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JOURNAL OF LIQUID CHROMATOGRAPHY, 11(5), 1075-1085 (1988)  

TRIMETHOPRIM ANALYSIS BY LC 

Joseph E. Svirbely and Amadeo J .  Pesce 
Department of Laboratory Medicine 

University of Cincinnati Hospital 
Cincinnati, Ohio 4.5267 

ABSTRACT 

A method i s  described for measurement of the antimicrobial 
aqent trimethoprim in biologic fluids by reverse phase LC. 
Preliminary isolation uses a simple rapid sorbent extraction. The 
assay i s  linear from 0.2 - 100 ug/mL (r = 0.991, sensitive (0.05 
uq/mL), reproducible (p less than O.96), and relatively free of 
interferences from metabolites and commonly administered drugs. 
Only atenolol, procainamide, and oxazepam interfered. The assay is 
suitable for therapeutic monitoring and for pharmacokinetic assays. 

INTRODUCTION 

I n  order to study the pharmacokinetic behavior o f  trimethoprim 

across the peritoneal barrier in human subjects, a quick and sensi- 

tive sensitive assay for trimethoprim was necessary. A review o f  

the literature yielded a single adequate LC method for trimethoprim 

(1). This assay measured trimethoprim by LC following time- 

consuming solvent extraction. Other assays (2-4) measured sulfa- 

methoxazole and trimethoprim following a sing 
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e solvent extract on 
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1076 SVIRBELY AND PESCE 

The problems o f  e x t r a c t i n g  these two c h e m i c a l l y  d i s s i m i l a r  drugs by 

a s i n g l e  e x t r a c t i o n  have been rev iewed ( 5 ) .  

The au tho rs  o f  t h e  c u r r e n t  s tudy  were i n t e r e s t e d  i n  d e t e r -  

m i n i n g  whether o r  n o t  i t  was p o s s i b l e  t o  extend so rben t  e x t r a c t i o n  

techniques,  which had proved success fu l  i n  t h e i r  l a b o r a t o r y  f o r  t h e  

measurement o f  cyc 1 ospor i n , tr i cyc 1 i c a n t i  depressants  , and bar  - 

b i t u r a t e s  t o  t h e  measurement o f  an a n t i m i c r o b i a l  agent. Advantages 

o f  t h e  so rben t  e x t r a c t i o n  i n c l u d e  h i g h  e f f i c i e n c y  and s e l e c t i v i t y ,  

and r a p i d  e x t r a c t i o n  w i t h o u t  t o x i c  s o l v e n t s  o r  t ime-consuming 

shaking.  The p r i n c i p a l  d isadvantage i s  t h e  cos t  o f  so rben t  e x t r a c -  

t i o n  columns, which i s  o f f s e t  by  t h e  decreased t e c h n i c i a n  t i m e  

r e q u i r e d  f o r  e x t r a c t i o n  and sav ings i n  s o l v e n t  cos t .  

METHODS AND MATERIALS 

Chromatographic System 

The chromatographic system (Waters Associates,  M i l f o r d ,  MA 

01757) c o n s i s t e d  o f  a model U6K i n j e c t i o n  p o r t ,  a model 501 pump, 

pBondapack C18 reverse-phase column (15 cm) a t  room temperature 

( 2 5 O C ) ,  a model 440 d e t e c t o r  (wavelength f i x e d  a t  254 nm), and a 

model 740 reco rde r .  Char t  speed was 1 cm/min. Samples were 

i n j e c t e d  manua l l y  through t h e  i n j e c t i o n  p o r t  on to  t h e  column w i t h  

an i n j e c t i o n  volume o f  5-40 pL o f  e x t r a c t e d  sample. The samples 

can a l s o  be i n j e c t e d  on column w i t h  an automated sample i n j e c t o r  

such as the  WISP 7108 (Waters Associates)  used i n  t h i s  l a b o r a t o r y .  

F low r a t e  was 2.0 mL/minute. The column was s t o r e d  i n  methanol 

between runs,  and e q u i l i b r a t e d  w i t h  mob i l e  phase f o r  15 minutes 

b e f o r e  each run.  No column r e g e n e r a t i o n  was used, and t h e  column 
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TRIMETHOPRIM ANALYSIS 1077 

was used d a i l y  f o r  180 days. 

methoprim k i n e t i c s  p r o j e c t  c o n s i s t e d  o f  36 samples p l u s  standards. 

