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A new, rapid, sensitive and accurate gradient reversed-phase high-performance liquid chroma-
tography technique for simultaneous separation and analysis of sildenafil citrate (SC), its
N-desmethyl active metabolite � N-desmethylsildenafil (UK�103,320) in the presence of
different drugs in human urine was developed. The analysed drugs were extracted from
urine by liquid-liquid extraction. Effective RP�HPLC separation of the examined drugs
was performed using a Merck LiChroCART® analytical column (Purospher® STAR RP�18
endcapped, 125 × 3 mm, particle size 5 µm) with a gradient mobile phase system and diode
array or fluorescence detector. Linear ranges of detection for SC and UK�103,320 were
found to be 0.03�8.5 µg mL�1 (r2 = 0.9994) for both compounds. Linear ranges for other
drugs (analgesic, antibiotic, diuretic and demulcent), which could exist in urine from
patients treated with SC were also determined. Complete separation of all analytes was
achieved below 25 min. The retention times for all studied analytes ranged from 4.76 to
18.84 min. The limits of detection and limits of quantification for both analysed compounds
were calculated and recovery studies were also performed. The mean absolute recoveries of
SC and UK�103,320 were > 94%. The new procedure was suitably validated and success-
fully applied for the analysis of SC, its active metabolite and other drugs in urine samples of
patients with pulmonary hypertension.
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There are a number of multicenter studies in progress now with the aim to evaluate
the value of sildenafil citrate (SC) in the treatment of primary and secondary pulmonary
hypertension. The aim of the treatment of pulmonary hypertension is to achieve a pulmo-
nary vasodilatation. Pulmonary vasodilatation causes the decrease of pulmonary vascu-
lar resistance and increases cardiac index, which are the haemodynamic goals of the the-
rapy when improved exercise tolerance is a clinical one. SC is a selective inhibitor of
type 5 phosphodiesterase (PDE5), a phosphodiesterase isoenzyme that metabolizes cyclic
guanosine-3�-5�-monophosphate (cGMP) which is a mediator of vasodilatation and is
presented in smooth muscles of pulmonary vascular bed [1]. Therefore, SC increases
cGMP within pulmonary vascular smooth muscle cells resulting in relaxation. In pa-
tients with pulmonary hypertension, this can lead to vasodilatation of the pulmonary
vascular bed and, to a lesser degree vasodilatation in the systemic circulation. Pulmo-
nary hypertensive patients have higher susceptibility to respiratory tract infections and
heart failure. These are frequently treated with non-steroid, steroid anti-inflammatory
drugs and antimicrobial agents mostly antibiotics and fungicidal drugs. The data shows
the interactions of the drugs alone, and in combinations with SC metabolism is still very
limited. In this study, by preparing a method of examining the number of drugs that can
be found in many situations administered together with SC to people suffering from
pulmonary hypertension and infection or heart failure the authors tried to help the resear-
chers focused on drug interactions to find a useful tool for their studies. Therefore it is
necessary to develop one chromatographic system which could provide simultaneous
determination of concurring drugs in the shortest time.

Opracowano now¹, szybk¹, czu³¹ i dok³adn¹ gradientow¹ technikê wysokosprawnej chro-
matografii cieczowej w odwróconym uk³adzie faz do jednoczesnego rozdzielania i ozna-
czania cytrynianu sildenafilu (SC) i jego N-desmetylo aktywnego metabolitu � N-desmetylo-
sildenafilu (UK�103,320) w obecno�ci ró¿nych leków w ludzkim moczu. Badane leki ekstra-
howano z próbek moczu przy u¿yciu ekstrakcji ciecz-ciecz. Efektywne rozdzielanie badanych
leków metod¹ RP�HPLC wykonywano z zastosowaniem kolumny analitycznej Merck
LiChroCART® (Purospher® STAR RP�18 endcapped, 125 × 3 mm, �rednica ziarna 5 µm)
z gradientowym przep³ywem fazy ruchomej i detektorem z matryc¹ fotodiodow¹ lub detek-
torem fluorescencyjnym. Liniowe zakresy detekcji SC i UK�103,320 mie�ci³y siê w prze-
dziale 0.03�8.5 µg mL�1 (r2 = 0.9994) dla obu zwi¹zków. Wyznaczono równie¿ zakresy
liniowo�ci dla pozosta³ych leków (przeciwbólowe, antybiotyki, diuretyk i przeciwzapalne),
które mog¹ wspó³istnieæ w moczu pacjentów leczonych SC. Ca³kowity rozdzia³ wszystkich
analitów osi¹gniêto w czasie poni¿ej 25 min. Czasy retencji dla wszystkich badanych ana-
litów mie�ci³y siê w przedziale od 4.76 do 18.84 min. Wyznaczono granice wykrywalno�ci
i oznaczalno�ci oraz odzyski wszystkich analizowanych zwi¹zków. Warto�ci ca³kowitych
odzysków dla SC i UK�103,320 by³y wiêksze ni¿ 94%. Nowa procedura zosta³a zwalidowana
oraz z powodzeniem zastosowana do analizy SC, jego aktywnego metabolitu oraz innych
leków w próbkach moczu pacjentów z nadci�nieniem p³ucnym.
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The major circulating metabolite of SC, UK�103,320 results from piperazine N-des-
methylation and has a 2.5 fold lower in vitro potency for PDE5 [2�4]. Quantification of
SC and UK�103,320 is therefore essential during the evaluation of the parent drug.
The simultaneous determination of SC and the metabolite UK�103,320 is also neces-
sary in the pharmacokinetic study of SC. High-performance liquid chromatography
(HPLC) using UV detector [5�7], gas chromatography�mass spectrometry [8], micel-
lar electrokinetic chromatography [9], liquid chromatography-tandem mass spectro-
metry [3, 10] and adsorptive stripping square-wave voltammetry [4] methods have been
reported for the analysis of SC and/or UK�103,320 in biological samples.

