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DETERMINATION OF CIPROFLOXACIN 
(BAY o 9867) IN BIOLOGICAL FLUIDS BY 

CHROMATOGRAPHY 
H IGH-PER FORMANCE LIQUID 

W. Gau, H. J .  Ploschke, K.  Schmidt, and B. Weber 
Bayer AG 

Sector Pharm a 
Business Ethical Products Analytics and Quality Control 

Research A naly tics 
05600  Wuppertal, Federal Republic of Germany 

ABSTRACT 

A high-performance liquid chromatographic method 
for the analyses of ciprofloxacin (BAY o 9867) (l-cyclo- 
propyl-6-fluoro-1,4-dihydro-4-oxo-7-(l-piperazinyl)-3- 
quinoline carboxylic acid hydrochloride) in human serum, 
plasma and urine samples is described. Diluted serum, 
plasma, and urine samples are injected onto a RP-18 
column without prior ext.raction or clean-up procedure. 
Ciprofloxacin is separated from the ballast by an 
eluent consisting of an 0.025M H3P04 solution adjusted 
to pH=3 with tetrabutylammonium hydroxide and acetoni- 
trile. 

Ciprofloxacin is detected fluorimetrically giving 
a detection limit of 8ng/ml in plasma and serum and of 
50ng/ml in urine. A statistical evaluation of the assay 
showed acceptable accuracy and precision for 10 to 
500ng of BAY o 9867 per ml in serum and plasma and for 
50ng to 600ng of BAY o 9867 per ml of diluted urine 
Requests for reprints should be addressed to: 
Dr. B. Weber, Bayer AG, Friedrich-Ebert-StraRe 217-233, 
D5600 Wuppertal 1, FRG. 
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486 CAU ET AL. 

spec imens .  T h i s  method w a s  u s e d  t o  m o n i t o r  t h e  concen-  
t r a t i o n s  of BAY o 9867 i n  serum,  p lasma and u r i n e  o f  
v o l u n t e e r s  a f t e r  o r a l  a d m i n i s t r a t i o p  o f  c i p r o f  l o x a c i n .  

INTRODUCTIOM 

C i p r o f l o x a c i n  (BAY o 9867, F i g .  1) i s  a new 
compound d e v e l o p e d  i n  t h e  r e s e a r c h  l a b o r a t o r i e s  of 
BAYER AG. T h i s  coppound h a s  a b r o a d  a n t i m i c r o b i a l  

a c t i v i t y  which encompasses  g r a m p o s i t i v e  and i n  

p a r t i c u l a r ,  c l i n i c a l l y  i m p o r t a n t  g r a m - n e g a t i v e  

pa thogens  (1-6). Up u n t i l  now, t h e  c o n c e n t r a t i o n s  o f  
BAY o 9867 i n  serum, plasma and u r i n e  o f  v o l u n t e e r s  

who had been g i v e n  BAY o 9867 h a s  been  d e t e r m i n e d  

m i c r o b i o J o g i c a l l y .  But t h e  m i c r o b i o l o g i c a l  a s s a y  d o e s  

n o t  d i s t i n g u i s h  between BAY o 9867 and t h e  a c t i v e  

m e t a b o l i t e s .  T h e r e f o r e  it was n e c e s s a r y  t o  d e v e l o p  a 

r a p i d ,  s e n s i t i v e  and s p e c i f i c  h igh-per formance  l i q u i d  

c h r o m a t o g r a p h i c  method f o r  t h e  measurement  o f  

BAY o 9867 i r ?  body f l u i d s .  

MATERIALS AND METHODS 

Chemica ls .  C i p r o f l o x a c i n  (BAY o 9867)  u s e d  i n  t h i s  

s t u d y  was produced  by BAYER AG ( b a t c h  8 2 8 1 9 3 ) ,  H C 1 ,  

0 

HN 

A 
BAY o 9867 

Clprofioxllcln 

FIGURE 1: S t r u c t u r e  o f  c i p r o f l o x a c i n .  
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CIPROFLOXACIN IN BIOLOGICAL FLUIDS 487 

H ~ P O , ,  , t e t rabuty lammonium h y d r o x i d e  ( 4 0 %  i n  H 2 0 )  and 

a c e t o n i t r i l e  ( L i c h r o s o l v e )  were of r e z g e n t  o r  h i g h e r  
q r a d e  and p u r c h a s e d  f r o n  E .  Merck ,  D a r m s t a d t ,  FRG.  

