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ABSTRACT

This paper reports a previously optimised method based on non-aqueous capillary electrophoresis (NACE)
using UV detection for the separation and simultaneous determination of cimetidine (CIM), ranitidine
(RAN), roxatidine (ROX), nizatidine (NIZ) and famotidine (FAM) in human urine. Separation is performed
at 25°C and at a separation voltage of 15 kV. Methanol containing 10 mM ammonium acetate and 0.2%
acetic acid was used as background electrolyte, and detection at 214 nm. These conditions allow the five
analytes to be separated within 4 min. In addition in the present paper a HPLC method using diode-array
as well as detector, was proposed as standard analytical method, which chromatography conditions were
following: a mobile phase consisting of 80:20 20 mM phosphate buffer (pH 7.5)/acetonitrile, and using
1 mLmin~" as flow rate of the mobile phase. Detection limits were evaluated on the basis of baseline noise
and were establishing between 8 and 15 pugL-! for NACE and between 16 and 162 pgL~" for HPLC. The
methods showed good precision with overall intra- and inter-day variations of 0.5-2.0% and 0.7-3.8%,
respectively. Finally the proposed methods were successfully applied to the screening determination of
the analytes in human urine, with recoveries between 97 and 105%, being able the use as pharmacokinetic
data in clinical urine samples.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Histamine H2 receptor antagonists constitute a drug class used
to block the action of histamine on parietal cells in the stomach in
order to reduce their acid production. Chromatographic methods
are widely used to determine histamine H2 receptor antagonists,
both individually and in combination. Most such methods use
high-performance liquid chromatography (HPLC) or capillary elec-
trophoresis (CE) with UV or mass spectrometry detection. Some
have been specifically developed for determining antiulcers in
pharmaceutical dosage forms, or their metabolites and impurities.
Analyses with these methods are usually performed on biological
fluids including urine, plasma and serum.

Abbreviations: CIM, cimetidine; FAM, famotidine; NACE, non-aqueous capillary
electrophoresis; NIZ, nizatidine; RAN, ranitidine; ROX, roxatidine.
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HPLC with UV detection has been used for the determination of
ranitidine [1-5] or famotidine [6-10] in plasma, ranitidine [11,12]
and famotidine [13]in serum, and ranitidine [14,15] and famotidine
(together with its impurities) [16] in pharmaceutical preparations.
Ranitidine and cimetidine have been determined jointly in aque-
ous samples [17] and plasma [18]. Other methods use MS detection
to determine ranitidine and its metabolites [19] or famotidine in
plasma [20]. Igbal et al. developed a HPLC method for the determi-
nation of cimetidine in human plasma and urine [21] with a limit
of quantitation of 100ngmL~! and 10 wgmL~1, respectively.

Capillary electrophoresis with UV detection has been used to
determine various histamine H2 receptor antagonists including
cimetidine in plasma [22], and its degradation products and impu-
rities [23]; and ranitidine in pharmaceutical preparations [24]. This
drug was also determined in urine by capillary electrophoresis
with electrochemiluminescent detection [25]. Finally, cimetidine,
famotidine, nizatidine and ranitidine in plasma, urine and pharma-
ceutical preparations have been the subjects of screening analyses
[26-32] by CE or HPLC.

Roxatidine is the least analytically documented histamine H2
receptor antagonist; in fact, only four papers have seemingly
been devoted to its determination. In 1988, Burrows et al. [33]
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determined this drug in plasma, urine and milk by gas chro-
matography. Argekar and Kunjir quantified it in pharmaceutical
preparations by HPLC-UV [34]; and, recently, two liquid chro-
matography/mass spectrometry (LC/MS) methods [35,36] for its
determination in human plasma were developed and validated.

Most of these methods are only capable of analysing some of five
H, antagonists. However, there has been no report a single univer-
sal assay by capillary electrophoresis for determining all five H,
antagonists in human urine. In a previous work recently published
[37], we developed a NACE method enabling control analyses for
these drugs in pharmaceuticals formulations. In the present paper
one of the main aim was thus to carry out a universal complete
validate procedure using a new NACE-UV analytical methodology
for the screening determination of cimetidine, famotidine, raniti-
dine, nizatidine and roxatidine in human urine. Since a considerable
amount of five H2 antagonists gets excreted unchanged in urine,
about 40-60% of an oral dose, in a first step their metabolites were
not considered.

