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Abstract

A highly sensitive and specific assay procedure based on the combination of liquid chromatography and mass spectrometry
(LC-—MYS) has been developed for the quantitative analysis of selected antiepileptics (carbamazepine and phenytoin) and
beta-blocking drugs (acebutolol, atenolol, pindolol and propranolol) using APCI as an ionization process. The measured
concentration range was 100-300 ng ml~! for all drugs except phenytoin (0.5-1.5 pg ml—!). Analysis was based on direct
injection of methanolic solutions of drugs into the mass spectrometer with the subsequent elution with a mobile phase consisting
of methanol and 1% acetic acid solution (4:1) at a flow rate 1 ml min~'. The mass spectrometer was programmed to permit
detection and determination of either fragment or molecular ions of carbamazepine, phenytoin, acebutolol, atenolol, pindolol and
propranolol at m/e 194.3, 252.9, 337.2, 267.1, 249.1 and 260.1, respectively. The recorded chromatograms exhibited well-resolved
peaks at retention times < 1 min. The peak area was correlated linearly to the drug concentration. Intraday precision gave relative
standard deviations in the range 1.75-4.02%. Compared to HPLC, the described LC-MS was faster, more sensitive and specific.
Unlike HPLC, LC—MS could be applied to analyze incompletely resolved mixtures. The absolute detection limits for LC—MS and
HPLC were 0.2-0.5 and 10-25 ng, respectively. Recovery studies of the investigated compounds in pharmaceutical products using
LC-MS and HPLC gave mean percentages of 97.5-102.0 and 98.4-103.3, respectively. Statistical analysis of the data using ¢-
and F-tests showed insignificant differences between both methods for the analysis of carbamazepine, phenytoin, acebutolol and
atenolol in pharmaceutical formulations. However, LC—MS gave more accurate results than HPLC for determination of pindolol
in tablets. Propranolol could only be determined in tablets using LC—MS. © 2000 Elsevier Science S.A. All rights reserved.
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[17,18] and polarographic [19] techniques have been
reported for the analysis of beta-blocking agents in
dosage forms and biological fluids. Generally, chro-
matographic analysis of CAZ and PH was based on

1. Introduction

Carbamazepine (CAZ) and phenytoin (PH) are im-
portant antiepileptics which are used clinically to con-

trol different types of seizures. Chromatographic [1-6],
electrolysis-fluorimetric [7], polarographic [8] and spec-
trophotometric [9—11] methods have been described for
the quantitative measurement of both drugs in pharma-
ceutical formulations and biological samples. Selective
(acebutolol and atenolol) and nonselective (pindolol
and propranolol) beta-blocking drugs are used exten-
sively as antihypertensive agents. Numerous chromato-
graphic [12-15], fluorimetric [16] spectrophotometric
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detection of the eluted compounds at shorter wave-
length (~ 210 nm) [5] using UV detector, whereas,
chromatographic determination of acebutolol (AC),
atenolol (AT), pindolol (PN) and propranolol (PR) was
based on the detection of the fluorescence intensity of
the resolved drugs using the fluorescence detector [15].
Furthermore, chromatographic separations of the
antiepileptics and beta-blocking drugs were influenced
by the type of column and composition of the mobile
phase. Improper selection of the chromatographic con-
ditions can lead to poor detection, incomplete separa-
tion and erroneous results. Recently, the combination
of HPLC and mass spectrometry (MS) applying APCI

0014-827X/00/$ - see front matter © 2000 Elsevier Science S.A. All rights reserved.

PII: S0014-827X(00)00006-9



M.E. Abdel-Hamid /Il Farmaco 55 (2000) 136145

or ESI as an ionization process, has permitted low level
quantitation of pharmaceuticals and biochemicals
[20,21]. This paper reports on the application of LC—
MS and HPLC techniques for the determination of
CAZ, PH, AC, AT, PN and PR in laboratory-made
mixtures and in pharmaceutical formulations. Compar-
ative studies of precision, accuracy, sensitivity and se-
lectivity criteria of LC-MS and HPLC were
demonstrated.

