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ABSTRACT 

A simple, sensitive and reproducible HPLC method is presented for determination of mycophenolic acid 
(MPA) in human plasma. Samples were prepared after precipitation of the plasma protein by addition of 
acetonitrile and naproxen was used as internal standard (I.S.). Separation was performed by reversed-
phase HPLC, using a Hamilton PRP-C18 Column, 51% acetonitrile and 49% potassium phosphate buffer 
(20 mM) at pH 3.0 as mobile phase, flow rate of 1.0 ml/min, and UV detection at 215 nm. MPA and I.S. 
had retention times of 7.5 and 11.35 min, respectively. The method showed an acceptable linearity in the 
range of 0.1µg/ml-40µg/ml with r2 of .9992. The concentration of 0.1µg/ml was determined as 
quantification limit. Mean absolute recovery was 94.8%. The mean intra- and inter-day reproducibility of 
method was 4.6 and 11.4% respectively. 
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INTRODUCTION 
Mycophenolate mofetile (MMF) the 
morpholinoethylester of mycophenolic acid 
(MPA) (Fig 1) is an immunosuppressive agent 
which its efficacy in prevention of rejection in 
transplant recipients has been proved. MMF may 
be considered as a prodrug, since its 
immunosuppressive activity is expressed only 
after hydrolysis to MPA (1).  
 
 

 
 
Figure 1. Mycophenolic acid structure: (4E)-6-(4-
hydroxy - 6-methoxy -7 –methyl - 3- oxo - 1,3- dihydro-
2-benzofuran-5-yl)-4-methylhex-4-enoic acid.  
 
MPA is a potent, selective, uncompetitive and 
reversible inhibitor of inosine monophosphate 
dehydrogenase, and as a result inhibits the de novo 
pathway of guanosine nucleotide synthesis without 
incorporation into DNA. Unlike most other cells, 
lymphocytes rely on the de novo pathway more 
than the salvage pathway (hypoxanthine guanine 

phosphoribosyl transferase, HGPRT) for purine 
biosynthesis (2, 3). 
An oral dose of MMF is hydrolyzed rapidly during 
first-pass metabolism to MPA which is further 
metabolized to mycophenolic acid glucuronide 
(MPAG) (4). 
MPAG is the main metabolite of MPA and 
pharmacologically inactive. Up to 87% of MPAG 
is excreted in the urine and remainder is secreted 
into the bile and is subjected to enterohepatic 
circulation. In the intestine, deglucuronidation of 
MPAG to MPA takes place which is then 
reabsorbed and results in a second MPA 
concentration maximum in plasma 6-12h after the 
initial intake of MMF. At clinically relevant 
concentrations, 97% of MPA and 82% of MPAG 
are bound to plasma albumin, and over 99.9% of 
MPA has an extracellular plasma distribution. For 
this reason, plasma is the preferred medium for 
measurement of the concentration of MPA (2). 
MMF is administered at a fixed dose, but unlike 
other immunosuppresants its active form is not 
routinely monitored (5). Recent investigations 
have shown high interindividual variability in the 
pharmacokinetic parameters of MPA, suggesting a 
benefit of monitoring MPA concentration in 
kidney and heart recipients. (6). 
Several methods for quantification of MMF, MPA 
and the MPAG have been reported. These include 
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bioassay (7-9), TLC (10), GC (11, 12) and HPLC 
(1-6, 13-36). 
Of the HPLC methods which have been developed 
to measure the concentration of MPA in plasma, 
some methods measure MPA alone (13, 14, 16-20, 
25), some methods measure MPA and its phenol- 
and acylglucuronide metabolites (1), some 
methods measure MPA and MMF (23, 26) and in 
the other methods MPA and MPAG are measured 
(2, 3, 4, 15, 21, 22, 24, 27, 28). How ever time-
consuming and laborious extraction (3, 4, 13-22), 
large volume of sample required (23), gradient 
HPLC procedure (2, 14, 24-26), use of ion pairing 
agent (13, 27, 28), and running at high temperature 
(1) are their disadvantages. 
In this article a rapid and sensitive reversed phase 
HPLC method for the routine determination of 
MPA in plasma is described. 

