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Cefoxitin is a new semi-synthetic cephamycin that is highly resistant to 
hydrolysis by &lactamase [I]. This property makes cefoxitin highly active 
against many bacterial species which aze resistant, in vitro and in-tivo, to the 
available cephalosporin antibiotics. Such bacterial pathogens include indok- 
positive A-oteus, $errati nzarce.wens, Bacfemides fragilis and Providenckz spp. 
121. Recent clinical trials have shown that; cefoxitin H effective in treatkg a 
variety of serious infections IS]. 

Present methods for the analysis of cefoxitin in plasma are bioassay tech- 
niques using either a cup-plate technique [I, 41 or disk-agar diffusion ES]. Bio- 
assay procedures lack chemical specificity and require incubation for 12 to 
15 h. Buhs et al. [S] have reported on the use of anionexchange resins with 
high-performance liquid chromatigraphy (‘HFLC) to quankitate cefoxitin in the 
urine. This method is not ideally suited to rapid clinical analysis because of the 
long Wkktion time of cefoxitin (19 min), 

The present study was undertaken to develop a rapid, simple and sensitive 
assay for cefoxitin in serum using reversed-phase EiPLC. The EPLC assay was 
used to monitor drug levels in adult patients with serious infections and the re- 
sults compared with a microbiological assay. 

*Add- for correspondence: Anaerobic Bacteriology Research Laboratiry, VA Wadsworth 
Medical Center, Building 114, Rook 317, Los Angel+ CA 90073, U.S.A. 
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MATERXAIS AND IH.ETEiODS 

Antibiotic 
%~~I.DI cefoxitk was supplied by Merck, Sharp and Dohme Labs. (West 

Point, PA, USA.). 

-Patients 
Serum cefoxitin concentrations were determined for patients in a clinical 

study evaluating the efficacy of intravenous cefoxitin in-aerobic and anaerobic 
infections. Fourteen patients witb bacterial -infections including endocarditis, 
pneumonia, pyogenic cellulitis, abscess and .@yogenic arthritis were treated with 
cefoxiti!n_ Cefoxitin was administered as 1 -or 2-g do&X, dihrted in 100 ml of 
either normal saline or 5% dextrose in water, given over 30 min. Doses were 
given at 4 or 6-h intervals. 

Scrmple prepamtion 
CIotted blood was centrifuged and serum pipetted into a sterile tube. The 

serum samples were stored at -20°C if they were not analyzed immediately_ 
After thawing, 0.5 ml of serum was mixed with 0.5 ml of 5% trichloracetic 

acid (TCA) dissolved in methanol. The sample was then mixed by vortexing 
and kept on ice for 30 mm. The TCA solution was made fresh every 3 to 5 h. 
As the TCA solution ages a new peak appears on the chromatogram with a 
retention time of 10 min, The peak is first observed approximately 3 h after 
the methanolic TCA is prepared. As the TCA solution ages the peak wil.l in- 
crease in size. This peak does not interfere with the cefoxitin analysis but 
prolongs the assay time since the peak must come off the column before injec- 
tion of the next sample. The sample was centrifuged for 5 mm at 2000 g in a 
Sorvall SP centrifuge to remove the precipitated serum proteins. The super- 
natant was co&cted and filtered tbrougb a 0.22~pm filter (GSWP; Millipore, 
Bedford, MA, U.S._4.), and 25 JLI were then injected into the chromatograph. 

Standard curvae were prepamd by adding known amounts of an aqueous solu- 
tion of sodium cefoxitin to water or blank serum. Concentrations of cefoxitin 
in serum were calculated by the peak-height ratio method. Cepbalotbin (25 pg/ 
ml final concentration in the serum) can be used as an internal standard. 

HPLC procedure 
Chromatography was carried out on an ALC/GPC 204 hquid cbromato- 

graphic system (Waters Assoc., Miiford, MA, U.S.A.). A Pye Unicam LC3 
variablewavelength detector (Cole Scientific, Calabasis, CA, U.S.A.) set at 
235 nm monitored the effiuent from the column. A reversed-phase column of 
PBondapak Cls, lo-pm particle size (30 cm X 3.9 mm; Waters Assoc.) was used 
to separate cefoxitin from other UV absorbing compounds in the serum. The 
solvent system was a rnixtwe of acetonitrilecetic acid+.005 Bf potassium 
dihydrogen phosphate (25:0.5:74.5, v/v/v). The fiow-rate was 2 ml/mm. 

