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Assessment of skin penetration of topically
applied drugs is an important problem in the devel-
opment of dermal creams and ointments. To evalu-
ate this in humans in vivo, several models have been
developed including suction blister fluid, tape-strip-
ping and cutaneous microdialysis (1). However,
such methods are somewhat invasive, so in vitro
techniques based on the application of substances to
human or animal skin have been developed. As
human skin is not easily available, the use of artifi-

cial membranes, both lipophilic and/or hydrophilic,
seems to be a possible alternative.

The penetration of active substances through
the skin is dependent on a number of factors includ-
ing a structure, molecular size and molecular weight
as well as on other physical and chemical properties,
especially its water and lipid solubility. After topical
application, the first important barrier encountered
is the stratum corneum, which protects the skin
against harmful external factors, decreasing the pen-
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etration efficiency and reducing the absorption of
exogenous compounds put on skin (2, 3, 4, 5). The
stratum corneum is built of 10-15 layers of dead,
flattened corneocytes, which are subject to perma-
nent exfoliation. The intercellular spaces are filled
with lipids forming about 10% of the mass of the
layer. They consist of ceramides, cholesterol, fatty
acids, cholesterol esters and small amounts of phos-
pholipids (6, 7). 

In order to avoid the use of human or animal
skin, a number of artificial membranes have been
developed which imitate the stratum corneum. A
further property of an artificial membrane is an ade-
quate composition of lipid substances that resemble
those naturally occurring in the skin. Up to now, the
following membranes, among others, were used:
PVPA (Phospholipid Vesicle-based Permeation
Assay), the composition of which resembles stratum
corneum (8, 9), PAMPA (Parallel Artificial Mem-
brane Permeability Assay) membranes (9, 10, 11)
and other lipophilic membranes containing choles-
terol, stearic acid and silicone oil (12, 13, 14). In
addition, hydrophilic membranes that resemble the
hydrophilic characters of the deeper part of skin
composed of cellulose nitrate or acetate have been
used (14, 15, 16, 17). 

Vitamin B3 is composed of nicotinic acid amide
(niacinamide), nicotinic acid (niacin) and its esters
(Fig. 1). Niacinamide is a water-soluble compound
of molecular weight 122.1 Da and melting point
130OC, its pKa is 3.35 at 20OC, partition coefficient
octanol/water is -0.35. This substance is widely
applied in cosmetic preparation at a concentration of
2-5%. Niacinamide is a well-tolerated and safe com-
pound with a good bioavailability (11, 18, 19).

It is characterized by anti-inflammatory prop-
erties; therefore, it can be applied, inter alia, in
atopic dermatitis and acne rosacea. Moreover, it
reduces sebum excretion (20, 21, 22), protecting the
skin against photoaging, so it may be a non-toxic
alternative in melanoma chemoprevention in high-
risk individuals (19, 23, 24). Thus, it can be applied
in pharmaceutical and cosmetic products. 

The aim of the study was to evaluate the in
vitro permeation across artificial hydrophilic and
lipophilic membranes of niacinamide applied as
hydrogel and emulsion, as compared with in vitro
human skin penetration. 

EXPERIENTIAL

Materials

Niacinamide (p.a.), cetyl alcohol (p.a.), poly-
oxyethylene sorbitan trioleate (Tween 85) were pur-
chased from Sigma-Aldrich, USA, disodium phos-
phate (p.a.), potassium dihydrogen phosphate (p.a.)
and n-octanol (p.a.) ñ from Merck (Germany); ace-
tonitrile from J.T. Baker, (the Netherlands), choles-
terol from Coel, KrakÛw (Poland), stearic acid (p.a.)
and glycerol (p.a.) from Chempur (Poland); collodi-
on from Caelo Caesar & Lorenz GmbH (Germany);
biobase (consisted of glyceryl stearate, cetearyl
alcohol and sodium stearoyl lactylate), cocoa butter,
grape seed oil, hydroxyethylcellulose from Mazid≥a
(Poland), and cellulose acetate membranes from
Sartorius Stedim Biotech GmbH (Germany). 

Human skin

Human abdominal skin obtained after plastic
surgery was used. The research was approved by the
ethical committee of Pomeranian Medical Univer-
sity in Szczecin. Written informed consent to use
their skin was obtained from all donors.

