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ABSTRACT 

A s tab  i 1 i ty-  i nd i c a t  i ng h i g  h- performance 1 i qu i d  c h r m a  t o g r a  ph y 

method f o r  t h e  q u a n t i t a t i o n  o f  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  in  t a b l e t s  

( t h e  o n l y  dosage form a v a i l a b l e  a t  p resen t )  has been developed. 

method i s  p r e c i s e  and accura te  w i t h  a pe rcen t  r e l a t i v e  s tandard  dev ia -  

t i o n  based on  5 read ings  o f  1.2  and 1.4 f o r  c i p r o f l o x a c i n  and n o r f l o x -  

ac in ,  r e s p e c t i v e l y .  A number of i n a c t i r e  i n g r e d i e n t s  p resen t  i n  t h e  

t a b l e t s  d i d  no t  i n t e r f e r e  w i t h  t h e  assay procedures. The a d d i t i o n  o f  

h y d r o c h l o r i c  a c i d  i n  t h e  e x t r a c t i o n  procedure  was necessary f o r  t h e  

q u a n t i t a t i v e  r e c o v e r y  and r e p r o d u c i b l e  r e s u l t s .  

s y n t h e t i c  m i x t u r e s  was q u a n t i t a t i v e .  

appear t o  be ve ry  s t a b l e  s ince  10 minute  b o i l i n g  with e i t h e r  s u l f u r i c  

a c i d  o r  sodium hyd rox ide  s o l u t i o n  caused v e r y  1 i t t l e  decomposi t ion.  

BACKGROUND 

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  ( F i g u r e  1) a r e  s y n t h e t i c  broad 

spectrum a n t  i b a c t e r  i a1 agents f o r  o r  a1 admini s t r a t  ion .  S t r u c t u r a l l y  , 

b o t h  o f  these drugs  a r e  f l u o r o q u i n o l o n e  and s i m i l a r .  They a r e  new 

The 

The recove ry  frm t h e  

Both the  drugs  (qu ino lones )  

a n t i b a c t e r i a l  agents and are e x t e n s i v e l y  used t o  t r e a t  u r i n a r y  t r a c t  
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1598 PARASRAMPURIA AND DAS GUPTA 
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Figure  1 S t ruc tu res  o f  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 .  

i n f e c t i o n .  

i n f o r m a t i o n  i s  a v a i l a b l e  i n  t h e  l i t e r a t u r e  concern ing  the q u a n t i t a t i v e  

I n  s p i t e  o f  t he  wide use o f  these drugs, v e r y  l i t t l e  

a n a l y s i s  o f  t h e  a c t i v e  i n g r e d i e n t s .  The  purpose o f  these i n v e s t i g a t i o n s  

was t o  develop an HPLC method f o r  t h e  q u a n t i t a t i o n  o f  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  i n  t a b l e t s  ( t h e  o n l y  dosage form a v a i l a b l e  a t  p r e s e n t ) .  

WTERIALS AND METHODS 

Chemicals and Reagents: A l l  t h e  chemicals and reagents  were USP-NF o r  

A C S  qua1 i t y  and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  The c i p r o f l o x a c i n  

powder was s u p p l i e d  by  M i l e s  Labora to r ies  and t h e  n o r f l o x a c i n  powder b y  

Merck Sharp 8 Dohme. A l l  the t a b l e t s  were o f  the  commercial l o t s .  

Apparatus: 

equipped w i t h  a u n i v e r s a l  in;iector (Rheodyne Model 71251, a m u l t i p l e  

A h igh-pressure  l i q u i d  chromatograph (Waters ALC 202)  
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CIPROFLOXACIN HYDROCHLORIDE AND NORFLOXACIN 1599 

wavelength d e t e c t o r  ( S c h o e f f e l ' s  SF 770, Kra tos  Inc.)  and a reco rde r  

(Omniscr ibe 5213-12, Houston I n s t r m e n t s )  was used. A c18 column 

(Microbondapak by Waters, 30 cm x 3.9 mn i .d )  was t h e  s t a t i o n a r y  phase. 

Chromatographic Cond i t i ons :  The m o b i l e  phase contained ( b y  volume) 15% 

a c e t o n i t r i l e ,  12% methanol and 0.3% g l a c i a l  a c e t i c  a c i d  i n  0.01M KH2POq 

aqueous b u f f e r  s o l u t i o n .  The f l o w  r a t e  was 2.0 m l ,  t h e  s e n s i t i v i t y  was 

s e t  a t  0.04 AUFS (276 n), t h e  c h a r t  speed was 30.5 an/hr and the 

temperature was ambient. 

