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SUMMARY. Fast release capsules, containing sertraline hydrochloride, pregelatinized maize starch and
microcrystalline cellulose were formulated. For this purpose, different technological assays were elaborat-
ed being the formulation 2 selected as the better technological variant. Dry powders were filled into hard
gelatin capsules. From this formulation were derived capsules with satisfactory technological properties.
The quantification of sertraline through HPLC UV detection method was validated for accuracy, preci-
sion, linearity and selectivity. The method was linear over the concentration range 0.5 to 0.75 mg/mL and
was shown to be highly reproducible. It could be used, without any interference of capsule excipients, for
determination of sertraline from solid dosage form. Hard capsules showed an adequate stability during 24
months demonstrating the feasibility from the process of production of this formulation. Parameters, f1
and f2, were used to confirm similarity of dissolution, in deaerated distilled water, of test formulation and
capsules of Prosertin as reference product.

INTRODUCTION
Depression, a common mental disorder, is a

chronic or recurrent illness that affects both eco-
nomic and social functions of patients and can
eventually lead to suicidal behaviour. The selec-
tive serotonin reuptake inhibitors (SSRIs) are the
most widespread class of second-generation an-
tidepressant drugs and are in fact becoming the
drugs of first choice for the treatment of depres-
sion. SSRIs block the reuptake of serotonin at
central synapses selectively and powerfully. SS-
RIs have a therapeutic efficacy similar to that of
traditional, tricyclic antidepressants, but have a
much more favourable side- and toxic-effect
profile; furthermore, the former are also very
useful in the treatment of depression-related dis-
orders, such as anxiety, panic and obsessive-
compulsive disorders. The members of this class
are fluoxetine, citalopram, paroxetine, sertraline
and fluvoxamine 1,2.

Several methods for analytical determina-
tion of sertraline in biological samples or in
pharmaceutical formulations have been devel-
oped 3. The majority of these methods are based
on high performance liquid chromatography
(HPLC) 4-6. The literature indicates others meth-
ods such as ultraviolet and visible spectropho-
tometry 7 and thin layer chromatography 8. Re-
cently, a liquid chromatographic/tandem mass

spectrometric was reported 9. However, it is not
included in any pharmacopoeia.

To get an optimal therapeutic action, an ac-
tive pharmaceutical substance should be deliv-
ered to its site of action in an effective concen-
tration. To allow reliable prediction of the thera-
peutic effect, the performance of the pharma-
ceutical preparation should be characterized by
in vivo and/or in vitro studies. Approval of mul-
tisource formulations using comparative in vitro
dissolution studies should be based on genera-
tion of comparative dissolution profiles rather
than a single point dissolution test.

When comparing the multisource products,
dissolution profiles can be compared using the
similarity factors 10. Moore & Flanner 11 have
proposed a similarity factor, f2, for comparison
of dissolution profiles that has been adopted in
SUPAC IR guidelines 12.

The aim of the present study was the tech-
nological development of fast release hard
gelatin capsules formulation of sertraline hy-
drochloride and comparison with two reference
products using similarity factors, f1 and f2. Fur-
thermore, to validate HPLC UV detection analyt-
ical method to quantify sertraline in hard cap-
sules, and evaluates the stability, during 24
months, of the proposed formulation.
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MATERIALS AND METHODS
Materials

The following reagents were used: sertraline
hydrochloride (Zydus Cadila, India), pregela-
tinized maize starch (Roquette, Italia), micro-
crystalline cellulose (MCC pH-250, Blanver,
Brazil), maize starch (Roquette, Italia), lactose
(Borculo, Holland), sodium lauryl sulphate
(Basf, Alemania), magnesium stearate (Otto Bar-
locher GmbH, Germany) and colloidal silicon
dioxide (Aerosil, Blanver, Brazil). As reference
products, capsules of Prosertin, Mexico (Lot
4484) and tablets of Cipla, India (Lot-DA4262)
were employed. All other chemical and solvents
were of analytical reagent grade.

Preparation of sertraline hydrochloride
fast release hard capsules

The composition of the evaluated formula-
tions is listed in Table 1, where amounts of
sodium lauryl sulphate, magnesium stearate and
aerosil used were constants. Three batches of
fast release hard gelatin capsules of sertraline
(Formulation 2) were filled with dry powders
using a semi-automatic machine Doot Bonapace
(Italy). Each capsule of 250 mg (size No. 2) con-
tained 50 mg of sertraline clorhydrate. 

Formulations (% w/w)
Components

F1 F2 F3

Sertraline clorhydrate 22.39 22.39 22.39
Pregelatinized maize starch - 16.85 16.85
Lactose 59.46 - 59.46
Maize starch 16.85 - -
Microcrystalline cellulose - 59.46 -

Table 1. Composition of evaluated dry powders for-
mulations.

