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ABSTRACT: Different methods of photostabilization are presented for the very light
sensitive molsidomine tablets. The incorporation of photostabilizers such as light
absorber or pigments into the tablets considerably improved the photostability.
Nevertheless, photodegradation was still detected after 12 h of intense light stress.
Pigments are superior to colorants or ultraviolet absorbers. The use of titanium dioxide
needs to be considered carefully. Preblending thepigmentwith thedrug substance is very
helpful for taking full advantage of its photostabilizing properties. Surface-treated
titanium dioxide with reduced photocatalytic activity was less suitable than untreated.
That was due to a change of particle agglomeration and adhesion behavior, which was
demonstrated by scanning electron microscopy pictures. However, only the protection of
the tablets by a cover, either by blistering or film coating, gave a photostable drug
product. � 2004 Wiley-Liss, Inc. and the American Pharmacists Association J Pharm Sci 93:

1860–1866, 2004
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INTRODUCTION

Molsidomine tablets are very sensitive to light.1

Maximum photodegradation may exceed 50%, as
investigations with marketed products revealed,
and is remarkable even at artificial room light
(i.e., fluorescent tubes).2 Highly alarming is the
formation of the photodegradation product mor-
pholine,1 which is potentially carcinogenic.3 All
these factors would encourage the manufacturer
to photostabilize molsidomine tablets. Surpris-
ingly, in Germany, the marketed products are
only protected from light by colored blisters.
Molsidomine tablets must therefore be kept inside
of the packaging, which might be problematic for
various reasons, especially for use by elderly
patients, for whom multiple drug application is

prepared by removal of the packaging. The aim of
this work was to test and establish methods of
photostabilization for molsidomine tablets.

EXPERIMENTAL

Materials

The following materials were used as received
from the manufacturer without further purifica-
tion: Molsidomine (kindly supplied by Haupt
Pharma, Wolfratshausen, Germany), microcrys-
talline cellulose (Lehmann und Voss, Hamburg,
Germany),lactose(Meggle,Wasserburg,Germany),
corn starch (Cerestar, Krefeld, Germany), colloi-
dal silica (Degussa, Frankfurt, Germany), mag-
nesium stearate (Caelo, Hilden, Germany),
Curcumine (Fluka, Buchs, Switzerland), Ultra-
violet (UV)-A absorber [4-(t-butyl-40-meth-
oxydibenzoyl)-methane], UV-B absorber [3-(4-
methylbenzylidene)-camphora] (both Merck,
Darmstadt, Germany), azorubine, yellow iron
oxide, red iron oxide, black iron oxide (all BASF,
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Ludwigshafen, Germany), unmodified titanium
dioxide P25 (Degussa), modified titanium dioxide
(Sachtleben, Duisburg, Germany), hydroxypro-
pylmethylcellulose 6 cps (Syntapharm, Mühlheim/
Ruhr, Germany).

Methods

Preparation of Tablets

Molsidomine 4-mg tablets were produced accord-
ing to the formula shown in Table 1. Tablets were
round with a diameter of 8 mm. They were
pressed on single-punch eccentric tabletting
machine EK 0 (Korsch, Berlin, Germany) with
strain gauge on the upper punch. Compression
force was set to 9.0 kN, and machine speed to
2500 tablets per hour. Tablet hardness was 60–
80 N. Each step of the manufacturing process was
done under red (long-wavelength) light to avoid
photodegradation (in accordance with4).

Coating

Coating suspensions were prepared according
to the formula shown in Table 2. Molsidomine
tablets were coated in a fluid bed coater STREA 1
(Aeromatic, Muttenz, Switzerland). Inlet air
temperature was set to 408C. Product tempera-
ture was 248–288C.

Irradiation of Tablets

Artificial Daylight. The tablets were irradiated in
the light testing cabinet Suntest CPSþ (Atlas,
Gelnhausen, Germany) with a xenon arc lamp as
light source and cooling aggregate. Irradiance was
set to 415 W/m2, which corresponds well to bright

sunlight in Central Europe.5 A window glass filter
was installed to adapt the spectrumof the artificial
light source to natural daylight. Tablets were
presented to irradiation in a glass dish lined with
aluminum foil. Dark samples were added as
temperature-effect controls.

