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Abstract

Introduction: Mycophenolate mofetil and its active metabolite mycophenolic acid are routinely used as immunosuppressant drugs
in solid organ transplantation in a fixed daily dose regimen in association with cyclosporine, tacrolimus and steroids. Therapeutic drug
monitoring for mycophenolic acid concentration has been suggested to optimize outcomes by reducing rejection and drug related
toxicities in clinical renal transplantation.

Aim: To determine the predose concentration of mycophenolic acid in renal transplanted patients by a validated proposed high-perfor-
mance liquid chromatography (HPLC) method and to estimate the interindividual variability based on the therapeutic target.

Materials and methods: An HPLC method combined with protein precipitation has been validated for mycophenolic acid deter-
mination in the human plasma obtained from 21 renal transplant recipients. HPLC analysis was carried out using the chromatographic
system Agilent Technologies 1200 DAD. Samples were injected manually, and the compounds were separated on a LiChrosphere® select
B C18 analytical column. The mobile phase was 45:55 (v/v) acetonitrile-buffer phosphate, pH 2.5, flow rate of 1.0 mL/min and column
temperature of 30°C. Detection was performed at 215 nm. Whole blood samples were collected into vacutainers containing EDTA and
separated at 6000 g for 10 minutes. A 200-pL aliquot of patient plasma was transferred to a tube, followed by addition of 10 uL of nap-
roxen as internal standard and 400 pL of acetonitrile (v/v) as a protein precipitating agent. Each tube was vortex-mixed for 30 sec and
then centrifuged for 10 min at 10000 rpm. 20 pL of the supernatant was injected into the HPLC system for analysis.

Results: The method showed appropriate linearity for MPA with correlation coefficient greater than 0.999. High inter-patient variabil-
ity is observed with 18% of patients within the target trough concentration range, 27% of patients below the target trough concentration
range and 54% over the range with risk of toxicity.

Conclusions: Therapeutic monitoring of MPA might contribute to a better management of renal transplant recipient with the goal of
optimizing therapeutic regimens in order to reduce the risk of rejection and MPA-related toxicity.
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INTRODUCTION

Mycophenolate mofetil (MMF) is an immunosuppressi-
ve agent used in renal, heart, and liver transplantation for
the prevention of acute rejection. MMF is used at a fixed-
dose regimen of 1 g p.o. BID in renal allograft recipients
in association with cyclosporine, tacrolimus, and steroids.!
Mycophenolate mofetil (MMF) is a weak base, exhibiting
a strong pH-dependent solubility profile (solubility de-
creases when pH increases). It is absorbed rapidly and is
hydrolyzed by esterases to the active metabolite mycop-
henolic acid (MPA).?

To prevent gastrointestinal adverse events, which are
frequently seen during MMF treatment, enteric-coat-
ed mycophenolate sodium (EC-MPS) was developed.
EC-MPS and MMF are both prodrugs of mycophenolic
acid (MPA) that showed similar efficacy and safety profiles
and are alternatively used as immunosuppressive agents
in de novo and stable kidney transplantation recipients.’
The free fraction of the highly protein bound MPA (97%)
is thought to be responsible for the immunosuppressive
effect.* MPA is primarily metabolized by glucuronidation
of the phenolic hydroxy group by uridine diphosphate-
glucuronosyltransferases (UGTs) to an inactive mycophe-
nolic acid glucuronide (MPAG), which is the major urinary
excretion product of MPA.>

Shaw et al.® reported that the area under the curve
time-concentration (AUC) for MPA varies as much as
tenfold between patients receiving the same dose of MME
In addition, within subject changes in the AUC for MPA
have been noted over time following transplantation. The
inter-patient variability in MPA exposure is wide com-
pared with the therapeutic window” and is influenced by
many factors like coadministration of cyclosporine, low
plasma albumin levels, and impaired renal function.® The
incidence of biopsy-proven acute rejection is correlated
with the MPA AUC and the MPA predose level, of which
AUC showed the best correlation.” However, AUC meas-
urements are more complicated to perform for practical
reasons.!? Furthermore, MMF can produce hematologic
and/or gastro-intestinal toxicity. Mourad et al.!! reported
pharmacokinetic/pharmacodynamic relationship between
MPA and clinical events.

