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H I  GH-PERFORMANCE L I QU I D  CHROMATOGRAPH I C DETERMINATION OF 

CEFTAZIDIME I N  SERUM, URINE, CSF AND PERITONEAL DIALYSIS FLUID 

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

Department o f  Pharmaceutics 
College o f  Pharmacy 

Un ive rs i t y  o f  Tennessee Center f o r  the  Health Sciences 
Memphis, Tennessee 28163 

ABSTRACT 

A rapid,  sens i t i ve  and s p e c i f i c  h igh  performance l i q u i d  
chromatographic method i s  described f o r  t he  determinat ion o f  
cef tazidime i n  serum, urine, CSF and per i tonea l  d i a l y s i s  f l u i d .  
The procedure employs reversed-phase chromatography, using 
hydrochlorothiazide as an i n t e r n a l  standard. The assay on ly  
requires 100 p1 o f  sample w i 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  urine, 
CSF, per i tonea l  d i a l y s i s  f l u i d  o r  p r o t e i n  p rec ip i t a ted  serum. 
S t a b i l i t y  studies i nd i ca te  good drug recovery i f  u r i n e  and serum 
are stored under proper condi t ions.  The method i s  s p e c i f i c  f o r  
cef tazidime i n  t h e  presence o f  amikacin, gentamicin, kanamycin, 
tobramycin, m e t h i c i l l  i n ,  pen ic i  11 i n  G, amp ic i l l  i n ,  chloramphenicol 
and caffeine. The method has been successful ly employed i n  t h e  
assay o f  over 700 samples obtained dur ing  human c l i n i c a l  t r i a l s .  

INTRODUCTION 
TM Ceftazidime (Fortaz ) ,  developed by Glaxo Group Research, i s  

a beta-lactamase r e s i s t a n t  cephal ospor in a n t i b i o t i c  f o r  parenteral  

administrat ion.  Ceftazidime e x h i b i t s  good i n  v i t r o  a c t i v i t y  

* 
Author t o  whom correspondence should be addressed. 
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980 HWANG, DREXLER, AND MEYER 

against a wide range o f  gram negat ive pathogens and most gram 

p o s i t i v e  organisms. P a r t i c u l a r l y  noteworthy i s  i t s  exce l l en t  

a c t i v i t y  against Pseudomonas aerusinosa (1). 

The present study concerns t h e  development o f  a HPLC method 

f o r  t he  determinat ion o f  ceftazidime, using hydrochlorothiazide as 

an in te rna l  standard. The method employs the  d i r e c t  i n j e c t i o n  o f  

d i l u t e d  ur ine,  CSF, per i tonea l  d i a l y s i s  f l u i d  o r  p r o t e i n  p rec ip i -  

t a ted  serum i n t o  t h e  HPLC, and i s  based on an e a r l i e r  method 

developed f o r  cefoperazone (2). 

EXPERIMENTAL 

Reagents and Mater ia ls  

HPLC grade a c e t o n i t r i l e  and methanol and ACS grade sodium 

hydroxide and g l a c i a l  ace t i c  ac id  were from Fisher S c i e n t i f i c  

Company ( F a i r  Lawn, NJ). The per i tonea l  d i a l y s i s  f l u i d  was Dianeal 

137 with 1.5% dextrose from Travenol Laboratories, Inc. (Deerf ie ld,  

IL) .  Glaxo Inc. (Research Tr iang le  Park, N. C.) suppl ied t h e  

ceftazidime pentahydrate. Hydrochlorothiazide was suppl ied by 

Merck Sharp and Dohme (West Point, PA). M e t h i c i l l i n ,  a m p i c i l l i n ,  

p e n i c i l l i n  G, kanamycin, tobramycin and gentamicin were obtained 

from P f  i zer Qua1 i ty Control (Brook1 yn  , NY) . Chl orampheni co l  was 

suppl ied by Parke Davis (Det ro i t ,  M I )  and amikacin was suppl ied by 

B r i s t o l  Labs (Syracuse, N Y ) .  Caffeine was purchased from Sigma 

(St. Louis, MO). 

