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Short communication

Simultaneous determination of mycophenolic acid and its phenolic
glucuronide in human plasma using an isocratic high-performance

liquid chromatography procedure
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Abstract

Simultaneous determination of mycophenolic acid (MPA) and mycophenolic acid glucuronide (MPAG) in plasma was accomplished by
isocratic HPLC with UV detection. After protein precipitation and phase separation with saturated sodium dihydrogenphosphate, chromato-
g buffer, pH
3 A and up
t ely.
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raphic separation was achieved on a monolithic column “Chromolith Performance RP-18e”, with acetonitrile/0.01 M phosphate
, (25:75, v/v), as the mobile phase; flow rate 3.3 ml/min and measurement at 214 nm. Linearity was verified up to 40 mg/l for MP

o 400 mg/l for MPAG. Detection limits based on the analysis of 50�l plasma were 0.05 and 0.5 mg/l for MPA and MPAG, respectiv
ccuracy was 99.6–104% for MPA and 95.6–105% for MPAG and total imprecision (CV) was <7% for both compounds. Analytical
as >95% for MPA and MPAG. The method is simple, rapid, accurate and suitable for routine determination of MPA and MPAG in
2004 Elsevier B.V. All rights reserved.
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. Introduction

Mycophenolic acid (MPA), the active metabolite of
ycophenolate mofetil (MMF), is an antiproliferative im-
unosuppressive agent, increasingly used after solid organ

ransplantation and also proposed for therapy of several
utoimmune diseases[1–3]. Its immunosuppressive action
esides in the noncompetitive, selective and reversible in-
ibition of inosine monophosphate dehydrogenase, thereby
uppressing the de novo synthesis of guanosin nucleotides in
and B lymphocytes. This leads to an arrest of proliferation

nd function of these cells[4].
MPA is primarily metabolized by glucuronidation at the

henolic hydroxyl group to a mycophenolic acid glucuronide
MPAG), which is the major urinary excretion product of the
rug [1,3]. Analysis of MPAG is of interest, as it achieves
lasma levels many fold higher than MPA and is involved
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in enterohepatic recycling of MPA which results in s
ondary peaks in the concentration versus time profile
prolongs the apparent half-life of MPA in vivo. In addition
the pharmacologically inactive primary metabolite MPA
evidence has been provided for the formation also o
acyl glucuronide and the phenolic glucoside metabolites[5].
Only the acyl glucuronide metabolite inhibits human inos
monophosphate dehydrogenase in vitro[5].

Several studies have demonstrated a relationship be
MPA pharmacokinetics and clinical outcome, suggesting
monitoring plasma concentrations may be useful: to en
that the immunosuppressive drug is not below threshold
centrations to prevent acute rejection, and to follow
cial populations where pharmacokinetics parameters
been shown to vary greatly (e.g., children, patients
altered absorption, dietary factors, drug–drug interacti
[3].

High-performance liquid chromatography (HPLC) is
method of choice for the quantitative determination of M
and its main metabolite MPAG, and a number of meth
570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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have been developed[6–16]. Compared with the procedure
described here, most of them require larger sample volumes
[8,11–14,16]and more complex sample preparation proce-
dures as liquid–liquid[6–7] or solid phase extractions[8–9],
complicated post-column derivatization[10], mobile phase
gradient elution[11,16], or dual analytical columns for MPA
and MPAG[8]. Only few of the assays allow simultaneous
determination of MPA and MPAG under isocratic conditions
and UV detection[12–15].

Here we describe a quick and reliable reverse-phase HPLC
method for the simultaneous determination of MPA and
MPAG in plasma, developed on a novel monolithic station-
ary phase. The simple sample preparation, avoidance of the
laborious and time-consuming extraction step, low sample
volume required for the assay, good reproducibility and iso-
cratic separation represent an advance of this method over
the other already published methods for routine therapeutic
drug monitoring.

2. Experimental

2.1. Materials
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and 10 mg/l for MPA and 10, 40, and 200 mg/l for MPAG and
also stored in 50�l aliquots at−20◦C.

2.4. Patients’ samples

EDTA blood samples were obtained from 60 kidney
transplant patients, receiving MMF and co-medications
such as cyclosporine A, tacrolimus and prednisolone for
immune suppression. After centrifugation at 3000×g for
5 min plasma was derived and either immediately analyzed
or stored at−20◦C until measurement.

2.5. Sample preparation and HPLC analysis

For analysis, 50�l of plasma (calibrator, control or patient
derived), 50�l of saturated sodium dihydrogenphosphate
and 100�l of acetonitrile containing the internal standard
MPAC (5 mg/l) were pipetted into an Eppendorf microcen-
trifuge tube. The sample was vortex-mixed for 20 s, and then
centrifuged for 3 min at 10,900×g. An 80�l aliquote of
the supernatant were evaporated to dryness under a stream
of nitrogen, reconstituted with 80�l of mobile phase, and
10�l of the latter solution were injected for analysis.

