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Application of Densitometry for the
Evaluation of the Separation Effect of
Nicotinic Acid Derivatives. Part II. Nicotinic
Acid and its Esters

A. Pyka and W. Klimczok

Faculty of Pharmacy, Department of Analytical Chemistry, Silesian
Academy of Medicine, Sosnowiec, Poland

Abstract: The nicotinic acid (1) and its esters, namely methyl nicotinate (2), ethyl
nicotinate (3), isopropyl nicotinate (4), butyl nicotinate (5), hexyl nicotinate (6), and
benzyl nicotinate (7) were investigated by NP-TLC, and RP-HPTLC. The Rg values
were obtained from the densitometric analysis. The separation factors ARk, Rf and
selectivity « were calculated from the Rg values. The comparison and characteristic
of chromatographic bands of the examined compounds were presented on the basis
of calculated resolutions: Rg), Rsw), Rsm), and Rge,y. The resolutions of substances
were determined by visual method (Rg,)) and densitometric method (Rg), Rsm)
and Rgg,). It was affirmed that the densitometric method is correct and is the
standard method to determine the above mentioned parameters. Furthermore, the Rg
parameter determined by the visual method for two adjacent substances is always
larger than determined by the densitometric method. It was affirmed, that the best
separation of the studied compounds was obtained by the RP-HPTLC technique
on RP18WF;s, plates, and by use of dioxane-water in a volume composition
of 50:50. However, butyl nicotinate from benzyl nicotinate cannot be separated by
RP-HPTLC. Good separations of isopropyl nicotinate from ethyl nicotinate, as well
as ethyl nicotinate from methyl nicotinate, were also not obtained by RP-HPTLC. It
was affirmed, that adsorption thin-layer chromatography (NP-TLC) in the system of
a neutral aluminum oxide 60F,s, and the acetone-n-hexane mobile phase in a
volume composition of 20:80 provided the optimum conditions for the complete sep-
aration of butyl nicotinate from benzyl nicotinate. These chromatographic conditions
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also allow better separations of methyl nicotinate from ethyl nicotinate, as well as ethyl
nicotinate from isopropyl nicotinate, in relation to the separations of these compounds
by RP-HPTLC.

Keywords: TLC, Densitometry, Separation parameters, Nicotinic acid, Nicotinic acid
esters

INTRODUCTION

Nicotinic acid (1) has been used as a vasodilator for a long time.""*! The flush
reaction to the nicotinic acid which occurs very rapidly is highly character-
istic. The biochemical mechanism of the vascular response to the nicotinic
acid is not well understood. However, some reports suggest that the
nicotinic acid somehow enhances the biosynthesis or release of prostaglandin
E,, which stimulates adenylate cyclase and raises the level of cyclic adenosine
monophosphate (cAMP)."*! Esters of the nicotinic acid, such as: methyl nico-
tinate (2), ethyl nicotinate (3), isopropyl nicotinate (4), butyl nicotinate (5),
hexyl nicotinate (6) and benzyl nicotinate (7) are used in the pharmaceutical
industry as ingredients of creams and ointments. These esters cross the skin
rapidly and, on enzymatic hydrolysis, release nicotinic acid, which induces
skin erythema. Nicotinate esters, which act as prodrugs, enhance the topical
penetration of the active substances."* ~® Simultaneous transport and metab-
olism of esters of the nicotinic acid were studied in the skin.'"! It was
confirmed that a difference in the alkyl chain length of the ester prodrugs
affected not only permeability but also metabolism in the skin permeation
process. Various studies have shown significant enhancing effects of the lipo-
philic vehicles (isopropyl myristate, mineral oil) on the skin penetration of
methyl nicotinate.!'' ~'3 The explanation for the observed enhancing effects
may be an interaction of the lipophilic liquids with the lipid bilayers of the
stratum corneum that leads to a decrease of the barrier resistance.
Enhancing effect of the vehicle (L-menthol) on the skin penetration of ethyl
nicotinate has also been observed."'*! Isopropyl nicotinate is used as an
analgetic and topical anesthetic agent.!'> Benzyl nicotinate in the presence
of the liposomes improves skin oxygenation.''®~ '8! The composition of the
liposomes significantly affects the time at which benzyl nicotinate starts to
act and, to a lesser extent, the maximum increase of pO, in the skin and the
effectiveness of the benzyl nicotinate action. However, the size of the
liposomes influences both the effectiveness of benzyl nicotinate action and
the time at which benzyl nicotinate starts to act.

