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HIGH PRESSURE LIQUID CHROMATO- 
GRAPHY OF (BAY o 9867) CIPROFLOXACIN 

IN SERUM SAMPLES 

Claudine E. Fasching and Lance R. Peterson 
Infectious Disease Section 

Medical Service and Microbiology Section 
Laboratory Service 

Veterans Administration Medical Center 
Minneapolis, Minnesota 5.54 1 7 

ABSTRACT 

Quantitative analysis of ciprofloxacin using liquid 
chromatography and a traditional microbiological assay 
were compared and had a correlation coefficient of 
0.9701. Liquid chromatography (LC) was a modification 
of that of Wingender et al. (1) and used a mobile phase 
consisting of water, acetonitrile, phosphoric acid, and 
tetrabutylammonium hydroxide. Separation on a reverse 
phase C18 column gave a retention time of 3.6 minutes. 

INTRODUCTION 

Ciprofloxacin, a new oral antibacterial agent 

be 1 onging to a group of compounds termed quino 1 ine 

carboxylic acids, h a s  undergone extensive in vitro 
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556 FASCHINC AND PETERSON 

CIPROFLOXACIN 

HNnN ‘dCooH XHCI 

u A 
Mol. Wt. 385.8 

FIGURE 1 .  S t r u c t u r e  of  c i p r o f l o x a c i n .  

t e s t i n g  (2-8).  R e p o r t s  o f  a n i m a l  and human s t u d i e s  (9-  

1 1 )  a r e  now i n c r e a s i n g  a n d  v a l i d  q u a n t i t a t i v e  

a n t i b i o t i c  c o n c e n t r a t i o n  d a t a  f r o m  b l o o d  a n d  body 

f l u i d s  i n  t h e s e  s t u d i e s  i s  i m p o r t a n t  f o r  c o r r e l a t i o n  o f  

t h e r a p y  outcome w i t h  the i n  v i t r o  d a t a .  

Tne  compound‘s  s t r u c t u r e  i s  shown  i n  F i g u r e  1, 

h a v i n g  two i o n i z a b l e  g r o u p s  i t  d i s p l a y s  a m p h o t e r i c  

b e h a v i o r .  

EXPERIMENTAL 

LC Assay - 
T h e  c h r o m a t o g r a p h i c  s y s t e m  u s e d  w a s  a V a r i a n  

( W a l n u t  C r e e k ,  CA.) l i q u i d  c h r o m a t o g r a p h  mode l  5 0 2 0  

w i t h  a W a t e r s  ( W a t e r s  A s s o c i a t e s ,  M i l f o r d ,  M A . )  42OE 

f l u o r e s c e n c e  d e t e c t o r  and V a r i a n  s t r i p  char t  r e c o r d e r .  

D e p r o t e i n a t e d  s a m p l e s  (100 mcl were i n j e c t e d  by a f i x e d  

l o o p  i n j e c t o r  and ch romatographed  on a micro-BondaPak- 

C 1 8  c o l u m n  ( W a t e r s  A s s o c i a t e s )  u s i n g  a m o b i l e  p h a s e  

m i x t u r e  c o n s i s t i n g  o f  88% 25 m M  H J P 0 4  ( F i s h e r  
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CIPROFIDXACIN IN SERUM SAMPLES 557 

S c i e n t i f i c ,  P i t t s b u r g ,  P A . )  a n d  3 0  m M  

t e t r a b u t y l a m m o n i u m  h y d r o x i d e ,  ( S i g m a  C h e m i c a l ,  S t .  

L o u i s ,  MO.) a t  pH 3.0 W i t h  1 2 %  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 ,  HPLC g r a d e ) .  T h e  f l o w  r a t e  was 2 . 0  

m l / m i n .  F l u o r e s c e n c e  d e t e c t i o n  was a c h i e v e d  u s i n g  a 

mercu ry  lamp w i t h  254 nm w a v e l e n g t h  e x c i t a t i o n  f i l t e r  

a n d  a 4 2 5  nm l o n g  p a s s  e m i s s i o n  f i l t e r  a n d  f u l l  

d e t e c t o r  s e n s i t i v i t y .  C a l c u l a t i o n s  were b a s e d  o n  a n  

e x t e r n a l  s t a n d a r d  m e t h o d  u s i n g  p e a k  h e i g h t  r a t i o s .  

