Available online at www.sciencedirect.com

JOURNAL OF
SCIENCE@DIRECT° PHARMACEUTICAL
AND BIOMEDICAL

ANALYSIS

P & G
ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 273-279
www.elsevier.com/locate/jpba

Comparison of capillary electrophoresis and reversed-phase liquid
chromatography methodologies for determination of diazepam in
pharmaceutical tablets

Maria S. Aurora Pradt Martin Stepp& Marina F.M. Tavare} Erika R.M. Kedor-Hackmarft,
Maria Inés R.M. Santord

2 Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of Sao Paulo, Av. Prof. Lineu Prestes 580, 05508-900 Sao Paulo, SP, Brazil
b Institute of Chemistry, University of Sao Paulo, C. P. 26077, 05599-970 Sao Paulo, SP, Brazil

Received 16 April 2004; received in revised form 13 October 2004; accepted 20 October 2004
Available online 18 January 2005

Abstract

Two novel analytical methodologies using capillary electrophoresis (CE) and reversed-phase high-performance liquid chromatography (RP-
HPLC) for the determination of diazepam in commercial and simulated tablet formulations were developed and compared. The CE analysis
was carried out in a bare fused-silica capillary withi#8 i.d. and total length of 50 cm (28 cm to the detector) with a buffer solution containing
20 mmol L~* sodium tetraborate and 20 mmotisodium dodecylsulfate (SDS), pH 9.23. The applied voltage was 20 kV and bromazepam
was used as internal standard (IS). The RP-HPLC analysis was carried out in a LICHPdEph&P-18 (um) column with a mobile phase
constituted of methanol, acetonitrile and water (45:25:30) with a flow rate of 0.8 mL/min, using acetaminophen as IS. In both cases, detection
was carried out by ultraviolet (UV) absorption at 242 nm. Under the optimized conditions, the CE retention times for the standard diazepam
and bromazepam (IS) were 4.08 and 3.43 min, respectively, and the retention times of the RP-HPLC analysis for the standard diazepam
and acetaminophen (IS) were 4.86 and 1.58 min, respectively. The resolution and efficiency for CE were 7.4 aridPples/m and
for RP-HPLC, 7.5 and 1.76 10 plates/m. Analytical curves of peak area versus concentration presented correlation coefficients of 0.9996
for CE and 0.9994 for RP-HPLC. The limits of detection (LOD) and quantitation (LOQ) were 4.24 andpgZt8k for CE and 1.44 and
4.36p.g/mL for RP-HPLC. Relative standard deviations (R.S.D.) were 1.62 and 0.98% for CE and RP-HPLC, respectively. The percentage
recovery determined with CE was 10027.25 and with RP-HPLC was 101.3#22.48. Although both methodologies were shown to be
suitable for the determination of diazepam in tablets, performing in a similar manner with regards to several aspects (linearity, recovery and
specificity), CE provided a faster analysis and column efficiency whereas RP-HPLC presented a superior repeatability and sensitivity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction intoxication, and are a contributory factor in traffic accidents.

Additionally, they are used by criminals to incapacitate their
Benzodiazepines have become the most commonly usedvictims[2,3]. The determination of benzodiazepines has been

drugs for their anti-convulsant, anaesthetic, anti-depressive,extensively studied because of the need to detect and quan-

hypnotic, tranquilizer and sedative properties. They are alsotitate these drugs in clinical or medical-legal studies. The

used both as pre-medication and for induction or general analysis of such compounds is thus an important operation

anaesthesia and are widely prescribed throughout the worldin many pharmaceutical analytical laboratories.

