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SUMMARY. A fast gas chromatographic methodology for determining 5-mg of D003 (active ingredient
consisting of a mixture of free saturated long and very long chain fatty acids, from C24:0 to C36:0, with an-
tioxidant, antiosteoporotic, antiplatelet and cholesterol-lowering effects) in film-coated tablets was validat-
ed. This methodology applied first a hot-extraction of the fatty acids from tablets with chloroform. Then,
it involved simultaneously the steps of methylation with a 2% sulphuric acid-methanol and the extraction
of the formed esters with n-hexane. The gas chromatographic analysis was carried out using a DB-5 wide-
bore column and nonadecanoic acid as internal standard. While 90 min had been proved to be necessary
to reach the maximum efficiency for D003 methylation reaction in a previous GC method validated with
the same aim, only 10 min were enough by the current method. Validation assays, applied to latter
method, proved: good linearity (correlation coefficient higher than 0.9991, RSD of slope and RSD of re-
sponse factors were 0.99% and 1.42%, respectively, and no bias) and accuracy (average recovery from
98.7 to 101.1%) over a range 38-150% of the nominal concentration. Good specificity was also proved,
even for samples subject to stress conditions. Intra-day and inter-day precision at the nominal concentra-
tion were characterized by RSDs of 1.06% and 0.8%, respectively, and non-difference in the quantitative
results by the current method with the previous method was demonstrated too. With regards to previous
method, the current method was found more suitable for quality control and stability studies of these film-
coated tablets.
RESUMEN. “Determinación de los Ácidos Grasos de Alto y Muy Alto Peso Molecular que Componen el D003
(C24:0-C36:0) en Tabletas Recubiertas con Dosis de 5 mg a través de un Método Rápido de Metilación que em-
plea la Cromatografía de Gases”. Fue validada una metodología rápida para determinar 5 mg de D003 (ingre-
diente activo que consiste en una mezcla de ácidos grasos de alto y muy alto peso molecular, desde el C24:0 hasta
el C36:0, con efectos antioxidantes, antiosteoporóticos, antiagragante plaquetario e hipocolesterolémico) en table-
tas recubiertas empleando la Cromatografía de Gases (CG). Esta metodología aplicó primeramente una extrac-
ción de los ácidos grasos presentes en las tabletas usando cloroformo caliente, después involucró simultáneamen-
te los pasos de metilación con un 2% de ácido sulfúrico en metanol y de extracción de los ésteres formados con
n-hexano. El análisis cromatográfico se realizó en una columna DB-5 de amplio diámetro y como patrón interno
se utilizó el ácido nonadecanoico. Mientras 90 min son necesarios por un método previamente validado con igual
objetivo para alcanzar la eficacia máxima en la reacción de metilación, sólo 10 min fueron suficiente por el mé-
todo actual. La validación de este último demostró adecuadas linealidad (coeficientes de correlación mayor de
0,9991, el RSD de la pendiente y el RSD de los factores de respuesta fueron 0,99% y 1,42%, respectivamente, y
ningún sesgo) y exactitud (recobrados promedio entre 98,7% y 101,1%) en un rango entre 38 % y 150 % de la
concentración nominal. La especificidad fue también adecuada, incluso para las muestras sujetas a condiciones
de estrés. La precisión en el mismo día y en días diferentes presentó RSD de 1,06 % y 0,80 %, respectivamente.
No se encontraron diferencias en los resultados cuantitativos entre el método actual y el previamente validado.
Los resultados obtenidos demostraron que el actual método es más adecuado para el control de la calidad y los
estudios de estabilidad de las tabletas analizadas.