We have previously investigated the optimum conditions for the separ-
ation of nicotinic acid, nicotinamide, N-methylnicotinamide, and N,N-diethyl-
nicotinamide, which were studied by RP-HPTLC and NP-TLC. The
evaluation of the separation effect of these compounds was based on the sep-
aration factors ARg, RE, «, and the resolution Rg values.!'”!
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The aim of this work was to use visual and densitomteric methods for the
evaluation of:

—the chromatographic band on the basis of peak height [AU], peak area
[AU] and the angle (B) between the tangents at the inflection points to the
curves of the densitometric peaks;

—the separation effects of particular substances on the basis of the par-
ameters: Rg, Rg, ARp, RE and a.

The subjects of our study were the nicotinic acid and its esters.

EXPERIMENTAL
Chemicals and Sample Preparation

The components of the mobile phases: acetone, dioxane (POCh, Poland;
analytical grade), methanol (Merck, Germany; for liquid chromatography),
n-hexane (AnalaR, UK; analytical grade), and redistilled water were used
for TLC analysis. The commercial samples of nicotinic acid (1), methyl nico-
tinate (2), ethyl nicotinate (3), butyl nicotinate (5) (Sigma-Aldrich, Germany),
isopropyl nicotinate (4), hexyl nicotinate (6) (Aldrich, Germany) and benzyl
nicotinate (7) (Fluka, Switzerland) were used as test solutes. The purity of
the studied standard samples was at least 97%. The above mentioned
compounds (about a concentration of 0.57 mg mL ™" of each standard) were
dissolved in ethanol (POCh, Poland; 96%; analytical grade). The mixture
solution of methyl nicotinate, ethyl nicotinate, and isopropyl nicotinate
(about a concentration of 1.33 mg mL ™" of each standard) and a mixture
solution of butyl nicotinate and benzyl nicotinate (about a concentration of
2 mg mL™! of each standard) were also dissolved in ethanol (POCh,
Poland; 96%; analytical grade).

Thin Layer Chromatography
Reversed-Phase High Performance Thin-Layer Chromatography

Reversed-phase high performance thin-layer chromatography (RP-HPTLC)
was performed on 10 x 10cm glass HPTLC plates, coated with
RP-18WF,s4 (Merck, #1.13124). The plates were prewashed with methanol
and dried for 24 h at room temperature (18 + 1°C). The mixture solution of
the nicotinic acid and its esters (1 wL) and the mixture solution of methyl nico-
tinate, ethyl nicotinate, and isopropyl nicotinate (2 L) was spotted manually
using a microcapillary (Camag, Switzerland) on the chromatographic plate.
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The methanol-water and dioxane-water in volume compositions of 100:0,
90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, and 0:100
were used as mobile phases. Plates were developed to a distance of 7.5 cm
at room temperature (18 + 1°C) in a classical bottom chamber (Camag, Swit-
zerland) previously saturated with the mobile phase for 30 min. After devel-
opment the plates were dried for 24 h at room temperature (18 + 1°C).

