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A B S T R A C T  

A sensitive and  specific assay has bcen developed for the quant i ta t ive  measurement  in human  plasma 
and urine o f  the irreversible inhibi tor  o f  monoanaine  oxidase B [(E')-4-fluoro-fl-fluoromethy. 'cnebenzcne- 
bu tanamine  HC! salt] (M D L  72974A) (I). This  assay is based on gas c h r o m a t o g r a p h y - m a s s  spect rometry  
with a m m o n i a  as the chemical  ionizat ion reagent gas. Af ter  addi t ion o f  l -f luoro-2-(4-chlorobenzene)-  
e thanamine  HCI salt ( M D L  71946A) as the internal s tandard ,  p lasma (I ml) and urine (100 Ill) samples  
were extracted using an au toma ted  solld-l iquid extract ion procedure  on C N  columns.  The  eluent was dried 
with a s t ream of  nitrogen,  and  the residue was derivatized with pentaf luoropropionic  anhydride.  Selected- 
ion moni to r ing  o f  the [MNH4]  + ions m/z 361 (I) and 351 (internal s tandard)  was use ; lbr quantification. 
The  me thod  yielded a linear response over  the concentra t ion  range 0.25-100 pmoi /ml  in p lasma with a limit 
o f  quant i ta t ion  o f  9.25 pmol /ml .  T h e  within-day reproducibil i ty at a concent ra t ion  o f  5 pmol /ml  was 4 .6% 
and at a concentra t ion  o f  50 pmol /ml  was 1.3%. The  day- to -day  reproducibil i ty was 5.2 and 7 .0% at 
concent ra t ions  o f  I0 and  30 pmol /ml ,  respectively. The  me thod  was applied to the quanti t ication o f  I in 
p lasma and urine af ter  the adminis t ra t ion  o f  12-mg doses o f  1 to a he,'dthy male volunteer.  

I N T R O D U C T I O N  

Recent interest has focused on the possibil ity that inhibition o f  the B form o f  
m o n o a m i n e  oxidase  ( M A O )  may delay or prevent the progression o f  Parkinson's  
disease [1-5]. This suggest ion is based on two hypotheses  o f  the pathogenesis  o f  
the disease. The first holds  that the destruction o f  dopaminergic  neurons is initi- 
ated by a reactive oxygen species formed during the MAO-cata lysed  metabol i sm 
o f  dopamine  [6]. Tbe second is based on the possibil ity that the cause o f  Parkin- 
son's disease is related to the  f o r m a t i o n  o f  a toxic me tabo l i t e  [7-9]. 

In vivo and  hz vitro studies  in an imals  have  s h o w n  t h a t  I [(E)-4-fluoro-fl-fluoro- 
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methylenebenzenebutanamine] is a potent and selective enzyme-activated, irre- 
versible inhibitor of  the B form of  MAO. The in vitro ICso (concentration of 
inhibitor to produce a 50% inhibition of enzyme activity) values for the inhibition 
of rat brain mitochondrial MAO-A versus MAO-B activity show a selectivity 
ratio of 190 in favour of MAO-B inhibition for I, compared with only 17 for 
L-deprenyl. At MAO-B-selective doses in vivo, this drug wa'.¢ orally active, potent, 
and did not potentiate the cardiovascular effects of intraduodenally administered 
tyramine [ I 0]. 

To obtain sufficient sensitivity and specificity, a capillary gas chromatograph- 
ic-mass spectrometric (GC-MS)  method was developed for the quantification of  
I in samples of  human plasma and urine. 

The developed method is based on positive-ion chemical ionization (PICI) 
G C - M S  with ammonia as reagent gas, to quantify with precision and accuracy 
the low plasma concentrations of I. The assay is performed with I ml of  plasma or 
100 ltl of  urine. The biological extracts were treated with pentafluoropropionic 
anhydride (PFPA), and the N-PFP derivatives gave intense and characteristic 
ions at m / z  361 (I) and m / z  351 (internal standard, I.S.) which were recorded by 
selected-ion monitoring (SIM). The applicability of the method was demonstrat- 
ed by analysing I in the plasma and urine of  a healthy volunteer given I orally. 