 
MATERIAL AND METHODS 

 

Materials  
Mycophenolic acid was obtained from Biocon 
(Bangalore, India). Naproxen was a gift from 
Ruzdaru (Tehran, Iran). Acetonitrile, methanol 
(HPLC grade), potassium dihydrogenphosphate 
and phosphoric acid (analytical grade) were 
purchased from Merck (Darmstadt, Germany).  
Laboratory-prepared distilled water was used 
throughout the experiments. Plasma was prepared 
from healthy volunteers. 
 

Preparation of standard solutions 
A stock solution containing 1mg/ml of MPA was 
prepared in methanol and stored at -20 ˚C . The 
stock solution was further diluted by 
methanol/water (50/50) to obtain working solution 
of 200µg/ml. 
The internal standard (naproxen) was prepared as 
a stock solution of 1mg/ml in methanol. A 
working I.S. solution was prepared by dilution of 
stock solution in methanol. 
 

Apparatus and chromatographic conditions   
A Knauer 1001 HPLC pump and a knauer 2600 
UV detector was used. For instrumental control, 
data collection and processing chromgate software 
version 2.55 was employed. (Dr. Ing. Herbert 
knauer GmbH Scientific Instrument Germany) 
Chromatographic separation was performed using 
a Hamilton PRP-1 reversed phase column (250mm 
× 4.6mm i.d., particle size 10µm) (Hamilton 
company, Reno, Nevada ), connected to a suitable 
Hamilton guard column (25 × 2.3 mm i.d., particle 

size 12-20µm) (Hamilton company, Reno, 
Nevada).  The mobile phase consisted of 
acetonitrile:0.02M potassium dihydrogen phos-
phate buffer (pH was adjusted to 3 by addition of 
85% phosphoric acid) (51:49 v/v) and was 
pumped at flow rate of 1ml/min. The column 
maintained at ambient temperature and the UV 
detector was set at 215nm. Samples were 
introduced to HPLC column through a Rheodyne 
injector fitted with a 50µl loop. 
 

Sample preparation 
To 100 µl of plasma blank or plasma MPA 
standard was added 10µl of 40µg/ml naproxen as 
internal standard and then 100µl of acetonitrile. 
The mixture was vortex mixed for 1min and 
centrifuged at 10000g for 10min. Fifty µl of clear 
supernatant was then injected on to the HPLC 
column.  
 

Preparation of calibration standards 
During method validation, eleven point calibration 
standards were prepared in plasma for each run, 
covering a concentration range of 0.1- 40 µg/ml. 
Calibration data were acquired by plotting the 
ratio of MPA peak areas to I.S. peak areas against 
the concentration of the calibration standards, 
followed by a linear-regression analyses. 
 

Selectivity and specificity  
Control human plasma which was obtained from 
three healthy subjects, was assessed by the 
procedure as described above and compared with 
the respective spiked plasma samples to evaluate 
selectivity of the method. Cyclosporin, pred-
nisolone and diltiazem (common coadministrative 
drugs) were also assessed for potential 
interferences. 
 

Accuracy, precision, limit of quantification (LOQ) 
and recovery 
Accuracy was determined by replicate analysis of 
four different levels (0.25, 1, 12, 40 µg/ml) and 
comparing the differences between spiked and 
those values which were found. Intra-day 
precision of the assay was studied by triplicate 
analysis (n = 3) of samples at each of six spiked 
concentrations within the same day. Inter-day 
precision of the method was determined at the 
same six concentration which were used in the 
study of intra-day precision, samples at each 
concentration was analyzed in triplicates over 
three consecutive days. The limit of quantification 
was determined as the lowest point on the 
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calibration curve that could be analyzed within 
20% of the nominal value (absolute percentage 
errors within 20%). The absolute recovery of 
MPA was assessed by triplicate analyses of five 
spiked plasma concentrations in comparison with 
aqueous concentrations. 
 

Application of the method 
A series of blood samples ( pre-dose, 0.33, 0.66, 1, 
2, 3, 4, 6, 7, 8, 9, 10, and 12h ) were collected over 
a 12-h period after administration of 1g MMF to a 
37 year-old, male renal transplant recipient which 
voluntarily participated in the study and signed an 
informed consent form. The venous blood samples 
were collected into vacutainer tubes containing 
EDTA. Samples were centrifuged (10min, 10,000 
rpm), plasma were removed and stored at -70 ˚C 
until analysis.  

