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a b s t r a c t

A new HPLC method for the determination of 5-aminosalicylic acid (5-ASA) and N-acetyl-5-aminosalicylic
acid (N-Ac-5-ASA) in human plasma was developed and validated. Plasma samples were analyzed after
protein precipitation with methanol and the two analytes were separated using a C18 column with
a mobile phase composed of 17.5 mmol/L acetic acid (pH 3.3):acetonitrile = 85:15 (v/v) at 0.2 mL/min
flow rate. 4-ASA and N-Ac-4-ASA were used as internal standards. Selective detection was performed
by tandem mass spectrometry with electrospray source, operating in negative ionization mode and in
multiple reaction monitoring acquisition (m/z 152 → 108 for 5-ASA; m/z 194 → 150 and 194 → 107 for
N-Ac-5-ASA). The limit of quantification (LOQ) was 50 ng/mL for both analytes (0.2 ng injected) and matrix-
matched standard curves showed linearity up to 4000 ng/mL. In the entire analytical range the within-
and between-batch precision (R.S.D.%) values were respectively ≤6.3% and ≤11% for 5-ASA and ≤8.0% and
≤10% for N-Ac-5-ASA. For both analytes the within- and between-batch accuracy (bias%) values ranged
respectively from −8.4% to 7.9% and from −7.9% to 8.0%. The overall recoveries (n = 6) at three tested
concentration levels (i.e. 100, 1000 and 4000 ng/mL) were respectively >90% for 5-ASA and >95% for N-Ac-

5-ASA (R.S.D.% ≤ 10%). The method was applied to evaluate the pharmacokinetic of 5-ASA after a single
oral dose administration of this compound (1200 mg) to 24 healthy volunteers. The mean maximum con-
centration levels were 680 ng/mL for 5-ASA and 1240 ng/mL for N-Ac-5-ASA and the kinetic profiles were

s stu

1

i
u
a
c
d
l
s
t
t
a
r

g
i
N
c
p
a
T
m
m
v

1
d

in agreement with previou

. Introduction

5-Aminosalicylic acid (mesalazine, 5-ASA) is a drug widely used
n the treatment of inflammatory bowel diseases (IBDs) such as
lcerative colitis and Crohn’s diseases [1–3]. Its mechanism of
ction is not yet fully understood: it seems to act locally, at the
olonic mucosa level, since systemic concentrations following oral
osing are very low [4]. 5-ASA inhibits local prostaglandin and

eukotriene synthesis in the gastrointestinal mucosa [5]. Other
tudies have proved that 5-ASA is a potent-free radical scavenger,

hus suppressing toxicity of reactive oxygen species [6–8]. All
hese properties seem to play an important role in reducing the
cute inflammatory response. When orally administered, 5-ASA is
apidly absorbed, although with low efficiency, from the upper
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astrointestinal tract [9]. In the gut wall and in the liver 5-ASA
s metabolized by the N-acetyltransferase I enzyme mainly to its
-acetyl-5-ASA (N-Ac-5-ASA) derivative [10–12]. This compound,
onsidered therapeutically inert [13], is the major metabolite
resent in blood [14,15]. In plasma, both 5-ASA and N-Ac-5-ASA
re found 40–50% and 80%, respectively bound to proteins [16].
he knowledge of pharmacokinetic and metabolism of 5-ASA from
esalazine-containing drugs is mandatory when new drug for-
ulations are developed for the treatment of IBDs, and therefore

alidated analytical methods are needed for bioequivalence studies.
Due to the presence of the primary aromatic amino group

–NH3
+ pKa = 6), carboxylic group (–COOH pKa = 3) and phenolic

roup (–OH pKa = 13.9) in the molecule [17], 5-ASA exhibits ampho-
eric properties, which, together with its high polarity, complicate

ts extraction, separation and detection [16]. A number of analyt-
cal methods have been developed for the analysis of 5-ASA and
ts metabolite in many biological matrices, e.g. plasma [16,18–23],
erum [24], feces [24], urine [18,19,22–24], stones [25] and rec-
al biopsies [23,24]. These methods include HPLC combined with

