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A RAPID AND SENSITIVE METHOD FOR 
DETERMINATION OF TRIMETREXATE 

FROM BIOLOGICAL FLUIDS 

Cynthia C. Ackerly, Jeanette Hartshorn 
William P. Tong, and John J .  McCormack 

Vermont Regional Cancer Center and Department 
of Pharmacology 

College of Medicine, Given Building 
University of Vermont 

Burlington, Vermont 05405 

INTRODUCTION 

Tr imet rexa te  (2,4-diamino-5-methyl-6-[( 3,4,5-tr imethoxyani 1 i n o )  

me thy l l qu inazo l i ne ) ,  ( F i g .  1 ) ,  a p o t e n t  i n h i b i t o r  o f  d i h y d r o f o l a t e  

reductase (DHFR), has demonstrated an t i t umor  a c t i v i t y  a g a i n s t  murine 

and human c e l l  l i n e s  bo th  i n  v i t r o  and aga ins t  a spectrum o f  murine 

tumors -- i n  v i v o  ( 1 , Z ) .  

The pharmacology and t o x i c i t y  o f  t h i s  agent has been examined 

p r e v i o u s l y  by Weir e t  a l .  ( 3 )  i n  dogs. 

l e v e l s  i n  b i o l o g i c a l  f l u i d s  and t i s s u e s  by two methods o f  

They monitored t h e  d rug  
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126 ACKERLY ET AL. 

determinat ion :  a d i h y d r o f o l a t e  reductase i n h i b i t i o n  assay and 

a h igh  pressure l i q u i d  chromatographic (HPLC) method us ing  e l e c -  

t rochemical  de tec t i on .  D i f f i c u l t i e s  were r e p o r t e d  i n  the  

recovery o f  t r i m e t r e x a t e  us ing  severa l  sample p repara t i on  

procedures f o r  t h e  HPLC ana lys i s .  

I n  con junc t i on  w i t h  Warner Lambert/Parke Davis the  Vermont 

Regional Cancer Center has r e c e n t l y  begun t r i m e t r e x a t e  Phase I 

c l i n i c a l  t r i a l s .  I n i t i a l  s tud ies  i n  our  l a b o r a t o r y  demonstrated 

the  value o f  an enzyme-based methodology f o r  measuring t h i s  

agent i n  mouse serum ( 4 ) .  

i t y  o f  i n t e r f e r e n c e  f rom a me tabo l i t e  possessing s i m i l a r  

enzyme i n h i b i t i o n  p r o p e r t i e s ,  we a l s o  pursued an HPLC method. 

Th is  method employs Bond E l u t  m in i  e x t r a c t i o n  columns which 

expedi ted and s i m p l i f i e d  prev ious  approaches t o  sample c leanup. 

I t  y i e l d s  bo th  h i g h  recove r ies  and rep roduc ib le  r e s u l t s ,  and 

the re fo re  i s  app l i cab le  f o r  b i o l o g i c a l  samples. 

However, t o  e l i m i n a t e  t h e  p o s s i b i l -  

FIGURE 1 

S t r u c t u r e  o f  t r i m e t r e x a t e .  
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TRIMETREXATE FROM BIOLOGICAL FLUIDS 127 

MATERIALS AND METHODS 

Standards and Reagents 

Tr imet rexa te  was ob ta ined from Warner Lambert/Parke Davis 

(Ann Arbor,  M I ,  USA). HPLC grade water, methanol and aceto- 

n i  tri l e  were purchased from Burd ick  and Jackson Labs (Muskegon, 

M I ,  USA). 

(S t .  Lou is ,  MO, USA): sodium ace ta te  f rom Baker ( P h i l l i p s b u r g ,  

NJ); phosphor ic a c i d  and t r i e t h y l a m i n e  from F ishe r  S c i e n t i f i c ,  

( P i t t s b u r g h ,  PA). 

Sodi um c i  t r a t e  was purchased f rom Ma1 1 i n c k r o d t  

The serum, plasma and u r i n e  r o u t i n e l y  used i n  

the  a n a l y t i c a l  methodology development were e i t h e r  donated by 

heal t h y  vo lun teers  o r  ob ta ined from Pel -Freeze (Rogers, AR, 

USA). The c18 Bond E l  u t  sample p r e p a r a t i o n  columns, w i t h  a 

500 mg capac i t y  column bed, were purchased from Ana ly t i chem 

(Harbor City, CA). A vacuum man i fo ld  w i t h  the  c a p a c i t y  o f  

h o l d i n g  t e n  sample p repara t i on  columns ( a l s o  ob ta ined f rom 

Analyt ichem, Harbor City, CA) a l lowed f o r  s imultaneous 

sample e x t r a c t i o n s .  