[1]. However, they are frequently involved in cases of drug Diazepam, 7-chloro-1,3-dihydro-1-methyl-5-phenyl-2H-
1,4-benzodiazepin-2-ond=ify. 1A) is the most commonly

* Corresponding author. Tel.: +55 11 30913655; fax: +55 11 38154418. benzodiazepine drug used as hypnopc, tranquilizer, anti-
E-mail addressermkedor@usp.br (E.R.M. Kedor-Hackmann). convulsant and muscle relaxgi24]. It is also an abused
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layer chromatography-densitometry (TLC) techniques. The
mobile phase was a 1:1 (v/v) mixture of methanol and 0.01 M
phosphate buffer (pH 7.80), the TLC plate was developed in
a chromatographic chamber containing chloroform:acetate
(9:1). The recoveries were of 69.0-105.1 and 72.0-108.3%
for HPLC and TLC, respectively. Recently, capillary elec-
trophoresis (CE) has emerged as a powerful new method for
rapid separations of analytes. When comparing CE with high
performance liquid chromatography (HPLC), it was found
that in many applications, CE is superior to HPLC in ef-
:{ : ficiency, selectivity, peak symmetry and spdd®]. Mc-
Y Clean et al[16] identified and determined benzodiazepines
/O/ by capillary electrophoresis-electrospray mass spectromet-
Br - N HO o ric method aiming at enhancing sensitivity and repeatability
of peak area and migration time. The diazepam was iden-
Xy ©) tified by around 11min. In further work, McClean et al.
(B) | P [17] separated and determined benzodiazepine drugs and
metabolites by CE compared with high-performance liquid
Fig. 1. Chemical structures of diazepam (A), bromazepam (B) and ac- ghromatography using ultraviolet and electrospray |on|z§1—
etaminophen (C). tion mass spectrometry. CE was shown to be superior to lig-
uid chromatography (LC) in terms of separation efficiency,
drug in which sudden withdrawal, particularly from high LC-MS has proved to be the most useful tool in sensitivity
dosage, carries the risk of epileptic seizures. terms for identification of nanogram/milligram levels of ben-
Several methods for the analysis of this drug in pharma- zodiazepines in human hair. Cahours et[&8], identified
ceuticals, body fluids and human hair have been reported, in-five benzodiazepines using capillary electrochromatography
cluding gas chromatograply], gas chromatography—mass (CEC) method; the separation was achieved in 18 min, us-
spectrometry6], ultraviolet (UV) spectrophotometfy], lig- ing Tris—HCI (pH 8)—acetonitrile mixture as mobile phase.
uid chromatography—mass spectromd8y and thin-layer Tomita and Okuyamgl19] made a simultaneous analysis
chromatography{9]. High-performance liquid chromatog- of six benzodiazepines. The best conditions were obtained
raphy (HPLC) is the most used chromatographic technique using 5mmol -1 phosphate—borate buffers (pH 8.5) con-
for determination of benzodiazepines. Mannucci e{H))] taining 50 mmol =1 SDS and 15% methanol; diazepam was
analyzed diazepam and related compounds in tablets withanalyzed at approximately 21 min. Vanhoenacker gpal
a 0.5mmol -1 sodium acetate trihydrate buffer contain- analysed benzodiazepines in dynamically coated capillaries
ing 5 mmol L~11-heptanesulfonic acid monohydrate sodium by CE-DAD, CE-MS and CE-M& The system was first
salt:methanol, 30:70 (adjusted to pH 6.0 with glacial acetic evaluated with a mixture of benzodiazepine standards in CE-
acid) as mobile phase. The method was found to be linear andDAD and the electrolyte composition was further optimized
reproducible. Abu-Qare and Abou-Donfal] determined for CE-MS. The buffer used was CEofix, which covered a
the diazepam and their metabolites in rat plasma and urinepH range from 2.5t0 9.2. The benzodiazepines were analysed
using methanol, acetonitrile and water (pH 3.2) (10:40:50) at approximately 10 min. R.S.D. varied from 0.51 to 1.02%
as isocratic mobile phase with an analysis time of 12min; (n=7) for migration times and from 4.75 to 11.80%<7)
the average percentage extraction recovery of diazepam infor peak areas.
spiked plasma sample was 7%7.7. Capella-Petr et al. The aim of this work was to develop a rapid and sim-
[12], determined benzodiazepines in serum with micellar ple procedure using two separation techniques, capillary
liquid chromatographic procedure using sodium dodecylsul- electrophoresis and reversed phase-high performance liquid
fate, butanol and 10 mmolt! phosphate buffer (opH 7). The  chromatography (RP-HPLC) for determination of diazepam
serum samples were injected directly and eluted in less thanin pharmaceutical formulations and to compare the perfor-
22 min. Repeatability and intermediate precision were testedmance of both techniques.
giving R.S.D. values below 10%. Azzam et HI3] devel-
oped a HPLC method for the analysis of diazepam and its
metabolites in human plasma and urine using chloroform 2. Experimental
as the extracting solvent. Methanol—-acetonitrile—potassium
dihydrogenphosphate buffer, 0.05 mol'L (50:10:40) (pH 2.1. Apparatus
approximately of 3.5) was used as mobile phase. The au-
thors obtained an average recovery of 8¢6.5% for di- (a) CE system:Capillary electrophoresis system, model
azepam. Bakavoli and Kaykhdi4] determined diazepam, 270A-HT (Perkin-Elmer, Applied Biosystems Division,
nitrazepam and flunitrazepam in tablets by HPLC and thin Foster City, CA, USA), equipped with a variable UV-vis
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detector. The instrument was operated under positive po-