Adsorption Thin-Layer Chromatography

Adsorption thin-layer chromatography (NP-TLC) was performed on
20 x 20 cm aluminium plates precoated with 0.2 mm layer of a neutral
aluminium oxide 60F,s4 (Type E) (E. Merck, #1.05550). The plates were
prewashed with methanol and dried for 24 h at room temperature. The
plates were then activated at 120°C for 30 min. The mixture solution of
methyl nicotinate, ethyl nicotinate, and isopropyl nicotinate (2 L) and the
mixture solution of butyl nicotinate and benzyl nicotinate (2 pL) were
spotted manually using a microcapillary (Camag, Switzerland) on the chroma-
tographic plate. The mixtures of methyl nicotinate, ethyl nicotinate, and
isopropyl nicotinate, as well as the mixture of butyl nicotinate and benzyl
nicotinate, were separated using acetone + n-hexane in volume compositions
of 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, and
0:100 as mobile phases. The mobile phase (50 mL) was placed in a
classical chamber (Camag, Switzerland) and the chamber was saturated
with the mobile phase for 30 min. The plates were developed to a distance
14 cm at room temperature (18 + 1°C). The plates were dried for 24 h at
room temperature (18 + 1°C) in a fume cupboard.

Visualization of Spots by Use of UV lamp

The spots on a plate were visualized using a UV lamp (Cobrabid, Poland) at
A =254 nm.

Visualization of Spots by Use of a Camag Densitometer

Densitometric scanning was then performed at A = 254 nm with a Camag
Scanner TLC 3 operated in the absorbance mode and controlled by
winCATS 1.4.1 software. The radiation source was a deuterium lamp
emitting a continuous UV spectrum between 190 and 450 nm. The slit dimen-
sions were 6.00 x 0.30 mm, Micro for HPTLC plates, and 8.00 x 0.30 mm,
Macro for TLC plates; the optimized optical system was light; the scanning
speed was 20 mm s~ 1. the data resolution was 100 m stepfl; the measure-
ment type was remission; and the measurement mode was absorption; the
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optical filter was second order. Each track was scanned three times and
baseline correction (lowest slope) was used.

Separation Factors

The chromatograms were done in triplicate and each track was scanned three
times; the mean Rg values were calculated.

The separation factors, namely: ARg values, selectivity (a),m' and the
constant of the pair separation (R?)[ZI] were calculated for all the
densitograms.

ARp was calculated according to the formula:

ARr12 = Rri —Rp (1)

where Rg; and Ry, are the Ry values of two adjacent peaks on the densitogram;
and RFI > RF2'
The selectivity () was calculated using the equation:

o (I/Rp) —1
(1/Rp) — 1

where Rg; and Ry, are the Ry values of two adjacent peaks on the densitogram;
and Rg; < Rp».

The constant of the pair separation (Rg) was calculated for the investi-
gated compounds as the ratio of the Rg values of the two adjacent peaks on
the densitogram:

()

« _ Rp
12 <R,

(©)

where Rg; and Ry, are the Ry values of two adjacent peaks on the densitogram;
and Rg; > Rps.

Resolution Factors

Rg Calculation Using Visual Method on the Basis of Chromatogram

The resolution of two spots (Rg(,) was calculated using the formula:?%

d
R =2x 4)
where d is the distance between the centers of two adjacent spots on the chro-
matogram, and s is the sum of the widths of the two spots in the direction of
flow of mobile phase.
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Rg Calculation on the Basis of Densitometric Analysis

The peak resolution (Rgy,)) was calculated using the equation:m]
2d
Rsp) = —— (5)
® Wh1 + W2

where d is the distance between the centers of two adjacent peaks on the den-
sitogram, whereas wy,; and wy, are the peaks-width at the base.
The peak resolution (Rg,)) was also calculated using the equation:m]

Repy=— 0 /in4 6)
Whi + Wh2
where d is the distance between the centers of two adjacent peaks on the den-
sitogram, whereas wy,; and wy, are the peaks-width at half height.
The average values of peak resolution (Rsc)) were also calculated
according to the formula:

_ Rsp) +Rsy

Rsa) >

™)