Therapeutic drug monitoring (TDM) for mycophenolic
acid (MPA) levels in renal transplantation by using dif-
ferent analytical methods has been suggested to optimize
outcomes by reducing rejection or drug related toxicities.'?
Targeting mycophenolic acid trough plasma concentration
in the range 1.6 mg/L to 3 mg/L have been suggested to
limit toxicity.!?

Several HPLC-UV!2! methods in combination with
protein precipitation have been described in the current
literature for the determination of MPA and its metabolites
in human plasma.

Therapeutic Monitoring of Mycophenolic Acid

AIM

The aim of the present study was to validate the proposed
HPLC method and to apply it for the determination of
mycophenolic acid predose concentration obtained from
renal transplanted recipients. The described HPLC method
combined with protein precipitation for the determination
of MPA in human plasma is rapid and reliable. The sam-
ple preparation is simple and can be performed in every
laboratory. Determination of predose concentration of my-
cophenolic acid could help the physician to estimate if the
concentration is within the target range and consequently
adapt the dose when necessary.

MATERIALS AND METHODS

MPA (6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-5-phtala-
nyl) -4-methyl-4-hexenoic acid) was kindly provided by
the representative office of the pharmaceutical company
Novartis (Tirana, Albania). Naproxen as solid standard
compound was used as internal standard.

Acetonitrile HPLC was purchased from Sigma-Aldrich.
Ortho-phosphoric acid analytical reagent of pH=2.5 was
of the grade suitable for HPLC. HPLC analysis was car-
ried out using the chromatographic system Agilent Tech-
nologies 1200 DAD equipped with on-line degasser, binary
pump, column oven, and photo diode array detector. The
HPLC column used was LiChrospher® select B C18 ana-
lytical column (particle size 5 um) with precolumn guard.
The water for chromatography was purified. Before use, the
mobile phase was degassed and purified by vacuum filtra-
tion through 0.45 um Millipore filters.

20 uL of the sample was injected manually into the chro-
matographic system Agilent Technologies 1200 DAD. Data
were collected from the Agilent's ChemStation software.
Statistical analysis was carried out by using the Microsoft
Excel software.

The mobile phase was 45:55 (v/v) acetonitrile-buffer
phosphate (pH equal to 2.5 adjusted with 1 M orthophos-
phoric acid). The flow rate was 1.0 mL/min and column
temperature was set at 30°C. Detection was performed at
215 nm.

Whole blood samples were collected from twenty-one
renal transplant recipients during their monthly routine vis-
it at the Transplantation Unit of University Hospital Mother
Theresa in Tirana. The whole blood sample to be analyzed
for MPA predose level was collected into vacutainers con-
taining EDTA and separated at 6000 g for 10 minutes.
All plasma samples were stored at —20°C until analysis.

A 200-pL aliquot of patient plasma was transferred to
a tube, followed by addition of 10 uL of naproxen (from a
solution of 0.5 mg/ml in acetonitrile) as internal standard
and 400 pL of acetonitrile (v/v) as a protein precipitating
agent. Each tube was vortex-mixed for 30 sec and then cen-
trifuged for 10 min at 10000 rpm. 20 pL of the supernatant
was injected into the HPLC system for analysis.
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Stock solution for the construction of the standard curve
of MPA was prepared by dissolving the MPA in methanol
to yield concentration of 1.0 mg/ml. Working standard
solutions of MPA (0.5, 1.0, 2.0, 4.0 and 8.0 pg/mL) were
prepared by serial solution with water. Stock solutions were
stored at 2-8°C. Blank plasma samples were treated as
described above, spiked with the working standard solu-
tions and 10 pL of naproxen (from 0.5 mg/ml solution) as
internal standard. The calibration curve was constructed
from the peak-height ratio of the MPA to the naproxen
internal standard from the HPLC chromatograms and then
plotted against the nominal MPA concentration.

