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HIGH PRESSURE LIQUID CHROMATO- 
GRAPHIC ANALYSIS FOR QUANTITATION 

HUMAN AND RABBIT SERUM 
OF BMY-28142 AND CEFTAZIDIME IN 

Claudine E. Fasching, Lance R. Peterson, 
and Dale N. Gerding 

Infectious Disease Section 
Medical Service and Microbiology Section 

Laboratory Service 
Veterans Administration Medical Center 

Minneapolis, Minnesota 5541 7 

ABSTRACT 

The q u a n t i t a t i v e  measurement of  BMY-28142 and c e f -  
t a z i d i m e  i n  serum a f t e r  p r o t e i n  p r e c i p i t a t i o n  were  
compared  u s i n g  a r e v e r s e - p h a s e  l l q u i d  c h r o m a t o g r a p h i c  
( L C )  method. D e t e c t i o n  u s i n g  u l t r a v i o l e t  abso rbance  a t  
275 nm g a v e  a s e n s i t i v i t y  o f  1.0 mcg/ml and  1.5 mcg/ml 
f o r  BMY-28142 and c e f t a z i d i m e  r e s p e c t i v e l y ,  and b o t h  
g a v e  l i n e a r  r e s p o n s e  t o  c o n c e n t r a t i o n  o f  a t  l e a s t  80 
mcg/ml. Drug r e c o v e r y  a f t e r  s ample  d e p r o t e i n a t i o n  was 
1 0 4 %  f o r  BMY-28142 i n  r a b b i t  s e r u m  and 93% i n  human 
se rum.  R e s u l t s  i n d i c a t e  a p r e c i s e  and a c c u r a t e  a s s a y  
f o r  t h i s  d r u g  can be o b t a i n e d  u s i n g  a s i m p l e  L C  method. 

I N T R O D U C T I O N  

High-pressure  l i q u i d  chromatography is  i n  wide use 
f o r  a n a l y t i c a l  d e t e r m i n a t i o n  o f  many a n t i m i c r o b i a l s  
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1804 FASCHINC, PETERSON, AND CERDING 

( 1 ,  2 ,  3 ) .  BMY-28142 and c e f t a z i d i m e ,  s e m i s y n t h e t i c  
c e p h a l o s p o r i n s  w i t h  c l o s e  s t r u c t u r a l  s i m i l a r i t y ,  a r e  
b r o a d  s p e c t r u m  a n t i b i o t i c s  u n d e r  c u r r e n t  e v a l u a t i o n  
( F i g u r e  1 ) .  Q u a n t i t a t i v e  a n a l y s i s  o f  c e f t a z i d i r n e  i s  
a v a i l a b l e  ( 4 ,  5 ,  6 )  f o r  p h a r m a c o k i n e t i c  t e s t i n g  ( 7 ,  8 ,  
9 ,  1 0 )  and 9 v i v o  s u s c e p t i b i l i t y  s t u d i e s  ( 1 1 ,  1 2 ) .  
T h i s  q u a n t i t a t i o n  i s  r e q u i r e d  f o r  p rope r  c o r r e l a t i o n  of 
r e s u l t s  t o  i n  v i t r o  d a t a  ( 1 3 ,  1 4 ,  1 5 ,  1 6 ) .  Use o f  t h e  
L C  f o r  BMY-28142 i s  d e s i r a b l e  b e c a u s e  o f  t h e  
s e n s i t i v i t y ,  s p e c i f i c i t y  and h igh  d e g r e e  o f  p r e c i s i o n  of  
t h e  L C  method. For new a g e n t s ,  an LC a s s a y  i s  g e n e r a l l y  
p r e f e r r e d  o v e r  t h e  s t a n d a r d  m i c r o b i o l o g i c a l  a s s a y  which 
l a c k s  s p e c i f i c i t y ,  o f t e n  c a n n o t  b e  used  w h e n  m u l t i p l e  
a n t i b i o t i c s  a r e  p r e s e n t  i n  s a m p l e s ,  a n d  d o e s  n o t  
d i s t i n g u i s h  b i o l o g i c a l l y  a c t i v e  m e t a b o l i t e s  f rom t h e  
p a r e n t  compound. T h e  p u r p o s e  o f  t h i s  p a p e r  i s  t o  i )  
d e s c r i b e  a LC methodology f o r  BMY-28142, i i )  t o  compare 
t h e  LC a s s a y  t o  a m i c r o b i o l o g i c a l  a s say  f o r  BMY-28142, 
and i ii) t o  d e s c r i b e  a s i m i l a r  L C  a s s a y  f o r  c e f t a z i d i m e .  