INTRODUCTION
For more than fifty years, the Gas Chro-

matography (GC) has been the principal tech-
nique of fatty acid (FA) analysis. However, no
special attention has been dedicated to GC de-
termination of the very long chain fatty acids
(VLFAs, ≥ 30 carbon atoms). This is probably
because the VLFAs are not common in the hu-
man diet, nor have had a pharmacological or
nutritional interest. In this sense, the D003 ac-
tive ingredient as a new natural product consist-
ing of a mixture of free saturated FAs, from 24
to 36 carbon atoms 1, with cholesterol-lowering,
antioxidant, antiplatelet, and antiosteoporotic ef-
fects, has caused a certain change on VLFA top-
ic 2-9. In addition, D003 is isolated and purified
from sugar cane (Saccharum Officinarum L.)
wax, and the FAs of even carbon atom numbers
are the majority in this ingredient. 

As part of the quality control applied to 5-mg
film coated tablets of D003, an appropriate GC
analytic method for determination of its content
of FAs was validated 10. To our knowledge, this
method involved the first GC analysis of VLFAs
present in a solid pharmaceutical form. In this
method, D003-FAs are derivatized to fatty acid
methyl esters (FAMEs) using 5% HCl-methanol
solution. However, because of the long time
consumption of this acid-catalyzed reaction,
with the subsequent delay to deliver the quanti-
tative result, it was not considered practical for
the routine of quality control. 

Taking into account the drawback of the
aforementioned method, an alternative derivati-
zation process for determining D003-FAs in 5
mg tablets by an one-step extraction-methyla-
tion process was subject to validation. The re-
sults obtained are shown in the present paper,
along with a comparison carried out on terms of
precision and speed of the methylating reaction
between the current method and the previous
validated method. 

MATERIALS AND METHODS
Apparatus 

The gas chromatographic system consisted of
a Shimadzu GC-14B (Kyoto, Japan) with a flame
ionization detector. A DB-5 wide-bore fused-sili-
ca capillary column (30 m, 0.53 mm id, 1.5 µm
Df; J&W Scientific, Folsom, USA) was used, op-
erated from 220 °C to 320 °C at 5 °C min–1. In-
jector and detector were set at 320 °C. Carrier
gas (H2) flow was 11 ml min–1. To form the
flame, hydrogen gas flow, 40 ml min–1, and air
gas flow, 400 ml min–1, were used.

The gas chromatography-mass spectrometry
(GC/MS) system consisted of a model 6890N
(Agilent Technologies, USA) coupled to a model
5975B Inert (Agilent Technologies, USA) with a
capillary column SPB-5 (30 m, 0.25 mm id and
0.25 µm Df; Supelco, Bellefonte, USA). Operat-
ing conditions: column programmed from 100
°C to 200 °C at 40 °C min–1, from 200 °C to 320
°C at 10 °C min–1 and isothermal for 30 min at
320 °C. Helium carrier gas flow was 1 ml min–1.
Injector, ion source, and interface temperatures
were 320 °C, 250 °C, and 250 °C, respectively.
Ionization energy was 70 eV. The mass spec-
trum was continuously acquired from 40 to 600
m/z with a scan speed of 1 s per decade in full
scan mode. 

Reagents
Film-coated tablets with 5-mg of D003 (batch

990703) and placebo tablets were provided by
Dalmer Laboratories (Havana, Cuba); D003 ac-
tive ingredient (batch 990702) was provided by
the National Center for Scientific Research (Ha-
vana, Cuba); all other chemicals were analytical
reagent grade: HCl (37%), sulphuric acid (98%),
methanol, HCl (0.1 M), hydrogen peroxide
(30%), NaOH (0.1 M), toluene and n-hexane
(Merck, Darmstadt, Germany), and chloroform
(Riedel-de-Haën, Seelze, Germany). 

