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DETERMINATION OF TICARCILLIN I N  SERUM BY 

REVERSED PHASE H I G H  PERFORMANCE LIQUID CHROMATOGRAPHY 

M .  K. Aravind, J. N. Miceli, and R. E. Kauffman 

Departments of P e d i a t r i c s  and Pharmacology 
Wayne S t a t e  U n i v e r s i t y  School of Medicine and 

C h i l d r e n ' s  Hospi ta l  of Michigan 
Div is ion  of C l i n i c a l  Pharmacology and Toxicology 

D e t r o i t ,  M I  48201 

ABSTRACT 

T i c a r c i l l i n  is a semi-synthet ic  p e n i c i l l i n  u s e f u l  a g a i n s t  
s e v e r a l  Pseudomonas spec ies .  
t h i s  drug,  a new procedure w a s  developed whereby t i c a r c i l l i n  
i n  serum is  converted t o  i t s  f r e e  a c i d  form by t h e  a d d i t i o n  of 
c i t r i c  a c i d  and, subsequent ly ,  e x t r a c t e d  i n t o  e t h y l  acetate. 
The organic  e x t r a c t  which c o n t a i n s  t h e  nonionized form of 
t i c a r c i l l i n  i s  d r i e d  under n i t r o g e n ,  t h e  sample is r e c o n s t i -  
t u t e d  wi th  mobile phase and analyzed by h igh  performance l i q u i d  
chromatography. E l u t i o n  i s  completed i n  less than  f i v e  minutes .  
The a s s a y  is l i n e a r  from 1 mgfL through 100 mgfL. 
c o r r e l a t i o n  c o e f f i c i e n t  of t i c a r c i l l i n  c o n c e n t r a t i o n  t o  peak 
area ( r )  w a s  0.999 over  t h i s  c o n c e n t r a t i o n  range. The small  
sample volume (100 111) makes t h i s  assay  p a r t i c u l a r l y  s u i t a b l e  
f o r  p e d i a t r i c  p a t i e n t s .  

I n  o r d e r  t o  e a s i l y  q u a n t i t a t e  

The 

INTRODUCTION 

T i c a r c i l l i n  i s  a a-carboxypenic i l l in  which i s  used 

predominately f o r  t h e  t rea tment  of s e r i o u s  i n f e c t i o n s  caused by 

gram-negative organisms, p a r t i c u l a r l y  Pseudamonas aeruginosa .  

B a c t e r i o c i d a l  e f f i c a c y  i s  dependent on t h e  maintenance of 

r e l a t i v e l y  high c o n c e n t r a t i o n s  of t h e  a n t i b i o t i c  dur ing  t h e  

dosing i n t e r v a l .  It is  f r e q u e n t l y  d e s i r a b l e ,  t h e r e f o r e ,  t o  be 
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ab le  t o  measure the  concentration of t i c a r c i l l i n  i n  b io log ica l  

f l u i d s  during treatment t o  ensure adequate dosing. 

During the past decade, a number of s tud ie s  have employed 

bioassays of t i c a r c i l l i n  (1-5). However, the bioassays are 

sub jec t  t o  s u b s t a n t i a l  random e r r o r ,  r equ i r e  a r e l a t i v e l y  long 

incubation time, and provide l imi ted  s e n s i t i v i t y .  Furthermore, 

t i c a r c i l l i n  is invar iab ly  administered i n  combination with an 

aminoglycoside a n t i b i o t i c  which i n t e r f e r s  with the  bioassays,  

pa r t i cu la r ly  a t  low t i c a r c i l l i n  concentrations (4) .  
The high performance l i q u i d  chromatographic method described 

here  w a s  designed to  provide an accura te ,  s e n s i t i v e ,  and rap id  

t i c a r c i l l i n  assay which can be performed i n  the  presence of 

concurrently administered a n t i b i o t i c s .  

(100 111) makes the  assay r ead i ly  appl icable  t o  p e d i a t r i c  pa t i en t s .  

The small sample volume 

MATERIALS AND METHODS 

Reagents 

T i c a r c i l l i n  disodium (ana ly t i ca l  grade) w a s  a g i f t  from 

Beecham Laboratories,  Br i s to l ,  Tennessee, U.S.A. 
8-chlorotheophylline was from I C N  Pharmaceuticals, Plainview, 

New York, U.S.A.  HPLC-grade a c e t o n i t r i l e ,  e t h y l a c e t a t e ,  and 

methanol and reagent grade c i t r i c  ac id  monohydrate, sodium 

ace ta t e ,  and g l a c i a l  a c e t i c  ac id  were obtained from Fisher 

S c i e n t i f i c  Company (Fairlawn, New Jersey ,  U.S.A.). 

