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Stunmary--A fluorescence method involving sample pre-treatment is investigated concerning the determi- 
nation of cefoxitin. A fluorescent product is formed when samples containing cefoxitin are subjected to 
alkaline hydrolysis with l.OM sodium hydroxide and heated for 60 min at 90”. The fluorescence is 
measured in ethanol/water medium (50% v/v) at approximately pH 2.0 provided by adding of O.lM 
hydrochloric acid. The fluorescence excitation and emission maxima were 317 and 400 nm, respectively. 
The quantitative range is between 0.020 and 1.40 ng/ml. A detection limit of 2 x lo-’ pg/ml was found. 
The proposed method has been applied to the determination of cefoxitin in commercial injections, saline 
and glucosed physiological serum. 

Cefoxitin is a semisynthetic cephamycin anti- 
biotic derived from cephamycin C. The drug is 
a /?-la&am antibiotic structurally and pharma- 
cologically related to cephalosporins and peni- 
cillins. Cephamycins have the greatest stability 
to fl-lactamases. This striking stability to hy- 
drolysis is related to the methoxy group in the 
7-a-position, which is a common feature in all 
these compounds. Thus, cefoxitin is active 
against Bacteroides because of its stability to 
practically all j?-lactamases, including inducible 
cephalosporinases.‘,’ 
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Cefoxitin is an important therapeutic antimi- 
crobial agent. This antibiotic has been used 
largely for the treatment of mixed aerobic- 
anaerobic infections. In this way, this 
cephamycin appears to be effective in the initial 
treatment in intra-abdominal infectionsj5 and 
respiratory tract infections.“rO 

Several methods for its determination have 
been described in the bibliography. The official 
procedures utilize a spectrophotometric analysis 
by using the hydroxylamine method.“-‘4 Micro- 
biological assay techniques have been ap- 

plied.i5*16 HPLC has been used to quantify the 
content of cefoxitin in body fluids.‘7-‘9 

Fluorimetric procedures for other 
cephalosporins have been developed.20-22 Cefox- 
itin has been also determined by using a fluori- 
metric method which involves complex 
procedure based on the addition of hydrochloric 
acid, heating and cooling, followed by addition 
of sodium hydroxide in order to make the pH 
12 and keeping the final solution at room tem- 
perature for 60 min. The fluorescence intensity 
was measured at the excitation and emission 
wavelengths of 385 nm and 460 nm, respect- 
ively. The minimum detectable concentration of 
cefoxitin was 1.25 pg/ml for aqueous so1ution.23 

The purpose of this study was to develop a 
fluorimetric method less tedious, more rapid 
and sensitive than the previously reported for 
estimating cefoxitin. This selective fluorimetric 
assay is simple and sensitive enough to be useful 
for determining this antibiotic in commercial- 
ized pharmaceutical samples and physiological 
sera (saline and glucosed). 

EXPERIMENTAL 

Reagents 

A stock solution containing 100 pgg/ml of 
cefoxitin (Sigma R.A.) in Mini-Q water was 
prepared. This solution was stored protected 
in the dark and maintained below 4”. All 
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experiments were performed with analytical-re- 
agent grade chemicals and pure solvents. 

Injectable dosage forms of Mefoxitin (MSD 
de Espafia, S.A.) and Cefaxicina (Comp. Es- 
paiiola de la Penicilina y Antibioticos, S.A.), 
were labelled to contain 1 g of cefoxitin sodium 
salt per vial in both cases. 

Saline physiological serum, 0.9% sodium 
chloride, was supplied from Apiroserum (Insti- 
tuto de Biologia y Sueroterapia, S.A.) and Gri- 
fols (Laboratorios Grifols S.A.). Glucosed 
physiological serum, 5% anhydre glucose (dex- 
trose), was supplied from Apiroserum (Instituto 
de Biologia y Sueroterapia, S.A.). 