MATERIALS AND METHODS 

- T e s t  samples .  

S t o c k  s o l u t i o n s  o f  BMY-28142 and c e f t a z i d i m e  were  
made from r e f e r e n c e  powders  combined  w i t h  s t e r i l e  
p h o s p h a t e  b u f f e r e d  s a l i n e  ( P B S )  pH 7 . 2  t o  make a 
c o n c e n t r a t i o n  o f  1000 mcg/ml and s t o r e d  i n  0.5 m l  
a l i q u o t s  a t  -7OOC. Serum u s e d  f o r  a n a l y s i s  deve lopment  
was e i t h e r  p o o l e d  human serum (PHS) c o l l e c t e d  i n  o u r  
l a b o r a t o r y  o r  c o m m e r c i a l  r a b b i t  serum (CRS) ( G i b c o )  t o  
which a n t i b i o t i c s  were added i n  v i t r o .  C u r r e n t  s u p p l i e s  
o f  BMY-28142 w e r e  n o t  s u f f i c i e n t  f o r  in v i v o  human 
s t u d i e s  o r  extended an ima l  i n v e s t i g a t i o n .  

M i c r o b i o l o g i c a l  a s s a y .  

A s t a n d a r d  a g a r  d i f f u s i o n  t e c h n i q u e  ( 1 7 , 1 8 , 1 9 )  
employing E. c o l i  ATCC #lo536 a s  i n d i c a t o r  organism was 
u s e d .  Volumes  o f  1 0  m l  o f  a n t i b i o t i c  a g a r  I 1  ( D i f c o  
L a b o r a t o r i e s )  which  c o n t a i n e d  a 0.152 s u s p e n s i o n  o f  
organism,  which had been grown o v e r n i g h t  i n  t r y p t i c  soy 
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BMY-28142 AND CEFTAZIMIDE IN SERUM 1805 

Cef tazadime 

BMY-28142 

FIGURE 1 .  S t r u c t u r e  of BMY-28142 and c e f t a z i d i m e .  

b r o t h  ( D i f c o ) ,  were d i s p e n s e d  i n t o  15 X 100 m m  P e t r i  
d i s h e s  ( F a l c o n )  a n d  l e f t  t o  h a r d e n  o n  a l e v e l  s u r f a c e .  
Twenty  mcl o f  serum s a m p l e  c o n t a i n i n g  BMY-28142 were 
p l a c e d  i n t o  w e l l s  t h a t  h a d  b e e n  p u n c h e d  i n t o  p r e p a r e d  
p l a t e s  a n d  t h e n  t h e  p l a t e s  were i n c u b a t e d  a t  3 7 O C  f o r  2 4  
h o u r s .  R e s u l t a n t  z o n e  d i a m e t e r s  were r e a d  t o  t h e  n e a r e s t  
0.1 m m  a n d  s a m p l e  c o n c e n t r a t i o n s  were d e t e r m i n e d  b y  
c o m p a r i s o n  t o  a s t a n d a r d  c u r v e .  

S a m p l e  p r e p a r a t i o n  f o r  L C .  