Standards 

A s tock  standard so lu t ion  of t i c a r c i l l i n ,  equivalent t o  

1 g/L i n  methanol, was prepared and s tored  i n  the  f r eeze r  a t  

-2OOC. Working standards were prepared d a i l y  in drug-f r e e  plasma 

t o  y ie ld  concentrations of 1 through 100 mg/L. 

standard (8-chlorotheophylline) was added t o  the  ex t r ac t ion  

so lvent  (e thyl  ace t a t e )  t o  y ie ld  a concentration of 1 mg/L. 

The i n t e r n a l  

Instrumentation 

Chromatography was performed on a Perkin-Elmer Series I1 

HPLC system equipped with a LC 75 UV/VIS v a r i a b l e  wavelength 
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u 

d e t e c t o r  i n t e r f a c e d  t o  a Sigma-10 d a t a  system. A 4.6 mm x 

12.5 c m  HC ODs 5 P - p a r t i c l e  s i z e  reversed  phase column (Perkin-  

E l m e r  Corporat ion,  Norwalk, CT, U.S.A.) w a s  used f o r  t h e  

chromatography. The d a t a  system provided a readout  of t h e  

d i g i t a l l y  i n t e g r a t e d  area under t h e  peaks, determined t h e  r e t e n -  

t i o n  times, c a l c u l a t e d  t h e  response f a c t o r s  f o r  t i c a r c i l l i n  and 

t h e  i n t e r n a l  s tandard  and p r i n t e d  t h e  r e s u l t s  i n  t h e  a p p r o p r i a t e  

concent ra t ion  u n i t s .  

Chromatographic Condit ions 

The mobile phase c o n s i s t e d  of 9% a c e t o n i t r i l e  i n  0.2 M 

sodium a c e t a t e  c o n t a i n i n g  0.35% g l a c i a l  acet ic  a c i d  (pH = 2.7) 

which was f i l t e r e d  and thoroughly degassed p r i o r  t o  use .  The 

flow rate  was 1 . 5  ml/min, and t h e  e f f l u e n t  w a s  monitored a t  

220 nm. A l l  ana lyses  were performed a t  ambient temperature .  

Procedure 

One hundred p 1  of s t a n d a r d ,  c o n t r o l ,  o r  p a t i e n t  serum w a s  

placed i n  a 1.5 m l  Eppendorf c e n t r i f u g e  tube.  To each tube  

200 p 1  of 1 M c i t r i c  a c i d  monohydrate (pH = 2.2, prepared f r e s h  

weekly and s t o r e d  r e f r i g e r a t e d )  was added and mixed. This w a s  

followed by t h e  a d d i t i o n  of 1.0 m l  of e t h y l  acetate c o n t a i n i n g  

t h e  i n t e r n a l  s tandard .  The tubes  were vor texed  v i g o r o u s l y  f o r  

a t  least 1 minute and then  c e n t r i f u g e d  f o r  3 minutes  a t  21,000 g 

i n  a Brinkman tab le- top  microcent r i fuge .  The organic  l a y e r  w a s  

then t r a n s f e r r e d  t o  a 10 x 75 mm d i s p o s a b l e  g l a s s  tube  and 

evaporated t o  a dryness  a t  40 C under a stream of n i t r o g e n .  

d r i e d  samples were r e c o n s t i t u t e d  wi th  50 ~1 of mobile phase; 

10 p 1  of which w a s  i n j e c t e d  o n t o  t h e  column. 

0 The 

RESULTS 

T i c a r c i l l i n  w a s  e x t r a c t e d  i n t o  e t h y l  acetate as its f r e e  

a c i d  a f t e r  t h e  a d d i t i o n  of c i t r i c  a c i d .  F i g u r e  1 shows t y p i c a l  

chromatographs of (A) drug-free serum e x t r a c t e d  w i t h  e t h y l  

acetate conta in ing  t h e  i n t e r n a l  s tandard ;  ( B )  drug-free serum 
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FIGURE 1. Chromatogram of blank serum, standard, and a patient 
serum. (See text for details.) 

reconstituted with 100 mg/L of ticarcillin and the internal 

standard; and (C) a chromatogram of a patient serum extract 
containing 127 mg/L of ticarcillin. 
internal standard and ticarcillin were 2.2 and 4.1 min., 
respectively. 

The retention times for 

The concentration of ticarcillin calculated from the 
integrated area under the peaks was linearily related to the 

internal standard area over a concentration range from 1.0 to 
100 mg/L. The correlation coefficient (r) was 0.999 and the 

equation for the regression line was y = 0.969 x + 1.019. 
Samples with concentrations greater than 100 mg/L were appro- 
priately diluted with normal saline and re-analyzed. 
recovery of ticarcillin from serum was 89%. 