Chromatography Equipment and Condit ions 

The HPLC system (Waters ASSOC., M i l f o rd ,  MA) consisted o f  a 

model 6000A solvent d e l i v e r y  system; a U6K loop in jec to r ;  a model 
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CEFTAZIDIME IN SERUM, URINE, CSF, AND DIALYSIS FLUID 98 1 

440 UV absorbance de tec tor  w i t h  a 254 nm f i l t e r ;  a guard column 

conta in ing  Bondapak pheny l l coras i l ;  and a prepacked 30 cm x 3.9 mn 

i.d. s ta in less  s tee l  column conta in ing  10 pm c18 p-Bondapak. The 

chromatograms were recorded by a 10 mv s t r i p  char t  recorder (Fisher 

Recordal l ,  Series 500, Fair lawn, NJ) a t  a char t  speed o f  0.25 cml 

minute. The chromatographic system was operated a t  ambient temper- 

ature w i t h  a f l ow  r a t e  o f  2.0 mllminute hnd a column pressure o f  

approximately 2000 psi.  The de tec tor  was employed a t  0.02 o r  0.05 

a.u.f.s., and a 10-15 p l  sample i n j e c t i o n  volume was used, 

The mobile phase was prepared by combining 20 m l  o f  g l a c i a l  

ace t i c  acid, 200 m l  deionized water, and 120 m l  o f  a c e t o n i t r i l e .  

The resu l tan t  s o l u t i o n  was thoroughly mixed before b r ing ing  the  

f i n a l  volume t o  2000 ml with deionized water. The pH o f  t h e  solu- 

t i o n  was adjusted t o  pH 4.0 w i t h  a 6N sodium hydroxide solut ion.  

The mobile phase was f i l t e r e d  through a M i l l i p o r e  f i l t e r ,  t ype  HA, 

pore s i z e  0.45 pm (M i l l i po re ,  Bedford, MA) p r i o r  t o  use. 

Standard Solut ions 

Four d i f f e r e n t  concentrat ion ranges o f  cef tazidime i n  methanol 

were prepared f o r  t h e  ana lys is  o f  serum, urine, CSF and per i tonea l  

d i a l y s i s  f l u i d  samples. Standard curves f o r  serum employed metha- 

nol so lu t ions  conta in ing  25, 50, 100 and 200 pglml o f  ceftazidime. 

For u r i n e  assays 100, 200, 400 and 800 pglml methanol standards 

were employed. For CSF assays 1.25, 2.5, 5 and 10 pglml methanol 

standards were used, and 50, 100, 200 and 400 u g h 1  methanol stand- 

ards were used f o r  t h e  per i tonea l  d i a l y s i s  assays. These standards 

were prepared f resh  each day. The in te rna l  standard, hydrochloro- 
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982 HWANG, DREXLER, AND MEYER 

t h i a z i d e  was a lso  prepared i n  methanol a t  concentrat ions o f  100, 

400 and 5 u g h 1  f o r  t h e  assay o f  plasma, u r i ne  and per i tonea l  d i a l -  

y s i s  f l u i d ,  and CSF, respec t ive ly .  Methanol so lu t i ons  o f  hydro- 

ch lo ro th iaz ide  were s tab le  f o r  a t  l e a s t  6 months, stored a t  4OC. 

Standard Curves and Pa t ien t  Samples 

A 100 111 a l i q u o t  o f  each sample was t rans fe r red  t o  a 15ml con- 

i c a l  cen t r i f uge  tube w i th  a micropipet,  along w i t h  100 u l  o f  ce f ta -  

zidime methanol standard and 100 p1 o f  i n t e r n a l  standard. The mix- 

t u r e  was vortexed (Vortex-Genie, Ace S c i e n t i f i c  Supply, Linden, NJ) 

f o r  30 seconds, then cent r i fuged a t  1400 xg and O°C i n  a r e f r i g -  

erated cen t r i f uge  (Beckman, Model 56, Palo A l to ,  CA) f o r  15 min- 

utes. Serum and u r i n e  standard curves employed pooled, drug f r e e  

human serum and urine. 

deionized water. Dianeal 137 w i t h  1.5% dextrose was employed t o  

prepare standard curves f o r  per i tonea l  d i a l y s i s  f l u i d .  Blank sam- 

ples f o r  the  standard curves were prepared using 200 u1 o f  methanol 

instead o f  t h e  drug and i n t e r n a l  standard so lu t ions ,  and pa t i en t  

samples were assayed by s u b s t i t u t i n g  100 u1 o f  methanol f o r  t he  

drug standard so lu t ion .  Q u a n t i t a t i o n  o f  ceftazidime concentrat ions 

employed l e a s t  squares regression of p l o t s  o f  peak height r a t i o  

(ce f taz id ime/ i  n te rna l  standard) versus ce f taz i  dime concentrat ion. 