http://www.sciencedirect.com/science/journal/15700232
mailto:aldo.roda@unibo.it
dx.doi.org/10.1016/j.jchromb.2008.07.026
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V [16,25–27], fluorescence (FL) [14–16,18,20,28,29], and electro-
hemical (EC) [21] detections. The preanalytical step for human
lasma analysis includes protein precipitation with acetonitrile
15], methanol [21,26,28,30] or perchloric acid [14,16,29]. Most
f the previously developed HPLC methods required a preana-

ytical derivatization step [16,18,28,29], consisting in acylation of
he primary amino group followed by liquid–liquid or solid phase
xtraction [16], resulting in time-consuming procedures poten-
ially affected by variability of reaction yield. Separation of 5-ASA
nd N-Ac-5-ASA derivative is usually performed by reversed-phase
hromatography [16,18,28,29]. The direct analysis were carried out
sing ion pair methods [21,27] and, although affected by poor reten-
ion of 5-ASA, reversed-phase chromatography [20,25].

HPLC combined with mass spectrometry (MS) using electro-
pray interface is now recognized as a powerful tool for both
onfirmatory and quantitative analyses, owing to its high sen-
itivity and selectivity, and therefore highly recommended for
harmacokinetic studies in complex matrices [31]. Multiple reac-
ion monitoring (MRM) mode with triple quadrupole tandem mass
pectrometry (MS/MS) enables selective and accurate analyses over
wide linear range. In recent years, GC coupled with electron

mpact ionization-ion trap MS [25] and LC with electrospray (ESI)
ource-ion trap MS [16] were used for confirmation of 5-ASA and N-
c-5-ASA in biological samples. Moreover, for these analytes very

ew applications of the HPLC-MS/MS technique for quantitative
urpose are reported in clinical journals, although experimental
etails and data regarding analytical aspects are not described at
ll [19,22,23].

In this paper, a new HPLC-ESI-MS/MS method for the simulta-
eous determination of 5-ASA and N-Ac-5-ASA in human plasma
amples is described. Sample treatment required a simple and rapid
rotein precipitation step, followed by analysis of underivatized
ompounds, using 4-ASA and N-Ac-4-ASA as internal standards. The
ethod was validated according to criteria reported in internation-

lly accepted recommendations for drug analysis in clinical studies
32–33], by evaluating linearity, recovery, precision, accuracy, and
tability.

The method was applied for the analysis of human plasma sam-
les collected from 24 healthy volunteers after a single-dose oral
dministration of 1200 mg of mesalazine in order to evaluate the
harmacokinetic of both 5-ASA and N-Ac-5-ASA.

. Experimental

.1. Chemicals and reagents

5-ASA (C7H7NO3) and its internal standard 4-ASA, both approx.
9%, were purchased from Sigma–Aldrich (Milan, Italy) while N-Ac-
-ASA and N-Ac-4-ASA were synthesized in laboratory. Chemical
tructures of the four compounds are shown in Fig. 1.

N-Acetylated derivatives were synthesized from 5-ASA or 4-
SA using acetic anhydride as acetylating agent (Carlo Erba, Milan,

taly), following a previously described procedure [16]. Briefly, 5-
SA or 4-ASA (2 g, 0.013 mol) were dissolved in equimolar acetic
nhydride. The reaction mixture was maintained at room tempera-
ure under stirring for 3 h, and then allowed to stand overnight. The
rude product was filtered off, washed with water, and dried. Then,
roducts were purified and characterized. The identity and purity
f individual products were confirmed by NMR, HPLC-DAD, and

PLC/MS. N-Acetylated derivatives were found more than 99.5%
ure.

All other reagents, acetonitrile (HPLC-grade, RS plus), methanol
HPLC-grade, RS plus), and glacial acetic acid (≥99.8%), were of ana-
ytical grade (Carlo Erba Reagents, Milan, Italy). HPLC-grade water

2

s

Fig. 1. Chemical structures and acronyms of the investigated compounds.

as prepared using a Milli-Q Synthesis A10 system (Millipore, Mol-
heim, France).

.2. Calibration standards and quality control samples

Stock solutions of 5-ASA, N-Ac-5-ASA, 4-ASA and N-Ac-4-ASA
ere prepared separately by dissolving the crystalline pure pow-
ers in methanol in order to achieve a primary concentration of
00 �g/mL, and stored in aliquots at −20 ◦C.