The skin of 0.5 mm in thickness was der-
matomed. Afterward, the skin was divided into pieces
of 2 × 2 cm and washed in PBS (phosphate-buffered
saline) (pH 7.4) for 30 min. The skin was then
wrapped in aluminum foil and stored at -20OC until
use for a maximum of 6 months. Under these condi-
tions, the skin is stable with regard to its barrier prop-
erties (24). Prior to the experiments, the skin samples
were thawed at room temperature for about 30 min. 

In vitro permeation 

All experiments were performed in Franz dif-
fusion cells (SES Analyse Systeme GmbH,
Germany) composed of a donor chamber of 2 mL
capacity and an acceptor chamber of 8 mL capacity.
The penetration surface was 1 cm2. As acceptor flu-
ids, 0.1 M phosphate buffers of two different pH
values, 5.4 (similar to that of skin surface) and 7.4
(comparable to pH of deeper skin layers) were used.
In the acceptor chamber, a constant temperature of
37OC ± 1OC was maintained via a thermostat. The
acceptor fluid was mixed with a magnetic stirrer. 

The study was conducted for 4 hours. After
0.5, 1, 2 and 4 h an aliquot of 0.3 mL of acceptor

Figure 1. Molecular structure of nicotinic acid (A) and nicotin-
amide (B).
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fluid was taken. Thereafter the same volume of fresh
buffer of the same pH was added to the acceptor
fluid chamber. 

To evaluate niacinamide (NA) penetration,
commercial cellulose acetate membranes (CA), pore
size 0.2 µm, as well as artificial, both hydrophilic
and lipophilic, membranes made in our laboratory
were used. To obtain hydrophilic membranes, pieces
of filter paper, 2.5 cm in diameter, were impregnat-
ed with a fixed volume of collodion, consisting
mainly of cellulose nitrate in diethyl ether ñ ethanol
solution (Col). To obtain lipophilic membranes,
either 1% (w/w) stearic acid (Col/St acid) or 0.25%
(w/w) cetyl alcohol (Col/CetAl) or a mixture of
0.125% (w/w) cetyl alcohol and 0.125% (w/w) cho-
lesterol (Col/CetAl/Chol) were dissolved in collodi-
um, respectively. Aliquots of 200 µL solutions were
placed one-sided on dry rings of the filter paper and
were left to dry for 24 h. The amount of the above-
mentioned substances applied to separate mem-
branes after drying was 0.055 g, on average. 

Formulations. In donor chambers, 2 g of either
hydrogel or emulsion (o/w) containing 0.5% (w/w)

of niacinamide was placed. Each experiment was
performed in triplicate. 

Electrical impedance

The electrical impedance of all the lipid mem-
branes including human skin was measured using an
LCR meter 4080, which was operated in parallel
mode with an alternating frequency of 120 Hz (error
at kΩ values < 0.5%). For the measurement, the
donor compartment of the Franz diffusion cell was
filled with the acceptor phase, and then the tips of
the stainless-steel probes were carefully immersed
in the PBS solution (pH 7.4) in the donor and accep-
tor compartments of the diffusion cell. Only mem-
branes that produced an electrical resistance above 8
kΩ were used for penetration study. The resistances
observed in our study was comparable to the resist-
ance of human skin (25).

The thickness of the lipid membranes which
were prepared was measured with the optical micro-
scope Junalumar with DELTA OPTICAL Camera
Viewer.

Figure 2. Micrograph of a cross-section of the artificial lipid membranes [Col/Ceth.Al/Chol] on the cellulose nitrate filter.
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HPLC analysis 

The determination of niacinamide concentra-
tions in analyzed samples was performed by high per-
formance liquid chromatographic (HPLC) method
with spectrophotometric detection (Knauer, Berlin,
Germany). The compounds were separated isocrati-
cally at room temperature on 125 × 4 mm ID column
filled with Hyperisil ODS, particle size 5 µm. The
mobile phase consisted of 0.005M aqueous potassium
dihydrogen phosphate solution and acetonitrile (95 : 5
by vol.). Aliquots of 20 µL of analyzed samples were
injected onto the column. The determination was per-
formed at a wavelength of 280 nm. 