The stock solution was prepared as follows:
6.5 mg tetracosanoic (C24:0), 4.5 mg penta-
cosanoic (C25:0), 14.0 mg hexacosanoic (C26:0),
12.0 mg heptacosanoic (C27:0), 145.5 mg octa-
cosanoic (C28:0), 8.0 mg nonacosanoic (C29:0),
80.0 mg triacontanoic (C30:0) and 5.0 mg hentri-
acontanoic (C31:0) acids; approximately 99%
pure by GC (Sigma, MO, USA) were weighed
into a 100 ml volumetric flask, and the volume
was completed with chloroform, so the final
concentrations were 0.06, 0.04, 0.14, 0.12, 1.45,
0.08, 0.80, and 0.05 mg ml–1, respectively. 1-
nonadecanoic acid (C19:0), approximately 99%
pure by GC (Sigma, MO; USA) at 1 mg ml–1 in
chloroform as internal standard (IS) solution
was used. Methylating solution of sulphuric
acid-methanol (2:98, v/v), a neutralizing solution
of NaOH at 1 M, as well as a working standard
solution of D003 at 0.945 mg ml–1 in chloroform,
were prepared. All these solutions were found
to be stable for at least 1 month when stored at
+8 °C.

Sample preparation 
An amount of powdered tablets equivalent

to the mass of one tablet was added to a 10 ml
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test tube with screw cap. Then, 1 ml of the IS
solution and 3 ml of chloroform were added,
and the tube was heated at 80 °C for 15 min
with occasional shaking. The extract was hot fil-
tered to a test tube, and 1 ml of the filtrate was
transferred to another test tube. The content of
the vial was evaporated to dryness at 80 °C with
air flow. 1 ml of 2% sulphuric acid-methanol so-
lution and 1 ml of n-hexane were added. The
vial was heated at 80 °C for 15 min, in which an
occasional shaking was used. Afterwards, 2 ml
of the neutralizing solution and 1 ml of n-hex-
ane were added and it was smoothly shaken for

3 min. Finally, it was allowed to rest the sample
5 min, and 1 µl portions of the n-hexane phase
were analysed by GC.

Identification and Calibration
FAME identification criterion was the relative

retention to the C19:0 acid. For this, it was used
as a reference the analysis of a D003 active in-
gredient, which had been previously analysed
by GC coupled with a selective mass detector.
The mass (mg) of each acid was obtained by
the internal standard method according to the
following equation 11:

Where:  f m
i = relative mass response factor for compound i.

In order to determine f m
i , 0.5 ml of the stock

solution and 0.25 ml of IS solution were added
to a 4 ml vial. The content of the vial was evap-
orated to dryness at 80 °C with air flow. 1 ml of
2% sulphuric acid-methanol solution and 1 ml of
n-hexane were added. The vial was heated at 80
°C for 15 min, in which an occasional shaking
was used. Afterwards, 2 ml of the neutralizing

solution and 1 ml of n-hexane were added and
it was smoothly shaken for 3 min. Finally, it was
allowed to rest the sample 5 min, and 1 µl por-
tions of the n-hexane phase were analysed by
GC.

The equation used to calculate this factor
was:

Area of internal standard x Mass of standard i
f m

i =
Area of standard i x Mass of internal standard

Commercial standards of C32:0, C33:0, C34:0,
C35:0, and C36:0 acids are not available, then the
of C30:0 acid was used for C32:0, C34:0 and C36:0
acids, and the  of C31:0 acid was used for C33:0
and C35:0 acids. The total mass of D003 was
considered as the addition of the masses of each
individual fatty acid. This value was corrected
by taking into account the sample mass and
tablet average mass.

Validation of Test Procedure
The parameters of validation evaluated in

this paper were specificity, linearity, accuracy
and precision. On general form, the recommen-
dations from International Conference on Har-
monization (ICH) to measure the main compo-
nent in a medicinal product were taken into ac-
count 12.

To assess the specificity, the chromatograms
of placebo, IS and tablets stressed under degra-
dation conditions were compared with those of

original tablets. The tablets subject to stress con-
ditions were previously crushed to a fine pow-
der, and afterwards it was performed as follows:
thermolysis (105 °C, 2 weeks); base and acid
hydrolysis (sample suspended in 0.1 M of sodi-
um hydroxide and hydrochloric acid, at 1 g in
10 ml, at 105 °C, 1 day); oxidation (sample sus-
pended in 30% hydrogen peroxide, at 1 g in 10
ml, at 25 °C, 7 days); and photolysis (254 nm
UV light, at 25 °C, 7 days). These tests were per-
formed in neutral glass ampoules, which were
flushed with nitrogen and sealed (n = 3). Peak
purity was checked by GC/MS analysis.