The dater u s e d  f o r  chromatography was d o u b l e  d i s t i l  l e d .  

A l l  s o l v e n t s  were f i l t e r e d  p r i o r  t o  u s e  t h r o u g h  a 0 . 2 2 ~  

f i l t e r  membrane and d e g a s s e d  w i t h  he l ium.  

Chromatography.  A l l  a n a l y s e s  were per formed w i t h  
a S p e c t r a  P h y s i c s  (San J o s e , C a . ,  USA) l i q u i d  chromato-  

g r a p h  model SP8100 e q u i p p e d  w i t h  a n  i n t e g r a t o r  model 

SP4200. The d r u g  s u b s t a n c e s  w e r e  d e t e c t e d  w i t h  t h e  

s p e c t r o f l u o r i m e t e r s  model 3000 o r  model LS4 ( A  e x  
=277nm, h e m  =445nm) from P e r k i n  E l m e r .  An a n a l y t i c a l  
column ( s tee l ,  250xLimm i . d . )  packed w i t h  S p h e r i s o r b  

O D S  11, 5pm ( P h a s e  S e p a r a t i o n s ,  Q u e e n s f e r r y ,  UK) was 
used  f o r  a l l  a n a l y s e s .  The m o b i l e  p h a s e  c o n s i s t e d  o f  

95% 0.025M H~POI, s o l u t i o p  a d j u s t e d  t o  pH=3 w i t h  t e t r a -  
butylammonium h y d r o x i d e  s o l u t i o n  ( 4 0 %  a q u e o u s )  and 

5% a c e t o n i t r i l e .  The f l o w  r a t e  was 2ml/min. l o p 1  o f  

s a m p l e s  were i n j e c t e d  a u t o m a t i c a l l y  o n t o  t h e  column 
v i a  an  i n j e c t i o n  loop .  

P r e p a r a t i c n  of t h e  s t a n d a r d  s o l u t i o n s .  The s t a n -  

d a r d  s o l u t i o n  of BAY o 9867 are  p r e p a r e d  by s t e p w i s e  d i -  
l u t i o n  of  a s t o c k  s o l u t i o n  (5.68mg BAY o 9867 d i s s o l v e d  

i n  p h o s p h a t e  b u f f e r  1/15M, a d j u s t e d  w i t h  H~POI, t o  
pH=3) w i t h  t h e  same s o l v e n t  r e s u l t i n g  i n  a f i n a l  

c o n c e n t r a t i o n  o f  l l . 4 n g / m l .  

Sample p r e p a r a t i o n .  U r i n e  i s  d i l u t e d  w i t h  

p h o s p h a t e  b u f f e r  1/15M, a d j u s t e d  w i t h  H~POI, t o  pH=3, 

d e p e n d i n g  upon t h e  c o l l e c t i o n  p e r i o d s  a f t e r  admini -  

s t r a t i o n  of t h e  d r u g .  F o r  t h e  c o l l e c t i o n  p e r i 0 c . s  0-4h,  

4-8h, and 8-12h t h e  d i l u t i o n  f a c t o r  i s  1000. 

C o l l e c t i o n  p e r i o d s  12-48h - d i l u t i o n  f a c t o r  50,  

48-120h - d i l u t i o n  f a c t o r  2 .  An a l i q u o t  o f  t h e  sample  

i s  p a s s e d  t h r o u g h  a f i l t e r  membrane p r i o r  t o  i n j e c t i o n .  
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488 GAU ET AL. 

human urine (aliquot) 

dilute according to the 
f-- collection periods with 

phosphate buffer (* M), 
adjusted with H3P04 to pH=3 I 

shake thoroughly 

pass an aliquot through a 
filter membrane ( 0 . 2 2  urn) 

inject 10 

human plasma and serum (aliquot) 

dilute according to the 
collection periods with 
HPLC (0.16N), final pH=3 I 

shake thoroughly + 
pass an aliquot through a 
filter membrane 

4 
inject 10 u1 

FIGURE 2: Sample preparation. 

