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Stability studies of film-coated tablets containing
5 mg of D-003 as active ingredient

David Marrero Delange, Ernesto Méndez Antolín, Víctor González Canavaciolo, Miriam O. Cora
Medina, Abilio Laguna Granja, Roxana Sierra Pérez and Eduardo A. Rodríguez Leyes.

Center of Natural Products, National Center for Scientific Research, P.O. Box 6414, Playa, Havana City, Cuba. Email:
cpn@cnic.edu.cu.

RESUMEN. El D-003 es nuevo producto en investigación con utilidad potencial
para prevenir o tratar enfermedades aterotrombóticas. Está compuesto por una
mezcla de ácidos grasos alifáticos de alto peso molecular (C24:0 a C36:0) purificados de
la cera de caña de azúcar (Saccharum officinarum, L.). El objetivo de este estudio
fue determinar la estabilidad de las tabletas revestidas con dosis de 5 mg de D-003,
siguiendo las guías de la Conferencia Internacional de Armonización, para deter-
minar los posibles cambios en las especificaciones bajo las condiciones de almace-
naje y predecir su tiempo de vencimiento. Se analizaron las especificaciones si-
guientes: contenido de D-003, color, peso de la tableta, dureza, tiempo de desinte-
gración y contenido microbiológico. Los ensayos de estrés incluyeron hidrólisis
ácida, termólisis, oxidación y fotólisis. Además, se llevaron a cabo estudios acelera-
dos bajo condiciones drásticas: 40 oC y 75 % de humedad relativa (RH), así como
estudios a largo plazo (48 meses) en las condiciones de las Zonas Climáticas IV
(30 oC y 70 % HR) y II (25 oC y 60 % HR). Las tabletas fueron trituradas hasta logar un
polvo fino y el ingrediente activo fue extraído con cloroformo en caliente. Los áci-
dos fueron convertidos en ésteres metílicos y analizados por cromatografía de ga-
ses en una columna wide-bore capilar BP-5. La cuantificación se llevó a cabo por el
método del estándar interno, utilizando el ácido 1-nonacosanoico y la pureza de las
señales se confirmó por CG-EM. En ninguno de los estudios se encontraron cam-
bios significativos o tendencias, ni en el contenido de D-003 ni en las otras especifi-
caciones. En general, las tabletas D-003 son una formulación muy estable con un
período de vencimiento de al menos cuatro años en las condiciones climáticas de
los países tropicales (Zona climática IV) y mediterráneos (Zona climática II).

ABSTRACT. D-003 is a new under research drug with potential use for preventing
or treating atherothrombotic diseases. This product is made up of a mixture of very
high molecular weight aliphatic acids (C24:0 to C36:0) purified from sugar cane (Sac-
charum officinarum, L.) wax. The aim of this study was to determine the stability of
the proposed formulation of D-003 5 mg film-coated tablets, following International
Harmonization Conference guidelines for knowing their possible specifications
change on storage conditions and for predicting their expiration date. Specifica-
tions such as D-003 content, color, tablet weight, hardness, disintegration time, and
microbial content were assessed. Stress testing included acid hydrolysis, thermo-
lysis, oxidation and photolysis. In addition, accelerated studies under drastic con-
ditions: 40 oC and 75 % of relative humidity (RH) as well as long-term studies
(48 months) at conditions of Climatic Zones IV (30 oC and 70 % RH) and II (25 oC and
60 % RH) were also conducted using three batches. Tablets were crushed to a fine
powder and the active ingredient with chloroform was extracted in a hot way. The
acids were converted to methyl esters and in a BP-5 wide-bore capillary column by
gas chromatography were analyzed. Quantification by the internal standard method,
using 1-nonacosanoic acid was carried out and peaks purity by gas chromatogra-
phy - mass spectrometry was confirmed. No significant changes or trends either on
the content of D-003 or on other specifications were found in any study. Overall,

D-003 film-coated tablet is a very stable
formulation with a shelf-life of at least
4 years in climatic conditions of tropi-
cal (Climatic Zone IV) and Mediterra-
nean (Climatic Zone II) countries.

