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SUMMARY 

A method is described for separating and quantifying new cephalosporin 
derivatives by means of coIumn chromatography on DEAE-SepIiadex A-25_ The 
procedure has heen used to determine some breakdown products of cefacetril. 

INTRODUCTION 

Cephalosporin C, 7-aminocephalosporanic acid (‘I-ACA) and their derivatives 
are usually sep_mted by paper chromatography and determined quantitatively, after 
bioautopraphic detection, with Bacibs subtilis’. The chromatographic separation of 
cephalosporins can also be effected on thin layer of silica gel’e3 and diethylaminoethyl- 
celInlose4. Column chromatography has been used5 to study the relationship between 
the chromatoeraphic behaviour of certain cephalosporins and their protein binding 
power. 

In this paper, we describe a chromato,mphic method involving the use of an 
ion-exchange column of DEAE-Sephadex A-25; this method permits the separation 
and quantitative determination of some cephalosporins by UV spectrophotometry. 

The technique has proved to be especially useful for the separation of certain 

breakdown products of the antibiotics. 

EXPJ3tIMENTAL 

Apparatus and materials 
DEAE-Sephadex A-25 (Cl-) was obtained from Pharmacia (Uppsa!a, Sweden). 

A Beckman DU-2 and a Perk&Elmer Model 124 twin-ray spectrophotometer, 
with a Perkin-Elmer Model I65 recorder, were employed. 

The cephalosporins used were cephaloridine, sodium cefacetril, cephalexin, 
sodium cephalosporin C, 7-ACA, desacetoxycephalosporin C (7-DACA), sodium ce- 
phalothin, sodium cephapirin, cephradine and sodium cefazolin. These drugs were 
prepared in the Research Laboratories of Alfa Farmaceutici S.p.A. (Bologna, It& 
ad pur&d to cons*at spectrophotometric and chromatographic values. 



___. _ 

150 G. TORTQLKHI, E. RtiMAGNOLI 

Preparation of the resin and the column 
Atiounts of 20g of DEAE-Sephadex were washed repeatedly with distilled 

water, equilibrated with 100 ml of the solution employed for lelution and then poured 
into a 1.5-cm diameter glass cohmm so as to give a height of 20 cm after settling. 

Eiution of ce@alosporins 
A l-ml volume of a solution containing 5OOpg of each cephalosporin was 

placed on the column and elution was carried out with 0.2 M sodium acetate-acetic 
acid (pH 4.5 and 6.0), 0.2 M sodium acetate-O.1 M sodium hydroxide (pH S-0) and 
0.2 M sodium acetate-acetic acid containing 146 g/l of sodium chloride, @H 3.5). 
Each 5-ml fraction was determined spectrophotometrically against a blank of the same 
eluent at wavelengths corresponding to the absorption peaks of each cephalosporin. 

Degradation of cefacetril 
The hydrolysis of cefacetrii was studied at 100” by immersing test-tubes con- 

raining a solution (lOUO,~g/ml) in 0.2 M sodium acetate (pH 8.0)‘ for 10 mm in a 
thermostkzticaliy controlled water-bath. 

Eiution of degradation products of cefacetril 
A 2-ml volume of a solution containing 2GOOpg of degraded cefacetril was 

poured on to the column of DEAE-Sephadex and eluted with 0.2 M sodium acetate 
(pH 8.0), 35 fractions of 5 ml were co&coed and then eluted with 150 ml of 0.2 M 
sodium acetate-sodium chloride (pH 3.5). The fractions corresponding to the second 
eluent were yeliow and red in colour. 

The elution volumes (V,) obtained for each cephalosporin at different pH 
values are listed in Table 1. 

Fis_ l-3 show the separation of the cephaios_porins on DEAE-Sephadex. 