larity (injection end of the capillary).

Capillary column: An uncoated fused-silica capillary
(Polymicro Technologies, Phoenix, AZ, USA) with an in-
ner diameter of 7pum and a total length of 50 cm (28 cm
to detector) was used. The capillary column when new
was flushed for 30 min with filtered 1 moH: sodium
hydroxide, 15 min with deionized water and 30 min with
electrolyte buffer.

CE conditions:The solutions and the electrolyte buffer

(b)

(©

275

(b) Water:Water was purified using a Millipore O-Plus sys-
tem (S0 Paulo, Brazil).

(c) Acetonitrile: Analytical grade (Merck, Rio de Janeiro,
Brazil).

(d) Sodium hydroxide pelleté&nalytical grade (Merck, Rio
de Janeiro, Brazil).

(e) Sodium tetraborateAnalytical grade (Merck, Rio de
Janeiro, Brazil).

() Sodium dodecylsulfate (SDS)nalytical grade (East-
man Organic Chemicals, Rio de Janeiro, Brazil).

were degassed in an ultrasonic bath and filtered through(g) CE buffer: Tetraborate buffer solution (20 mmotE)

0.22um membrane filter (Millipor®) before use. The
electrolyte buffer was prepared at the beginning of the
day. The capillary was conditioned with 1 motLpotas-
sium hydroxide for 20 min, followed by deionized wa-
ter for 10 min and then running electrolyte buffer for
30 min. Samples were introduced onto the capillary via
electrokinetic injection by applying 10 kV for 2 s. A con-
stant voltage of 20 kV was used for all experiments. Be-
tween runs, the capillary was rinsed with electrolyte so-
lution for 3 min. At the end of the day, a final washing
with 1 molL~? sodium hydroxide and water was per-
formed. The wavelength used for recording the electro-

pherograms was 242 nm; the capillary was thermostatted

at29.9°C. A data acquisition and treatment software sup-
plied by the manufacturer (TurbochréM, PE-Nelson,
Cupertino, CA, USA) was used for the peak integration
and data analysis.

RP-HPLC systemHigh-performance liquid chromato-
graph Model 480C (Instrumentos Ciéfittos CG Ltda.,
Brazil), isocratic mode, equipped with a variable UV de-
tector (model CG-435), a loop injector (gQ) and an
integrator (model CG-200).

RP-HPLC columnAn analytical column LiChrosph®&r
100 RP-18 (um) in a LiChroCART (4 mmx 12.5 cm)
pre-column (MercR, Darmstadt, F.R. Germany) was
used.