INTRODUCTION

The purpose of stability studies is
to provide the evidences on how the
quality of a drug substance or a drug
product varies with time under the
influence of different environmental
factors.1�3 Thus, the final aim of these
tests is to determine the period dur-
ing which the drug meets the ap-
proved specifications when stored
under defined conditions, being tem-
perature, relative humidity (RH), and
light the most outstanding.

D-003 is a mixture of very high
molecular weight aliphatic acids
(C24:0 to C36:0) purified from sugar cane
(Saccharum officinarum, L.) wax.4

Cholesterol lowering effects of D-
003, characterized by the reduction
of serum low-density lipoprotein-
cholesterol and total cholesterol,
with concomitant increase of high-
density lipoprotein-cholesterol
have been proven in experimental
models,5,6 healthy volunteers7,8 and
patients with type II hypercholes-
terolemia.9 Experimental and clini-
cal studies have shown that D-003
also inhibits platelet aggrega-
tion10,11 and the susceptibility of
low-density lipoprotein to undergo
lipid peroxidation.7,12 Toxicological
acute, sub chronic and chronic
studies in rodents and non-rodents
have not shown D-003-related tox-
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icity, even orally administered at
1 g/kg for > 6 months.13�18

During the development of this
promising substance for treating
atherothrombotic diseases, clinical
studies have been conducted with
D-003 5 mg film-coated tablets, which
needed stability studies. Considering
such background, as well as the exist-
ence of a validated analytical method,
suitable for quality control and stabil-
ity studies of this pharmaceutical
form,19 the aim of the present work
was to investigate the stability of D-
003 5mg film-coated tablets, which are
packaged in thermo-sealed polyvinyl
chloride (PVC)-aluminum blisters.

EXPERIMENTAL
Instruments

The Gas Chromatography (GC),
and the GC coupled to Mass Spec-
trometry (GC-MS) were performed
as previously described.19

Chemicals

All chemicals were of: analytical
reagent grade hydrochloric acid (37 %),
methanol, toluene, hydrochloric acid
(0.1 mol/L), hydrogen peroxide (30 %),
sodium hydroxide (0.1 mol/L);
(Merck, Darmstadt, Germany), and
chloroform (Riedel-de-Haën, Seelze,
Germany). The stock solution of
fatty acids (C24:0-C31:0), the internal
standard solution (C19:0) and the me-
thylating solution (MSoln) were pre-
pared as previously described.19

Experimental design of the
stability studies

The test conditions used for these
studies have followed those estab-
lished by the State Center for Drug
Quality from the Republic of Cuba
in Regulation 23-2000, which in turn
are based on the guidelines of the
International Harmonization Con-
ference (ICH).2

Batches

Stability data was obtained from
three pilot scale batches (000501,
000502 and 000503) manufactured in
Laboratorios MedSol (Havana City,
Cuba) at May 2000, which fulfilled all
proposed specifications for batch re-
lease. These batches were packaged
in the same container closure system
as proposed for storage and future
distribution. For all studies, sealant
integrity of the blisters was tested
visually and using the vacuum test
employing methylene blue.

Tablet formulation

The test procedure was applied to
the proposed formulation of D-003

5 mg film-coated tablets, containing
lactose, cornstarch, gelatin, microc-
rystalline cellulose, magnesium
stearate, and sodium carboxy-
methylstarch as excipients. Tablets
coating was performed with a mix-
ture of cellulose acetophthalate,
polyethylene glycol 20000, special
talc for tablets, titanium dioxide,
and FD&C green lake.

Specifications

During the present studies, it
was assessed how chemical, physical
and microbiological specifications
could change from initial values and
deviate from specified acceptance
limits. Thus, relevant appearance,
physical and physicochemical
specifications were assessed: tablet
color,20 tablet weight, hardness, disin-
tegration time and microbiological
control.21 For reaching specifications,
hardness should be > 3 kgf, and dis-
integration time should be < 30 min .