High-Performance Liquid Chromatography
(HPLC) Analysis

The HPLC system consisted of isocratic pump
ConstaMetric1, autosampler SpectraSeries1 AS
100, and spectrophotometric detector Spectra-
System1 UV 6000 LP connected to a computer-
based software system PC 1000, version 3.5 (all by
Thermoquest, Darmstadt, Germany).

The mobile phase was prepared by mixing
200 mL of acetonitrile with 800 mL of ammonium
formiatebuffer 20mmol/LpH6.7.A250� 4mm5m
C18 column (LiChrospher1 RP-18e; Merck) was
used. For quantitative determination of molsido-
mine, the wavelength was set to 312 nm; for
detection of degradation products, the wavelength
was set to 254 nm. The flow rate was controlled at
0.9mL/minwith a run time of 15min. The linearity
of the standard curvewas0.9999 (rangeof1–100mg
molsidomine/mL). Accuracy was determined to be
99.8% at 10 mg/mL, 99.7% at 40 mg/mL (test
concentration), and 100.5% at 50 mg/mL.

Precision was determined with a relative stan-
darddeviation of 0.65% (n¼ 6).Detection limitwas
18 ng/mL; quantification limit was 90 ng/mL.

Microscopic Analysis

Powder samples were fixed on a sample holder.
Loose powder was removed by compressed air.
The powder was sputtered with gold in a coating
unit (SEM Coating Unit E 5000; Polaron Equip-
ment, Watford, Hertfordshire, UK) and pictures
were taken in a raster electron microscope (SEM
AMR 1200, Leica R3 electronic; Leitz, Wetzlar,
Germany).

Table 1. Basic Formula for the Preparation of
Molsidomine 4-mg Tablets

Molsidomine 4-mg Tablets Ingredient Percentage

Molsidomine (drug substance) 1.8
Lactose (diluent) 51.7–X
Photostabilizer X
Microcrystalline cellulose

(compression diluent)
40.0

Corn starch (disintegrant) 5.0
Colloidal silica (flow promoter) 0.5
Magnesium stearate (lubricant) 1.0
Tablet weight 222 mg

Table 2. Composition of Coating Suspensions

Coating Suspension 1 (%) 2 (%) 3 (%)

HPMC 6 cps 6.0 6.0 60
Titanium dioxide 0.3 0.66 0.3
Iron oxide — — 0.06
Purified water ad 100.0 ad 100.0 ad 100.0
Percent pigment in the dried film
Titanium dioxide 4.8 9.9 4.8
Iron oxide — — 0.9
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RESULTS

Photostabilization of the Tablet Core

Incorporation of Light-Absorbing Excipients

The addition of light-absorbing agents is an
established method of photostabilization.6,7 Its
benefit for molsidomine tablets was tested.

Colorants. Curcumine (E 100) and azorubine
(E 122) were chosen because both substances are
strong colorants with high extinction coefficients.
Furthermore, they are listed for use in food and
drugs.8 Their percentage in the tablet formulawas
0.5% by mass. The resulting tablet color depends
on the method of incorporation. Whereas dry
mixtures gave weak coloration, granulation of
the tabletting mass by a solution of the colorant
led to intensely colored tablets. Bothmethodswere
used to investigate the photostabilizing properties
of curcumine and azorubine. Remarkable photo-
stabilization was achieved with both colorants.
Whereas unstabilized molsidomine tablets lose
>30% of the drug after 12 h of irradiation, the
addition of 0.5% azorubine reduced degradation to
approximately 19%, the addition of curcumine to
14%. By dissolving the colorants before incorpora-
tion, the stabilizing effect was further improved.

Drug degradation of colored and granulated
molsidomine tablets was only 7–8% after 12 h of
light stress (Table 3).

UV Absorbers. The addition of UV absorbing
agents to pharmaceuticals is strongly limited,
especially for peroral drug preparations.However,
their photostabilizing properties for molsidomine
tabletswere tested regardless of their toxicological
and regulatory status. As model substances, a
UV-A absorber [4-(t-butyl-40-methoxydibenzoyl)-
methane] and a UV-B absorber [3-(4-methylben-
zyliden)-camphora] and the combination of both
were added to molsidomine tablets (0.5% by mass
each).UV-A light is from320 to 400nm,UV-B light
is from 280 to 320 nm. The combination had the
best photostabilizing effect, reducing drug degra-
dation from 33% to 9% after 12 h of irradiation.
This stabilization is mainly due to the UV-A
absorber, which alone was much more photostabi-
lizing than the UV-B absorber (drug degradation
of only 13% compared with 23%) (Table 3).