RP-HPLC conditionsThe wavelength used for record-
ing the chromatograms was 242 nm. All analyses were
conducted under isocratic conditions and at room tem-
perature. The mobile phase flow rate was 0.8 mL/min and
the sample injection volume was gQ.

pH meter:Digimed, Model TE-901 (8o Paulo, Brazil).
Filtering system:Filter Durapore (hydrophilic), Milli-
pore catalogue number GVWP 04700, 0u22 (Sao
Paulo, Brazil) for solution filtration, filter Durapore (hy-
drophilic), Millipore catalogue number, GVWP 01300,
0.22pm (Sho Paulo, Brazil) for sample filtration.
Ultrasonic apparatusThorton, Model T-14 (80 Paulo,
Brazil).

(d)

(e)

(f)

(@)
(h)

2.2. Reagents

(a) SolventsHPLC grade methanol, (Merck, Rio de Janeiro,
Brazil).

and SDS (20 mmol t1) (pH 9.23), prepared by dissolu-
tion of sodium tetraborate.
(h) HPLC eluent:Methanol:acetonitrile:water (45:25:30).

2.3. Standards

Diazepam was supplied by FURP (Fund@acpara o
Renedio Popular, 8 Paulo, Brazil). Acetaminophen and
bromazepam used as internal standards (IS) were obtained
from Janssen-Cilag Farm@gtica Ltda. (80 Paulo, Brazil)
and Sintefina (8o Paulo, Brazil), respectively, and they were
used without further purification.

2.4. Samples

Sample 1: Commercially available tablet containing
10.0 mg of diazepam and excipients, sufficient quantity to
one tablet.

Sample 2:Simulated sample tablet containing 10.0 mg of
diazepam and excipients, sufficient quantity to 150.0 mg.
The formulations were also supplied by FURP.

2.5. Solutions

(a) Stock solutionsStandard stock solutions of diazepam
(200.0 and 300.p.g/mL), bromazepam (5000g/mL)
and acetaminophen (30Qu@/mL) were prepared in
deionized water containing 10% methanol. Working
standard solutions were prepared fresh daily by diluting
appropriately the stock solutions with deionized water
and employed as such for both CE and RP-HPLC analy-
sis.

2.6. Analytical curves

Aliquots of 2.0, 4.0 and 5.0 mL of the standard stock so-
lutions of diazepam (200.0 and 30@.8/mL) and aliquots
of 1.0mL of the standard stock solutions of bromazepam
(500.0pg/mL) (CE analysis) or 2.0 mL of acetaminophen
(300.0pg/mL) (HPLC analysis) were transferred into sepa-
rate 10 mL volumetric flasks. The volumes were completed
with deionized water. Concentration ranges from 40.0 to
120.0pn.g/mL of diazepam, 50.0g/mL of bromazepam and
60.0pg/mL of acetaminophen were obtained. The solutions
were sonicated for 10min, and filtered using a Qu@2
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Table 1
Procedure for the recovery test (standard solution of diazepam added to commercial sample solution)
Diazepam standard Commercial sample Internal standafti(.g/mL) Final concentration«g/10 mL)
solution (g/mL) solutior? (g/mL)
300.0 400.0 500.0 100.0 200.0 500.0 Diazepam Internal standard
Aliquots (mL)
1.0 3.0 1.0 600 500.0

1.0 2.0 1.0 80M 500.0

1.0 5.0 1.0 1000 500.0

2 Diazepam (tablet).
b Bromazepam CE method and acetaminophen for RP-HPLC method.

filter (Millipore) prior to injection. Each solution was in- CE and RP-HPLC systems. An internal standard was used to
jected in triplicate. Peak area ratios (diazepam/internal stan-minimize injection volumes fluctuations, dilution errors and
dard) were plotted versus the respective concentrations oferrors during sample treatment. IS can substantially improve

diazepam. the precision of peak area determinations, especially if the
injection error is the dominant sourfkb,22]
2.7. Sample preparation Under the conditions described in Secti&rnthe CE re-