Standard curves f o r  CSF were prepared using 

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

Samples conta in ing  1000 u g h 1  o f  gentamicin, kanamycin, tobra- 

myci n, peni c i  1 1 i n  G , methi c i  1 1 in,  ami kaci  n , ampici 1 1 in,  ch l  oram- 

phenicol and ca f fe ine  were assayed t o  determine t h e  p o s s i b i l i t y  o f  

in te r fe rence should these compounds be present i n  p a t i e n t  samples. 
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CEFTAZIDIME IN SERUM, URINE, CSF, AND DIALYSIS FLUID 983 

S t a b i l i t y  Studies 

Pooled human serum, human u r i n e  o f  pH 5 and pH 8, and Dianeal 

137 w i th  1.5% dextrose (pH 5.1) were f o r t i f i e d  w i t h  cef tazidime i n  

concentrat ions o f  100, 400, 400 and 100 pg/ml, respect ively.  

samples were then assayed a f t e r  storage f o r  0, 0.5, 1, 2 ,  4, 8, 24 

and 48 hours a t  ambient temperature. 

I nd i v idua l  1 m l  a l i quo ts  o f  serum and pH 5.5 ur ine,  containing 

The 

100 pg/ml and 400 pg/ml o f  ceftazidime, respect ively,  were stored 

a t  -15'C and -7OOC f o r  30 days. These samples were assayed a f t e r  

1, 3, 14 and 30 days o f  storage, and the  r e s u l t s  were compared t o  

those from f r e s h l y  prepared samples. 

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 he  assay o f  

pa t i en t  serum, u r i ne  and CSF samples. The re ten t i on  t imes f o r  t h e  

i n t e r n a l  standard and t h e  ce f ta t i d ime  were about 6 min and 11 min, 

respec t ive ly .  Blank samples conta in ing  no drug o r  i n t e r n a l  

standard were f r e e  from any i n t e r f e r i n g  peaks i n  the  v i c i n i t y  o f  

t he  drug and i n t e r n a l  standard. Peaks observed w i t h  serum samples 

f o r t i f i e d  w i t h  1000 pg/ml o f  o ther  a n t i b i o t i c s  and ca f fe ine  were 

we l l  resolved from both t h e  drug and in te rna l  standard. The reten- 

t i o n  t imes were 5 ,  10, 18 and 37 minutes f o r  amikacin, a m p i c i l l i n ,  

ca f fe ine  and chloramphenicol, respect ively.  No peaks were found i n  

samples conta in ing  kanamycin, gentamicin, tobramycin, p e n i c i l l  i n  G 

o r  m e t h i c i l l i n ,  and these drugs presumably e lu ted  w i t h  t h e  solvent 

peak o r  were re ta ined on t h e  column. 
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984 HWANG, DREXLER, AND MEYER 

C 

‘i_ 5 10 15 

MINUTES 

FIGURE 1 - Chromatograms from the  assay o f  samples obtained from 
pat ien ts  rece iv ing  intravenous ce f taz id ime (CA2). 
( A )  u r i n e  conta in ing  417 wg/ml. (B) serum conta in ing  
97 pg/ml. (C) CSF conta in ing  4.7 pg/ml. I.S. i s  
i n t e r n a l  standard. 

C a l i b r a t i o n  curves f o r  peak he igh t  r a t i o  versus ceftazidime 

serum, ur ine,  CSF and d i a l y s i s  f l u i d  a l l  exh ib i t ed  exce l l en t  

l i n e a r i t y ,  w i t h  n e g l i g i b l e  i n te rcep ts  and c o r r e l a t i o n  c o e f f i c i e n t s  

which were cons is ten t l y  i n  t h e  range o f  0.998-0.999. The lower 

l i m i t  o f  de tec t i on  was 0.5 pg/ml, and the  recovery o f  drug was con- 

s i s t e n t l y  a t  l e a s t  95 percent. Table I summarizes t h e  r e s u l t s  o f  

t he  p rec i s ion  s tud ies  f o r  f o u r  serum, u r i ne  and CSF standards 

assayed on a s ing le  day, o r  i n d i v i d u a l l y  on f o u r  separate days. 