 
RESULTS 

Selectivity and chromatography 
Chromatograms of samples of drug-free plasma, 
spiked plasma and plasma which were obtained 
from a recipient of kidney transplantation are 
shown in figure 2. The MPA and I. S. were 
resolved with the retention times of 7.5min and 
11.35min, respectively. 
Chromatograms of three healthy subject’s plasma 
did not show any interference at the retention 
times of MPA and I.S. None of the drug 
mentioned above interfered with the analyte peaks. 
 

Linearity  
Eleven point calibration curves for MPA on 
separate days were linear over the concentration 
range of 0.1-40 µg/ml. The mean regression line 
showed the correlation coefficient (r2) of  0.9992 
with the equation of y= 0.1403x + 0.0002 (Table 
1).  
Table 1. Calibration curve characteristics 

 Mean SD CV (%) 

Slope 0.1403 0.0035 2.5 

Intercept 0.0002 5.8 ×10-5 29 

r2 0.9992 0.0068 0.6 
 
Limit of quantification  
The limit of quantification as previously defined 
was 0.1 µg/ml. 
 

Recovery, accuracy and precision 
Absolute analytical recoveries of the assay in five 
concentrations are shown in table 2. Mean 
absolute recovery was 94.8%. 

The method proved to be accurate and precise; the 
accuracy at four concentration levels ranged from 
91.6-109% (Table 3). The results of within-day 
and between–days reproducibility are shown in 
table 4. The within-day and between–days 
precision ranged from 2.1-7.8% and 1.2-19.3%, 
respectively.  
 

Application of the method 
To demonstrate the usefulness of the proposed 
method for real analyses of plasma samples, 
plasma specimens which were taken at different 
times from a patient under MMF therapy were 
processed and analyzed and results which are 
shown in figure 3, demonstrate the potential and 
soundness of the described approach. The time 
profile has the typical shape expected for the 
particular administration scheme of MPA. 
 
Table 2. Absolute analytical recovery of the assay (n=3) 

MPA Conc. 
(µg/ml) 

Recovery  
(Mean ± SD) 

CV(%) 

1 
4 

12 
24 
40 

86±1.4 
91±1.5 
104±1.5 
102±2.6 
91±1.5 

1.6 
1.6 
1.4 
2.6 
1.7 

 
DISCUSSION 

Several HPLC methods have been developed to 
measure the concentration of MPA in plasma. The 
early reported method (23) for determination of 
MPA in biological fluids requires a 5ml sample 
volume to determine the plasma MPA con-
centration and to resolve MPA and its esters and 
requires a very unusual portion of tetrahydrofuran 
(15%) and heptansulfonic acid (40%) as mobile 
phase. A selective and sensitive isocratic HPLC 
assay using a relatively small volume of the 
sample (29) for determination of MMF, MPA and 
MPAG in rat plasma, bile and tissue homogenate 
and human plasma was reported later but the 
detection limit for all compounds was 0.17µg/ml.  
Following the above preliminary methods many 
other methods have been reported. In some 
methods gradient HPLC procedure (2, 14, 24-26) 
and column swithching (16) or dual detector 
system (30) have been employed which are not 
used in routine analytical procedures. Solid phase 
extraction (3, 4, 10, 17-21) and liquid-liquid 
extraction (31) have also been used for sample 
treatment but they are time consuming and some 
are expensive. Direct protein precipitation has also
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Figure 2. Chromatograms of extract of (a): drug-free plasma, (b): spiked plasma with MPA(16 µg/ml) 
and IS (2µg/ml), (c): plasma obtained from a male recipient of kidney transplantation at 20 min after an 
oral dose of 1g MMF. (Retention times of MPA and I.S. were 7.5 and 11.35 min, respectively). 
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Figure. 3. Plasma concentration-time profile of a male recipient of kidney transplantation following an 
oral dose of 1g MMF in steady state. 
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Table 3. Accuracy of the MPA assay 
Drug concentration  

(µg/ml) 
Accuracy (%)   
(Mean ± SD) 