A procedure for the simultaneous determination of SC and UK�103,320 in human
plasma using column switching was also reported [11]. These methods involve liquid-
-liquid extraction (LLE) [3], solid-phase extraction [4, 7, 9] or automated sequential
trace enrichment of dialysates [6] as sample preparation procedures.

Imipenem (IMP) is a b-lactam antibiotic with a broad spectrum for microorganisms.
Paracetamol (PAR) is a valuable non-steroidal inflammatory, analgesic and antipyretic
drug in widespread use for pain management as antipyresis. Amikacin (AMK) is an ami-
noglycoside drug with a very broad antimicrobial spectrum extending from Gram-posi-
tive to Gram-negative bacilli. Vancomycin (VCM) is a glycopeptide antibiotic many
Gram-positive bacterial infections including methicillin-resistant Staphylococci epider-
midis. Cefazolin (CFZ) is a b-lactam antibiotic, which has potential anti-bacterial acti-
vity against a broad spectrum of microorganisms. Dipyrone (DPR) is an antipyretic,
analgesic and anti-inflammatory drug. Fluconazole (FZ) is a synthetic triazole deriva-
tive antifungal agent; it has been shown to be effective against a wide range of systemic
and superficial fungal infections, following both oral and intravenous administrations.
Furosemide (FUR) is a potent diuretic drug currently used in clinical practice. Predni-
solone (PRE) is a widely used synthetic glucocorticoid with reduced mineralocorticoid
side effects compared to the physiological steroid hydrocortisone. Dexamethasone (DEX)
is a glucocorticoid with strong anti-inflammatory and anti-allergic activity. Ketoprofen
(KET), an aryl propanoic acid derivate, is a potent non-steroidal anti-inflammatory agent
which has also analgesic and antipyretic properties [12].

Different analytical methods have been applied for the determination of the above-
-mentioned drugs, including HPLC techniques. HPLC with UV detection was found to
be the technique of choice for many workers and was developed using LC�UV alone.
There have been many HPLC methods describing IMP [13, 26�29], PAR [14, 30�38],
AMK [15, 39�41], VCM [16�18, 42�49], CFZ [19, 50], DPR [20, 51], FZ [21, 52�55],
FUR [22, 56�61], PRE [23, 62�72], DEX [24, 73�76] and KET [25, 77�84] analysis in
biological fluids or pharmaceuticals. Simultaneous analysis of antibiotics from cephalo-
sporins group in human serum was carried out [50]. Simultaneous separation and deter-
mination of DPR, PAR and caffeine in pharmaceutical formulation has been described
[51].
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In this work, a new RP�HPLC system and LLE procedure for sample preparation
and determination of SC, UK�103,320 in the presence of selected drugs have been
elaborated and applied for the analysis of urine of patients treated with SC. There is no
analytical method for the simultaneous analysis of SC, UK�103,320 in the presence of
eleven drugs belonging to four different groups in human urine samples described in
scientific literature.

Developed system has been used in the marking of examined compounds in human
urine samples. The aim of the study was to evaluate an analytical method with the opti-
mum parameters for simultaneous separation and determination of SC, UK�103,320,
IMP, PAR, AMK, VCM, CFZ, DPR, FZ, FUR, PRE, DEX and KET in human urine
samples. The combinations of analysed drugs are in agreement to the ones most often
used in the ward and most frequently found together in urine samples. Separate passing
of above-mentioned drugs to patients (chromatographic system enables) gives the possi-
bility to differentiate them in human urine samples. This work was performed to deve-
lop a relatively simple HPLC method based on reversed-phase, gradient elution, diode
array or fluorescence detection. This study was also conducted to evaluate one
RP�HPLC�FL derivatization method for quantitative determination of AMK. The method
has been validated under stringent criteria.

