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Pregabalin is an effective drug used for the treatment of epilepsy, neuropatic pain and anxiety. In this study, a simple and sensitive HPLC
method was developed and validated for the determination of pregabalin after derivatization with 1-fluoro-2,4-dinitrobenzene and UV
detection at 360 nm. Separation of reaction product was performed on a Nova-Pak C;s column using a mixture of acetonitrile and sodium
dihydrogen phosphate 50 mM (pH 2.5) (60:40, v/v) and UV detection at 360 nm. The proposed method showed excellent linearity in the

method was successfully used for the determination of pregabalin in the presence of its degradation products under stress degradation,

INTRODUCTION

Pregabalin (Fig. 1), (S)-3-(aminoethyl)-5-methyl hexanoic
acid, is a structural analogue of y-amino butyric acid (GABA)
which is used for the treatment of epilepsy, neuropathic pain
and also generalized anxiety. Pregabalin and gabapentin bind
with high affinity to 00 protein, an auxiliary subunit of Q-
type voltage-sensitive calcium channels in the peripheral and
central nervous system'. Binding to 08 protein, results in
calcium influx reduction at nerve terminals which leads to
reduction of neurotransmitters such as glutamate and norad-
renaline and abnormal neuronal excitability™”.

Fig. 1. Chemical structure of pregabalin

Determination of pregabalin in biological fluids has been
reported using LC-MS-MS*’ or HPLC methods®®. Few HPLC
methods have also been used for analysis of pregabalin in
pharmaceutical dosage forms®''. Enantioselective methods

range of 1-100 ug mL™" (r* > 0.999). The within-day and between-day precision values were in the range of 0.84-1.98 %. The validated |
assay preparation of dosage form and dissolution medium without any interference. :

Key Words: Pregabalin, 1-Fluoro-2,4-dinitrobenzene, HPLC, Derivatization, UV detection.

were also used for determination of pregabalin enantiomers
in bulk drug sample or biological samples'*'.

As pregabalin has no significant UV, visible or fluore-
scence absorption, in most reported HPLC methods derivati-
zation with a chromophore has been employed. Different
derivatizating reagents such as o-phthaldialdehyde®', picryl
sulfonic acid’ and fluorescamine’ with fluorescence detection
has been utilized in previous works. Spectrophotometric and
spectrofluorimetric methods were also reported in the literature
for determination of pregabalin in pharmaceutical dosage
forms'>'.

Pregabalin is not official in USP or BP, simple and vali-
dated methods are required for assay determination of the drug
in dosage forms. In the present study, an HPLC method with
UV detection is used for the determination of pregabalin after
derivatization with 1-fluoro-2,4-dinitrobenzene (FDNB). This
reagent has been successfully used before for determination
of some other drugs'”". The developed method was validated
according to the International Conference on Harmonization
(ICH) guidelines.

EXPERIMENTAL

Pregabalin was from Sun Pharma, India (batch No:
AHJPRGFLO18) and was kindly provided by Bakhtar
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Bioshimi Co., Kermanshah, Iran. Derivatizing reagent, 1-
fluoro-2,4-dinitrobenzene, was from Fluka (Switzerland). All
other chemicals and HPLC grade solvents were purchased from
Merck (Darmstadt, Germany). Water was HPLC grade and
prepared using a Milli-Q purification system (Millipore,
Milford, MA, USA).

A Waters HPLC system consisted of a Model 515 isocratic
pump, a Model 710 plus autosampler and a Model 480
UV-VIS detector was used. A multi-channel Chrom & Spec
software for chromatography (version 1.5x) was used for data
processing.

Standard solutions: To prepare the stock standard
solution of pregabalin, 20 mg of drug was dissolved in 100
mL of distilled water to reach a concentration of 200 ug mL™".
Calibration solutions of pregabalin (1, 2, 4, 10, 20, 40, 60, 80
and 100 ug mL™") were prepared by subsequent dilution.

A 16 mM solution of 1-fluoro-2,4-dinitrobenzene was
prepared by dissolving 300 mg of the reagent in 100 mL of
acetonitrile. The reagent is a skin irritant and should be handled
carefully.

Borate buffer (0.25 M) was prepared by dissolving
appropriate amounts of KCI and H;BOs in distilled water and
the pH was adjusted to 8.2.