tention times for the standard diazepam and bromazepam

For the analysis of diazepam by CE, 20 tablets of each (IS, Fig. 1B) were 4.08 and 3.43 min, respectively, and the
sample (samples 1 and 2) were powdered. Amounts corre-RP-HPLC retention times for the standard diazepam and
sponding to 20.0 mg were weighed, transferred into separatecetaminophen (ISfig. 1C) were 4.86 and 1.58min, re-
100 mL volumetric flasks, and 10 mL of methanol was added SPectively. The proposed methodologies were simple and
to each flask for dissolution. The volume was completed with faster when compared to those described in the literature
distilled water. The solutions were sonicated for 10 min, and [10-13,16-19]
filtered using a 0.2am filter (Millipore®), rejecting the first
10 mL filtered portion. Aliquots of 4.0 mL of these solutions 3.1. Method validation
and 1.0 mL of bromazepam solution (500.0 g/mL stock solu-
tion) were transferred into 10 mL volumetric flasks and vol- Before a method is routinely used, it must be validated.
umes were completed with deionized water. The final con- Validation is the process of proving that the method is ac-
centrations were 80.0 and 5Q.9/mL of diazepam and bro-  ceptable for this intended purpose. This is decided by using
mazepam (IS), respectively. A standard solution was prepareda number of performance characteristics, such as accuracy,
at the same concentration of the sample, following the proce- precision, specificity, limit of detection (LOD), limit of quan-
dure described above. The samples and the standard solutiontitation (LOQ), linearity, range and robustn§@2-25] In the
were sonicated for 10 min prior to introduction onto the cap- presentwork, CE and RP-HPLC methods were validated with
illary for the CE analysis. respect to linearity, limit of detection, limit of quantitation,

For the analysis of diazepam by RP-HPLC, the same specificity, precision and accuracy.
procedure described above was followed except that ac-

etaminophen (60.2g/mL) was used as IS. The samples and 3 2 | jnearity, limit of detection and limit of quantitation
standard solutions were sonicated for 10 min prior to injec-

tion in the chromatograph loop. The calibration curves for diazepam were linear for CE
and RP-HPLC methods over the concentrations range of
2.8. Recovery test 40.0-120.Qug/mL. The results showed an excellent linear-

ity (r2>0.999) between peak area ratios (diazepam/internal
To determinate the accuracy of the methods, recovery ex-standard) and concentration. The coefficients of correlation
periments were performed according to the Association of and the regression equations were calculated using linear
Official Analytical Chemists (AOAC]21]. Diazepam stan-  least-squares regression analyf§]. Acceptable coeffi-
dard solution was added to commercial sample solution andcients of correlation0.99) and an intercept close to the
analyzed by the proposed methods, accordintatde 1 origin should be achievef24]. The limits of detection for
CE and RP-HPLC analysis for diazepam were 4.24 and
1.44u9/mL, respectively, and the limits of quantification
3. Results and discussion were 12.85 and 4.36g/mL for CE and RP-HPLC, respec-
tively. RP-HPLC proved to be more sensitive. The criterion
Two different instrument techniques, CE and RP-HPLC, used to determine the LOD and LOQ was based on standard
were evaluated for this work. Diazepam compound and inter- deviation (S.D.) of response and the calibration curve slope
nal standard were injected to determine elution profiles on the (S) in accordance with the formulas LOD =3.3 (S.$).and
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Table 2

Analytical curve for the capillary electrophoresis (CE) and reverse-phase
high-performance liquid chromatography (RP-HPLC) methods in the anal-
ysis of diazepam (standard solutions)

Statistical Data CE RP-HPLC
Concentration rangeug/mL) 400-120.0 400-120.0 A A
Intercept 001318 —0.02221 ® i, i
Slope 002351 00196
Correlation coefficient;? 0.9996 09994
Standard error estimat&{) (n=5) 0.0241 001583
Limit of detection {vg/mL) 424 144
Limit of quantitation (.g/mL) 1285 436 2
Method validation regarding linearity, limit of detection and limit of quan- 1
titation.
i
(B) ]~~v---~«——~ﬂ(\w~_~v~MJLWJ L

