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ABSTRACT 

A s i m p l e  a n d  p r e c i s e  h i g h - p e r f o r m a n c e  l i q u i d  
p r o c e d u r e  has b e e n  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  
O f  l o x a c i n  (DL-8280) ,  a new o x a z i n e  d e r i v a t i v e  i n  
human serum, u r i n e  and b i l e  us ing N o r f l o x a c i n  as 
i n t e r n a l  standard. The work-up  p r o c e d u r e  i n v o l  v e s  a 
c h e m i c a l  e x t r a c t i o n  s t e p  f o l l o w e d  by i s o c r a t i c  
c h r o m a t o g r a p h y  on a a n i o n - e x c h a n g e  a n a l y t i c a l  co lumn,  
w i t h  u l  t r a v i o l e t  d e t e c t i o n .  The run  t i m e  f o r  t h e  
assay was 11.5 m i n u t e s .  

Send r e p r i n t  r e q u e s t s  to :  D r . G . C a r l u c c i -  D e p a r t m e n t  
of C h e m i s t r y  U n i v e r s i t y  o f  L ' A q u i l a -  v i a  A s s e r g i ,  4- 
67100 L'Aqu i 1 a C I t a l  y )  
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2540 CARLUCCI, GUADAGNI, AND PALUMBO 

I NTRODUCT I ON 

O f  1 oxac i n DL-8280, ( +-) -9-f 1 uoro-3-me thy1 -1 0-( 4- 

methyl-l-piperazinyl~-7-oxo-2,3-dihydro-7H-pyrido-~l, 

2,3-de)l,4-benzoxa~ine-6-carboxyl i c  a c i d ,  i s  a new 

p y r i d o n e  c a r b o x y l i c  a c i d  d e r i v a t i v e .  

D rugs  o f  t h i s  g roup  i n c l u d e  N a l i d i x i c  a c i d ,  

P i p e m i d i c  a c i d ,  C i n o x a c i n ,  C i p r o f l o x a c i n  and 

N o r f l o x a c i n .  However, O f l o x a c i n  a c i d  d i f f e r s  f r o m  

t h e s e  i n  t h a t  i t  i s  a t r i c y c l i c  compound 

o x a z i n e  i s  bound t o  t h e  q u i n o l i n e  r i n g  (F  

E x p e r i m e n t a l  s t u d i e s  p e r f o r m e d  

d e m o n s t r a t e d  that  t h e  d i s t r i b u t i o n  o f  d 

t i s s u e s  and o r g a n i c  f l u i d s  i s  rap id,  and  

n w h i c h  t h e  

g u r e  1 ) .  

on a n i m a l s  

' u g  i n  both 

t h e  r e a c h e d  

concen t r a t  i ons a r e  h i g h e r  than t h e  c o r r e s p o n d i n g  

serum l e v e l s  ( 1 ) .  The i n  v i t r o  and i n  v i v o  a c t i v i t y  

o f  O f l o x a c i n  w a s  compared w i t h  that o f  o t h e r  

a n t i b a c t e r i a l  compounds (2-3-4-5-6). O f l o x a c i n  was 

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

i n c l u d e s  both Gram + and Gram- a e r o b i c  and a n a e r o b i c  

s p e c i e s  ( 7 ) .  The r e p o r t  of m e t a b o l i c  d i s p o s i t i o n  of 

DL-8280 w i t h  C<l4)-DL-8280 i n  v a r i o u s  an ima l  s p e c i e s  

i d e n t i f i e d  f o u r  m e t a b o l i t e s  as f o l l o w s :  M-1 e s t e r  

g l u c u r o n i d e  of DL-8280, M-2 unchanged fo rm,  M-3 

N-desmethy la ted  DL-8280, M-4 DL-8280 N-ox ide  (8) .  
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FIGURE 1 : Chemical s t r u c t u r e  o f  O f  1 oxac in 

In the present communication, we describe an 

extract i on and quan t i tat i on procedure for measur i ng 

O f  1 oxac i n concentrations in human serum, ur i ne and 

bi 1 ce after oral administration of the drug. 

