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HPLC DETERMINATION OF METHYL- 
PHENIDATE IN HUMAN PLASMA 

M. Lalande, D. L. Wilson, and I .  J .  McGilveray" 
Bureau of Drug Research 

Health and Welfare Canada 
Ottawa, Ontario K I A  OL2 

ABSTRACT 

A s i m p l e ,  r a p i d  and s e n s i t i v e  method f o r  measuring methyl-  
p h e n i d a t e  i n  human plasma by HPLC h a s  been developed.  After t h e  
a d d i t i o n  o f  t h e  i n t e r n a l  s t a n d a r d ,  e t h y l p h e n i d a t e ,  t he  two 
compounds are  e x t r a c t e d  unde r  b a s i c  c o n d i t i o n s .  The r e s i d u e  
o b t a i n e d  i s  resuspended i n  a c e t o n i t r i l e  and a n a l y s e d  on a n  O D s  
r e v e r s e d  phase  column w i t h  d e t e c t i o n  by UV abso rbance  a t  192 nm. 
The l i m i t  o f  s e n s i t i v i t y  i s  5 ng/ml and t h e  p rocedure  is  l i n e a r  
o v e r  the  5-50 n g / m l  c o n c e n t r a t i o n  range. 

INTRODUCTION 

Methy lphen ida te  (MPH, a-Phenyl-2-piperidineacetic a c i d  methyl  

e s t e r )  i s  a sympathomimetic a g e n t  used for the  t r e a t m e n t  o f  mild 

p s y c h i a t r i c  d i s o r d e r s  and h y p e r a c t i v i t y  i n  c h i l d r e n  ( 1 ) .  Numerous 

g a s - l i q u i d  chromatographic  a s s a y s  w i t h  e i the r  ni t rogen-phosphorus 

or mass s p e c t r o m e t r i c  d e t e c t i o n  are a v a i l a b l e ,  b u t  a l l  r e q u i r e  a n  

a c e t y l a t i o n  s t e p  due  t o  t h e  i n s t a b i l i t y  o f  t h e  compound i n  t h e  
i n j e c t i o n  p o r t  ( 7 ) .  On t h e  o t h e r  hand,  h i g h  performance l i q u i d  

chromatography (HPLC) h a s  been  used for t h e  q u a n t i t a t i o n  o f  t h e  

Author t o  whom cor re spondence  shou ld  b e  addres sed  
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2258 LALANDE, WILSON, AND MC GILVERAY 

enant iomers  o f  MPH i n  water ( 8 , 9 )  as well a s  f o r  i t s  t o t a l  c o n t e n t  

i n  plasma (10) .  Unfor tuna te ly ,  t h i s  l a t t e r  a s s a y ,  w i t h  a lower 
l i m i t  of r e l i a b l e  d e t e r m i n a t i o n  o f  20 ng/ml, is  n o t  s u f f i c i e n t l y  

s e n s i t i v e  t o  c h a r a c t e r i z e  t he  pharmacokinet ics  o f  MPH af te r  a 

15 mg o r a l  dose.  I n  fac t ,  a s e n s i t i v i t y  o f  5 ng/ml h a s  t o  be  

achieved f o r  t he  e s t i m a t i o n  o f  t h e  e l i m i n a t i o n  phase ( 1 1 ) .  

This  r e p o r t  d e s c r i b e s  a s e n s i t i v e  h igh  performance l i q u i d  

chromatographic  procedure f o r  measuring methylphenidate  i n  human 

plasma a f te r  s i n g l e  low doses  as  well a s  f o r  monitor ing o f  

t h e r a p e u t i c  l e v e l s .  

MATERIALS AND METHODS 

Equipment 
The HPLC equipment c o n s i s t e d  o f :  a n  Altex Model 100 pump; a 

Waters U6K i n j e c t o r ;  a S c h o e f f e l  Spectrof low UV d e t e c t o r  Model 770 
with t he  wavelength se t  a t  192 nm; a Perkin-Elmer Model 56 chart 

r e c o r d e r  and a 4.6 mm I.D. x 15 cm ODS reversed  phase ,  5 pm 

p a r t i c u l e  s i ze  Ul t rasphere  column. 

Materials 

HPLC grade  a c e t o n i t r i l e  (J.T. Baker Chemical Co., 
P h i l l i p s b u r g  , N. J.) and t r i e t h y l a m i n e  (Eastman Co., Roches te r ,  NY) 
were used.  Glass d i s t i l l e d  hexane and e t h y l  acetate were obta ined  
from Caledon L a b o r a t o r i e s  Ltd. (Georgetown, Ontar io) .  Methyl- 

phenida te  was USP s t a n d a r d .  E thylphenida te  was synthes ised  by 
t r a n s e s t e r i f i c a t i o n  o f  methylphenidate  i n  a c i d i c  e t h a n o l  f o r  72 

hours  under  r e f l u x .  Upon a n a l y s i s  o f  t h e  basic e x t r a c t  o f  t h e  

r e a c t i o n  mixture  a s i n g l e  peak was obta ined  w i t h  t h e  HPLC 
c o n d i t i o n s  d e s c r i b e d  below. No evidence  o f  r e s i d u a l  methyl- 

phenida te  was observed.  The mass spectrum o f  MPH shows a base  

peak a t  m/z 180 corresponding t o  t h e  d e r i v a t i z e d  p i p e r i d i n e  moiety 

and d i a g n o s t i c  peaks a t  150 and 125. Ethylphenida te  a l s o  shows a 
base peak a t  m/z 180 b u t  has d i a g n o s t i c  peaks a t  164 and 125. 