For determining the D-003 con-
tent of the tablets it was used a previ-
ously validated analytical method:19

an amount of powdered tablets
equivalent to 5 mg of D003 was
added to a 10 mL test tube with
screw cap; 0.5 mL of the internal
standard solution and 3 mL of chlo-
roform were added, and the tube
was heated at 80 ºC for 15 min with
occasional shaking. The extract was
hot filtered to another test tube, and
1.0 mL of the filtrate was transferred
to a 1.8 mL crimp vial. This volume
was evaporated to dryness at 80 ºC
with the help of a nitrogen flow.
Then, 0.5 mL of the MSoln was
added and the vial was sealed and
heated at 80 ºC for 90 min . The con-
tent of the vial was evaporated to
dryness at 80 ºC with nitrogen flow,
150 µL of toluene were added. The
vial was sealed and heated at 80 ºC
for 3 min and 1 µL portions were
examined by GC.19 Peak purity was
confirmed by GC-MS. The mass
(mg) of each acid in the tablets was
obtained by the internal standard
method. The total mass of D-003 was
determined by adding the masses of
all the components. This value was
corrected by taking into account
sample mass and tablet average
mass.

Types of studies

Stability studies are normally
classified according to their storage
conditions, mainly temperature and
moisture. For new drug products,
stability studies require stress test-
ing, as well as accelerated, interme-
diate and long-term studies. Then,

the present report includes four sta-
bility studies of D-003 5 mg film-
coated tablets.

Stability study 1. Stress testing

Stress testing is aimed to know
the stability of the drug substance
under extreme conditions, which
can help to identify degradation
products, degradation pathways and
the intrinsic stability of the drug. For
assessing these tests, tablets (batch
000503) were crushed to a fine pow-
der, placed in neutral glass am-
poules, and submitted to the follow-
ing treatments.

Acid hydrolysis. Samples were
suspended in 0.1 mol/L hydrochlo-
ric acid, approximately 1 g in 10 mL .
The ampoule was flushed with nitro-
gen, sealed, and placed for one day
in a stout container, inside an oven,
at 108 ºC . Thereafter, the content
was neutralized, extracted with
chloroform and evaporated to dry-
ness.

Oxidative degradation. Samples
were suspended in 30 % hydrogen
peroxide, approximately 1 g in 10 mL .
The ampoule was flushed with nitro-
gen, sealed, and placed in a stout
container in the dark, at 25 ºC for
7 d . Thereafter, the content was ex-
tracted with chloroform and evapo-
rated to dryness.

Photolytic degradation. The am-
poule was flushed with nitrogen,
sealed, and placed in a UV light cabi-
net (254 nm) at 25 ºC for 7 d .

Thermal degradation. The am-
poule was flushed with nitrogen,
sealed, and placed for three months
in a stout container, inside an oven
at 55 ºC . Thereafter, they were
cooled up to 25 ºC, opened, their con-
tent neutralized and the solids
washed several times with water, and
dried in an oven at 50 ºC .

In all cases, after evaporated to
dryness, samples were dried and
analyzed. All assays were performed
by triplicate. The samples were also
submitted to GC-MS analysis in or-
der to verify the occurrence of deg-
radation products.

Stability study 2. Accelerated
studies

Accelerated studies are those
conducted in a way that mimic the
effects of short-term storage outside
the label storage conditions and
their impact on product quality, situ-
ations that can occur during ship-
ping. These studies are normally
conducted at (40 ± 2) oC and (75 ± 5) %
RH for 12 months, recommended test-
ing frequency being every 3 months.
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Thus, a random sample of 2 880 tab-
lets from the batches 000501, 000502
and 000503 were taken and stored
at such conditions. Then, three blis-
ters (60 tablets) from different pack-
ages were taken at the initial time
(to), as well as at 1, 3, 6 and 12
months. In each sampling three
blisters of different packages were
taken.

Stability studies 3 and 4

As known, the long-term stabil-
ity study is the most relevant of
these assays. There were conducted
two long-term studies of D-003 film-
coated tablets: at the climatic con-
ditions of Zone IV, including Cuba,
and at climatic conditions of Zone
II.

