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Stability of cefazolin and other new cepha~ospori~s 
fol~ow~~~ gamma irradiation 

Gamma irradiation of cefazolin and other newer cephaiosporins in the dry state 
results in minimal degradation of cefazolin sodium. cefadroxil monohydrate, 
ceforanide. cefotaxim. and CGP 9000 dihydrate, even following a 50 kGy (5 Mrad) 
radiation dose, suggesting the practical feasibility of their radiation sterilization. 
Cephrtldine munohydrate, however, is particularly susceptible to radiation-induced 
damage. 
- 

Intradu42tian 

The hydrolytic susceptibility of cephalosporins espially at high temperatures. 
obviates sterilization of their parenteral products by conventional methods such as 
aut~~l~ving~ The sterilization of powders of their injectables by gamma irradiation 
sums a desirabfe alternative to the necessary practice of utilizing highly demandice; 
aseptic processes. The high penetrability of gamma rays, concomitant with only a 
very small rise in temperature of the irradiated material makes radiation treatment 
~tppli~~~hle la the drug in its final package often without removal from its transport 
~~~n~~~in~r. 

An earlier study uf the effect of gamma rays on 4 members of the cephalosporin 
group of the $-tactam a~~t~bioti~s indicated varying degrees of susceptibility to 
rmiic4ysis when lhu mtibiotics were irradiated in the dry state (Jacobs, 1979, 1980). 
The introduction into clinical use of several newer cephalosporins prompted us to 
~i~vestigate their irradiation stability with the aim of determining the feasibility of 
their radiation sterilization. The destructive nature of ionizing radiation and the 
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difficulty in predicting its radiolytic effect, particularly in more complex molecules, 
makes it necessary to analyze each compound individually for radiation damage to 
determine the feasibility of its radiation sterilization. 

Materials and Methods 

The cephalosporins tested were cefazolin sodium (Eli Lilly, IN, U.S.A.), cefrado- 
xi1 monohydrate (Mead Johnson, IN, U.S.A.), ccforanide, previously known as 
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Fig. 1. C‘hcmical structure of the cephalosporins used In the present study. 
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BLS786 (Bristol Laboratories, NY), eefotaxim, also known as HR-756 (Hoechst 
AG, F.R.G.), cephradine monohydrate (E.R. Squibb and Sons, NJ, U.S.A.), and 
CCP 9000, supplied as the dihydrate (Ciba-Geigy AG, Switzerland,). These com- 
pounds, all of pharmaceutical grade, were tested without any further purification; 
their chemical structures are depicted in Fig. 1. 

The r3’Cs y-irradiation source and irradiation vessels are as described elsewhere 
(Jacobs ;and Melumad, 1976). 

Routinely, 5 g samples of the drugs were y-irradiated at ambient temperature with 
25 and 50 kGy radiation doses (i.e. 1.56 x 10zo and 3.12 x 10zo eV - g-l, respec- 
tively) checked by periodic dosimetric determinations using a ferrous sulphate 
dosimeter (G Fe” + = 15.4 (Spinks and Woops, 1976)) and routinely confirmed by 
means of a clear Perspex HX dosimeter (Berry and Marshall, 1969). The rationale 
for the choice of these doses has been presented earlier (Jacobs, 1977). 

The analytical techniques adopted for detection of products of radiolysis included 
change in melting point, microbiological and chemical assays, UV spectrophotomet- 
ric absorption, specific optical rotation, thin-layer and high-performance liquid 
chromatography, pH of aqueous solutions, and sterility testing. At least two tests 
were routinely performed on the 25 and 50 kGy samples immediately following 
irradiation, as well as on unirradiated controls: however, our limited quantity of 
ceforanide only allowed us to test this compound at the lower radiation level. 

Melting point determinations were made with a Thomas Unimelt apparatus. 
UV spectrophotometric determinations, using a Pye Unicam SP 1800 spectropho- 

tometer with 10 mm matched quartz cells, were carried out on aqueous solutions 
(pH 6.5) of the irradiated drugs at the appropriate X,,, and.concentration. 