P r e p a r a t i o n  o f  S o l u t i o n s :  The s tock  s o l u t i o n s  were prepared by  m i x i n g  

a 30.0 mg q u a n t i t y  o f  t h e  c i p r o f l o x a c i n  powder (21.0 mg o f  n o r f l o x a c i n  

powder), w i t h  1 m l  o f  %lN HC1 and b r i n g i n g  the m i x t u r e  t o  volume (100.0 

m l )  with water. 

Co.) was d i s s o l v e d  in  enough water t o  make 100.0 m l  o f  the s o l u t i o n .  

This stock s o l u t i o n  was used as t h e  i n t e r n a l  standard f o r  bo th  of t h e  

drugs .  The s tock  s o l u t i o n s  were d i l u t e d  f u r t h e r  w i t h  water as needed. 

The most commonly used standard s o l u t i o n  o f  c i p r o f l o x a c i n  contained 

12.0 ug/ml o f  t he  drug  and 225 pg/ml o f  cepha lo th in .  

s o l u t i o n  o f  n o r f l o x a c i n  conta ined 8.4 pg/ml o f  the drug and 180 pg/ml 

o f  c e p h a l o t h i n  ( t h e  i n t e r n a l  standard).  

E x t r a c t i o n  Procedure From The Tab le ts :  

weighed and ground t o  a f i n e  powder. 

sen t i ng  30.0 mg of c i p r o f l o x a c i n  base (21.0 mg o f  n o r f l o x a c i n  base) 

based on t h e  l a b e l  c l a i m  was a c c u r a t e l y  weighed. The powder was mixed 

w i t h  1 m l  o f  1N HC1 and s t i r r e d  w i t h  2 minutes i n  a 150 m l  beaker. 

The m i x t u r e  was brought  t o  100 m l  ( i n  a vo lumet r i c  f l a s k )  w i t h  water. 

It was f i l t e r e d  ( F i s h e r ' s  9-803-5E f i l t e r  paper), f i r s t  15 m l  of the  

f i l t r a t e  was r e j e c t e d  and then t h e  c l e a r  f i l t r a t e  was c o l l e c t e d  fo r  

f u r t h e r  d i l u t i o n  w i t h  water. A 2.0 m l  q u a n t i t y  o f  the  f i l t r a t e  was 

A 225 mg o f  cepha lo th in  powder ( K e f l i f l  by E. L i l l y  & 

The s tandard  

Ten t a b l e t s  were a c c u r a t e l y  

A q u a n t i t y  o f  t h e  powder r e p r e -  
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1600 PARASRAMPURIA AND DAS GUPTA 

mixed w i t h  a 5.0 m l  q u a n t i t y  (4.0 m l  f o r  n o r f l o x a c i n )  o f  t h e  stock 

s o l u t i o n  o f  c e p h a l o t h i n  ( t h e  i n t e r n a l  standard) and brought t o  50 m l  

( i n  a vo lumet r i c  f l a s k )  w i t h  water.  

Decomposi t ion o f  Drugs Under D r a s t i c  C o n d i t i o n s :  

t h e  stock s o l u t i o n  o f  each d rug  ( s e p a r a t e l y )  was mixed w i t h  15 m l  o f  

water and e i t h e r  1 m l  o f  “1N H2S04 o r  1 1111 o f  Q l N  NaOH s o l u t i o n  i n  

a 150 m l  beaker.  The m i x t u r e  was heated t o  b o i l i n g  using a ho t  p l a t e  

f o r  10  minutes (more water was added as needed) , coo led  and n e u t r a l i z e d  

us ing  e i t h e r  % l N  HzSO4 o r  %1N NaOH s o l u t i o n .  

t o  volume (50.0 m l )  w i t h  water and assayed us ing  t h e  developed HPLC 

procedure.  No i n t e r n a l  standard was added i n  o rder  t o  d e t e c t  any new 

peaks from t h e  decomposi t ion produc ts .  