Reagents 

4n average r u n  d u r i n g  t h e  t r i -  

The mob i l e  phase c o n s i s t e d  o f  a m i x t u r e  (70:30 v / v )  o f  sodium 

a c e t a t e  (0.01 mol /L)  ( F i s h e r  S c i e n t i f i c ,  F a i r  Lawn, NJ 07410) i n  

d e i o n i z e d  water  and a c e t o n i t r i l e  (HPLC grade, J.T. Baker Chemical 

Co., P h i l l i p s b u r g ,  NJ 08865). The mob i l e  phase was f i l t e r e d  through 

a 0.2 p membrane and degassed p r i o r  t o  use. 

s t a b l e  f o r  '2 weeks w i t h  recyc  i ng .  

p r e p a r a t i o n  c o n s i s t e d  o f  sodi  m carbonate (0.1 mol /L)  (HPLC grade, 

F i s h e r  S c i e n t i f i c )  i n  de ion i zed  water .  

The mob i l e  phase was 

The b u f f e r  used f o r  sample 

T r ime thopr im  stock s tandard s o l u t i o n  (1 mg/mL) was made f rom 

t r i m e t h o p r i m  ( g i f t  o f  Hoffmann-LaRoche, Nu t ley ,  NJ 07110) d i s s o l v e d  

i n  methanol ( s t a b l e  6 months a t  4°C) 

S c i e n t i f i c ) .  Working t r i m e t h o p r i m  so 

f r o m  s tock  u s i n q  de ion i zed  water  as d 

HPLC grade, F i s h e r  

u t i o n  (100 pg/mL) was made 

l u e n t .  Standard curves were 

made by p i p e t t i n g  0, 2, 5, 10, 20, 50, and 100 pL o f  work ing  t r i -  

methoprim standard i n t o  1 mL a l i q u o t s  o f  pooled plasma, m ix ing ,  and 

f r e e z i n g  ( s t a b l e  f o r  6 months a t  -20°C). 

The i n t e r n a l  s tandard was 2,4-diamino-5-(3,5-dimethoxy-4- 

s o l u -  A s tock  methylbenzy1)-pyrimidine ( g i f t ,  Hoffmann-LaRoche) 

t i o n  (1 mg/mL) i n  methanol (HPLC grade, F i s h e r  Sc 

6 months a t  4°C) was d i l u t e d  w i t h  de ion i zed  water  

work ing  s o l u t i o n  (1 pg/mL) (made f r e s h  d a i l y ) .  

Procedures 

The sample was prepared f o r  e x t r a c t i o n  by  comb 

standard,  c o n t r o l ,  o r  p a t i e n t  sample (serum, plasma 

e n t i f i c )  s t a b l e  

t o  make a 

n i n g  500 i iL 

d i a l y s a t e ,  
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1078 SVIRBELY AND PESCE 

u r i n e ,  ce reb rosp ina l  f l u i d )  w i t h  500 pL o f  work ing i n t e r n a l  Stan- 

da rd  (1 pg/mL) and 200 pL o f  carbonate b u f f e r .  The m i x t u r e  was 

a g i t a t e d  f o r  30 sec. and s t o r e d  (capped). 

Sorbent e x t r a c t i o n  columns (Bond-Elut 1 mL C18 columns, 

Analy t ichem I n t e r n a t i o n a l ,  Harbor Ci ty,  CA 90710) were i n s e r t e d  

i n t o  t h e  vacuum apparatus (Bond-Elut System, Analy t ichem 

I n t e r n a t i o n a l ) .  Columns were s o l v a t e d  w i t h  two washes o f  methanol, 

f o l l o w e d  by two r i n s e s  w i t h  de ion i zed  water. 

The prepared e x t r a c t i o n  m ix tu res  were a p p l i e d  t o  t h e  columns 

under vacuum and t h e  s o l u t i o n  drawn through was d iscarded.  The 

columns were washed w i t h  de ion i zed  water .  The e x t r a c t i n g  s o l v e n t  

(100 pL methanol) (HPLC qrade, F i s h e r  S c i e n t i f i c )  was a p p l i e d  and 

a l l owed  t o  p e r c o l a t e  w i t h o u t  vacuum, through t h e  sorbent  phase f o r  

30 seconds. The vacuum was a p p l i e d  and the  e x t r a c t i n g  s o l v e n t  

c o l l e c t e d  i n  12 x 75 mn g lass  tubes.  A second bo lus  o f  methanol 

(100 pL)  was a p p l i e d  t o  t h e  column, a l lowed t o  p e r c o l a t e  w i t h o u t  

vacuum f o r  30 seconds, and the  vacuum r e a p p l i e d .  Approx imate ly  

120-130 pL o f  me thano l i c  e x t r a c t  i s  ob ta ined  by t h i s  procedure. 

The e n t i r e  e x t r a c t i o n  procedure, i n c l u d i n g  p r e p a r a t i o n  o f  e x t r a c -  

t i o n  m i x t u r e s  and e x t r a c t i o n ,  took 25 minutes f o r  20 batched 

samples. 