CV (%) %Error 

0.25 108 ± 4.7 4.3 8.1 
1 91 ± 1.5 1.6 8.3 

12 104 ± 1.5 1.4 4.9 

W
ith

in
-d

ay
 

40 98 ± 1.6 1.7 1.3 
     

0.25 107 ± 11 10.5 7 

1 102 ± 8.9 8.7 2 
12 109 ± 4 3.8 9.2 

B
et

w
ee

n-
da

y 

40 99 ± 1.2 1.2 0.5 
 

 
 
Table 4. Within – day and between-day (for 3 days) precision obtained on drug free plasma samples 
spiked with variable amount of MPA (n=3) 

 MPA Conc. (µg/ml)  SD CV  
(%)  

0.1 0.0006 3.8 
.025 0.003 7.6 
0.4 0.004 7.8 
0.5 0.005 6 
8 0.025 2.5 W

ith
in

-d
ay

 

40 0.10 2.1 
    

0.1 0.003 19.3 
0.25 0.04 10.4 
0.4 0.009 17.3 
0.5 0.074 13.7 
8 0.074 6.5 B

et
w

ee
n-

da
y 

40 0.07 1.2 
 

 
been used for sample preparation (1, 13, 15, 25, 
27, 28, 30, 32-36). In one method (32) a 
temperature of 80 ˚C has been applied, which may 
cause a possible drug degradation (according to 
the manufacture, MPA powder should be stored 
under 4 ˚C). In another method, an evaporation 
and reconstitution following direct protein 
precipitation has been described (33). Hosotsubo 
et al (28) have also used a direct protein 
precipitation, but the high limit of quantification 
of 0.5 µg/ml limits the usefulness of this method. 
The method reported by Khoschsorur and Erva 
also uses a direct protein precipitation, but the 
column temperature of 50 ˚C limits the usefulness 
of this method (1). Ion pair containing mobile 
phases which has been applied in some previously 
reported methods (13, 27 and 28) shorten the 
column life. Although in our method MPAG could 

not be determined (MPAG is pharmacologically 
inactive and in routine clinical monitoring of 
MMF it is not monitored), but this method has 
some advantages over previously reported 
methods as it uses a simple sample treatment, a 
small sample volume, an ambient temperature, and 
a non sophisticated HPLC system.  
 

CONCLUSION 
The simplicity of HPLC conditions, the small 
sample volume (100 µl), rapid sample preparation 
and high sensitivity, makes our method applicable 
to routine monitoring of MPA in renal transplant 
recipients.  
 

ACKNOWLEDGEMENTS 
This work was fully supported by a grant from 
Tehran University of Medical Sciences. 

.  

www.SID.ir



Arc
hi

ve
 o

f S
ID

Ahadi Barzoki et al 125

REFERENCES 
1. Khoschsorur G, Erwa W. Liquid chromatographic method for simultaneous determination  of 

mycophenolic acid and its phenol- and acylglucuronide metabolite in plasma. J Chromatogr B 2004; 
799:355-360. 

2. Watson DG, Araya FG, Galloway PJ, Beattie TJ. Development of a high pressure liquid 
chromatography method for the determination of mycophenolic acid and its glucuronide metabolite 
in small volumes of plasma from paediatric patients. J Pharm Biomed Anal 2004; 35:87-92. 

3. Tsina I, Chu F, Hama K, Kaloostian M, Tam YL, Tarnowski T, Wong B. Manual and automated 
(robotic) high-performance liquid chromatograph methods for the determination of mycophenolic 
acid and its glucuronide conjugate in human plasma. J Chromatogr B 1996; 675:119-129. 

4. Jones CE, Taylor PJ, Johnson AG. High-performance liquid chromatography determination of 
mycophenolic acid and glucuronide metabolite in human plasma. J Chromatogr B 1998; 708:229-
234. 

5. Kuriata-Kordek M, Boratynska M, Falkiewicz K, Porazko T, Urbaniak J, Wozniak M, Patrzalek D. 
The influence of calcineurin inhibitors on mycophenolic acid pharmacokinetics. Transplant Proc 
2003; 35:2369-2371. 

6. Shaw,Leslie M, Kaplan,  Bruce, DeNofrio, David, Korecka, Magdalena, Brayman, Kenneth L. 
Pharmacokinetics and concentration-control investigation of mycophenolic acid in adults after 
transplantation.Ther Drug Monit 2000;22:14-19. 