Chromatographic Apparatus and Cond i t ions  

A l l  methodology development and drug  analyses were pe r -  

formed on a Spectra-Physics Model 8700 l i q u i d  chromatograph 

which was f i t t e d  w i t h  a u-Bondapak c18 (loum) a n a l y t i c a l  

column (Waters Assoc. 0.39 x 30 cm) and an RP-18 Spher isorb  

guard column ( R a i n i n  I n s t r . ,  0.46 cm x 3 cm). 

757 var iab le -wave length  U.V. de tec to r  was s e t  a t  a wavelength 

o f  241 nm. 

The Kra tos  Model 

The mob i le  phase was comprised o f  60% HPLC grade 
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128 ACKERLY ET AL. 

water con ta in ing  0.02% phosphor ic a c i d  and 0.08% t r i e t h y l a m i n e ,  

w i t h  40% HPLC grade a c e t o n i t r i l e .  

I n t e g r a t i o n  o f  a l l  r e s u l t i n g  peaks, r e p o r t e d  as peak areas, was 

performed by a Spectra-Physics 4200 computing i n t e g r a t o r .  

Sample Prepara t ion  

The f l o w  was 2 ml/min.  

A c18 Bond E l u t  column was pre-wet by a s p i r a t i n g  t h r e e  

column r e s e r v o i r  volumes of methanol f o l l o w e d  by th ree  column 

r e s e r v o i r  volumes o f  water through t h e  column p r i o r  t o  sample 

load ing .  

be fore  adding t h e  sample. It was necessary 

samples, be fore  processing, f o r  approximate 

t o  remove i n s o l u b l e  l i p i d s  f rom the  samples 

Only t h e  excess water was p u l l e d  hrough the  column 

t o  c e n t r i f u g e  plasma 

y 3-5 min. i n  o rde r  

One m l  o f  serum o r  plasma was loaded on to  the  c18 Bond E l u t  

column, asp i ra ted ,  and washed s e q u e n t i a l l y  w i t h  6 m l  o f  water,  

1.5 m l  a c e t o n i t r i l e ,  and 0.5 m l  o f  water.  

excess s o l v e n t  was removed. The t r i m e t r e x a t e  was e l u t e d  from 

the  c18 Bond E l u t  w i t h  1 m l  o f  a 95% methanol and 5% 0.08M 

sodium c i t r a t e  s o l u t i o n .  

0 . 4 5 ~  Acrodisk (Gelman) be fore  a lOu l  sample was i n j e c t e d ,  

i n  o rder  t o  preserve the  l i f e  o f  the  a n a l y t i c a l  column, as 

w e l l  as t h e  guard column. 

Again, o n l y  t h e  

The e l u e n t  was f i l t e r e d  through a 

A s i m i l a r  procedure was used f o r  the  e x t r a c t i o n  o f  

The sample p r e p a r a t i o n  column was t r i m e t r e x a t e  f rom u r ine .  

pre-wet as p r e v i o u s l y  descr ibed. One m l  o f  u r i n e  was loaded 

on to  the  column and washed with 6 m l  o f  water,  1 m l  of 
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TRMETREXATE FROM BIOLOGICAL FLUIDS 129 

a c e t o n i t r i l e ,  and 1 m l  o f  a 75% 0.02M sodium ace ta te  (pH 4.5) 

25% methanol s o l u t i o n .  T r ime t rexa te  was recovered w i t h  1.25 m l  

o f  t h e  95% methanol, 5% 0.08M sodium c i t r a t e  s o l u t i o n .  

RESULTS AND DISCUSSION 

The Bond E l u t  methodology f o r  t he  e x t r a c t i o n  o f  

t r i m e t r e x a t e  descr ibed here proved t o  be a c o n s i s t e n t ,  

s e n s i t i v e  and e f f i c i e n t  method f o r  our purposes. 

compares chromatograms o f  p a t i e n t  plasma and u r i n e  b lanks  

t o  the  chromatograms o f  t he  same p a t i e n t  f o l l o w i n g  adminis-  

t r a t i o n  o f  t r i m e t r e x a t e .  

n o t  any i n t e r f e r e n c e  w i t h  the  t r i m e t r e x a t e  peak us ing  t h i s  

m in i  column sample p repara t i on  method under these HPLC 

cond i t i ons .  