lml serum or plasma sample (collection period 
0.5-2h after the administration of the drug) is diluted 
with 2ml (3ml) HC1 (0.16N) resulting in a pH-value of 3. 
lml portions of the samples taken at 3-24h after admini- 
stration are diluted with lml HC1 (0.16N). After 
filtration through a filter membrane (0.22~) an aliquot 
is injected ofito the chromatographic column. (Fig.2) 
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CIPROFLOXACIN IN BIOLOGICAL FLUIDS 489 

C a l c u l a t i o n .  The c o n c e n t r a t i o n  o f  BAY o 9 8 6 7  i s  
d e t e r m i n e d  by e x t e r n a l  s t a n d a r d i z a t i o n .  The c a l i b r a t i o n  
c u r v e  i s  c b t a i n e d  by p l o t t i n g  t h e  p e a k  h e i g h t s  v e r s u s  

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

RESULTS AND DISCUSSION 

HPLC methods have been  d e v e l o p e d  f o r  t h e  c l o s e l y  

r e l a t e d  d r u g s  n o r f l o x a c i n  (7 ,8 )  and p e f l o x a c i n  ( 9 ) .  

A f t e r  e x t r a c t i n g  t h e  d r u g  s u b s t a n c e s  w i t h  a n  o r g a n i c  

s o l v e n t  ( C H 2 C 1 2 ,  C I I C 1 3 )  from t h e  b i o l o g i c a l  f l u i d s  t h e  

e x t r a c t  i s  chromatographed  on RP- ( 8 , 9 )  or  iop exchange  

m a t e r i a l  ( 7 ) .  The s u b s t a n c e s  are d e t e c t e d  by t h e i r  
UV-absorbance. 

From o u r  e x p e r i e n c e s  w i t h  t h e  a n a l y s i s  o f  B-lactam 
a n t i b i o t i c s  (lo), where t h e  s u b s t a n c e s  were a n a l y s e d  ir! 

u n t r e a t e d  b i o l o g i c a l  f l u i d s ,  w e  d e c i d e d  t o  c i r c u m v e n t  a 
t i m e  consuming c l e a n - u p  p r o c e d u r e ,  and i n j e c t e d  d i l u t e d  

serum, plasma- and u r i n e - s a m p l e s  d i r e c t l y  opt0 t h e  

c h r o m a t o g r a p h i c  column. By l o w e r i n g  t h e  p e r c e n t a g e  of  

t h e  o r g a n i c  e l u e n t  i n  t h e  m o b i l e  p h a s e  and  a d d i n g  t e t r a -  

b u t y l  ammoniumhydroxide t o  t h e  aqueous  p h a s e  no  

p r e c i p i t a t i o n  of  p r o t e i n  w a s  o b s e r v e d  d u r i n g  t h e  a n a l y s i s  

o f  serum and plasma s a m p l e s .  The l i f e t i m e  o f  t h e  
c h r o v . a t o g r a p h i c  column i s  l o n g .  A f t e r  1000 i n j e c t i o n s  

t h e  column must  be d i s c a r d e d .  
F i g u r e  3 and f i g u r e  4 show chromatograms o f  

plasma and u r i n e  s a m p l e s .  N o  i n t e r f e r i n g  p e a k s  i n  t h e  

b l a n k  sample  d i s t u r b  t h e  d e t e c t i o n  o f  t h e  t a r g e t  

s u b s t a n c e ,  whereas  a f t e r  a p p l i c a t i o n  of c i p r o f l o x a c i n  
a p o s s i b l e  m e t a b o l i t e  c o u l d  a p p e a r  ir. t h e  r e t e n t i o n  

window of t h e  s u b s t a n c e  t o  be a n a l y s e d .  T h e r e f o r e  t h e  
known m e t a b o l i t e s  M-1 t o  M - 3  ( F i g .  5 )  were chromato-  

g r a p h e d  u n d e r  t h e  same c h r o m a t o g r a p h i c  c o n d i t i o n s .  
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Chromatograms of plasma samples from a volunteer 
(oral dose 250 mg BAY o 9867) 