RESULTS AND D I S C U S S I O N  

Calcu 1 a t  i on 

Runs l a s t e d  approx imate ly  7 minutes ( F i g u r e  1) w i t h  t r i -  

methoprim e l u t i n g  a t  2 minutes and t h e  i n t e r n a l  s tandard e l u t i n g  a t  

6 minutes.  The h e i g h t  o f  t h e  t r i m e t h o p r i m  peak was d i v i d e d  by the  
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TRIMETHOPRIM ANALYSIS 1079 

RETENTION TIME (Minutes) RETENTION TIME (Minutes) 

FIGURE 1: T y p i c a l  chromatograms f rom a n a l y t i c a l  run .  
Chromatogram a t  l e f t  i s  zero s tandard a t  a d e t e c t o r  response o f  
AUFS 0.01. 
t a i n e d  f r o m  same r u n  a t  a d e t e c t o r  response o f  AUFS 0.05. T r i -  
methopr im e l u t e d  a t  2.0 minutes ( r i g h t  pane l )  and t h e  i n t e r n a l  
s tandard  e l u t e d  a t  6.36 minutes f o r  bo th .  

Chromatogram a t  r i g h t  i s  5.0 ug/mL sp i ked  s tandard ob- 

h e i g h t  o f  t h e  i n t e r n a l  s tandard peak f o r  each s tandard,  and the  

peak h e i g h t  r a t i o s  ob ta ined  were p l o t t e d  aga ins t  c o n c e n t r a t i o n  t o  

o b t a i n  a s tandard cu rve  ( F i g u r e  2) .  The peak h e i g h t  r a t i o s  o f  

sp i ked  c o n t r o l s  and p a t i e n t  samples were ob ta ined  i n  t h e  same way 

and compared t o  t h e  s tandard cu rve  t o  o b t a i n  c o n c e n t r a t i o n  values. 

L i near i t y  

A s tandard cu rve  was r u n  f o r  s i x  s tandards (2,  5, 10, 20, 50, 

and 100 pg/mL) u s i n g  a more concen t ra ted  i n t e r n a l  s tandard (10 
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FIGURE 2: Typical standard curve obtained f o r  trimethoprim. 

pg/mL) t o  ascer ta in  l i n e a r i t y .  Linear regression performed on the  

curve gave an r value of 0.99. 

Reproducibil i ty 

To ascer ta in  reproduci b i  1 i t y ,  serum from nine subjects given 

trimethoprim o r a l l y  was aliquoted in to  four samples each. Four 

seeara te  runs involving f ou r  separate standard curves, each r u n  a 

week apar t ,  were performed, and four values fo r  each pa t ien t  were 

obtained. To determine goodness of f i t  of r ep l i ca t ion ,  var ia t ion  

between columns was studied using a one-way Analysis of Variance 

measuring rep l ica t ion  as a treatment. The computed F value was 

s i g n i f i c a n t  ( p  < 0.96) f o r  reproducib i l i ty .  
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TRIMETHOPRIM ANALYSIS 1081 

Recovery 

To determine recovery,  t h e  peak h e i g h t s  of t h e  e x t r a c t  of 

plasma samples sp i ked  w i t h  t r i m e t h o p r i m  were compared w i t h  t h e  same 

amount o f  drug as aqueous s o l u t i o n  inSected d i r e c t l y  on to  t h e  

column w i t h o u t  e x t r a c t i o n .  

pg/mL standards and 73% o f  40 pg/mL standards,  each r u n  t h r e e  

t imes.  

Recovery was c a l c u l a t e d  as 82% f o r  4 

I n t e r f e r e n c e s  

P o s s i b l e  i n t e r f e r e n c e s  were a l s o  s t u d i e d .  The common t r i -  

methopr im m e t a b o l i t e s  (1- and 3-ox ides7 and 3 ' -  and 4 ' -hyd roxy  

compounds) e l u t e d  i n  t h e  s o l v e n t  f r o n t .  Commonly admin i s te red  

drugs were made up as 1 pg/mL standards and sho t  on column. 

Compounds which gave a response were sp i ked  i n  plasma a t  p h y s i o l o g i c  

c o n c e n t r a t i o n s ,  ex t rac ted ,  and sho t  on column w i t h  t r i m e t h o p r i m  

and the  i n t e r n a l  s tandard.  A t e n o l o l  and procainamide i n t e r f e r e d  

w i t h  the  t r i m e t h o p r i m  peak. Oxazepam i n t e r f e r e d  w i t h  t h e  i n t e r n a l  

s tandard  peak. Diazepam, though i t  d i d  n o t  i n t e r f e r e ,  i s  metabo- 

l i z e d  t o  oxazepam, and i n  t h i s  way may i n t e r f e r e .  The r e s u l t s  o f  

t h e  i n t e r f e r e n c e  s tudy  a re  sumnarized i n  Table 1. L ipemia i n t e r -  

f e r e d  w i t h  e x t r a c t i o n  b u t  hemolys is  d i d  n o t  i n t e r f e r e .  The e l e -  

va ted  BUN, c r e a t i n i n e ,  and g lucose found i n  p e r i t o n e a l  d i a l y s i s  

f l u i d  d i d  n o t  i n t e r f e r e  wi th  e x t r a c t i o n  or a n a l y s i s .  