LOQ=10(S.D.p for LOD and LOQ), respectivelf25]. The
standard deviation of response was determined fromythe
intercept standard deviation of the regression line. The cal-
ibration curves consisted of five points and three replicate
injections of standards at each concentration level were per-

formed. Statistical data are showedTable 2 1 h

[
3.3. Specificity o .ILM_J S
The specificity of an analytical method is its ability to mea- Ol
sure accurately and specifically the analyte in the presence of
components that may be expected to be presentin the sample
matrix [24]. The specificity of the methods, CEi¢. 2) and
RP-HPLC fig. 3), was demonstrated by the non-interference o
between diazepam and excipients from the samples, criterion l
defined in théJSP26 for assayf24]. To identify the interfer- T
ence by these excipients, a mixture of the inactive ingredients ) A 1
(placebo), beforeRig. 2A andFig. 3A) and after being spiked (D) { ; W/LW. I AU i.‘
with standardsKig. 2D andFig. 3D), and the commercial T T T T T T T
samples of diazeparfkig. 2C andFig. 3C) were analyzed by o 15 20 25 30 35 4.0
the proposed methodology. As it can be observed, the tablet Migration time (min)

excipients interfere in the analysis of diazepam, establishing Fig. 2. CE analysis of diazepam in pharmaceutical tablets. (A) Placebo of

therefore the method specificity. simulated sample; (B) standards: (1) bromazepam (50.0 mg/mL), IS, (2) di-
azepam (80.0 mg/mL); (C) commercial sample tablet; (D) simulated sample
3.4. Precision tablet. Conditions: capillary column with 76ni.d. and total length of 50 cm

(28cm to the detector); buffer solution: 20 mmoiLSDS, 20 mmol 1

. . . sodium tetraborate, pH 9.23; detection at 242 nm.
Precision can be defined as the degree of agree-

ment among individual test results, when the procedure
is applied repeatedly to multiple sampling of a homo-
geneous sampl¢24]. Within-day variability was deter-

Table 3
Determination of diazepam in commercial sample (1) and simulated sample (2), using capillary electrophoresis (CE) and reversed-phasenaigteperfor
liquid chromatography (RP-HPLC)

Parameters CE HPLC

Sample 1 Sample 2 Sample 1 Sample 2
Amount declared (mg/tablet) 1 1000 1000 1000
Amount found (mg/tablet) 102 1035 1011 967
Relative standard deviation (R.S.B(Y6) 162 090 098 036
Confidence limit (purity) P = 95%) 10000+ 1.16 10349+ 0.94 10109+ 0.71 9968+ 0.26

Method validation regarding precision.
2 Average of 10 determinations.
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A I

1.58
4.86
1 2
B) — MY———
1.57
4.84
1 2
©)1
1.58 4.83
1 2
D) T T 1 T T
0.0 2.0 4.0 6.0

Retention time (min)

Fig. 3. HPLC analysis of diazepam in pharmaceutical tablets. (A) Placebo
of simulated sample; (B) standards: (1) acetaminophen (60.0 mg/mL), IS,
(2) diazepam (80.0 mg/mL); (C) commercial sample tablet; (D) simulated
sample tablet. Conditions: Lichrospfed00 RP-18 column; flow rate:
0.8 mL/min; mobile phase: methanol:acetonitrile:water (45:25:30); detec-
tion at 242 nm.

mined by analyzing 10 replicate samples containing di-
azepam (80.Q.g/mL) and bromazepam (50u@/mL, IS)
for the CE method and 10 replicate samples containing di-
azepam (80.Q.g/mL) and acetaminophen (6Qu@/mL, IS)
for the RP-HPLC method. The precision was given in terms
of relative standard deviation (%). Data irable 3indi-
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Table 4

Recovery of a standard diazepam solution added to commercial sample using
capillary electrophoresis (CE) and reverse-phase high-performance liquid
chromatography (RP-HPLC)

Methods Standard Standard Recovery
amount added amount found (%)
(ng/mL) (rg/mL)

CE 3000 3010 10032
40.00 4060 10150
50.00 4900 9706

HPLC 3000 2949 9826
40.00 4104 10260
50.00 5126 10252

Method validation regarding accuracy.
@ Average of three determinations.

