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Synopsis

Previous clinical testing of topical niacinamide
(vitamin B3) has revealed a broad array of
improvements in the appearance of aging facial
skin. The study reported here was done to con-
firm some of those previous observations and to
evaluate additional end points such as skin anti-
yellowing. Caucasian female subjects (n = 50,
aged 40-60 years) participated in a 12-week,
double-blind, placebo-controlled, split-face, left—
right randomized clinical study assessing two
topical products: moisturizer control product ver-
sus the same moisturizer product containing
5% niacinamide. Niacinamide was well tolerated
by the skin and provided significant improve-
ments versus control in end points evaluated
previously: fine lines/wrinkles, hyperpigmentation
spots, texture, and red blotchiness. In addition,
skin yellowing (sallowness) versus control was
significantly improved. The mechanism by which
this array of benefits is achieved with niacina-
mide is discussed.
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Résumé

Un précédent test clinique portant sur I'application
topique de Niacinamide (Vitamine B3) a révélé le
large potentiel de cette matiére premiere pour
améliorer I'aspect du visage. La présente étude a
pour but de confirmer quelques-unes des observa-
tions déja réalisées ainsi que d’'évaluer d‘autres
propriétés comme l'anti-jaunissement de la peau.
Des femmes de type caucasien (n = 50, d’age com-
pris entre 40 et 60 ans) ont participé pendant 12
semaines a une étude clinique controélée, portant
sur 'application de deux produits en double aveu-
gle, par demi-visage, aléatoirement répartis a
droite ou a gauche. Le premier produit, ou témoin,
était un soin hydratant, le second était le méme
produit, contenant 5% de Niacinamide. Le niacina-
mide n'a provoqué aucune intolérance cutanée et
des améliorations significatives par rapport au
témoin ont été observées sur les parametres éva-
lués: rides, ridules, taches pigmentaires, texture de
la peau, rougeur cutanée. De plus, le jaunissement
de la peau par rapport au témoin a été significativ-
ement amélioré. Le mécanisme par lequel la Nia-
cinamide agit sur ces différents parameétres est
discuté.

Introduction

The nutritional value of niacinamide (vitamin B3)
is well recognized, and its utility as a topical agent
to provide skin-care benefits is being elucidated
based on recently published studies. There are
reports of topical niacinamide providing beneficial
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effects in prevention of photoimmunosuppression
and photocarcinogenesis [1], prevention of the loss
of dermal collagen that accompanies photoaging
[2], reduction in acne severity [3, 4], and improve-
ment in bullous pemphigoid [5]. More recent stud-
ies [6—8] have noted additional beneficial effects of
topical niacinamide in aging skin, such as
improved barrier function, decreased appearance
of signs of facial photoaging (e.g. texture, hyper-
pigmented spots, red blotchiness), and reduced
sebum production. Some mechanistic effects were
also noted in those studies to suggest how niacina-
mide provides this array of observed skin benefits.
The physiologic role of niacinamide is as a pre-
cursor to important co-factors: nicotinamide aden-
ine dinucleotide (NAD) and its phosphate
derivative (NADP). These cofactors and their
reduced forms (NADH and NADPH) serve as redox
co-enzymes in many enzymatic reactions [9], and
the reduced forms are anti-oxidants [10, 11] and
have other signaling properties [12]. Thus, it is
possible that niacinamide has these multiple effects
on skin indirectly as a result of its role as a
co-enzyme precursor, although defining specifically
how these dinucleotides fit mechanistically into all
the observed skin effects is not clearly defined.
Since NADH and NADPH are anti-oxidants
and their levels can be increased with niacina-
mide [9], a possible effect of topical niacinamide
is inhibition of oxidative processes such as pro-
tein oxidation (glycation). Glycation (Maillard
reaction) is a spontaneous oxidative reaction
between protein and sugar [13-15], resulting in
cross-linked proteins (Amedori products) that are
yellowish-brown in color and are fluorescent.
These products can accumulate in matrix com-
ponents such as collagen that have long biologi-
published data
indicate a fivefold increase in collagen oxidation
products in human skin from age 20 to 80 [16]
and in glycation products and accompanying
fluorescence in aging rat skin collagen [17]. An

cal half-lives. For example,

‘experiment of nature’ that illustrates the impact
of glycation on the appearance of skin is diabe-
tes, where sugar levels are elevated. This leads
to increased glycation and visibly more yellow
appearance described as ‘yellow skin syndrome’
and ‘yellow nail syndrome’ [18-22]. There is
thus potential for glycation to have a significant
role in the normal aging-induced changes in
skin appearance (e.g. yellowing of skin, also
more technically described as skin sallowness)

and for niacinamide to inhibit the appearance
change.

