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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC MICRO-ASSAY 

FOR CEFOPERAZONE IN HUMAN PLASMA, URINE AND CSF 

* 
P h i l i p  T . R .  Hwang and Marvin C .  Meyer 

Department o f  Pharmaceutics 
Col lege  o f  Pharmacy 

Unive r s i ty  o f  Tennessee Center  f o r  t h e  Heal th  Sc iences  
Memphis, Tennessee 38163 

ABSTRACT 

A h igh  performance l i q u i d  chromatographic method is 
desc r ibed  f o r  t h e  de t e rmina t ion  of  cefoperazone i n  plasma, u r i n e  
and CSF samples.  The procedure  employs reversed-phase  chroma- 
tography,  u s i n g  hydroch lo ro th i az ide  as an i n t e r n a l  s t a n d a r d .  
The a s say  on ly  r e q u i r e s  100 pL o f  sample, wi th  d i r e c t  i n j e c t i o n  
o f  d i l u t e d  u r i n e  o r  CSF, o r  p r o t e i n  p r e c i p i t a t e d  plasma. S t a -  
b i l i t y  s t u d i e s  i n d i c a t e  t h e  need f o r  c a r e f u l  a t t e n t i o n  t o  pro-  
c e s s i n g  and s t o r a g e  cond i t ions  of  t h e  b i o l o g i c  m a t e r i a l .  The 
method i s  s p e c i f i c  f o r  cefoperazone i n  t h e  presence  o f  kanamycin, 
tobramycin,  gentamic in ,  a m p i c i l l i n  and p e n i c i l l i n  G .  The method 
has been s u c c e s s f u l l y  employed i n  t h e  a s say  o f  over 600 samples 
ob ta ined  from human c l i n i c a l  t r i a l s .  

INTRODUCTION 

Cefoperazone i s  a r e l a t i v e l y  new, t h i r d  g e n e r a t i o n ,  semi- 

s y n t h e t i c  cephalospor in  a n t i b i o t i c  which is  c u r r e n t l y  undergoing 

e x t e n s i v e  c l i n i c a l  t r i a l s  i n  humans. The drug  i s  given p r i m a r i l y  

* 
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7 4 4  HWANG AND MEYER 

by intravenous and intramuscular  i n j e c t i o n ,  s i n c e  i t  i s  poorly 

absorbed o r a l l y .  

Several  r ecen t  c l i n i c a l  and pharmacokinetic s t u d i e s  o f  cefo-  

perazone have employed microbiological  assays for  t h e  drug i n  

b i o l o g i c  f l u i d s  (1 -6 ) .  Because of  t h e  r equ i r ed  incubat ion t imes,  

such bioassays may be less use fu l  f o r  t h e  r a p i d  determinat ion of  

drug concen t r a t ions  i n  c l i n i c a l  m a t e r i a l s .  In a d d i t i o n ,  s i n c e  

s t u d i e s  i n  p a t i e n t s  o f t e n  involve t h e  concomitant o r  p r i o r  use of 

o t h e r  a n t i b i o t i c s ,  t h e  s p e c i f i c i t y  o f  chromatographic methods may 

be advantageous. 

methods € o r  serum cefoperazone have r e c e n t l y  been developed, 

using a reversed phase VBondapak C column. While one method 

employed a chloroform- 1-pentanol e x t r a c t i o n  ( 7 ) ,  t h e  o t h e r  used 

a Sep-Pak (Waters Assoc., Milford,  MA, USA) sample clean-up s t e p  

( 8 ) .  A t h i r d  procedure s e p a r a t i n g  a number o f  cefoperazone 

degradat ion products  involved g rad ien t  HPLC (9) .  None of  t hese  

methods inco rpora t ed  an i n t e r n a l  s t anda rd  i n  t h e  a s say  procedure 

and only t h e  l a t t e r  one was used t o  analyze low volume ( 0 . 1  ml) 

samples o f  serum. 

Three high performance l i q u i d  chromatographic 

18 

The p resen t  s tudy  concerns t h e  development o f  a r a p i d  

method f o r  t h e  determinat ion of  cefoperazone, using hydrochloro- 

t h i a z i d e  a s  an i n t e r n a l  s tandard.  The method employs t h e  d i r e c t  

i n j e c t i o n  o f  d i l u t e d  u r i n e  and CSF, o r  p r o t e i n - p r e c i p i t a t e d  

plasma i n t o  t h e  HPLC. 

b i l e .  

