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bstract

High performance liquid chromatographic (HPLC) method was presented for the determination of 3-methylflavone-8-carboxylic acid as the
ain active metabolite of flavoxate hydrochloride (FX) in human urine. The proposed method was based on using CN column with mobile phase
onsisting of acetonitrile–12 mM ammonium acetate (40:60, v/v) and adjusted to apparent pH 4.0 with flow rate of 1.5 ml min−1. Quantitation was
chieved with UV detection at 220 nm. The proposed method was utilized to the determination of dissolution rate for tablets containing flavoxate
ydrochloride. The urinary excretion pattern has been calculated using the proposed method.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Flavoxate hydrochloride (FX), 3-methylflavone-8-carbo-
ylic acid �-piperidinoethyl ester hydrochloride, belongs to a
eries of flavone derivatives, which exhibit strong smooth mus-
le relaxant activity, with selective action on the pelvic [1]. It is
sed for the symptomatic relief of pain, urinary frequency, and
ncontinence associated with inflammatory disorders of the uri-
ary tract. It is also used for the relief of vesico-urethral spasms
esulting from instrumentation or surgery [2].

Flavoxate is rapidly metabolized in plasma to 3-methyl-
avone-8-carboxylic acid, MFA [3]. MFA has a direct action
n smooth muscles of urinary tract through the inhibition of
hosphodiesterase (PDE) enzyme [4].

A pharmacokinetic study in humans [5] has shown that
avoxate, when given orally, is rapidly and completely absorbed

nd metabolized into MFA, which was excreted in the urine, so
xcretion studies of flavoxate can be performed by monitoring
FA in urine.

∗ Corresponding author. Tel.: +20 103623785; fax: +20 64 3561877.
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The literature survey reveals that FX was analyzed in its phar-
aceutical preparations by Ultra-violet spectrophotometry [6,7]

nd high performance liquid chromatography (HPLC) [8,9]. The
fficial method for determination of FX is non-aqueous titration
sing perchloric acid as titrant in pure form and spectrophotom-
try in tablets [7].

Several assay methods have been reported for determination
f MFA in biological fluids, including radiometric assay [10],
as chromatography [1,5], capillary electrophoresis [11], and
PLC in plasma [12].
However, the radiometric method lacks specificity and the

pecific GC method involves extraction and methylation of sam-
les before injection. The calibration curve of MFA in the
apillary electrophoresis method [11] was linear in the range
f 1–50 �g ml−1and the detection limit was 0.2 �g ml−1. The
pecific HPLC method [12] involves extraction of plasma sam-
le and using nifedipine as internal standard with run time up to
8 min.

No HPLC method was reported for determination of MFA in

uman urine. The proposed HPLC method has been developed
or direct injection of urine samples without extraction and with-
ut internal standard, so the procedure of analysis was greatly
implified. Complete separation of MFA from the endogenous
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omponents of urine was obtained within 3 min. The calibration
urve of MFA in the developed method was linear in the range
f 0.3–25 �g ml−1 and the detection limit was 0.056 �g ml−1).

. Experimental

.1. Instrumentation

The HPLC (Shimadzu, Kyoto, Japan) instrument was
quipped with a model series LC-10 ADVP pump, SCL-10 AVP
ystem controller, DGU-12A Degasser, Rheodyne 7725i injector
ith a 20 �l loop and a SPD-10AVP UV–VIS detector.
Dissolution tester model TDD.6 (S.B.S. instruments,

arcelona, Spain) was used.

.2. Materials and reagents

Pharmaceutical grade of FX (Recordati, Milan, Italy) was
sed and certified to contain 99.7%. MFA was prepared by
ydrolysis of FX and recrystalized four times with chloroform.
FA was identified for purity by NMR and IR analysis.
Acetonitrile and methanol used were HPLC grade (BDH,

oole, UK). Sodium hydroxide (Sigma–Aldrich, Inc., St. Louis,
SA), ammonium acetate (Sigma–Aldrich), and acetic acid

Riedel-de Haën Laboratory Chemicals, Germany) were used.
Commercial Genurin tablets (Batch No. 041037) used was

anufactured by Medical Union Pharmaceutical, Abu-Sultan,
smailia, Egypt, labeled to contain 200 mg FX per tablet.