This report presents data on clinical effects (e.g.
skin anti-yellowing) not previously reported for
topical niacinamide and also presents data con-
firming previous benefit observations of this topical
vitamin. Mechanistic information relevant to these
effects is also presented.

Materials and methods

Clinical testing

Before participating in the clinical study, each sub-
ject signed a written informed consent that con-
tained all the basic elements outlined in 21 Code
of Federal Regulations (CFR) 50.25. It explained
the type of study, the procedures to be followed,
the general nature of the materials being tested,
and any known or anticipated adverse reactions
that might result from participation. Due to the
cosmetic nature of this study, a formal external
IRB or ethics committee review was not done.
However, the protocol was reviewed and approved
by qualified Procter & Gamble clinical, toxicology,
and regulatory personnel and by corresponding
personnel at the clinical site. The study was moni-
tored for compliance with the protocol.

Facial aging study

Healthy Caucasian female subjects (age: 40-60
years; n = 50) were enrolled in a double-blind,
placebo-controlled, split-face study with left-right
randomization. Forty-nine of the enrolled subjects
completed the study, with the one drop being for
personal reasons (unrelated to the study treat-
ments). All subjects were graded at baseline (0-5
grading scales: O being normal skin), and were eli-
gible for study participation with grades of 2.0 or
greater in both facial fine lines/wrinkles (primarily
in the eye or ‘crow’s feet’ area), texture (in the
cheek area), and facial hyperpigmented spots. Our
definition of poor texture encompasses two factors:
enlarged pore size and ‘pebbly, rippled’ appearance
of skin in the cheek area.

Prior to study start, there was a 2-week wash-
out period in which subjects were instructed to
discontinue use of their normal facial cleanser and
moisturizer products for the duration of the study,
and all were instructed to use the same supplied
facial cleanser commercial product and the same
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facial oil-in-water moisturizer commercial product
twice daily. After the 2-week wash-out period, this
cleanser product was also used throughout the
subsequent 12-week study period, but the moisturizer
product was replaced with two oil-in-water mois-
turizer test formulations (placebo control and the
same formulation containing 5% niacinamide)
which were packaged in blind-coded 30-g opaque
tubes, labeled ‘left’ or ‘right’. To each side of the
face was applied a pea-sized amount (approxi-
mately 0.4 g) of each assigned test formulation,
twice daily for 12 weeks, with the evening applica-
tion occurring at least 1 h before bedtime. Sub-
jects were supplied with new containers of test
formulations at baseline and at weeks 4 and 8
during the 12-week study. Subject compliance
with instructions was performed by having sub-
jects complete a daily product use diary, in a
return visit to the study site after 1 week of test
product usage to review the diary and their prod-
uct use habits, and by weighing the returned prod-
uct containers (at weeks 4, 8, and 12). These
compliance checks indicated subjects were follow-
ing product use instructions. This study was con-
ducted from February to May in Cincinnati.

All skin measurements were done on untreated
skin (skin was not treated with test products that
day) at least 30 min after washing with the
assigned facial cleanser commercial product. Sub-
jects acclimated their skin in a controlled tempera-
ture (21 £ 2°C) and relative humidity (30-50%)

room for 30 min prior to measurements (taken
under the same temperature and humidity condi-
tions). All measurements were done in the morn-
ing, with each subject having an assigned time of
day to return to the clinical site for all visits. They
had their hair and clothing covered with black
drapes. The images were taken using the same
imaging equipment under the same conditions
(lighting, distance, head position, etc.) at all time
points.

Digital images of each side of the face of all sub-
jects were captured at baseline and at weeks 4, 8,
and 12. The facial images were recorded using a
Wrinkle Imaging System (WIS) and Facial Color
Imaging System (FaCIS). WIS (Fig. 1) captures
subject facial images with a high-resolution video
camera (Sony DXH-537H 3 CCD video camera
equipped with a Canon J15 x 9.5 BKRS lens)
under highly controlled reproducible lighting
(quartz tungsten halogen light source located
above the head) and facial positioning conditions.
It involves reflected illumination using reflection
boards to create shadows to enhance topograph-
ical features (fine lines and wrinkles). Calibration
was performed at the start of each day of imaging
in a study. The subject’'s head was positioned
using a chin rest and bite stick, and re-positioning
was done by displaying the baseline image on a
monitor while simultaneously superimposing the
subject’s live image on the monitor to adjust the
subject’s head position to exactly match the base-

Figure 1 Views of Wrinkle Imaging System. (A) front view and (B) back view.
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line positioning. Then the image for that subse-
quent time point is captured. The mounted camera
and illumination can be rotated 45° left or right of
the subject’s head to image capture the right or
left side, respectively, of the face. The FaCIS for
capturing color images has been described else-
where [23, 24]. After each imaging session, sub-
jects resumed test product application.

