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Introduction

Methylprednisolone (MP) is a synthetic corticosteroid used in particularly for their
antiinflammatory and immunosuppressive actions [1]. Due to its significant side effects, the
systemic use of methylprednisolone during competitions has been prohibited by the WADA
[2]. Several analytical assays have been developed for the determination of MP and its
metabolites in biological samples using HPLC, LC-MS and GC-MS [3-9]. In drug
metabolism and pharmacokinetic studies, reversed-phase was adopted for the separation of
corticosteroids and their metabolites. However, reversed-phase is not suitable for drug
metabolism studies since compounds and their metabolites with very similar polarities will
not be resolved. In present study, an attempt was made to increase the stereochemical
differences between theses metabolites using a porous graphitic carbon column and ESI (+/-)
tandem mass spectrometry. The developed method was used to identify the MP metabolites
and to investigate urinary profiles of parent drug and its metabolites, after IM injection and

32mg oral dose of MP.

Materials and Methods

Excretion study and purification

The study was approved by the local Ethics Committee of the Charles Nicholle Hospital
(Tunisia). Urinary samples were obtained from three healthy volunteers (two men: 22 and 25
years old and one woman 26 years old). After clinical examination the volunteers received
orally two tablets of 16 mg MP (Medrol® 16 mg tablets, Pfizer Holding). The urine samples
were collected at different time-points up to 60 h post-dose. After 14 days of wash out, the

volunteers received an IM injection of Solu-Medrol (Solu-Medrol® 40 mg, Pfizer
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Pharmaceuticals) and urines were collected at different time-points up to 60 h post-dose.

Samples were then extracted by SampliQ (3 mL/500 mg) cartridges (Agilent Technologies,

USA).
LC-ESI-MS parameters

Agilent HPLC coupled to Quattro micro (Micromass).

Tonization mode

ES-/ES+

MRM transition

419.3>373.3 (MP), 4352>3592 (MI), 435.2>389.3
(M2/M3), 437.2>391.2 (M4/M5), 419.3>343.3 (M6/M7),
415.2>339.2 (M9), 417.2>341.3 (M10), 421.3>375.3 (M12),
437.2>361.3 (M11/M13), 433.2>357.3 (M8/M14), 303>109

(IS, ESI+)
High voltage electrodes 3.2kV
Source temperature 120°C
Desolvation temperature | 400 °C
Nebulisation gas | 7 bars
pressure
Desolvation gas flow 650L/h
Collision gas 210 mbar
Column Hypercarb (2.1x150 mm, 5 pum)
Mobile phase Ammonium formate-methanol [SmM, pH = 3.5] (10:90) at 0.3

mL/min

Results and Discussion

The total ion chromatograms of excretion urine after ingesting of 32 mg of and IM injection
of MP were compared with blank urine one to detect suspicious peaks. Identification of MP
metabolites were performed by comparing their retention-times, differences between
molecular masses (Am) and MS/MS (ESI+ and ESI-) spectra with those of the parent drug.
Using this methodology, 14 MP metabolites were detected in the excretion study, as shown
in Figure 1. The investigation indicates the conversion of the prodrug MP 21-hemisuccinate
(IM) to the parent drug MP leading finally to 14 metabolites including 6f-
(M1), 200 20B- dihydro-11-0x0-68-
hydroxymethylprednisolone ~ (M2/M3), 20a 20B-dihydro-6B-hydroxymethyl-
prednisolone (M4/M5), 20a- and 20 dihydro-11-oxo-methylprednisolone (M6/M7), 11-0x0-

hydroxymethylprednisolone and

and

21-hydroxymethylprednisolone (M8), 11-0x0-6-7-dehydromethylprednisolone (M9), 11-oxo-
methylprednisolone (M10), 1,2-dihydro-6p3-hydroxymethylprednisolone (M11), 20a- and
20B- dihydromethyl-prednisolone (M12), 1, 2, 3a, 3B-tetrahydro-11-ox0-6B-hydroxymethyl-
prednisolone (M13), 11-ox0-6B-hydroxymethylprednisolone (M14). Maximum urinary

concentrations of all metabolites were obtained at 0—4h and 2-8h after IM and oral
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administration on MP, respectively. Figures 2A and 2B show that the concentration of MP
exceeded 30 ng/mL for up to 48 h post administration (IM and Oral). This study shows also
that the urinary concentration of metabolites M2, M3, M8, M10 and M12 are 10 to 400
times higher than conentration of MP after 10h post administration (Figures 2C and 2D). In
addition this investigation suggest that metabolites M2, M3, M8, M10 and M12 provide a

prolonged detection period and are a powerful tool for long-term detection of MP abuse.