Working standard solutions were prepared by appropriate dilu-
ions of the 100 �g/mL stock solutions to obtain solutions at
oncentration levels in the 1.25–50 �g/mL range and stored at
20 ◦C for a period of time not longer than 4 weeks, as reported
y Palumbo et al. [21].

Composite working solution of internal standards (5 �g/mL for
-ASA and 20 �g/mL for N-acetyl-4-ASA) was obtained by diluting
-ASA stock solution to 10 �g/mL and N-Ac-4-ASA stock solution to
0 �g/mL and then mixing equal volumes of these solutions. This
olution was stored in 4 mL aliquots at −20 ◦C for the duration of the
tudy. All stock and working standard solutions were stored in glass
ubes. Analyte-free human plasma was collected and pooled to get
sufficient volume to prepare matrix-matched calibration stan-

ards and quality control (QC) samples. Separate solutions were
sed to prepare calibration standards and QC samples. Plasma cal-

bration standards of analytes at concentrations of 50, 100, 200,
00, 1000, 2000, 3000 and 4000 ng/mL, and QC samples at 150,
00 and 2500 ng/mL were prepared by spiking each analyte work-

ng standard solution into the human plasma pool aliquots. Volume
f working standard solution spiked into plasma was less than 5%
f plasma volume.

.3. Sample preparation

An aliquot of 490 �L plasma was put in disposable plastic tubes
nd mixed with 10 �L of the internal standard composite work-
ng solution to achieve final concentrations of 100 and 400 ng/mL
f 4-ASA and N-Ac-4-ASA, respectively. For protein precipitation,
.0 mL of methanol was added to the mixture. The sample was
tirred and centrifuged at 12,000 × g for 10 min. Then 1.2 mL of
he supernatant was transferred into plastic vials and dried under
acuum. The residue was dissolved in 500 �L of water containing
0 mmol/L acetic acid, the solution was centrifuged for a few min-
tes and transferred into disposable glass autosampler vials. Finally,
�L of this solution was injected into the HPLC-ESI-MS/MS system

or analysis.
.4. HPLC-ESI-MS/MS analysis

Liquid chromatography was performed using a 2695 Alliance
ystem from Waters (Milford, MA, USA) equipped with a built-in
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utosampler for 120 samples. The analytical column was a Synergi
ydro-RP (4 �m, 150 mm × 2.0 mm i.d.) protected by a guard col-
mn (4 �m, 10 mm × 2.0 mm i.d.), both supplied by Phenomenex
Torrance, CA, USA).

Mobile phase composition was 17.5 mmol/L acetic acid water
solvent A) and acetonitrile (solvent B). Separation was achieved
nder isocratic elution conditions (8 min at 15% B) followed
y column purge (5 min at 80% B) and column re-equilibration
12 min at 15% B) at 0.2 mL/min flow rate. HPLC effluent was
ntroduced directly to the electrospray source operating in neg-
tive ionization (NI) mode connected to a triple quadrupole
ass spectrometer (Quattro LC, Micromass, UK). In order to find

he tuning parameters for each compound and then to acquire
S spectra, 5 �g/mL standard solutions in 17.5 mmol/L acetic

cid:acetonitrile = 85:15 (v/v) were infused at 40 �L/min by con-
ecting an infusion pump (11Plus, Harvard, Holliston, MA, USA) to
he interface.

Nitrogen was used as nebulizer gas at 100 L/h flow rate and
s desolvation gas at 675 L/h. Ion source block and desolvation
emperatures were set respectively at 120 and 230 ◦C. Capil-
ary voltage was 2.5 kV and cone voltage was 20 V. Total ion
urrent chromatograms (TIC) were acquired using mass spec-
rometer in multiple reaction monitoring mode, selecting the
ollowing m/z ion transitions: 152 → 108 for 5-ASA and 4-ASA;
94 → 150, 194 → 107 for N-Ac-5-ASA; 194 → 108 for N-Ac-4-
SA. For quantitative analysis of N-Ac-5-ASA, transition m/z
94 → 107 was selected because this transition was more spe-
ific and gave higher signal-to-noise ratio (S/N) values than
/z 194 → 150. Dwell time and inter-channel delay values were

et respectively to 250 and 30 ms for each selected ion transi-
ion. Relative collision energies (RCE), expressed as percent of
he maximum instrument voltage difference value (200 V) were
.5% for 5-ASA and 4-ASA, and 9% for N-Ac-5-ASA and N-Ac-4-
SA.