7. Yeung JS, Wang W, Chan L. Determination of mycophenolic acid level: comparison of high-
performance liquid chromatography with homogeneous enzyme-immunoassay. Transplant Proc 
1999; 31:1214-1215. 

8. Armstrong VW, Shipkova M, Schütz E, Weber L, Tönshoff B, Oellerich M. Monitoring of 
mycophenolic acid in pediatric renal transplant recipients. Transplant Proc 2001; 33:1040-1043. 

9. David-Neto E, Araujo LMP, Sumita NM, Mendes ME, Castro MCR, Alves CF, Kakaehashi E, 
Romano P, Yagyu EM, Queiroga M, Nahas WC, Ianhez LE. Mycophenolic acid pharmacokinetics in 
stable pediatric renal transplantation. Pediatr Nephrol 2003; 18:266-272. 

10. Noto T, Harada Y, Koyama K. A turbidimetric bioassay method for determination of mycophenolic 
acid. J Antibiot 1970; 23:96-8. 

11. Bopp RJ, Schimer E, Meyers DB. Determination of mycophenolic acid and its glucuronide 
metabolite in plasma. J Pharm Sci 1972; 6:1750-3. 

12. Gainer FE, Wesselman HJ. GLC of mycophenolic acid and related compounds.  J Pharm Sci 1970; 
59:1157-9. 

13. Hosotsubo H, Takahara S, Kokado Y, Permpongkosol S, Wang JD, Tanaka T, Matsumiya K, 
Kitamura M, Okuyama A, Sugimoto H. Rapid and simple determination of mycophenolic acid in 
human plasma by ion-pair RP-LC with fluorescence detection. J Pharm Biomed Anal 2001; 24:555-
560. 

14. Gummert JF, Christianas U, Barten M, Silva H, Morris RE. High-performance liquid 
chromatographic assay with a simple extraction procedure for sensitive quantification of 
mycophenolic acid in rat and human plasma. J Chromatogr B 1999; 721:321-326. 

15. Shipkova M, Niedmann PD, Armstrong VW, Schütz E, Wieland E, Shaw LM, Oellerich M. 
Simultaneous determination of mycophenolic acid and its glucuronide in human plasma using a 
simple high-chromatography procedure. Clin Chem 1998; 44:1481-1488. 

16. Teshima D, Kitagawa N, Otsubo K, Makino K, Itoh Y, Oishi R. Simple determination of 
mycophenolic acid in human serum by column-switching high-performance liquid chromatography. J 
Chromatogr B 2002; 780:21-26. 

17. Morii M, Ueno K, Ogawa A, Kato R, Yoshimura H, Wada K, Hashimoto H, Takada M, Tanaka K, 
Nakatani T, Shibakawa M. Impairment of mycophenolate mofetile absorption by iron ion. Clin 
Pharmacol Ther 2000; 68:613-6.  

18. Zambonin CG, Aresta A, Palmisano F. Determination of the immunosuppressant mycophenolic acid 
in human serum by solid-phase microextraction coupled to liquid chromatography. J Chromatogr B 
2004; 806:89-93. 

19. Brusa P, Ceruti M, Casullo R, Dosio F, Squiccimarro G, Segoloni GP, Cattel L. Pharmacokinetic 
monitoring of mycophenolate mofetile in kidney transplanted patients. IL Farmaco 2000; 55:270-
275. 

20. Brunet M, Martorell J, Oppenheimer F, Vilardell J, Millan O, Carrillo M, Rojo I, Corbella J. 
Pharmacokinetics and pharmacodynamics of mycophenolic acid in stable renal transplant recipients 
treated with low doses of mycophenolate mofetile. Transpl Int 2000; 13[suppl 1]:s301-s305. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

HPLC determination of mycophenolic acid 126

21. Huang JJZ, Kiang H, Tarnowski TL. Simultaneous determination of mycophenolic acid and its 
glucuronide conjugate in human plasma by a single-run ion-paring method. J Chromatogr B 1997; 
698:293-300. 