The microbiological assay for measuring cefoxitin in sera was performed at 
Merck Sharp and Dohme using the cup-plate.technique of SonneviJ!le [7] with 
Bacillus subtilis MB 36. 
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The dtravidet ahsorption of cefoxitin in 0,005 M potassitrm dihydrogen 
phosphate was characterized by maxima a& 235 run and 263 nm. The extinc- 
tion coefficients at each wav&ength were 16,400 and 9500 respectively. There- 
fore, 235 nm was chosen as the most sensitive wavelength to use for the 
cefoxitin assay. 

The retention time of cefoxitin was 3.2 min, No interfering peaks were ob- 
served in serum contz&ing no cefoxitin_ Fig_ I shows a chromatogmn of a 
cefoxitin standard and- a typical chromatogram of serum &on~ a patient, on 
cefoxitin therapy. 

The method was linear for concentrations of cefoxikin from 2 pg/ml to 150 
pg/mL Standard curves in both distilled water and blank serum gave similar 
res&s. ‘Fhe coefficients of variation for replicate samples obtained on the same 
day were 2.3% (n = 3); 2.4 fn = 3); 2.6 (n = 6); 3 (n = 5) ar,d 10 (n -,3) for 3, 
6, 10, 30 and 50 ~g/ml respectively. Blank serum sampks with 10 or 30 pg/ml 
cefoxitin were frozen and thawed on four different days to determine day-to- 
day variation of tfie method. The coefficients of variation were 4 and 5% (n = 
4) respectively. 

The practical limit for the detection of cefoxitin is 1 gg/ml. Levels below _ 
1 pg/ml of cefoxitin can be measured if desired by increasing the injection 
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Fig. 1. On the left is a representative chromatogram of cefoxitin (CEF) in blank serum 
(30 crg/mi). Attenuation was set at 0.08. The peak at 2.1 min is present when blank serum 
with no cefoxitin is injected. Ora the right is a typical chromatogram from a patient receiving 
cefoxitin therapy with cephalothin added as an internal standard (25 &g/ml final concentra- 
tion in the serum)_ Attenuation was set at O-04_ The retention time of cefoxitin (CEF) is 3.2 
min and 5.8 min for cepbaiotbin (CEP). 

. 
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volume and/or lowering the attenuation_ These manipulations can cause the 
solveat front to mask the cefoxitin peak. 
-- Sera from patients receiving cefoxitin intravenously were assayed first by the 

KPLC method. Table I shorn the concentrations (using HPLC) in the sera of 
each patient at the end of the cefoxitin infusion (tune 0) and at 30,120, and 
240 min post-infusion. The mean values after a 2-g infusion were 166,38,13 
and 7 @ml, respectively. 

A duplicate serum sample was frozen and sent to Merck, Sharp and Dohme 
Labs. to determine the cefoxitin present using the microbiological assay. The 
data in Table II show the concentrations of cefoxitin in the sera of patients 
when measured microbiologically. 

The correlation between serum cefoxitin concentrations obtained by HPLC 
and the microbiological assay was determined by linear regression analysis. The 
equation for the line was y = 0.77 x f 3.9 (y = microbiolo@cal assay, IC = HPLC 
data)_ The correlation coefficient wzs 0.93. These resuks indicate the HPLC 
assay tends to give higher values than the microbiologkal assay but that there 
is still sn acceptable correktion between the two methods. 