Mass-Lynx Version 4.0 software (Micromass) was employed for
nstrument control, data acquisition, and processing.

.5. Human plasma samples

5-ASA and N-Ac-5-ASA concentrations were measured in human
lasma from 24 healthy volunteers (15 females and 9 males, mean
ge 27.3 ± 3.4 years) using the developed method. Subjects were
onsidered to be appropriate for study after medical examina-
ion and clinical laboratory analysis to assess general health. The
tudy was approved by the State authority and the Institutional
thics Committee (Saint Orsola-Malpighi Hospital, University of
ologna, Italy). Smoking, medication, alcoholic beverage and coffee
ssumption were restricted 24 h before dosing and during sam-
le collections. The study was conducted in accordance with the
urrent revision of the Declaration of Helsinki concerning medical
esearch in human and with current Good Clinical and Laboratory
ractice Guidelines. In addition, volunteers gave written informed
onsent.

Drug treatment consisted of single oral dose mesalazine admin-
stration (1200 mg) as three tablets (400 mg each) of Pentacol 400®

rom SOFAR (Milan, Italy).
For all subjects involved in the study, venous blood sam-

les (9 mL) were withdrawn via an in-dwelling cannula or by
venepuncture into K3EDTA-Vacuette® tubes (Greiner Bio-One
mbH, Kremsmünster, Austria) at 0 h (predose), 1, 2, 4, 6, 8, 12,
8, 24, 32, and 48 h post-dose. The samples were centrifuged at
000 × g for 10 min. The resulting plasma fraction was frozen as
hree separate aliquots in polypropylene tubes at −80 ◦C together
ith QC samples.
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.6. Quantification and statistical evaluation

Calibration curves were obtained by analyzing the standards
repared in freshly spiked human plasma according to the above
escribed procedure. Quantitative analysis was performed by
xtracting from HPLC-ESI-MS/MS dataset the ion currents of the
ollowing transitions: m/z 152 → 108 for 5-ASA and 4-ASA; m/z
94 → 107 for N-Ac-5-ASA; m/z 194 → 108 for N-Ac-4-ASA. Cali-
ration curves were plotted using weighted linear least-squares
egression analysis (weighting factor 1/x) according to the equa-
ion y = a + bx, where y is the analyte/internal standard peak area
atio, x the concentration (ng/mL) of 5-ASA or N-Ac-5-ASA in the
alibration samples, a the intercept, and b is the slope of the regres-
ion line. The weighting factor was chosen to minimize deviation
f back-calculated values from theoretical concentrations. Concen-
rations of the QC samples and unknown samples were calculated
y interpolating their analyte/internal standard peak area ratios on
he calibration curve.

Recovery was assessed by comparing peak area values obtained
y analyzing analyte-free pool plasma samples spiked before sam-
le preparation with those obtained from pool plasma samples
piked after sample treatment. Matrix effect was evaluated by com-
aring signals obtained from pool plasma samples spiked after
ample treatment with those obtained from standard solutions.

. Results and discussion

.1. MS/MS detection optimization

MS optimization was performed in both NI and positive ion-
zation (PI) modes and for different mobile phase compositions to
nd optimal ESI and fragmentation conditions compatible with the
eparation step. Although both 5-ASA and N-Ac-5-ASA could be
etected in both NI and PI modes [16], NI mode provided wider

inear range and was therefore selected. Moreover, adducts with
odium ions affecting sensitivity were observed when operating in
I mode. Higher S/N values were obtained in solvents containing
eak acids. This is in agreement with studies performed by Wu et

l. [34], that described how ionization efficiency in negative ESI is
nfluenced by mobile phase pH. In particular, it was observed that
he intensity of the deprotonated ion signal of acidic substances
s sometimes enhanced by acidification. The formation of charged
roplets in ESI is, indeed, achieved mainly through ion reduction
n capillary surface. Positive ions produced by protonation in an
cidic environment increase the reduction process rate and enable
he spray to carry more easily a negative charge excess, which is
hen transferred to the analyte. In the present study, acetic acid was
referred to formic acid because of better sensitivity. As an exam-
le, MS and MS/MS full scan NI spectra of 5-ASA and N-Ac-5-ASA
re shown in Fig. 2. Fragments detected were in agreement with
hose reported by Nobilis et al. [16]. The only fragment formed in