.3. HPLC conditions

The HPLC separation and quantitation were made on a
50 mm × 4.6 mm (i.d.) Luna 5 �m CN column (Phenomenex,
K). The mobile phase was prepared by mixing acetonitrile and
2 mM ammonium acetate in a ratio 40:60 (v/v) and adjusted
o the apparent pH 4.0 using acetic acid. The flow rate was
.5 ml min−1. All determinations were performed at ambient
emperature. The injection volume was 20 �l. The samples were
lso filtered using 0.45-�m disposable filters. The detector was
et at λ 220 nm. Data acquisition was performed on class-VP
oftware.

.4. Standard solutions and calibration graph (spiked
rine)

Stock solution was prepared by dissolving MFA in methanol
o obtain a concentration of 50 �g ml−1.

Different volumes of the stock standard solution were trans-
erred to 25-ml volumetric flask, 1 ml of blank urine was added
nd the solutions were diluted to 25 ml with the mobile phase
o obtain concentration range of 0.3–25 �g ml−1 for MFA.
he solutions were filtered through 0.45-�m disposable mem-
rane filters. Triplicate 20 �l injections were made for each

oncentration of MFA and chromatographed under the condi-
ions described above. The peak area of each concentration was
lotted against the corresponding concentration to obtain the
alibration graph of MFA.
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.5. Sample preparation (in vivo procedure)

An excretion study of MFA was carried out on a normal,
ealthy (normal liver, kidney functions and electrocardiogram),
ale, informed adult volunteer (25 years, 80 kg, 178 cm height),
ith no past history of allergic reaction to FX. The volunteer was

nstructed to abstain from all medications for 2 weeks before
dministration and also during study. Also, the volunteer was
nstructed to be sure of evacuating his bladder as thoroughly
s possible exactly before the administration of one FX tablet
200 mg) with about 250 ml of water. The 0-h urine sample
as collected as blank. Urine samples were collected at 0–2.0,
.0–2.5, 2.5–3.5, 3.5–5.0, 5.0–7.0, 7.0–9.0, 9.0–12.0, 12.0–17.0,
7.0–20.0, and 20.0–24.0 h. The volume of urine specimen was
easured and recorded after each collection; 20 ml aliquots were

tored at 4 ◦C until determination.
Suitable volume of the urine specimen from each sam-

ling point was alkalinized with equal volume of 0.1 M sodium
ydroxide and sonicated for 15 min. The mixture was neutral-
zed by addition of 0.1 M hydrochloric acid. Suitable dilution
as carried out to 25 ml with the mobile phase. The solution was
ltered through 0.45 �m membrane filter. A 20 �l was injected

nto HPLC, in triplicate for each solution and chromatographed
nder the conditions described above. The peak area was used
or determination of MFA at each specified time using the cali-
ration graph.

.6. Dissolution rate study

Dissolution rate study was carried out on six tablets using
issolution apparatus. Each tablet of FX was dissolved in 900 ml
f 0.1 M hydrochloric acid with basket and the apparatus was
et at 55 rev. The dissolution was carried out at 37 ± 0.5 ◦C and
he dissolved amounts of FX were determined at 5, 15, 30, 45,
0, and 90 min using the proposed method.

After each specified time, a portion of the solution under test
as filtered and suitably diluted with the HPLC mobile phase.
20 �l was injected into HPLC in triplicate for each solution

nd chromatographed under the conditions described above. The
eak area was used for determination of dissolved FX at each
pecified time using the calibration graph with FX concentration
anged from 2.5 to 20 �g ml−1.