2. Experimental

2.1. Chemicals

AC, CAZ, PH and PR were purchased from Sigma
Co, USA, whereas AT and PN were supplied from
RBI, USA. The authentic samples were stored at 4°C.
Other chemicals and reagents were of analytical grade
and the solvents were of HPLC grade.

2.2. Instruments

Liquid chromatography-mass spectrometric analyses
were performed using the LC-MS system which is
comprised of an LC pump (Spectra System P 2000,
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USA) and an MS detector (Finnigan MAT, USA) with
APCI as an ionization process. The APCI conditions
were: vaporization temperature, 450°C; sheath gas flow,
80 ml min —!; discharge current, 5 pA; and discharge
potential, 4.38 kV. The mass spectrometer was pro-
grammed to detect the positive fragment ion at 194.3
for CAZ, and the positive molecular ions at 252.9 for
PH, 337.2 for AC, 267.1 for AT, 249.1 for PN and
260.1 for PR. The fragment ion of CAZ was collected
using the scan parameters: scan mode MS-MS, parent
ion mass 237.3, isolation width m/z 2, relative collision
energy 15%. Samples were injected directly into the MS
detector using a 10 pl-loop size. Elution of compounds
was achieved using a mobile phase consisting of
methanol and 1% acetic acid solution (4:1) at a flow
rate of 1 ml min—!. Analytical data were processed by
the instrument build-in LCQ software.

HPLC analyses were performed using an isocratic
HPLC system (Waters 2690 Separation Module, USA)
equipped with photodiode array detector (PDA) and
auto-sampler (Waters, USA). Chromatographic separa-
tions were performed at ambient temperature using
Hypersil® BDS, CI8, 5 p, 150 x 4.6 mm column. A
mobile phase composed of methanol and 1% acetic acid
solution (4:1) at a flow rate of 1.5 ml min ~ ' was used.
Analytical data were processed by the instrument build-
in Millennium software.
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Fig. 1. LC-MS of CAZ (100 ng ml~') and PH (500 ng ml—").
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Fig. 2. LC-MS of AC (100 ng ml—') and AT (300 ng ml—1).

2.3. Preparation of standards

Separate stock solutions of CAZ, PH, AC, AT, PN
and PR were prepared by dissolving the appropriate
weights of the authentic drugs in methanol to obtain
drug concentrations of 1 mg ml~'. Working standard
solutions were prepared in methanol at concentrations
of 10 ng ml~!' for LC-MS and 100 pg ml—' for
HPLC.

2.3.1. Calibration curves for LC—MS analyses

Separate standard solutions of CAZ, AC, AT, PN,
PR were prepared by diluting appropriate volumes of
the working standards with the mobile phase to concen-
trations of 100-300 ng ml~!. For PH, standard solu-
tions were prepared at concentration of 0.5-1.5 pg
ml~'. Aliquots of 10 ul were injected directly into the
MS detector and the eluted compounds were monitored
at the specified m/z ratios: 194.3 (CAZ), 252.9 (PH),
337.2 (AC), 267.1 (AT), 249.1 (PN) and 260.1 (PR),
respectively. Peak areas were measured automatically
by the instrument software. The linear regression equa-
tion relating the peak area to concentration was
computed.

2.3.2. Calibration curves for HPLC analyses

Separate standard solutions were prepared by dilut-
ing appropriate volumes of the working standards with
the mobile phase to concentrations of 1-3 pg ml—!
(CAZ, PN), 5-15 pg ml—! (AC, AT) and 5-20 ng
ml~! (PH). A 50-ul aliquot of each solution was in-
jected into HPLC. The linear regression equation relat-
ing the peak area to concentration was computed.