To determine niacinamide lipophilicity, the
octanol-water partition coefficient (log Ko/w) at pH
5.4 and 7.4 (identical to the pH of the acceptor fluid
in the permeability experiment) was evaluated by a
shake-flask method. Octanol was mixed with an
equal volume of an adequate phosphate buffer con-
taining various niacinamide concentrations. The
mixture was then shaken on a rotating shaker SK-
0330-PRO (Chemland, Poland) for four hours. The
octanol/water partition coefficient, being a measure
of the lipophilicity of the examined compound, was
calculated as a logarithm of the ratio of niacinamide
concentration in octanol to its concentration in a
phosphate buffer of a specific pH. The results were
presented as an average of analyzed samples con-

centrations. For each applied niacinamide concen-
tration three samples were collected for HPLC
analysis.

Statistical analyses 

Results were presented as arithmetical mean ±
standard deviation (SD). The results were evaluated
using a one-way analysis of variance (ANOVA).
For detailed data analysis, Tukeyís post-hoc test was
used. Probabilities < 0.05 were considered to be sta-
tistically significant. To evaluate the significance of
differences between samples collected after skin vs.
artificial membranes penetration paired t-tests were
applied. All determinations were performed in trip-
licate (n = 3).

RESULTS 

Figure 2 presents the optical micrograph of the
lipid membrane on the cellulose nitrate filter. The
lipid layer was homogeneous without leak. The
average thickness (measured from the three points
separately) of the prepared lipid membranes was 9.7
± 1.9 µm (n = 3) (Fig. 2).

The octanol/water partition coefficients (log
Ko/w) determined for two buffers of different pH
were -0.43 ± 0.03 and -0.29 ± 0.03 for pH 5.4 and
7.4, respectively. 

Figure 3 A-D. Comparison of mean cumulated mass of niacinamide penetrated from hydrogel (A, B) and emulsion (C, D) through artifi-
cial hydrophilic and lipophilic membranes as well as human skin into acceptor fluid pH 5.4 (A, C) and pH 7.4 (B, D) A. hydrogel ñ accep-
tor fluid pH 5.4 B. hydrogel ñ acceptor fluid pH 7.4 C. emulsion ñ acceptor fluid pH 5.4 D. emulsion ñ acceptor fluid pH 7.4.
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Figure 3 A-B shows the comparison of NA
cumulated mass (in µg) permeating at specific inter-
vals up to 4 h. The results are presented separately for
hydrogel and emulsion taking into account different
pH of the acceptor fluid (5.4 and 7.4). The extent of
niacinamide penetration through studied membranes,
expressed as cumulated mass, can be ranked as fol-
lows: the significantly highest transport was observed
via CA membrane, followed by Col, whereas the
lower permeation was found via Col/St acid,
Col/CetAl, Col/CetAl/Chol membrane, and human
skin. After application of hydrogel, the highest total
NA amount was observed after penetration through
CA (883 ± 62 µg for pH 5.4 and 679 ± 21 µg for pH
7.4 of the acceptor fluid). High penetration was also
found at both pH 5.4 and pH 7.4 (524 ± 31 and 515 ±
22 µg, respectively) if Col membrane was applied. 

The cumulative niacinamide penetration of 394
± 4 µg NA observed at pH 5.4 through lipophilic
Col/St acid membranes was comparable to penetra-
tion through human skin (356 ±17 µg). The lowest
permeation was observed through Col/CetAl and
Col/CetAl/Chol membranes (232 ± 7 and 170 ± 12
µg, respectively). At pH 7.4 the total mass after 4h
collection was for Col/St acid 472 ± 8.2 µg, for
Col/CetAl 408 ± 5 µg, for HS 325± 24 µg and for
Col/CetAl/Chol 291 ± 17 µg (Fig. 3 A, B).

In contrast, after emulsion application, a lower
permeation of the studied ingredient was observed
(Fig. 3 C, D). In this case, the compound permeated
to a higher degree solely through hydrophilic mem-
branes made of cellulose acetate. After 4 h of col-
lection, the total amount in the acceptor fluid of pH
5.4 and 7.4 was 487 ± 46 µg and 440 ± 30 µg,
respectively, and differed significantly as compared
to the remaining samples. Also, high penetration
through Col membrane was found (246 ± 10 µg and
374 ± 7 µg for pH 5.4 and 7.4, respectively). After
application of lipophilic membranes lower perme-
ation was observed, the total niacinamide mass per-
meating via Col/St acid membrane was 121 ± 3 µg
for pH 5.4 and 182 ± 12 µg for pH 7.4, through
human skin 71 ± 8 µg at pH 5.4 and 180 ± 13 at pH
7.4, across Col/CetAl membranes 67 ± 5 µg at pH
5.4 and 111 ± 12 µg at pH 7.4 and via
Col/CetAl/Chol membranes 67 ± 2 µg at pH 5.4 and
95 ± 2. µg at pH 7.4) (Fig. 3 C, D). 

