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Ceftiioxime [(6R,7R)-7-t(Z)-2-(2 -iminc-&thiazohn-B-yl)-2-methoxyimino- 
acetamido] -8-oxo-5thia-l-azabicyclo[4.2.0] act-2ene-2-carboxylic acid], a 
semi-synthetic cephdosporin derivative, is a new broad-spectrum antibiotic 
developed by ‘Fakaya et al. [I] _ We required a simple and rapid method of 
determining ceftizoxime for pharmacokinetic studies in rats and dogs given 
[“C] ceftizoxime. 

Various methods of analysis have been used to determine cephalosporins in 
body fluids. Concentrations of antibiotic in the serum or other body fluids 
have traditionally been determined by microbiological assay rather than by 
chemical methods. However, high-performance liquid chromatography (HPLC) 
for the quantitative determination of cephalosporin antibiotics in biological 
fluids has recently been shown to have definite advantages over routine bio- 
assay in rapidity, precision and specificity- 

Cooper et al. [ 21 reported the use of high-speed ion-exchange liquid chroma- 
tography for the separation and analysis of cephalothin and deacetylcepha- 
lothin in human serum after ion-pair extraction. Rapid analysis of cefazohn in 
dog and human serum by HPLC has been reported by Wold [3] _ In 1978, 
Nilsson-Ehle and Nilsson-Ehle 141 reported a liquid chromatogkphic assay of 
cefuroxime in serum, Direct HPLC determination of cephalexin in human urine 
has recently been reported by Nakagawa et al. 151. 

Ii1 the present paper, we describe a method for determining ceftizoxime in 

rat seruxn, bile and urine by direct injection of deproteinized biological fluids 
into a reversed-phase liquid chromatographic cohnnn. This technique is more 
simple and rapid thar~ microbiological assays and is reproducible and sensitive. 
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Reagents tznd muterids 
Ceftizoxime (Fig. 1) was prepared by the Fujisawa Pharmaceutical Co. 

(Osaka, ~3apan)_ Acetonitfile of W grade was used. All the other solvents and 
reagents were of analytical reagent grade and were used without further purifi- 
cation. 

The following aqueous solutions were made in distilled water: O-2 M 
K&PO,, 0.02 M K&PO,, O-2 M H3P04, O-02 M H31W4, 10% acetic acid and I% 
acetic acid. 

Blank dog serum was obtained from the fresh blood of male beagle dogs. 
Blank rat serum was obtained from male SD rats fasted overn&ht. The sera 
were pooled and stmed at -20°C in glass containers until zmalyzed. 

Analyses were made on Waters Assoc. Squid chromatograph equipped with a 
Model 440 absorbance detector (254 mn or 280 nm fined wavelength), a Model 
60tlOA pump, a U6K universal injector and a lo-mV recorder_ 

A 30 cm X 4 mm I.D. PBondapak lukyl Phenyl analytical column (Waters 
Assoc., Milford, MA, U.S.A.; particle size 10 pm) and a 5 cm X 2 mm I.D. pre- 
column packed with Bondapak Phenyl Corasil (37-50 pm) were used for 
analysis. 

Although a number of mobile phases were tested during the investigation, no 
single solvent system afforded simultaneous resolution of ceftioxime and 
endogenous components of the serum, bile and urine. Therefore, mobile phases 
of 13% acetonitrile in 0.02 M KH,P04--H,P04 buffer (pH 2.6), 11% acetonitrile 
in 0.02 M ISH2P04-Ei3P04 buffer (pH 2.6), and 13% acetonitrile in 1% acetic 
acid were used for serum, bile and urine samples, respectively. The mobile 
phase was de-aerated under vacuum for approximately 1 min before use. 

Bile and urine samples were detected at 280 nm using sensitivity settings of 
0.05--0.2 absorbance unit full scale (a.u.fs.). Serum samples were detected at 
254 mn using sensitivity settings of 0.01 and 0.05 a.u.f.s. The operating temper- 
ature was ambient, and the flow-rate was 2.0 ml/min. The chart speed was 0.5 
or 1.0 cm/min. 