Chemical analyses were undertaken using the iodometric assay of the British 
Pharmacopoeia 1973. 

Specific optical rotation was determined on 0.5% w/v aqueous solutions of the 
irradiated and unirradiated cephalosporins using a LOO mm microcell in a Perkin 
Elmer 141 polarimeter. 

TLC examination was carried out on 1% solutions of the cephalosporins in 
aqueous methanol (70% v/v) using precoated silica-gel plates (Polygram Sil N- 

f-JR/U&,; Mackery Nagel), with the mobile phases being an equal-part mixture of 
acetone and methanol; a mixture of isopropanol and methanol (30 : 70 parts v/v, 
respectively); a 1.5% v/v solution of strong ammonia in methanol; or chloroform. 
Each solvent (of analytical grade components) was tested separately with each 
antibiotic. Detection was under UV light at 254 nm followed by spraying with either 
a 1% aqueous solution of potassium permanganate or a 0.1% ninhydrin spray 
reagent (Merck, F.R.G.). The rationale for the use of chloroform, a non-polar 
solvent, with the polar antibiotics was essentially to enable detection of any 
radiolysis products that might be masked by the excess of unchanged antibiotic. 

In an effort to determine the sensitivity of the TLC methodology adopted, 
solutions of mixtures of antibiotics having similar R, values were prepared and 
tested. It was generally found that one antibiotic at a 1% w/w concentration in 
another (concentrations in solution were 0.01% and 1% respectively) could not be 
detected; it could be detected at a 2.0% concentration. The testing of such mixtures 
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is justified, because any predominant radiolysis product would be structurally 
similar to the parent compound and presumably have a similar R, value. Other 
radiolysis products with different R, values might be detectable even at a concentra- 
tion of less than 1%. 

HPLC analysis of cefazolin sodium was carried out using a Water Associates 244 
liquid chromatograph equipped with a reverse phase 30-cm Bondapack Phenyl 
Column at ambient temperature. a Model 440 fixed UV detector (254 nm), and a 
Schoeffel SF770 variable wavelength detector, connected in series, and set a 270 nm. 
I’he mobile phase was 0.01 M ammonium acetate in a 30% v/v aqueous methanol 
:-:olution; 50 ~1 samples were eluted at a flow rate of 1.8 ml s min-‘. 

The pH of the 5% w/v aqueous solutions of the irradiated cephalosporins was 
determined using a PHM 64 Research pH meter (Radiometer, Denmark). Specific 
optical rotation and pH measurements could not be carried out on CGP 9000 
dihydrate and ceforanide because of their low water solubility. 

The microbiological assay of the irradiated cephalosporins was carried out using a 
two-dose cylinder plate method with Difco Antibiotic Medium 1. seeded, whilst 
molten, with 0.1 ml of an overnight culture of Srcrpl?.)~k~c~~~tr~tcs QI~Y~NS (Teva 29) 
(kindly supplied by Teva Pharmaceutical Industries, Jerusalem, Israel). The choice of 
antibiotic concentrations of 10 and 100 pg - ml -- ’ was based on the determination of 
a linear relationship between concentration and diameter of zone of inhibition over 
this range of concentrations. Following 18 h incubation at 37°C’. diameters of zones 
of inhibition of bacterial ,growth were measured. 