. Results and discussion

HPLC method has been developed for a rapid, simple,
ccurate, reproducible, and sensitive assay for monitoring the
xcreted MFA in human urine. A satisfactory separation of
FA from biological endogenous components in urine was

btained. Separation and quantitation were carried out using
Phenomenex, CN column (5 �m) at ambient temperature
ith mobile phase consisting of acetonitrile and 12 mM ammo-
ium acetate in a ratio (40:60, v/v, pH 4.0). The flow rate was

.5 ml min−1. Quantitation was achieved with UV detection at
20 nm. Cyanide column was used to overcome tailing that
ccurred on ODS column, and improve the sharpness of the
FA peak. The specificity of the HPLC method is illustrated
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Fig. 2. HPLC chromatogram of urine sample containing MFA.
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The amount of FX dissolved in 90 min was found to be 95.0%
(Fig. 4).
ig. 1. HPLC chromatograms of 20 �l injection of urine without MFA treatment
a) and urine spiked with 10 �g ml−1 MFA (b).

n Fig. 1, where complete separation of MFA from biologi-
al endogenous components in the urine was noticed and no
nterfering peaks were observed in the blank urine. The average
etention time ± S.D. for 10 replicates of MFA was found to be
.8 ± 0.01 min.

As MFA is present primarily in the conjugated form in human
rine [11], and because of the lack of a conjugate MFA refer-
nce standard, hydrolysis of the conjugate form to the free form
s needed for the precise determination of the total MFA found in
rine. Various hydrolysis conditions were investigated, includ-
ng hydrolysis time, and the concentration of acid or alkali. It
as found that, alkaline hydrolysis was preferable to the acidic
ydrolysis as, alkaline hydrolysis is faster. Hydrolysis of the con-
ugated MFA was completed by using 0.05 M sodium hydroxide
ithin 15 min at ambient temperature (Fig. 2).
Also, the proposed method was applied for the determina-
ion of FX in tablets using the same specified conditions. The
verage retention time ± S.D. for 10 replicates of FX was found
o be 4.5 ± 0.02 min (Fig. 3). The percentage content of FX in
ommercial tablets was found to be 99.7%. F
Fig. 3. Typical HPLC chromatogram of 20 �l injection of 10 �g FX.

.1. Dissolution rate study of FX tablets

The proposed method was applied for the determination of
he dissolved amount of FX from its pharmaceutical tablets. The
issolution profile of FX was studied in 0.1 M hydrochloric acid.
ig. 4. Dissolution rate profile for commercial tablets containing 200 mg FX.
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Table 1
Cumulative amount of MFA excreted in urine

Excretion profile

Time (h) Cumulative amount (mg)

0.0 0.00
2.0 3.4
2.5 10.1
3.5 34.5
5.0 56.6
7.0 78.8
9.0 90.3

12.0 103.7
17.0 112.1
20.0 117.7
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ig. 5. Cumulative curve of amount excreted of MFA in urine after oral admin-
stration of commercial tablet containing 200 mg FX.

.2. Urinary excretion pattern of MFA

Since FX is rapidly and completely absorbed and metabo-
ized into MFA, which excreted in human urine. The proposed
nalytical method was applied for determination of the cumula-
ive amount of MFA excreted in urine after oral administration
f 200 mg FX tablet, which reflect the bioavailability of FX. The
umulative amount of MFA excreted in urine was found to be
20.1 mg after 24 h following oral administration of one tablet
ontaining 200 mg FX (Fig. 5) and (Table 1).

.3. Validation of the method

.3.1. Linearity
The linearity of the HPLC method for determination of MFA

nd FX was evaluated by analyzing a series of different concen-
rations. In this study, five concentrations were chosen, ranging
etween 2.5 and 20 �g ml−1 for FX and 0.3 and 25 �g ml−1 for
FA. The calibration graphs were constructed by plotting peak
rea against concentrations of MFA and FX. The linearity of
he calibration graphs were validated by the high values of the
orrelation coefficient, and the intercept value, which was not
tatistically (p = 0.05) different from zero (Table 2).