In order to measure the time that the current
method requires for completing the methylation
reactions, the next reaction times: 10, 30, 60, 90
and 120 min were evaluated (n = 5). To know if
there were significant differences between the
results in the five evaluated times, it was ap-
plied the Student (t) test for dependent samples
(P = 0.05).

Area of compound i x Mass of internal standard x f m
i

Mass of compund =
Area of internal standard
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The linear relationship between the amount
found of D003-FAs (y) versus the amount added
of D003-FAs (x) over the range 37.8-151% of the
nominal concentration was studied. So, 120 mg
of placebo were spiked with 2, 3, 4, 5, 6, 7 and
8 ml of the D003 working standard solution,
and the samples were evaporated to dryness.
Then, three independent determinations were
performed in each case by the method.

The regression lines were calculated by the
method of least squares. Very well linearity was
fixed according to the following parameters: a)
Correlation coefficient ≥ 0.99; b) Relative stan-
dard deviation of response factor (RSDf) ≤ 5%,
where response factor is defined as y/x, and c)
Relative standard deviation of slope (RSDb) ≤
2%, with

SDb
RSDb(%) = x 100

b

where SD is the standard deviation of the slope.
To prove no bias, the zero value should be in-
cluded in the confidence intervals (CI) of the in-
tercept:

CI = a ± t SDa

where SDa is the standard deviation of the inter-
cept.

Accuracy was assessed by a recovery study.
Average recovery was checked to 100% with the
Student’s (t) test for P = 0.05. The experimental
value of t was calculated as follows:

| 100 – Recovery | √ n
t exp =

RSD

To determine if the concentration factor af-
fects the results, the Cochran test (P = 0.05) was
used.

The precision study involved to carry out
both current and previous 10 methods. For this,
an analyst, who performed 10 replicates under
the same conditions in a day by two methods,
assessed the repeatability. On the other hand,
two analysts performed 3 replicates under the
same conditions in three days, each one apply-
ing independently one of the methods.

The particular values of RSD were evaluated
by comparison with the RSDs from the Hor-
witz’s criterion 13, which take into account the
proportion of the compound in the sample. In
addition, Fisher’s (F) and Student’s (t) tests for P
= 0.05 were applied to determine significant dif-
ferences among the 10 intra-day results obtained
by two methods and among the 9 inter-day re-
sults obtained by each analyst as well.

RESULTS AND DISCUSSION 
Specificity 

There were no coincidences among IS and
excipient peaks from placebo and FAME peaks
from D003 tablets (Fig. 1) nor extra peak was
observed in the chromatograms of tablets sub-
ject to stress conditions. Characteristic fragments
of the FAMEs were examined and interpreted
(mostly, m/z 74, 87, 143 and M+) and the data
were also compared with that observed in mass
spectral library. Taken into account these re-
sults, the method is specific even for samples
subject to degradation conditions, for that rea-
son it can be used in stability studies.

Figure 1. GC profiles of: (a) D003
tablets analysed by the current
method, (b) D003 tablets analysed by
the current method without using in-
ternal standard (IS), (c) IS, and (d)
placebo tablet, all of them after FAMEs
preparation and analysed on a 30 m
0.53 mm i.d., 1.5 µm Df, J&W Scientific
DB-5 wide-bore fused-silica capillary
column. IS = nonadecanoic acid; 1 =
tetracosanoic acid; 2 = pentacosanoic
acid; 3 = hexacosanoic acid; 4 = hep-
tacosanoic acid; 5 = octacosanoic acid;
6 = nonacosanoic acid; 7 = triaconta-
noic acid; 8 = hentriacontanoic acid; 9
= dotriacontanoic acid; 10 = tritriacon-
tanoic acid; 11 = tetratriacontanoic
acid; 12 = pentatriacontanoic acid; 13
= hexatriacontanoic acid; e = excipient
of the tablet. 
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Kinetic of the Methylating Reactions
The speed to deliver an analytical result is a