A random sample of 2 880 pack-
aged tablets from the batches
000501, 000502 and 000503 were
taken and stored at (30 ± 2) °C and
RH (70 ± 5) %, conditions simulat-
ing Climatic Zone IV (Study 3), as
well as at (25 ± 2) °C and RH (60 ± 5) %,
conditions simulating Climatic Zone
II (Study 4). These last conditions
were provided by a Web Winder incu-
bator (Web, Germany), and tempera-
ture and humidity were checked twice
a day, at 10:00 a.m. and 3:00 p.m.,
throughout the entire study.
Samples were taken at starting (to)
as well as after 3, 6, 9, 12, 24, 36 and
48 months. At each sampling time,

15 blisters (300 tablets) were taken
from different unopened containers
to make a composite used for the
analyses.

Data analyses and evaluation

Results were statistically ana-
lyzed with the Wilcoxon test for
paired samples for comparing the
data obtained at each time versus
baseline (to). A Bonferroni adjust-
ment for multiple comparisons in a
single experiment was applied. An a
= 0.05 was a priori assumed for sta-
tistical significance. Test was two
tailed, and statistical analyses were
conducted with 6.0 Statistics pro-
gram, from Statistics for Windows.
In addition, it was assessed if rel-
evant changes (a 5 % change from
starting values and failure to meet
any quality specification of specifi-
cations) occurred during stability
studies.

 RESULTS AND DISCUSSION
Stability study 1

Results of the stress testing
studies (Table 1) showed neither
changes of D-003 content (p = 1.000)
nor extra-peaks in the correspond-
ing chromatograms, which suggest
that no degradation occurred in the
simulated stresses situations. Thus,
D-003 5 mg film-coated tablets were
stable at the drastic conditions
tested.

Stability study 2
Results of the accelerated study

(Table 2) demonstrated that tablets
were also stable in such conditions,
since no significant changes oc-
curred in the three studied batches,
neither in D-003 content (p = 0.109,
0.285 and 1.000) nor in other physi-
cal and physical chemical specifica-
tions. Since all values were quite
stable, it was not performed the
usual kinetic study for predicting
expiring date of the product, as rec-
ommended by ICH Q1AR guide-
lines.2 According to these results it
can be estimated that the shelf live
of this product is, at least, 5 years
before starting log-term.22

Stability studies 3 and 4

Results of the two long-term sta-
bility studies, conducted at the con-
ditions of the Climatic Zones IV and

Table 1. Results of the stress testing
of D-003 5 mg film-coated tablets.

Table 2. Results of the accelerated study [T: (40 ± 2) ºC, RH: (75 ± 5) %] of D-003 5 mg film-coated tablets.

tnemtaerT tnetnoC
300-Dfo

)telbat/gm(

tnemtaerttuohtiW 86.4

sisylordyhdicA 76.4

noitadixO 56.4

sisylotohP 56.4

sisylomrehT 06.4

1 Time that delay the last tablet to be disintegrated in water.

hctaB emiT
)shtnom(

ssaM
)gm(

roloC ssendraH
)fgk(

noitacifitnauQ
)telbat/gm(

noitargetnisiD
)nim( 1

0 1.621 neergthgiL 0.4 75.4 3

1 7.521 neergthgiL 0.4 06.4 4

105000
3 8.521 neergthgiL 0.4 86.4 7

6 3.621 neergthgiL 9.3 85.4 5

9 3.521 neergthgilyreV 9.3 36.4 5

21 1.621 neergthgilyreV 9.3 06.4 5

0 5.521 neergthgiL 0.4 36.4 3

1 0.621 neergthgiL 0.4 75.4 6

205000
3 3.521 neergthgiL 0.4 66.4 5

6 2.521 neergthgiL 0.4 26.4 5

9 7.521 neergthgilyreV 3.3 06.4 5

21 3.521 neergthgilyreV 0.4 85.4 6

0 9.521 neergthgiL 0.4 07.4 3

1 1.621 neergthgiL 0.4 17.4 6

305000
3 9.521 neergthgiL 0.4 96.4 7

6 0.621 neergthgiL 0.4 07.4 5

9 8.521 neergthgilyreV 3.3 86.4 6

21 0.621 neergthgilyreV 0.4 56.4 7
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II for 48 months (Tables 3 and 4, re-
spectively), support the stability of
these tablets, since no significant
change or specifications out of lim-
its was observed.