Sterility testing was by a membrane filtration technique in which 20-ml aliquots 
of IR aqueous solutinrl of the drug followed by 4 similar aliquots of saline (0.9% 
w/v) were passed through a membrane filter (25 mm diameter) having a mean pore 
diameter of 0.22 pm (Millipore type GSWP). using a Millipore Swinex apparatus 
(code SXOOO2500) attached to a 20-ml disposable syringe. Immediately following 
filtration. each membrane was cut in two. with one half aseptically introduced into 
50 m! of Brewer thioglycollate medium (for detection of aerobic and anaerobic 
bacteria (Difco. MI, U.S.A.)) and the other half onto Sabouraud dextrose agar (for 
detection of fungi and moulds (Difco)). All manipulations were undertaken in a 
laminar air-flow cabinet. Incubation of the media was at 32°C for the thioglycollnte 
and 25°C for the Sabouraud. both for 14 days. The usual media controls. as 
stipulated in the United States Pharmr~copoeia XIX, were used. The rinsing of the 
filter with saline solution ensured that no antibiotic residue which might othernisc 
interfere with - ~;iiCiohi:ll groivth ~3s present. This W;IS ascertained by dcliberatel> 
contaminating cephalosporin solutions with stl~all inocula of Stcr~~l~r~k)c~oc~l~~~s ~IIINLF 
Teva 29 (100 nrgimisnis/nil) prior to filtri1tiOll. In the absence of ri&ing. no growth 
wah apparent. whereas membranes which had been through the rinsing process 
showed bacteri:i1 cc,ntall~ination. Stcrilitv testing for each se1 of condition wits 
carried out in duplicate. 

The efficacy of the radiation sterilization process was assessed by sterility tcstitlg. 
described above. of l-g i\liquots of the cephiilosporin powders deliberately con- 
taminated with 10” spores 01’ the radiation resi::tant Buc*iNlcs /N&INS E601 (ATCC 
77142). prior to irradiation. 
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Results 

Melting points of cefazoiin sodium and cefadroxil monohydrate (Table 1) were 
virtually unchanged with increasing radiation doses. There were changes. however. in 
CGP 9000 dihydrate and cephradine monohydrate. In the case of cefotaxim, none of 
the samples had melted at 36OOC. A S%, w/w mixture of either cephradine (m.p. 
19S’C) or another cephalosporin, cephalexin (m.p. 192*C). in cefadoxil (m-p. 
212’C). gave melting points of 204 + 1°C and 203 2 l°C, respectively, suggesting 
that when degradation products are chemically similar to the parent compound and 
have melting points close to that of the parent compound, the presence of such 
products at a 5% (or even lower) concentration can readily be detected using 
melting-point determinations. 

UV absorbance measurements (Table 1) indicate a marked change in cephradine 
n~os~ohydrate alone. It is generally assumed that a change in UV absorbqnce 
indicates an alteration in the O=CNC==C linkage of the parent molecule (Sabath et 
al.. 1965). An increase in the absorbance of cefotaxim, indicating the radiation-in- 
duced formation of a chromophore with an extinction coefficient greater than that 
for cefotaxim, is noteworthy. 

The chemical assay results suggest negligible changes in potency for 5 of the 6 
compounds tested. The sixth compound. cephradine monohydrate. however, under- 
goes a 10% loss of potency at the 25 kGy radiation dose level, and a 30% decrease at 
the 50 kGy level. 

From Table 1 there appears to be no change in the stereochemistry of cefadroxil 
n~~~noh~drate, even following the higher dose of radiation. There were. however. 
slight changes in cefazolin sodium, cefotaxim. and cephradine monohydrate- Like- 
wise. only cefazolin sodium and cephradine monohydrate displayed any significant 
reduction in pH of aqueous solutions. 

With the exception of cephradine monohydrate. no products of radiofysis could 
be detected, by thin-layer chromatography, in any of the irradiated compounds. 
seemingly suggesting that the concentration of adiolysis products is not greater than 
2% (Table 1 t. In the case of cephradine monohydrate, and additional spot (R, 0.48) 
was observed under UV light (254 nm). clearly indicating radioIysis of this com- 
pound. 

Repeated HPLC analysis of cefazolin indicated a 99.5% recovery for the 50 
kGy-irradiated sample, based on comparison of the areas of irradiated and unirradi- 
toted ccfazolin peaks, Only a single radiolysis product peak (see Fig. 2) could be 
detected, and con~putatiol~ of its area relative to that of the unirradiated cefazolin 
peak gave values of 0.03 and 0.04% for the 25 and 50 kGy doses, respectively. 
irradiated samples were only monitored at two wavelengths in the UV range. and. 
thc‘refore, it is possible that some degradation products escaped detection, either 
&cause they absorbed at other wavelengths ~in~luding the visible range), or not at 
~11; the radiolysis product peak that was observed was not necessarily detected as its 
x _, This could account for the disparity between the value for percentage recovery 
and that for percentage of radiolysis products at (say) the 50 kGy dose level, in 
ilddition to the disparity due to the inherent error in HPLC analysis. 