TABLE I 

ELUTION VOLUMES OF CEPHALOSI’ORIN DERIVATIVES 

pH4.5 p-H6 PHI 

Cephaloridine 
Cephradine 
Cephalexin 
Sodium cephapirin 
7-ACA 
7-DACA 
sodium cxpwosporin 
Sudiumcefxetd + 
Sodium cephdothin 
Sodium cefazolin 

30 35 38 
33 28 68 
35 35 78 
II 90 103 
48 80 74 

2 IO5 60 77 57 
100 so 79 
125 127 123 
138 125 122 
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Fig. 1. Chromatographic separation of cephalosporin antibiotics on a 20 x 1.5 cm column of DEAE- 
Sephadex A-25 (Cl-) eluted with 0.2 M sodium acetate (pH 4.5). The volume of each fraction was 
5 ml. Absorbance measurements were performed at 262 nm for cephalexin (I). 269 nm for cephalos- 
pork C (2), 258 run for cefaceti (3) and 272 mn for cefazotin (4). 

Fig. 2. Chromatographic separation of cephalosporin antibiotics on a 20 x 1.5 cm cotumn of DEAE- 
Sephadex A-25 (cl-) duted with 0.2 M sodium acetate (pH 6.0). The volume of each fraction was 
5 ml. Absorbance measurements were performed at 259 nm for cephradine (l), 260 nm for cephalos- 
p&n C (2). 258 nm for cephapirin (3) and 237 nm for cephalothin (4). 

Fig. 3. Chromatographii separation of cephaloridine (I), f-ACA (2), cephapirin (3) and cefazolin 
(4). Column: DEA?&Sephadex A-25 (Cl-), 20 x 1.5 cm. EIuent: 0.2 M sodium acetate (pH 8.0). 
Sampks of 5 ml colkcted. Absorbance measurement at 240 nm (l), 265 nm (21,258 run (3) and 272 
m (41. 
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Qmntitative aissay 
In order to perform a quantitative spectrophotometric analysis of cephaIo- 

sporin derivatives, we czkulzted their Et?: values_ TabIe II shows the percentage 
recoveries and the extinction values of the antibiotics. 

TABLE II 

SPECTROPHOTOMETRIC CHARACTERISTICS AND RECOVERTES OF CEPHALO- 
SPORINS 

Ce_.lrakxporin PW Woveiength qf Ef:- 
merimum 
absorpttin (nm) 

- 
Sodium cephalosporin C6 4.5-6.0 260 200 
Sodium cephalothi# 6.0 237 336 
Cephaloridine6 8.0 240 381 
Cephalexi& 4.5 262 236 
Sodium cefazolin’ 4.5 272 277 
-I-XCA’ 8.0 265 310 

* Standard deviation based on eight determinations. 

Recovery 
f SD. (%,’ 

98 & 0.8 
97.5 * 1.1 

102.5 5 2.1 
loo ho.5 
105 f 1.7 
99 + 2.3 

Fig. 4. Chromatographic separation of degradation products of cefacetril. Cefacetrii (B) and degra- 
dation products (A, C) rezd at a waveIength of 26(1 nm; 0, degradation pmduds read at a w2ve- 

length of 484 nm. The ultraviolet and/or visible spzctrum of each compound was evakated. Cohunn: 
DEAE-Sephadex A-25 (Cl-), 20 x 1.5 cm. Elution of cefa&riI (B) and compound A with 0.2 M 
sodium acetate (pH g-0); elution of C, D, E, F, G (m&aracterized degradation products) with 0.2 M 
sodium acetate (pH 3.5); 5-ml samples colkctt. 
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Assessment of the degradation products 
The technique can also be used to assess the purity of commercial cephalo- 

sporins_ Fig. 4 shows the chromatography of breakdown products of cefacetril on 
DEAE-Sephadex. 

DISCUSSION 

Chromatography on Sephadex anion exchanger is suitabie for the separation 
of acidic substances such as cephalosporin antibiotics and enables the quantitative 
assay of each ccphalosporin to be performed spectrophotome+Jically. The chromato- 
grams in Figs. 1-3 show good separations of the cephalosporins, which were eluted 
as symmetrical peaks with few milhlitres of eluent. 

The method is suitable for the analysis of the products of the partial hydrolysis 
of cephalosporins, as an eluent system can usually be found that will separate the de- 
gradation products. The chromatogram shown in. Fig. 4 illustrates the clear separa- 
tion of the breakdown products of cefacetril. The results in Table IL show that the 
technique is satisfactory for the quantitative determination of cephaIosporin deriv- 
atives. 
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