The method has  a l s o  been app l i ed  t o  human 
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MICRO-ASSAY FOR CEFOPERAZONE 7 4 5  

EXPERIMENTAL 

Reagents and Materials 

Cefoperazone (T-1551) and T-l551B, a degradation product 

obtained under acidic conditions ( l o ) ,  as well as kanamycin, 

tobramycin, gentamicin, ampicillin and penicillin G were supplied 

by Pfizer, Inc. (New York, NY). Hydrochlorothiazide was obtained 

from Merck Sharp and Dohme (West Point, PA). Acetonitrile and 

methanol were HPLC-grade, distilled-in-glass, Burdick and Jackson 

(Muskegon, MI); glacial acetic acid, ACS grade was from Fisher 

Scientific (Fairlawn, NJ); and triethylamine was from Matheson 

Coleman and Bell (Norwood, OH). 

Chromatography Equipment and Conditions 

The HPLC system (Waters Assoc., Milford, MA) consisted of a 

model 6000 solvent delivery system, a U 6 K  loop injector, a model 

440 UV absorbance detector with a 254 nm filter, a prepacked 30 

cm x 3 . 9  mm i.d. stainless steel column containing 10 pm C 

p-Bondapak, and a guard column with Bondapak phenyl/corasil as 

packing material. The chromatograms were recorded by a Fisher 

Recordall Series 500 (Fairlawn, NJ) 10 mv strip chart recorder. 

18 

The mobile phase used for the isocratic reversed-phase 

chromatography consisted of  1.2 ml triethylamine (1 M in acetoni- 

trile), 2.8 ml of 1 M acetic acid and 120 ml acetonitrile in 

deionized water to a total volume of one liter. The mobile phase 

was filtered through a Millipore filter, type HA, pore size 0.45 

pm (Millipore, Bedford, MA) and deaerated prior to use. The 
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746  HWANG AND MEYER 

chromatographic system was ope ra t ed  a t  ambient t empera tu re ,  wi th  

a flow rate  o f  2 .0  ml/min. 

Standard So lu t ions  

Three d i f f e r e n t  c o n c e n t r a t i o n  ranges  o f  cefoperazone  i n  

methanol were prepared  f o r  t h e  a n a l y s i s  o f  plasma, u r i n e  and C S F  

samples.  S tandard  cu rves  for  plasma employed methanol s o l u t i o n s  

con ta in ing  25, 50, 100 and 200 ug/ml o f  cefoperazone .  For u r i n e  

a s says  100, 200, 400 and 800 pg/ml methanol s t a n d a r d s  were p r e -  

pared ,  and 1 .25 ,  2 . 5 ,  5 and 10 pg/ml methanol s t a n d a r d s  were used 

f o r  t h e  C S F  a s says .  

day. The i n t e r n a l  s t a n d a r d ,  hydroch lo ro th i az ide ,  was a l s o  p r e -  

pared  i n  methanol a t  c o n c e n t r a t i o n s  o f  100, 400 and 5 pg/ml f o r  

t h e  a s say  o f  plasma, u r i n e  and C S F  samples,  r e s p e c t i v e l y .  This  

s o l u t i o n  was s t a b l e  f o r  a t  least  s i x  months, s t o r e d  a t  4 C .  

These s t a n d a r d s  were prepared  f r e s h  each 

0 

Standard Curves and P a t i e n t  Samples 

A 100 1-11 a l i q u o t  o f  t h e  b i o l o g i c  sample was t r a n s f e r r e d  t o  a 

15 m l  c o n i c a l  c e n t r i f u g e  tube  wi th  a mic rop ipe t .  S i m i l a r l y ,  100 

UL of  cefoperazone methanol s t anda rd  and 100 pL o f  i n t e r n a l  

s t anda rd  were added. The mixture  was vor t exed  f o r  30 s e c ,  allowed 

t o  s t a n d  f o r  1 min, and c e n t r i f u g e d  a t  1400 g and -5 C i n  a 

r e f r i g e r a t e d  c e n t r i f u g e  (Beckman, Model 5 6 ,  Palo  A l t o ,  CA) f o r  

15 min. 

1 h r  p r i o r  t o  a n a l y s i s .  

human plasma. 

