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F a r i d  J .  M u h t a d i ,  Mahmoud M . A .  Hassan  
a n d  Mustapha  M. Tawcikkol .  

D e p a r t m e n t s  o f  Pharmacognosy  and  Pharma- 
c e u t i c a l  C h e m i s t r y ,  C o l l e g e  of Pll.irlncicy, 

U n i v e r s i t y  of R i y a d h ,  R i y a d h ,  S a u d i  A r a b i a .  

A b s t r a c t :  

A PMR method f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  c e p h a l o s p o r i n s  

namely  c e p h a l o t i n .  c e p h a l o r i d i n e ,  c e p h r a d i n e ,  c e f o x i t i n  a n d  c e f o -  

taxime i n  b u l k  d r u g s  a n d  p h a r m a c e u t i c a l  f o r m u l a t i o n  are p r e s e n t e d .  

The  d e t e r m i n a t i o n  is b a s e d  o n  t h e  i n t e g r a t i o n  of t h e  6-H a n d / o r  7-H 

of t h e  B-lactam ring s y s t e m  r e l a t i v e  t o  t h a t  o f  t h e  n i n e  p r o t o n s  of 

t - b u t a n o l .  The  method is r a p i d ,  a c c u r a t e  a n d  p r e c i s e ,  w i t h  an  aver- 

a&,L s t a n d a r d  d e v i a t i o n s  of  f 1 . 5 1  I n  s t a n d a r d  m i x t u r e s  a n d  * 1.15 i n  

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

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

d e t e c t i o n  of t h e  conimonly e n c o u n t e r e d  i m p u r i t e s .  
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3 7 4  MUHTADI, HASSAN, AND TAWAKKOL 

t n t r o d u c t  ion: 

C e p h a l o s p o r i n s  c o n s t i t u t e  a g roup  of 6- lac tan i  a n t i b i o t i c s ,  

s e v e r a l  o f  which  are  c l i n i c a l l y  used .  Many methods  have  been  des -  

c r i b e d  f o r  t h e i r  q u a n t i t a t i v e  a n a l y s i s .  Among t h e s e  i o d o i w t r i c  

t i t r a t i o n s ,  one  of which is u t i l i z i n g  a l k a l i  f o r  o p e n i n g  t h e  R- 

l a c t a m  r i n g  ( 1 ) .  T h i s  method i s  o f f i c i a l l y  a d o p t e d  by t h e  B.P. 

1980 ( 2 ) .  I n  t h e  o t h e r  method open ing  t h e  b - l ac t am r i n g  i s  a c h i e v -  

ed by c e p h a l o s p o r i n a s e  ( 3 ) .  Other  methods  i n c l u d i n g  non-aqueous 

t i t r a t i o n  ( 4 , 5 ) ,  c o l o r i m e t r i c  methods  usii;,:  e i t h e r  hydroxy lamine  

(6.7) o r  5.'5-dlthiobis-(2-nitrobenzoic a c i d )  (8) r e a g e n t s .  Spec-  

t r o p h o t o m e t r i c  methods  were r e p o r t e d  a s  a s t a b i l i t y  i n d i c a t i n g  

a s s a y s  ( 9 ) .  For t h e  d e t e r m i n a t i o n  o f  b lood  l e v e l  c o n c e n t r a t i o n s ,  a 

f l u o r o m e t r i c  a s s a y  was a l s o  d e s c r i b e d  ( 9 ) .  M i c r o b i o l o g i c a l  t e c h n i -  

q u e s  have  been r e p o r t e d  (10-11) and c u r r e n t l y  a d o p t e d  by t h e  U.S.P.  

(XX) 1980 ( 1 2 ) .  Chromatographic  me thods  p a r t i c u l a r l y  h i g h  p e r f o r -  

mance l i q u i d  ch romatography  h a s  been used  ( 4 ,  9 ) .  An NMR p r o c e d u r e  

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

I n  c e p h r a d i n e  h a s  been r e c e n t y  d e v e l o p e d  ( 1 3 ) .  

The f a c t  t h a t  c e p h a l o s p o r i n s  have  a u n i q u e  and  similar iiiolecu- 

l a r  s t r u c t u r e s  and  by v i r t u e  of t h e i r  h i g h  d o s a g e ,  h a s  a t t r a c t e d  

Our a t t e n t i o n  o f  d e v e l o p i n g  a g e n e r a l  PMR a s s a y  f o r  t h e i r  q u a n t i t a -  

t i v e  d e t e r m i n a t i o n  as d r u g  i n t i t i e s  and i n  p h a r m a c e u c i c a l  fo rmula -  

t i o n s .  
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6-LACTAM ANTIBIOTICS. I 3 7 5  

t h e  i n t e r n a l  s t a n d a r d .  C h e m i c a l  s h i f t b  were nir.isured r e l a t i v e  t o  

DSS (sodium-2,2-dimethyl-2-silapentane-5-sulpl1onatr~ a t  0 ppm. 