Other of the main aims of this research is also to prove the
suitability of the proposed method for a reliable quantification of
analytes at clinical levels. In this sense, we have carried out an
extensive validation study, and specially applying a new design for
a whole and simultaneous robustness/ruggedness evaluation. So,
an integral evaluation including robustness and ruggedness tests
was also performed on urine matrix for the electrophoretic method
previously proposed.

Finally the proposed methods were successfully applied to the
screening determination of the analytes in human urine, being able
their use as pharmacokinetic data in clinical urine samples.

2. Materials and methods
2.1. Reagents, solutions and samples

2.1.1. Reagents

RAN, FAM and NIZ were supplied by Sigma (Madrid, Spain), CIM
was obtained from Tocris (Biogen Cientifica S.L., Madrid, Spain) and
ROX from Zamboén (Barcelona, Spain). Ammonium acetate, sodium
dihydrogen phosphate, ethanol and methanol (HPLC grade) were
purchased from Panreac (Madrid, Spain). Ethanol and methanol
were both obtained from Panreac, whilst acetonitrile was supplied
by Sigma. Milli-Q water was used throughout.

2.1.2. Standard solutions

Standard solutions of the histamine H2 receptor antagonists
(1000 mgL~1) were prepared in water. By exception, FAM was dis-
solved in an ethanol-water mixture owing to its low solubility in
water. Working-strength solutions were prepared on a daily basis
by appropriate dilution of the stock solutions with methanol.

2.1.3. Urine samples

Fresh urine samples were obtained from different healthy
volunteers, whereas clinical urine samples were provided from
patients under histamine H2 receptor antagonist treatment. These
fresh urine samples were directly submitted to solid-phase extrac-
tion after a preliminary centrifugation step (1960 x g, 15 min,
20°C).

2.2. Instrumentation

2.2.1. Capillary electrophoresis

Tests were performed on a Beckman (Fullerton, CA, USA) P/ACE
System MDQ capillary electrophoresis system equipped with a
diode-array detector and controlled via Beckman capillary elec-
trophoresis software. Separations were doneina31 cm(21 cm from
inlet to detector) x 75 (mi.d. fused silica capillary accommodated in

a cartridge that was thermostated at 25 °C. The detection window
was 800 pwm x 100 pm.

2.2.2. High-performance liquid chromatography

A Thermo Finnigan™ Surveyor® Plus HPLC system with a
diode-array detector was used for this purpose. The system was
monitored via a computer equipped with ChromQuest 5.0 soft-
ware, which was used for both measurements and data processing.
Compounds were separated on a 4.6 mm i.d. x 150 mm Kromasil
Cyg column of 5 wm particle size, using 20:80 acetonitrile/20 mM
phosphate buffer (pH 7.5) as mobile phase. Elution was done in the
isocratic mode, using an injected volume of 20 L and a flow rate
of 1mLmin~'.

2.2.3. Others equipments

The stability of the solutions was assessed on a Beckman DU-70
spectrophotometer furnished with 1.0cm quartz cells and con-
nected to an IBM-PS 2 Model 30 computer running Beckman Data
Leader software.

A vortex shaker for tubes (OVAN, Barcelona, Spain) was used
to mix and agitate samples, and a model S240 centrifuge (Selecta,
Barcelona, Spain) for centrifugation.

Extraction and preconcentration were carried out with a
laboratory-made device consisting of a water manifold (Supelco
Visiprep™ Sep-Pack system, Madrid, Spain) coupled to a Millipore
XF 54 23050 vacuum pump. Solid-phase extraction (SPE) was per-
formed with Sep-Pack Plus C;g cartridges (500 mg, Waters, Milford,
MA). Samples were evaporated by using a dry block heater (Pierce
Reactive-Therm™ Heating Modules) which provided precise, uni-
form temperature-controlled heating and N; flow.

pH was measured with a Crison model 2001 pH meter with a
combined glass electrode.

HPLC mobile phases both aqueous and organic were filtered
through 0.45-1xm filters (MF membrane filters) and through
0.5-1xm filters (Fluoropore membrane filters), respectively. Both
types of membrane filter were purchased from Millipore.

2.3. Methods and procedures

As it has been commented later, in the present paper, compara-
tive validate procedures have been carried out using a NACE-UV and
HPLC-UV for the simultaneous determination of cimetidine, famo-
tidine, ranitidine, nizatidine and roxatidine in biological samples.
For that, two analytical methods have been proposed, being very
important their chemical features of each analysed compounds. So,
Fig. 1 shows the chemical structures of each drug used for both
analytical methods.