The rate of niacinamide permeation (defined as
a mass of the penetrating compound in time unit ñ
µg∑h-1) from hydrogel or emulsion through all types
of the tested membranes, to the acceptor fluid of pH
5.4 and 7.4 is presented in Figure 4 A-D. Taking into
account the individual forms of preparation, it was
confirmed that from both formulations (hydrogel

Figure 4 A-D. Comparison of the mean penetration rate of niacinamide from hydrogel (A, B) and emulsion (C, D) through artificial
hydrophilic and lipophilic membranes as well as human skin into acceptor fluid pH 5.4 (A, C) and pH 7.4 (B, D) A. hydrogel ñ acceptor
fluid pH 5.4 B. hydrogel ñ acceptor fluid pH 7.4 C. emulsion ñ acceptor fluid pH 5.4 D. emulsion ñ acceptor fluid pH 7.4.
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and emulsion) the fastest penetration was found dur-
ing the first two time intervals (0-0.5 h and 0.5-1 h).
This was particularly evident in the case of
hydrophilic CA membrane, after application both
hydrogel and emulsion (Fig. 4 A-D). 

In Figure 5 A-D the hierarchical dendrogram
for all types of tested membranes is presented.
Diagrams are presented for separate cosmetic prod-
ucts and each pH of acceptor fluid. A similarity
between human skin and lipophilic membranes were
found. After applications of either emulsion or gel
on lipophilic membranes group of similar properties
were observed. In contrast, the penetration of niaci-
namide through a cellulose acetate membrane was
different (Fig. 5).

Table 1 shows the comparison of the penetra-
tion niacinamide through different lipophilic and
hydrophilic artificial membranes to human skin. In
the case of lipophilic membranes, in most cases,
similar penetration in comparison with human skin
was shown (Table 1).

DISCUSSION AND CONCLUSIONS

The penetration of active substances applied to
the skin is largely limited by stratum corneum barri-
er which contains a number of lipophilic substances
that can influence the permeation of exogenous com-

pounds, both therapeutics and cosmetics (3, 4, 26).
To evaluate in vitro permeation of compounds of
interest, human or pig skins are quite often used (27). 

In our study, the average thickness of the pre-
pared lipid membranes was 9.7 µm (n = 3) and was
comparable to stratum corneum lipid membranes
observed by others (28).

To evaluate in vitro permeation of exogenous
compounds, the application on human or animal
skin seems to be the most correct model. However,
as human skin is not easily available, a number of
experimental models have been developed for the
evaluation of in vitro penetration of specific compo-
nents. These include, inter alia, the application of
artificial lipophilic and hydrophilic membranes. The
former may correspond to the lipophilic character of
stratum corneum, whereas the latter mimics the
deeper layers of the epidermis and the skin. The
properties of applied artificial membranes should
resemble the function of the skin barrier. As a first
assumption, to predict penetration of certain com-
pounds via biological membranes partition coeffi-
cient octanol/water could be used (26).

In our study, the permeability of niacinamide
through artificial membranes was dependent mainly
on the character of the membrane. However,
lipophilicity of active compounds should also be
taken into account. As previously mentioned, the