C h e m i c a l s :  

h a l o r i d i n e 3 ,  a n d  c e p h r a d i n e 3 ,  m e f o x i n 4 ,  a n d  c e f o t a x i m e 5 .  

c e u t i c a l  f ~ r m u l a t i o n ~ - ~  were a l s o  o b t a i n e d .  

1 3 D e u t r i u m  o x i d e  , t - b u t a n o 1 2 .  s t a n d a r d  c e p h a l o t i n  , c e p -  

Pharma- 

1. 

2. 

3 .  

4 .  

5.  

6 .  

7 .  

Koch-Light  L a b o r a t o r i e s  I . t d . ,  C o l n b r o o k  Buck,  E n g l a n d .  

B.D.H. Poole ,  E n g l a n d .  

B r i t i s h  P h a r m a c o p o c l d  Commision L a b . ,  Stanmore, U.1;. 

Merck S h a r p  a n d  Ilohme, W e s t p o i n t ,  P a . ,  U.!;.A. 

Rossel U c l a f ,  P r a n c e .  

E l i  L i l l y  & Co., I n d i a n a p o l i s ,  I n d .  U . S . A .  

Squ i bb, Cr e w e .  

A s s a y  of Cephalosporin2;- 

Weigh a c c u r a t e l y  a p o r t i o n  of t h e  powder  e q u i v a l e n t  t o  100 mg 

of t h e  c e p h a l o s p o r i n  i n t o  a g l a s s  s t o p p e r e d  s a m p l e  t u b e .  Add 1.0 i! i1 

a c c u r a t e l y  m e a s u r e d  D 0 c o n t a i n i n g  an a c c u r a t e  w e i g h t  o f  t - b u t n n o l ,  

s t o p p e r  a n d  s h a k e  f o r  3 min .  T r a n s f e r  about  0 .5  m l  of t h e  r e s u l t i n g  

s o l u t i o n  i n t o  a NMR t u b e  a n d  record t h e  s p e c t r u m ,  a d j u s t i n g  t h e  s p i n  

rate t o  r e d u c e  t h e  s p i n n i n g  s i d e  b a n d s  as much ;IS p o s s i b l e .  In tcg-  

r a t e  t h e  p e a k s  of i n t e r e s t  (The  6- o r  7-H o f  the B-lac tam r i n g  

2 

a p p e a r i n g  a t  4.86 - 5.80 ppni a n d  t h e  Y p r o t o n s  u f  t - b u t d n o l  a p p e a r -  

ing a t  1 . 2 3  ppm) a t  l e a s t  t h r e e  time:, and de te rmine  ttie a v e r a g e  

i n t e g r a  1s. 

The amount  of c e p h a l o s p o r i n  i s  t h e n  c a l c u l a t e d  as  follows:- 

E.Wc 
x -  E . W  x mg o f  t - b u t a n o l  AC mg of c e p h a l o s p o r i n  = ___ 

*b b 
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376 MUHTADI, HASSAN, AND TAWAKKOL 

Where A 

of t h e  t -bu tanol  s i g n a l ,  E.W is t h e  molecular  wieght of cephalospo- 

r i n  and E.W i s  one n i n t h  of t h e  molecular  weight of t -bu tanol  

(= 8 . 2 4 ) .  

is t h e  i n t e g r a l  v a l u e  of  t h e  cephalospor in  s i g n a l ,  % t h a t  
C 

b 

R e s u l t s  and Discussion:  

The PMR s p e c t r a  of some c l i n i c a l l y  used c e p h a l o s p o r i n s  namely, 

c e p h a l o t i a ,  c e p h a l o r i d i n e ,  cephradine ,  c e f o x i t i n  and cefo tax ime i n  

D 2 0  e x h i b i t e d  among o t h e r  peaks two d i s t i n c t  s i g n a l s  appear ing  a t  

4.40 - 5.80 ppm. The lowes t  f i e l d  s i g n a l  i s  a t t r i b u t e d  t o  t h e  7-H 

w h i l e  t h e  o t h e r  s i g n a l  is ass igned  to  6-H of t h e  B-lactam r i n g  