Each s a m p l e  was i n j e c t e d  twice and t h e  v a l u e  a v e r a g e d  

t o  o b t a i n  t h e  f i n a l  r e s u l t .  

M i c r o b i o l o g i c a l  Assay 

A s t a n d a r d  a g a r  we1 1 d i f f u s i o n  t e c h n i q u e  e m p l o y i n g  

- E. ---- c o l i  ATCC ( A m e r i c a n  T y p e  C u l t u r e  C o l l e c t i o n ,  

R o c k v i l l e ,  M D . )  1 0 5 3 6  a s  t h e  i n d i c a t o r  o r g a n i s m  was 

u s e d  ( 1 2 ) .  The  a s s a y  p l a t e s  (100 m m  X 15 m m ,  F a l c o n  

P l a s t i c s ,  C o c k e y s v i l l e ,  M D . )  c o n s i s t e d  o f  10 m l  o f  a 

0.20% s u s p e n s i o n  o f  a n  o v e r n i g h t  g r o w t h  o f  i n d i c a t o r  

o r g a n i s m  i n  a n t i b i o t i c  med ia  # I  ( D i f c o ,  D e t r o i t ,  MI.). 

T w e n t y - f i v e  m i c r o l i t e r  v o l u m e s  of s a m p l e  o r  s t a n d a r d s  

were p l a c e d  i n t o  6.0 mm diameter w e l l s  p r e v i o u s l y  c u t  

i n  t h e  aga r ,  a n d  t h e  p l a t e s  were t h e n  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  by a v e r a g i n g  d i a m e t e r s  f r o m  three r e p l i c a t e  

p l a t e s ,  and c o m p a r i n g  t h e  r e s u l t s  t o  a s t a n d a r d  c u r v e .  
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558 FASCHING AND PETERSON 

Samples 

Serum samples  t o r  a s s a y  development  and e v a l u a t i o n  

were prepared  by adding  c i p r o f l o x a c i n  t o  pooled  r a b b i t  

o r  human serum.  T h i r t y  serum s a m p l e s  o b t a i n e d  f rom 

r a b b i t s  r e c e i v i n g  c i p r o f l o x a c i n  (10  mg/kg I M )  were used 

f o r  comparing t h e  two a s s a y  t echn iques .  D e p r o t e i n a t i o n  

o f  serum s a m p l e s  i n  p r e p a r a t i o n  f o r  LC was a c h i e v e d  

u s i n g  m e t h a n o l  p r e c i p i t a t i o n  ( 2  v o l u m e s  m e t h a n o l ;  1 

volume sample)  f o l l o w e d  by 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  a n  Eppendor f  C e n t r i i ' u g e ,  model  5414 (Br inkman 

Ins t rumen t s ,  Inc. ,  Westburg, N Y ) .  

RESULTS 

T h e  r e t e n t i o n  t ime f o r  c i p r o f l o x a c i n  was 5.6 min. 

The chromatogram from serum i s  shown i n  F igu re  2. The 

LC had a l i n e a r  d e t e c t o r  r e sponse  t o  2.0 rncg/rnl and had 

a lower d e t e c t i o n  l i m i t  o f  0.05 mcg/ml. Drug r e c o v e r y  

d u r i n g  t h e  d e p r o t e i n t a t i o n  p r o c e s s  c a l c u l a t e d  u s i n g  

peak  h e i g h t s  of s p i k e d  serum s a m p l e  a c  5.0 mcg/ml 

c o m p a r e d  t o  a n  i d e n t i c a l l y  p r e p a r e d  n o n p r o t e i n  

c o n t a i n i n g  s a m p l e  was 63% f rom human and  80% f rom 

r a b b i t  s e r a .  The c o e f f i c i e n t  of' v a r i a t i o n  of LC a s s a y  

u s i n g  a s a m p l e  a t  1 .5  mcg /ml  m e a s u r e d  w i t h  t e n  

rep1 i c a t e s  was 5.9%. 

