO aTOMIYHUI
JIEPMATHT, MOPYLIEHHsT IIrMEeHTallil, 3alaibHi 3aXBOPIOBaHHA a00 BYIpi. 3aCTOCYBaHHS MepopajbHO abo MIcIeBO y IIi€l
KaTeropii XBOPUX HIKOTMHAMI/TY peTesbHO 3a/[0KYMEHTOBAHO i Ma€ TepaleBTHYHI MePCIIeKTUBH.

Takox MepcreKTUBHUM, ajie MEeHI JOKYMEHTOBAHUM € BUKOPUCTAHHS HIKOTUHAMIZY B A€SKUX HITHX BUMAIKAX — T
3arO€HHsI paH, y pasi GyJIbO3HUX MOPYIIEHb, 10 CYIPOBOKYIOTHCsT CBePOEKeM, IPU3HAYCHHS 32 KOCMETUYHUMHU MTOKA3aH-
Hsmu. Kpim Toro, 1o1isbHo BUBYMTH aHTHOAKTEpiajibHi BAACTHBOCTI IbOTO BiTaMiny. Po3risiHyTo 1106iuHi eekTn HiKoTH-
HaMi/Ly, BUPA3HICTb SIKMX € HE3HAYHOIO, IO JIA€ 3MOTY 3pOOGUTH BUCHOBOK IIPO Te€, IO 1€l BiTaMiH BapTO aKTHBHIIIE BUKO-
PHUCTOBYBATHU B JIEPMATOJIOTI].

Kio4oBi ciioBa: HiKOTHHAMI, HialmHaMiz, Mo6iYHI eerTH, (hOTO3aXKCT, pak MKipH, IKIpHUN 6ap’ep, Byrpi, MirMeHTaIis.
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l/ICNOABL30BAHME HUKOTUHOMUAC B AEPMATOAOTNN

Huxornnamuji (CHHOHUM — HHUAIlMHAMM/L) ABJISETCS BOJAOPACTBOPUMbBIM aMU/IHBIM M30THIIOM BUTaMuHa Bs, a Huanmn
(CMHOHNM — HUKOTHMHOBAS KUCJIOTA) — COOTBETCTBYIONMM M30TUIIOM KHCJIOThL. HUKOTHHAMMN MCIIONB3YIOT B IepMaTo-
JIOTHHU YK€ B TeYEHHUE JTUTETHLHOTO BPEMEHHU O PA3HBIM MTOKA3aHUSIM, TI09TOMY I1eJIeCO00Pa3HO ceaTh 0OHOBICHHDII
0630p MHOTOUYHCJIEHHBIX c(hep ero MCIOIb30BAHMUSL.

HukorrHaMuz 06BIYHO MOCTYTIAET B OPraHU3M C €I0M; MsICO U pblba 0ueHb H0TaThl HUAIIMHAMUIOM, MEHbIIIE €T0 COAEPIKHT-
cs1 B oBomiax. /lebunut atoro BUTAMIHA MOKET BBI3BATH TEJLIATPY, MPOSBISIONIYIOCS TPUATON: IeMEeHIINel, 1epMaTHTOM
u nuapeeil. HukotnnaMu BeICTymaeT KaTaanu3aTopoM MHOTOYMCIEHHBIX MOJIEKYJISIPHBIX PEaKIi BO BCeM OPraHu3Me 1
MPeBPAIAeTCs B HECKOJIBKO KOEPMEHTOB, BKJOUast HUKOTHHaMuiajieHnHanuykiaeotu; (NAD) u HUKOoTHHAMU/IAICHUH-
nunykieorus Gocdar (NADP), koTopsie urparor kitoueByto posib B o6MmeHe BeectB. NAD u NADP asastores kKodep-
MEeHTaMU MHOJKECTBA JIeTUAPOTeHa3, yYaCTBYIONIUX B IIEPEHOCE BOIOPO/IA.

Nx ocHoBHas QyHKIMA 3aK/II09aeTCs B II0jade BOAOPO/A B AbIXaTeJbHYIO Liellb MUTOXOHAPUIL IS OKUCJIeHUs 1 IIPOMU3-
BozicTBa sHeprun. Hukornuamuy ysenndusaer Boipabotry ATD, yro criocoberByer Boceranosenuio JJHK u sanure koxun
ot doronospexaennit. B HaCaTl kepatuHOIMTAX YeI0BEKa, CTUMYJIMPOBAHHBIX COJHEYHON aHepruei, 00y4eHHBIX YIIbT-
pacuoseroM 1 06pabOTAHHBIX HUAIMHAMU/IOM, OOHAPY/KEHO YBEIUYEHHOE KOJMYECTBO M CKOPOCTH BOCCTAHOBJIEHUS
srcuusuii JJTHK B kieTkax, 06paboTaHHbIX HUKOTUHAMUIIOM, 110 CPABHEHUIO ¢ KOHTPOJIEM.

ITOT 0630p UMEET 1EJIbIO OIKCATh OCHOBHbIE IEPMATOJOTMUECKUE PACCTPONCTBA, IS yCTPAHEHUS KOTOPBIX UCIIOJIb30BAJIN
HUKOTMHAMU/I, TJIABHBIM 00paszoM (OTO3aluTy 1 IPOPUIAKTUKY PaKka KOKH, HEAOCTATKK OapbepHOil (GDYHKIINN KOKU —
0COOEHHO ATONMMYECKUN JePMATHT, HAPYLIEHUsI MUTMEHTAIUK, BOCaIUTe/IbHble 3a60jieBanus uin yrpu. [lpuMeHenue
NepopaIbHO MM MECTHO Y 9TOM KaTeropuu GOJbHBIX HUKOTHHAMU/IA TIIATENbHO JOKYMEHTHPOBAHO U UMEET TepPareBTH-
YecKue MepcrieKTUBbL.

Takske mepcreKTHBHBIM, HO MeHee JOKYMEHTHPOBAHHBIM SIBJISAETCS MCIOJIb30BaHNE HUKOTMHAMU/IA B HEKOTOPBIX IPYTHUX
CIIydasix — JUIS 3aKMBJIEHHSI PaH, B CJIydae OYyJIE3HBIX PACCTPOIICTB, COMPOBOKIAIONINXCS 3Y/I0M, HA3HAYEHME 110 KOCMe-
TUYECKUM MOKazaHusiM. KpoMe TOro, HyKIalOTCs B M3yYeHUM aHTUOAKTEPUAJIbHBIC CBOWCTBA JAHHOIO BUTAMUHA.
Paccmorpenbt 1060uHbIe a(D(HEKTH HUKOTMHAMU/IA, BHIPAKEHHOCTh KOTOPBIX JOCTATOUHO HE3HAUYUTEIbHA, YTO [I03BOJISIET
c/leJIaTh BBIBOZL O TOM, UTO JAHHBIN BUTAMUH CJIeflyeT aKTUBHee UCIIOIb30BaTh B IEPMATOJIOTUN.

KioueBbie cioBa: HUKOTHHAMUJL, HUAIIMHAMUJ, T0604HbIe ahdeKThl, (hOTO3AIUTA, PAK KOKH, KOXKHBII Gapbep, YrpH,
MTUTMEHTAIUSI.
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