References

[1] E. Mutschler, H. Derendorf, M. Schfer-Korting, K. Elord, K. S. Estes, Drug Actions,
Basic Principles and Therapeutics Aspects, Medpharm Scientific Publishers, Stuttgart, 1995.

[2] The WADA Antidoping Code: The 2010 prohibited List international Standard,
Available on line at http://www.wada-ama.org/rtecontent/document/list_2010.pdf.

[3] T. B. Vree, A. J. Lagerwerf, C. P. W. G. M. V. Wissen, H. J. J. Jongen (1999) High-
performance liquid chromatography analysis, preliminary pharmacokinetics, metabolism and
renal excretion of methylprednisolone with its C6 and C20 hydroxy metabolites in multiple
sclerosis patients receiving high-dose pulse therapy. J. Chromatogr. B, 732, 337-348.

[4] T.B. Vree , C.P.W.G.M. Wissen , A.J. Lagerwerf, A. Swolfs, R.A.A. Maes, R.D van
Ooijen, O.R. V. E. Hommes, P. J. H. Jongen. (1999) Isolation and identification of the Cs -
hydroxy and C,y -hydroxymetabolites and glucuronide conjugate of methylprednisolone by

preparative high-performance liquid chromatography from urine of patients receiving high-
dose pulse therapy. J. Chromatogr. B, 726 157-168.

[5] R. Mehvar, R. O. Dann, D. A. Hoganson. (2000) Simultaneous analysis of methyl-
prednisolone, methylprednisolone succinate, and endogenous corticosterone in rat plasma. J.
Pharma. Biom. Anal. 22, 1015-1022

[6] S. Hartmann, H. Steinhart. (1997) Simultancous determination of anabolic and catabolic
steroid hormones in meat by gas chromatography—mass spectrometry. J. Chromatogr. B 704,
105.

[7] J. Segura, R. Ventura, C. Jurado. (1998) Derivatization procedures for gas
chromatographic—mass spectrometric determination of xenobiotics in biological samples,
with special attention to drugs of abuse and doping agents. J. Chromatogr. B 713, 61.

[8] S. Rizea Savu, L. Sivestro, A. Haag, F. Sorgel, (1996) A confirmatory HPLC-MS/MS
method for ten synthetic corticosteroids in bovine urines. J. Mass Spectrom. 31, 1351.

[9] Y. Kim, T. Kim, W. Lee. (1997) Detection of corticosteroids in the presence of organic
acids in liquid chromatography eluent using the negtive-ion mode of thermospray mass
spectrometry. Rapid. Commun. Mass. Spectrom. 11 863

WS2010 - POSTER 226



Sujet 2 Ech 2 ;é 1: MRM of 11 Channels ES-
3.79 3 TIC
1009 2 P 1.29¢6
i
= [ =
a g & -
3 B 2 S MP =
- (=] =9 8 13.71 <
< = = %] =) w
=) < =3 N
E = & = ~ £
=3 < T o =3 = 82 @
£l § 2% £ - 2 F it
k] g s = s —_ 5 ) -
g X s & 3 w L e = g
sl F 23 L © 22T B 2
z|| £ L Z T = ?F LE = B,
=3 g = T 8 E E = = = <
S S & = 3 = o L E < o
H X 7T S sz S T = 3
S o =] ] = % 3 =] T
—_ 5 TS H < < 9 S —
= = g ¢° = = S g8 = -
= = 2 B < - s B & 2 &
%_| = Z 2 = S g &8 5 = M
= - = = g 5 = < b )
3 = 2 = =5 = L
& g% = g g% 3 % g
= s o 2 =3 > o a e =
2 s 2 =3 = -3 =" =
S 2 5 5 = 2 & E B =
S Sz 5 5 sz =
= e 2 3 = =) e 'E
2 g2 g 2 2 S s 5 = e
= = 5 = ¢ =B = =
= 2 ° a z = = & = =
> R = = ~ 0 —_ 3
s = = s = 2 =2 8
= 3 S Z =
Ee® 3 ] =2 = S
2 e N = =
l = || &8 E :
— ~_
l & =
=
6.73V 7.5 ]
2 T T T T T T T T T T T T T Time
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Figure 1: MRM chromatogram of sample 2h after oral administration of MP
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Figure 2: Excretion of profiles of MP metabolites after IM (A) and oral (B) administration and (Metabolites/ MP)
ratios after IM (C) and oral (D) administration.
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