Assay Procedure:  A 20.0 p 1  q u a n t i t y  o f  the  assay s o l u t i o n  was i n j e c t e d  

i n t o  t h e  chromatograph us ing  t h e  c o n d i t i o n s  descr ibed.  For comparison, 

A 2.0 m l  q u a n t i t y  o f  

It was then brought 

an i d e n t i c a l  q u a n t i t y  o f  t he  s tandard  s o l u t i o n  was i n j e c t e d  a f t e r  the  

assay sample e lu ted .  The standard s o l u t i o n  conta ined i d e n t i c a l  concen- 

t r a t i o n s  o f  the  drug (based on  t h e  l a b e l  c la im)  and the i n t e r n a l  

stand ard  . 
C a l c u l a t i o n s :  P r e l i m i n a r y  - i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  the  r a t i o  o f  

t h e  peak h e i g h t s  ( d r u g / i n t e r n a l  s tandard)  were d i r e c t l y  r e l a t e d  t o  t h e  

concen t ra t i ons  o f  the  drug (:range t e s t e d  - + 25% o f  the  standard concen- 

t r a t i o n ) .  Therefore,  t h e  r e s u l t s  were c a l c u l a t e d  us ing  a s imple 

equa ti o n : 

(Rph)a  - x 100 = ‘ p r c e n t  o f  the l a b e l  c l a i m  found 
(Rph s 

where (Rph)a i s  t he  r a t i o  o f  the  peak h e i g h t s  o f  t he  assay s o l u t i o n  

and (Rph)s  t h a t  o f  the  s tandard  s o l u t i o n .  I n  t h e  case o f  the  decom- 
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CIPROFLOXACIN HYDROCHLORIDE AND NORFLOXACIN 1601 

TABLE 1 

ASSAY RESULTS OF VARIOUS DOSAGE FORMS A N D  SYNTHETIC MIXTURES 

Drug 
Percent of t he  

Claim per Tablet Label Claim Found 

Ci prof 1 ox ac i n  

Ciprofloxac i n  
(d  i f f erent 1 o t 1 

C i Dro f 1 ox ac i n  

Ci prof 1 oxac i n  
( d i f f e r e n t  l o t )  

CiDrofloxacin 

Ci prof 1 oxac i n  
( d i f f e r  en t 1 o t )  

C i pro f 1 ox ac i n  
Synthet ic  Mixture 1 

C i  prof 1 ox ac i n  
Synthet ic  Mixture 2 

No r f  1 ox ac i n  

Nor f 1 oxac i n  
( d i f f e r e n t  1 o t )  

Norfloxacin 
Synthetic Mixture 1 

No r f  1 ox ac i n  
Synthet ic  Mixture #1 

250 mg 

250 mg 

500 mg 

500 mg 

750 mg 

750 mg 

30 mg t 50 mg lactose 

30 mg t 50 mg dextrose 

400 mg 

400 mg 

21 mg t 50 mg lactose 

21 mg t 50 rng dextrose 

99.5 

100.2 

98.6 

99.1 

100.3 

99.2 

100.5 

100.2 

99.0 

99.2 

100.9 

100.8 
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1602 PARASRAMPURIA AND DAS GUPTA 

8 

i/ 
I 

C 

L 

D 

b 4 6 0  4 6 0  4 6 0  4 6  
MINUTES 

F i g u r e  2 Sample chromatograms. Peak 1 in chromatograms A-B i s  from 

c i p r o f l o x a c i n  and i n  C - D  fran nor f loxac in .  Peak 2 i s  from 

c e p h a l o t h i n  ( t he  i n t e r n a l  s t a n d a r d ) .  Chromatogram A i s  from 

a s t anda rd  s o l u t i o n  o f  c i p r o f l o x a c i n ;  B from c i p r o f l o x a c i n  

500 mg t ab le t s ;  C from a s t a n d a r d  s o l u t i o n  of  n o r f l o x a c i n  and 

D from n o r f l o x a c i n  400 mg t a b l e t s .  For chromatographic  

c o n d i t i o n s ,  see t ex t .  

posed s o l u t i o n s  wi thout  the  i n t e r n a l  s t a n d a r d ,  the results were e s t i -  

mated by the d i r ec t  comparison of  drug  peak h e i g h t s  ( a s s a y / s t a n d a r d )  

and then m u l t i p l y i n g  by 100. 

RESULTS A N D  DISCUSSION 

The resul ts  (Table  1) - ind ica te  t h a t  the developed  H P L C  method can  

be used to  q u a n t i f y  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  i n  t a b l e t s ,  the o n l y  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CIPROFLOXACIN HYDROCHLORIDE AND NORFLOXACIN 1603 

dosage form a v a i l a b l e  a t  p resent .  

w i t h  a pe rcen t  r e l a t i v e  standard d e v i a t i o n s  based on 5 read ings  o f  1.2 

and 1.4 f o r  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 ,  r e s p e c t i v e l y .  The separa- 

t i o n  o f  each drug from the i n t e r n a l  standard was complete ( F i g u r e  2 ) .  