Both mass s p e c t r a  were obta ined  on a Hewlett-Packard Model 5985 
GC-MS and are  i d e n t i c a l  t o  t h e  ones  r e p o r t e d  ( 11) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METHYLPHENIDATE IN PLASMA 2259 

Chromatographic Condi t ions  
The mobile phase is a mixture  o f  35% (V:V) a c e t o n i t r i l e  i n  

0.07% t r i e t h y l a m i n e  a d j u s t e d  t o  pH 3.4 w i t h  concent ra ted  H3Po4. 
It is r u n  a t  room tempera ture  a t  a flow rate o f  1.5 m l h i n .  The 

d e t e c t o r  wavelength is se t  a t  192 nm w i t h  a s e n s i t i v i t y  o f  0.01 

AUFS. I n j e c t i o n  volume i s  7 5  pl. 

Procedure 

Whole blood i s  drawn i n t o  a Vacutainer"  t u b e  (Beckton- 

Dickinson)  c o n t a i n i n g  EDTA and is c e n t r i f u g e d  (1OOOxg) f o r  1 5  

minutes  t o  o b t a i n  t h e  plasma which was immediately f rozen  a t  -15" 

u n t i l  a n a l y s i s .  
To 1 m l  o f  plasma is  added 40 p1  of t h e  s t o c k  s o l u t i o n  of 

e t h y l p h e n i d a t e  ( 1  p g h l ) ,  1.0 m l  o f  a 0.2 M c a r b o n a t e  b u f f e r  

pH 9.1 and 5 m l  o f  a Hexane:Ethyl Acetate mixture  (75:25) .  After 

10 minutes  o f  mixing and 5 minutes  o f  c e n t r i f u g a t i o n  ( loooxg) ,  

4.5 m l  o f  t h e  o r g a n i c  phase is  t r a n s f e r r e d  t o  a n o t h e r  t u b e  and 

evaporated t o  dryness  i n  a d r y  b a t h  a t  55°C under a stream o f  

n i t rogen .  The r e s i d u e  obta ined  is r e c o n s t i t u t e d  i n  100 p 1  o f  

a c e t o n i t r i l e  for i n j e c t i o n  i n t o  t h e  chromatograph. 

C a l i b r a t i o n  
A s t o c k  s o l u t i o n  c o n t a i n i n g  e x a c t l y  1 pg/ml o f  methyl- 

phenida te ,  as  free base ,  is  prepared i n  methanol. D i f f e r e n t  

volumes of t h i s  s t o c k  s o l u t i o n  are added t o  human plasma t o  g i v e  

f i n a l  c o n c e n t r a t i o n  of 0 ,  5,  10, 20, 30, 40 and 50 ng/ml. These 

sp iked  plasma samples are t h e n  s u b j e c t e d  t o  the above e x t r a c t i o n  

procedure.  From t h e  chromatograms o b t a i n e d ,  a s tandard  c u r v e  is  
c o n s t r u c t e d  by p l o t t i n g  t h e  methy1phenidate:ethylphenidate peak 
h e i g h t  r a t i o  a g a i n s t  t h e  MPH c o n c e n t r a t i o n .  For  t h e  de te rmina t ion  

of  t h e  percentage  o f  recovery ,  a s tandard  is prepared by d i l u t i n g  

a known amount o f  t h e  two s t o c k  s o l u t i o n s  i n  mobile phase.  After 

a n a l y s i s  of t h e s e  s t a n d a r d s ,  the recovery is determined by 

comparing t h e  peak h e i g h t s  ob ta ined  from exper imenta l  specimens 

wi th  t h e  ones obta ined  from t h e  recovery s t a n d a r d s .  
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2260 LALANDE, WILSON, AND MC GILVERAY 

RESULTS 

F i g u r e  1 shows t y p i c a l  chromatograms o f :  ( a )  a drug-f ree  

plasma and (b) a plasma spiked w i t h  15 ng/ml o f  MPH. The r e t e n -  

t i o n  times o f  methylphenidate  and e t h y l p h e n i d a t e  are 3.2 and 4.6 
minutes ,  r e s p e c t i v e l y .  Although t h e r e  i s  a peak a t  9.0 minutes ,  

it does n o t  i n t e r f e r e  wi th  t h e  drug or t h e  i n t e r n a l  s tandard  and 

t h e  a n a l y s i s  time remains r e l a t i v e l y  s h o r t  & 12 minutes-  
D i f f e r e n t  s tandard  c u r v e s  run on 5 separate days  gave a mean s l o p e  

va lue  o f  0.026, a mean i n t e r c e p t  v a l u e  o f  0.01, a c o e f f i c i e n t  of 

d e t e r m i n a t i o n  ( r 2 )  h i g h e r  t h a n  0.995 and a in te r -day  s l o p e  v a r i a -  
t i o n  o f  6% (Table  1 )  w i t h  a 13% C.V.  a t  t h e  lowest  c o n c e n t r a t i o n .  