Incorporation of Pigments

The tested pigments were selected under the
aspect of applicability to pharmaceutical prepara-
tions and coloring power. Iron oxide as well as

Table 3. Photostabilization of Molsidomine 4-mg Tablets

Tablet Formulation Stabilized With

Drug Decomposed After

1 h Irradiation
(%)

3 h Irradiation
(%)

6 h Irradiation
(%)

12 h Irradiation
(%)

Without stabilization 7 20 25 33
0.5% Azorubine (dry mixture) 2 6 10 19
0.5% Azorubine (granulated) 1.5 3 6 8
0.5% Curcumine (dry mixture) 2 4 8 14
0.5% Curcumine (granulated) 1.5 3 5 7
0.5% UV-A absorber 2.5 6.5 8.5 13
0.5% UV-B absorber 5 14 18.5 23
0.5% UV-A absorberþ 0.5% UV-B absorber 1 4 5.5 9
0.5% Red iron oxide 4.5 7.5 9 9.5
0.5% Black iron oxide 1.5 4.5 6 8
0.2% Yellow iron oxide 3 6 9 11
0.5% Yellow iron oxide 0.5 1.5 3 5
1.0% Yellow iron oxide 0 1.5 2 4
0.5% Yellow iron oxideþUV blister 0 0 0 1
0.5% Titanium dioxide, no preblending 6.5 13.5 18 22
0.5% Titanium dioxide, 5 min preblending 3 5.5 7 9
0.5% Surface-treated titanium dioxide, no

preblending
9 17 24 28

0.5% Surface-treated titanium dioxide, 5 min
preblending

6 14.5 17.5 22

1862 AMAN AND THOMA

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 93, NO. 7, JULY 2004



titanium dioxide are widely spread and well ac-
cepted pigments in drug products.

Iron Oxide Pigments. Depending on their exact
chemical composition, iron oxides may be yellow,
red, or black colored. Because of their high
photostability and coloring power, they are used
for the coloration of food and drug products. No
toxicological risks are known after peroral intake.
The incorporation of 0.5% iron oxide pigments into
molsidomine tablets considerably decreased pho-
todegradation. The best photostabilizing effect
was achieved by yellow iron oxide, reducing
photodecomposition from >30% to 5% after 12 h
of irradiation (Table 3).

Different concentrations of yellow iron oxide
were tested. As Table 3 shows, photostabilization
was significantly improved by increasing pigment
content from 0.2% to 0.5%. Drug degradation after
12 h of irradiation was reduced from 11% to 5% in
the stabilized, pigmented tablets. However, addi-
tional doubling to 1.0% yellow iron oxide had
practically no further stabilizing effect.

After packaging of molsidomine tablets photo-
stabilized by 0.5% yellow iron oxide into UV-
absorbing blister packages, light-induced degra-
dation was completely suppressed for 6 h. It was
only after 12 h that first decomposition products
were detectable by HPLC analysis. However, drug
content was still approximately 99% of the initial
value (Table 3).

Titanium Dioxide. Photostabilization by adding
0.5% titanium dioxide was noticeable, reducing
degradation from 33% to 22%.

Because the employed titanium dioxide pig-
ment was micronized, primary particles having a
size of approximately 20 nm (according to supplier
specification), the pigment powder was very co-
hesive. Therefore, homogenous distribution might
be problematic in tumbling blenders, which can be
improved by preblending.

Molsidomine was mixed with the pigment for 2,
5, and 10 min before blending with the remaining
excipients. By changing the blending procedure,
the photostabilizing properties of titanium dioxide
were considerably improved. Drug loss was de-
creased from 22% to 5% (Fig. 1).

Further increase of the pigment content had no
more effect (up to 5% was tested).

Titanium dioxide particles may be modified by
applying aluminum oxide (approximately 3%) to
the surface for reducing the photocatalytic activity
of the pigment. Therefore, further investigations

were made with modified titanium dioxide. How-
ever, by using the modified titanium dioxide, the
photostabilizing effect of the pigment in molsido-
mine tablets was worse, even after preblending
(Table 3).

Photostabilization by Coating

Hydroxypropylmethylcellulose was used as film-
forming agent because it is water soluble and
dissolution behavior is only slightly changed.
Disintegration time of molsidomine tablets was
increased from 30 s to 4 min by coating.