S/MS for both 5-ASA and 4-ASA is m/z 108 [M–CO2–H]− (Fig. 2A).
n the case of acetyl derivatives two fragments were observed in

S/MS spectra: m/z 150 [M–CO2–H]− for both compounds (Fig. 2C)
nd m/z 108 [C6H6NO]− for N-Ac-4-ASA and m/z 107 [C6H5NO]•−

or N-Ac-5-ASA (Fig. 2C). Probably, N-acetyl group in meta or para
osition with respect to –OH group is the reason for the appearance
f different energetically favored product ions for N-Ac-4-ASA and
-Ac-5-ASA, respectively.
.2. Optimization of LC separation

Several HPLC method variables influencing separation of 5-ASA,
ts metabolite, and internal standards were investigated, due to
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ysis of six independently obtained eight-point calibration curves
ig. 2. Fragmentation spectra for (A) 5-ASA and (C) N-Ac-5-ASA; ESI-MS spectra for
B) 5-ASA and (D) N-Ac-5-ASA. All spectra obtained by direct infusion of a 5 �g/mL
olution in 17.5 mmol/L acetic acid water:acetonitrile = 85:15 (v/v).

reat difference in the physical properties of these analytes, such as
-Ac-5-ASA lipophilicity and 5-ASA polarity and amphoterism. 5-
SA is eluted as a sharp and symmetric peak from reversed-phase
olumns and separated from N-Ac-5-ASA and internal standards
nder acidic chromatographic conditions (pH < 4.0) with small
ercentages of organic modifier [16,20,21,25]. In our extensive pre-

iminary experiments a set of different columns, with different
engths and particle size, packed with C18 reversed phase, polar
eversed phase or –CN phase, was tested to optimize 5-ASA reten-
ion. However, as also reported by other authors [16,20,25], 5-ASA
etention time was slightly shorter than twice the column dead
ime. A series of aqueous mobile phases containing different addi-
ives (weak acids or ion pair reagents) with different pH values,
n combination with acetonitrile or methanol as organic modifier,

ere also tested. The best result in terms of ESI response, peak
hape, resolution and overall run time was obtained with Sinergi
ydro RP C18 column, using 17.5 mmol/L acetic acid (pH 3.3) and
5% acetonitrile. We found that, at pH > 4.0 or in the presence of
H4

+ ions, retention times were shortened until coelution of the
ompounds, with broadened peaks and weakened responses. The
ddition to water of trifluoroacetic acid, triethylamine or tripropy-
amine as ion pair agents slightly increased 5-ASA retention time,
ut strong signal suppression together with irreproducibility was
bserved. The use of acetonitrile at a percentage lower than 15% did
ot increase the 5-ASA retention and response was weakened. Use
f a more polar solvent, such as methanol, did not allow the increase

f 5-ASA retention. In addition, N-Ac-5-ASA and both internal stan-
ards were strongly retained to require a gradient elution, thus
roviding different chromatographic conditions for each analyte
nd its internal standard.
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In the optimized analytical conditions, mean retention times
n = 50) were as follows: 2.13 ± 0.01 min (R.S.D.% = 0.46%) for 5-ASA;
.49 ± 0.09 min (R.S.D.% = 2.0%) for N-Ac-5-ASA; 6.06 ± 0.08 min
R.S.D.% = 1.3%) for 4-ASA; 6.36 ± 0.12 min (R.S.D.% = 1.9%) for N-
c-4-ASA. Conditions set for column purge and re-equilibration
nsured column pressure and chromatogram background stabil-
ty together with reproducible retention times for at least 100
onsecutive injections. Width peak, S/N and system stability dur-
ng an analytical batch (42 h long) were considered to find the
ptimal injection volume (4 �L). As an example, a typical MRM
hromatogram obtained from analysis of human plasma spiked at
0 ng/mL of both analytes is shown in Fig. 3C–F.

