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ABSTRACT 

The s t a b i l i t y  o f  cefotetan disodium between the pH range 2-8 

has been stud ied using a s t a b i l i t y - i n d i c a t i n g  HPLC assay method. 

The optimum pH range o f  s t a b i l i t y  appears t o  be 3.6-6.4. 

o r  8, the decomposition was approximately 2 times f a s t e r  than 

between pH 3.6-6.4. 

A t  pH 2 

The HPLC method used i s  accurate and prec ise  

0 based on 5 

owed f i r s t - o r d e r  

be 3.8 and 

w i t h  percent r e l a t i v e  standard dev ia t ion  o f  1 

readings. The decomposition o f  cefotetan f o l  

law. The Kh and Koh values were est imated t o  

4.4 x l o 4  d- l .  

BACKGROUND 

Cefotetan disodium i s  a semisynthetic broad spectrum, beta 1 acta- 

mase stable, cephalosporin (cephamycin) a n t i b i o t i c  f o r  parentera l  use. 

The plasma e l i m i n a t i o n  h a l f - l i f e  o f  ce fo te tan  i s  3 t o  4.6 hours, 

a l low ing  tw ice  d a i l y  admin is t ra t ion  f o r  the  t reatment o f  i n d i c a t e d  

infect ions1. I n  s p i t e  of i t s  extensive use i n  medicine, no informa- 
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PRAMAR AND DAS CUPTA 1060 

t i o n  

Gupta 

s ava 

e t  a1 -- 
5% dext rose  

l a b l e  about i t s  degradat ion  i n  the  aqueous s o l u t i o n s .  

repor ted2 t h e  chemical s t a b i  1 i ty  o f  c e f o t e t a n  d i  sodium i n  

and 0.9% sodium c h l o r i d e  i n j e c t i o n s .  Th is  study was 

conducted u s i n g  a s t a b i l i t y - i n d i c a t i n g  HPLC assay method. 

The purpose o f  these i n v e s t i g a t i o n s  was t o  study t h e  e f f e c t  o f  pH, 

phosphate b u f f e r  concen t ra t i on  and t h e  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  c e f o t e t a n  disodium. 

MATERIALS AND METHODS 

M a t e r i a l s :  

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 .  

( S t u a r t  Pharmaceut icals)  was used as rece ived.  

t h e  i n t e r n a l  s tandard  was generously s u p p l i e d  by E. L i l l y  ll Co. 

Equipment: 

Assoc ia tes)  equipped w i t h  an i n j e c t o r  (Rheodyne Model 71251, a m u l t i p l e  

wavelength d e t e c t o r  (Schoe f fe l  ' s  SF770, App l i ed  Biosystems) and a 

reco rde r  (Omniscr i  be 5312-12, Houston Ins t rumen ts )  was used. A Med. 

Pharmex c18 column ( P a r t  No. MP 002, 25 cm x 4.6 mn i .d.1 was 

used. 

Chromatographic Cond i t ions :  

a c e t o n i t r i l e  i n  0.02M KH2P04 aqueous b u f f e r  s o l u t i o n .  

r a t e  was 2.0 ml/min, t h e  s e n s i t i v i t y  was 0.04 AUFS a t  262 nm, t h e  c h a r t  

speed was 30.5 cm/hr and the  temperature was ambient. 

P repara t i on  o f  Cefo te tan  Disodium S o l u t i o n s  f o r  S t a b i l i t y  S tud ies :  

1% s o l u t i o n  o f  c e f o t e t a n  disodium i n  wa te r  was prepared as t h e  s tock  

s o l u t i o n .  A 10.0 m l  q u a n t i t y  o f  t h e  s o l u t i o n  was d i l u t e d  w i t h  a phos- 

phate b u f f e r  o f  an approp r ia te  pH value, b u f f e r  concen t ra t i on ,  and t h e  

i o n i c  s t r e n g t h  (Tab le  1) t o  100.0 m l .  A f t e r  t h e  i n i t i a l  da ta  ( p h y s i c a l  

appearances, pH values and t h e  assays), t h e  s o l u t i o n s  were s t o r e d  a t  