0 

The samples were then  s t o r e d  a t  4OC f o r  no longe r  than  

Plasma s t anda rd  curves  employed pooled  

Urine and CSF s t anda rd  curves  were prepared  us ing  
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MICRO-ASSAY FOR CEFOPERALONE 747 

deionized water .  Blank samples f o r  t h e  s tandard curves were 

prepared using 200 VL of methanol i n s t e a d  of t h e  drug and i n t e r n a l  

s t anda rd  s o l u t i o n s ,  and p a t i e n t  samples were assayed by s u b s t i -  

t u t i n g  100 VL of methanol f o r  t h e  drug s tandard s o l u t i o n .  

t a t i o n  of  cefoperazone concen t r a t ions  employed unweighted least-  

squares  r eg res s ion  of p l o t s  of peak he igh t  r a t i o  (cefoperazone/ 

i n t e r n a l  s tandard)  versus  cefoperazone concen t r a t ion .  

Quanti- 

The d e t e c t o r  s e n s i t i v i t y  was set  a t  0.01-0.02, 0.05 and 

0.005 a . u . f . s .  f o r  t h e  assay o f  plasma, u r i n e  and CSF, respec-  

t i v e l y .  The i n j e c t i o n  volume was 10-15 pL, 5 VL and 75-100 VL 

f o r  t h e  plasma, u r i n e  and CSF samples, r e s p e c t i v e l y .  

Assay S p e c i f i c i t y  

Pooled human plasma samples were prepared con ta in ing  100 

pg/ml of kanamycin, tobramycin, gentamicin,  a m p i c i l l i n ,  p e n i c i l -  

l i n  G ,  and T-1551B, a p o t e n t i a l  degradat ion product ,  i n  a n t i c i -  

p a t i o n  of t h e  presence of  some of  t h e s e  m a t e r i a l s  i n  p a t i e n t  

samples. These plasma samples were then c a r r i e d  through t h e  

assay procedure.  

S t a b i l i t y  S tud ie s  

The e f f e c t  of  

zone specimens was 

s to rage  on t h e  s t a b i l i t y  o f  va r ious  cefopera-  

a l s o  determined. Pooled human plasma was 

f o r t i f i e d  with 50 pg/ml of  cefoperazone, and pooled human u r i n e  

was f o r t i f i e d  with 400 ug/ml of cefoperazone. Aliquots  of  each 

were then s t o r e d  a t  5 C and -15 C ,  wi th  assays a t  0 ,  1, 3 ,  7 and 0 0 
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7 48 HWANG AND MEYER 

14 days a f te r  p repa ra t ion .  F u r t h e r ,  d i l u t e d  plasma and u r i n e  

samples, prepared a s  descr ibed e a r l i e r  up t o  t h e  p o i n t  of  i n j e c -  

t i o n  i n t o  t h e  HPLC, were s t o r e d  a t  5 O C ,  with assay 0 ,  24, 48 and 

72 h r  a f t e r  p repa ra t ion .  These samples were a l s o  s t o r e d  a t  room 

temperature [approximately 25 C) with assay 0 ,  1, 2 ,  3, 8,  24 and 

48 h r  a f t e r  p repa ra t ion .  In a d d i t i o n ,  100 pg/ml methanol s o l u -  

t i o n s  of  cefoperazone were s t o r e d  a t  5 C ,  with assay a t  0 ,  1, 3, 

7 and 1 4  days a f t e r  p repa ra t ion .  These samples were a l s o  s t o r e d  

a t  room temperature  and were assayed 0,  1, 2 ,  3, 8, 24 and 48 h r  

a f t e r  p repa ra t ion .  

0 

0 

RESULTS AND DISCUSSION 

Figure 1 i l l u s t r a t e s  t y p i c a l  chromatograms f o r  t h e  assay of 

p a t i e n t  plasma, u r i n e  and CSF samples. The r e t e n t i o n  times f o r  

t h e  i n t e r n a l  s t anda rd  and t h e  cefoperazone were 5-6 and 9-10 min, 

r e s p e c t i v e l y ,  depending on t h e  age and cond i t ion  of  t h e  column. 

Blank samples con ta in ing  no drug o r  i n t e r n a l  s tandard were f r e e  

from any i n t e r f e r i n g  peaks i n  t h e  v i c i n i t y  of  t h e  drug and i n t e r -  

n a l  s tandard.  Peaks observed with plasma samples f o r t i f i e d  with 

100 Ug/ml of  o t h e r  a n t i b i o t i c s  were well resolved from both t h e  

drug and t h e  i n t e r n a l  s t anda rd .  

i n t e r n a l  s t anda rd  and p e n i c i l l i n  G af te r  t h e  cefoperazone. 

peaks were found i n  samples con ta in ing  kanamycin, gentamicin o r  

tobramycin and t h e s e  drugs presumably e l u t e d  with t h e  so lven t  

peak o r  were r e t a i n e d  on t h e  column. 