very important aspect, mainly when the method
is applied to quality control analyses. It can be
seen in Figure 2, in which were also included
the results before obtained with the previous
validated method, that the application of the
current method allows to methylate the D003-
FAs to a greater speed than the previous
method. While the latter needed 90 min to as-
sure a complete reaction, only 10 min the cur-
rent method needed. 

According to these results, the one-step ex-
traction-methylation process was found poten-
tially more appropriated to the quality control

Current Method
VLFA

r Regression lines

C24:0 0.9952 y = (0.059 ± 0.00) x - (0.001 ± 0.01)

C25:0 0.9920 y = (0.009 ± 0.00) x - (0.001 ± 0.01)

C26:0 0.9902 y = (0.039 ± 0.00) x - (0.004 ± 0.02)

C27:0 0.9931 y = (0.035 ± 0.00) x - (0.012 ± 0.02)

C28:0 0.9990 y = (0.460 ± 0.01) x - (0.015 ± 0.05)

C29:0 0.9935 y = (0.019 ± 0.00) x + (0.000 ± 0.01)

C30:0 0.9980 y = (0.200 ± 0.01) x + (0.008 ± 0.03)

C31:0 0.9921 y = (0.012 ± 0.00) x - (0.000 ± 0.01)

C32:0 0.9981 y = (0.083 ± 0.00) x + (0.012 ± 0.02)

C33:0 0.9958 y = (0.012 ± 0.00) x + (0.001 ± 0.01)

C34:0 0.9940 y = (0.093 ± 0.00) x - (0.005 ± 0.03)

C35:0 0.9942 y = (0.004 ± 0.00) x - (0.000 ± 0.01)

C36:0 0.9912 y = (0.030 ± 0.00) x - (0.004 ± 0.01)

Total 0.9991 y = (1.006 ± 0.02) x- (0.021 ± 0.12)

Table 1. Linearity on GC determination of 5-mg D003 in film-coated tablets by the current method. r, correlation
coefficient.

Figure 2. Graphic comparison between the methyla-
tion kinetics of FAs composing D003 in 5-mg film-
coated tablets by current and previous methods.

and stability studies of the D003 tablets. So, it
was submitted to other validation parameters. 

Linearity and Accuracy 
The correlation coefficients and regression

lines are shown in Table 1. In all cases the cor-
relation coefficients were ≥ 0.99. The zero was
included in the CI of the intercepts, thus all the
lines passed through the origin proving no bias.
Besides, for the determination of the total D003-
FA content, the RSDf and RSDb were 1.42% and
0.99%, respectively. All evaluated statistical pa-
rameters fulfilled the acceptance criteria; there-
fore the method was linear. 

The total mean recoveries from spiked sam-
ples was 100.2%, with RSDs < 1.21%. These
high recoveries were possible because of the
addition of the IS at the beginning of the extrac-
tion. In all cases the experimental t values were
lower than tabulated t for P = 0.05 (Table 2), so
the recoveries and 100% values were not signifi-
cantly different, neither for each amount added
(t tab = 4.303) nor for the total average recovery
(t tab = 2.085). These results ensured good accu-
racy. In addition, the Gexp was 0.525, which was
lower than the tabulated value (0.5612). There-
fore, the added amount factor did not affect the
variability of results by the method. 

Precision 
Good results were obtained in the intra-day

study (Table 3), only the RSD in the determina-
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tion of the minority C25:0 acid (6.0%) was higher
than its acceptance criterion (5.7%). However,
this case did not affect the RSD for the total
D003-FA determination (1.06%), which was low-
er than its acceptance criterion (2.8%). The same
took place for the inter-day study, in which the
RSD for total D003-FA determination (0.8%) was
also lower than the already mentioned accep-
tance criterion. 