EXPERIMENTAL 

Reagents  
(E)-4-Fluoro-fl-fluoromethylenebenzenebutanamine HCI salt (MDL 72974A) 

(I) and 1-fluoro-2-(4-chlorobenzene)ethanamine HCI salt (MDL 71946A) (I.S.) 
were :'upplied by Marion Merrell Dow (Strasbourg, France). 

Methanol and dichloromethane were reagent grade {Merck, Darmstadt,  Ger- 
many). Acetonitrile was purchased from S.D.S. (Peypin, France). PFPA was 
purchased from Pierce (Oudbeijerland, Netherlands). Disposable CN extraction 
columns (3 ml) and n-hexane came from Baker (Deventer, Netherla,'~ds). 

Standard  curves 
Stock solution of I and the !.S. were prepared by dissolving each pure refer- 

ence compound in methanol at a concentration of  1 #mol/ml and stored at 
- 2 0 ° C  until used. Working solutions obtained from appropriate dilutions in 
methanol were prepared daily. Aliquots of  1 ml of drug-free human plasma were 
spiked with 50 pmol of the I.S. and various amounts of  I over the concentration 
range 0.25-100 pmol/ml. For  urine samples (100 pl) the amount of  I.S. added was 
the same and the standard curve was prepared in the same range as for plasma 
samples (0.25, 0.5, 0.75, 1, 2.5, 5, 7.5, 10, 25. 50, 75 and 100 pmol). The blank 
plasma or urine samples were prepared in a similar way by spiking control plasma 
or urine with the I.S. only. 
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Sample work-up 
Sample  p r e p a r a t i o n  was  developed using an  A S P E C  (au toma t i c  sample  prep-  

a r a t i on  with ex t rac t ion  co lumn)  system (Gilson Medica l  Electronics,  Villier-le- 
Bel, France) .  P l a sma  samples  (1 ml), spiked with 50 pmol  o f  the I.S., were placed 
in a 4-ml vial. D i sposab le  ex t rac t ion  co lumns  (CN,  3 rni) were condi t ioned  with 3 
ml o f  m e t h a n o l  and  washed  with 2 ml o f  distilled water .  The  p l a sma  was added  to 
the top  o f  the solid phase,  and  pushed  th rough  the co lumn with 1 ml o f  air,  then 
washed  with 2 ml o f  distilled wa te r  and  2 ml o f  m e t h a n o l - w a t e r  (60:40, v/v). The 
co lumn was dr ied with  air  (10 ml), and  the c o m p o u n d s  were eluted with 1.5 ml o f  
acetoni t r i le  con ta in ing  10% 1 AI HCI.  The  co lumn was dr ied with 10 ml o f  air,  
and  the sample  was evapo ra t ed  under  a s t r eam o f  n i t rogen  at r o o m  tempera tu re .  

Derivatization 
To the ex t rac ted  sample  were added  100 pl o f  d i ch lo rome thane  and  50 III o f  

P F P A ,  and  the mix ture  was  al lowed to react  for  30 rain at  r o o m  tempera tu re .  
'i 'his was  folIowed by e v a p o r a t i o n  o f  the solvent; then the sample  was  reconst i tut-  
ed in 50 Ill o f  n-hexane.  A I-td a l iquot  was injected into the G C  co lumn for 
G C - M S  analysis .  