The back-ca lcu la ted  c o n c e n t r a t i o n s  from t h e s e  c u r v e s  showed a 
p r e c i s i o n  and accuracy over  the range  s t u d i e d  wi th  d e v i a t i o n s  o f  

less t h a n  5% from t h e  nominal va lues .  The percentage o f  recovery 
is 74.3 2 2.2% and 72.3 2 1.6% f o r  MPH, with similar v a l u e s  (75%) 
f o r  i n t e r n a l  s tandard  a t  5 and 20 ng/ml. The l i m i t  of d e t e c -  

Table  1 .  Inter-Day V a r i a t i o n  (n=5)  

Mean 

PHR* 

c.v 

( 8 )  

5 

10 

20 

40 

50 

RFt 

0.14 

0.27 

0.54 

1.03 

1.33 

0.026 

13.4 

6.6 

6.9 

10.9 

4.4 

5.7 

PHR peak h e i g h t  r a t i o  

t RF = mean response  f a c t o r  
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Figure 1 .  HPLC chromatograms obtained upon ana lys i s  of a )  drug- 
free plasma containing no i n t e r n a l  standard and b )  
drug-free plasma spiked with 15 n g / m l  of  MPH and 
i n t e r n a l  standard.  
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2262 LALANDE, WILSON, AND MC GILVERAY 

t i o n ,  assuming a s i g n a l  t o  n o i s e  r a t i o  of 2 ,  is set a t  2.5 n g / m l  

b u t  t h e  l o w e s t  r e l i a b l e  d e t e r m i n a t i o n  from day t o  day is  5 ng/ml. 

The i n t r a - d a y  v a r i a t i o n ,  measured by t h e  a n a l y s i s  of f i v e  

r e p l i c a t e s ,  i s  b and 2% f o r  c o n c e n t r a t i o n s  a t  5 and 20 n g / m l  
r e s p e c t i v e l y  (Tab le  2 ) .  

Other  b a s i c  d r u g s  t h a t  cou ld  b e  e x t r a c t e d  i n  t h e s e  c o n d i t i o n s  
such  as c i m e t i d i n e  , diazepam, f lu razepam,  p roca inamide ,  

acetaminophen,  c a f f e i n e ,  t h e o p h y l l i n e ,  g u i n i d i n e ,  d i l t i a z e m ,  

v e r a p a m i l ,  n i f e d i p i n e  and doxepin do n o t  i n t e r f e r e  w i t h  t h e  

a n a l y s i s .  A 10 mg t a b l e t  d o s e  o f  MPH was a d m i n i s t e r e d  t o  a 
h e a l t h y  male v o l u n t e e r  (88.5 kg ;  0.11 mg/kg). Blood samples  were 

t a k e n  o v e r  7 h r s  af ter  d o s i n g  i n  evacua ted  t u b e s  w i t h  EDTA a s  
a n t i c o a g u l a n t .  T h i s  t e s t e d  t h e  p rocedure  i n  t h e  extreme r a n g e  a s  
shown i n  Tab le  3. 

DISCUSSION 

Th i s  method is s i m p l e r  and fas ter  t h a n  t h o s e  c u r r e n t l y  

a v a i l a b l e  because  i t  does  n o t  r e q u i r e  a d e r i v a t i s a t i o n  s t e p .  

Moreover, having a l i m i t  o f  s e n s i t i v i t y  of 5 n g / m l ,  it is  more 

Table  2 .  Intra-Day Accuracy and P r e c i s i o n  (n=5)  

Nominal Back c .v MRE* 

Conc . C a l c u l a t e d  Conc. ( % I  ($1 

(ng/ml) ( n g / m l )  

5 5.09 4 .4  + 1 . 8  

20 20.09 1.9 + 0.5 

MRE = mean r e s i d u a l  e r r o r  
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METHYLPHENIDATE IN PLASMA 2263 

Table 3.  Plasma Concent ra t ion  of MPH i n  a Volunteer  After a 10 mg 
S i n g l e  Oral Dose (n=2)  

T i m e  Concent ra t ion  MPH 

( h )  n g / m l  

0.5 

1 

2 

3 

4 

5 

3 

5.1 

4.6 

2.8 

2 *3 

N.D.* 

Below l i m i t  o f  d e t e c t i o n  

s e n s i t i v e  t h a n  o t h e r  HPLC methods (8-10). Therefore ,  t h i s  s imple  

method i s  adequate  f o r  t h e  t h e r a p e u t i c  monitor ing o f  MPH i n  

h y p e r a c t i v e  c h i l d r e n  a s  well as f o r  single dose pharmacokinet ic  

s t u d i e s .  The example g i v e n  o f  t h e  a p p l i c a t i o n  o f  t h e  method gave 

v a l u e s  expected from a low s i n g l e  dose (12) .  

1 .  

2. 

3 .  
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