Inter-day and intra-day precision and accuracy were
evaluated from the analysis of control samples (low QC of 1
pg/mL, medium QC of 5 pg/mL and high QC of 10 pg/mL)
measured on five different days. Inter-day precision and

A)

B)

accuracy were evaluated by analyzing spiked plasma sam-
ples five times over the course of the one day in random
order. Precision of the HPLC method at each concentration
was determined by comparing the coeflicient of variation
(CV) with the accuracy estimated for each spiked control.

RESULTS

This HPLC-UV method combined with protein precipitati-
on for the determination of MPA concentration in human
plasma is simple and suitable to be used in any laboratory
for therapeutic drug monitoring. Typical chromatograms
obtained from blank plasma and plasma spiked with MPA
concentration of 1 pg/ml and 10 pL of naproxen as internal
standard are shown in Figs 1A and 1B, respectively. Reten-

Figure 1. A) Blank plasma; B) Plasma spiked with MPA and naproxen as internal standard.
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tion times for MPA was about 7 min and for the internal
standard about 8 min. This method requires 200 pl of plas-
ma and takes 10 min for a single chromatographic run.

The calibration curve for MPA plasma was found to
be linear over the concentration range of 0.5-8 ug/mL.
The typical calibration curve was obtained:

y=0.0806x + 0.0151; r* = 0.999

where y is the peak area ratio, x is the concentration of the
compound, and r is the correlation coefficient (Fig. 2).

The coefficients of variation (CV) and accuracy for
intra- and inter-day assays were determined at Quality con-
trol concentrations of 1 - 10 ug/mL for MPA. CV values and
accuracies for intra- and inter-day assays are shown in Table
1. The precision and accuracy of this HPLC assay is suitable
for routine therapeutic drug monitoring applications.

This study enrolled twenty-one renal transplant recipi-
ents under treatment with mycophenolate mofetil (Cell-
cept’) and EC-MPS (Myfortic') followed at the Transplan-
tation Unit of the Nephrology Service at the University
Hospital of Mother Theresa, Tirana, Albania. It was the first
time that therapeutic monitoring of MPA was performed in
this Hospital Center. Whole blood samples were obtained
in EDTA tube after informed consent to the patients dur-
ing their monthly check-up at the Transplantation Unit.
The patients were receiving tacrolimus or cyclosporine

Therapeutic Monitoring of Mycophenolic Acid

and prednisolone for immunosuppression. In the present
method, no analytical interference was detected for these
compounds. The results of the assayed plasma from twen-
ty-one renal transplant recipients under treatment with
MMEF and EC-MPS are displayed in Table 2.

The MPA concentrations in renal transplant recipients
ranged from 0.46 pg/mL to 16.59 pg/mL.

High inter-patient variability is observed with 18% of
patients within the target trough concentration range, 27%
of patients below the target trough concentration range and
54% over the range with risk of toxicity.

DISCUSSION

The proposed HPLC-UV method combined with protein
precipitation has been validated for the analysis of MPA in
human plasma from renal transplanted recipients. Twen-
ty-one renal transplant recipients were enrolled in the stu-
dy. Their predose concentration was measured using the
described method. The method showed appropriate linea-
rity for MPA with correlation coeflicient greater than 0.999.
No interferences were observed during the analysis of
patients’ plasma. Therapeutic monitoring of MPA has been
suggested to optimize therapy in renal transplantation. As
it has been previously reported, high inter-patient varia-

Figure 2. Calibration curve of mycophenolic acid (n=>5). X axis: standard MPA concentration (0.5-8 pg/ml); Y axis: peak area ratio.