RESULTS AND DISCUSSION

RP-HPTLC and NP-TLC techniques were used for the separation of nicotinic
acid and its esters (0.57 pg of each standard). The studied compounds were
separated on RP18WF,s, plates using a methanol-water and dioxane-water
mobile phase in different volume compositions. It was affirmed, that the Rg
values of the studied compounds decrease with an increase in water content
in the mobile phase. Nicotinic acid (1) is an exception because its R values
were changing in the narrow range. The compound bands were detected by
use of UV light at A = 254 nm, after chromatograms were developed and
dried. Next, the resolutions of chromatographic spots Rg.) were calculated
using the formula (4). It was affirmed, that butyl nicotinate (5) from benzyl
nicotinate (7) cannot be separated by use of above mentioned chromato-
graphic conditions. The Rg(, values greater than 1 for neighboring pair
compounds (6/5+7, 5+7/4, 4/3, 3/2, 2/1) on the chromatogram were
obtained by use of methanol-water in volume composition 50:50, as well as
dioxane-water in volume compositions 50:50 and 40:60 as mobile phases.
The densitograms of the studied compounds on RP18WF,s4 plates using a
methanol-water and dioxane-water mobile phases in a volume composition
50:50 are presented in Figure 1. The Rg(, values obtained by use of the
visual method were verified using the densitometric method. The plates
developed by the use of methanol-water and dioxane-water mobile phases
in the above-mentioned volume compositions were densitometric analyzed
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Figure 1. The densitograms of nicotinic acid and its esters (0.57 pg of each standard)
on RP18WF,s, plates using a) methanol-water mobile phase with a volume compo-
sition of 50:50; b) dioxane-water mobile phase with a volume composition of 50:50;
nicotinic acid (1), methyl nicotinate (2), ethyl nicotinate (3), isopropyl nicotinate (4),
butyl nicotinate (5), hexyl nicotinate (6), and benzyl nicotinate (7).

at A = 254 nm. The R values were obtained from the densitometric analysis.
The separation factors AR, RE, and selectivity a were calculated from the Ry
values. Moreover, the resolutions of peaks Rg, and Rgwy were calculated
from the equations (5) and (6) by the use of the obtained densitometric
bands for the studied compounds. The obtained data using methanol-water
and dioxane-water mobile phases in the volume composition 50:50 are
presented in Table 1. The average Rg(,, values calculated by use of formula
(7) and the characteristic densitometric peaks are also presented in Table 1.
The characteristics of the densitometric peaks concern their height, area,
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Table 1. Rp values, separation factors, resolutions and characteristic of densitometric bands of mixture of investigated compound by RP-HPTLC on
RP18WF,s, plates

Characteristic
Separation factors Rg values calculated from egs. densitometric band

Height Area

Comp. no” Rr ARp o RE “4) (&) (6) (7) (AU) (AU) B(©)
Methanol - water, 50:50 (v/v)
6 0.05 68 2125 17.5
5+7 0.13 0.08 2.84 2.60 1.71 1.13 1.14 1.14 122 4488 14
4 0.22 0.09 1.89 1.69 2.57 1.02 1.08 1.05 90 3823 26.5
3 0.29 0.07 1.45 1.32 1.33 0.51 0.54 0.52 75 3150 42
2 0.37 0.08 1.44 1.28 2.00 0.58 0.62 0.60 58 3526 57
1 0.75 0.38 5.11 2.03 8.31 3.02 3.05 3.04 37 1879 52
Dioxane - water, 50:50 (v/v)
6 0.14 62 1717 19
547 0.28 0.14 2.39 2.00 3.08 2.47 2.41 2.44 106 3157 12.5
4 0.39 0.11 1.64 1.39 2.46 1.62 1.66 1.64 69 2580 27
3 0.46 0.07 1.33 1.18 2.00 0.77 0.77 0.77 53 2095 39
2 0.54 0.08 1.38 1.17 2.33 0.68 0.68 0.68 41 1971 61
1 0.82 0.28 3.88 1.52 6.67 2.58 2.64 2.61 49 2364 41.5

“The symbols of examined compounds are explained in Experimental part. Chemicals and sample preparation.