White Coating

Pigmentation of the coating was done by titanium
dioxide (4.8%, respectively 9.9% in the dried film).
The layer thickness was controlled by weight
gain. Coatings of 35 and 73 mmwere investigated.
With a 35-mm-thick film layer containing 4.8%
titanium dioxide, photodegradation was still ap-
proximately 20% after 12 h. However, increasing
film thickness to 73 mm or pigment content in the
dried film to 9.9% nearly stopped photodegrada-
tion. Up to 6 h light stress, no photodegradation
was detectable. After 12 h, <3% of the drug
substance was decomposed by light (Table 4).

Colored Coating

Coloration of the coating was done by yellow and
red iron oxide, respectively. The pigments were

Figure 1. Photostabilization of molsidomine 4-mg
tablets by 0.5% titanium dioxide. (^) 10-min preblend-
ing, (~) 5-min preblending, (.) 2-min preblending, (&)
no preblending, and (&) unstabilized.
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added to the standard coating containing tita-
nium dioxide (4.8% titanium dioxide in the dried
film, 35-mm layer thickness), as it is state of the
art. No matter which color, complete photostabi-
lization was achieved by the addition of an iron
oxide pigment to the coating (Table 4).

DISCUSSION

The results of protecting molsidomine tablets by
light-absorbing agents prove the general applic-
ability of the principle of photostabilization by
spectral overlay, which was established by Thoma
and Klimek.7 The tested UV-absorbing agents
and food colorants improve the photostability of
molsidomine tablets by absorption of light, which
is responsible for degradation. However, it is not
enough to cover the absorption maximum of the
drug substance; the whole range of degrading
light needs to be covered. For molsidomine tab-
lets, this range was defined to be the UV part of
light up to 400 nm2. Especially substances with
high absorbing capacities in the UV-A range such
as UV-A absorber or curcumine, but also azor-
ubine, have considerable stabilizing effects on
molsidomine tablets. Because of its absorption
gap in the UV-A range, the UV-B absorber is not
suited, although it completely covers the absorp-
tion maximum of molsidomine at 310 nm. Fur-
thermore, it needs to be considered that light
below 290 nm is not found in the natural sunlight
spectrum and light below 320 nm is eliminated by
window glass (Fig. 2).

This can be further clarified by comparing the
protective effect of the tested light absorbers with
their absorption at defined wavelengths. Sub-

stances with high absorption values at 375 nm
have the best photostabilizing effect for mol-
sidomine tablets (i.e., the UV-A absorber and
curcumine). Azorubine still having considerable
absorption at this wavelength, gives good stabili-
zation to the tablets. The worst stabilizing agent
(i.e., the UV-B absorber) does not absorb light of
375 nm (Table 5). The definition of crucial
wavelengths can aid us in finding suitable photo-
stabilizers rapidly.

Also, the coloring as the photostabilizing effect
of curcumine and azorubine is strengthened by
dissolving it in a suitable granulation liquid.

Light protection by iron oxides is attributed to
their excellent light scattering and reflecting
properties, covering the whole light range. Other
drug substances (nifedipine, sorivudine9) have
also been successfully stabilized by iron oxide
pigments.

Table 4. Photostabilization of Molsidomine 4-mg Tablets by Film Coating

Film-coated Tablets, Coating Formulation

Drug Decomposed After

1 h Irradiation
(%)

3 h Irradiation
(%)

6 h Irradiation
(%)

12 h Irradiation
(%)

Titanium dioxide coating
4.8% Pigment, 35-mm layer 2.5 5 9.5 19.5
4.8% Pigment, 73-mm layer 0 0 0 2
9.9% Pigment, 33-mm layer 0 0 0 3
Titanium dioxideþ iron oxide coating
4.8% Titanium dioxideþ 0.9% red iron oxide,

37-mm layer
0 0 0 0

4.8% Titanium dioxideþ 0.9% yellow iron
oxide, 39-mm layer

0 0 0 0

Figure 2. UV-VIS absorption spectra of molsidomine
and light absorbers (c¼ 20 mg/mL). (1) Molsidomine,
(2) UV-A absorber, (3) UV-B absorber, (4) curcumine,
and (5) azorubine.
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Titanium dioxide is a potent photostabilizer for
molsidomine tablets. The light protection of molsi-
domine tablets is based on its absorption of UV
light. However, light between 400 to 420 nm may
pass titanium dioxide layers.10 Drug products,
which are sensitive to this light range, such as, for
example, nifedipine tablets,2 are not photostabi-
lized by titanium dioxide. Neither the incorpora-
tion of the pigment into the tablet core,11 nor
coating with titanium dioxide films,12 nor packa-
ging into white opaque blisters (colored with
titanium dioxide)13 considerably improved the
light sensitivity of nifedipine tablets. General
applicability must therefore be denied.