Ofloxacin was supplied by Sigma-Tau (Pometia - 
Rma-I taly) and l-ethyl-~-fluoro-l,4-dihrdro-4-oxo- 

7-(  1 -pi perat i nrl)-3-qu i no1 i ne used 

as the internal standard, was obtained from 

Merck-Sharp & Dohme. Methylene chloride, acetonitrile 

(HPLC grade), monobasic and dibasic phosphate were 

all from Fluka (Fluka AG.- Swi trerland). Water (HPLC 

grade) was obtained from double distillation in glass 

and purification through a "MillI-Q Water 

Purification System" (18 MJZ cm resistiuity; cartridQc 

sequence: Super -C ,  Ion-EX,  Ion-EX, Twin-90) 

(Millipore, Bedford, MA, U.S .A . ) .  

carboxrl i c ac i d, 
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2542 CARLUCCI, GUADAGNI, AND PALUM2O 

Chroma t ogr8p h y 

We u s e d  a W a t e r s  l i q u i d  c h r o m a t o g r a p h  e q u i p p e d  

w i t h  a M o d e l  440 a b s o r b a n c e  u l t r a v i o l e t  d e t e c t o r ,  a 

M6000 A pump and a U6K i n j e c t o r  ( W a t e r s  ASSOC., 

M i l f o r d ,  MA, U.S.A.), a L e e d s -  N o r t h r u p  I t a l  iana 

Speedomax XL-682 l i n e a r  r e c o r d e r  and a H e w l e t t -  

P a c k a r d  HP 18850 A i n t e g r a t o r .  The  c h r o m a t o g r a p h i c  

s e p a r a t i o n  w a s  a c h i e v e d  i n  a Uydac  anion - e x c h a n g e  

10 pm c o l u m n  (25 cm x 4.5 mm; S e p a r a t i o n  Group ,  

H e s p e r i a ,  CA, U.S.A.), c o n n e c t e d  to an AXGU 10 p m  

anion - e x c h a n g e  p r e c o l u m n  ( B r o w n l e e  Labs I n c .  S a n t a  

C la ra ,  CA, U.S.A.). The m o b i l e  p h a s e  u s e d  w a s  a 

m i x t u r e  o f  a c e t o n i t r i l e  and 0.05 M p h o s p h a t e  b u f f e r  

pH  7 i n  HPLC g r a d e  w a t e r  (20180,  U/U) a t  a f l o w - r a t e  

o f  2.0 m l / m i n . .  The  m o b i l e  p h a s e  was  p r e p a r e d  d a i l y .  

The p h o s p h a t e  b u f f e r  was  f i l t e r e d  through an HA 0.45 

pm f i l t e r ,  w h i l e  t h e  a c e t o n i t r i l e  was  f i l t e r e d  

through an FA 0 .5  p m  f i l t e r  ( M i l l i p o r e ,  B e d f o r d ,  MA, 

U.S.A.). The  m i x t u r e  was  d e g a s s e d  by u l t r a s o n i c a t i o n  

p r i o r  t o  u s e .  The  w a v e l e n g t h  u s e d  was  280 nm, c h a r t  

s p e e d  0 .2  cm p e r  m i n u t e .  A l l  c h r o m a t o g r a p h y  was  

c a r r i e d  out a t  room t e m p e r a t u r e .  

P r e p a r a t  ion o f  S t a n d a r d  C u r v e  

S t o c k  so lu t ions of  O f l o x a c i n  and t h e  i n t e r n a l  

standard Norf 1 o x a c  in ,  w e r e  p r e p a r e d  by di 000l  v i ng t h e  
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OFLOXACIN IN SERUM, URINE, AND BILE 2543 

compounds i n  0.1 M sodium hydroxide. The serum 

Of loxac in  s tandard curue was prepared by d i l u t i n g  the 

above standard (10.0 mg/ml )  w i t h  drug-free human sera 

so t h a t  100 pl o f  serum would correspond t o  a 

concent ra t ions  range o f  0.5 - 6.0 pg/ml. The u r i n e  

Of loxac in  s tandard curve  was prepared s i m i l a r l y ,  

y i e l d i n g  a concent ra t ion  range o f  10 - 600 )Jg/ml. 