9T
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and the angle () between the tangents at the inflection points to the curves of
the densitometric peaks. It was affirmed, that peak heights and peak areas have
smaller values when the studied compounds were separated using dioxane-
water mobile phase (50:50, v/v) in relation to the separation of these
compounds by use of methanol-water mobile phase (50:50, v/v). Nicotinic
acid is an exception to this rule. It was affirmed, that Rg,), Rg@n) and Rg,
values calculated on the basis of the densitograms are considerably lower
than the Rg( values calculated using the visual method on the basis of the
chromatograms. This shows that Rg values can be correctly marked first of
all on the basis of the densitograms. The scientific literature data indicate
that at Rg values smaller than 0.8 we cannot expect any good separations.
However, the Rg value is required to be larger than 1.5 to obtain the
complete separation of the neighboring compounds on the densitogram. Rg
values larger than 1.5 calculated on the basis of the densitograms were
obtained for the pair of compounds 6/5+7, 5+7/4, and 2/1 by use of
dioxane-water in a volume composition 50:50. However, the separations of
isopropyl nicotinate (4) from ethyl nicotinate (3), as well as ethyl nicotinate
(3) from methyl nicotinate (2) are not good by using these chromatographic
conditions. Therefore, the mixture of isopropyl nicotinate, ethyl nicotinate,
and methyl nicotinate (2.66 pg of each standard) was separated on neutral
aluminum oxide 60F,s, and by use of an acetone-n-hexane mobile phase in
various volume compositions. It was affirmed on the basis of Rg, values cal-
culated from the chromatograms, that the incomplete separation (Rg, > 0.8)
of the studied compounds should be obtained on a neutral aluminum oxide
60F,s,4 and by use of an acetone-n-hexane mobile phase with a volume com-
position of 10:90, 20:80, 30:70, and 40:60. However, the highest Rg, values
for the pair of studied compounds, isopropyl nicotinate (4)-ethyl nicotinate (3)
and ethyl nicotinate (3)—methyl nicotinate (2) were obtained using an
acetone-n-hexane mobile phase with a volume composition of 20:80. For
comparison, the mixture of isopropyl nicotinate, ethyl nicotinate, and
methyl nicotinate (2.66 wg of each standard) was also separated on
RP18WF,s, plates and by use of a dioxane-water mobile phase with a
volume composition of 50:50. The separation of these compounds was
evaluated by the use of the visual and densitometric methods. The obtained
results are presented in Table 2. The Rg values, the separation factors, and
the characteristic chromatographic bands are also presented in Table 2. It
was affirmed, that AR values are identical for examined compounds both
by RP-HPTLC and NP-TLC techniques. In spite of this, the obtained Rg
values for isopropyl nicotinate, ethyl nicotinate, and methyl nicotinate inves-
tigated by NP-TLC technique have higher values in relation to the Rg values
for these compounds investigated by RP-HPTLC. The obtained Rg values
using the densitometric method are considerably smaller than the Rg values
obtained using the visual method. It was affirmed, that better separations of
methyl nicotinate from ethyl nicotinate (Rgey2/3) = 1.06), as well as ethyl
nicotinate from ispropyl nicotinate (Rgy3/4) = 0.97) were obtained using
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Table 2. Rg values, separation factors, resolutions and characteristic of densitometric bands of investigated nicotinic acid esters by RP-HPTLC and
NP-TLC techniques

Separation factors Rg values calculated from eqs. Characteristic densitometric band

Comp. no* RE ARg @ Rf 4) 5) (6) (7) Height (AU) Area (AU) B(©)
RP18WF,s,, Dioxane-water, 50:50 (v/v)

4 0.41 218 10206 13.5

3 0.48 0.07 1.33 1.17 1.54 0.61 0.66 0.64 179 7130 21

2 0.55 0.07 1.32 1.15 1.85 0.54 0.59 0.56 146 6447 24
Neutral aluminum oxide 60F,s4, Acetone-n-hexane, 20:80 (v/v)