2.3.3. Intraday precision study

Samples of (CAZ, AC, AT, PN and PR) at concen-
trations of 250 ng ml~' and 2 pg ml—!' (PH) were
prepared in the mobile phase. A 10-ul aliquot of each
solution was injected separately into LC—MS and ana-
lyzed at the previous fragment or molecular mass ions.
For HPLC analysis, samples at concentrations 1.5 pg
ml~! (CAZ, PN) and 7.5 ug ml—! (PH, AC, AT) were
prepared in the mobile phase and 50 pl aliquot of each
solution was injected into HPLC.

2.3.4. Selectivity of LC—MS

2.3.4.1. CAZ and PH. Laboratory-made mixtures of
CAZ and PH were prepared at concentrations of 0.2—
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0.5 pg ml—! (CAZ) and 1-2.5 pg ml—! (PH), respec-
tively. The samples were analyzed using LC-MS by
alternative measurement of mixtures at m/z 194.3 and
252.9, respectively.

2.34.2. AC, AT, PN and PR. Laboratory-made mix-
tures of AC, AT, PN and PR at concentrations of
200-500 ng ml~! were prepared and analyzed using
LC-MS. The mixtures were measured alternatively at
m/z 337.2, 267.1, 249.1 and 260.1, respectively.

2.3.5. Analysis of commercial samples

2.3.5.1. Tablets. A single tablet, each of CAZ, AT, PN
and PR, was transferred separately to 100 ml volumet-
ric flask and mixed with 50 ml methanol. The mixture
was sonicated for ~ 30 min and then diluted to volume
with methanol. The mixture was filtered and the filtrate
was passed through membrane filter to remove any
particles. Appropriate aliquots were diluted and ana-
lyzed using LC—MS and HPLC procedures. The sam-
ple concentrations were determined from standard
curves run simultaneously with the samples.

2.3.5.2. Capsules. The content of one capsule (AC, PH)
was emptied separately in 100 ml volumetric flask and
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mixed with 50 ml methanol. The mixtures were soni-
cated for ~ 30 min and then diluted to volume. Appro-
priate aliquots of the clean filtrates were suitably
diluted and analyzed as mentioned above.

3. Results and discussion

3.1. LC-MS

Recently, LC—-MS has been applied progressively as
an accurate, sensitive and specific analytical technique
for the analysis of drugs and biochemical compounds.
Unlike the classical HPLC, chromatographic detection
of a drug using MS relies on monitoring the mass of the
molecular or fragment ion of the drug rather than
monitoring its UV absorbing properties. In this respect,
determination of weak UV absorbing compounds with
conventional UV detectors is always a problem, how-
ever these compounds are simply determined using
mass spectrometric analysis. Moreover, due to higher
specificity of LC—MS, a compound can be easily recog-
nized by its molecular ion and any other interference
from co-existing compounds can be identified, even if
they co-elute. Based on these principles, it is feasible to
analyze poor UV absorbing compounds, e.g. phenytoin
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Fig. 3. LC-MS of PN (200 ng ml~ ') and PR (300 ng ml—1).
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Table 1

Calibration curve parameters for determination of antiepileptics and beta-blocking drugs by LC-MS

Comp. Concentration range (ng ml—") Regression equation * Correlation coefficient (r)
CAZ 100-300 PA x 107¢=0.087+0.025C 0.9997
PH 500-1500 PAx 1073 = —0.006+0.004C 0.9998
AC 100-300 PA x10-°= —0.005+0.012C 0.9996
AT 100-300 PA X107 = —0.221+0.032C 0.9997
PN 100-300 PAx107¢=0.131+0.012C 0.9934
PR 100-300 PA X107 = —0.380+0.056C 0.9968

4 PA = a+bC where PA, peak area; a, intercept; b, slope.

Table 2

Intraday precision for determination of CAZ, PH, AC, AT, PN and PR by LC-MS

Comp. Actual concentration (ng ml—")

Measured concentration (ng ml—")

Mean + SD RSD (%)