Use of diode-array detection enabled extraction of chro-
matograms and electropherograms at different wavelengths. In the
optimisation process we monitored the five analytes at 214 nm
whereas validation procedure we monitored each antiulcers at its
wavelength of maximum absorbance.

2.3.1. NACE-UV method

The capillary was used for hydrodynamic injection of sam-
ples for 3s at 0.5psi (25.8nl). Separations were performed at
25°C, using an applied voltage of 15kV for 4min (88 kV min~!
ramp). The current intensity thus obtained was 13 (A. Samples
were injected in triplicate and corrected peak areas (CPA) (area/
migration time ratio) used for quantitation.

Methanol containing 10 mM ammonium acetate and 0.2% acetic
acid, and prepared on a daily basis, was used as background elec-
trolyte. Each electrolyte solution was used in only six runs in order
to avoid electrolysis.
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Fig. 1. Structures of the histamine H2 receptor antagonists (CIM, FAM, NIZ, RAN and
ROX).

2.3.2. HPLC-UV method

Compounds were separated on at room temperature on a
3.9mmi.d. x 150 mm, 5 wm particle, Nova Pack C;g reversed-phase
column from Waters Millipore (Milford, MA, USA). A mobile phase
consisting of 80:20 (v/v) of phosphate buffer, 20mM pH 7.5 and
acetonitrile as organic solvent, was used in preliminary tests. Iso-
cratic elution was performed at a flow rate of 1.0mLmin~!. The
volume injected (samples and standards) was 20 L. A wavelength
of 214 nm was used since provided the best S/N ratio and a reso-
lution better than 1.4 for the simultaneous separation of selected
analytes.

2.3.3. Solid-phase extraction procedure for urine samples

Extraction of the histamine H2 receptor antagonists present in
the urine samples was performed by solid-phase extraction (SPE)
with reversed-phase Cig 500 mg cartridges (Sep-Pak Plus, Waters,
Milford, MA, USA). Every step of this SPE procedure (nature and
volume of organic and aqueous solvents in washing stages, sample
volume, elution volume, final volume of extracts, etc.) was eval-
uated in an effort to achieve complete extraction. Owing to the
high level of complexity of the urine matrix, where the analytes
under investigation were present at low levels this SPE process was
also necessary as a preconcentration and cleaning stage. It was also

decided to submit the urine samples to a preliminary centrifugation
step (1506 x g, 10 min, 25°C).

Prior to loading with the sample, the sorbent was conditioned
with 5 mL of methanol and 5 mL of 10 mM phosphate buffer (pH 7).
Then, the urine sample (5 mL) was passed slowly through it. After
loading, the sorbent was washed with 2 mL of 100 mM phosphate
buffer (pH 7), 2.5 mL of 20:80 methanol/water and 2 mL of water.
Finally, the target analytes were eluted with 2 mL of methanol.

3. Results and discussion

The stability of standards solutions of cimetidine (CIM), ran-
itidine (RAN), roxatidine (ROX), nizatidine (NIZ) and famotidine
(FAM) was assessed from spectrophotometric measurements. All
standard solutions were stored at room temperature. Working
solutions were prepared on a daily basis by diluting the stock solu-
tions with methanol.

The difference between absorption spectra of the stocks solu-
tions were found to be unchanged of freshly prepared solutions and
those aged for 60 days after this period. The solution can therefore
be used within this period without the results being affected. So we
can assure stock standard solutions used (1000 mgL~') were found
to remain stable for at least 2 months.

3.1. NACE method

3.1.1. Separation conditions

Based on previous results [37] with a new, validated CE-UV
method for the simultaneous detection and quantitation of the five
antiulcers in pharmaceutical formulations, in this work we used
it to determine the drugs in human urine. The optimum separa-
tion conditions were established by examining the influence of the
electrolyte composition, proportion of acetic acid, concentration
of ammonium acetate, applied voltage, capillary temperature and
injection time; the optimum conditions thus identified are shown
in Table 1. Fig. 2 shows an electropherogram for the five antiulcers
as obtained under such conditions.

