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Abstract

Mycophenolic acid (MPA), the active metabolite of the prodrug mycophenolate mofetil is an immunosuppressive agent which inhibits
inosine monophosphate dehydrogenase. MPA is metabolised to phenolic glucuronide (MPAG) that may be hydrolysed in vivo to form free
MPA. Drug monitoring is required in patients with multi-organ failure. Here, we report a HPLC method with organic/inorganic hybrid material
for the simultaneous analysis of MPA and MPAG in human plasma.

MPA and MPAG and carboxy butoxy ether mycophenolic acid (MPAC) used as internal standard were analysed on a bonded X-Terra
column with a linear gradient elution mode using orthophosphoric acid and acetonitrile as eluents. Sample treatment procedure consists
of deproteinisation with acetonitrile. Analytical recoveries were higher than 98 and 89% at concentrations ranging from 1 to 25 and 20 to
200 mg/L for MPA and MPAG, respectively. Calibration curves fitted by plotting the peak area ratio (compound of interest/internal standard)
versus concentration were linear in the range 0.2-50 mg/L for MPA and in the range 1-500 mg/L for MPAG. The quantification limit was
0.2mg/L for MPA and 1 mg/L for MPAG with a coefficient of variation less than 20% for ajfg08ample volume. Intra- and inter-assay
coefficient of variation was lower than 7% for all compounds. Detection was performed at 215 nm. Peak identity was confirmed through
library matching by comparison with reference spectra. The X-Terra column provides good peak shape and may be used at low pH with a
long life-time column.

This HPLC method using a simple sample treatment procedure appears suitable for therapeutic drug monitoring in organ-transplant patients.
The method is sensitive enough for monitoring MPA and MPAG during pharmacokinetic studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction MPAG may undergo an enterohepatic recirculation re-
sulting in a second peak plasma of MIPH. MPA is also
Mycophenolic acid (MPA), the active metabolite of the metabolised in minor metabolites,O-glucoside and acyl
prodrug mycophenolate mofetil is an immunosuppressive glucuronide (AcMPAG])2].
agent which inhibits inosine monophosphate dehydrogenase. Drug monitoring of MPA and MPAG is required regard-
MPA is metabolised to phenolic glucuronide (MPAG) which ing: (1) the inter and intra individual variability in plasma con-
is the major metaboliteHig. 1). centrations and area under curve, (2) the potential drug—drug
interactions with others immunosuppressant drigjsand
(3) the influence of organ failure on free MFP4.
* Corresponding author. Fax: +33 4 78 77 72 03. Some HPLC methods for the analysis of MPA and MPAG
E-mail addressroselyne.boulieu@chu-lyon.fr (R. Boulieu). in plasma have been reportgd-9]. The methods described
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Fig. 1. Molecular structures of MPA, MPAG and MPAC.

used conventional stationary phases wW#tb] or without 2.2. Equipment and HPLC conditions
[7-9]gradient elution mode. Here, we reporta HPLC method
using an organic/inorganic material (X-terra phase) which  The chromatographic system consisted of Hewlett
is known to improve peak shape and to exhibit excellent Packard 1050 series using HPChem software (Agilent Tech-
stability for the simultaneous analysis of MPA and MPAG nologies, France). Separation of MPA, MPAG and internal
in human plasma. This hybrid material combines the best standard was achieved using X-Terra RP1R 150 mm
properties of silica and polymer. It contains methylsiloxane x 3.9 mm (Waters, France). The mobile phase consisted
groups distributed homogeneously throughout the particle of acetonitrile—orthophosphoric acid as eluents. The gra-
backbone. dient conditions are the following: (A) 40 mM 4ROy,
(B) 40mM HzPOy/CH3CN, 55/45v/v, with the gradient:
0—-4 min (55.5% B), 4-17 min (55.5-100% B), 17—20 min

2. Experimental (100-55.5% B). The flow rate was maintained at 1.2 ml/min.
The detection wavelength was 215 nm using a photodiode

2.1. Materials array detector. The system was used at ambient temperature
(20°C).

MPA and carboxy butoxy ether mycophenolic acid
(MPAC, internal standard) were generously supplied by Hoff- 2.3. Sample treatment
man Laroche, Basel, Switzerland. MPAG was obtained from
Analytical Services, Catersham, Great Britain. Acetonitrile, ~ The 500uL of acetonitrile containing the internal standard
orthophosphoric acid were purchased from Merck, France. were added to 50QL of plasma. After mixing for 1 min,
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Fig. 2. Chromatograms of (A) blank plasma, (B) plasma spiked with 5 mg/L MPA, 50 mg/L MPAG and the internal standard and (C) patient sample: 2 mg/L
MPA, 118 mg/L MPAG.
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Table 1 cision (0 = 5) were assessed by replicate analysis of plasma

Recoveries samples spiked with the compounds of interest at two differ-

Compounds Concentration Recovery ent concentrations. Intra-day coefficient of variation ranged
added (mg/L) (%, meant S.D.) from 1.9 to 3.9% for MPA and 1.9 to 5.0% for MPAG at con-

MPA 0.5 1051+8.7 centration of 5 and 20 mg/L for MPA and 50 and 200 mg/L

5.0 1119+4.0 for MPAG. Inter-day coefficient of variation were below 6%
200 1021£4.6 for all compounds.

MPAG 5.0 1036+ 7.1 The quantification limitwas 0.2 mg/L for MPA and 1 mg/L

2?)%8 g;iig'g for MPAG with a CV inferior to 20% for 50QL sample

volume. Compared to values reported using UV detection
[4,6,8,9] the limits of quantification obtained are lower, par-

50l of 40 mM HzPQu/acetonitrile, 55/45 v/v was added. ticularly for MPAG.
The mixture was mixed for 30 s and then centrifuged at 2000  X-Terra RP18 stationary phase has demonstrated a long
x g for 10 min. The supernatant was diluted five times in lifetime with about 700 biological samples injected without
40 mM HzPOy/acetonitrile, 75/25 viv, and 1Q0L were in- any deterioration. The stationary phase used provides higher
jected into the column. efficiency and improves peak shape of the compounds es-
Calibrators for MPA and MPAG were prepared from stock pecially MPAG compared with conventional reversed phase
solutions of 100 mg/L MPA and 1000 mg/L MPAG in ace- column. Tailing factor of MPAG was 1.07 and those of MPA
tonitrile/water (80/20 v/v), diluted in drug free plasma to fi- was 0.96. The use of acidic solutions in the mobile phase
nal concentrations of 0.5, 1.0, 5.0, 20.0 mg/L and 5, 10, 50, does not affect the stationary phase which exhibits excellent
200 mg/L, respectively. In-house control samples were pre- stability at low pH (pH 1).
pared by spiking drug free plasmawith MPAand MPAG stock ~ The HPLC method described is simple and rapid consid-
solutions to obtain final concentration of 10 and 100 mg/L, ering the sample treatment procedure. The method appears
respectively. Plasma from heart/lung transplant patients re-suitable for drug monitoring in organ-transplant patients and

ceiving oral mycophenolate mofetil (500 mg twice a day) Sensitive enough for monitoring MPA and MPAG during
were analysed. pharmacokinetic studies.
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