EXPERIMENTAL

Chemicals and reagents

Sildenafil citrate (70.7% activity) {IUPAC name: 1-[4-ethoxy-3-(6,7-dihydro-1-methyl-7-oxo-3-pro-
pyl-1H-pyrazolo[4,3-d]pyrimidin-5-yl)phenylsulfonyl]-4-methylpiperazine citrate} and its N-desmethyl
metabolite (UK�103,320) {IUPAC name: 1-[4-ethoxy-3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-1H-
-pyrazolo[4,3-d]pyrimidin-5-yl)phenylsulfonyl]piperazine} were obtained from Pfizer Pharmaceuticals
(New York, USA). Ketoprofen {IUPAC name: 2-(3-benzoylphenyl)propanoic acid}, dexamethasone
{IUPAC name: 9-fluoro-11,17-dihydroxy-17-(2-hydroxyacetyl)-10,13,16-trimethyl-6,7,8,11,12,14,15,16-
-octahydrocyclopenta[a]phenanthren-3-one}, prednisolone {IUPAC name: 11,17-dihydroxy-17-(2-hydro-
xyacetyl)-10,13-dimethyl-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one},
furosemide {IUPAC name: 4-chloro-2-(2-furylmethylamino)-5-sulfamoyl-benzoic acid}, vancomycin
hydrochloride {IUPAC name: not available} and cefazolin sodium salt {IUPAC name: sodium 4-[(5-
methyl-1,3,4-thiadiazol-2-yl)sulfanylmethyl]-7-oxo-8-(2-tetrazol-1-ylacetyl)amino-2-thia-6-azabi-
cyclo[4.2.0]oct-4-ene-5-carboxylate} (purity, 97�99.9%) were purchased from Sigma�Aldrich (Schnelldorf,
Germany). The stock solution contained fluconazole {IUPAC name: 2-(2,4-difluorophenyl)-1,3-bis(1,2,4-
-triazol-1-yl)propan-2-ol} at a concentration of 2 mg mL�1 (Diflucan®) was obtained from Pfizer (Amboise,
France). Paracetamol {IUPAC name: N-(4-hydroxyphenyl)acetamide}, imipenem {IUPAC name: 3-[2-
-(aminomethylideneamino)ethylsulfanyl]-6-(1-hydroxyethyl)-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-car-
boxylic acid}, amikacin dihydrate {IUPAC name: 4-amino-N-[5-amino-2-[4-amino-3,5-dihydroxy-6-(hy-
droxymethyl)tetrahydropyran-2-yl]oxy-4-[6-(aminomethyl)-3,4,5-trihydroxy-tetrahydropyran-2-yl]oxy-3-
-hydroxy-cyclohexyl]-2-hydroxy-butanamide dihydrate} (purity, 97�99.5%), 3-mercaptopropionic acid
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(3MPA) (purity, ³ 99%) and o-phthaldialdehyde (OPA) (purity, ³ 98.5%) were kindly provided by Fluka
(Darmstadt, Germany). Dipyrone monohydrate {IUPAC name: sodium [(1,5-dimethyl-3-oxo-2-phenyl-
pyrazol-4-yl)-methyl-amino]methanesulfonate hydrate} (purity, ³ 99%) was bought from Riedel-de Haën
(Seelze, Germany). Chloroform and ethyl acetate, all of analytical grade, were purchased from POCH S.A.
(Gliwice, Poland). Acetonitrile, water, buffers (boric acid/potassium chloride/sodium hydroxide, pH 9.00),
(acetic acid/sodium acetate, pH 4.66), dichloromethane and trifluoroacetic acid (an acidic mobile phase
additive) for HPLC analysis (HPLC grade), were bought from Merck (Darmstadt, Germany). The chemi-
cal structures of SC and UK�103,320 are shown in Figure 1.
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Figure 1. Chemical structures of SC and UK�103,320

Equipment and instrumentation

Reversed-phase HPLC analyses were carried out using a Merck Hitachi (Darmstadt, Germany) liq-
uid chromatographic system consisting of Model L�6200A Intelligent Pump with a dynamic mixing cham-
ber, a Model L�4500A diode array (DAD) or Model L�7480 fluorescence (FL) detector. Samples were
injec-ted with a 7161 Rheodyne injector system with a 20 µL sample loop. Analytes were separated on
a Merck LiChroCART® analytical column (Purospher® STAR RP�18 endcapped, 125 × 3 mm, particle
size 5 µm) (Darmstadt, Germany) equipped with a Merck LiChroCART® pre-column (LiChrospher® 100
RP�18, 4 × 4 mm, particle size 5 µm) (Darmstadt, Germany). A centrifuge HERMLE Z 323K (Gosheim,
Germany) was utilized to centrifuge urine samples. Programmes and calculations were performed by
a HPLC System Manager HSM D�7000, version 2.1 (Merck Hitachi).