2 0.54 77 4807 20

3 0.61 0.07 1.33 1.13 2.30 1.04 1.09 1.06 92 5413 16.5

4 0.68 0.07 1.36 1.11 1.80 0.94 1.00 0.97 115 6483 13
Neutral aluminum oxide 60F,s4, Acetone-n-hexane, 20:80 (v/v)

7 0.54 155 7566 8

5 0.71 0.17 2.09 1.31 5.33 2.92 2.92 2.92 134 7620 10.5

“The symbols of examined compounds are explained in experimental part. Chemicals and sample preparation.
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an adsorption thin-layer chromatography (NP-TLC) on neutral aluminum
oxide 60F,s4, and by use of an acetone-n-hexane mobile phase in volume com-
position of 20:80 in relation to the separations of these compounds by RP-
HPTLC. The densitograms of methyl nicotinate (2), ethyl nicotinate (3),
and isopropyl nicotinate (4) (2.66 pg of each standard) separated on
RP18WF,s, plates using a dioxane-water mobile phase in a volume compo-
sition of 50:50, as well as on neutral aluminum oxide 60F,s; using an
acetone-n-hexane mobile phase in a volume composition of 20:80 are
presented in Figure 2.

Butyl nicotinate (5) from benzyl nicotinate (7) cannot be separated by the
RP-HPTLC technique. One chromatographic band is present on the

(@) 400
AU 350
300
2501

2004

150 A@2540m

|
\
1
!
|
1
1
3@ 254 nm |
F
i
|

1 1
QU.U 35.0 600 85.0 110.0 1350 mm

Figure 2. The densitograms of methyl nicotinate (2), ethyl nicotinate (3), and
isopropyl nicotinate (4) (2.66 pwg of each standard) on a) RP18WF,s, plates using a
dioxane-water mobile phase with a volume composition of 50:50; b) on a neutral alumi-
num oxide 60F,s4 using an acetone-n-hexane mobile phase with a volume composition
of 20:80.
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densitograms of these compounds (Figure 1). Therefore, the mixture of butyl
nicotinate and benzyl nicotinate (4 pg of each standard) was separated by the
NP-TLC technique on neutral aluminum oxide 60F,s,4 plates and by use of an
acetone-n-hexane mobile phase in various volume compositions. It was
affirmed, on the basis of Rg, values calculated from the chromatograms
using the visual method, that the complete separation of butyl nicotinate (5)
and benzyl nicotinate (7) should be obtained on a neutral aluminum oxide
60F,s4 and by use of an acetone-n-hexane mobile phase with a volume com-
position of 10:90, 20:80, 30:70, and 40:60. The calculated Rg), Rgeny, 1 Rg(a
values using the densitometric method also have values greater than 1.5 for the
pair compounds 5/7. However, the highest Rg values calculated by use of the
densitometric method were obtained for butyl nicotinate and benzyl nicotinate
separated by use of an acetone-n-hexane mobile phase in a volume compo-
sition of 20:80. The Rg values, the separation factors, the resolutions calcu-
lated by the use of the visual and densitometric methods, and the
characteristic densitometric bands for butyl nicotinate and benzyl nicotinate
separated on neutral aluminum oxide 60F,s4, and by use of an acetone-n-
hexane mobile phase in a volume composition of 20:80 are presented in
Table 2. The densitogram of butyl nicotinate (5) and benzyl nicotinate (7)
separated by use of the above mentioned chromatographic conditions is
presented in Figure 3.