Fluorescence 
slgnal 

.A 

Fluori 
signa 

Plasma (blank) 

I 

9 nglrnl BAY 0 8887 
IIlutIon factor: 3 

a- BAY o 9867 

33 nglml BAY o S867 
Dllutlon factor: 3 

+ BAY o 9867 

L - ) ' ' ' ' . I  I B ' l b A  

0 2 4 6 8 1 0  0 2 4 6 8 1 0  0 2 4 6 8 1 0  
t (rnin) t (mln) t (mln) 

FIGURE 3: HPLC chromatograms of plasma samples. 

Chromatograms of urine samples from a volunteer 
(oral dose 250 mg BAY o 9867) 

ince 

..4 

Urlne (blank) 

I- BAY o 0867 

232 pglml BAY o 9867 
Dilution faclor: 250 

1.05 pglrnl BAY o 9867 
Dllutlon factor: 20 

, " " I  , ~ ~ ~ ~ ,  I " " ,  

0 2 4 6 8 1 0  0 2 4 6 8 1 0  0 2 4 6 8 1 0  
I (min) 1 (min) t (min) 

FIGURE 4: HPLC chromatograms of v . r ine  samples. 
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M-1 
0 

49 1 

A 
M-2 

M-3 
0 

b 
FIGURE 5 :  S t r u c t u r e s  o f  t h e  m e t a b o l i t e s  o f  

c i p r o f l o x a c i n .  

The k ' - v a l u e  of  t h e  me tabo1 i t . e  M-1 is  smaller t h e n  

k ' - v a l u e  of c i p r o f  l o x a c i n  w h i l e  t h e  m e t a b o l i t . e s  M - 2  

and M-3 e l u t e  l a t e r  t h a n  c i p r o f l o x a c i n  (k'M2,M3; 
k '  BAY o 9 8 6 7 ) .  

A l i n e a r  r e l a t i o n s h i p  be tween  t h e  c o n c e n t r a t i o n  
o f  c i p r o f l o x a c i n  and t h e  f l u o r e s c e n c e  s i g n a l  i s  
o b s e r v e d  from 2 0  t o  500ng/ml ( F i g .  6 ) .  
The r e c o v e r i e s  of c i p r o f l o x a c i n  f rom s a m p l e s  s p i k e d  

w i t h  v a r i o u s  amounts  o f  c i p r o f l o x a c i n  ( F i q .  7 )  i s  
a b o u t  100%. The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h i s  

d e t . e r m i n a t i o n  l i e s  w i t h i n  t h e  r a n g e  of 1% t.0 6 % .  

I n j e c t i n g  a 1 0 ~ 1  sample  of p l a sma  o r  se rum t h e  

d e t e c t i o n  l i m i t  f o r  c i p r o f l o x a c i n  i s  7-8ng/ml 

r e s u l t i n g  a l i m i t  of d e t e r m i n a t i o n  o f  l l n g / m l .  A t  t h i s  
c o n c e n t r a t i o n  t h e  c o n f i d e n c e  l i m i t .  ( 0 . 9 5 )  i s  i n  t h e  
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Calibration curve of BAY o 9867 
Fluorescence 
ri0n.l 

(I.U.) 
7000.0 - 
8500.0 - 
w . 0  - 
5500.0 - 
5000.0 - 
4500.0 - 
m . 0  - 
3500.0 - 
3000.0 - 
2500.0 Corr. coefl.: .WWW 
m . 0  

A-velue ; 13.1302 
8-valw : - 37.9334 - 

A-V 
X.- 

- 
1500.0 B 

- 

Concentretlon (ng/ml) 

FIGURE 6: C a l i b r a t i o n  c u r v e  of t h e  f l u o r e s c e n c e  a s s a y .  