Chromatographic conditions

Experiments were performed at ambient laboratory temperature (ca 22°C). The effective separation
of examined drugs (SC, UK�103,320, IMP, PAR, AMK, VCM, CFZ, DPR, FZ, FUR, PRE, DEX and
KET) were carried out using a gradient elution technique. The mobile phase was comprised of various
proportions of acetonitrile, buffer (acetic acid�sodium acetate, pH 4.66) and 0.05% trifluoroacetic acid in
water. The effluent from the column was monitored by DAD detector in the range of 200�450 nm. AMK
after derivatization with o-phthaldialdehyde�3-mercaptopropionic acid (OPA�3MPA) reagent was quan-
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tified using the fluorescence signal. The wavelengths of fluorescence detector were set at 355 and 415 nm
for excitation and emission, respectively. The analysed compounds were baseline separated under
the given chromatographic conditions. Under these experimental conditions analysed analytes were eluted
in less than 25 min per sample. After the run was completed, the column reequilibration time was 10 min.
The peak area was used for the quantification of SC, UK�103,320, IMP, PAR, AMK, VCM, CFZ, DPR,
FZ, FUR, PRE, DEX and KET.

Human urine samples

Human urine was obtained from pooled samples collected from healthy volunteers. This urine was
used for construction of the standard curves, and for the validation of the method. Seven human urine
samples from patients treated with SC because of pulmonary hypertension were obtained from Silesian
Centre of Heart Disease, Medical University in Katowice (Poland). Human urine samples after drugs
administration were collected during 24 h. These urine samples were analysed immediately or they were
stored at �18°C until analysis. The thawing was allowed at room temperature before processing of
the urine sample. Samples were analysed by RP�HPLC as described further.

Preparation of solutions

Stock solutions. Stock solution of sildenafil citrate was prepared by dissolving 14.14 mg (equivalent
to 10 mg sildenafil) in 10 mL of a mixture of water�methanol (1:1, v/v). Separate stock solutions
of the remaining analysed drugs (except FZ) were prepared by dissolving 10 mg of each drug in 10 mL of
a mixture of water�methanol (1:1, v/v). The FZ stock solution was prepared by diluting 5 mL solution of
FZ (2 mg mL�1) in 5 mL of a mixture of water�methanol (1:1, v/v). Stock solutions were prepared
at the beginning of the study and were stored at 4°C. All prepared stock solutions were stable for at least
one month.

Standard solutions. Individual standard solutions were obtained by diluting stock solutions with
water. Mixed standard solutions containing investigated compounds were prepared by mixing appropriate
amount of individual standard solutions and diluting these mixtures with water. The individual and mixed
standard solutions were stable for at least three weeks at 4°C.

Working solutions. Working solutions of the analysed drugs were prepared from the individual
or combined standard solutions by suitable dilutions in human drug-free urine in a 10 mL volumetric
flasks. These urine samples spiked of examined drugs at ten different concentrations ranged from 0.02
to 50 µg mL�1 were used for preparation of the calibration curves. The stability of the working solutions
at 4°C was established up to five days without any significant decrease in examined drugs concentrations.

Derivatization procedure for standard solutions of AMK

AMK was derivatized with OPA�3MPA reagent [85] to form an AMK�OPA�3MPA adduct.
A OPA�3MPA reagent was prepared by dissolving 40 mg OPA in 0.8 mL methanol, followed by addition
of 7.2 mL of a buffer (boric acid�potassium chloride�sodium hydroxide, pH 9.00) and 40 µL 3MPA.
A derivatization of AMK was performed by adding 20 µL of the derivatizing solution OPA�3MPA to
50 µL of standard solutions of AMK and vortex-mixing for 1 min. The pre-injection reaction time was
30 min at room temperature before the injection 20 µL of this solution into the RP�HPLC�FL system.
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Samples preparation