Derivatization procedure: Aliquots of 500 uL of
pregabalin standard solutions, 500 uL of borate buffer, 75 uL
1-fluoro-2,4-dinitrobenzene reagent and 2 mL of acetonitrile
were transferred into a test tube. The mixture was vortexed
for 5 s and kept at 60 °C for 0.5 h. After cooling to the laboratory
temperature, 75 uL. of 1 M HCl solution was added and 20 L.
of the solution injected to the HPLC system.

Chromatographic conditions: Separation of the reagent
and reaction product was performed on a Nova-Pak® Cis, 4
pm column (150 mm X 3.9 mm, Waters, Milford, MA, USA)
by using a mobile phase consisted of acetonitrile and 50 mM
NaH,PO, (pH 2.5) (60:40, v/v) at a flow rate of 1 mL min™.
The mobile phase prepared daily and degassed by filtration
through a 0.45 m Teflon membrane filter (Millipore, Milford,
MA, USA) and also sonicated for 10 min. The maximum
absorption of the pregabalin-1-fluoro-2,4-dinitrobenzene
adduct (360 nm) determined by UV spectrophotometer was
used for HPLC analytical detection wavelength at ambient
temperature.

Optimization of reaction conditions: The reaction condi-
tions were optimized by using different amount of the 1-fluoro-
2,4-dinitrobenzene reagent ranging from 25-200 pL, different
temperatures (25,40 and 60 °C) and reaction times (5-60 min).

Validation of the method: To find out the linearity of the
proposed method, six series of pregabalin calibration solutions
in the range of 1-100 pg mL™" were prepared and derivatized
according to the general procedure and injected to the HPLC
system. The calibration curves were plotted and statistical
analysis was performed.

Within-day and between-day accuracy and precision were
evaluated by replicate analysis of standard solutions of
pregabalin at 1, 40 and 100 ug mL" on one day and three
separate days.

The robustness of the proposed method was evaluated by
small changes in chromatographic conditions such as mobile
phase composition and pH value.

Relative recovery: To find out the relative recovery of
the proposed method, standard solution of pregabalin was
added to an amount of capsule content equivalent to 50 % of a
dosage form. Determination was performed according to the
developed method and the obtained peak area compared with
that of corresponding peak of the same concentration of
standard solution of pregabalin and the relative recovery
calculated.

Forced degradation studies: Degradation of pregabalin
was studied at a concentration level of 1 mg mL™" using 5 M
HCI, 5 M NaOH and 30 % H,O, according to Kasawar and
Farooqui''. After 3 h exposure to these solutions, 500 uL of
each solution was transferred to a 10 mL volumetric flask and
appropriate amounts of NaOH or HCI was added for neutrali-
zation. The flasks were adjusted to the volume by distilled
water and the samples were derivatized according to the
general procedure. The peak area of the pregabalin-1-fluoro-
2,4-dinitrobenzene product was compared with that of a
standard solution of pregabalin derivatized by the same
procedure and the percent of degradation was calculated.

Application of the method: The optimized method was
used for the analysis of pregabalin in LYRICA (75 mg)
capsules (Pfizer, GmbH Arzneimittelwerk Godecke, Freiburg,
Germany). An amount of a mixture of 20 capsule contents
equivalent to 75 mg of pregabalin was weighed and transferred
to a 100 mL volumetric flask. About 70 mL of distilled water
was added and the mixture sonicated for 15 min. After cooling,
the flask made up to volume by distilled water and passed
through a 0.45 um syringe filter. After 20 times dilution and
derivatization, the drug concentration was determined by using
a standard solution of the same concentration level prepared
by the same procedure.

Also the drug release was determined using a dissolution
apparatus (Erweka, Heusenstomm, Germany) at 37 £ 0.1 °C.
The paddle apparatus at 50 rpm and 900 mL of 0.06 M HCl as
medium were used. Samples were drawn at 10, 20, 30 and 45
min. The solutions were passed through a 0.45 um Millipore
filter, derivatized according to the general procedure after
adding appropriate amounts of 0.06 M NaOH to neutralize
the HCI and injected to the HPLC system. The peak area of
the pregabalin- 1-fluoro-2,4-dinitrobenzene product was com-
pared with a standard solution at maximum dissolved con-
centration (75 mg per 900 mL) and the percent drug released
was calculated.