Dt – Db
C = . 100 [1]

Dt

Evaluation of sertraline hydrochloride
capsules (Formulation 2)

The disintegration time, in minutes, was de-
termined by using a disintegrator Pharma Test
(Germany) apparatus. Deionized water at 37 ± 1
°C was used as immersion medium. All mea-
surements were made in triplicate. 

The percentage of drug dissolved was mea-
sured using paddle method with stirring speed
of 50 rpm, in 900 mL deaerated distilled water at
37 ± 0.5 °C, dissolution time was 45 min using a
dissolution tester (Pharma Test, WS3C, Ger-
many). Six capsules of each batch were evaluat-
ed. Dissolution profile was made taking samples
at 5, 10, 15, 20, 30 and 45 min of 1 mL each one
and the same volume of fresh dissolution medi-
um was returned to the vessel. The method was
carried out in the quality control laboratory of
the Cuban enterprise.

The amounts of drug released from capsules
and assay were analyzed using a HPLC KNAUER
(Germany). The chromatographic determina-
tions of sertraline by proposed HPLC UV detec-
tion method (275 nm) employed C18 100A Luna
(15 cm x 4.6 mm, 5 µm particle size) column
(USA) and a mobile phase compound for sodi-
um heptanesulfonate (0.20%), sodium phos-
phate dibasic (0.04%) and water (99.75%). It
was pumped at a flow rate of 1.0 mL/min with
an injection volume of 20 µL. The column was
thermostated at an ambient temperature.

Validation and stability studies
The drug concentration was determined by

using proposed chromatographic method. Lin-
earity and interval was evaluated with solutions
containing 0.25; 0.4; 0.5; 0.6 and 0.75 mg/mL of
sertraline hydrochloride which correspond with
50%, 80%, 100%, 120% and 150%, respectively,
analyzed by triplicate. The calibration curve ob-
tained was analyzed through linear regression,
in which the correlation coefficients, equation, t
Student were calculated. The calibration curve
for HPLC analysis was constructed by plotting
the peak area of drug against the drug concen-
tration 15. 

Accuracy of the chromatographic assay was
verified by means of the recovery test 16. The
precision was verified by evaluating repeatabili-
ty and intermediate precision. Intraday variabili-
ty of the assay method was determined by re-
peated analysis of three quality control samples
at low (80%), medium (100%) and high (120%)
concentrations on the same day (n = 3). 

Evaluation of dry powders
The mean particle size and the size distribu-

tion of powders were measured by applying a
shaking sieve with a set of sieves consisting of
sieves with 250, 80, 63, 45, 32 µm apertures.

The flow rate was determined according to
the fixed-funnel method 13. Each reported value
is the average of three determinations.

For the determination of bulk and tap densi-
ties, an appropriate amount of the sample was
poured in a 100 mL tared graduated cylinder.

The volume was then read directly from the
cylinder and used to calculate the bulk density
(Db) according to the mass/volume ratio. For
tap density (Dt) the cylinder was tapped 1000
times using a tap density analyzer (Erweka
SVM1, Germany). The Carr index (C) was mea-
sured and calculated from equation [1] 14.
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Intermediate precision of the method was
tested on both the between day and between
analysts. Inter-day variability of the assay
method was determined by repeated analysis of
control samples at 100% concentration on two
different days (n = 3). Similarly, inter-analysts
variability was determined by repeated analysis
of control samples at 100% concentration on
two different analysts (n = 3). The variation co-
efficient of the results, the parameters t Student
and Fisher were calculated.

The selectivity of the method was deter-
mined by assessing the influence of the excipi-
ents of formulation. The chromatographic deter-
minations were carried out on mixes of the ex-
cipients of test preparation, without sertraline,
test solid formulation and standard solution of
sertraline 0.5 mg/mL. 

For the robustness study, different analytical
columns, C18 100A Luna (250 x 4.6 mm) 5 µm
particle (USA) and Nucleosil C18 (250 X 4.6 mm)
5 µm particle size (Germany), were employed.
The variation in the flow-rate was also studied.

Batches of Sertraline capsules were exposed
at 30 °C ± 2 °C / 70 % RH ± 5 % for 24 months.
The disintegration time, the percentage of drug
dissolved and assay of capsules were deter-
mined at initial, 6, 12 and 24 months.

Similarity and dissimilarity factors
The similarity factors f1 and f2, were per-

formed to compare the drug percent dissolved
between the test formulation and reference
products. For dissolution profile to be consid-
ered similar, the value of f1 should be lower
than 15 and the value of f2 should be between
50 and 100 12,17.