22. Cattaneo D, Gaspari F, Ferrari S, Stucchi N, DelPriore L, Perico N, Gotti E, Remuzzi G. 
Pharmacokinetics help optimizing mycophenolate mofetile dosing in kidney transplant patients. Clin 
Transplant 2001; 15:402-409. 

23. Lee WA, Gu L, Miksztal AR, Chu N, Leung K, Nelson P H. Bioavailability Improvement of 
Mycophenolic Acid through Amino Ester Derivatization. Pharm Res 1990; 7:161-166. 

24. Atcheson B, Taylor PJ, Mudge DW, Johnson DW, Pillans PI, Tett SE. Quantification of free 
mycophenolic acid and its glucuronide metabolite in human plasma by liquid-chromatography using 
mass spectrometric and ultraviolet absorbance detection. J Chromatogr B 2004; 799:157-163. 

25. Pastore A, Russo AL, Piemonte F, Mannucci L, Federici G. Rapid determination of mycophenolic 
acid in plasma by reversed-phase high-performance liquid chromatography.  J Chromatogr B 2002; 
776:251-254.  

26. Shipkova M, Armstrong VW, Kiehl MG, Niedmann PD, Schütz E, Oellerich M,  Wieland E. 
Quantification of mycophenolic acid in plasma samples collected during and immediately after 
intravenous administration of mycophenolate mofetile. Clin Chem 2001; 47:1485-1488. 

27. Yau WP, Vathsala A, Lou HX, Chan E. Simple reversed-phase ion-pair liquid chromatography assay 
for the simultaneous determination of mycophenolic acid and its glucuronide metabolite in human 
plasma and urine. J Chromatogr B 2004; 805:101-112. 

28. Hosotsubo H, Takahara S, Kokado Y, Permpongkosol S, Wang JD, Tanaka T, Matsumiya K, 
Kitamura M, Okuyama A, Sugimoto H. Rapid and simultaneous determination of mycophenolic acid 
and its glucuronide conjugate in human plasma by ion-pair reversed-phase high-performance liquid 
chromatography using isocratic elution. J Chromatogr B 2001; 753:315-320. 

29. Sugioka N, Odani H, Ohata T, Kishimoto H, Yasumura T, Takada K. Determination of a new 
immunosuppressant, mycophenolate mofetil, and its active metabolite, mycophenolic acid, in rat and 
human body fluids by high-performance liquid chromatography. J Chromatogr B Biomed Appl 1994; 
654:249-56. 

30. Sparidans RW, Hoetelmans RMW, Beijnen JH. Liquid chromatographic assay for simultaneous 
determination of abacavir and mycophenolic acid in human plasma using dual spectrophotometric 
detection. J Chromatogr B 2001; 750:155-161. 

31. Na-Bangchang K, Supasyndh O, Supaporn T, Banmairuroi V, Karbwang J. Simple and sensitive 
high-performance liquid  chromatographic method for the determination of mycophenolic acid in 
plasma. J Chromatogr B 2000; 738:169-173. 

32. Saunders DA. Simple method for the quantitation of mycophenolic acid in human plasma. J 
Chromatogr B 1997; 704:379-382. 

33. Wiwattanawongsa K, Heinzen EL, Kemp DC, Dupuis RE, Smith PC. Determination of 
mycophenolic acid and its phenol glucuronide metabolite in human plasma and high-performance 
liquid chromatography. J Chromatogr B 2001; 763:35-45. 

34. Schütz E, Shipkova M, Armstrong VW, Niedmann PD, Weber L, Tönshoff B, Pethig K, Wahlers T, 
Braun F, Ringe B, Oellerich M. Therapeutic drug monitoring of mycophenolic acid: comparison of 
HPLC and immunoassay reveals new MPA metabolites. Transplant Proc 1998; 30:1185-1187. 

35. Shaw LM, Korecka M, Breeman RV, Nowak I, Brayman KL. Analysis, pharmacokinetics and 
therapeutic drug monitoring of mycophenolic acid. Clin Biochem 1998; 31: 323-328. 

36. Srivatsan V, Dasgupta AK, Kale P, Vema R, Joshi P, Soni D, Patel M, Soni G, Patel J, Modi H. 
Determination of  mycophenolic acid in human plasma by high-performance liquid chromatography. 
J Chromatogr A 2004; 1031:259-264.   

www.SID.ir