The mean 

Table 1 shows the results of within-run and day-to-day 
precision studies conducted on spiked serum. 
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TABLE 1 

P r e c i s i o n  of T i c a r c i l l i n  Assay 

Within Run Day-to-Day 

Concentrat ion (Added) mg/L 50 20 

Concentrat ion (Obtained) mg/L 

Mean 49.7 21.4 

SD 1.8 1 . 7  

CV% 3 . 6  7.9 

n 9 8 

TABLE 2 

S t a b i l i t y  of  T i c a r c i l l i n  i n  Serum 

Week Value mg/L Week Value mg/L 

1 46.9 5 51.9 

2 50.4 6 50.7 

3 46.3 7 49.6 

4 52.9 8 49.7 

Mean (mg/L) 50.1 

- + SD 1.9 

S t a b i l i t y  s t u d i e s  were conducted us ing  a serum pool  t o  

which a known q u a n t i t y  of t i c a r c i l l i n  was added. Al iquots  of 

t h i s  pool were f rozen  a t  -2OOC and analyzed over  a per iod  of 

8 weeks. T i c a r c i l l i n  was s t a b l e  f o r  up t o  8 weeks under  t h e s e  

c o n d i t i o n s  (Table 2 ) .  

DISCUSSION 

The u l t r a v i o l e t  absorp t ion  and s o l u b i l i t y  c h a r a c t e r i t i s t i c s  of 

t i c a r c i l l i n  proved t o  be unusual ly  problematic  dur ing  t h e  develop- 

ment of a s a t i s f a c t o r y  HPLC assay .  The e x t i n c t i o n  c o e f f i c i e n t  of 

t i c a r c i l l i n  i n  t h e  U.V.  range i s  r e l a t i v e l y  low w i t h  an  a b s o r p t i o n  

maximum less than 200 nm. This  reg ion  of t h e  U.V.  spectrum is  
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u n s u i t a b l e  f o r  most ana lyses  w i t h  U.V.  d e t e c t i o n  because most 

s o l v e n t s  and many endogenous chromogens absorb below t h i s  wave- 

length ,  providing unacceptable  background absorp t ion .  By monitor ing 

t h e  e f f l u e n t  a t  220 nm w e  were a b l e  t o  reduce  t h e s e  background 

i n t e r f e r e n c e s  whi le  r e t a i n i n g  s a t i s f a c t o r y  s e n s i t i v i t y  i n  t h e  

d e t e c t i o n  of t i c a r c i l l i n .  

Because of less than  opt imal  U.V. absorbance,  i t  became 

necessary t o  e x t r a c t  t i c a r c i l l i n  from serum and c o n c e n t r a t e  i t  

p r i o r  t o  chromatography i n  order  t o  achieve  s a t i s f a c t o r y  

s e n s i t i v i t y .  

acid with a pKa of approximately 2.7, making i t  d i f f i c u l t  t o  

e x t r a c t  e f f i c i e n t l y  from a n  aqueous medium. We found t h a t  

t i c a r c i l l i n  could b e  s a t i s f a c t o r i l y  e x t r a c t e d  i n t o  e t h y l  acetate 

as t h e  f r e e  a c i d .  The f r e e  a c i d  was then  concent ra ted  by 

evaporat ing t h e  e t h y l  acetate and r e c o n s t i t u t i n g  t h e  drug  wi th  

t h e  a c i d i c  mobile phase. 

T i c a r c i l l i n  is a h i g h l y  water s o l u b l e  d i c a r b o x y l i c  

Kwan, e t  a l .  (6) employed a back-ext rac t ion  from e t h y l  

acetate i n t o  0.04 M pH 6.8 phosphate b u f f e r  t o  c o n c e n t r a t e  

t i c a r c i l l i n  and s e p a r a t e  i t  from i n t e r f e r i n g  subs tances .  However, 

w e  were unable  t o  d u p l i c a t e  t h e  recovery r e p o r t e d  by Kwan and 

found t h e  extra back e x t r a c t i o n  s t e p  t o  be cumbersome as w e l l  as 

unnecessary. 

phase condi t ions  used by Kwan t o  unacceptably s h o r t e n  t h e  

f u n c t i o n a l  l i f e  span of t h e  C-18 column and t o  b e  unnecessary 

f o r  optimal chromatography. 

I n  a d d i t i o n ,  w e  found t h e  s t r o n g  a c i d i c  mobile 

The method descr ibed  h e r e  is s p e c i f i c  and s e n s i t i v e ,  may b e  

c a r r i e d  o u t  with a s imple s i n g l e  e x t r a c t i o n  s t e p  and r e q u i r e s  

less than f i v e  minutes  f o r  e l u t i o n  of each sample. 

s i z e  of 100 p1  makes i t  a n  i d e a l  assay  f o r  u s e  i n  i n f a n t s  and 

young c h i l d r e n  where sample volume is f r e q u e n t l y  r e s t r i c t e d .  

The sample 
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