The obtained results unambiguously indicates that butyl nicotinate from
benzyl nicotinate cannot be separated by RP-HPTLC. Good separations of
isopropyl nicotinate from ethyl nicotinate, as well as ethyl nicotinate from
methyl nicotinate were not also obtained by the RP-HPTLC technique. It
was affirmed, that adsorption thin-layer chromatography (NP-TLC) in the
system of a neutral aluminum oxide 60F,s, and the acetone-n-hexane

3001

AU

250+

QILlO 35.0 60.0 85.0 1100 1350

mm

Figure 3. The densitogram of butyl nicotinate (5) and benzyl nicotinate (7) (4 g of
each standard) on a neutral aluminum oxide 60F,s, using an acetone-n-hexane mobile
phase with a volume composition of 20:80.
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mobile phase in a volume composition of 20:80 provided the optimum con-
ditions for the complete separation of butyl nicotinate (5) from benzyl nicoti-
nate (7). These chromatographic conditions also allow better separations of
methyl nicotinate from ethyl nicotinate, as well as ethyl nicotinate from
isopropyl nicotinate in relation to the separations of these compounds by
RP-HPTLC.

Analysis of chromatographic bands by not visual but their densitometric
characteristic is a supplementary element of the evaluation of the separation
effect. Each visual evaluation is subjective and not a very good precise
method in relation to the densitometric method. Only a densitometric
method can be used for the objective evaluation of the separation effect and
characteristic of particular chromatographic bands.

CONCLUSIONS

The comparison and characteristic of chromatographic bands of selected sub-
stances were presented on the basis of calculated separation factors: Rg),
Rsm), Rsmy, and Rg,). Above mentioned parameters serving to evaluate the
separation of substances were determined by the visual method (Rg() and
densitometric method (Rg), Rgh) and Rg,)). It was affirmed that the densito-
metric method is correct and is a standard method to determine above
mentioned parameters. Furthermore, the Rg parameter determined by the
visual method for two adjacent substances is always larger than determined
by the densitometric method. Both height and area of the densitometric
band and angle between the tangents at the inflection points to the curves of
the densitometric peak (8) depend not only on amount of spotted substance
but also on their physicochemical properties.

Further investigations are in progress and concern the separations of
nicotinic acid and its other derivatives.

ACKNOWLEDGMENT

This research was financed by the Ministry of Science and Information
Society Technologies by resources reserved for science in the years
2005-2008 as research project No. 3 TO9A 155 29.

REFERENCES

1. Kaijser, L.; Eklund, B.; Olsson, A.G.; Carlson, L.A. Dissociation of the effects of
nicotinic acid on vasodilatation and lipolysis by a prostaglandin synthesis
inhibitor, indomethacin, in man. Med. Biol. 1979, 57 (2), 114—117.

2. Talesnik, J.; Labelle, S. Enhancement of metabolic coronary vasodilatation by
nicotinic acid or amide. Pharmacol. Res. Commun. 1984, /6 (3), 253-263.



17:28 23 January 2011

Downl oaded At:

2432 A. Pyka and W. Klimczok

10.

11.

15.
16.

17.

18.

19.

20.

. Phillips, W.S.; Lightman, S.L. Is cutaneous flushing prostaglandin mediated?

Lancet 1981, 7 (8223), 754-756.

. Pozzo, A.D.; Donzelli, G.; Liggeri, E.; Rodriguez, L. Percutaneous absorption of

nicotinic acid derivatives in vitro. J. Pharm. Sci. 1991, 80 (1), 54-57.

. Realdon, N.; Ragazzi, Eug.; Dal Zotto, M.; Ragazzi, Enr. Influence of ointment

formulation on skin erythema induced by nicotinate ester. Pharmazie 1995, 50,
603-606.

. Gehring, W.; Bopp, R.; Rippke, F.; Gloor, M. Effect of topically applied evening

primrose oil on epidermal barrier function in atopic dermatitis as a function of
vehicle. Arzneim-Forsch/Drug Res. 1999, 49 (7), 635-642.

. Erdss-Kiss, K.; Hanak-Fehér, G.; Balogh, S. Determination of the active ingredi-

ents (ethylene glycol monosalicylate and ethyl nicotinate) of the pharmaceutical
ointment Nikoflex by UV spectrophotometric method. Acta Chim. Hung. 1990,
127 (4), 519-524.