Recovery study of BAY o 9867 with spiked 
serum-/plasma and urine samples 

Sample Theor. value Actual value C.V. Percentage of 
the theor. value 

Urine 36.2 pg/ml 35.0 f0.37pg/ml' 1.1 96.7 
Urine 3.62 pg/ml 3.64k0.02 ug/mi' 0.5 100.6 
Urine 0.362 pg/ml 0.37+0.02 pg/ml' 5.4 102.2 

x =  99.8f2.8 

Plasma 543.0 ng/ml 544.3 f5.5 ng/mi' 1.0 100.2 
Plasma 54.3 ng/ml 55.0 f0.41 ng/ml' 0.7 101.3 
Plasma 10.86 nglml 10.58f1.32 n g / d  12.5 97.4 

X =  99.6 f2.0 

Serum 543.0 nglml 545.5 f8.9 ng/ml* 1.6 100.5 
Serum 54.3 ng/ml 53.13f0.9 ng/ml* 1.7 97.9 
Serum 10.86 ng/ml 10.37f0.65 ng/ml' 6.3 95.5 

X- 98.0 f 2.5 

*n = 4. C.V. = Coefficient 01 variation 

FIGURE 7: Recovery rates of c i p r o f l o x a c i n  frorn p l a s m a ,  
serum and u r i n e .  
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1.1 

1.0 

BAY 0 9867 ug/nl 
1.2 MICRO 2 

- 
- 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 la0 11.0 1; 
TIME(h) 

FIGURE 8: Plasma levels of ciprof1oxacj.n determined by 
HPLC and bioassay. 

range of 7.8 - 15.5ng/ml. The limit. of determination 
for the substances in urine is 50ng/ml. A pharma- 
cokinetic analysis of plasma obtained from six 
volunteers after oral administration of 250mg 
ciprofloxacin (tablet) is shown in figure 8. In this 
graph the values obtained by HPLC are depicted to- 
gether with the concentrations measured by the bioassay 
(agar well technique, E. coli 4004). The corresponding 
concentrations of ciprofloxacin in the urine are shown 
in figure 9. The statistical evaluation of this 
comparative study demonstrate table 1 and 2. The 
results reveal good agreement with respect to plasma 
concentrations while the urinary excretion measured 
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BAY 0 8867 o(; mq/l) 

MICllO 2 t 

0-4 4-8 8-12 12-24 24-48 
COUECTINC PERIOD 6) 

40-72 

FIGURE 9 :  Levels of c i p r o f l o x a c i n  i n  u r i n e  d e t e r m i n e d  
by HPLC and b i o a s s a y .  

T a b l e  1: Plasma l e v e l s  and u r i n a r y  e x c r e t i o n ,  g e o m e t r i c  
means and g e o m e t r i c  s d  o f  a b s o l u t e  v a l u e s .  

IPlasma I AUC (hAng/ l )  1 bi;;cm!ay 
Cmax (mg/ 1 ) b i o a s s a y  

b i o a s s a y  
(mg)  I HPLC Pine I 

2.056 
2.258 1.693 

1.439 1 1.4151 2; I 61.25 
55.18 

I I I 
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T a b l e  2: A n a l y s i s  o f  v a r i a n c e  o f  l o g .  t r a n s f e r m e d  v a l u e s  
( d e g r e e s  of freedom o f  F - t e s t s :  1/5). 

e f f e c t  o f  t h e  
methods 

plasma AUC l.19 
plasma Cmax 
u r i n a r y  e x c r e t i o n  7.99 0 . 0 4  

by b i o a s s a y  i s  a b c u t  15% h i g h e r  ( s t a t i s t i c a l l y  

s i g n i f i c a n t )  t h a n  t h e  amount measured by HPLC. T h i s  

d i f f e r e n c e  is  due  t o  t h e  m i c r o 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  which a r e  s e p a r a t e d  from c i p r o f l o x a c i n  

d u r i n g  chromatography w h i l e  i n  t h e  b i o a s s a y  the 
m e t a b o l i t e s  are  measured tocse ther  w i t h  t h e  p a r e n t  
compound. 

I n  c c n c l u s i o n ,  w e  have  d e s c r i b e d  a h i g h l y  

s e n s i t i v e ,  s p e c i f i c  and f a s t  method f o r  t h e  a n a l y s i s  o f  
c i p r o f l o x a c i n  (BAY o 9867)  i n  b i o l o g i c a l  f l u i d s .  
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