S e n s i t i v i t y  

Concerning s e n s i t i v i t y ,  a 0.05 pg/rnL t r ime thopr im-sp iked  s tan-  

dard, e x t r a c t e d  as above, y i e l d e d  a peak h e i g h t  o f  2 cm a t  a 

r e c o r d e r  a t t e n u a t i o n  o f  4 and a d e t e c t o r  response o f  0.01 AUFS. 
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1082 SVIKBELY AND PESCE 

TABLE I 

L i s t  o f  Drugs Tested i n  I n t e r f e r e n c e  Study 

Drugs which i n t e r f e r e d  w i t h  t r i m e t h o p r i m  

Ateno l o 1  
Procainamide 

(T r ime thopr im)  

Drugs which i n t e r f e r e d  w i t h  i n t e r n a l  s tandard 

0 x azeo am 

RRT 

0.44 
0.52 

(0.39) 

1 .o 

Drugs which gave d e t e c t o r  response b u t  d i d  
n o t  i n t e r f e r e :  

Theophy l l i ne ,  Acetaminophen, Ca f fe ine ,  Chlord iazepoxide,  
P razos in  Hydroch lo r i de ,  Diazepam, T h i o r i d a z i n e  

Drugs which d i d  n o t  g i v e  d e t e c t o r  response: 

A m i t r i p t y l i n e ,  A m p i c i l l i n ,  C e f i t o x i n ,  Chlorpheniramine, 
Chlorprornazine, C ime t id ine ,  C lon id ine ,  Desipramine, 
D igox in ,  Diphenhydramine, Doxepin, Doxylamine, 
Erythromycin,  Flurazepam, Imipramine, L idoca ine ,  
Y i n o x i d i l ,  Nado lo l ,  N o r t r i p t y l l i n e ,  P rop rano lo l ,  
Q u i  n i  d i  ne 

Note: 
plasma a t  p h y s i o l o g i c  concen t ra t i ons  and e x t r a c t e d  b e f o r e  
r e t e s t i n g .  

Drugs which gave a d e t e c t o r  response were sp i ked  i n  pooled 

D I S C U S S I O N  

Sorbent  e x t r a c t i o n  has been shown t o  be an e f f e c t i v e  e x t r a c -  

t i o n  method p r e p a r a t o r y  t o  LC f o r  t r ime thopr im .  

e x t r a c t i o n  method desc r ibed  i s  l i n e a r ,  s e n s i t i v e ,  rep roduc ib le ,  and 

f r e e  o f  most i n t e r f e r e n c e s .  

The sorbent  

T r ime thopr im  i s  r o u t i n e l y  used f o r  t rea tmen t  o f  b ladder  i n f e c -  

t i o n ,  by  i t s e l f  o r  coupled w i t h  su l famethoxazole.  I t  has a l s o  
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TRIMETHOPRIM ANALYSIS 1083 

RETENTION TIME (Minutes) RETENTION TIME (Minutes) 

FIGURE 3: Tyoical chromatograms of oatient samples. Chromatogram 
at left is plasma trough level from a patient with peritonitis. 
Level calculated as a concentration of 4.4 ug/mL. Chromatogram at 
right i s  dialysate fluid from the same patient drawn 2h hours 
after i.p. dose of trimethoprim. Level calculated as a con- 
centration of 5.5 ug/mL. Trimethoprim eluted at 1.96 minutes i n  
left chromatogram, and 1.95 minutes in the one at the right. 
Internal standard eluted at 6.30 minutes and 6.46 minutes, re- 
s pect i ve 1 y . 

recently been used to treat Pneumocystis carinii infection. The 

authors have used trimethoprim and sulfamethoxazole to treat peri- 

tonitis associated with peritoneal dialysis (Figure 3). Singlas et 

al. have also had success treating peritonitis in peritoneal dialy- 

sis patients with sulfamethoxazole and trimethoprim ( 6 ) .  The usual 
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1084 SVIRBELY AND PESCE 

e f f e c t i v e  b lood  l e v e l  o f  t r i m e t h o p r i m  f o r  most s u s c e p t i b l e  i n f e c -  

t i o n s  i s  4-10 pg/mL (7). For t rea tmen t  o f  more r e s i s t a n t  orga- 

nisms, t h e r a p e u t i c  m o n i t o r i n g  o f  t r i m e t h o p r i m  l e v e l s  would be 

i n d i c a t e d  i n  o r d e r  t h a t  e f f e c t i v e  n o n - t o x i c  l e v e l s  cou ld  be main- 

t a i  ned. 
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