Urine sample preparation and extraction method are described below step by step. The preparation of
urine samples was by LLE. 3.0 mL of human urine sample was transferred to a volumetric flask and buffer
(boric acid�potassium chloride�sodium hydroxide, pH 9.00) was used for adjusting the required pH
(i.e., pH 7). After vortex-mixing thoroughly for 1 min, the sample was transferred to a centrifuge tube and
extracted with 5 mL mixture of ethyl acetate�dichloromethane�chloroform (45:35:20, v/v/v) by vortex-
-mixing for 5 min and centrifuged at 5500 rpm for 10 min at room temperature. Next, the aqueous layer
was separated from the organic layer. The aqueous layer was discarded and the organic layer was evapo-
rated to dryness under the stream of nitrogen at room temperature. The dried residue was dissolved with
100 µL of mixture acetonitrile�buffer (pH 9.00) (60:40, v/v). Twenty microliters of the sample was then
injected into the RP�HPLC�DAD system for analysis. This method includes derivatization of AMK in
urine samples prior to RP�HPLC determination using a system equipped with a FL detector. The pre-
viously prepared urine sample (50 µL) was mixed with OPA�3MPA reagent (20 µL) and vortex-mixed for
1 min. The pre-injection reaction mixture was than left for 30 min at room temperature and then 20 µL of
this solution was injected into the RP�HPLC�FL system. Urine samples spiked with standards were treated
with the same procedure. Concentrations of analysed compounds were determined by calculation of
the peak area and interpolation of the respective calibration curve.

Calibration curves

Calibration curves (y = ax + b) of researched drugs were prepared by spiking appropriate amount of
the combined standard solutions (ten different concentrations) into drug-free human urine. Calibration
curves as peak area ratios vs standard concentrations were obtained with the use of a least-squares linear
regression method.

The regression line was used to calculate concentrations of all compounds in the urine samples based
on the peak area ratio. The peak area of each drug was plotted against the concentration to obtain the cali-
bration graph. Detectors response in the corresponding calibration curves was linear. The sample pretreat-
ment procedure was identical to the one described above.

Precision, accuracy and specificity

Precision, expressed as a coefficient of variation (C.V.) was determined by back-calculation of con-
centrations from the respective calibration curves. Known amounts of studied drug standard solutions
were added to known amounts of real urine samples, which had already been analysed. The analytical
precision of this method depends not only on the reproducibility of the isolation but also on the reproduci-
bility of the derivatization reaction.

The method accuracy was evaluated by calculating the difference between the spiked sample peak
area ratios and the original sample peak area ratios, then comparing these differences with the peak areas
obtained by injecting standard solutions having the same concentration as the sample spiked. Accuracy,
expressed as the percent error, was measured by determining the concentration of drugs measured in each
sample relative to the known amount of each drugs added.

Specificity of the new RP�HPLC method was established to test matrix influence between different
human urine samples from hospitalized patients.
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Extraction yield and absolute recovery

Standard solutions of drugs were added to 3 mL of blank human urine, and then the samples were
extracted according to the procedure described above, to obtain extraction yield values. The determination
of the recovery rates was carried out from spiked human drug-free urine samples. Spiked urine samples
were extracted and analysed for each concentration in ten replicates.

The absolute recovery of each analyte was estimated by comparing peak areas of each analyte in
the extracted samples with those obtained from direct injection of the non extracted (standard) com-
pounds. Extraction experiments were first performed using standard solutions, and then the procedure was
checked with human urine samples. The absolute recovery was calculated for each analyte.

RESULTS AND DISCUSSION

Development of RP�HPLC method

Other drugs (which are commonly taken by patients suffering from primary pulmo-
nary hypertension or Eisenmenger�s syndrome) were taken into consideration as a pos-
sible cause of interference to this new analytical method. Chromatographic system,
elaborated by the authors [85], for determination of eleven drugs (IMP, PAR, AMK,VCM,
CFZ, DPR, FZ, FUR, PRE, DEX and KET) was not suitable for analysis of urine coming
from patients treated with SC in view of interference SC and its UK�103,320 metabo-
lite with these drugs. Therefore there was developed a new system acting for simulta-
neous determination of SC and its UK�103,320 metabolite in the presence of other
drugs in urine coming from patients treated with SC suffering from pulmonary hyper-
tension.

We have also studied optimization of the proposed procedure and examined condi-
tions which could affect the results. The selection of suitable mobile phase relied as
well on choosing buffer with adequate pH, which could enable separation SC and its
metabolite. The mobile phase was chosen after several trials with acetonitrile, 0.05%
trifluoroacetic acid in water and buffer solutions in various proportions and at different
pH values. Applications of gradient with growing elution force let separate compounds
with lower polarity and reduce analyse time. The optimized gradient effluent conditions
for analysis of thirteen drugs were obtained. The best resolution of investigated drugs
was obtained using as a mobile phase a mixture of acetonitrile (solvent A), buffer (ace-
tic acid�sodium acetate, pH 4.66) (solvent B) and 0.05% trifluoroacetic acid in water
(solvent C) with a solvent gradient. The gradient programme of the optimum elution
profile and the mobile phase flow rate are presented in Table 1. This gradient programme
was selected to achieve maximum separation and sensitivity.
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The new method was tested in model samples, and afterwards in urine samples for
a final target application. A satisfactory separation of all investigated analytes from
biological endogenous components in human urine was obtained. Drugs of interest
were isolated using a LLE with a mixture of ethyl acetate�dichloromethane�chloro-
form (45:35:20, v/v/v) and separations were obtained using a reversed-phase column
under gradient conditions with ultraviolet or fluorescence detection. LLE was used
because of its high efficiency, selectivity and simplicity.