The  m i c r o b i o l o g i c a l  a s s a y  g a v e  a s t a n d a r d  c u r v e  

w h i c h  was l i n e a r  when l o g  c o n c e n t r a t i o n  was p l o t t e d  

a g a i n s t  zone  d i a m e t e r  f rom 0.125 mcg t o  2.0 mcg/ml 

shown i n  F igu re  3. 
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, / I  , 

3lonk 
Serum 

- 
2 4 6  

c 

Methanol Precipltotion 
12% Acteonitrile 

Ciprof'oxacin 88%0.025M H3PQ 
with 30mM TBA-OH in serum pH 3.0 t 
2.0m1/min flow rote 

2 4 6  

Minutes 

F I G U R E  2 .  Chromatograms from serum s a m p l e s .  

Microbiological Assay Standard Curve 
Ecoli ATCC 10536 0.2% 

Zone Diometer (mm) 

F I G U R E  3 .  S t a n d a r d  c u r v e  f o r  microbiological assay. 
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- 
y = 0.018 t ID2 x 

Analysis of Comparison Assays 

0 I .O 2.0 3.0 4.0 

LC Assay (pg/ml) 

FIGURE 4. S t a t i s t i c a l  c o m p a r i s o n  o f  L C  a n d  
Mic rob io log ica l  methods. 

Compar ison  o f  t h e  two a s s a y  me thods  u s i n g  in v i v o  

serum s a m p l e s  g a v e  t h e  r e g r e s s i o n  a n a l y s i s  shown i n  

F i g u r e  4. The c o r r e l a t i o n  c o e f f i c i e n t  was 0.9701. 

Compar ison  u s i n g  I 4  r a b b i t  se rum s a m p l e s  s p i k e d ,  in 
v i t r o ,  w i t h  v a r y i n g  c i p r o f l o x a c i n  c o n c e n t r a t i o n s  gave  a 

l i n e a r  r e g r e s s i o n  o f  Y = - 0.08 + 1.18 X a n d  a 

c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9933. 

DISCUSSION 

R e s u l t s  i n d i c a t e  t h a t  a n e a r  p e r f e c t  d i r e c t  

r e l a t i o n s h i p  was obta ined .  T h i s  f a v o r a b l e  comparison 

shows t h e  LC method t o  be a c c u r a t e .  T h e  c o r r e l a t i o n  
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CIPROFLOXACIN IN SERUM SAMPLE3 561 

c o e f f i c i e n t  and  c o e f f i c i e n t  o f  v a r i a t i o n  r e p r e s e n t  cha t  

t h e  L C  r e s u l t s  were p r e c i s e  a n d  r e l i a b l e .  T h e  

c o m p a r i s o n  a n a l y s i s  o n  i n  v i v o  s a m p l e s  a n d  in v i t r o  

s a m p l e s  d e m o n s t r a t e  t h a t  t h e r e  a r e  n o  major in v i v o  

m e t a b o l i t e  i n t e r f e r e n c e s  i n  t h e  s e r u m  a s s a y .  

I n d i c a t i o n s  f o r  u s e  o f  LC o v e r  m i c r o b i o l o g i c a l  me thods  

a re  t h e  i n c r e a s e d  r a p i d i t y  o f  q u a n t i t a t i o n  a n d  r e m o v a l  

o f  i n t e r f e r e n c e  from o t h e r  a n t i m i c r o b i a l  a g e n t s  wh ich  

is  e n c o u n t e r e d  W i t h  a m i c r o b i o l o g i c a l  s y s t e m .  
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