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Fig. 2. Chromatograms d (A) unirradiated (1.71 mg-ml-‘) and (B) 5 Wad irradiated (1.38 mg-ml’” ‘) 
crfazolin. The mobile phase was 0.01 M ~m~nium acetate in 308 v/v methanol at 1.8 ml-min”“’ at 270 
nm. 0.04 AUFS. 

Table 1 includes the results of our microbiological assays. Considering the large 
experimental error encountered in such assays (usually + 4%). our results suggest 
that there is no de~~~m~sition of cefotaxim, even following a 50 kGy radiation dose, 
and that at the 25 kGy dose there is no decomposition of cefadroxil monohydrate or 
CGP 9000 dthydrate. These two compounds, on the basis of this assay, undergo 
slight radiolysis (approximately 3 ) following a SO kGy radiation dose. On the other 
hand, there is a slight decrease in the potency of ceforanide and cefazoiin sodium, 
even at the tower dose Ievel, With cephradine monohydrate, the loss of potency is 
significant (approximately 10%) even after a 25 kGy dose, which reflects values 
obtained by chemical assaying (see above). 

Sterility testing indicated that both irradiated and unirradiated samples of the 
antibiotics were free of bacterial and fungal contaminants. Whilst bacterial growth 
did occur in unirr~~diated samples deii~rately contaminated with appro~matety 10’ 
spores of the radiation-resistant Bacillus punh~ E601 (ATCC 27142), no growth 
was apparent in similarly contaminated samples which subsequently received a 25 
kGy radiation dose. 
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Discussion 

Some 8 analytical methods have been used to detect radiation-induced degrada- 
tion of cephalosporins, with each technique usually being able to det=t a chanp in 
a specific moiety of the irradiated molecule. Thus, for example, despite a marked 
decrease in the UV absorbance of cephradine, the stereochemistry af this compound 
fallowing irradiation is hardly affected. Examination of all the ~~n~rat~ data 
together can generally give an indication of the extent of degradation. Intmstin~ly, 
the analysis of cefazolin by HPLC, generally considered one of the more ~nsi~i~~c 
techniques available for detection of degradation, certainly indicates that any 
degradation inferred from the other data is. in fact, minimized by the HPLC rewltc. 
HPLC analysis of other &lactam antibiotics (Jacobs, unpublish~ data) shows that 
these data are always consistent with those generated using other analytical 
techniques, a factor which greatly increases confidence in the rwults presented here. 

In discussing the above results, the percentage change in chemical assays has been 
used to estimate G(-cephalosporin) values. A G-value is defined as the number of 
molecules produced or changed for each 100 eV of radiation energy i~bs~~rb~. On 
the assumption of a linear relationship between radiation dose and the number of 
molecules decomposed, then G-values for the same molecule irradiated under similar 
conditions, but with different radiation doses, should theoretically be similar and 
independent of the dose. In practice, however, these values. as demonstrated by our 
data in Table 2, are within the same order of magnitude. 

G-Values cannot be calculated from measurements if there is no direct relation- 
ship between the measured effect (e.g. melting point) and the concentration of 
degradation products. nor if a small absolute change in the measured parameter (e.g. 
Tt 1°C in the optical rotation measurements) may yield marktidly different pcr- 
centage changes for different drugs because of Ihe absolute differences in the 
measured parameter between the different control (unirradiuted) drugs (e,g. optical 

TABLE 2 
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station ualucs of 1 c )W and ( 8 1155’ for cephradine and cefadroxil, respectively). 