Figure 5 A-D. Hierarchical dendrogram of mean cumulated mass of niacinamide permeated from hydrogel (A, B) and emulsion (C, D)
through artificial hydrophilic and lipophilic membranes and human skin into acceptor fluid of pH 5.4 (A, C) and pH 7.4 (B, D). A. hydro-
gel ñ acceptor fluid pH 5.4 B. hydrogel ñ acceptor fluid pH 7.4 C. emulsion ñ acceptor fluid pH 5.4 D. emulsion ñ acceptor fluid pH 7.4.
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lipophilic nature of the compound can be defined as
a logarithm of the partition coefficient between
octanol and water or water solution, for example, an
aqueous buffer of specific pH (log Ko/w). Niacin-
amide is a water-soluble compound (18, 23). This
statement was also confirmed in our study, as log
Ko/w of the niacinamide was ñ0.46 for pH 5.4 and
ñ0.29 for pH 7.4. A similar value was obtained by
Nicoli et al., in their experiment, the octanol-water
partition coefficient was ñ0.40 (29). The solubility
of niacinamide depends on the solvent. The highest
solubility was found in the mixture of equal volumes
of methanol and water (50 : 50), then in pure
methanol, while the lowest in a phosphate buffer pH
7.3 ± 0.1 (18). As mentioned above, the lipophilici-
ty of the compound is a substantiated factor influ-
encing the degree of penetration of an active sub-
stance through hydrophobic stratum corneum. So,
more lipophilic substances should usually better per-
meate through hydrophobic membranes (15, 30).

Uchida et al. evaluated the passage of active sub-
stances of various lipophilicity (log Ko/w from ñ0.9 to
3.5) through three different types of membranes
(Strat-MTM, human skin, mouse skin), and found a
correlation between Ko/w and the permeability coef-
ficient (log P) of the applied substance penetrating
through membranes: an increase of log P value in
the case of all applied membranes correlated with
lipophilicity enhancement (26). 

In our study, hydrophilic niacinamide permeat-
ed better through hydrophilic membranes: its total
mass in an acceptor fluid measured after four hours
of collection was significantly higher as compared
to the mass penetrated through lipophilic mem-
branes both at pH 5.4 and 7.4 of the acceptor fluid),
regardless of the vehicle. The highest penetration
was also observed through CA membranes, in this
case, the cumulated mass was even several times
higher in comparison with lipophilic membranes
including HS (Fig. 3 A-D). 

Table 1. Comparison of cumulated in vitro penetration of niacinamide from gel and emulsion via different lipophilic and hydrophilic
artificial membranes versus human skin into acceptor fluid of pH of 5.4 and 7.4.

pH of 
Significance of differences between 

Vehicle acceptor Membrane
penetration through the artificial 

fluid
membrane and human skin

t p

Gel 5.4 Cellulose acetate 4.5476 0.0199

Collodium 3.7772 0.0325

Collodium + stearic acid 2.5107 0.0869 NS

Colodium + cetyl alcohol -1.9871 0.1411 NS

Collodium + cetyl alcohol + cholesterol -2.4235 0.0939 NS

7.4 Cellulose acetate 7.1413 0.0057

Collodium 3.8376 0.0312

Collodium + stearic acid 3.3786 0.0431

Colodium + cetyl alcohol 4.6662 0.0186

Collodium + cetyl alcohol + cholesterol -1.1428 0.3360 NS

Emulsion 5.4 Cellulose acetate 4.5827 0.0195

Collodium 2.5572 0.0834

Collodium + stearic acid 2.0804 0.1290 NS

Colodium + cetyl alcohol -0.7056 0.5313 NS

Collodium + cetyl alcohol + cholesterol -0.8650 0.4507 NS

7.4 Cellulose acetate 4.7307 0.0179

Collodium 3.7146 0.0339

Collodium + stearic acid -0.5450 0.6237 NS

Colodium + cetyl alcohol -2.8480 0.0652 NS

Collodium + cetyl alcohol + cholesterol -2.4709 0.0900 NS

NS - no significance.
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The largest amount of niacinamide permeated
from the hydrogel (883 µg). This result may suggest
better penetration through the deeper layers of the
epidermis of hydrophilic nature (Fig. 3 A-D). Haque
et al. stated that vitamin B3 penetrated better through
monolayer silicone membranes, however, the small-
er dose was applied (5 µL/cm2). Its larger quantities,
higher than 20 µL/cm2, permeated better through
multi-layer membranes such as natural pigskin, it
might be related to the type of applied membranes,
either synthetic or natural ones. In our study, niaci-
namide permeated better through monolayer CA
membrane. As compared to human skin, niacin-
amide penetration was two times higher on average.
Similar results were also obtained by Haq et al. They
found markedly higher penetration of diclofenac,
hydrocortisone and caffeine via cellulose acetate
membranes as compared to human skin. Cellulose
acetate formed simple porous membranes ñ its pore
size is greater than that of human skin, so this can
lead to a greater permeability as compared to natural
membranes (27).