RESULTS AND DISCUSSION
The experimental results of evaluated dry

powders are given in Table 2. From those results,
it can be seen that amount of MCC pH-250 has
more influence on the flow rate and size particle
of the powders. It was supposed that as high par-

Formulations
Property

F1 F2 F3

Particle size (µm) 82.22 ± 0.02 147.04 ± 0.12 97.87 ± 0.10
Dmáx = 0.176 Dmáx = 0.134 Dmáx = 0.172

Flow rate (g/cm2s) 5.78 ± 0.20 12.63 ± 0.01 4.56 ± 0.06
Bulk density (g/cm3) 0.62 ± 0.01 0.49 ± 0.11 0.59 ± 0.02
Tap density (g/cm3) 0.90 ± 0.10 0.68 ± 0.01 0.85 ± 0.05
Carr’s Index (%) 31.1 ± 0.01 27.9 ± 0.25 30.6 ± 0.04

Table 2. Properties of dry powders (mean ± DS). Dmáx: from Kolmogorov-Smirnovn test (Dmáx < Dcritic = 0.486).

ticle size of MCC pH-250, generates good flowa-
bility of powders. The inclusion of MCC decreased
both densities values in formulation 2. Particle size
and the free spaces among particle increased,
then volume for the same mass augment too.
However, densities values of F1 y F3 are high as a
result of percent of small particle (> 70%) of dry
powders. Independent of composition of formula-
tions, distribution of particle size showed a normal
behaviour (Dmax < Dcritic = 0.486).

Carr’s Index showed similar behaviour with
bulk and tap densities; it is caused by Carr’s
mathematical definition. Direct measured of
granulates flowabilty (flow rate) are not in con-
cordance with indirect measured. Many studies
suggest the results of flow properties depend
upon the manner in which the test is formed 18.
Results can also vary due to differences in the
way of the samples are handled prior to mea-
surement 19. For these reasons, is recommended,
for practical purposes, to use direct methods to
evaluate fluidity.

The formulation having the highest flow rate
(Fr ≥ 7 g/cm2s) and acceptable size particle, For-
mulation 2, was considered the best and further
batches were prepared keeping % pregela-
tinized maize starch and MCC pH-250, as direct
compressible diluents, according to its composi-
tion. Therefore, the formulation 2 was selected
as the better technological variant. 

Capsules properties of the hard gelatin cap-
sules containing 50 mg sertraline hydrochloride
are given in Table 3. The three batches fulfill all
the constraints for the rapidly disintegrating cap-
sule. The disintegration time (t < 30 min), the
percentages of dissolved drug higher than 80%
and values of assay from between 90 % and 110
% are within acceptable limits. 

Analytical validation is one of the basic ele-
ments in quality systems. The validation of an
analytical method affords a greater degree of re-
liability to the data obtained. The resulting find-
ings are directly proportional to the quality of
the processes designed to obtain such data 20.
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The calibration curve (Fig. 1) was obtained
through the peak area of different concentrations
of sertraline and showed that, within the interval
of 0.5 to 0.75 mg/mL, the method is lineal and
presents a correlation coefficient (r) of 0.9996, as
described in Table 4. Linearity determines the re-
gion of the response or quantification curve, in
which a direct relationship between the signal
given by the instrument and the concentration of
the product analyzed exists 15. 

Inter-day and inter-analysts precision and ac-
curacy of method were assessed by analyzing of
samples at 100% concentration (0.5 mg/mL),
and results are given in Table 4. The high per-
centage of recovered sertraline shows that the
method can be considered as being exact. This
is to mean that the values obtained in its deter-
mination are close to true values. Recovery per-
centage values from between 98% and 102% are
considered as being acceptable 15.

The repeatability of the sertraline concentra-
tion values from low, medium and high concen-
trations, indicate that the method is precise (CV
≤ 2%). The results for intermediate precision
were also satisfactory. This analysis was comple-

Time (months)
Parameters

Initial 6 12 24

Disintegration (n = 6) B*1 11.0 ± 1.1 13.0 ± 1.1 12.0 ± 1.1 14.0 ± 1.1
(t < 30 min) B2 13.0 ± 1.1 15.0 ± 1.1 14.0 ± 1.1 16.0 ± 1.1

B3 11.0 ± 1.1 12.0 ± 1.1 13.0 ± 1.1 15.0 ± 1.1

Dissolution (n = 6) B1 95.8 ± 1.5 92.4 ± 1.9 92.7 ± 2.5 94.3 ± 1.5
(Q ≥ 80% in 45 min) B2 95.9 ± 2.5 94.7 ± 2.5 92.5 ± 0.7 91.8 ± 1.8

B3 95.1 ± 3.3 93.4 ± 1.7 93.6 ± 1.7 92.5 ± 0.7

Assay (n = 20) B1 101.4 ± 1.1 100.9 ± 0.5 98.1 ± 0.8 97.9 ± 0.5
(90.0 – 110.0 %) B2 101.3 ± 1.1 100.3 ± 0.6 97.2 ± 0.5 97.8 ± 1.0

B3 101.6 ± 1.3 101.7 ± 0.6 97.3 ± 0.5 96.1 ± 0.3

Table 3. Results of test capsule formulation (mean ± DS). B*: batch.