Standard curues f o r  O f  1 oxac i n  w e r e  cons t ruc ted  us ing  

peak area r a t i o s  obta ined f o r  the drug t o  the 

i n t e r n a l  standard versus the concent ra t ion  o f  the 

drug. 

Ex t rac t  ion Procedure 

Serum ( 1  m l ) ,  b i l e  ( 1  m l ) ,  and u r i n e  (200 p l )  

samples w e r e  m i x e d  w i t h  100 p1 o f  0.05 M sodium 

hydroxide, and then added t o  n o r f l o x a c i n  as i n t e r n a l  

s tandard i n  a SO m l  p l a s t i c  c e n t r i f u g e  tube. 

Methylene c h l o r i d e  ( 8  m l )  and 0 .5  M sodium phosphate 

b u f f e r  pH 7.5 ( 0 . 5  m l )  w e r e  added t o  a l l  the samples 

and the tubes w e r e  shaken for 10 minutes i n  a Dubnoff 

mechanical shaker (150 c y c l  es /  m i  n) . Separat i on o f  

the two phases w a s  achieved by c e n t r i f u g a t i o n  a t  1500 

g f o r  10 minutes and 7 m l  of  the organic phase ( lower 

l a y e r )  were t r a n s f e r r e d  i n t o  a second tube. Fresh 

methylene c h l o r i d e  ( 8  m l )  was added t o  a second tube 
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2544 CARLUCCI, GUADAGNI, AND PALUMBO 

and t h e  same e x t r a c t i o n  p r o c e d u r e  was  r e p e a t e d  t w i c e .  

The  o r g a n i c  p h a s e s  c o l l e c t e d  f r o m  t h e  e x t r a c t i o n s  o f  

t h e  same s a m p l e  w e r e  p o o l e d  (21 m l ) .  S o d i u m  h y d r o x i d e  

(0.3 M) w a s  t h e n  a d d e d  t o  t h e  s e r u m  (250 p l ) ,  t o  t h e  

b i l e  e x t r a c t  (250 p l )  and t o  t h e  u r i n e  (500 p1) 

s a m p l e s .  T h e  t u b e s  w e r e  s h a k e n  f o r  10 m i n u t e s  and 

t h e n  c e n t r i f u g e d  a t  1500 g f o r  10 m i n u t e s .  The 

a q u e o u s  p h a s e  ( u p p e r  l a y e r )  w a s  c o l l e c t e d  i n  

E p p e n d o r f  t u b e s  and f r o z e n  (-20 ' C )  u n t i l  t h e  HPLC 

assay; 25 p 1  w e r e  u b ~ r l  f o r  c h e m i c a l  analys is .  

RESULTS AND DISCUSSION 

F i g u r e  2, shows  t h e  s e p a r a t i o n  o f  O f l o x a c i n  ( 

m a r k e d  w i t h  a s ta r )  us ing  i n t e r n a l  standard 

N o r f l o x n c i n  i n  se rum,  b i l e  and u r i n e  r e s p e c t i u e l r .  

O f l o x a c i n  and t h e  i n t e r n a l  s tandard a r e  w e l l  r e s o l v e d  

t h e i r  r e t e n t i o n  t i m e s  b e i n g  10.40 and 6.70 m i n u t e s  

r e s p e c t i u e l y .  C o n c e n t r a t i o n  o f  O f l o x a c i n  i n  s a m p l e s  

w e r e  d e t e r m i n e d  by m e a s u r i n g  t h e  r a t i o  o f  t h e  p e a k  

a r e a  f o r  t h e  drug t o  t h a t  f o r  t h e  i n t e r n a l  standard, 

t h e n  c o m p a r i n g  w i  t h  t h e  standard c u r v e s  o b t a i n e d  

a f t e r  1 i n e a r  r e g r e s s i o n  analys is  o f  t h e  c a l  i b r a t  i on 

s a m p l e s .  No i n t e r f e r e n c e  w a s  a b s e r u e d  dur ing t h e  