3

v
m

able 2
haracteristic parameters for the regression equations of the proposed HPLC method

arameters HPLC
FX

alibration range (�g ml−1) 2.5–20
etection limit (�g ml−1) 4.9 × 1
uantitation limit (�g ml−1) 2.5

egression equation (Y)a

Slope (b) 1.06 ×
Standard deviation of the slope (Sb) 18.39
Relative standard deviation of the slope (%) 1.72
Confidence limit of the slopeb 10.5 ×
Intercept (a) −1.5 ×
Standard deviation of the intercept (Sa) 2.0 × 1
Confidence limit of the interceptb (−16.8
Correlation coefficient (r) 0.9998
Standard error of estimation 1.0 × 1

a Y = a + bC, where C is the concentration of FX and MFA in �g ml−1 and Y is the
b 95% confidence limit.
4.0 120.1

.3.2. Precision
The within-day precision was evaluated by replicate analy-

is of urine samples spiked with known concentrations of MFA
t five concentration levels. Similarly, the between-day preci-
ion was evaluated in several days up to 5 days (Table 3). Every
ay, calibration graph was constructed and the results were cal-
ulated in comparison with the calibration graph. The results
n both cases indicated high precision, as the CV% did not
xceed 2%.

.3.3. Range
The calibration range was established taken in consideration

he practical range necessary to give accurate, precise and linear
esults. The calibration ranges of the proposed HPLC method
as given in Table 2.
.3.4. Detection and quantitation limits
According to FDA’s guidance for bioanalytical method

alidation [13], the detection and quantitation limits were deter-
ined (Table 2).

for determination of FX and MFA

MFA

0.3–25
0−2 5.6 × 10−2

0.3

103 1.98 × 103

39.7
2.00

102–10.8 × 102 19.4 × 102–20.21 × 102

103 4.9 × 102

02 4.4 × 102

× 102)–(−12.8 × 102) 69.9–91.6 × 101

0.9997
02 3.1 × 102

peak area.
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Table 3
Within-day and between-day precision for the assay of MFA in urine

MFA concentration (�g ml−1) Within-day precision Between-day precision

Mean measureda concentration ± S.D. CV% Mean measuredb concentration ± S.D. CV%

1 1.01 ± 0.01 1.14 1.02 ± 0.02 1.96
3 2.92 ± 0.06 1.95 3.1 ± 0.06 2.00
5 4.99 ± 0.07 1.49 4.9 ± 0.08 1.61

10 9.99 ± 0.13 1.28 9.8 ± 0.15 1.56
20 19.98 ± 0.09 0.46 20 ± 0.14 0.68

a Mean of five urine samples for each concentration.
b Mean of five days results for each concentration.

Table 4
Determination of MFA in human urine from different three volunteers

MFA concentration (�g ml−1) Volunteer 1 (%recovery) Volunteer 2 (%recovery) Volunteer 3 (%recovery)

1 99.9 99.8 99.8
3 100.5 101.3 99.5
5 100.4 101.1 98.6
10 99.2 100.7 100.3
20 100.3 100.8 100.1
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[11] C.X. Zhang, Z.P. Sun, D.K. Ling, J.S. Zheng, J. Guo, X.Y. Li, J. Chromatogr.
ean 100.06
.D. 0.53

.3.5. Selectivity
Method selectivity was achieved by analyzing MFA in three

rine samples from different persons, at five different levels
f concentration within the linearity range. Satisfactory results
ere obtained in Table 4, indicating the high selectivity of the
roposed method for determination of MFA in urine.

.3.6. Robustness
Variation of the pH of the mobile phase by ±0.1 and its ace-

onitrile percentage by ±2% did not have a significant effect on
PLC chromatographic resolution.

.3.7. Analytical solutions stability
MFA and FX analytical solutions in mobile phase or methanol

xhibited no chromatographic changes for 6 h when kept at
mbient temperature and for 4 days when stored refrigerated
t 5 ◦C.

. Conclusion
The proposed HPLC method provide simple, accurate, sen-
itive and direct quantitative analysis for the assay of MFA,
he main active metabolite of FX in human urine without any
xtraction procedure prior to the separation. The urinary excre-

[

[

100.74 99.66
0.58 0.67

ion pattern of the metabolite was easily established. Also, the
roposed method can be used for determination of dissolution
rofile of FX commercial tablets.
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