Serum s a m p l e s  were p r e c i p i t a t e d  u s i n g  o n e  o f  t w o  
m e t h o d s .  M e t h o d  A u s e d  a c o m b i n a t i o n  o f  0.5 m l  s e r u m  
s a m p l e ,  0.5 m l  m e t h a n o l  ( F i s h e r  S c i e n t i f i c )  a n d  0.5 r n l  
d i l u t e  a c e t i c  a c i d  pH 2.8 ( 1 ) .  M e t h o d  B u s e d  a 
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1806 FASCHING, PETERSON, AND GERDING 

combina t ion  o f  0.5 m l  serum sample  and 1.0 m l  methanol .  
Methods  A and B b o t h  use  a t e n - m i n u t e  room t e m p e r a t u r e  
i n c u b a t i o n  a f t e r  v o r t e x  m i x i n g .  S u p e r n a t a n t s  were  
removed and were ready  f o r  d i r e c t  i n j e c t i o n  a f t e r  a t e n -  
m i n u t e  c e n t r i f u g a t i o n  a t  12 ,000  X g u s i n g  en E p p e n d o r f  
Microfuge Model 5414. 

L C  a s s a y .  - 
The chromatographic  system used was a Var ian  (Walnut  

C r e e k ,  C A . )  Model  5020 l i q u i d  c h r o m a t o g r a p h  w i t h  a 
Varichrom v a r i a b l e  wave leng th  d e t e c t o r  and CDS 1 1  1L  peak 
i n t e g r a t o r  w i t h  s t r i p  c h a r t  recorder .  D e p r o t e i n a t e d  
s a m p l e s  were  i n j e c t e d  u s i n g  a f i x e d  l o o p  i n j e c t o r  (100  
m c l )  and c h r o m a t o g r a p h e d  u s i n g  a micro-Bondapak-C18 
column ( W a t e r s  A s s o c i a t e s ,  I n c . ) .  M o b i l e  p h a s e  was 
d i l u t e  a c e t i c  a c i d  pH 2.8 ( 1 )  wi th  a c e t o n i t r i l e  ( F i s h e r  
S c i e n t i f i c )  a s  t h e  o r g a n i c  m o d i f i e r .  BMY-28142 r e q u i r e d  
5 %  a c e t o n i t r i l e  a n d  c e f t a z i d i m e  r e q u i r e d  1 0 %  
a c e t o n i t r i l e  f o r  o p t i m a l  peak  s e p a r a t i o n  and s h a p e .  
Assay  f o r  b o t h  d r u g s  used  a 2.0 m l / m i n  f l o w  r a t e  and 
u l t r a v i o l e t  abso rbance  d e t e c t i o n  a t  275 nm w i t h  d e t e c t o r  
s e t  a t  0 .02 a u f s .  

S t a t i s t i c a l  a n a l y s i s .  

L i n e a r  r e g r e s s i o n  u s i n g  l e a s t  s q u a r e s  method and 
c o r r e l a t i o n  c o e f f i c i e n t  were c a l c u l a t e d  u s i n g  a Hewle t t -  
Packard 41-C programmable c a l c u l a t o r  w i th  S ta t -Pac .  

RESULTS 

BMY-28142 and  c e f t a z i d i m e  g a v e  r e t e n t i o n  t imes  o f  
5.3 and 6.4 m i n u t e s  r e s p e c t i v e l y  w h e n  u s i n g  s a m p l e  
p r e c i p i t a t i o n  method A ,  a t  t h e i r  a p p r o p r i a t e  m o b i l e  
phase  composi t ion .  F i g u r e s  2-5 r e p r e s e n t  chromatograms 
of  d r u g s  f o r  each  p r e p a r a t i o n  method. L inea r  r e g r e s s i o n  
a n a l y s i s ,  de te rmined  by p l o t t i n g  drug  c o n c e n t r a t i o n  (XI 
a g a i n s t  peak a r e a  ( y ) ,  g a v e  c o r r e l a t i o n  c o e f f i c i e n t s  o f  
0.996 f o r  BMY-28142 and 0.999 f o r  c e f t a z i d i m e  when 
t e s t e d  i n  CRS a t  c o n c e n t r a t i o n s  from 0.625 mcg/ml t o  80 
mcg/ml.  Drug d e t e c t i o n  i n  CRS was s e n s i t i v e  t o  1.0 
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BMY-28 142 AND CEFTAZIMIDE IN SERUM 1807 