In the captured images, the facial region of
interest for analysis is defined and analyzed to
quantify the parameter of interest. Using non-com-
mercial algorithms (developed within Procter &
Gamble) for the image analysis, total linear (fine
line/wrinkle) depression area in mm? around the
eye (crow’s feet area), total hyperpigmented spot
area in mm?, and skin yellowness (b values, exclu-
ding the area of hyperpigmented spots) are deter-
mined. The wrinkle image analysis process is
overviewed in Fig. 2. As noted above, the color

Set Wallis filter parameters
based on L channel histogram

R G B
v v ¥
Gaussian Smooth

Wallis Filtering
Threshold

Impose geometric constraints:
circularity, length,
perimeter-length-ratio

Save measurements to
spreadsheet amd
Overlays

Figure 2 Overview of wrinkle image analysis algorithm.

image analysis process has been described else-
where [23, 24].

For red blotchiness, test product effects were
measured by a Visual Perception Study (VPS),
wherein expert graders assessed the FaCIS facial
images photos for several aging skin attributes.
Trained and qualified graders graded the CIS ima-
Blind-coded baseline and either 4, 8 or
12 week color images were viewed simultaneously
on color-calibrated Barco monitors, randomized as

ges.

to treatment and side of screen. Graders deter-
mined which side looked better for a specific skin
attribute and how much better (0-100 scale).
Graders had the option of selecting the left-hand
image, the right-hand image, or no difference.
Three graders independently judged the images.
The three grades for each image pair were aver-
aged.

Statistical analysis

Change from baseline values for fine lines/wrin-
kles, hyperpigmented spots, and texture were ana-
lyzed using a mixed model (SAS Proc Mixed) with
subject (random), treatment, side (left and right),
and baseline as covariate for each post-treatment
time point (weeks 4, 8, and 12). Red blotchiness
was analyzed the same way except that baseline
was not included in the model due to no baseline
values (Visual Perception Systems comparisons
versus baseline). Differences between adjusted
treatment means were considered significant if the
P-value was less than or equal to 0.05. Sample
sizes of up to 50 were historically used for this
type of facial benefits studies with sufficient power.
Error bars presented in the figures represent one
standard error above or below the treatment
means.

Results

Skin improvement effects confirming previous
observations

As in previous facial testing [7], in the present
study topical 5% niacinamide was found to be
extremely well tolerated by test subjects, i.e. it does
not induce skin irritation responses (no redness,
dryness, burn, sting, or itch responses). In the pre-
sent study, there was an increase in red blotchi-
ness (Fig. 3) and in hyperpigmented spots (Fig. 4)
in both the control and niacinamide treated skin.
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Figure 3 Topical 5% niacinamide prevented an increase
in facial skin red blotchiness vs. the placebo control. The
data (mean * SE) are presented as VPS (Visual Percep-
tion System) scores, with higher values indicating less
red blotchiness. VPS data were obtained by treatment-
blinded expert grader assessment of facial images (image
at each time point versus the baseline image).
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Figure 4 Topical 5% niacinamide prevented an increase
in hyperpigmented spot area (mm?) in facial skin versus
the placebo control. The data (mean * SE) are presented
as area change from baseline (the average baseline spot
area for the study was 183 mm?), with lower values
indicating less total spot area. Spot area data were
obtained from quantitative computer image analysis.

However, niacinamide significantly prevented the
increase versus the control. Such effects on these
two parameters are consistent with previous obser-
vations [6-9].

Additional skin improvement effects in the present
study

In addition to the aging skin benefits discussed
above, in the present study there were improve-
ments in other aging skin end points. After
8 weeks of treatment, there was a small but signi-
ficant reduction in fine lines/wrinkles (Fig. 5). By
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Figure 5 Topical 5% niacinamide reduced facial skin
fine lines/wrinkles (measured as linear depression area in
mm?) versus the placebo control. The data (mean + SE)
are presented as change from baseline (the average base-
line area for the study was 181 mm?), with lower values
indicating less fine lines/wrinkles. The area data were
obtained from quantitative computer image analysis.

12 weeks of treatment, the reduction versus con-
trol was approximately 5.5%.

An additional assessment from clinical testing of
topical niacinamide was determination of the effect
on skin yellowing (sallowness). Yellow color analy-
sis (‘b’ value from image analysis) of the clinical
facial images revealed that niacinamide was signi-
ficantly effective in preventing an increase in skin
yellow color at the 8 and 12-week time points
(Fig. 6).