CAZ 250.0 255.4
246.7

235.9

261.1

257.3

PH 2000.0 2018.4
2103.4

1985.7

1997.3

2100.5

AC 250.0 257.7
250.2

244.6

265.3

260.8

AT 250.0 246.8
240.7

256.8

248.3

243.9

PN 250.0 245.8
255.8

249.7

251.3

256.5

PR 250.0 252.5
250.9

240.8

238.6

261.3

251.3+10.1 4.02

2041.1 £+ 56.8 2.78

255.7+8.3 3.25

247.3 +6.05 2.45

2519 +4.41 1.75

248.8+9.23 3.71

and propranolol and to quantify drug mixtures by
monitoring alternatively the molecular mass ions of the
individual components according to a computed scan-
ning program, e.g. carbamazepine—phenytoin and aceb-
utolol—atenolol-pindolol—propranolol mixtures. The
facility of direct sample injection into the MS detector
permits very fast detection ( < 1 min) of small volumes
(< 10 pl) of samples.

The positive ions of the investigated antiepileptics
and beta-blocking drugs were collected firstly from the
full mass spectra after direct injection of methanolic
solutions of standards into the MS detector. The mass
spectra of the individual compounds were scanned in

the range m/z 60—400 under APCI ionization process.
The protonated ions at m/z 194.3 (CAZ), 252.9 (PH),
337.2 (AC), 267.1 (AT), 249.1 (PN) and 260.1 (PR)
were selected to quantify the examined drugs in labora-
tory-made mixtures and pharmaceutical formulations.
In order to obtain maximum sensitivity and specificity,
CAZ was collected as a fragment ion at m/z 194.3,
whereas PH, AC, AT, PN and PR were collected as
parent (molecular) ions. Single ion monitoring (SIM)
scan mode was used to increase the method selectivity,
particularly, when mixtures of antiepileptics or beta-
blocking drugs were analyzed. Typical LC-MS chro-
matograms of the individual compounds were shown in
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Table 3
Determination of CAZ and PH in laboratory-made mixtures using
LC-MS

Mixture Concentration Recovery (%)
found

CAZ (ng ml~")+PH CAZ PH CAZ PH
(ng ml™")

200.0+1.0 199.1 0.97 99.6 97.1
300.0+1.5 3153 1.44 105.1 96.0
400.0+2.0 411.8 2.08 102.8 104.0
500.0+2.5 520.8 2.66 104.6 104.4
Mean 103.0 100.4
+SD 2.5 44

Figs. 1-3. As indicated, the chromatograms displayed
well-resolved peaks with almost steady and stable base-
line at retention times less than 1 min. Quantitation of
the examined compounds using LC—MS was based on
peak area measurement which was calculated automati-
cally by the build-in LCQ software. Calibration curve
parameters (Table 1) for the examined compounds indi-
cated linear correlations in the concentration range
100-300 ng ml—! for CAZ, AC, AT, PN and PR and
0.5-1.5 pg ml—! for PH. The correlation coefficients
were in the range 0.9934-0.9998. The absolute detec-
tion limit range for CAZ, PH, AC, AT, PN and PR
was 0.2-0.5 ng. Intraday precision of LC—-MS using
control samples gave relative standard deviations of
1.75-4.02% (Table 2). To indicate the specificity of
LC-MS, laboratory-made mixtures of CAZ-PH and
AC-AT-PN-PR were prepared and analyzed. Negli-
gible interference from co-existing compounds in the
analysis of individuals was observed. The data proved
excellent specificity of LC—MS method (Tables 3 and
4). The accuracy of LC-MS was assessed by determin-
ing the recovery percentages of the individual drugs in
their pharmaceutical products. Mean recovery percent-
ages of 99.8 (CAZ), 102.0 (PH), 97.5 (AC), 99.4 (AT),
100.5 (PN) and 97.8 (PR) were computed.