Ampici l l in  e l u t e d  be fo re  t h e  

No 

A l a r g e  peak was observed 
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FIGURE 1 - Chromatograms from t h e  a s say  o f  plasma, u r i n e  and CSF 
obtained from p a t i e n t s  r e c e i v i n g  cefoperazone (CEF), 
with hydroch lo ro th i az ide  as t h e  i n t e r n a l  s t anda rd  ( I S ) .  
(A) Plasma con ta in ing  100 pg/ml. (B) Urine con ta in ing  
269 pg/ml. (C) CSF con ta in ing  2 pg/ml. 
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750 HWANG AND MEYER 

with T- lSS lB ,  a degradat ion product under a c i d i c  c o n d i t i o n s ,  but  

t h e  r e t e n t i o n  time f o r  t h i s  ma te r i a l  was 23  min. Samples con- 

t a i n i n g  m e t h i c i l l i n  exh ib i t ed  a small  peak which overlapped with 

t h a t  of  cefoperazone. However, even i n  serum samples containing 

1000 pg/ml o f  m e t h i c i l l i n  t h e  peak was less than  10 mm i n  h e i g h t .  

Plasma, u r i n e  and CSF s tandard curves exh ib i t ed  e x c e l l e n t  

l i n e a r i t y ,  with c o r r e l a t i o n  c o e f f i c i e n t s  g r e a t e r  than 0.99 i n  

each case .  Table I summarizes t h e  r e s u l t s  of t h e  p r e c i s i o n  

s t u d i e s  f o r  f o u r  plasma o r  u r i n e  and t h r e e  CSF s t anda rds  assayed 

on a s i n g l e  day o r  i n d i v i d u a l l y  on t h r e e  t o  fou r  s e p a r a t e  days.  

In each assay t h e  r ecove r i e s  were a t  l e a s t  95 pe rcen t  and t h e  

r e l a t i v e  s t anda rd  dev ia t ions  ranged from 1 t o  7 pe rcen t .  

A s e r i e s  o f  s t a b i l i t y  s t u d i e s  were conducted with t h e  plasma, 

u r i n e  and CSF s t anda rds .  

s t o r e d  a t  -15OC exh ib i t ed  approximately 2 percen t  loss af ter  1 4  

days. In c o n t r a s t ,  t h e  ex ten t  o f  degradat ion f o r  t hese  same 

samples s t o r e d  a t  5 C ranged from 11 percent  a f t e r  1 day t o  66 

percent  a f t e r  14 days f o r  t h e  plasma, and from 2 percent  a f t e r  1 

day t o  16 pe rcen t  a f t e r  14 days f o r  t h e  u r i n e  samples. 

methanol s o l u t i o n s  of cefoperazone showed less than 3 pe rcen t  

degradation f o r  up t o  3 h r  a t  room temperature,  bu t  a 29 pe rcen t  

l o s s  a f t e r  24 h r .  When t h e  methanol s o l u t i o n s  were s t o r e d  a t  

5 O C  t h e r e  was less than 8 percent  degradat ion a f t e r  24 h r ,  bu t  39 

percent  l o s s  a f t e r  14 days. These r e s u l t s  c l e a r l y  i n d i c a t e  t h e  

The plasma and u r i n e  samples which were 

0 

The 
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MICRO-ASSAY FOR CEFOPERAZONE 75 1 

TABLE I 
* 

WITHIN-DAY AND BETWEEN-DAY PRECISION OF CEFOPERAZONE ASSAY 

Within-Day P rec i s ion  

Serum Standards Urine Standards CSF Standards 

Added Found 2S.D. Added Found S . D .  Added Found 2S.D. 
(ug/mI) (w/ml )  (ug/m1) (vg/ml) (vg/m1) (pg/rnl) 

23.9 22 .7 t0 .6  95.4 97.6k1.2 1 .2  .98*0,02 

47.7 44.851.1 190.8 192.428.2 2.4 2.420.1 

95.4 91.851.0 381.6 385.027.5 4.8 4.720.3 

190.8 189.726.0 763.2 767.7i11.4 9.5 9.9t0.1 

Between-Dav P rec i s ion  

Serum Standards Urine Standards CSF Standards 

Added Found 2S.D. Added Found G . D .  Added Found 2S.D. 
Iug/ml) (ug/ml) (w/ml)  ( w / m 1 )  (ug/ml) (vg/m1) 

23.9 24.3t1.2 95.4 95.222.2 1 .2  1. O k O .  06 

47.7 46.7+2.8 190.8 192.4+4.7 2.4 2.4k0.17 

95.4 95.2k3.7 381.6 383.829.7 4.8 4.720.30 

190.8 191.8k4.6 763.2 770.4k9.5 9 .5  9.650.6 

* 
N = 4 r e p l i c a t e s  f o r  serum and u r i n e ,  3 r e p l i c a t e s  f o r  CSF (+S.D.) 
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752 HWANG AND M N E R  

importance of  using f r e s h l y  prepared and p rope r ly  s t o r e d  methanol 

s o l u t i o n s  o f  cefoperazone i n  t h e  development o f  s t anda rd  curves.  