TABLE I 
SERUM CONCENTRATIONS OF CEFOXM’IN DETERMINED BY HPLC AT VARIOUS 
TIMES AF’TER INTRAVENOUS ADMINISTRATION* 
Patient number _Minutes past-infusion 

Off 30 120 240 

2gevery4h 
55 122 38.4 15.2 43.5 
56 91.4 18.8 6.1 3 
57 130 93 37.1 15 
55 n_d.= 21 

z-9” 
3.2 

60*** n.d_ 21.3 
62 n-d. 15.1 313 

3.7 
18.9 

63 138 54.3 28.2 13.8 
64 114 41 10.7 101 
66 83 32 6.1 1.4 
67 60-4 40 12.7 6.7 

X i SD. 106224 38k22 13% 10 7+-55 

1.5 4 b gevery 
61 n-d. 31.4 5.5 4.8 

1.0 g 
59 every 6 h n-d. 10-5 - 

65 4 h evelry 38.2 18-9 2.4 2-2 

*Cefoxitin concentratioils are reported as fig/nil serum. 
*'Infusiontimeforcefoxitinwas30rnin.Time0isattheendofthe30 mininfusion. 

***Patient 60 received 2 g every 6 h_ 
%his mean exdudes patients 55,62 and 64. In this group of patients the blood sample 
wasaccidentlytakenjustaftertbe 30-mininfusion of cefoxitinin.steadofjustbefore. 

3 kd. = Not determined. 
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yI3LEII~ 

SERti &NCE&‘RA’F~ONS OF CEFOIZTIN DETE EWIINED BY THE MICROBEO- 
LOGICAL ASSAY AT VARIOUS TIMES AFTER INTRAVENOUS ADMENEl’RATEO~ 

Patient number Rsinu~ post-infusion 

0** 30 120 240 

2gevery4h 
55 
56 
57 
58 
60 ttt 

62 
63 

fft 
67 

X -r S.D. 

1.5gevery4 h 
61 

1.0 g 
59 every 6 h 
65 every 4 h 

119.7 40.6 16.3 
34 17.0 7.9 

117.2 52.4 24.2 
n.d.@ 27.3 7.7 
n-d. 23-8 11.0 
n-d. 10.4 1.8 
82.4 36.9 17.5 

114.2 34.7 10.8 
78.2 33.1 7.1 
53.9 31.1 15.3 

86231 31ill 12*6 

n-d. 49.5 8.0 3.6 

n.d. 12.7 
32.9 13.4 

5.0 2.1 
6.0 2.3 

77.7 
4.0 

13.7 
a-3 
3.7 

13.0 
16.3 
83.2 
1.6 

14.3 

8+-65 

*Cefoxitinconcentrationsarereportedin~g/mlserum_ 
l *Infusiontimeforcefoxitinwas30min_Time 0 is attheendofthe30mkinfusion. 
l **Patient60receivedZgevery6h. 

§The mean excludes patients 55,62 and 64_ In this group of patients the bloodsample 

§§ 
~~zsaccidentlyt~enjust afterthe30-mininfusionofcefoxitininstead ofjustbefore. 
n-d. = Not determined. 

DISCUSSION 

A rapid, reliable and sensitive procedure was developed for the analysis of 
cefoxitin in serum. The mean cefoxitii concentrations as determined by either 
HPLC or the microbiological assay are comparable to those determined by 
Heseitine et al. 131 using 8 microbiological assay technique. Their means were: 
108,72,12 and LO pg/ml for the end of infusion (time 0) and 30 min, 2 h and 
4 h post-infusion respectively. In the current study using EPLC the means were 
106,38,13 and 7 respectively. 

The possible use of cefoxitin in selected dental infections prompted us to 
measure cefoxitin in the saiiva of three patients. Saliva was diluted in half with 
the HPLC solvent and passed through a 0.22~rm filter before injection. Saliva 
samples were obtained at the end of the 30-n&1 infusion of 2 g of cefoxitin. In 
one patient additional samples were collected at 30 and 60 min post-infusion_ 
No cefoxitin (<I yg/ml) was found in any of the samples. 

Monitoring the serum level is important in adjusting the dosage of cefoxitin 
in renal insufficiency since greater than 90% of the drug is eliminated into the 
urine [I]. Cefoxitii concentrations can be determined by HPLC in approxi- 
mately 40 min compared to 12-15 h using a conventional microbiological 
a==Y- 
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EFPLC is 6.n easy and versatile method of determining cefoxitin in se& and 
.s%liV& 
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