Discussion

As overviewed above, topical niacinamide (vitamin
B3) provides a variety of beneficial effects to skin,
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Figure 6 Topical 5% niacinamide prevents skin yellow-
ing (quantitative ‘b’ value determination from images)
versus placebo control. The data (mean + SE) are presen-
ted as change from baseline, with lower values indicating
less yellow color.
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such as improvement in the appearance of facial
skin texture, fine lines/wrinkles, hyperpigmenta-
tion, red blotchiness, and yellowing (sallowness).
In addition, the treatment is extremely well toler-
ated by the skin (no irritation, redness, burn,
sting, itch issues). This is in contrast to other top-
ical technology such as trans-retinoic acid (tretino-
in) which provides appearance improvements
(particularly wrinkles and hyperpigmentation) but
at the expense of barrier, leading to skin sensitivity
and redness [25]. Since niacinamide is non-irrita-
ting to facial skin, easily formulated, chemically
stable, and compatible with other formulation
components, it is an ideal agent for use in cos-
metic products. And in particular, since it
improves the appearance of both hyperpigmenta-
tion and yellowing without inducing irritation, it
is especially useful for providing overall skin tone
improvement.

In this study, some parameters (e.g. hyperpig-
mented spots and red blotchiness) increased from
baseline in both treatment groups during the
course of the study. This study was conducted
between February and May, a time period in
which there is increasing sun exposure potential.
Since these parameters are increased by sun expo-
sure, it is anticipated that the measured values
Topical 5%
in preventing the
increase in these parameters. From previous test-
ing in fall-winter [6—9] where there is no increase
from baseline in these parameters in the control

would increase. niacinamide was

effective seasonal-induced

group, we have observed that topical niacinamide
will also reduce existing skin redness and spots.
The mechanisms by which niacinamide provides
this array of skin benefits are not completely
defined, but in general may be via niacinamide’s
role as a precursor to the NAD(P) family of coen-
zymes. These coenzymes are key to many meta-
bolic enzyme reactions in the skin [9], and the
reduced forms [NAD(P)H] also have anti-oxidant
properties [10, 11]. Niacinamide as a precursor
has been shown to increase NADPH levels in aged
skin cells [7]. There is thus potential to impact
many processes in the skin. While this coenzyme
precursor role for niacinamide may explain in gen-
eral how it can have multiple effects on clinical
appearance and function of skin, the precise mech-
anism by which NAD(P)H is involved in pathways
relevant to these clinical end points has not been
definitively defined. However, there is some mech-
anistic information relevant to several skin effects.

For skin yellowing which is at least in part
because of the oxidative protein glycation process
(discussed in the Introduction section), a niacina-
mide-induced elevation of the endogenous anti-
oxidant NAD(P)H level would be expected to
modulate the yellowing phenomenon. An anti-
glycation effect for niacinamide has been reported
[26, 27].

The mechanism by which red blotchiness is
improved may be related to barrier function. Nia-
cinamide increases both the lipid and protein stra-
tum corneum components of the skin’s barrier and
enhances the skin’s barrier properties [7, 8, 28].
This enhancement is observed by both reduction
in trans-epidermal water loss (TEWL) and
increased resistance of the skin to damage from
barrier destructive agents such as surfactant and
solvent [7]. This should translate to less irritation
and redness when the skin encounters environ-
mental insults such as detergents and soaps.

For fine lines/wrinkles, a couple of mechanisms
may be involved. One is increased dermal matrix
collagen production. The literature discusses this
mechanism in regard to topical retinoic acid [29],
which is well recognized as providing skin wrinkle
improvement [30]. Some previous work [9] has
indicated that niacinamide does increase collagen
production.

Another mechanism relevant to wrinkle reduc-
tion is reduction in the excess dermal glycosami-
noglycans (GAG'’s). Elevation of dermal GAG's
is a characteristic of photodamaged or wrinkled
skin [31]. While a low level of GAG is required for
normal structure and function of the dermal mat-
rix, excess levels are associated with poor visible
appearance of skin, e.g. the wrinkled skin of Shar
Pei dogs is the result of excess dermal GAG [32].
In clinical testing with chemical peel [33] and in
mice treated topically with trans-retinoic acid [34],
reduction in wrinkles is also associated with reduc-
tion in excess dermal GAG content. Other testing
[35] has indicated that niacinamide reduces excess
GAG’s production by old human dermal fibro-
blasts, thus supporting the potential involvement
of this mechanism in fine line and wrinkles
appearance effects.

For pigment spot reduction, niacinamide has
been observed to inhibit the process of melanosome
transfer from melanocytes to keratinocytes [6]. This
process involves a number of steps [36], and the
specific site of action of niacinamide has not yet
been elucidated.
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