All stock solutions of ceftizoxime were prepared by diluting a 50 mg per 100 
ml primary standard solution with distilled water to make 0.2, 0.5, 1, 2.5, 5, 
IO, 25, 50,100 and 200 yg per 0.1 ml concentrations. The solutions were used 

Fig. 1. Chemical Structtlre of teftizohe. 
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_for preparing standard curves and in reproducibihQ? studies. The soMiona were 
stored in glass containers at -20°C until analyzed. 

Serum. A 0.5-ml sample of serum was placed in a sampIe tube, and 0.1 ml of 
acetonitrile, 0.1 ml of 0.2 M KH~PO~-HJ’O~ buffer (pH 2.6) and 0.1 ml .of 
cefttoxime standard sotution (0.2-50 lug) were added. After ahut 10 min, 
the mixture was filtered through a 0.5pm membrane filter. Then, 10 ~1 of the 
solution were injected inka the liquid chromatograph~equipped with a W 
detector monitoring absorbance at 254 run at sensitivity settings of 0_01-0.05 
a.u.fs. Standard curves were obtained by plotting peak height against concen- 
tration of ceftizoxime. 
Bile.. A 0.1~ml sample of rat bile was placed in a sample tube, and 0.4 ml of 

distilled water, 0.1 ml of acetonitrile, 0.1 ml of 0.2 M K.H~P0.+--H3P04 buffer 
(pH 2.6) and ceftizoxime standard solution (l-50 pg) were added. After 10 
min, the mixture was filtered through a 0.5pm membrane filter. Then, 10 
.ul of the solution were injected into the liquid chromatigraph equipped with a 
UV detector monitoring absorbance at 280 run at a sensitivie setting of 0.05 
a.ufs. The peak height was plotted against concentration of ceftizoxbne. 

Urine. Urine samples of 100 yl volume were diluted ten times with water; a 
O.&ml sample was then placed in a sample tube, and 0.1 ml of acetonitrile, 0.1 
ml of 10% acetic acid and 0.1 ml of ceftkoxime standard solution (10-200 
pg) were added. After about 10 mm, the mixture was filtered through a OS-pm 
membrane filter, and 10 ~1 of the filtrate were injected into the liquid chroma- 
tograph equipped with a W detector monitoring absorbance at 280 nm at sen- 
sitivity settings of 0.05-0.2 a.uf.s. A standard curve was obtained by adding 
known amounts of ceftizoxime to the control urine. The peak areas or peak 
heights of ceftizoxime were plotted against the concentrations of ceftizoxime. 
Peak areas were obtained from the product of the maximum peak height and 
width at peak half-height. 

RE!iXJL”IS AND DISCUSSION 

Sepnnation 
The liquid chromatograms of ceftixoxbne born the spiked serum, bile and 

urine samples are shown in Figs. 2, 3 and 4, respectively. -4s shown in Fig. 2, 
the background peaks of the control serum have short retention times and are 
almost completely separated from those of ceftkzoxime. Initially, the bile and 
urine samples were chromatographed under the same chromatographic condi- 
tions as the serum samples. Under those conditions, however, peaks interfering 
with certizoxime were present on the chromatograms from the control bile and 
urine. Therefore, a W de’tector monitoring absorbance at 280 run and differ- 
ent mobile phases were used to eliminate the interfering peaks from the 
cbromatogram. The cbromatograms of bile and urine samples obtained under 
these conditions are shown in Figs. 3 and 4. No interfering peaks appeared in 
auy blank bile or urine samples at a retention time similar to that of ceftizo- 
xime. Under these conditions, the retention times for ceftizoxime from serum, 
bile and urine were 5.0,6.3 and 6.2 min, respectively. 
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Fig_ 2. chrornmtognuns of blank serum (A) and serum containiig 20 fig of ceftizoxime per 
ml (B). Conditions: cohzmn, 30 cm X 4 mm pBondapak Alkyl Phenyl; mobile phase, ace- 
tonitrS-O_02 M EG&PC,-H,PO, (pH 2.6) (13:87, v/v); flow-rate, 2.0 ml/min; detection, 
W at 254 nm. 