A l l  t h e  chemicals and reagents  were USP, NF o r  ACS q u a l i t y  

Cefo te tan  disodium powder 

Cephalexin powder f o r  

A h igh-pressure  1 i q u i d  chromatograph (ALC 202, Waters 

The mob i le  phase con ta ined  6% V/V o f  

The f l o w  

A 
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STABILITY OF CEFOTETAN DISODIUM 1061 

TABLE 1 

LIST OF SOLUTIONS OF CEFOTETAN DISODIUM (1.0 mg/ml I 

PREPARED FOR STABILITY STUDIES 

Sol u t i  on F i n a l  Concentration F i n a l  I o n i c  F i n a l  pH Value 
No. o f  Phosphate B u f f e r  Strengtha (+ - 0.05) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0.09 

0.09 

0.09 

0.09 

0.068 

0.045 

0.09 

0.09 

0.09 

0.09 

0.09 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

0.21 

0.14 

0.27 

0.27 

0.27 

2 .oo 

3.10 

3.90 

4.85 

4.85 

4.85 

4.85 

4.85 

5.85 

6.90 

8.00 
~~ 

a A l  1 i o n i c  s t rengths were adjusted with potassium ch lo r ide .  

room temperature (25" 1') i n  4 ounce amber-colored b o t t l e s .  The data 

were recorded again a t  the appropr iate i n t e r v a l s .  

Preparat ion o f  Stock and Standard Solut ions f o r  Analysis:  

s o l u t i o n  each o f  cefotetan disodium and cephalexin i n  water were pre-  

pared f resh  d a i l y .  A 1.5 m l  quant i t y  o f  the stock s o l u t i o n  o f  ce fo te t -  

an disodium was mixed w i t h  2.0 m l  quant i t y  o f  the stock s o l u t i o n  o f  

cephalexin ( t h e  i n t e r n a l  standard) and the mixture brought t o  volume 

(50 ml )  w i t h  the mobi le phase. 

A 0.1% stock D
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1062 PRAMAR AND DAS GUPTA 

Preparat ion o f  Assay Solut ions:  A 1.5 m l  quant i t y  o f  the assay sample 

was mixed w i t h  2.0 m l  quant i t y  o f  the stock s o l u t i o n  o f  cephalexin and 

the  mixture brought t o  volume (50 m l l  w i t h  the  mobi le phase. 

Assay Procedure: 

i n t o  the chromatograph us ing the condi t ions described above. 

purpose o f  comparison, a s i m i l a r  volume o f  the standard 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 eluted. The standard s o l u t i o n  con- 

ta ined i d e n t i c a l  concentrat ions o f  cefotetan disodium (based on the 

labe l  c la im) and the i n t e r n a l  standard. 

Calculat ions:  

the  peak heights (d rug / in te rna l  standard) were d i r e c t l y  r e l a t e d  t o  the 

concentrat ions o f  cefotetan disodium (range tes ted  - t 50% o f  the  

standard concentrat ion),  therefore,  the r e s u l t s  were ca lcu la ted  us ing a 

A 30 p1 quant i t y  o f  the assay s o l u t i o n  was i n j e c t e d  

For 

Pre l iminary inves t iga t ions  ind ica ted  t h a t  the r a t i o  o f  

simple equation: 

(Rph)a 
- x 100 = Percentage o f  the labe l  c la im found 

where (Rph)a i s  the  peak he igh t  r a t i o  o f  the  assay sample and 

(Rph)s t h a t  o f  the  standard so lut ion.  

RESULTS AND DISCUSSION 

HPLC Assay Method - The method used was developed e a r l i e r 2  and i s  

s t a b i l i t y - i n d i c a t i n g .  

i n t e r n a l  standard whose peak was very broad because o f  a h igher  re ten-  

t i o n  time2. I n  these studies, a new i n t e r n a l  standard, cephalexin, 

was developed which gave a sharp peak (peak 2, F igure  1) and had the  

advantage o f  being a compound s i m i l a r  t o  the drug. 

a wavelength o f  238 nm was used t o  increase the absorpt ion o f  benzoic 

a c i d  ( t h e  i n t e r n a l  standard). I n  these studies,  a wavelength o f  262 nm 

was selected because the absorptions o f  both the drug and i n t e r n a l  

The method developed used benzoic a c i d  as the  

I n  e a r l i e r  studies, 
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STABILITY OF GEFOTETAN DISODZUM 1063 

A 

2 

1 

B 

-P 

2 

\ 
I I I I I I I I I 
0 4 8 10 0 4 8 10 

MINUTES 

F igure  1 Sample chromatograms. Peaks 1-2 are  from cefo te tan  and 

cephalexin ( t h e  i n t e r n a l  standard), respect ive ly .  