F igu re  2 

As demonstrated i n  F ig .  2, t he re  i s  

P r i o r  t o  sample e x t r a c t i o n ,  a d a i l y  standard curve  

( t r i m e t r e x a t e  i n  mob i le  phase) i s  run  t o  determine t h e  peak areas 

o f  va r ious  drug concent ra t ions .  Spiked plasma samples i n  t h e  

concen t ra t i on  range used f o r  t he  standard curve are  e x t r a c t e d  

c o n c u r r e n t l y  w i t h  the  p a t i e n t  samples , p r o v i d i n g  an e x t e r n a l  

standard f o r  our method. A d a i l y  c a l i b r a t i o n  curve  was gen- 

e ra ted  by p l o t t i n g  the  concen t ra t i ons  o f  t he  standards vs the  

areas o f  t he  corresponding peaks. Th is  curve  was l i n e a r  over 

a t  l e a s t  a 250 f o l d  concen t ra t i on  (100 ng/ml - 25 ug/ml) and 

has a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.999 us ing  the  l e a s t  squares 

reg ress ion  method. The concen t ra t i ons  o f  t he  e x t r a c t e d  sp i ked  

plasma samples vs the  peak areas had a c o r r e l a t i o n  c o e f f i c i e n t  
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FIGURE 2 

Chromatograms o f  ur ine and plasma from pat ien t  receiv ing 0.5 
mg/d o f  tr imetrexate. 
administrat ion o f  trimetrexate, (B) ur ine co l lec ted  over the 
f i r s t  four hours fo l lowing drug administrat ion, (C) pa t ien t  
plasma before drug, (D) plasma 10 min. fo l lowing drug ad- 
min is t ra t ion.  Arrows ind icate expected re ten t ion  time o f  
the drug. 

(A) Pat ient  u r ine  co l lected before 
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TRIMETREXATE FROM BIOLOGICAL FLUIDS 131 

Conc. (ug/ml) 

FIGURE 3 

Standard curve  f o r  t r i m e t r e x a t e .  The s o l i d  l i n e  i n d i c a t e s  
d i r e c t l y  i n j e c t e d  standards.  
t r i m e t r e x a t e  e x t r a c t e d  from plasma. 

The dashed l i n e  i n d i c a t e s  

o f  0.996. 

were s i m i l a r  showing t h a t  recove ry  problems have been e l i m -  

i n a t e d  i n  t h i s  system (see F ig .  3 ) .  

The standard curve and the  e x t r a c t e d  sample curve 

The average i n t r a d a y  recove ry  i s  96% f S.E. 1.8% (n=lO) 

w i t h  a c o e f f i c i e n t  o f  v a r i a t i o n  o f  5.8%. 

recovery  i s  99.2% f S.E. 1.0% (n=lO) w i t h  a c o e f f i c i e n t  o f  

v a r i a t i o n  o f  3.2%. 

The average i n t e r d a y  
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L + 
0 1 2 3 4 5 6  

Time ( m i d  

FIGURE 4 

( A )  Chromatogram o f  t r i m e t r e x a t e  standard.  ( B )  Chromatogram 
o f  t r i m e t r e x a t e  standard and mouse m e t a b o l i t e  i n j e c t e d  
simultaneously.  M e t a b o l i t e  peak(s) a re  seen i n  s o l v e n t  f r o n t .  

Recent work i n  t h i s  l a b o r a t o r y  has shown t r i m e t r e x a t e  i n  

mice t o  be metabo l ized  t o  a more p o l a r  compound t h a t  a l s o  

i n h i b i t s  DHFR. The mouse u r i n e  m e t a b o l i t e  ( 5 )  was ob ta ined  and 

i n j e c t e d  i n t o  t h i s  system t o  a s c e r t a i n  whether o r  n o t  i t  i n t e r -  

f e red  w i t h  t h e  t r i m e t r e x a t e  peak. 

me tabo l i t e  i s  seen i n  the  s o l v e n t  f r o n t ,  separate f rom the  

I n  f i g u r e  4, e l u t i o n  of t h e  
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TRIMETFEXATE FROM BIOLOGICAL FLUIDS 133 

t r i m e t r e x a t e  peak. E l i m i n a t i o n  o f  i n t e r f e r e n c e  f rom m e t a b o l i t e s  

g ives  a more p rec i se  q u a n t i t a t i o n  o f  t r i m e t r e x a t e  than an enzyme 

i n h i b i t i o n  assay. 

More ex tens i ve  s tud ies  

presence o f  a p o l a r  metabol 

a t  t h i s  t ime we are ab le  t o  

w i l l  be r e q u i r e d  t o  e s t a b l i s h  t h e  

t e  o f  t r i m e t r e x a t e  n man. However, 

q u a n t i t a t e  t r i m e t r e x a t e  drug l e v e l s  

as low as 20 ng/ml i n  plasma, and 50 ng/ml i n  u r i n e .  

s e n s i t i v e  enough t o  q u a n t i t a t e  p a t i e n t  samples a t  our f i r s t  

Phase I dose: 0.5 mg/m2. 

i nc reas ing  the  i n j e c t i o n  s i z e  o r  by sample concen t ra t i on .  

f o r  pharmacokinet ics o f  t r i m e t r e x a t e  i n  man w i l l  be documented 

Th is  i s  

The s e n s i t i v i t y  cou ld  be inc reased by 

Data 

as the  Phase I t r i a l  progresses. 
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