S tud ie s  were a l s o  conducted on t h e  methanol d i l u t e d  plasma 
0 

and u r i n e  samples s t o r e d  a t  room temperature and a t  5 C .  

h r  a t  5 C t h e  d i l u t e d  plasma and u r i n e  samples exh ib i t ed  a 5 and 

8 percent  l o s s  of  cefoperazone, r e s p e c t i v e l y .  In c o n t r a s t  a 20 

percent  degradat ion was evident  i n  such samples when s t o r e d  f o r  

only 8 h r  a t  room temperature .  These r e s u l t s  i n d i c a t e  t h a t  it i s  

no t  p o s s i b l e  t o  p repa re  a l a r g e  number of  plasma o r  u r i n e  samples 

After 24 

0 

a t  one t ime.  In s t ead  i t  i s  adv i sab le  t o  prepare only 3-4 methanol 

d i l u t e d  samples, and s t o r e  t h e s e  samples a t  S0C u n t i l  j u s t  be fo re  

they a r e  t o  be i n j e c t e d  i n t o  t h e  HPLC. 

have a l s o  noted t h e  i n s t a b i l i t y  o f  cefoperazone i n  methanol and 

i n  unbuffered CSF a t  room temperature.  

d i l u t i n g  CSF with pH 4 . 3  a c e t a t e  b u f f e r  t o  reduce t h e  pH of  such 

samples. However, t hey  d i d  no t  r e p o r t  t h e  s t a b i l i t y  of CSF 

samples which were s t o r e d  frozen a f t e r  t h e  add i t ion  of t h e  b u f f e r .  

The lack of  a supply of human CSF precluded a s t a b i l i t y  a s ses s -  

ment a s  p a r t  of t h e  p re sen t  s tudy .  However, CSF samples obtained 

from p a t i e n t s  r ece iv ing  cefoperazone were maintained a t  -15 C and 

assayed a s  soon as p o s s i b l e  a f t e r  c o l l e c t i o n .  Fu r the r ,  only 1-2  

samples were c a r r i e d  through t h e  a s say  a t  any given t ime,  and 

these  were kept  a t  S0C f o r  t h e  b r i e f  pe r iod  of  time between 

sample thawing and i n j e c t i o n  i n t o  t h e  HPLC. 

Kinniburgh -_  e t  a l .  (11) 

These au tho r s  suggest  
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Assay o f  P a t i e n t  Samples 

Thus f a r  t h e  assay method has been employed f o r  t h e  assay 

of  over  500 serum, 60 u r i n e  and 60 CSF samples obtained from 

p a t i e n t s  who have received cefoperazone. The ma jo r i ty  of t h e s e  

samples exh ib i t ed  cefoperazone concen t r a t ions  which f e l l  w i th in  

t h e  range of  concentrat ions employed f o r  t h e  s tandard curves.  In 

a d d i t i o n ,  b i l e  samples obtained from a p a t i e n t  being t r e a t e d  f o r  

b i l i a r y  t r a c t  s e p s i s  were assayed using t h e  method and concentra- 

t i o n s  i n  excess of  500 pg/ml were observed. The b i l e  was d i l u t e d  

1 : 2  with 50 mM, pH 7 phosphate b u f f e r  and s t o r e d  frozen u n t i l  

assayed. Cefoperazone i s  r epor t ed  t o  be ex tens ive ly  exc re t ed  i n  

t h e  b i l e ,  and less than one percent  of t h e  drug has  been found a s  

me tabo l i t e s  i n  t h e  u r ine  of  humans (12).  

I t  is concluded t h e  method i s  r a p i d ,  e x h i b i t s  adequate 

s e n s i t i v i t y  and s p e c i f i c i t y ,  and i s  use fu l  i n  t h e  a n a l y s i s  of  

b i o l o g i c  ma te r i a l  obtained during t h e  course of  t reatment  o f  

p a t i e n t s  with cefoperazone. 
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