Determination of SC, UK�103,320 and other drugs, with the use of the described
chromatographic system let us determine both the analytes simultaneously, qualitatively
and quantitatively, within 25 min. Separation of the analysed drugs was performed by
a Merck LiChroCART® analytical column protected with a Merck LiChroCART® pre-
column.

A typical chromatogram of the mixed standards of all drugs, except AMK is shown
in Figure 2A. The average retention times for SC, UK�103,320, IMP, PAR, VCM,
CFZ, DPR, FZ, FUR, PRE, DEX and KET were 17.68, 16.97, 4.71, 5.91, 7.81, 9.40,
10.59, 11.83, 14.17, 15.12, 16.02 and 18.76 min, respectively. Typical chromatograms
of an extract of drug-free sample registered with using DAD and FL detectors are shown
in Figures 2B and 3A, respectively.

The extraction and RP�HPLC procedures for the determination of SC, UK�103,320
and eleven drugs in human urine samples were set following the most desirable chro-
matographic and detection conditions (Figs. 2C and 3B). These examined drugs were
separated, with good peak resolution, sharpness and symmetry.

Table 1. Optimum gradient elution profile for separation of SC, UK�103,320 in the presence of different
analytes in human urine; solvent A: acetonitrile; solvent B: buffer (acetic acid/sodium acetate,
pH 4.66); solvent C: 0.05% trifluoroacetic acid in water
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Figure 2. Representative RP�HPLC�DAD chromatograms of mixed standards containing: 0.17 µg of
sildenafil, 0.17 µg of UK�103,320, 0.20 µg of imipenem, 0.30 µg of paracetamol, 0.16 µg of
vancomycin, 0.30 µg of cefazolin, 0.30 µg of dipyrone, 0.40 µg of fluconazole, 0.24 µg of
furosemide, 0.16 µg of prednisolone, 0.30 µg of dexamethasone and 0.30 µg of ketoprofen (A),
sample prepared from a blank human urine (B), a calibration sample from a spiked human urine
(C) and a patient urine sample (D). Detections were performed at 231 nm (for SC and
UK�103,320), 300 nm (IMP), 243 nm (PAR), 210 nm (VCM and FZ), 274 nm (CFZ), 259 nm
(DPR), 234 nm (FUR), 242 nm (PRE and DEX) and 254 nm (KET). Chromatographic condi-
tions are described in text. (Continuation on the next page)
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Figure 2. (Continuation)
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Figure 3. Representative typical RP�HPLC�FL chromatograms showing separation of the analytes after
extraction and derivatization with OPA�3MPA reagent. Sample prepared from blank human
urine (A) and a sample containing of amikacin and furosemide from spiked urine (B). Fluores-
cent wavelength: excitation 355 nm, emission 415 nm. Chromatographic conditions are des-
cribed in text
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The specificity of the method is enhanced by detecting the peaks at eleven different
wavelengths. The maximum absorption of SC, UK�103,320, IMP, PAR, VCM, CFZ,
DPR, FZ, FUR, PRE, DEX and KET were detected at 231, 231, 300, 243, 210, 274,
259, 210, 234, 242, 242 and 254 nm, respectively. These wavelengths were chosen for
the analysis. Retention times of the compounds in this system are presented in Table 2.

Table 2. Retention times and C.V. for analysed drugs (n =10)
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�a, c Standard deviation of retention times (standard, in the human urine spiked, respectively).
b, d Coefficient of variation of retention times (standards, in the human urine spiked, respectively).

This system offers furthermore the opportunity for simultaneous determination of
AMK and FUR in human urine samples (Fig. 3B). AMK was analysed after derivatization
with OPA�3MPA using RP�HPLC with fluorescence detection. The OPA�3MPA rea-
gent did not interfere with fluorescence detection of the AMK and FUR. In this system
retention times for AMK and FUR were 7.02 and 14.22 min, respectively. The total run
time of 25 min was sufficient for sample analysis that allows analysing large number of
samples in a short period of time. The separation of investigated compounds showed
a satisfactory precision, accuracy, linearity, recovery, specificity and sensitivity.
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Drug identification was performed according to the standard addition method.
Absorption spectra of the examined compounds were also compared.

Calibration curves and linearity

The linear regression analysis was carried out by plotting the peak areas �y� against
the concentrations �x� of drugs. These concentrations used were based on the range
expected during pharmacokinetic studies. The slopes, intercepts and correlation coeffi-
cients for the calibration curves of SC, UK�103,320 and other drugs are shown in Table 3.
By examining the calibration curves and the table it can be noticed that the relationship
between peak area ratio and concentration is linear within the studied concentration
range. Calibration curve for FUR and its urine indication were done for RP�HPLC�DAD
system because it provides determination of this drug in the presence of greatest amount
of analysed drugs.