RESULTS AND DISCUSSION

Chromatographic conditions: Optimized chromatographic
conditions was achieved by utilizing a Nova-Pak C,s column
and a mixture of acetonitrile and sodium dihydrogen phosphate
50 mM (pH 2.5) (60:40, v/v) as mobile phase. In this chroma-
tographic system acceptable peak shape and retention time
for the reaction product was observed without any interference
from the reagent by-products or pharmaceutical dosage form
excipients. Representative chromatograms are presented in
Fig. 2.

The system suitability parameters calculated for replicate
injections were within the acceptable criteria (Table-1).

Derivatization reaction: As pregabalin exhibit a low UV
absorption, derivatization with a chromophore is needed to
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Fig. 2.  HPLC chromatograms of pregabalin-1-fluoro-2,4-dinitrobenzene
product. (a) 1-fluoro-2,4-dinitrobenzene reagent (b) Pregabalin
standard solution (50 ug mL™); (c) Pregabalin in 5 M HCI solution
after 3 h in room temperature; (d) pregabalin in 5 M NaOH solution
after 3 h in room temperature; (e) pregabalin in 30 % H,O- solution
after 3 h in room temperature

increase the sensitivity of the determination method. The
derivatization reaction between 1-fluoro-2,4-dinitrobenzene
and primary amines proceeded under mild basic medium using

TABLE-1
SYSTEM SUITABILITY PARAMETERS
Parameters Found Acceptable limits
USP theoretical plates (n = 6) 3800 N> 1500
USP tailing factor (n = 6) 1.25 T<1.5
Repeatability (tz) (n = 6) 0.16 RSD<1 %
Repeatability (peak area) (n = 6) 0.62 RSD<1 %

tz: Retention time (min); N: Theoretical plate; T: Tailing factor; RSD:
Relative Standard Deviation

borate buffer (pH 8.2). A nucleophilic substitution reaction
proceeds and the unreacted 1-fluoro-2,4-dinitrobenzene
undergoes hydrolysis to 2,4-dinitrophenolate which turns to
2,4-dinitrophenol under acidic conditions.

The derivatization process leads to the formation of a
highly absorbing UV derivative at 360 nm which could be
determined with acceptable sensitivity. Different experimental
parameters affecting the derivatization reaction such as reagent
amount, reaction temperature and time were studied and opti-
mized. The derivatization reaction was performed at different
temperatures and tested at different time intervals to find out
the best temperature and time for reaction. According to the
results (Fig. 3), the optimum reaction conditions were obtained
at 60 °C for 0.5 h. At lower temperatures, the reaction rate was
slow, whereas at higher concentrations, solvent evaporation
was encountered. For stable results reaction temperature of
60 °C for 0.5 h was selected.

3000 -

2500 -

——25

2000 - 40

1500 - ——60

Peak area

1000 -

500 -

0 T T T T T T )
0 10 20 30 40 50 60 70

Time (min)

Fig. 3. Effect of time and temperature on the derivatization reaction of
1-fluoro-2,4-dinitrobenzene and pregabalin (100 ug mL™") (n = 4)

By using varying amounts of the reagent, it was shown
that the peak area intensity increases by increasing the reagent
volume from 25 uL up to 200 pL (Fig. 4). It seems that the
reaction was completed by using 75 pL of the reagent. More
reagent volumes did not increase the peak area.
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Fig. 4. Effect of reagent amount on the derivatization reaction of 1-fluoro-
2,4-dinitrobenzene and pregabalin (100 pg mL™") (n = 4) (60 °C for
0.5 h)
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Method validation: The linearity of the proposed method
was investigated by constructing six calibration curves using
the general procedure for sample preparation. The results
demonstrated good linearity with an acceptable correlation
coefficient in the range of 1-100 pg mL" (Table-2).