. Duval, C.; Lindberg, M.; Boman, A.; Johnsson, S.; Edlund, F.; Lodén, M. Differ-

ences among moisturizers in affecting skin susceptibility to hexyl nicotinate,
measured as time to increase skin blood flow. Skin. Res. Technol. 2003, 9, 59-63.

. Miiller, B.; Kasper, M.; Surber, C.; Imanidis, G. Permeation, metabolism and site

of action concentration of nicotinic acid derivatives in human skin. Correlation
with topical pharmacological effect. Eur. J. Pharm. Sci. 2003, 20, 181-195.
Rittirod, T.; Hatanaka, T.; Kagami, N.; Katayama, K.; Koizumi, T. Simultaneous
transport and metabolism of nicotinic amid derivatives in hairless mouse skin.
Biol. Pharm. Bull. 1999, 22 (3), 305-309.

Leopold, C.S.; Lippold, B.C. Enhancing effects of lipophilic vehicles on skin pen-
etration of methyl nicotinate in vivo. J. Pharm. Sci. 1995, 84 (2), 195-198.

. Leopold, C.S.; Maibach, H.I. Effect of lipophilic vehicles on in vivo skin pen-

etration of methyl nicotinate in different races. Int. J. Pharm. 1996, 739, 161-167.

. Realdon, N.; Ragazzi, Eug.; Dal Zotto, M.; Ragazzi, Enr. Kinetics of release and

simulated absorption of metyl nicotinate from different ointment formulations: in
vitro — in vivo correlations. Pharmazie 1996, 57, 113-116.

. Hayashi, T.; lida, Y.; Hatanaka, T.; Kawaguchi, T.; Sugibayashi, K.; Morimoto, Y.

The effects of several penetration-enhancers on the simultaneous transport and
metabolism of ethyl nicotinate in hairless rat skin. Int. J. Pharm. 1997, 154,
141-148.

Moszczynski, P.; Py¢, R. Biochemistry of Vitamins; PWN: Poland, 1998.

Kr7i¢, M.; Sentjurc, M.; Kristl, J. Improved skin oxygenation after benzyl nicoti-
nate application in different carriers as measured by EPR oximetry in vivo. J. Cont.
Rel. 2001, 70, 203-211.

Kristl, J.; Abramovic, Z.; §entjurc, M. Skin oxygenation after topical application
of liposome-entrapped benzyl nicotinate as measured by EPR oximetry in vivo:
Influence of composition and size. AAPS Pharm. Sci. 2003, 5 (1), E2.

gentjurc, M.; Kristl, J.; Abramovié, Z. Transport of liposome-entrapped substances
into skin as measured by Electron Paramagnetic Resonance Oximetry in vivo.
Meth. Enzymol. 2004, 387, 267-287.

Pyka, A.; Klimczok, W. Application of densitometry for the evaluation of the sep-
aration effect of nicotinic acid derivatives. Part I. Nicotinic acid and its amides.
J. Liq. Chromatogr. & Relat. Technol. 2007, 30, 2317-2327.

Lepri, L.; Cincinelli, A.; Del Bubba, M. Reversed phase planar chromatography of
optical isomers on microcrystaline cellulose triacetate. J. Planar Chromatogr. Mod.
TLC 1999, 12 (4), 298-301.



17:28 23 January 2011

Downl oaded At:

Separation Effect of Nicotinic Acid Derivatives 2433

21. Sliwiok, J.; Kwapniewski, Z. Regularity of process of chromatographic separation
of homologous series of higher fatty acids (in Polish). Pedagogical University in
Katowice, Scientific book, Section of Chemistry 1963, 4, 47-50.

22. Nomenclature for chromatography (IUPAC Recommendations) Pure Appl. Chem.
1993, 65, 819-872.

23. Christophe, A.B. Valey to peak ratio as a measure for the separation of two
chromatographic peaks. Chromatographia 1971, 4, 455-458.

Received February 20, 2007
Accepted April 18, 2007
Manuscript 6068