Linearity of the calibration curves for the thirteen drugs was achieved for concen-
trations between 0.02�50 µg mL�1. Calibration curve for the fluorescent AMK deriva-
tive in human urine samples is linear in the range 0.50�32 µg mL�1. The high correla-
tion coefficients (r2) of the all calibration curves (peak areas vs concentration) were
between 0.9984 and 0.9996. The optimized method was validated by a standard proce-
dure to evaluate if adequate precision, accuracy and linearity had been achieved. The pre-
pared mixture of standards was injected 10 times as a test sample. From the respective
area counts, the concentrations of the thirteen analysed drugs were calculated using
the detector responses.

Precision and accuracy

The extraction procedure described earlier was carried out on urine samples spiked
with the analytes. This chromatographic system was validated for both intra-day and
inter-day precision.

The accuracy of the method was verified by the means of recovery studies, adding
known amounts of SC, UK�103,320, IMP, PAR, AMK, VCM, CFZ, DPR, FZ, FUR,
PRE, DEX and KET standard solutions to a known amount of human urine and subjec-
ting the mixture to the usual extraction procedure (n = 10 for each concentration tested).
The method proved to be very accurate (percent bias for all calibration samples varied
from 0.04 to 8.00%) and precise (ranged from 0.38 to 6.98%). The assay method was
validated with intra-day and inter-day variations less than 7%. The results for intra-day
and inter-day precision (C.V.) and accuracy are summarized in Tables 4 and 5.
The method meets all common requirements for accuracy, precision and linearity.
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Table 3. Data on regression equations for determination of all examined analytes in human urine. Sxy  residual standard deviation of regression coefficient;

LOD limits of detection were established at a signal-to-noise ratio (S/N) of 3; LOQ limits of quantification were established at a signal-to-noise
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a Calibration curves were fitted to the linear regression equation y = ax + b, where �y� represents the ratio of drug  peak areas, �a�, and �b� are constants, and
�x� is the concentration of analysed drugs.

b Values are mean ± S.D. of calibration curves.
c Coefficient of variation of slope.
d Coefficient of variation of intercept.
e Coefficient of variation of regression coefficient.
f Number of points in calibration curves.

Table 3. (Continuation)
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Table 4. Intra-day precision and accuracy of these analytes in human urine samples and absolute reco-
veries from spiked human urine (n = 10)
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Table 4. (Continuation)

(Continuation on the next page)

$QDO\WH�

6SLNHG�

FRQFHQWUDWLRQ�

�J�P/

±�

�

&DOFXODWHG�

FRQFHQWUDWLRQ�

�J�P/

±�

�

�

6�'�

D

�

�J�P/

±�

�

�

�

&�9�

E

�

��

$FFXUDF\�

��

$EVROXWH�

UHFRYHU\�

��

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

9&0�

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

&)=�

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

'35�

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

����� ������ ������ ����� ±����� ������

����� ������ ������ ����� ±����� �

)=�

����� ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

����� ������ ������ ����� ±����� ������

����� ������ ������ ����� ±����� ������

)85�

����� ����� ������ ����� ±����� ������

�



663Simultaneous determination of sildenafil, its N-desmethyl metabolite and other drugs in urine

Table 4. (Continuation)
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Table 5. Inter-day precision and accuracy of these analytes in human urine samples and absolute reco-
veries from spiked human urine (n = 10)

$QDO\WH�

6SLNHG�

FRQFHQWUDWLRQ�

J�P/

±�

�

&DOFXODWHG�

FRQFHQWUDWLRQ�

�J�P/

±�

�

6�'�

D

�

�J�P/

±�

�

&�9�

E

�

��

$FFXUDF\�

��

$EVROXWH�

UHFRYHU\�

��

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

6&�

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

����� ����� ������ ����� ±����� ������

8.±��������

����� ����� ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

,03�

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

3$5�

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

������ ������ ������ ����� ±����� ������

$0.�

������ ������ ������ ����� ±����� ������

�

(Continuation on the next page)



665Simultaneous determination of sildenafil, its N-desmethyl metabolite and other drugs in urine

Table 5. (Continuation)

(Continuation on the next page)
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Table 5. (Continuation)
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a Standard deviation of concentrations found.
b Coefficient of variation of concentrations found.