TABLE-2
STATISTICAL DATA OF CALIBRATION CURVES OF
PREGABALIN IN STANDARD SOLUTIONS (n = 6)

Parameters Results
Linearity range 1-100 pug mL"
Regression equation y=23.89x —2.43
Standard deviation of slope 0.15
Relative standard deviation of slope (%) 0.64
Standard deviation of intercept 0.37
Correlation coefficient (%) 0.9995

The within-day and between-day precision and accuracy
were determined at three different concentrations on three
separate days. The results summarized in Table-3 showed very
low coefficients of variation in the range of 0.84-1.98 %. The
accuracy of the method was also in the range of 0.06-1.00 %.
The limit of quantification with a CV <2 % was 1.00 ug mL"".
Assay results for LYRICA capsules by two analysts using diffe-
rent HPLC systems showed CV values less than 2 %.

TABLE-3
PRECISION AND ACCURACY OF METHOD FOR
DETERMINATION OF PREGABALIN IN STANDARD
SOLUTIONS (n =9; 3 SETS FOR 3 DAYS)

Concentration added  Concentration found CV Error
(ug mL") (ngmL™) (%) (%)
Within-day (n =3)

1 1.01£0.02 1.98 1.00

40 39.87£0.52 1.30 -0.33

100 100.06 £ 0.84 0.84 0.06

Between-day (n =9)

1 1.01£0.01 0.99 1.00

40 39.84 £0.45 1.13 -0.40

100 100.42 + 0.88 0.88 0.42

Robustness: The effect of small variations in optimal
method parameters on chromatographic parameters was
studied. The results are shown in Table-4. Ten per cent changes
in the mobile phase composition and buffer pH did not influ-
ence the peak area values significantly (CV < 1.2 %). Although
significant variations of the retention time were observed by

TABLE-4
INFLUENCE OF SMALL CHANGES IN MOBILE
PHASE COMPOSITION (METHOD ROBUSTNESS)

Mobile phase composition Ret.e wion IR

time area
Acetonitrile-NaH,PO, 50 mM (pH 2.5) (60:40) 281  492.62
Acetonitrile-NaH,PO, 50 mM (pH 2.5) (64:36) 263 49254
Acetonitrile-NaH,PO, 50 mM (pH 2.5) (56:44) 349  499.59
Acetonitrile-NaH,PO, 50 mM (pH 2.2) (60:40) 274 50935
Acetonitrile-NaH,PO, 50 mM (pH 2.2) (64:36) 235 50678
Acetonitrile-NaH,PO, 50 mM (pH 2.2) (56:44) 342 50738
Acetonitrile-NaH,PO, 50 mM (pH 2.8) (60:40) 280  503.49
Acetonitrile-NaH,PO, 50 mM (pH 2.8) (64:36) 234 50373
Acetonitrile-NaH,PO, 50 mM (pH 2.8) (56:44) 338  501.86

changing the mobile phase composition, no influence on
sensitivity and selectivity of the method was observed.

Stability: Derivatization of stock standard solutions of
pregabalin kept at 4 °C, showed that the solutions are relatively
stable for at least 7 days. Also the derivatization product was
stable for 24 h (recovery > 99 %).

Specificity: The specificity of the proposed method was
checked in the presence of excipients and also degradation
products of stress stability tests. The relative recovery of
pregabalin by using standard addition method showed exce-
llent results (99.92 + 0.58 %) and no interfering peak from
excipients was observed using the proposed method for assay
determination and dissolution test. Also, using acidic, alkaline
and oxidative degradation conditions according to the previ-
ously reported article'!, no interferences from the degradation
products were observed (Fig. 2). The results of the forced
degradation of pregabalin upon different conditions were in
good agreement to the previously reported work.

Assay and dissolution test for pregabalin: The proposed
method was used for assay determination of pregabalin
capsules and the results showed to be in good agreement with
the label claim (73.41 + 0.14 mg). The dissolution profile of
LYRICA capsules is shown in Fig. 5.
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Fig. 5. Dissolution profile of 75 mg LYRICA capsules (n = 6) using 0.06
M HCI as dissolution medium and paddle at 50 rpm

Conclusion

The results showed that the developed method is simple,
reliable, practical and economic for determination of pregabalin
in dosage forms. Although the reaction time is ca. 0.5 h,
because of the stability of the product, the procedure could be
applied in a great number of samples simultaneously and as
the retention time of the chromatographic separation is 3 min,
the overall analysis time would be acceptable and more
convenient than other reported methods. The proposed method
is superior to other methods with respect to its simplicity,
rapidity and cost effectiveness. The proposed method could
be possibly improved to be used in plasma samples, because
of the suitable determination limit.
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