assay b e  t w e e n  O f  1 o x a c  i n and e n d o g e n o u s  s u b s t a n c e s  i n  

t h e  c l  i n i c a l  s a m p l e s .  
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FIGURE 2 : HPLC c h r o m a t o g r a m s  f r o m  b i o l o g i c a l  s a m p l e s  of  
p a t i e n t  G.P. a f t e r  400 mg d o s e  o f  O f l o x a c i n .  
V e r t i c a l  a x i s :  W d e t e c t o r  r e s p o n s e  (280 nm); 
h o r i z z o n t a l  a x i s :  r e t e n t i o n  t i m e  ( m i n . ) .  
(4) u r i n e  sample ,  583,4 p g / m l ;  s e n s i t i v i t y  1 . 0 .  
(B )  b i l e  s a m p l e ,  18,5 ) rg/ml;  s e n s i t i v i t y  0.5. 
<C> s e r u m  sample ,  2 , 4 p g / m l ;  s e n s i t i v i t y  0.05. 

A n a l  i t y c a l  r e c o v e r y  was d e t e r m  n e d  by adding 

O f l o x a c i n  t o  f r e s h  serum and t o  a s o l u t i o n  o f  m o b i l e  

phase,  t o  y i e l d  c o n c e n t r a t i o n s  o f  0 . 5  pg /ml  and 6.0 

p g / m l ,  t h e n  a n a l y z i n g .  The serum s t a n d a r d s  w e r e  

t r e a t e d  a s  d e s c r i b e d  above,  but w i t h  no i n t e r n a l  

s t a n d a r d  added.  R e c o v e r y  was c a l c u l  a t e d  by di u i ding 

t h e  a v e r a g e  O f l o x a c i n  a r e a  f o r  p r e p a r e d  serum-based 

s t a n d a r d s  by t h a t  o b t a i n e d  f r o m  d i r e c t  i n j e c t i o n  of 
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2546 CARLUCCI, GUADAGNI, AND PALUMBO 

v o l  u m e - a d j u s t e d  standards i n  mob i  1 e p h a s e .  F i v e  

d e t e r m i n a t i o n s  w e r e  made a t  e a c h  c o n c e n t r a t i o n .  The  

standard c u r v e  f o r  s e r u m  w a s  l i n e a r  ( r a n g e  0.5 t o  6 

y g / m l >  w i t h  r=0.998 < r = 0 . 4 3 3 2 ~ - 0 . 0 1 5 4  )rQ/ml>. For 6.0 

) tg /ml  and 0 . S  )Jg/ml c o n c e n t r a t i o n s ,  t h e  mean 

a n a l y t i c a l  r e c o v e r y  w a s  66% and 53.4% r e s p e c t i v e l y .  

T h e  standard c u r v e  f o r  O f l o x a c i n  i n  u r i n e  and b i l e ,  

o v e r  a c o n c e n t r a t i o n  r a n g e  o f  10 t o  600 )Ig/ml,  was  

l i n e a r  ( r=0 .999 ,  y=0.!51Jx-0.0467 y g / m l > .  

The  assay was  e v a l u a t e d  i n  e i g h t e e n  b i l i o p a t h i c  

h o s p  i t a l  i z e d  p a t  i e n t s  who w e r e  abni n i s t e r e d  O f  1 o x a c  i n  

(400 mg p e r  0s) 3 hours b e f o r e  s u r g e r y .  Serum, b i l e  

and u r i n e  s a m p l e s  w e r e  o b t a i n e d  f r o m  p a t i e n t s  du r ing  

s u r g e r y  . 
A s e n s i  t i v e  and s p e c i f i c  HPLC m e t h o d  was  

d e v e l o p e d  u t i l  i z z i n g  t h e  n a t u r a l  U.U. absorbing 

p r o p e r t i e s  o f  O f l o x a c i n .  U s i n g  t h e  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  d e s c r i b e d  f o r  t h i s  assay, O f l o x a c i n  was  

c o m p l e t e l y  r e s o l v e d  f r o m  t h e  i n t e r n a l  standard. 
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