Preblending molsidomine with the micronized
titanium dioxide pigment is absolutely necessary
to take advantage of the whole photostabilizing
potential of the pigment. The effect of preblending
can be understood by studying scanning electron
microscopy (SEM) pictures. The very fine and
cohesive pigment agglomerates (approximately
0.2 mm) adhere directly on molsidomine crystals,
forming a kind of powder coating on the light-
sensitive drug itself. This ‘‘powder coating’’ might
still exist after adding other excipients (Fig. 3).

Modification of the titanium dioxide surface by
aluminum oxide reduces its photocatalytic activ-
ity, making its use as a photostabilizer look
sensible. Surprisingly, the photostability of molsi-
domine tablets was changed for the worse. This
can be explained by two phenomena: the first
explanation is given by the SEM pictures. After
modification, the titanium dioxide particles form
secondary agglomerates of diameters between
5 and 20 mm, which do not adhere on the
molsidomine crystals. The loss of adherence is
also a loss of a protective powder coating of the

molsidomine crystals. Second, 5–20 mm is one
order of magnitude larger than the optimum
particle size of titanium dioxide for reflection and
absorption of light,which is said to be 0.2 mm.10For
unmodified titanium dioxide, the size of agglom-
erates was found to be 0.1–0.3 mm, exactly in the
desired range (Figs. 3 and 4). Not the primary
particle size, but the size of the agglomerates, is
effective for its light-protective properties.

The optimum concentration of pigments in
tablets to give efficient photostabilization seems
to be 0.5%. The scattering coefficient of a pigmen-
ted system is linear to the pigment content only at
low ratios. At higher concentrations, no further
increase of the scattering is possible. Distances

Table 5. Comparison of the Protective Effect of Light Absorbers to Their Absorption
at Defined Wavelengths

Stabilizer
UV-A

Absorber Curcumine Azorubine
UV-B

Absorber

Light absorbance at defined wavelengths (c¼ 20 mg/mL)
320 nm 0.896 0.359 0.606 0.972
345 nm 2.094 0.596 0.397 0.066
375 nm 1.479 1.204 0.206 0.031
390 nm 0.303 1.771 0.230 0.026
Light-protective effect (expressed as percentage drug degraded after hours of

irradiation)
After 6 h 8.5 8 10 18.5
After 12 h 13 14 19 23

Figure 3. SEM picture of molsidomine preblend with
untreated titanium dioxide.
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between the pigment particles decrease; finally
they touch each other. Connected pigment parti-
cles behave like one single particle of correspond-
ing size and shape with reduced scattering
potential. (The scattering potential depends on
size and shape of pigment particles as well as on
the wavelength of light.)10

The considered combination of two photostabi-
lization methods such as, for example, incorpora-
tion of yellow iron oxide into molsidomine tablets
and packaging into UV absorbing blisters results
in a nearly light-stable drug product, at least for
general usage as it is covered by a 12-h stress with
xenon light. The suitability of blister covers for the
light protection ofmolsidomine tablets has already
been demonstrated, achieving complete photosta-
bilization in opacified blister packages.13

The photostabilizing effect of film coating
strongly depends on the pigment amount in the
film, which can be controlled either by changing
the pigment content in the coating suspension or
increasing layer thickness of the film. Again, the
combination of two stabilizing agents is useful.
Hydroxypropylmethylcellulose films containing
yellow or red iron oxide combined with titanium
dioxide represents a simple and highly effective
method of photostabilization for molsidomine
tablets.

Besides the presented methods of photostabili-
zation, it needs to be considered that already
the choice of excipients (i.e., compression diluent)
and the method of preparation may significantly

influence the photostability of molsidomine
tablets.14

The presented methods were evaluated for
molsidomine tablets, but may also be applied to
other light-sensitive tablet formulations. How-
ever, the choice of stabilizing method as well as of
the stabilizing excipients may be influenced by
numerous factors and needs to be made by a case-
to-case study.
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