Both d rugs  (qu ino lones )  appear t o  be very  s t a b l e  s ince  t h e  samples when 

b o i l e d  f o r  10  minutes e i t h e r  w i t h  s u l f u r i c  a c i d  o r  sodium hydrox ide  

(see t e x t )  showed v e r y  l i t t l e  l oss  i n  t h e  potency. No new peaks were 

de tec ted  i n  t h e  chromatograms. An e a r l i e r  study r e p o r t e d  (1) a 10% l o s s  

i n  potency o f  n o r f l o x a c i n  i n  83 days a t  pH 5.5 and an i o n i c  s t r e n g t h  o f  

0.2. 

inc reased t h e  r a t e  o f  degradat ion.  

may have caused t h i s  degradat ion.  Furthermore, t h e  a n a l y s i s  was con- 

duc ted  u s i n g  a ted ious  e x t r a c t i o n  procedure and subsequent measurement 

o f  t h e  abso rp t i on  va lue  a t  270 nm us ing  a spectrophotometer.  

i n v e s t i g a t i o n s  ( 1 )  were conducted on ly  t o  determine the  e f f e c t  o f  i o n i c  

s t r e n g t h  on t h e  s t a b i l i t y  o f  n o r f l o x a c i n  a t  pH 5.5 and h i g h  tempera- 

tu res .  

room temperature.  

E x t r a c t i o n  Procedure: P r e l i m i n a r y  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  c i p r o -  

f l o x a c i n  hyd roch lo r i de  powder was ins tan taneous ly  s o l u b l e  i n  wa te r  

w h i l e  n o r f l o x a c i n  powder d i d  n o t  d i s s o l v e  (21 mg/100 m l )  w i t h o u t  t he  

a d d i t i o n  o f  h y d r o c h l o r i c  ac id .  Therefore,  t he  a d d i t i o n  o f  h y d r o c h l o r i c  

a c i d  was necessary f o r  t h e  e x t r a c t i o n  o f  n o r f l o x a c i n .  

o f  c i p r o f l o x a c i n  (p resen t  as hyd roch lo r i de  s a l t  i n  t a b l e t s )  f rom t h e  

t a b l e t s  w i t h o u t  t h e  a d d i t i o n  o f  h y d r o c h l o r i c  a c i d  gave 32-87% o f  t h e  

r e s u l t s  (based on t h e  l a b e l  c la im) .  

The a d d i t i o n  o f  h y d r o c h l o r i c  a c i d  t o  bo th  t h e  s tandard  and assay so lu -  

t i o n s  gave q u a n t i t a t i v e  and r e p r o d u c i b l e  r e s u l t s .  The i n a c t i v e  i n g r e -  

The methad i s  accura te  and p r e c i s e  

The study a l s o  r e p o r t e d  t h a t  an i nc rease  i n  t h e  i o n i c  s t r e n g t h  

Hence a 0.2 i o n i c  s t r e n g t h  va lue  

These 

The da ta  was then e x t r a p o l a t e d  t o  determine t h e  Kobs va lue  a t  

The e x t r a c t i o n  

The r e s u l t s  were not rep roduc ib le .  
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1604 PARASRAMPURIA AND DAS GUPTA 

d ien ts ,  c e l l u l o s e ,  c roscarmel lose  sodium, crospovidone, hydroxypropy l  

c e l l u l o s e ,  hydroxypropyl  me thy l ce l l u lose ,  i r o n  oxide, magnesium s tea r -  

ate,  po l ye thy lene  g l y c o l  , s i l i c o n  d iox ide ,  s t a r c h  and t i t a n i u m  ox ide  

p resen t  i n  the  t a b l e t s  d i d  n o t  i n t e r f e r e  w i t h  t h e  e x t r a c t i o n  and t h e  

assay procedures. 

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  were q u a n t i t a t i v e  (Tab le  1). 

The recove r ies  f rom t h e  s y n t h e t i c  m ix tu res  f o r  bo th  

REFERENCE 

1. G.N. Singh, R.P. Gupta and P. Prakash, Die Pharmazie, - 43 (21, 134 

(1988). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




