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ABSTRACT

A simple, rapid, and sensitive HPLC method has been developed and
validated for the simultaneous determination of haloperidol and its
degradation products, such as cis-4-[4-(4-chlorophenyl)-4-hydroxy-1-
piperidinyl]-1-(4-fluorophenyl)-1-butanone N-oxide, 4-[4-(4-chlorophe-
nyl)-4-hydroxy-1-piperidinyl]-1-(4-hydroxyphenyl)-1-butanone, 4-[4-(4-
chlorophenyl)-3,6-dihydro-1(2H)-piperidinyl]-1-(4-fluorophenyl)-1-buta-
none and trans-4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-
fluorophenyl)-1-butanone N-oxide in pharmaceutical formulations. The
method was developed using a porous graphitic carbon (PGC) column
and an isocratic elution of 55:45 v/v tetrahydrofuran/water containing
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0.5% trichloroacetic acid (TCA). The elution of these compounds was
monitored at 254nm with a flow rate of 1mLmin~'. Linearity was
observed in the concentration range from 2 to 50pugmL~', with a
correlation coefficient (R?) greater than 0.999. The limits of detection
were 0.1 ugmL ™" for haloperidol and 0.05 pgmL™" for the degradation
products. Parameters of validation prove the precision of the method and
its applicability for the simultaneous determination of haloperidol and
its degradation products. The method is fast and one chromatogram
separation lasts about 9 min.

Key Words: Haloperidol; Degradation products; Isocratic elution;
Porous graphitic carbon.

INTRODUCTION

Haloperidol (HA) “4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-
fluorophenyl)-1-butanone”, is an antipsychotic drug that has been widely used
against positive symptoms (hallucinations and delusions) of schizophrenia. !
Under different abnormal conditions such as temperature, pH, light, and air
exposure, haloperidol degrades forming several degradation products that have
undesirable side effects. The oxidation of haloperidol could result in the
formation of cis-4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluoro-
phenyl)-1-butanone N-oxide (cis-PFBoxide) and frans-4-[4-(4-chlorophenyl)-
4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-1-butanone ~ N-oxide  (trans-
PFBoxide), while its hydrolysis in acidic and basic medium could form 4-
[4-(4-chlorophenyl)-3,6-dihydro-1(2H)-piperidinyl]-1-(4-fluorophenyl)-1-
butanone (2H-PFB) and 4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-
hydroxyphenyl)-1-butanone (HydroxyPHB), respectively. Therefore, there is a
need for analytical methods that are sensitive to the presence of the drug
degradation impurities.

Several analytical techniques have been reported in the literature for the
determination of HA in pharmaceuticals, most commonly high perfor-
mance liquid chromatography (HPLC).>”! However, only a few of them have
discussed the separation of haloperidol from its degradation products in tablet
dosage form using reversed phase silica based columns.[®*! In addition to the
instability of silica based packing materials, most of these methods suffer from
the lack of sensitivity and undesirable analysis time. The current official HPLC
assay for the determination of HA in tablet forms requires an undesirable
analysis time of about 24min.'” At present, no HPLC methods have
been reported for the simultaneous determination of HA and its degradation
products using a porous graphitic carbon column. Porous graphite carbon
column has proved its efficacy in the separation of diasteriomers, geometric
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isomers, and closely related compounds that were hardly separated on alkyl-
bonded silica columns. '

In the previous work,!">') PGC has been successfully used for the
determination of pharmaceutical formulations in the presence of their closely
related compounds. This work describes an isocratic HPLC method using a
porous graphitic carbon column in an attempt to measure haloperidol in the
presence of its degradation products in pharmaceutical formulations rapidly
and precisely. This method could be used as an alternative to the above
mentioned HPLC methods.

EXPERIMENTAL

Chemicals and Reagents

Haloperidol, cis-PFBoxide, HydroxyPHB, 2H-PFB and trans-
PFBoxide, were kindly provided by Janssen Pharmaceutica (Beerse, Belgium).
Their chemical structures are represented in Fig. 1. Drug samples (Haldol 1 mg
and 5mg) were collected from local pharmacies. High performance liquid
chromatographic grade methanol, acetonitrile, and tetrahydrofuran were
purchased from prolabo (Paris, France).

Instrumentation and Chromatographic Conditions

The HPLC system (Beckman Instruments Inc., USA) was equipped with
a solvent module 125, a spectrophotometer detector 166, and a rheodyne 7725
injector with a 20 uL loop. The carbon column (100 x 4.6 mm LD., 7pum
particle size) was packed with Hypercarb porous graphitic carbon (Shandon,
Runcorn, UK). The mobile phase consisted of an isocratic mixture of
tetrahydrofuran—water containing 0.5% trichloroacetic acid. The flow rate
was 1mLmin~'. The detector wavelength was set at 254 nm. Responses
were recorded and integrated using Gold Nouveau software.