Prior to first use, the capillary was conditioned by rinsing with
0.1 M NaOH for 20min, water for 10 min and separation elec-
trolyte for 10 min. Also, prior to each analysis, the capillary was
flushed with running electrolyte for 1 min in order to restore and
re-equilibrate its wall surface. Once ready, methanol containing
10mM ammonium acetate and 0.2% acetic acid, and prepared on
a daily basis, was used as background electrolyte. Each electrolyte
solution was used in only six runs in order to avoid electrolysis.

The current intensity thus obtained was 13(A. Samples
were injected in triplicate and corrected peak areas (CPA)
(area/migration time ratio) used for quantitation.

Diode-array detection was used to obtain chromatograms at
different wavelengths in CE and HPLC. A wavelength of 214nm
was used to simultaneously detect the five analytes. In other way,
in order to improve some validations parameters ad limits of
detection, the analytes were quantified at the highest absorbance

Table 1
Optimum capillary electrophoresis separation conditions.

NACE separation conditions?

Electrolyte 10 mM ammonium acetate and 0.2% acetic acid
in methanol
Voltage 15KV, voltage ramp 88 kVmin~! in 0.17 min

Silica fused capillary 31 cm total length (21 cm effective
length) x 75 pm i.d.

Sample injection Hydrodynamic (0.5 psi), 3 s

Temperature 20°C
Detection wavelength 214nm
a Ref. [37].



J.J. Berzas Nevado et al. / J. Chromatogr. B 921-922 (2013) 56-63 59
Table 2
Precision in peak areas for samples analysed on different days.
Roxatidine Ranitidine Famotidine Cimetidine Nizatidine
NACE? HPLCP NACE? HPLCY NACE? HPLCY NACE? HPLCP NACE? HPLCP
Day 1 0.86 9.48 426 1.99 1.13 0.55 1.85 1.15 1.79
Day 2 131 5.98 3.65 3.85 1.24 1.17 0.69 1.16 1.06
2 Corrected peak area (% RSD).
b Peak area (% RSD).
Table 3
Linearity in the signal-concentration relation for the analytes as determined by NACE and HPLC.
Analyte Method Equation R?
Famotidi NACE y=(18978.44 + 307.06)x +(2.43 + 2357.18) 0.9990
amotidine HPLC y=(195796.40 + 4179.59)x + (37041.00 + 55290.79) 0.9990
Cimetidi NACE y=(30646.57 + 1689.71)x + (—7787.30 + 12970.73) 0.9940
imetidine HPLC y=(321137.07 + 56726.85)x +(525710.50 + 750425.69) 0.9810
Nigatidi NACE y=(10076.87 £ 511.85)x +(—2432.83 + 263.30) 0.9950
1zatidine HPLC y=(206789.03 + 1072.64)x +(124226.00 + 14189.72) 0.9982
Ranitidi NACE y=(10566.06 £ 537.97)x +(—2927.46 = 463.56) 0.9951
anitidine HPLC y=(169903.93 +27920.99)x +(144230.50 + 369360.04) 0.9934
Roxatidi NACE y=(14402.97 £ 775.58)x +(—2992.20 £ 5953.55) 0.9946
oxatidine HPLC y=(8903.64 + 1836.55)x +(—10138.5 + 24295.34) 0.9882

wavelength for each (200 nm for ROX, 231 nm for RAN, 280 nm for
FAM, 219 nm for CIM and 325 nm for NIZ).

3.1.2. Validation procedure

The specificity or purity of the peaks for the histamine H2
receptor antagonists was assessed from several injections of urine
samples previously subjected to SPE and spiked with the target
analytes. Absorbance peaks at different wavelengths were used
to compare the spectra for the analytes. The results revealed the
absence of interferences due to matrix effects.

The reproducibility of corrected peak areas (CPA) was evaluated
over a period of 2 days by performing five successive injections
of urine samples spiked with each analyte at a 10mgL~! concen-
tration and subjected to SPE prior to CE. The results, calculated
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Fig. 2. Electropherogram for a urine sample spiked with a 5mgL-! concentration

of each histamine H2 receptor antagonist and subjected to the SPE treatment under
the optimum NACE separation conditions.

as percent RSD values, are shown in Table 2. A comparison via
Snedecor’s test revealed the absence of significant differences at
the 5% confidence level.

Linearity was assessed by using spiked urine samples subjected
to the SPE treatment. The results (CPA) were obtained by tripli-
cate injection of nine concentrations levels (0.05, 0.1, 0.25, 0.5, 1,
2,5,10and 20mgL-1) for each analyte and revealed good linearity
between concentrations and relative peak areas for all analytes,
with correlation coefficients higher than 0.99. Table 3 lists the
regression equations obtained and their coefficients.