.3. Selectivity

The selectivity of the method was evaluated by analyzing blank
uman plasma samples from 10 different subjects. A representa-
ive MRM chromatogram obtained for a drug-free human plasma
ample is shown in Fig. 3A. No interfering peaks due to endoge-
ous species were observed at the elution time expected for 5-ASA
Fig. 3A), whereas blank plasma extract showed an interfering peak
t a retention time close to, but resolved from, N-Ac-5-ASA (Fig. 3B).
his indicates that the HPLC method with MRM acquisition is suit-
ble for the selective detection of these compounds in human
lasma.

.4. Recovery and matrix effect

Recoveries of 5-ASA and N-Ac-5-ASA were assessed at three
oncentration levels (100, 1000 and 4000 ng/mL). They were >90%
or 5-ASA and >95% for N-Ac-5-ASA. In addition, recoveries of 4-
SA and N-Ac-4-ASA at concentration levels of 100 and 400 ng/mL,
espectively, were also evaluated. More details are reported in
able 1.

It is well known and documented in HPLC-ESI-MS analysis
hat during the ESI process coextracted and coeluted matrix com-
onents can decrease the yield of analyte ion production by
ompetition processes [35]. Then, matrix effect was also studied. N-
c-5-ASA was recovered at 92 ± 5%, whereas 5-ASA was recovered
t 30 ± 3% (n = 6). The latter result can be explained with the poor
etention time of 5-ASA in chromatographic elution, which possibly
etermines coelution with interferences. Intra-matrix variability
as also tested by processing plasma samples from 10 different
ealthy subjects and spiking them with both analytes at 150 ng/mL.
ias values were within the ±15% range, whereas R.S.D.% values
ere less than 7%. Thus, matrix effect on 5-ASA, even thought
resent, did not significantly affect the accuracy and precision of
his HPLC-ESI-MS/MS method, if matrix-matched calibration pro-
edure was adopted.

.5. Limit of detection

Limits of detection (LODs) were estimated by measuring S/N
alues obtained in human plasma spiked at 50 ng/mL level and
xtrapolating the corresponding values to S/N = 3. LOD value was
5 ng/mL for both 5-ASA and N-Ac-5-ASA.

.6. Linearity and limit of quantification

Calibration curve parameters, derived by the statistical anal-
n plasma, are reported in Table 2. The calibration curves showed
good linearity in the concentration range between 50 and

000 ng/mL (R2 ≥ 0.988 for 5-ASA and R2 ≥ 0.995 for N-Ac-5-ASA).
he back-calculated calibration standard points showed R.S.D.%
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alues ranging from 1.7% to 6.5% for both analytes. The percent
ifference between the standard concentrations calculated from
he calibration curve and theoretical ones for both tested analytes
anged from −14% to 10%. Limit of quantification (LOQ) was eval-
ated according to the guidance for industry on the validation of

ioanalytical methods, i.e. as the lowest analyte concentration cor-
esponding to a response at least 5 times higher than blank response
nd which can be determined with 80–120% accuracy and 20% pre-
ision [33]. The back-calculated concentration data obtained from
alibration curves allowed to assess 50 ng/mL as the validated LOQ
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able 1
ecovery and standard deviation (S.D.) values obtained by analyzing human plasma samp
-Ac-5-ASA, and at 100 ng/mL of 4-ASA and 400 ng/mL of N-Ac-4-ASA (n = 6)

heoretical concentration (ng/mL) 5-ASA N-Ac-5-ASA

Recovery (%) S.D. (%) Recovery (%)

100 97.6 8.5 97.5
400 – – –
000 97.5 8.9 98.3
000 90.8 4.4 95.2
94 → 107 for N-Ac-5-ASA, 194 → 108 for N-Ac-4-ASA) obtained for (A–B) drug-free
ASA; (D) 50 ng/mL of N-Ac-5-ASA; (E) 100 ng/mL of 4-ASA; and (F) 400 ng/mL of

f the analytical method (Table 3) for 5-ASA and N-Ac-5-ASA. This
onfirms that the method showed sufficient sensitivity to support
linical trials and pharmacokinetic studies, even if signal was par-
ially suppressed.
.7. Precision and accuracy