3.5. Accuracy

The accuracy of a measurementis defined as the closeness
of the measured value to the true value. Typically, accuracy is
represented and determined by recovery sty@i€ls Table 4
shows the accuracy of the CE and RP-HPLC methods ex-
pressed as percentage. The recoveries for diazepam ranged
from 99.00 to 101.50% and from 98.26 to 102.60% for CE
and RP-HPLC, respectively, thus indicating that the methods
provide sufficient accuracy.

3.6. Comparison of precision and accuracy of the CE
and RP-HPLC methods

Significance tests were carried out to evaluate the obtained
experimental results from CE and RP-HPLC methods. These
tests are used to verify whether there is a statistically signif-
icant difference between the results obtained from distinct
methodg26,27] To compare the accuracy and precision of
the two proposed methods, thest and th&-test were used,
respectively. The results obtained by comparison of accuracy
and precision can be observedTiables 5 and 8Means and
variances were found to be statistically different, at a confi-
dence level of 95%.

Table 5
Statistical parameters used in the comparison of accuracy and precision
of capillary electrophoresis (CE) and reversed-phase high-performance lig-
uid chromatography (RP-HPLC) methodologies in the analysis of diazepam
tablets

Samples Statistical parameters CE RP-HPLC
1 X 10015 10109

S 1.62 099

n 10 10

X 99.77 9968

S 0.31 036

n 10 10

Sample 1: commercial sample of diazepam tablet; sample 2: simulated sam-

cate a good agreement among the individual test resultSpie of diazepam tablef = mean value (diazepam content in the tablet, %);

obtained.

S=standard deviation ant=number of determinations.



M.S. Aurora Prado et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 273-279 279

Table 6 References
Comparison of accuracy and precision between the capillary electrophore-

sis (CE) and reversed-phase high-performance liquid chromatography (RP- [1] R.I. Shader, D.J. Greenblatt, Am. J. Psychol. 134 (1997) 652-656.

HPLC) methods in the analysis of diazepam tablets [2] LS. Goodman, A.G. Gilman, Las Bases Farmagaas de la

Samples Accuracy Precision Terageutica, eighth ed., Bdica Panamericana, 8ico, 1991, pp.
calculated-value calculated=-value 305, 346, 420-421.

1 1.56 268 [3] C.M. Smith, A.M. Reynard, Essentials of Pharmacology, W. B. Saun-

ders Company, Philadelphia, 1995, p. 226.

2 0.59 1.35 L
. . . [4] P.L. Munson, R.A. Mueller, G.R. Breese, Principles of Pharmacol-
Sample 1: commercial sample of diazepam tablet; sample 2: simulated sam- -~ * gy Chapman & Hall, U.S.A., 1996, p. 243.

ple of diazepam tablet; tabulated Studevelue withP = 95% and 18 degrees [5] H. Schuetz, V. Westenberger, J. Chromatogr. 169 (1979) 409—411.
of freedomt=2.101 (ref[17]); Tabulated Snedecévalue withP =95%, [6] V. Cirimele, P. Kintz, B. Ludes, J. Chromatogr. B. 700 (1997)

Foig=4.026 (ref[17]). 119-129.
[7] M. Japp, K. Garthwaite, A.V. Geeson, M.D. Osselton, J. Chromatogr.
429 (1988) 317-339.
4. Conclusions [8] M. Kleinschnitz, M. Herderich, P. Schreier, J. Chromatogr. B. 676
(1996) 61-67.

. . . . . . [9] E. Roets, J. Hoogmartens, J. Chromatogr. 194 (1980) 262—-269.
Diazepam was determined with high efficiency by both [10] C. Mannucci, J. Bertini, A. Cocchini, A. Perico, F. Salvagnini, J.

CE and RP-HPLC proposed methodologies. The sam- Pharm. Sci. 82 (1993) 367-370.
ple excipients (matrix peaks) did not interfere with the [11] AW. Abu-Qare, M.B. Abou-Donia, J. Chromatogr. B. 754 (2001)
analyte. 503-509.