(Fig.  1 ) .  The m u l t i p l i c i t y  of t h e s e  p r o t o n s  a r e  u s u a l l y  d o u b l e t s  

wi th  a v e r y  small coupl ing  c o n s t a n t ,  except  i f  e i t h e r  6-I! o r  7-H i s  

s u b s t i t u t e d ,  t h e  m u l t i p l i c i t y  of t h e  remaining pro ton  i s  a s i n g l e t  

as t h e  c a s e  w i t h  c e f o x i t i n ,  where t h e  7-H is r e p l a c e d  by a methoxyl 

f u n c t i o n  (Fig. 2 ) .  I n  o r d e r  t o  a s s u r e  u n i f o r m i t y  of t h e  q u a n t i t a t i v e  

d e t e r m i n a t i o n s ,  t h e  6-H and 7-H pro ton  s i g n a l s  were chosen,  a l s o  t h e  

i n t e g r a t i o n  of any of t h e s e  s i g n a l s  g i v e s  t h e  l a r g e s t  a r e a  f o r  

measurement and f r e e  from any i n t e r f e r e n c e .  The chemical  s h i t r  

v a l u e s  f o r  6-H and 7-H of t h e  s a i d  cephalosporfns  are  l i s t e d  I n  

Table  1. 

t -Butanol  In D20 e x h i b i t i n g  a 9-protons s i n g l e t  at  1.23 p p  

a s s i g n e d  to its 3 methyl  groups, is employed as i n t e r n a l  s t a n d a r d .  

Its PMR p r o t o n  s i n g l e t  is  wide ly  s e p a r a t e d  from t h o s e  of cephalos-  

p o r i n e  which allows f a c i l e  and a c c u r a t e  d e t e r m i n a t i o n .  

S i n c e  all t h e  used c e p h a l o s p o r i n s  and t -butanol  are f r e e l y  

Moreover, t h e  s o l u b l e  In D20 It becomes t h e  solvent of c h o i c e ,  
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B-LACTAM ANTIBIOTICS. I 

6-H 

379 

_. 

7 -li 

T a b l e  1 :  The chemica l  s h i f t  v a l u e s  for  6-H and 7-H 
of t h e  8 - l ac t am r i n g .  

Cepha lospor in  

C e p h a l o t i n  

Cephalor  i d  i n e  

Cephradine 

Cef o x i  t i n  

Ce f o Lax ime 

4.96  

5.06 

5 .00  

5.11 

5.23 

5 . 2 0  

5.66 

5 .38  

- 

5.80  

M.W. 

396.44 

4 1 5 . 5  

3.4 Y .4 1 

449 .44  

477.23 

DHO p r o t o n  s i n g l e t  a t  4.66  ppm d o e s  n o t  i n t e r f e r e  w i t h  t h e  p r o t o n  

s i g n a l s  of bo th  compounds. 

Assay o f  a series of  known s t a n d a r d  m i x t u r e s  of  c e p h a l o s p o r i n s  

and t - b u t a n o l  (Tab le  2) e s t a b l i s h e d  t h e  a c c u r a c y  arid p r e s e s s i o n  of 

t h e  method w i t h  s t a n d a r d  d e v i a t i o n s  of  1 . 4 0 ,  1 . 5 9 ,  1 . 4 2 ,  1 . 9 3  and 

1 - 1 1  f o r  c e p h a l o t i n ,  c e p h a l o r i d i n e ,  c e p h r a d i n e ,  c e f o x i t i n  and c e f o -  

taxime r e s p e c t i v e l y  (Tab le  2 ) .  

The r e s u l t s  of e s t i m a t i o n  of  c e p h a l o s p o r i n s  i n  t h e i r  pharma- 

c e u t i c a l  f o r m u l a t i o n s  ( l n j e c t a b l e s  and c a p s u l e s )  by t h e  method 

under  i n v e s t  igaL i o n  a r e  i n  good agreement  w i t h  t h e  d e c l a r e d  amounts 

(Tdble  2;. 

Obviously t h i s  PMR t e c h n i q u e  has  d i s t i n c t  . idvantage o v e r  

o t h e r  methods p r e v i o u s l y  d e s c r i b e d  for  t h e i r  d e t e r m i n a t i o n ,  b r i n g  

r a p i d ,  a c c u r a t e  and s p e c i f i c .  
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380 MUHTADI, HASSAN, AND TAWAKKOL 

Table 2 :  W R   say of C e p l i a l o s p o r i n s  in Standard 
Y i x t u r c s  and Dosdge Forms. 

I C r p t i a l o c t l i n  1 0 0 . 4 5  f 1 . 4 0  9 9 . 3 6  f 1.26  
I 

, C e p h r a d i n e  99.78 f 1.42 100.29 2 1.39 

I 

~ Ccioxitin 

j 
i 00 .83  f 1.11 i I Ceiotaxime 

i Averdge*  1.51 1 i 

1 . 1 5  i ! I 

* - . l i  8 r e p l i c a t e s  
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