Preparation of Solutions

Stock solutions of haloperidol and its degradation products (200 pg mL ™"
each) were prepared in methanol and stored at 4°C. The working standards (2—
50 pgmL™") were freshly prepared from the stock solutions by dilution with
the appropriate volume of methanol. Haloperidol containing tablets were
prepared by crushing 20 tablets and an accurately weighed portion of the
mixed powder, equivalent to haloperidol content of one tablet, was transferred
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Cis-4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-1-butanone, N-oxide
(Cis-PFBoxide)
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4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-hydroxyphenyl)- 1-butanone
(HydroxyPHB)
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4-[4-(4-chlorophenyl)-3,6-dihydro-1(2H)-piperidinyl]-1-(4-fluorophenyl)-1-butanone
(2H-PFB)

OH
™y

(0]

Trans-4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-1-butanone, N-oxide
(Trans-PFBoxide)

Figure 1. Chemical structures and names of studied compounds.
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to 25 mL volumetric flask and dissolved by sonication. The sample was filtered
and diluted to make a final haloperidol concentration range of 5-10 pgmL™".

Method Validation

Accuracy, precision, and linearity were determined with an intra-day and
inter-day procedure on three different days. Recovery of analytes after sample
preparation was determined at different concentration levels. The detection
limit and the quantification limit were determined as 3 and 10 times the
baseline noise, respectively, following the United States Pharmacopeia.l'”!

RESULTS AND DISCUSSION
Chromatography

Porous graphite carbon was utilised to develop and optimise the chromato-
graphic method. Injections of haloperidol and related compounds, both one at a
time and in mixture, were made to evaluate the capacity of the method in
separating all the degradation impurities from each other and from HA. Figure
2, shows tat haloperidol was successfully separated from its degradation
products on PGC packing materials. Since retention on PGC is different
from that of alkyl-bonded silica, a mobile phase containing tetrahydrofuran
(THF) has to be used. The % of THF in the mobile phase was selected to
minimise the analytical time, while maintaining baseline resolution of adjacent
peak pairs (Rs > 1.5). A mobile phase containing 55% THF was selected as the
optimum composition with regards to the resolution, analysis time, and column
efficiency. The elution order was, cis-PFBoxide, HydroxyPHB, HA, 2H-PFB,
and trans-PFBoxide. The separation of these peaks takes less than 10 min. An
additional benefit of the fast separation is rapid column equilibrium when the
composition of the mobile phase is changed. These separation conditions are
much better than the separation obtained by reversed phase ODS column.
Improved resolution of HA from its degradation products was observed with
tailing factors and column efficiency within the recommended limits. Results of
the chromatographic parameters are shown in Table 1.

The previously described HPLC methods and that of the USP assay for
HA, lists reversed phase ODS columns with a total run time of about 20 min
and an elution order as following: HydroxyPHB, HA, frans-PFBoxide, cis-
PFBoxide, and 2H-PFB. The elution order obtained with these columns was
different to that obtained with PGC column. The difference in the elution order
between PGC and ODS columns, suggest that molecular interactions deter-
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Figure 2. Separation of HA and its degradation products on PGC column with a mobile
phase containing 55:45 v/v THF-0.5%TCA, and a flow rate of 1 mL min~"'. Peaks:
1 = cis-PFBoxide; 2 = HydroxyPHB; 3 = HA; 4 = 2H-PFB; 5 = trans-PFBoxide.

mining solute retention are different for the two packing materials. This
difference was further clarified by the elution order of the two geometric
isomers (cis-PFBoxide and frans-PFBoxide), where on an ODS column they
were closely separated (3ed and 4th peak), however on PGC column they were
widely separated (1st and 5th peak). These results prove once more that PGC
packing materials were more highly selective towards geometrical isomers and
closely related compounds than ODS packing materials.
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Table 1. Chromatographic parameters for the peaks
recorded in analysis of haloperidol and its degradation

products.
Compounds K A N R
cis-PFBoxide 1.27 1.75 1227

1.83
HydroxyPHB 2.05 1.18 1114

1.75
HA 2.86 1.40 1480

1.51
2H-PFB 3.8 1.9 840

2.72
trans-PFBoxide 6.48 1.33 1337

The effects of mobile phase pH and organic modifier (nature and con-
centration) were investigated. Results obtained showed that, as the pH increased
from 1.5 to 7.5, the retention of studied compounds increased. These results
indicate the usual behaviour of retention vs. pH of basic compounds. The ideal
pH for separation, based on good peak shapes and retention times, was below
2.5. The high dipolar properties of THF make it more of an appropriate solvent
for the separation of HA and related compounds on PGC than acetonitrile or
methanol. Increasing the ratio of THF in the mobile decreases the retention time
of all studied solutes. Therefore, a mobile phase of 55:45 v/v THF/water
containing 0.5% TCA was selected for method validation.