Table 1. Accuracy and precision of HPLC assay for the determination of MPA in human plasma (n=5)

Intra-day Inter-day
Added pg/ml Found Precision Accuracy Found Precision Accuracy
mean +SD (%) (%) mean = SD (%) (%)
1 1+0.04 4.3% 4.5% 0.9+0.1 12.1% 12.1%
5 5.120.1 1.5% 1.5% 5.2+0.3 5.7% 4.7%
10 10+0.4 4.2% 3.7% 9.9+4.6% 4.6% 4.1%
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Table 2. Results of the assay of plasma of renal transplant recipients under treatment with MMF or EC-MPS (n=5)

Mean concentration of MPA

Patient Dose of MMF Dose of EC-MPS in plasma
mg/d mg/d ug/mL

1 720 1.66
2 1440 1.83
3 720 2.79
4 1000 1.20
5 720 3.47
6 1440 3.18
7 1440 5.37
8 1440 3.53
9 1080 0.46
10 720 7.32
11 1500 343
12 1440 1.19
13 1440 3.72
14 720 13.83
15 1080 16.59
16 720 3.94
17 720 1.55
18 720 1.29
19 2000 3.35
20 4000 1.09
21 1000 4.13

bility is observed in our study. Determination of predose
concentration in the randomly selected patients revealed
that only 18% of the analyzed patients had concentrations
within the target concentration range, 27% of patients be-
low the target concentration range and 54% over the ran-
ge. Dose is a poor predictor for MPA exposure due to high
within-patient variability. For this reason, it is important
to monitor predose concentrations especially those below
the target range as this can lead to rejection episodes. On
the other hand, more than half of the patients present high
concentrations of MPA with the risk of hematological and
gastrointestinal side effects. In this context, we recommend
therapeutic monitoring of mycophenolic acid to optimize
the dosage regimen. As samples were taken randomly, we
suggest considering different factors while evaluating the
data, like time of transplantation, co-medication, albumin
levels and renal function. In addition, our results are li-
mited to one single measurement. Monitoring of predose
levels in different days for the same patient could be helpful
in order to estimate the need for dose adaptation.

CONCLUSIONS

The proposed HPLC method combined with protein preci-
pitation is suitable for MPA analysis in the plasma obtained

from renal transplant recipients on polytherapy due to no
analytical interferences. Therapeutic monitoring of MPA
might contribute to a better management of renal trans-
plant recipient with the goal of optimizing therapeutic
regimens to reduce the risk of rejection and. MPA related
toxicity.
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Pe3tome

BBepgeHune: MukodeHOnATMODETIUT M ero aKTMBHbI MeTabOMIUT MUKO(PEHOTIOBasA KUCIOTA OOBIYHO MCIOIB3YIOTCSA B KaueCTBe
VIMMYHOJIIPeCCAHTOB IIPY TPAHCIIAHTALMM TBEPABIX OPTaHOB B peskuMe QMKCUPOBAHHOI CYTOYHON JO3BI BMECTE C IIVK/IOCIIOPH-
HOM, TaKPOJIMMYCOM U CTepousiaMi. BbI/io BbICKa3aHO MpeIIoNoKeH1e, YTO MOHUTOPYHT TepaneBTINYeCKOro IpelapaTa Ha IpeaMeT
KOHL[EHTPAINIT MUKO(EHONTOBOI KMCTIOTHI ONITUMUSVPYET PE3yIbTaT 3a CIET YMEHBIICHN OTTOP>KEHMA Y MHTOKCUKAIVN, CBA3aHHOM
C JIEKApCTBOM, TIPY K/IMHMYECKOM TPAHCIUIAaHTALM II0YeK.