The accuracy of the proposed method was validated by apply-
ing it to various human urine samples spiked with ROX, RAN,
FAM, CIM and NIZ. Their recoveries, which were calculated against
spiked blank urine extracts used as external standards, are shown
in Table 4.

The limits of detection (LOD) and quantitation (LOQ) for each
analyte were calculated as 3 and 10 times, respectively, their S/N
ratios. In addition in order to boost sensitivity up and improve LODs
and LOQs a bubble cell capillary was used (see Table 5).

3.1.3. Integral evaluation of robustness and ruggedness

The United States Pharmacopeia (UPS) defines ruggedness as
“the degree of reproducibility of test results obtained by the analy-
sis of reproducibility of the same samples under a variety of normal
test conditions such as different days, several reagent lots, different

Table 4
Recoveries from human urine samples spiked with the analytes at variable concen-
trations using NACE analytical method.

Analyte Added (ppm) Recovery (%)
- 5 101
Roxatidine 125 105
itidi 5 99
Ranitidine 12,5 101
F i 5 100
amotidine 1255 101
G di 5 97
imetidine 1255 102
Nizatidi 5 97
1zatidine 125 104
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Table 5
Limits of detection (LOD) and quantitation (LOQ) for the NACE and HPLC methods.
Analyte LOD (pgl™) LOQ (pgLl™1)
NACE HPLC NACE HPLC
Normal conditions Bubble cell capillaries Normal conditions Normal conditions Bubble cell capillaries Normal conditions
Roxatidine 26 9 162 87 28 540
Ranitidine 41 13 22 138 45 75
Famotidine 45 15 23 150 49 76
Cimitidine 23 8 16 77 26 52
Nizatidine 48 15 18 160 52 60
Table 6

Experimental design for the integral evaluation of robustness and ruggedness with the Plackett-Burman model.

Number of experiments Selected factors (external and internal)

A B C D E F G H 1 Al K
1 + + — + + + — — — + —
2 — + + — + + + — — — +
3 + — + + — + + + — — —
4 — + + + — + + + — —
5 — — + — + + — + + + —
6 - - - — + + — + + +
7 + — — — + + — + +
8 + + — — + + — +
9 + + + — + + —
10 — + + + — — +
11 + — + + + — — -
12 — - — - - - -

instruments, various laboratories, different elapsed assay times. . .”,
where all of these factors are external to the written analytical
method.

The robustness of a method is defined by both the USP and
ICH Tripartite guidelines (International Conference on Harmoniza-
tion) as “a measure of its capacity to remain unaffected by small
but deliberate variations in method parameters” and “provides an
indication of its reliability during normal use” [38]. Ruggedness
can therefore be regarded as a measure of the absence of exter-
nal influences on the test results, and robustness as one of the
lack of internal influence on such results. In this work, we assessed
the potential influence of both internal and external factors of the
method on performance. To this end, we used the Plackett-Burman
factorial model, which is based on balanced incomplete blocks. For
statistical reasons concerning effects on interpretation, no designs
involving fewer than 8 experiments were used and designs involv-
ing more than 24 were deemed impractical [39]. To date, this model
has been successfully used to assess robustness only.

Table 6 shows the figures of merit of a novel Plackett-Burman
design allowing the effects on both robustness and ruggedness to
be assessed; the design, which involves 11 factors and 12 exper-
iments (N=12), is described in detail elsewhere [40]. The choice
of variables (factors) and the levels at which they are tested is very

important for areliable robustness/ruggedness test. In fact, the vari-
ables should be significant in practice and their levels reflect their
typical variations. The external (ruggedness) and internal (robust-
ness) factors (A-K) used in our model are shown in Table 7 together
with the (+) and (-) levels for each factor; these two signs denote
whether the value in question was greater or lower than the opti-
mum value for the procedure.

The effects of varying the levels of the most critical elec-
trophoretic responses of the method were investigated in terms
of CPA, peak heights and migration times for the analytes.