 Analytes recoveries

The one-step LLE has been successfully applied to the extraction of analysed drugs
from human urine. The extraction recoveries of examined compounds from human urine
samples were determined at different concentrations. These samples were subjected to
the LLE procedure described earlier and injected into the RP�HPLC system (Figs. 2C
and 3B). The highest recoveries were obtained for SC (from 94.45 to 96.21%), UK�103,320
(from 96.41 to 98.65%) and KET (from 89.45 to 91.46%). The lowest recoveries were
obtained for IMP (from 59.01 to 64.08%), FZ (61.37 to 64.52%) and DEX (from 66.98
to 69.45%).

Furthermore, the basic extraction step reduced the quantities of endogenous substan-
ces no extracted with mixture of ethyl acetate�dichloromethane�chloroform (45:35:20,
v/v/v) from human urine. A summary of the absolute recovery results is given in Tables 4
and 5. A percentage of recovery shows that the method can be successfully used on



667Simultaneous determination of sildenafil, its N-desmethyl metabolite and other drugs in urine

a routine basis. The data proved the suitability of mixture for the extraction of investi-
gated compounds from human urine samples.

Specificity

To evaluate the specificity of the method, 3 mL of drug-free urine was carried through
the assay procedure and the retention times of endogenous compounds in urine were
compared with those of SC and UK�103,320 (Fig. 1). No interfering peaks were obser-
ved near the retention time of analysed drugs in ten batches of human urine samples.
There are some additional unidentified peaks in the chromatograms from the human
urine samples, but these peaks do not interfere with the drugs of interest. Specificity of
the method was assessed to test matrix influence between different urine samples (n = 10)
from hospitalized patients.

Limits of detection and quantification

The limits of detection (LOD) and limits of quantification (LOQ) were estimated
in accordance with the baseline noise method. The LOD were established at a signal-to-
-noise ratio (S/N) of 3. The LOQ were established at a signal-to-noise ratio (S/N) of 10.
LOD and LOQ were experimentally appointed by ten injections of mixtures (SC,
UK�103,320, IMP, PAR, AMK, VCM, CFZ, DPR, FZ, FUR, PRE, DEX and KET)
at the LOD and LOQ concentrations. The noise of measurements was based on ten self-
-contained blank urine samples (urine without any added analytes, previously prepared
according to all procedure described in paragraph Samples preparation). The respective
values for the thirteen analytes are reported in Table 3.

 Application of the method to patient urine samples

Human urine samples obtained from patients treated with SC, suffering from pulmo-
nary hypertension have been tested. The separation from other drugs that could be co-ad-
ministered in an intensive care unit was also studied. These urine samples were extrac-
ted and analysed as described above. This method can be successfully applied to rou-
tine simultaneous determination of SC, UK�103,320 and remaining examined drugs in
human urine samples.

In analysed samples, one or more drugs from the thirteen examined compounds
were detected. The concentrations of examined drugs in urine samples ranged between:
0.15�1.25 of SC, 0.10�2.2 of UK�103,320, 0.8�10.5 of PAR, 4.2�13.5 of DPR, 0.05�7.5
of CFZ and 1.3�11.5 µg mL�1 of FUR. Precision of signs for urine samples coming
from patients was the same as for urine samples after addition of the examined drugs.
The chromatogram of extracted urine sample obtained from patient treated with SC,
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suffering from pulmonary hypertension is shown in Figure 2D. In urine samples com-
ing from patients, no interference of the matrix was observed.

CONCLUSION

Application of RP�HPLC method for accurate measurements of SC, its metabolite
UK�103,320 and eleven other drug in human urine from patients suffering from pul-
monary hypertension was elaborated. In this study we have developed a simple and
reliable procedure for the determination of SC, UK�103,320, IMP, PAR, AMK, VCM,
CFZ, DPR, FZ, FUR, PRE, DEX and KET in human urine by gradient RP�HPLC with
ultraviolet or fluorescence detection.

RP�HPLC procedure, using DAD and FL detectors, with very good precision, accu-
racy, linearity and recovery has been developed and validated for simultaneous separa-
tion and determination of SC, UK�103,320 and remaining analysed drugs in human
urine. The very good sensitivity and selectivity make this method a valuable tool in cli-
nical and basic research on the metabolism of SC and their role in the treatment of
pulmonary hypertension.

Simple, fast and effective sample preparation for analysis, as well as short analysis
time makes the elaborated procedure useful and possibile to apply in medical labora-
tory. To the best of our knowledge, the RP�HPLC method described herein is the first
procedure allowing simultaneous detection and quantification of twelve drugs and one
active metabolite.

Practical implications of our work rely on the possibility of simultaneous separa-
tion and analysis of several drugs in the same chromatography system. The good vali-
dation criteria results of the method allowed its use in the quantification of these com-
pounds.

In conclusion, the HPLC assay method, developed in this study using a reversed-
-phase system was proved to be acceptable for assaying drugs in human urine samples,
for patients treated for pulmonary hypertension.
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