Lenb: OnpenennTb KOHIEHTPALNIO MUKOGEHOIOBOI KIUCTIOTDI Iepef ZO3MPOBaHMEM y IMAlVIEHTOB C TPAHCIUVIAHTATOM IIOYKY C I10-
MOIIbI0 IPOBEPEHHOTO MeTOJa BLICOKO3 (GG EKTUBHOI XXMAKOCTHOI XpoMarorpadunu (BOJKX) u oeHUTh MEX/IMYHOCTHYIO U3MEHYM-
BOCTb Ha OCHOBE TepaIeBTIYeCKOIl Lie/N.

Martepuanbl u meTofbl: BO)XKX 6bi1a mogTBepyK/ieHa B COUeTAHNM C OCAIKOM Oe/IKa [/Is1 OIlpefie/IeHNs MUKO(DEHOMTOBOI KUCTIOThI B
ITa3Me Ye/I0BeKa, B3ATON y 21 pelunmeHTa TpaHCIIaHTaTa Houky. AHami3 BOYKX mpoBoanmi ¢ ucronb3oBaHmeM xpoMatorpadude-
ckoit cucremsl Agilent Technologies 1200 DAD. O6pa3iipl BBOAW/IN BPYYHYIO, ¥ COAVMHEHVSI PA3fe/IsUIA C IIOMOLIbI0 aHATUTUYIECKON
xononku LiChrosphere® select B C18. [TonsmxkHas hasa npeacrasnsa coboii pocdar aneronurpunbaoro 6ydepa 45:55 (v/v), PH
2.5, ckopocTb vHOy3un 1.0 mL/min 1 TemnepaTypa kononku 30° C. O6Hapy>keHye IpoU3BOAIIOCH Impy 215 nm. O6pasibl Lie/lTbHO
KpOBM OTOMpanyu B BakyyTaitHeps! ¢ pactBopoM EDTA n pasnensnu Ha 6000 g B TedeHne 10 MUHYT. AMMKBOTY IUIa3MBbl Hal{iieHTa
o6bemoM 200-pL mepeHOCHIN B IPOOUPKY, 3ateM fo6aBisn 10 Pl HampoKceHa B KayecTBe BHYTpeHHero cranpapra u 400 pL arero-
HuTpuia (V/v) B KadeCTBe areHTa, ocaXkfamolero 6emok. Kaxaymo mpobupky BcTpaxusamm B TedeHue 30 CeKyHA. U 3aTeM LieHTpudy-
ruposamy 10 munyT npu 10000 rpm. 20 pL cynepHaTaHTa BBOAWIN B cUcTeMy aHanmmu3a BOXKX.

Pesynbratbl: Merop nmokasan nogxopAuyo mmHeitHocTh IFC ¢ koadduinentom koppensunu Boiie 0.999. Bonee Bbicokas Bapua-
0e/IbHOCTD MEeX/Y TaleHTaMy Habmofanach y 18% IalMeHToB B 1Ie/IeBOM [iMalla30He MUHMMAa/IbHBIX KOHILIEHTpALuit, ¥ 27% y nauu-
€HTOB HIDKE 11e/IeBOTO JJMala30Ha MIHIMA/IbHBIX KOHIEHTpauuii 1 y 54% IaleHTOB BbIlle IMaNa30Ha PUCKa MTHTOKCUKALIMN.

3akntoyeHune: TepameBrudeckuili MOHUTOPUHT MPA MoXeT cIIoco6CTBOBATh JIyUlIeMy BeAeHUIO PELMINEeHTa IOYeIHOrO TPAHC-
TIZTAHTATA C 11€/IbI0 ONTUMU3AINM TePaNeBTUIECKMX PEXKMMOB /IS CHYDKEHMA PUCKa OTTOP)KeHMA M MHTOKCUKALIMY, CBA3aHHO ¢ MPA.

KnwoueBble cnoBa

VIMMYHO[E€NIPECCAHTDL, MHAVBYUya/IbHASA BapI/Ia6e]’IbHOCTb, KOHLIEHTpanus 1epeq 103poOBaHNEM, IPpEeNUNINTALA 6enKoB
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