Precipitation Method: A with6MY-28\42 

Rabbit 
Serum 
Blank 

I 

Spiked 
Rabbit 
Serum 

1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  

0 1 2 3 4 5 6 7  0 1 2 3 4 5 6 7  

Minutes after Injection 

FIGURE 2. Chromatogram of BMY-28142 a t  10 mcg/ml. 
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1808 FASCHING, PETERSON, AND GERDINC 

Prec ipi ta ion Method: B with BMY-28 142 

Rabbit 
Serum 
Blank 

Spiked 
Rabbit 
Serum 

(u 
d 
QD 
c 

1 1 1 1 ' 1 1 1 1  1 " " 1 " ' 1  

I 2 3 4  5 6 7  8 9  0 I 2  3 4  5 6 7  8 9  

Minutes after Injection 

FIGURE 3 .  Chromatogram of BMY-28142 a t  10 mcg/mi.  
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BMY-28142 AND CEFTAZIMIDE IN SERUM 

I 

- 
L 

W 

0 
0 
N 
0 

W 
0 

E .- 

c 
.c 

Precipitation Method: A with Cef tazadime 

Rabbit 
Serum 
Blank 

c \ -  
- I -  

\ 

Spiked 
Rabbit 
Serum 

1 I I I I 1  

0 1 2 3 4 5 6 7  0 1 2 3 4 5 6 7 6  

Minutes after Injection 

1809 

F I G U R E  4 .  Chromatogram o f  C e f t a z i d i m e  a t  10 mcg/ml. 
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1810 FASCHING, PETERSON, AND GERDING 

Precipitation Method: B with Cef tozadime 

Rabbit 
Serum 
Blank 

Spiked 
Rabbit 
Serum 

0 1 2 3 4 5 6 7  0 1 2 3 4 5 6 7 8  

Minutes after  Injection 

FIGURE 5. Chromatogram o f  c e f t a z i d i m e  a t  10 mcg/ml. 
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BMY-28142 AND CEFTAZIMIDE IN SERUM 181 1 

h 

cn 
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BMY-28 142 Analysis Comparison 

100 r 

80 

60 

40 

20 

20 40 60 80 100 

Bioassay Results (pg/ml) 

F I G U R E  6. L i n e a r  r e g r e s s i o n  r e s u l t s  f o r  a s s a y  o f  BMY- 
28142. 

mcg/ml f o r  BMY-28142 and 1.5 mcg/ml f o r  c e f t a z i d i m e  
u s i n g  d e t e c t o r  s e t t i n g s  l i s t e d ,  and p r e c i p i t a t i o n  method 
A. Drug r e c o v e r i e s  d e t e r m i n e d  b y  c o m p a r i n g  peak  a r e a s  
u s i n g  method A t o  p r e c i p i t a t e  s e r u m  t o  peak  a r e a s  f rom 
PBS samples  e q u a l l y  d i l u t e d  were 1042  f o r  BMY-28142 i n  
CRS and 93% PHS, and 91% f o r  c e f t a z i d i m e  i n  CRS. 

Accurecy  (I d e v i a t i o n  from mean) d e t e r m i n e d  u s i n g  
2.5 mcg/ml a n t i b i o t i c  c o n c e n t r a t i o n  i n  CRS assayed  t e n  
t imes  was 4.25 and 4.0; f o r  BMY-28142 and c e f t a z i d i m e  
r e s p e c t i v e l y .  P r e c i s i o n  ( c o e f f i c i e n t  o f  v a r i a t i o n )  
de te rmined  u s i n g  10.0 mcg/ml a n t i b i o t i c  c o n c e n t r a t i o n  i n  
CRS a s s a y e d  t e n  t imes was 2.5% and 4.5: f o r  EMY-28142 
and ce f t az id i rne  r e s p e c t i v e l y .  
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1812 FASCHING, PETERSON, AND GERDING 