The ranked effects of each factor for a selected electrophoretic
response were calculated simply by adding its (—) and (+) assay
test results, the total being divided into one-half the number of
runs (i.e.,, by 6 in a 12-run design). M values are constant for any
given design and are in fact the means of the order statistics (ref-
erence) for a sample size of 11. The ranked effects of the 12 factors
(on the X-axis) were plotted against the M values (on the Y-axis)
for each critical electrophoretic response. The result should be a
near-straight line. If a value lies outside the line, then the method
can be deemed not rugged or not robust (as classified by its cor-
responding factor). However, if all the plots form (nearly) straight
line, the analytical method can be deemed rugged and robust over
the conditions tested in the run design.

Table 7

Factors used to evaluate robustness and ruggedness in the NACE method.
Factor External/internal Optimum Level (-) Level (+) M
A: Ammonium acetate concentration (mM) Internal 10 8 12 -1.59
B: % acetic acid Internal 0.20 0.16 0.24 -1.06
C: Voltage (kV) Internal 15 13 17 -0.73
D: Temperature (°C) Internal 25 23 27 -0.46
E: Injection time (s) Internal 3 2.8 3.2 -0.22
F: Urine volume (mL) Internal 5 4.8 52 0.00
G: Elution volume (mL) Internal 2 19 2.1 0.22
H: Different days External - I Il 0.46
[: Various capillaries External - Il 0.73
J: Different urine samples External - I Il 1.06
K: Different SPE cartridge lots External - I Il 1.59
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Fig. 3. Ranked effects of the 12 selected factors against the M values for the raniti-
dine response (corrected peak areas).

The robustness/ruggedness pair was assessed from triplicate
injections of spiked urine samples containing a 5 mgL~! concentra-
tion of each analyte. Based on the results of the test, the proposed
SPE-electrophoretic method is both robust and rugged for the crit-
ical electrophoretic responses assessed under all variations tested.

By way of example, Fig. 3 shows the plot for the ranked effects
of the 12 selected factors against the M values for ranitidine.
As can be seen, all points lay on a straight line; therefore, the
proposed method is robust and rugged with regard to the elec-
trophoretic response. A similar evaluation was done for the rest of
electrophoretic responses.

3.2. HPLC standard method

The HPLC method used for validation was developed in accor-
dance with previous work in this direction. Because some of the
analytes studied here were not addressed in such work, a new
method for the determination of the five antiulcers in urine samples
had to be optimised and validated.

3.2.1. Separation conditions

A mobile phase consisting of 80:20 20mM phosphate buffer
(pH 7.5)/acetonitrile was used in preliminary tests. Samples were
injected in triplicate and peak areas used for quantitation.

The influence of the pH of the mobile phase on separation was
studied by using various 20 mM phosphate solutions containing
20% acetonitrile and adjusted to pH 6.5-7.5. Retention times were
found to increase with increasing pH under these conditions, so pH
7.5 was selected as it ensured efficient separation of the analytes.

The influence of the buffer concentration in the mobile phase
was examined over the range 10-50 mM and 20 mM selected on
the grounds of resolution.

The effect of the organic solvent in the mobile phase was
investigated by using 20 mM phosphate buffer containing variable
proportions of acetonitrile from 20 to 40%. Retention times were
found to decrease and overlap between peaks to increase as the ace-
tonitrile content was raised. A proportion of 20% was thus chosen
as optimal based on peak resolution.

NIZ
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Fig. 4. Chromatogram for a urine sample spiked with a 5mgL-! concentration of
each histamine H2 receptor antagonist and subjected to the SPE treatment under
the optimum HPLC separation conditions.

The influence of the flow rate also was studied and 1 mL min~!
selected inasmuch as it provided good resolution and short analysis
times.

Under the above-described optimum separation conditions the
analytes were eluted in the following sequence: famotidine, cime-
tidine, nizatidine, ranitidine and roxatidine (Fig. 4).

3.2.2. Validation procedure

After the optimum separation conditions were established,
appropriate validation tests for precision, linearity and limits of
detection and quantitation were conducted. To this end, a standard
solution containing a 10mgL-! concentration of each histamine
H2 receptor antagonist was injected 5 times. The repeatability
thus obtained was quite acceptable. Between-day precision (repro-
ducibility) was evaluated by analysing several standards on two
consecutive days; the results are shown in Table 2. As in capillary
electrophoresis, a Snedecor test revealed the absence of significant
differences in peaks areas at the 5% confidence level.

The analytical signal (area) versus concentration relationship
was found to be quite linear for the five analytes. Such a relation-
ship, however, was lost at concentrations above 20 mgL-!. Table 3
shows the regression equations and coefficients of determination
for the five analytes.