The large inherent errors aviated with the microbiological assay results has 
obviated their use in computing mean percentage changes. 

The data i~i~te hat gamma radiation only slightly reduces the potency of 
c&Ain [mc?tur G(-ee n) of 9). Consideration of the HPLC recovery of 99.5% 

the Gwdue for 5 Mrad data to 3. ipnd the mean value to 8. 

On tk basis of the data pressted Awe, cefadroxil ~nohydrate is virtually 
unaff~t~ at the 25 kGy Slight decomposition is discernible, hawever, at the 
50 key dose level. Th elusions are illustrated by the relatively low mean 
G-value of 9. It is noteworthy that cephdexin, with a chemical structure that very 
clo.sel~ resembles that of cefadroxil (the former has the p-OH grouping on the 
a-amino ~~d~~h~~n). has been found to be si~larly affected by y-rays as reflected by 
a ~(~~h~~~in~ value of about 11 (Jacobs. 1980). 

The limitled data prevent any definitive conclusion to be reached concerning 
irradiated ceforanide, However, on the basis of these data, it would appear 
(G(-cefortmide) of < 1) that it is quite stable at the 25 kGy radiation dose. 

No si&ni~ic~nt breakdown of cefotaxim could be detec8ed using any of the 
analytical techniques adopted, even following the 50 kGy radiation dose. This is 
reflcwted in a low mean G(-cefotsxim) value of 1. Whilst we have previously 
supecsted (Jacobs. 19$0l that an acetoxymethyl substituent in the C-3 position of the 
dil~~drothi~~~ine ring may ~ntribute to i~adiation susceptibility. the present finding 
with cefot;txim negates such a thesis. It would appear that the C-7 substituent 
stabilizes this compound. 

This member of the cephalosporins is radiation labile and undergoes very 
significant d~r~dation at the 25 kGy dose level, as illustrated by the high G(- 
crphradine M20) of 130. The close correlatian between the microbiological and 
chemicul assay values is certainly noteworthy. Structurally, this compound is similar 
to both cefadroxil Hz0 and cephalexin with G-values of 8 and 11. respectively. Its 
unique fetiture is the par&tlly saturated ring structure in the C-7 substituent. 

Despite the drwrcuse in melting point with increasing radiation dose, the other 
data seem to support a conclusion that this compound is relatively resistant to 
radiolysis. A lmv G(-CGP 9000) vulue of 2 reflects the relatively low radiolytic 
breakdown. 

It has been suggested by Dziegielewski et al. (1973) that compounds in the form 
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of salts or esters are generally less susceptible to radiolysis than are the free acids, 
which, in turn, are more stable than their respective hydrates. If this is the case. then 
certainly other factors must play a very significant role in aff~tin~ s~~tibj~~ty to 
~rrad~ation~ as i~~ustrated by our data. Cefazolin Saturn, the only salt examined, is. 
on the basis of G-values, less stable than the two free acids, cefotanide and 
cefotaxim, and the hydrated compound, CCP 9000. It is, therefore, hPrdiy credible 
that the radiojytic decompositjon of cephradine monohydrate (mean G(-cephradine 
)1[,0) of 141) is as a result of its water content. It is worth r~al~~~~ that c~~ha~ori- 
dine monohydrate, one of the cephalosporins previously examined (Jacobs, t980), 
displayed a low G-value of 3 calculated at a 50 kGy dose Ievet. No doubt. the 
partially saturated ring structure of cephradine makes a very significant contribution 
to its radiation susceptibility. 

In concfusion, our results indicate that cefazolin sodium, cefadru~i~ monohyd~t~. 
ceforanide, cefotaxim, and CGP ~ dehydrate may be .safely irradiated at the 
commonly employed sterilization dose of 25 kGy (2.5 Mrad). However. it would 
have to be established that the appioximate 1% decomposition observed did not 

result in the formation of any toxic products. Our results also in&ate that the 
r~djat~on sterili2atio~~ of cephradine ~~~~nohydr~~te does not appear to he feasibie. 
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