G C - M S  analysis 
NIS analyses  were carr ied  ou t  wi th  a Ca r lo  E rba  Q M D  1000 G C - M S  system 

or  a F inn igan  T S Q 4 6  G C - M S  system coupled on-line to an Incos  d a t a  system 
N o v a  4X. The  c h r o m a t o g r a p h i c  co lumn was  a 15 m x 0.32 m m  I .D.  5% phenyl-  
methyls i l icone fused-silica capi l lary  co lumn  (Hewlet t  P a c k a r d ,  Les Ulis, France) .  
The  film thickness  o f  the co lumn  was 0.52 ltm. The  end o f  the co lumn was directly 
in t roduced  into the ion source  via a stainless-steel t ransfe r  line kept  at  270°C. 
Samples  were injected into a splitless injector with heJium used as car r ie r  gas  (inlet 
pressure  o f  60 p.s.i.). The  t empe ra tu r e  o f  the injector was ma in ta ined  at  270°C. 
The  oven t empe ra tu r e  was raised f rom 60 to 120°C at  30°C/min and  f rom 120 to 
200"C a t  6*C/min,  and  the final t empe ra tu r e  was held for 1 min. 

The  G C - M S  system was  ope ra t ed  in the P I C I  m o d e  with an  electron energy o f  
70 eV, an  emission cur ren t  o f  25':3 ~ A  and  a source t empera tu re  o f  160°C for  the 
Q M D  1000 and  100*C for  the TSQ46.  The  P I C I  mass  spectra  o f  the N - P F P  
derivat ives of  M D L  77.974 and  the !.S. were recorded  dur ing  a G C  run by scan- 
ning f rom 90 to 500 in 0.5 s. Quant i f i ca t ion  o f  I was  pe r fo rmed  by focusing the 
mass  spec t romete r  in the ion mon i to r i ng  selected in o rde r  to measu re  m/z 361 and  
m/z 351, the [ M N H 4 ]  + ions o f  the c o m p o u n d s .  

Precision and accuracy 
To assess the  precision and  the accu racy  o f  the me thod ,  reproducibi l i ty  assays  

were carr ied ou t  at  different  concen t r a t ions  (5, l0 and  50 pmol /mI) .  The  spiked 
p l a sma  samples  were ana lysed  the same d a y  or  the day  after.  F o r  each concen t ra -  
t ion level, the coefficient o f  va r i a t ion  (C.V.)  was  calculated.  
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Drug administration 
A heal thy volunteer  was adminis tered  single daily oral  doses o f  12 mg  o f  I over  

a ten-day  period.  Blood samples  (10 ml) were collected into Sa r s t ed t -Monove t t e  
tubes con ta in ing  po tasss ium E D T A  at  0, 15, 30 and  45 min and  1,2,  3, 4, 6, 8 and  
24 h fol lowing d rug  admin i s t r a t ion  on the final day  o f  t rea tment .  A 24-h ur ine 
sample  was  collected to de termine  the extent  o f  ur inary  excretion.  The  p lasma  
concen t ra t ions  were measu red  to establish the p lasma  concen t r a t i on - t ime  course.  

R E S U L T S  A N D  D I S C U S S I O N  

Derivatization procedure 
The P1C1 mass  spectra  o f  the N - P F P  der ivat ives  of  I and the I.S. ob ta ined  with 

a m m o n i a  as reagent  gas showed character is t ic  ions (Fig. 1). These c o m p o u n d s  
gave only a peak  at  m/z 361 and  m/z 351 co r re spond ing  to the [MNH4]  + ions o f  I 
and  the I.S., respectively. 

S t a n d a r d  c u r v e  

The ca l ibra t ion  curve ob ta ined  by p lo t t ing  the peak -a rea  rat io m/z 361/351 
verstts the k n o w n  p lasma concen t ra t ion  of  i p roduced  a s t ra ight  line over  the 
concen t ra t ion  range  0 . 2 5 - I 0 0  pmol /ml .  L inear  regression analysis  gave the equa-  
tion ), = 0.0092x - 0.002 with a cor re la t ion  coefficient (r) o f  0.9996. 

Precision and accuracy 
The wi th in-day  precision was checked by ana lys ing  five p lasma samples  at  

three different concen t ra t ions  o f  I (5, 10 and  50 pmol /ml) .  The  C.V. were less t kan  
4 .6% at each o f  the concen t ra t ions  (Table  I). 