Chromatographic separation was performed on a
monolithic column Chromolith Performance RP-18e
(100 mm× 4.6 mm), (Merck, Darmstadt, Germany), main-
t ter
( ace-
t ow
r d at
2 min.
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a ns,
onitrile (HPLC-grade) were purchased from Merck (Da
tadt, Germany). MPA and MPAG were obtained fr
offmann-La Roche (Grenzach-Wyhlen, Germany) and

nternal standard—carboxy butoxy ether of MPA (MPA
as kindly supplied to us by Dr. Maria Shipkova (Geo
ugust University, G̈ottingen, Germany). The purity of th
tandards used was over 98%.

.2. Instrumentation

The HPLC system consisted of mostly Waters (Milfo
A, USA) components, including a model 510 pump, a
lus autosampler, a 996 photodiode array detector, and a
uter interface system controller linked to a PC.

The Millenium software (Waters, Milford, MA, USA
ersion 2.10, was used for recording and calculating the
alculations were made in the internal standard mode
eak area ratios.

.3. Preparation of standards and quality controls

Stock solutions of MPA and of the internal standard MP
ere prepared separately in acetonitrile each at a conc

ion of 1 g/l and stored at−20◦C. The MPAG stock solutio
4 g/l) was prepared in acetonitrile/water (80/20, v/v) and
tored at−20◦C. Seven calibration standards ranging fr
.1 to 40 mg/l MPA (0.1, 0.5, 1, 5, 10, 20 and 40 mg/l)

rom 1 to 400 mg/l for MPAG (1, 5, 10, 50, 100, 200 a
00 mg/l) were prepared diluting the stock solution in d

ree plasma and stored in 50�l aliquots at−20◦C. Quality
ontrols were prepared in nominal concentrations of 0.
ained at 40◦C in an Eppendorf CH-80 column hea
Hamburg, Germany). The mobile phase consisted of
onitrile/0.01 M phosphate buffer, pH 3 (25:75, v/v). The fl
ate was 3.3 ml/min and the compounds were quantifie
14 nm. Each chromatographic run was completed in 8

. Results

.1. Chromatography

Representative chromatograms of a plasma sample
ained from a renal transplant patient not on MMF ther
A) and a sample containing 1.8 mg/l MPA and 170 m
PAG, obtained from renal transplant patient on MMF th
py immediately before a dose (B) are shown inFig. 1. Re-

ention times of MPAG, MPA and IS (MPAC) were 0.9
.56, and 6.63 min, respectively. As depicted, the substa
luted fully baseline-separated as symmetric peaks, w

acilitated their subsequent quantification.
A small interfering peak in the area near the MPAG

bserved as well as in patients not on MMF therapy as i
ients on MMF. This peak was equivalent to approxima
.2 mg/l, which is more than 100 times less than typical t
peutic levels of MPAG and therefore does not repres
ignificant interference in the analysis.

.2. Linearity

Linearity of the assay was verified 1–40 mg/ml for M
nd 1–400 mg/l for MPAG (seven different concentratio
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Fig. 1. Representative chromatograms of a plasma sample, obtained from a
renal transplant patient not on MMF therapy (A), and a sample, containing
1.8 mg/l MPA and 170 mg/l MPAG, obtained from renal transplant patient
on MMF therapy (2 g/24 h) immediately before a dose (B). Internal standard
(MPAC, 5 mg/l) was added to the plasma sample shown in (B).

duplicate analysis) and standard curves were constructed us-
ing weighted 1/x2 linear regression. A typical calibration
line gave a regression ofy=−0.0057 + 0.1556x for MPA
(r > 0.999) andy= 0.0059 + 0.0246x for MPAG (r > 0.999),
wherey is the relative peak area andx is the concentration
(mg/l).

3.3. Limit of quantification and detection limit

The limit of quantification, defined as the lowest amount
quantitatively determined in a sample of 50�l, with a
between-day precision of five replicates around the mean
value less than 10% was 0.1 mg/l for MPA and 1 mg/l for
MPAG. At these concentrations, both the imprecision and
accuracy between run were less than 8.5%. These values
are comparable to that previously reported by other authors

Table 1
Within-run and between-run variability and accuracy of the HPLC assay for t

Spiked concentrationa

(mg/l)
Mean± S.D. (mg/l) Coefficient

Within-run (n= 12) Between-run (n= 12) Within-run (n

MPA
0.5 0.51± 0.01 0.52± 0.02 2.14
2.0 2.03± 0.07 2.04± 0.07 3.43
10.0 10.28± 0.17 9.96± 0.19 1.93

M

[15,16], even though a smaller supernatant volume was in-
jected in the study reported here.