Figure 1. Calibration curve of sertraline hydrochloride
(n = 3).

mented with a Fisher’s F and Student t tests. The
consistency found in all of these results con-
firms the precision of the method.

According to the described conditions, the
proposed method has not the interferences with
the excipients used in the capsule formulation.
Typical chromatograms of sertraline standard,
excipients of capsule formulation without sertra-
line and hard capsule formulation with sertraline
are shown in Figure 2.

In robustness study, different analytical
columns, as mentioned in experimental section,
were successfully used with no significant varia-
tions in the chromatography results. Variation in
flow-rate resulted in the change in retention
times, prolonging the chromatogram time. A
low flow-rate (0.6 mL/min) sertraline standard
and sample of sertraline capsule formulation re-
tention times (9.083 min and 9.017 min, respec-
tively) were more prolonged (Fig. 3) from those
to 1.0 mL/min as flow-rate (Fig. 2). Neverthe-
less, no single parameter, extended to specific
limits, resulted in a dramatic adverse effect on
the system suitability. 

Consequently, the proposed method is suffi-
ciently accurate and precise in order to be ap-
plied to pharmaceutical dosage forms. The pro-
posed method could be used to quality control
and stability study of selected formulation of
sertraline. 

With regard to the stability of the hard
gelatin capsule selected formulation (Formula-
tion 2), the values obtained are found in Table
3. The utility of this method was verified by
means of replicate estimations from the test cap-
sules through 24 months. Disintegration time’s
values of less than 30 min, the percentages of
dissolved drug higher than 80% during two
years and the values of assay from between 90%
and 110% are considered as being acceptable.
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The dissolution data (Table 5) of test formula-
tion in deaerated distilled water was compared
with the dissolution data of reference products,
using f1 and f2 parameters. The values of f1 and
f2 (Table 5) indicate that the release profile of
test solid dosage form is comparable with and in
a good agreement with Prosertin, reference prod-
uct. Whereas for Cipla (tablet, 50 mg), the value
of f2 was 37.54, indicated the dissimilarity be-
tween release profiles of both products is high. 

The formulation 2 was selected as the better
technological variant. From this formulation
were obtained capsules with satisfactory techno-
logical properties. The chromatographic assay
was a selective, linearity, precise and repro-
ducible method for the separation and determi-
nation of sertraline in pharmaceutical capsules,
from the rest of excipients used to prepare the
solid dosage form.

Application of the suggested method was
successfully applied to the determination of ser-
traline in capsule formulation during the stability
study. Hard capsules showed an adequate sta-
bility during 24 months demonstrating the feasi-
bility from the process of production of this for-
mulation. Similarity and dissimilarity factors, f1
and f2, confirmed similarity of dissolution, in
deaerated distilled water, of test formulation and
capsules of Prosertin as reference product. 

Parameter Results Limits

Y = 2856.51X + 61.08 Y= bx + a
r = 0.9996 r ≥ 0.99
r2 = 0.9993 r2 ≥ 0.98
texp < ttab(α=0.05, n=13) Non-significative intercept texp < ttab
texp = 0.31 < 2.16 ttab = 2.16
CVf = 0.0272% CVf < 5%

Y= 1.0032X - 0.2719 Y= bx + a
r = 0.9999 r ≥ 0.99
r2 = 0.9998 r2 ≥ 0.98
b = 1.0032 b=1

R total = 99.80% R total = 98-102%
CVtotal = 0.50% CV total ≤ 2.0 %

texp = 0.98 < 2.571 Student t test
texp < t tab ( 2.571 )

CV 80% = 1.58%
CV 100% = 0.89% CV ≤ 2.0 %
CV 120% = 0.31%

CV = 0.89% CV total ≤ 2.0 %

Fexp = 0.1334, t exp = 0.6423 Fisher (F) and Student (t) between analysts
F tab = 5.05 , t tab = 2.23

F exp = 0.4505, t exp = 0.0753 Fisher (F) and Student (t) between days
F tab = 5.05 , t tab = 2.23

Table 4. Analytical data summary obtained by the HPLC UV method.

Figure 2. Chromatograms of (a) sertraline standard
(0.5 mg/mL), (b) excipients of capsule formulation
without sertraline and (c) hard capsule formulation
with sertraline (0.5 mg/mL).
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