Compar ison  o f  LC t o  m i c r o b i o l o g i c a l  a s s a y s  was 
performed i n  CRS s p i k e d  wi th  c o n c e n t r a t i o n s  o f  BMY-28142 
( 1 . 0  - 100 .0  m c g / m l ) .  L i n e a r  r e g r e s s i o n  a n a l y s i s  
de te rmined  by p l o t t i n g  b i o a s s a y  (XI a g a i n s t  LC ( y )  g a v e  
e q u a t i o n  y = - 0 , 6 1 7  + 0 . 9 0 7  x a n d  a c o r r e l a t i o n  
o e f f i c i e n t  of  0.995, and is  r e p r e s e n t e d  i n  F i g u r e  6. 

DISCUSS I ON 

Chromatograms ( F i g u r e s  2 and 4) show good s e p a r a t i o n  
u s i n g  t h e  d e s c r i b e d  t e c h n i q u e s .  Peak  s h a p e  and d r u g  
r e c o v e r y  were improved by u s i n g  p r e c i p i t a t i o n  method A ,  
which  i n c l u d e d  b o t h  t h e  a c e t i c  a c i d  m o b i l e  p h a s e  and 
m e t h a n o l  a s  o p p o s e d  t o  m e t h o d  B w h i c h  u s e d  o n l y  
m e t h a n o l .  Drug r e c o v e r i e s  o f  g r e a t e r  t h a n  90% were  
o b t a i n e d  w i t h  Method A ,  p r e s u m a b l y  a s  a r e s u l t  o f  t h e  
i n f l u e n c e  o f  pH on d i s s o c i a t i o n  o f  d r u g  f rom p r o t e i n  
(2). The enhancement o f  drug  r e c o v e r y  by p r e c i p i t a t i o n  
wi th  a c e t i c  combina t ion  is p r e f e r a b l e  t o  methanol  a l o n e .  
L i n e a r i t y  was good f o r  bo th  d rugs  i n  t h e  r ange  t e s t e d  a s  
shown b y  c o r r e l a t i o n  c o e f f i c i e n t s  c l o s e  t o  1.00. The 
s e n s i t i v i t y  and r a n g e  c a n  be  f u r t h e r  m a n i p u l a t e d  by 
d i l u t i o n  o f  s a m p l e s  a n d / o r  c h a n g i n g  t h e  d e t e c t o r  
s e n s i t i v i t y  s e t t i n g .  Both t h e  accu racy  and p r e c i s i o n  o f  
t h e  LC method i s  s t a t i s t i c a l l y  a c c e p t a b l e .  

Comparison a n a l y s i s ,  shown i n  F i g u r e  6 ,  d e m o n s t r a t e s  
t h a t  t h e  LC method h a s  a s t a t i s t i c a l l y  e q u i v a l e n t  d i r e c t  
r e l a t i o n s h i p  w i t h  t h e  s t a n d a r d  m i c r o b i o l o g i c a l  a s s a y  f o r  
BMY-28142 s p i k e d  i n t o  CRS. 

I n d i c a t i o n s  f o r  use o f  LC a r e  t h e  a c c u r a c y  and 
p r e c i s i o n  o f  t h e  method and t h e  a b i l i t y  t o  q u a n t i t a t e  
o n l y  t h e  d r u g  o f  i n t e r e s t .  Such  an a s s a y  w i l l  b e  o f  
i m p o r t a n c e  i n  f o r t h c o m i n g  i n v e s t i g a t i o n s  o f  t h e  n e w l y  
s y n t h e s i z e d ,  ex tended  spec t rum a g e n t  BMY-28142. 

A CK N 0 WL E DC MEN T S 

T n i s  w o r k  w a s  s u p p o r t e d  b y  t h e  V e t e r a n s  
Admin i s t r a t ion  and B r i s t o l  L a b o r a t o r i e s .  

T h e  a u t h o r s  t h a n k  E v e l y n  C .  G l a t t  f o r  t y p i n g  t h e  
manusc r ip t .  
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