The ambient temperature s t a b i l i t y  studies exh ib i t ed  c e f t a z i -  

dime recover ies a f t e r  24 and 48 h r  o f  100 and 99 percent f o r  d i a l -  

y s i s  f lu id ,  101 and 96 percent f o r  pH 5 u r ine ,  86 and 80 percent 
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CEFTAZIDIME I N  SERUM, URINE, CSF, AND DIALYSIS FLUID 985 

TABLE I 

WITH IN-DAY AND BETWEEN-DAY PRECI s I ON OF CEFTAZ ID IME ASSAY * 
Within-Day Prec is ion  

Serum Standards 
Added Found 

( w / m l )  ( d m l )  

21.5 20.820.6 

43.1 42.5i0.9 

86.2 86.1i1.2 

172.4 168.7k2.3 

Serum Standards 
Added Found 

(m/ml )  (ug/ml) 

21.5 20.4k1.1 

43.1 42.9k1.3 

86.2 85.4i1.9 

172.4 170.4k4.5 

Ur ine  Standards CSF Standards 
Added Found Added Found 

(pg/ml) ( w / m l )  I d m l )  ( w / m l )  

86.2 85.1k3.4 1.08 0.97k0.04 

172.4 172.3k2.7 2.16 2.00k0.03 

344.8 342.4k3.3 4.31 4.26k0.29 

689.6 686.028.4 8.62 8.4220.35 

Between-Day Prec is ion  

Ur ine  Standards CSF Standards 
Added Found Added Found 

( w / m T  1 (pg/ml) j vg /ml )  ( u g h 1  1 
86.2 84.1k2.5 1.08 0.95k0.05 

172.4 168.4k5.5 2.16 2.03i0.04 

344.8 338.9k8.6 4.31 4.10k0.10 

689.6 683.8k9.7 8.62 8.86k0.55 

* 
N = 4 rep l i ca tes  f o r  serum, u r i n e  and CSF (2S.D.) 

f o r  pH 8 ur ine, and 29 and 4 percent f o r  serum, respect ively.  The 

marked d e t e r i o r a t i o n  o f  cef tazidime i n  serum samples a t  ambient 

temperature precludes the  storage of serum samples conta in ing  

ceftazidime f o r  any appreciable l eng th  o f  t ime a t  ambient tempera- 

ture. The s t a b i l i t y  of cef tazidime i n  per i tonea l  d i a l y s i s  f l u i d  

over 48 hr  a t  ambient temperature makes poss ib le  t h e  advance pre- 

pa ra t i on  of ceftazidime d i a l y s i s  f l u i d s  f o r  i n t rape r i t onea l  admin- 
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986 HWANG, DREXLER, AND MEYER 

i s t r a t i o n .  Ceftazidime recovery a f t e r  storage a t  -15OC fo r  3, 14 

and 30 days was 105, 94 and 88 percent f o r  pH 5.5 urine, and 99, 

108 and 86 percent f o r  serum, respect ively.  

samples increased when stored a t  -70°C, w i t h  cef tazidime recoveries 

o f  99 and 101 percent f o r  t he  ur ine,  and 97 and 91 percent f o r  t h e  

serum, respect ively,  a f t e r  3 and 30 days o f  storage. 

The s t a b i l i t y  o f  the  

Assay o f  Pa t ien t  Samples 

Th is  assay method has been employed f o r  over one year i n  t h e  

analysis o f  human serum, u r ine ,  CSF and per i tonea l  d i a l y s i s  f l u i d  

from pa t ien ts  p a r t i c i p a t i n g  i n  c l i n i c a l  t r i a l s .  Serum ceftazidirne 

concentrat ions have usua l ly  been i n  t h e  range o f  10-200 pg/ml, i n  

agreement w i t h  e a r l i e r  work (3) .  Ur ine  drug concentrat ions were 

usua l l y  between 100-800 vg/ml. Ur ine  concentrat ions above t h i s  

range were e a s i l y  d i l u t e d  p r i o r  t o  assay. The CSF and per i tonea l  

d i a l y s i s  f l u i d  drug concentrat ions have usua l l y  been i n  the  range 

o f  1-10 pg/ml and 10-100 pg/ml, respect ively.  

It i s  concluded t h a t  t he  method i s  rapid,  sens i t i ve  and does 

not e x h i b i t  in te r fe rences  from a number o f  o ther  drugs which may be 

present i n  samples obtained from pat ients.  The primary advantage 

o f  t h i s  method i s  t h e  use o f  hydrochlorothiazide, which i s  q u i t e  

stable, as t h e  i n t e r n a l  standard. An e a r l i e r  assay ( 4 )  employed 

cephalexin as t h e  i n t e r n a l  standard, and t h i s  drug i s  considerably 

l ess  s tab le  (5,6) than i s  hydrochlorothiazide. 
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