The  d a y - t o - d a y  precision was checked by measu r ing  two concen t ra t ions  ( 10.15 
and  30.45 pmol /ml )  between days  I and  15 using the ca l ibra t ion  curve ob ta ined  
on day  1. The  results obta ined  with this p rocedure  are given in Table  11. 

A c h r o m a t o g r a m  obta ined  af ter  G C - M S  analysis  o f  a b lank  p lasma  sample  is 
shown in Fig. 2, and  those ob ta ined  f rom a cont ro l  spiked with 5 and  50 pmol /ml  
are shown in Fig. 3. There  was no interference f rom endogenous  c o m p o u n d s  in 

T A B L E  ! 

W I T H I N - D A Y  P R E C I S I O N  A N D  A C C U R A C Y  F O R  I IN S P I K E D  P L A S M A  S A M P L E S  

C o n c e n t r a t i o n  a d d e d  C o n c e n t r a t i o n  fou,~d C.V.  
( p m o l / m l )  ( m e a n  4- S .D. .  n =~ 3 ) ( p m o l / m l )  ( % )  

5 4.99 4- 0.23 4.6 
10 10.09 4- 0.09 0.9 
50 49.06 :t: 0.66 1.3 
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T A B L E  l [  

D A Y - T O - D A Y  P R E C I S I O N  A N D  A C C U R A C Y  F O R  1 IN S P I K E D  P L A S M A  S A M P L E S  W I T H  A 
C A L I B R A T I O N  C U R V E  O B T A I N E D  ON DAY I 

Day of  analysis Amoun t  found (pmol/mi) 

10.15 pmol/ml added 30.45 pmol/ml added 

1 I t .22 34.1 I 

2 10.55 32.28 
5 10.77 29.24 
9 10.05 29.69 

I I 9.79 34.50 
12 10.30 29.84 
15 9.75 30. i0 

Mean 10.35 31.39 
S.D. 0.54 2.22 
C.V. (%) 5.20 7.04 

the SIM trace oFthe ions, enab l ing  the quan t i t a t ive  measu remen t  o f  I for p h a r m a -  
cokinetics.  The  l imit  o f  quan t i t a t ion  For I was 250 fmol /ml  in p l a sma  at a signal-  
to-noise ratio o1" 4. A c h r o m a t o g r a m  o f  a 24-h ur ine sample  is shown in Fig. 4. 

App/icat ion 
The appl ica t ion  o f  the G C - M S  m e t h o d  was shown L,, quant i f ica t ion  o f  I in 

plasma and urine samples of  a healthy male volunteer who had recived daily 
single oral doses of  I over a ten-day period. 
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Fig. 2. Typical mass chromatogram obtained from a control  human pl,'tsma sample spiked with 50 pmol/ml 
I.S. 
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The p l a sma  c o n c e n t r a t i o n - t i m e  course  ob ta ined  on day  10 for  the h u m a n  
volun teer  is shown  in Fig. 5. The  observed Cm.~x value was 43.1 pmol /ml ,  which 
was  a t t a ined  at  1 h (tm.~x). The  concen t r a t ion  o f  I in the ur ine was  176.5 pmol /ml ,  
co r r e spond ing  to a 24-h u r ina ry  excret ion o f  0 .37% o f  the dose. 

C O N C L U S I O N  

The present  G C - M S  assay  represents  a specific and  sensitive analyt ica l  m e t h '  
od for  the m e a s u r e m e n t  o f  I a t  the p icomole  level in p l a sma  and  urine samples  o f  
h u m a n  origin. The  N - P F P  deriw.t ive o f  the c o m p o u n d  is s table and  yields high 
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sensitivity with no endogenous interferences. The reproducibility demonstrates 
that precision and accuracy of  this technique are suitable for routine G C - M S  
analysis o f  I. The method has been successfully applied to the quantification of  I 
in human plasma and urine. 
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