Table 3 reports the within- and between-batch accuracy and
recision results for both 5-ASA and N-Ac-5-ASA, obtained ana-

yzing QC samples prepared in human plasma at three different

les spiked at three concentration levels (100, 1000 and 4000 ng/mL) of 5-ASA and

4-ASA N-Ac-4-ASA

S.D. (%) Recovery (%) S.D. (%) Recovery (%) S.D. (%)

6.4 86.8 4.8 – –
– – – 94.3 3.0
6.1 – – – –
6.1 – – – –
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Table 2
Linear calibration parameters obtained by least-square fitting of six independent
eight-point curves in the 50–4000 ng/mL concentration range for 5-ASA and N-Ac-
5-ASA

Curve 5-ASA N-Ac-5-ASA

Slope Intercept R2 Slope Intercept R2

1 0.000715 0.0124 0.996 0.000525 0.0225 0.996
2 0.000765 0.0112 0.988 0.000501 0.0218 0.997
3 0.000732 0.0119 0.993 0.000533 0.0210 0.995
4 0.000735 0.0169 0.995 0.000572 0.0243 0.999
5 0.000622 0.0151 0.999 0.000538 0.0214 0.999
6 0.000692 0.0172 0.994 0.000560 0.0218 0.996

Mean 0.000710 0.0141 0.994 0.000538 0.0222 0.997
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5-ASA and N-Ac-5-ASA mean plasma concentration-time profiles
obtained in this study are shown in Fig. 5. Further statistical eval-

T
W
2

T

W

B

T

W

B

.D. 0.000049 0.0026 0.004 0.000025 0.0012 0.002
.S.D. (%) 7.0 19 0.4 4.7 5.2 0.2

oncentration levels of 150, 800 and 2500 ng/mL. The three
oncentration values were chosen because they were the most rep-
esentative of a typical pharmacokinetic profile.

For within- and between-batch precisions, R.S.D.% values calcu-
ated for all the tested levels (n = 6 each) did not exceed 8% and 10%,
espectively. For within- and between-batch accuracies, bias values
anged from −3.6% to 7.9% and from −4.3% to 8.0%, respectively.

.8. Stability of stock solutions

The stability of 5-ASA and N-Ac-5-ASA stock solutions
100 �g/mL) in methanol was evaluated by analyzing refrigerated
+4 ◦C) and frozen (−20 ◦C) aliquots during the validation of the

ethod for a period of time of 30 and 120 days, respectively.
For storage at 4 ◦C no significant variations were observed dur-

ng the first 6 days, while the measured concentration decreased
o about 50% after about 15 days for 5-ASA and to about 75% for
-Ac-5-ASA after 20 days. Stability of each analyte stock solution
100 �g/mL) stored at −20 ◦C was tested for a period of 120 days.
o significant deviations were observed during this time. Bias% for

he analytes was between −1.0% and 1.5% after 120 days of storage.

u
s
t

able 3
ithin- and between-batch precisions (R.S.D.%) and accuracies (bias%) of the method,

500 ng/mL of 5-ASA and N-Ac-5-ASA (n = 6)

heoretical 5-ASA concentration (ng/mL) Mean back-calculated 5-AS

ithin-batch
50 45.8
150 161
800 863
2500 2520

etween-batch
50 47.6
150 159
800 852
2500 2580

heoretical N-Ac-5-ASA concentration (ng/mL) Mean back-calculated N-A

ithin-batch
50 47.3
150 158
800 858
2500 2410

etween-batch
50 46.1
150 155
800 864
2500 2391
r. B 872 (2008) 99–106

.9. Stability of samples

Laboratory tests were made to assay behavior of 5-ASA and N-
c-5-ASA in plasma under different experimental conditions, as
ecommended by FDA Guideline. During validation stored sam-
les were re-run against fresh calibrants. Results confirmed that
oth analytes were stable for at least 4 months during plasma
ample storage at −80 ◦C, for 4 h at room temperature, and dur-
ng three freeze/thaw cycles in agreement with data from other
uthors [20,30].