The limit of detection, defined as the concentration that
produces a signal-to-noise ratio of 3 for MPA was 0.05 and
0.5 mg/l for MPAG using 50�l of plasma for analysis.

3.4. Precision, accuracy and extraction recovery

Within-run and between-run imprecision, accuracy, as
well as the extraction recovery were studied with control
plasma samples, spiked with three different concentrations of
the analytes: low (MPA: 0.5 mg/l, MPAG: 10 mg/l), medium
(MPA: 2.0 mg/l, MPAG: 40 mg/l) and high (MPA: 10 mg/l,
MPAG: 200 mg/l). Within-run validation was conducted by
preparing 12 separate samples of the three quality controls
and analyzing them in 1 day. Between-run validation was per-
formed by repeated analysis of these samples over 12 days.
The imprecision and accuracy data of the assay are summa-
rized in Table 1. The total coefficient of variation (CV) for
both MPA and MPAG was less than 8% over the three con-
centration levels studied.

Accuracy of the method, expressed as a percentage of the
mean assayed concentration over the weighed-in concentra-
tion, ranged from 99.6 to 104%, and 95.6 to 104.9% for MPA
and MPAG, respectively. The extraction recovery, calculated
b asma
s ob-
t ame
a nto
t m-
p

3

drug
u ans-
p ces
f lone,
c in,
a in,
t sal-
i bital,
PAG
10.0 10.43± 0.21 10.49± 0.24 2.14
40.0 41.74± 1.03 41.86± 1.67 2.48
200.0 207.24± 4.31 208.88± 4.75 2.08
a Concentration of control samples for MPA and MPAG.
he quantification of MPA and MPAG in human plasma

of variation (%) Accuracy (%)

= 12) Between-run (n= 12) Within-run (n= 12) Between-run (n= 12)

3.32 102.0 104.0
3.50 101.5 102.0
1.94 102.8 99.6

2.33 104.3 104.9
3.99 104.4 104.6
2.28 96.5 95.6

y comparing peak areas obtained from the extracted pl
amples with MPA and MPAG added with peak areas
ained with solutions in mobile phase, containing the s
mount of the compounds which were directly injected o

he column without extraction was over 95% for both co
ounds (n= 5).

.5. Specificity

The specificity of the assay was evaluated, as multi
se is quite common in patients undergoing organ tr
lantation. The potential chromatographic interferen

rom co-administered immunosuppressives (predniso
yclosporin A, sirolimus, tacrolimus), antibiotics (amikac
moxicillin, cefazolin, chloramphenicol, gentamic

obramycin, vancomycin), NSAIDs (acetaminophen,
cylate), anticonvulsants (carbamazepine, phenobar
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phenytoin) and other drugs as digoxin, cefazolin, cimetidine,
clemastine, clonazepam, diazepam, lidocaine was examined
by analysis of patient specimens received for routine ther-
apeutic drug monitoring, TDM quality control sera (Riqas,
Randox), and dissolved in 50% methanol drug standards to
yield final concentration of each drug at 5 and 50 mg/l.

In addition, the existence of endogenous chromatographic
interferences was evaluated by separate analysis of 50 patient
specimens of transplant patients under immunosuppressive
therapy without MMF, sent to the laboratory for routine clin-
ical chemical tests.

Under the conditions of the assay described no extra peaks
from endogenous compounds and various drugs, tested were
observed at the retention times of MPA and MPAG.

3.6. Stability

Storage and analysis of the control plasma and patient
samples over several months provided no evidence of appar-
ent change of MPA or MPAG concentrations when stored at
−20◦C. This is in agreement with MPA stability in plasma as
reported earlier by Shipkova and co-workers[17] and Paw-
inski and Shaw[18].

3.7. Clinical application

sfully
a in
6 bout
2 taken
p e val-
i llect
e pro-
fi ing
o ntry
a de-
t dy
p s on
M blish
p

4

p an
H tion
o ro-
m nted
m or
p ingle
c usly
p com-
p

smaller sample volume, extremely simple sample prepara-
tion procedure and good chromatographic separation within
a shorter run time. The Chromolith Performance column
used is based on a new sol–gel process for the preparation of
monolithic porous silica rods using highly pure metal free
alkoxysilanes. The highly porous skeleton of this column
allows operating at higher flow rates without loss of perfor-
mance and limitations due to the column backpressure. The
monolithic columns have demonstrated not only comparable
repeatability and reproducibility to particle packed columns,
but also a very easy handling on conventional HPLC systems
and a very good stability[19–20].

In conclusion, we report a new simple, rapid and reliable
HPLC method for the simultaneous determination of MPA
and MPAG in human plasma, which is easily adaptable in
many laboratories using commonly available HPLC equip-
ment.
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