The permeability rate, defined as a quantity of
studied compound penetrated in time interval and
expressed in µg∑h-1, from hydrogel and emulsion
through all types of synthetic membranes as well as
through human skin, at both pH of the acceptor fluid
(pH 5.4 and pH 7.4) was the highest in the first two
time intervals, i.e. 0-0.5 h and 0.5-1 h. This rate was
particularly evident in the case of penetration
through hydrophilic, i.e. cellulose acetate membrane
(Fig. 4 A-D). 

Stahl et al. evaluated the permeability of
ibuprofen (5% by weight) from three formulations,
i.e. gel, emulsion and solution of pH 7.4 through the
skin of cowís udders. During 4 h study, they found
the fastest permeability of the tested drug applied in
the form of hydrogel as compared with emulsion
(W/O) and water solution (31). A similar tendency
was observed in our study, the highest niacinamide
amount penetrated from hydrogel through a cellu-
lose acetate membrane in the first hour of experi-
ment, as compared with the later collection periods. 

The vehicle contained active substance seems to
be a significant factor that may affect properties of
stratum corneum and thus the penetration of active
substances to the skin. Depending on the type of for-
mulation, an interaction may occur between the vehi-
cle and the membrane (30). Moreover, the solubility
of an active substance in a given vehicle seems to be
another crucial factor (9). In our study, two types of
formulations were used. Niacinamide permeated in a
higher degree from hydrogel, while its permeability
from the emulsion was lower (Fig. 3 A-D). Dias et al.

evaluated the impact of lipophilic and hydrophilic
excipients on the caffeine, benzoic acid and salicylic
acid penetration through silicone membranes. The
permeation degree of lipophilic substances (benzoic
acid and salicylic acid) was higher from lipophilic
vehicles as compared with penetration of hydrophilic
compounds, i.e. caffeine (30). The ingredients of the
lipid vehicle, such as paraffin, oils and fats, form an
occlusion which can enhance the permeation.
Typically hydrophilic carriers such as hydrogels may
increase the quantity of water and skin hydration (32).
In our study hydrogel contained glycerol was used.
This compound can also act as a humectant, and then
enhance the permeability of the tested active sub-
stances. Moreover, a high degree of skin hydration
could lead to disrupt lipid ultrastructure of stratum
corneum and to increase permeability as a result (27). 

In contrast, the lower penetration of hydro-
philic niacinamide from emulsion might be partly
due to the presence of the lipid phase in that form of
preparation. A number of artificial membranes, fre-
quently applied in scientific experiments, are similar
to natural taking into account permeation of com-
pounds through them. This applies to such lipophilic
membranes as Strat-M, as well as other membranes,
contained ceramides, cholesterol, free fatty acid and
silicone oil (9, 14). In our study penetration degree
across hydrophobic membranes was comparable to
human skin permeation. In cluster analysis, such
membranes formed most frequently one cluster of
similar properties (Fig. 5 A-D).

In conclusion, the permeation of active sub-
stances applied to skin in various types of formula-
tion is mostly dependent on the type and properties
of the vehicles. 

In this study, to evaluate in vitro penetration,
both artificial lipophilic membranes composed of,
among others, stearic acid, cetyl alcohol, and cho-
lesterol, as well as hydrophilic membranes, made of
collodion (consisted mainly of cellulose nitrate) or
cellulose acetate as well as human skin were used. 

Niacinamide penetration through the artificial
lipophilic membranes has been similar to the pene-
tration through human skin in vitro, however, it has
been lower as compared to monolayer hydrophilic
membrane CA, Similar results were also obtained
by Haque et al. (18) and Haq et al (27). Moreover,
Jung et al. also confirmed higher penetration of
hydrophilic substances including niacinamide
through artificial CA membrane as compared to
lipophilic made of polytetrafluoroethylene (33).

The proposed in our study method could be
useful to the preliminary evaluation of penetration
through biological membranes of compounds of dif-
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ferent polarity, however, the optimal penetration
could be found for the unionized compounds. 

These types of rather uncomplicated, easy to
make lipo- and hydrophilic membranes may become
useful tools, an alternative to natural skin, to predict
the in vitro permeability of active components of
topical preparations applied to the skin. 
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