To test stability of compounds during a typical analysis cycle,
lasma samples fortified at three concentration levels (150, 800
nd 2500 ng/mL) of both 5-ASA and N-Ac-5-ASA were processed
nd analyzed at the beginning (reference) and during a 42 h stor-
ge period at 7 ◦C in the autosampler carousel. Under the above
onditions, analytes resulted stable, since no significant decrease
n concentrations nor modification of the chromatographic traces

ere observed (data not shown). After 42 h, bias values ranged from
.2% to 3.1%.

.10. Application to a pharmacokinetic study

The validated HPLC-ESI-MS/MS method was employed to mea-
ure plasma levels of 5-ASA and its major metabolite, N-Ac-5-ASA,
n 24 healthy volunteers, treated with 1200 mg of Pentacol (three
ablets of 400 mg each) in single oral dose. Fig. 4 shows a typi-
al MRM chromatogram obtained by analyzing a human plasma
ample collected 8 h after mesalazine administration. 5-ASA and N-
c-5-ASA mean maximum concentrations ±S.E.M. (standard error
f the mean) were 680 ± 150 and 1240 ± 220 ng/mL, respectively,
ith average tmax of 8 h. The 5-ASA and N-Ac-5-ASA concentration
rofiles in plasma were in agreement with those reported by other
uthors for similar formulations and in proportion to the dosages
dministered (e.g. 1500 mg [14] and 800 mg [22]). Representative
ation on the obtained profiles with validated pharmacokinetic
oftware packages was beyond the aim of the present paper. When
he method will be applied for bioequivalence studies, data will be

obtained from the analysis of samples spiked with 50 (LOQ level), 150, 800 and

A concentration (ng/mL) R.S.D. (%) Bias (%)

3.5 −8.4
3.6 7.6
6.3 7.9
3.5 0.8

11 −4.8
10 6.1
7.0 6.6
7.8 3.2

c-5-ASA concentration (ng/mL) R.S.D. (%) Bias (%)

4.9 −5.5
8.0 5.5
2.5 7.2
4.1 −3.6

9.7 −7.9
10 3.6
4.4 8.0
2.9 −4.3
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Fig. 4. Typical MRM chromatograms (transition m/z 152 → 108 for 5-ASA and m/z
194 → 107 for N-Ac-5-ASA) obtained for a human plasma sample collected 8 h after
mesalazine administration (5-ASA concentration: 555 ng/mL and N-Ac-5-ASA con-
centration: 1170 ng/mL).
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ig. 5. Mean plasma 5-ASA and N-Ac-5-ASA concentration–time profiles following
single oral dose administration in healthy volunteers (n = 24) treated with 1.2 g of
esalazine.

nalyzed in more detail to obtain pharmacokinetic parameters such
s Cmax, tmax, area under the curve (AUC) and all the information
eeded for this purpose.
. Conclusion

The new HPLC-ESI-MS/MS method for determination of both
-ASA and N-Ac-5-ASA fulfils the acceptance criteria generally

[

[
[
[
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stablished for bioanalytical assays when applied in pharma-
eutical analysis. In the explored range the method is accurate,
recise, selective and sensitive enough to allow the analysis of
-ASA and N-Ac-5-ASA in 0.5 mL of human plasma after sin-
le oral administration of 1.2 g of mesalazine. The method does
ot require preanalytical derivatization and the analysis can be
erformed after a simple precipitation clean-up step, thus reduc-

ng analytical variability and sample handling time. Furthermore,
bout 60 injections/day can be performed with an autosampler sys-
em.

The use of two internal standards, 4-ASA and N-Ac-4-ASA,
elected as structural analogues of the two analytes, and the use of
atrix-matched calibration, allow to compensate signal suppres-

ion effect and reduce inaccuracy problems.
The LOQ value, estimated as 50 ng/mL for both analytes, is

dequate to quantify concentration levels of 5-ASA and its main
etabolite generally found in human plasma samples, collected

uring clinical and pharmacokinetic studies in which mesalazine
rugs are administered at therapeutic dosage.

In comparison with the previously developed methods, the
resent one offers undoubted advantages in term of overall ana-

ytical performance, mainly related to the simple preanalytical
reatment and to chromatographic separation combined with
he use of ESI-MS/MS detection, thus allowing to identify and
uantify the two analytes with high selectivity and sensitiv-
ty.
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