Chromatogram A i s  from a standard so lu t ion  and B from a 

9 day o ld ,  pH 4.85 so lu t ion  (so lu t ion  4 ,  Table 1) when 

stored a t  25'. For chromatographic condi t ions,  see 

t e x t .  
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1064 PRAMAR AND DAS GUPTA 

0 2 4 6 8 10 12 
Days 

First Order Plot of In Percent Retained 
Versus Days at pH 4.85. 

Figure 2 First-order plot  o f  I n  percent retained versus days a t  

pH 4.85. 

standard were very good a t  this wavelength and the background noise was 

less  than a t  238 nm. Furthermore, w i t h  cephalexin as the internal 

standard, the percent re la t ive standard deviation based on 5 readings 

was 1.0 versus 1.7 w i t h  benzoic acid based on 6 readings. 

Stabi l i ty  Studies, Effect of pH - The decomposition of cefotetan 

followed first-order law (Figure 2 )  a t  a l l  pH values. 

curve indicated (Figure 3) that  cefotetan is  stable between a pH range 

of about 3.6 t o  6.4. 

The decomposition of cefotetan a t  the pH values of 2 o r  8 was approxi- 

mately 2 times faster  than the decomposition w i t h i n  the pH range of 

maximum s t ab i l i t y  (3.6-6.4). A similar pH change accelerated the 

The pH-rate 

T h i s  i s  true of many other cephalosporins. 
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STABILITY OF CEFOTETAN DISODIUM 1065 

1 .o 

0.9 

0.8 
N + 
Y 
I 2 0.7 

0.6 

2 3 4 5 6 7 8 9 0 1 

PH 

pH - Rate Profile Curve of Cefotetan. 

Figure  3 pH-Rate p r o f i l e  curve o f  cefotetan.  

TABLE 2 

ASSAY RESULTS (BASED ON 100% ON 0 DAY) OF 

SOLUTIONS 4-8 (TABLE 1) OF pH 4.85 (+ - 0.05). 

bo I u t i  on 
No. 

(See Table 1) 

Assay Kesu I tsu After 
(Days) 

2 6 9 

4 93.8 81.0 70.6 

5 92.6 80.4 70.6 

6 93.2 79.9 71.2 

7 93.4 80.1 70.0 

a 93.2 81.4 71.1 

aAll  the  z o l i i t i n n c  were c l e a r  thrniiohoiit the ct i idv o e r i o d  and tho nH 
values d i d  not change. 
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1066 PRAMAR AND DAS GUPTA 

decomposition o f  cefotaxime3 by almost 10 times. 

mations s i m i l a r  t o  those repor ted e a r l i e r ,  the Kh and Koh values were 

est imated t o  be 3.8 and 4.4 x l o 4  day-l. A l l  the  so lu t ions  were c l e a r  

(except t h a t  pH 2 s o l u t i o n  was s l i g h t l y  c loudy) throughout the study 

per iod  and the  pH values d i d  no t  change. 

E f f e c t  o f  B u f f e r  Concentrat ion and I o n i c  St rength - The phosphate 

b u f f e r  concentrat ion and i o n i c  s t rength d i d  no t  a f f e c t  the KObs value 

o f  cefotetan (Table 21. 

Pathways o f  Decomposition - The decomposition o f  cefotetan i s  consid- 

ered t o  be s i m i l a r  t o  o ther  cephalosporins and has been repor ted i n  the  

l i t e r a t u r e 4 .  

goes hydro lys is  and a t  h igher  pH values (above 6.51, the s ide chain 

undergoes hydro lys is .  

Using the approxi-  
a 

This i s  t r u e  o f  most o f  the cephalosporins. 

B r i e f l y ,  a t  lower pH values, the  p- lactam moiety under- 
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