Validation Assay

The selectivity of the proposed method for HA in the presence of its
degradation products was determined by analysing a solution of HA contain-
ing standard solution of cis-PFBoxide, HydroxyPHB, 2H-PFB, and frans-
PFBoxide. Figure 2 shows that there is adequate resolution among all of these
compounds.

Linearity was established by injecting different solutions of haloperidol and
related compounds with concentrations ranging from 2 to 50 pgmL~". These
solutions were injected five times, starting with the least concentrated ones.
The resulting peak areas were measured and linear regression analysis was
performed to evaluate the correlation coefficient (R?) and the relative standard
deviation (RSD) within solution. Linearity was good, with a correlation
coefficient greater than 0.999. Results of regression analysis parameters are
summarised in Table 2. The limit of detection based on a signal-to-noise ratio of
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Table 2. Linear regression (least squares fir of peak area vs. concentration in pg
mL™") calibration data for the analysis of haloperidol and its degradation products
(n=5).

Concentration Equation RSD of  RSD of the
range of the the slope intercept

Compounds (ugmL™h line (%) (%) R?

cis-PFBoxide 2-50 Y=51942x + 0.62 0.80 0.9999
46360

HydroxyPHB 2-50 Y=14333x+ 0.80 1.32 0.9995
2992

HA 2-50 Y=17186x + 1.12 1.24 0.9997
29341

2H-PFB 2-50 Y=67100x + 0.9995
18742

trans- 2-50 Y=23936x — 0.88 1.40 0.9999

PFBoxide 12517

3 was 0.lugmL™' and 0.05pgmL~" for HA and degradation products,
respectively.

The within-day and between-days precision of the method, expressed as
RSD, were determined for both retention time and peak area by repeat analysis
(n=75) of solutions containing HA and its related compounds (Table 3). The
within-days values for retention time was 0.60-1.20% and for peak area
1.10-1.80%. The between-days precision values for retention time was
0.82—-1.46% and for peak area 1.26—1.82%.

Accuracy of the proposed method for determination of HA was examined
for HA alone and in the presence of the known impurities. The method was
evaluated from the recovery assay as the % error. The average recovery was
calculated as the mean value, obtained by spiking HA drug tablets with a
mixture of the studied solutes at three levels within the working range (6, 12,
and 18 pgmL™"). The range of the overall recovery for all compounds was
between 98.9 and 102% (Table 3). The proposed method provides satisfactory
precision and accuracy for the analysis of HA in the presence of its related
compounds.

Method Applicability for the Analysis of Haloperidol Drug

The method was applied to different pharmaceutical formulations (Haldol
tablets) for determining their content in HA. The values of the drug percentage
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Table 3. Method reproducibility, recovery and limit of detection for the studied
compounds.

b

Retention time® Peak area Limit of
mean & S.D. RSD RSD recovery® detection

Compounds (min) (%) (%) (%) (ng mL™)
cis-PFBoxide 2.50£0.03 1.2 1.21 98.9 0.05
HydroxyPHB 3.354+0.02 0.60 1.10 99.0 0.05
HA 4.254+0.05 1.17 1.20 100 0.1
2H-PFB 5.30+£0.06 1.13 1.80 102 0.05
trans- 8.234+0.08 0.97 1.65 99.2 0.05

PFBoxide

4Chromatographic conditions as in Fig. 2.

20 uL injection of 6 and 12 pgmL~" solutions (n = 5).

20 uL injection of Naproxen samples spiked with 6, 12 and 18 ugmL ™" standard
solutions (n=75).

with respect to the label claimed (Table 4), ranged within 98 and 102%.
According to the United State Pharmacopeia, these values were acceptable.

CONCLUSION

The method proposed herein, based on PGC-HPLC can reliably
determine HA and its degradation products (cis-PFBoxide, HydroxyPHB,
2H-PFB, and trans-PFBoxide) in pharmaceutical formulations, with good
sensitivity, accuracy, and precision. This method is straightforward, simple,
and feasible, enabling the determination of haloperidol in the presence of its
degradation products in less than 10 min. Taking advantages of its robustness

Table 4. Content of HA in tablets expressed as
% with respect to label amount claim.

Haloperidol (mg)

Drug Claimed Found %
Haldol (1) 1.0 1.00 100
Haldol (1) 1.0 0.98 98

Haldol (5) 5.0 5.10 102
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and high selectivity, PGC should be considered for official use in the USP
compendia assays.

10.

11.

12.

13.
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