Accuracy was assessed by determining the five antiulcers in
various standards and recoveries calculated by reference to the cap-
illary electrophoresis results. The recoveries thus obtained were
99%, 92%, 93%, 105% and 106% for ROX, RAN, FAM, CIM and NIZ,
respectively.

The limits of detection and quantitation, calculated on the basis
of a detector signal-to-noise ratio of 3:1 and 10:1, respectively,
were obtained from the average value for several chromatograms.
The results are shown in Table 5.

3.3. Applications

Because histamine H2 receptor antagonists are excreted mainly
in urine, about 40-60% of an oral dose is excreted as unchanged
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Table 8
Application of the NACE and HPLC methods to real urine samples.

Active principle Pharmaceutical formulation

Urine collection time after NACE (mgL-1!) HPLC (mgL-1)

administration (h)

Roxatadine (roxatidine acetate hydrochloride)
Ranitidine (ranitidine hydrochloride)
Famotidine

Cimetidine

Nizatidine

Zarcos, 150 mg (tablets)

Tamaget, 200 mg (tablets)
Distaxid, 150 mg (capsules)

2 92.28 91.50

Ranitidina Ratiopharm 150 mg (tablets) 2 42.95 36.15
Famotidina Ratiopharm 20 mg (tablets) 2 8.11 7.51

2.5 247.02 263.00
25 132.13 142.5

6000 —
Ratiopham
(RAN)

4000 — Zarcos (ROX) Tamaget (CIM)

mUA

2000 — Distaxid (NIZ)

Ratiopharm
(FAM)

! | ! | ' | ! | ! |
0.0 1.0 2.0 3.0 40 5.0
Migration time (min)

Fig. 5. Electropherogram for a mixture of human urine samples from five patients
under treatment with roxatidine, ranitidine, famotidine, cimetidine and nizatidine,
respectively.

drug, we assessed the ability of the proposed method to deter-
mine the analytes in this biological fluid. To this end, we analysed
several urine samples from patients under medical treatment.
The samples were subjected to the straightforward, expeditious
extraction—-preconcentration procedure described in Section 2.3,
prior to CE separation.

Using a photodiode detector allowed us to confirm the identity
of the peaks, not only from migration times, but also by compar-
ing the UV-vis spectra for samples with those for a standard. Peak
purity was also assessed in all tests.

So, the utility of our off-line SPE electrophoretic and chromato-
graphic procedures were demonstrated by means of the qualitative
and quantitative analysis of ROX, RAN, FAM, CIM and NIZ in several
urine samples.

All samples were analysed in triplicate. The results were con-
firmed by using the HPLC method described in Section 3.2. There
was no evidence of systematic errors affecting the determination
of the antiulcers in urine with the proposed method. The analyte
concentrations found are shown in Table 8.

Fig. 5 shows the electropherogram for a mixture of five human
urine samples obtained from several patients under treatment
with roxatidine, ranitidine, famotidine, cimetidine and nizatidine,
respectively. The unknown peaks in it may be due to metabolites
or interferents present in the urine samples.

4. Conclusions

In this work, we used two complementary techniques based
on different physical principles (HPLC and CE) in order to develop

two methods for the simultaneous detection and quantitation of
ROX, RAN, FAM, CIM and NIZ in human urine using UV detection.
We report for the first time a universal and full NACE validated
method for determining five H, antagonists in human urine. It pro-
vides lower LOD than those reported by Ashiru et al. HPLC method.
Furthermore, the use of an orthogonal HPLC method allowed com-
pare and validate the results achieved by NACE. The reliability of
both methods were certified by means of an exhaustive validation
on urine extracts in terms of precision, selectivity, linearity, LODs
and LOQs. Also, CE uses solvents and reagents sparingly, is more
expeditious and provides higher peak efficiencies.

The main contribution of the work lies in the simultaneous
robustness/ruggedness evaluation proposed, where the overall
influence of external and internal (chemical and instrumental) fac-
tors on method parameters was simultaneously considered.

Having proved the reliability of our off-line SPE electrophoretic
and chromatographic methods, it was successfully applied to the
qualitative and quantitative analysis of the analytes in actual clini-
cal urine samples. The utility of our method for obtaining relevant
data concerning the pharmacokinetic screening of active principle
was demonstrated. As a consequence, we can conclude that the
proposed methods are suitable and more sensitive for the analysis
of five H, antagonists in urine.
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