Comparison between current and previous
methods 

On intra-day study, significant differences
were not found either between the precision or
between the means obtained from the two
methods by the same analyst. It was demon-

Current Method
Amount added (mg)

Mean recovery ± SD (%) RSD (%) texp

1.89 101.06 ± 1.060 1.05 1.748
2.84 100.50 ± 1.055 1.05 0.577
3.78 100.35 ± 1.193 1.19 0.509
4.72 98.66 ± 2.134 2.16 1.074
5.67 99.94 ± 0.365 0.36 0.289
6.61 99.95 ± 0.312 0.31 0.279
7.56 101.06 ± 0.480 0.48 3.825

Total 100.20 ± 1.213 1.21 0.757

Table 2. Accuracy on GC determination of 5-mg D003 in film-coated tablets by the current method. t tab (0.05;2)
= 4.303; t tab (0.05;20) = 2.085.

Current Method Previous Method
Precision VLFA

Mean (mg) ± SD RSD (%) Mean (mg) ± SD RSD (%)

C24:0 0.07 ± 0.002 2.86 0.09 ± 0.002 2.22
C25:0 0.05 ± 0.003 6.00 0.06 ± 0.003 5.00
C26:0 0.17 ± 0.008 4.70 0.16 ± 0.003 1.88
C27:0 0.13 ± 0.003 2.31 0.12 ± 0.004 3.33
C28:0 2.02 ± 0.016 0.79 1.90 ± 0.031 1.65
C29:0 0.09 ± 0.003 3.33 0.10 ± 0.005 5.00

Intra-daya C30:0 1.04 ± 0.009 0.86 1.09 ± 0.017 1.56
C31:0 0.06 ± 0.002 3.33 0.07 ± 0.002 2.86
C32:0 0.50 ± 0.004 0.80 0.52 ± 0.009 1.73
C33:0 0.07 ± 0.001 1.43 0.08 ± 0.009 11.25
C34:0 0.59 ± 0.008 1.36 0.68 ± 0.011 1.62
C35:0 0.03 ± 0.001 3.33 0.04 ± 0.001 2.50
C36:0 0.20 ± 0.004 2.00 0.22 ± 0.004 1.82
Total 5.02 ± 0.053 1.06 5.00 ± 0.075 1.50

Inter-dayb Total 4.99 ± 0.040 0.80 4.98 ± 0.050 1.00

Table 3. Precision on GC determination of 5-mg D003 in film-coated tablets by the current and previous meth-
ods. a The values indicate the mean of the 10 replicas analysed. b The values indicate the mean of 3 replicas
analysed by 3 days.

strated through the experimental F and t values
(1.56 and 0.193, respectively), which were lower
than the critical values (3.18 and 2.101, respec-
tively) for P = 0.05.

In the case of inter-day study, after assessing
experimental F and t values (2.31 and 0.895, re-
spectively), these were lower than critical values
(3.44 and 2.120, respectively) for P = 0.05.
Therefore, it was also demonstrated that signifi-
cant differences between the precision or be-
tween the means obtained from the two meth-
ods by different analysts were not found. 

All these results proved that through both
current and previous methods are gotten equiv-
alent quantitative determinations from the D003-
FAs present into the analysed tablets. 
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CONCLUSIONS
The current analytical method for GC deter-

mination of the FAs composing D003 in 5-mg
film-coated tablets proved to have suitable
specificity, linearity, precision and accuracy.
This method based on one-step extraction-
methylation process, not only demonstrated to
be equivalent with the previous validated
method as for the quantitative result, but also
showed to consume less time to complete the
acid-catalysed reaction than the previous one.

The speed to reach the analytical result by
the current method, let to this one to be select-
ed as the most convenient for the quality con-
trol and stability studies of the analysed tablets.
The fact that the current method is faster than
the previous one, let those to be more conve-
nient for the quality control and stability studies
of the analysed tablets.
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