Thus, in the most aggressive of
the conditions investigated in long-
term studies, those of the Climatic
Zone IV, no relevant or signifi-
cant variation was observed in
the content of the active ingredient
(p = 0.109 for the three batches) nor
in the other parameters like organo-
leptic characteristic and relative hu-
midity (≤ 1,0 %). Microbial limit test
was also fulfilled for all samples at
the several tested times.  Similar re-
sults were obtained at the conditions
of the Climatic Zone II (p = 0.880 3
for the three batches). For such rea-
sons, as occurred in accelerated
studies, there were not apply kinetic
studies for estimating the expiring
date of the product.

Table 3. Results of the long term stability study of D-003 5 mg film-coated tablets under conditions of Climatic Zone IV
[T: (30 ± 2) ºC, RH: (70 ± 5 %)]

1 Time that delay the last tablet to be disintegrated in water.

hctaB emiT
)shtnom(

ssaM
)gm(

roloC ssendraH
)fgk(

noitacifitnauQ
)telbat/gm(

noitargetnisiD
).nim( 1

0 1.621 neergthgiL 0.4 75.4 3

3 8.521 neergthgiL 0.4 26.4 4

6 0.621 neergthgiL 8.3 85.4 5

9 0.621 neergthgiL 9.3 46.4 5

105000 21 0.621 neergthgiL 8.3 95.4 6

81 3.521 neergthgiL 9.3 56.4 6

42 6.521 neergthgiL 8.3 56.4 6

63 6.521 neergthgiL 8.3 46.4 6

84 6.521 neergthgiL 9.3 75.4 7

0 5.521 neergthgiL 0.4 36.4 3

3 6.521 neergthgiL 0.4 16.4 6

6 4.521 neergthgiL 9.3 46.4 8

9 0.521 neergthgiL 0.4 95.4 5

205000 21 6.521 neergthgiL 9.3 06.4 5

81 5.521 neergthgiL 0.4 26.4 6

42 5.521 neergthgiL 0.4 96.4 5

63 5.521 neergthgiL 9.3 76.4 6

84 3.621 neergthgiL 0.4 95.4 8

0 9.521 neergthgiL 0.4 17.4 3

3 9.521 neergthgiL 0.4 76.4 6

6 2.621 neergthgiL 8.3 27.4 6

9 0.621 neergthgiL 1.4 86.4 6

305000 21 0.621 neergthgiL 0.4 37.4 7

81 2.521 neergthgiL 0.4 57.4 6

42 3.521 neergthgiL 9.3 07.4 7

63 5.521 neergthgiL 8.3 96.4 6

84 8.521 neergthgiL 0.4 07.4 7

CONCLUSIONS
D-003 film-coated tablet is a very

stable formulation according to the
present results, which support a
shelf-life of 48 months (4 years) in
climatic conditions of tropical (Cli-
matic Zone IV) and Mediterranean
(Climatic Zone II) countries.
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).nim( 1

0 1.621 neergthgiL 0.4 75.4 3

3 0.621 neergthgiL 0.4 26.4 5

6 9.521 neergthgiL 0.4 95.4 7

9 0.621 neergthgiL 8.3 86.4 5

105000 21 0.621 neergthgiL 8.3 96.4 5
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63 8.521 neergthgiL 9.3 66.4 6
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0 5.521 neergthgiL 0.4 36.4 3

3 0.621 neergthgiL 0.4 06.4 6

6 3.521 neergthgiL 9.3 16.4 8

9 0.621 neergthgiL 8.3 56.4 5

205000 21 0.621 neergthgiL 8.3 86.4 5
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42 8.521 neergthgiL 0.4 86.4 5
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9 0.621 neergthgiL 8.3 76.4 5

305000 21 0.621 neergthgiL 8.3 96.4 5

81 5.521 neergthgiL 9.3 37.4 6

42 7.521 neergthgiL 8.3 17.4 6

63 6.521 neergthgiL 9.3 07.4 5

84 1.621 neergthgiL 7.3 86.4 7

1 Time that delay the last tablet to be disintegrated in water.

Table 4. Results of the long-term stability study of D-003 5 mg film-coated tablets under conditions of Climatic Zone II [T: (25 ±
2) ºC, RH: (60 ± 5) %].