0246802468 
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Fig. 3. Chromatograms of blank bile (A) and bile containing I.00 rg of ceftizoxime per ml 

(B). Conditions: column, 30 cm X 4 mm PBondapak Alkyl Phenyl; mobile phase, acetoni- 
trile-O.02 M IQ&PO,-H,PO, (pH 2.6) (11539, v/v); flow-rate, 2.0 ml/mEn; detection, W at 
280nm. 
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Fig. 4. Chrb&tograms of blank urine (A) and urine containing 1000 rg of ceftizoxime per 
ml (B). Conditions: cohamn, 30 cm x 4 mm PBondapak Alkyl Phenyl; mobile phase, ace- 
ton&rile-l% acetic acid (13:87, v/v); flow-rate, 2.0 mllmin; detection, W at 280 nm. 
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Stabiiity of L&tizoxime 
As the assay procedure is extremely simple and does not involve an evapo_ra- 

tion step or alkahnity, the degradation of ceftizoxime, which is unstable iu 
alkahne media, is avoided_ Ceftizoxime in the serum,. bile, uriue and mo.bile 
phase solutions was stable for more than 6 h at room -temperature and fof 2 
days at 4°C Ceftizoxime standard solutions were stable for at least one month 
when the samples were stored at -20°C. 

Recovery 
Sample recovery of ceftizoxime from spiked solutions prepared with biolog- 

ical fluids was compared with that with water_ The results are given in Table I. 
The peak of ceftizoxime in the spiked urine was low when detetihied by peak 
height measurement It is p resumed that this low peak was broadened by uri- 
nary components. Thess results suggest that the peak area measuring method is 
better than the peak height measurin g method for the standard curve for urine. 

TABti I 

RECOVERY OF CEFITZOXIME FROM SPIKED BTOLOGICAL FLUIDS 

Recovery = (biological fluid &uelwater control value) x 100 (n = 5 or 6). Chromatographic 
conditions are described under Exmrimental. 

Biological 
fluid 

Serum 
Serum 
Bile 
Urine 
Urine 

Ceitizoxime range Peak measuring 
(gglml) method 

0.24 Peak height 
l-100 Peak height 

lo-500 Peak height 
10o-s000 Peak height 
100-4c00 Peak area 

R-Very 
(mean * SD.) 

99.72 2.2 
101.8*5.0 
Y_OO.S~ 3-7 

87.1% 1.9 
99.3+5.8 

Standard curve 
Skt+rd curves were obtained by plotting peak height Or peak area against 

concentration of ceftizoxime. A straight line was plotted by least-squares 
regression analysis, and its slope and intercept at the peak height or peak area 
was determined (Table II)_ The correlation coefficients (I) calculated from the 
regression lines were 0.9998 or better. 

TABLB II 

LINEAR REGRESSION D_4TA FOR CALIBRATION CURVES 

Conditions for HPLCZ are given under E&p&mental. 

BioXogicaj Concentration Regression 
nuid =ge hzhM IIltE?K~pt slope 

Correlation 
coefficient (r) 

serum 0.2-5 -0.015 1.004 0.9998 
serun~.___._ l-100 i-o.047 0.37x- 0.9999 
Bile - _-_ 

10-509 ---__. +0_016 .~ 0.222 08999 
Urine 1~000 +&OlS 0.071 0.9998 
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The Lower limit of sensitivity was 10 pg/ml for the bile sample and 100 pg/ 
ml for -the urine sample. The determination limit for serum samples can be de- 
creased to 0.2 pg/ml by the use of sensitivity setting of 0.01 a_u.fs. 

Reproducibility 

Reproducibility was obtained by adding known amounts of ceftizoxime to 
the serum and by comparing five samples with a single calibration curve. The 
results are given in Table Il[f. The data in Table III demonstrate the usetiess 
of HPLC in the analysis of ceftizoxime in the serum, 

The procedure described here was used to obtain an accurate and precise 
determination of ceftizoxime in dog serum and urine. In this case also was the 
good a&racy and precision obtained. 

TABLE HI 

REPRODUCXBDXTY OF CEFTlZOxIME DETERMINATIOM IN RAT SERUM 

Actual ceftizoxime cont. (@g/ml) 0.60 3.00 
Number z57 5 
Mean analyzed cone. (fig/ml) 

9617 
3.06 

Percentage of actual cont. 102 
S.D. 0.02 0.05 
Range (w/d) 0.55-0.59 3.01-3-10 
Coefficient of vsriation (a) 3.5 L-7 
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