The two methods (CE and RP-HPLC) have been success{1? M.E. ﬁCapella—Pefu, D. Bose, A. Martinavarro-Domguez, M. Gil-
fglly vaIidaFed anq may b_e considered for routing analysis of [13] Qﬂ\ljlls ‘Ai'zaE;t’e\ll_elch;\lr';f;;iihi’C h,_rfl\T at/g"g’r' f' gﬁ%g;gz)rlzg.l 7261: ’
diazepam in any industrial laboratory. Comparison data for (1998) 304-309.

CE and RP-HPLC methods revealed similar results in terms[14] M. Bakavoli, M. Kaykhaii, J. Pharm. Biomed. Anal. 31 (2003)
of accuracy and precision although the RP-HPLC method 1185-1189.
was more sensitive. [15] K.D. Altria, Capillary Electrophoresis Guidebook: Principles, Oper-

. . ation and Applications, Humana Press, Totowa, 1996, pp. 64, 85-86,
It was demonstrated that capillary electrophoresis ap- 88-89 [Methods in Molecular Biology Series, 52]

pears to b? an adeql,!ate choice for drug qualit)_/ CO””Q'- [16] S. McClean, E.J. O’Kane, W.F. Smyth, Electrophoresis 21 (2000)
CE determination of diazepam excels RP-HPLC in that it 1381-1389.
is faster and provides results with substantial advantages[17] S. McClean, E. O'Kane, J. Hillis, W.F. Smyth, J. Chromatogr. A.
not only in expeditiousness but also in ease of operation. 838 (1999) 273-291.

. [18] X. Cahours, Ph. Morin, M. Dreux, J. Chromatogr. A. 845 (1999)
Furthermore, relatively low volumes of electrolyte solu- 203-216
tion are required for the electrophoretic run. Therefore, as [19] M. Tomita, T. Okuyama, J. Chromatogr. B. 678 (1996) 331-337.
it is already well accepted, CE is capable of representing[20] G. Vanhoenacker, F. de I'Escaille, D. De Keukeleire, P. Sandra, J.

a viable alternative to RP-HPLC for many pharmaceutical Pharm. Biomed. Anal. 34 (2004) 595-606.
[21] F.M. Garfield, Quality Assurance Principles for Analytical Labora-

assays. . . .
tories, second ed., AOAC International, Arlington, 1991, pp. 74-76.
[22] H. Watzig, M. Degenhardt, A. Kunkel, Electrophoresis 19 (1998)
2695-2752.
Acknowledgments [23] .M. Green, Anal. Chem. 68 (1996) 305A-309A.
. N [24] The United States Pharmacopeia, 26th rev. (2003). United States
The authors wish to acknowledge the Furatacde Pharmacopeial Convention Inc., Rockville, MD, General Chapter no.
Amparo a Pesquisa do Estado deédds Paulo of Brazil 1225, pp. 2439-2442.

(FAPESP) (Process 95/2396-9; 98/03912-9, 00/04414-4,[25] M.L. Swartz, I.S. Krull, Pharm. Tech. 2 (1998) 12-20.

02/07390-4) and the Conselho Nacional de Desenvolvi- [26] J.C. Miller, J.N. Miller, Statistics for Analytical Chemistry, second
- . . ed., Ellis Horwood, Chischester, 1988, pp. 53—-62.

mento Cierifico e Tecnobgico of Bralel (CNPq) (Pro- [27] S. Bolton, Pharmaceutical Statistics. Practical and Clinical Applica-

cess 142878/1996-0; 301201/94-3) for financial supportand tions, second ed., Marcel Dekker Inc., New York, 1990, pp. 27-30,

fellowships. 118-181.



	Comparison of capillary electrophoresis and reversed-phase liquid chromatography methodologies for determination of diazepam in pharmaceutical tablets
	Introduction
	Experimental
	Apparatus
	Reagents
	Standards
	Samples
	Solutions
	Analytical curves
	Sample preparation
	Recovery test

	Results and discussion
	Method validation
	Linearity, limit of detection and limit of quantitation
	Specificity
	Precision
	Accuracy
	Comparison of precision and accuracy of the CE and RP-HPLC methods

	Conclusions
	Acknowledgments
	References