Table 4

3.2. HPLC analysis

HPLC separations of the examined antiepileptics and
beta-blocking drugs were performed at ambient temper-
ature using Hypersil® BDS, C18 column and a mobile
phase consisting of methanol—-1% acetic acid solution
(4:1). The resolved compounds were detected using a
photodiode array detector at 258 nm. A base deacti-
vated silica (BDS) C18 column was found to be more
reliable than the untreated ODS column for analysis of
CAZ, PH, AC, AT and PN, as well-defined and good
resolved peaks were recorded. Under the selected chro-
matographic conditions, PH, CAZ appeared at 4.04
and 4.59 min (Fig. 4), respectively, whereas, PN, AT
and AC appeared at 2.21, 2.87 and 4.15 min (Fig. 5),
respectively. Under the selected chromatographic con-
ditions, the developed HPLC method failed to identify
PR due to poor detection of the compound by UV
detector. Calibration curves were linear over the con-
centration range 1-3 pg ml—' (CAZ, PN), 5-15 g
ml~' (AC, AT) and 5-20 ug ml—' (PH). The correla-
tion coefficient was in the range 0.9913-0.9999 (Table
5). The absolute detection limits of CAZ, PH, AC, AT
and PN were 10-25 ng. The precision of the HPLC
method was evaluated by replicate analysis of drug
samples at concentrations of 1.5 ug ml—! (CAZ and
PN) and 7.5 pug ml—! (PH, AC, AT). Relative standard
deviations of 1.71-3.82% were computed (Table 6).
HPLC analyses of control laboratory-made mixtures of
CAZ-PH and AC-AT-PN gave average percentages
of 95.0-99.9% (Tables 7 and 8). Recovery studies of the
examined drugs in pharmaceutical formulations gave
mean percentages of 98.4 (CAZ), 103.3 (PH), 98.9
(AC), 98.5 (AT) and 99.8 (PN) (Table 9). Statistical
analysis of the data by application of ¢-test and F-test
indicated an insignificant difference between LC—-MS
and HPLC procedures for determination of CAZ, PH,
AC and AT. In the case of pindolol, LC-MS gave
more accurate values than HPLC as a significant differ-
ence (F=14.6) between both methods was reported.
This may be attributed to a low-dose of pindolol in

Determination of AC, AT, PN and PR in laboratory-made mixtures using LC-MS

Mixture (ng ml—") Concentration found

Recovery (%)

AC+AT+PN+PR AC AT PN PR AC AT PN PR
200 # 206.3 191.2 204.9 208.6 103.2 95.6 102.5 104.3
300 301.3 308.3 295.8 287.4 100.4 102.8 98.6 95.8
400 396.3 378.4 423.3 369.5 99.1 94.6 105.8 924
500 526.3 489.7 516.6 507.4 105.3 97.9 103.3 101.5
Mean 102.0 97.7 102.6 98.5
+SD 2.79 3.67 2.99 5.39

# Concentration of each component in mixture.
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Fig. 4. HPLC chromatogram of PH (5 pug ml—!) and CAZ (1 pg ml—!). Stationary phase: BDS, C18. Mobile phase: methanol:1% acetic acid
solution (4:1).
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methanol:1% acetic acid solution (4:1).

tablets. On the other hand, propranolol could be deter- HPLC failed to detect propranolol at these levels due to
mined in tablets at low-dose using LC-MS, however, weak UV absorption properties of the drug.
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Table 5

Calibration curve parameters for determination of antiepileptics and beta-blocking drugs by HPLC

Comp. Concentration range (ug ml—") Regression equation * Correlation coefficient (r)
CAZ 1-3 PA x 1074 =10.255+4.988C 0.9999
PH 5-20 PAx10~%= —0.029+0.322C 0.9966
AC 5-15 PAx107°= —0.441+1.148C 0.9913
AT 5-15 PAx107%= —0.101+0.518C 0.9977
PN 1-3 PA x107%=0.071+6.330C 0.9998

2 PA = a+bC where PA, peak area; a, intercept; b, slope.

Table 6

Intraday precision for the determination of CAZ, PH, AC, AT, PN by HPLC

Comp. Actual concentration (ug ml—")

Measured concentration (pg ml—")

Mean + SD RSD (%)

CAZ 1.5 1.48
1.61
1.55
1.63
1.60
PH 7.5 7.79
7.66
7.55
7.46
7.51
AC 7.5 7.11
7.34
7.55
7.60
7.58
AT 7.5 7.69
7.40
7.38
7.60
7.71
PN 1.5 1.46
1.42
1.53
1.47
1.45

1.57 +0.06 3.82

7.594+0.13 1.71

7.44+0.21 2.82

7.56 +0.16 2.11

1.46 + 0.04 2.74

4. Conclusions

The developed LC—MS and HPLC techniques have
been used successfully in the quantitative analysis of
CAZ, PH, AC, AT, PN and PR in tablets and capsules.
Although, LC-MS and HPLC are of comparable accu-
racy and precision, LC—MS has the advantages of very
short time of analysis (<1 min), higher sensitivity,
selectivity and feasibility of direct injection of samples
into MS detector. Furthermore, LC-MS is very useful
in the analysis of drugs with poor UV absorbing prop-
erties such as propranolol and phenytoin and to quan-
tify drugs at low-doses such as pindolol and
propranolol. Finally, unlike HPLC, LC—MS is capable
of determining mixtures of antiepileptics or beta-block-
ing drugs, even when they were not eluted completely.

Table 7
Determination of CAZ and PH in laboratory-made mixtures using
HPLC

Mixture (ug ml—! Concentration found  Recovery (%)

CAZ+PH CAZ PH CAZ PH
1.0+5.0 0.91 4.89 91.0 97.8
1.5+7.5 1.43 7.34 953 97.9
2.04+10.0 1.91 9.82 95.5 98.2
254125 2.47 11.85 98.8 94.8
Mean 95.1 97.2
+SD 3.2 1.6
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Table 8

Determination of AC, AT and PN in laboratory-made mixtures using HPLC

Mixture (ug ml—") Concentration found

Recovery (%)

AC+AT+PN AC AT PN AC AT PN
10.0+10.0+2.0 10.1 10.3 1.9 101.0 103.0 95.0
5.04+5.0+2.0 5.2 5.1 2.0 104.0 102.0 100.0
15.0+15.0+2.0 14.8 14.1 1.8 98.7 94.0 90.0
20.0+20.0+2.0 19.2 19.8 1.9 96.0 99.0 95.0
Mean 99.9 99.5 95.0
+SD 3.4 4.0 4.1
Table 9 References

Determination of carbamazepine, phenytoin, acebutolol, atenolol,
pindolol and propranolol in commercial samples

Comp. Recovery (%) *
LC-MS HPLC
Carbamazepine © 99.8 + 2.1 98.4+3.3
t-value ®: 0.80
F-value ®: 2.47
Phenytoin ¢ 102.0+1.1 103.3+2.0
t-value: 0.91
F-value: 3.31
Acebutolol © 975+1.6 98.9 +3.5
t-value: 0.81
F-value: 4.79
Atenolol 994 +1.8 98.5+1.9
t-value: 0.53
F-value: 1.11
Pindolol & 100.5+1.1 99.8 +4.2
t-value: 0.25
F-value: 14.6
Propranolo] ® 97.8+2.2

a Mean of five determinations + SD.

® Theoretical ¢- and F- values at P 0.05 are 2.31 and 5.19, respec-
tively.

¢ Tegretol®, labeled to contain 200 mg of carbamazepine per tablet,
Novartis, Switzerland.

d Epanutin®, labeled to contain 100 mg phenytoin per capsule,
Parke-Davis, Germany.

¢ Sectral®, labeled to contain 100 mg acebutolol per capsule,
Rhone-Poulenc-Rorer, France.

f Tenormin®, labeled to contain 50 mg atenolol per tablet, Zeneca,
UK.

¢ Visken®, labeled to contain 5 mg pidolol per tablet, Novartis,
Switzerland.

" Inderal®, labeled to contain 10 mg propranolol per tablet,
Zeneca, UK.
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