Apparatus 

Fluorimetric measurements were made on a 
Perkin-Elmer LS-50 equipped with a Xenon 
lamp, connected to Ataio S 3000 ST 386 com- 
puter fitted with the Perkin-Elmer FL Data 
Manager software (designed for handling fluor- 
escence data on a personal computer) and 
Epson FX-850 printer. A thermostatically con- 
trolled bath, Selecta Model Frigiterm, was used 
for temperature control. A pH-meter, Crison 
Model 2001, with a glass-saturated calomel 
combination electrode was also used. 

General procedure 

A stock solution containing 100 pg/ml drug 
in water is prepared. This stock solution is 
four-fold diluted with sodium hydroxide. The 
resulting alkaline solution (1 .OM) is heated at 
90” for 60 min to produce a fluorescent product. 
After heating in a water bath, the sample is 
cooled in an ice water bath. Finally, the solution 
containing the fluorescent product formed from 
cefoxitin is adjusted to neutral pH with hydro- 
chloric acid. 

Aliquots of this neutralized solution of the 
hydrolized cephamycin are transferred into a 
25-ml volumetric flask to produce working sol- 
utions in the range 0.020-l .40 pg/ml. Then, add 
2.5 ml of O.lM hydrochloric acid to obtain a pH 
of 2.0 in the final solution and enough ethanol 
to ensure a final ethanol content of 50% v/v to 
every volumetric flask, and dilute to volume 
with water. Measure the fluorescence intensity 
at 400 nm with excitation at 317 nm, against a 
blank sample that had been treated similarly. 

Procedure for injections 

Cefoxitin powder for injection is used by 
dilution of the contents of proprietary vials of 
parenteral material in different media: Milli-Q 

water, saline physiological serum and glucosed 
physiological serum. In aqueous medium, the 
vial content is dissolved in a lOO-ml standard 
flask and diluted to volume with Milli-Q water. 
The method was applied to the injectable sol- 
utions after dilution of the sample. For the 
clinical use of lOO-ml intravenous infusions, a 
l-g vial of cefoxitin must be added so that the 
final solution has a concentration of 10 mg/ml. 
Therefore, the content of the vial is dissolved in 
the case of both saline physiological serum and 
glucosed physiological serum, so that the con- 
centration of antibiotic used clinically is ob- 
tained. A suitable quantity of these solutions of 
cefoxitin in the saline and glucosed solutions 
was analysed following the general procedure 
described above, after prior dilution. The per- 
centage of the antibiotic present was calculated 
using the linear regression equation obtained for 
pure compound. 

RESULTS AND DISCUSSION 

Optimization of hydrolysis conditions 

The fluorescence intensity produced depends 
on such factors as the sodium hydroxide con- 
centration, the reaction temperature and the 
reaction time. 

The influence of the sodium hydroxide con- 
centration on the fluorescence intensity of the 
product formed after heating the cefoxitin at 90” 
for 60 min can be seen in Fig. 1. As the 
fluorescence intensity shows considerable vari- 
ation at the highest and lowest concentrations of 
the range studied, a sodium hydroxide concen- 
tration of l.OM is considered to be optimum, 
since this lies in the intermediate zone where the 
effect of change in the sodium hydroxide con- 
centration is minimal. 
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Fig. 1. Effect of sodium hydroxide concentration on the 
fluorescence of cefoxitin standars after reaction at 90” for 60 

min. [Cefoxitin] = 1.0 pg/ml. 
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Fig. 2. Effect of temperature and heating time on the 
fluorescence of cefoxitin standards in 1 .OM NaOH. [Cefox- 

itin] = 1.0 pg/ml. 

To determine the rate of formation of the 
fluorescent product, four cefoxitin solutions 
containing 5.0 pg/ml of the drug were prepared 
in l.OM sodium hydroxide and heated at differ- 
ent temperatures (45, 60, 75 and 90°) for 150 
min. At 15-min intervals, a 5.0-ml aliquot was 
withdrawn and the volume was adjusted to 25.0 
ml in the volumetric flasks and the fluorescence 
intensity was subsequently measured. As can be 
observed in Fig. 2, although higher fluorescence 
signals can be obtained at 60 and 75”, longer 
reaction times would be necessary to achieve the 
stabilisation of the signal. When the cefoxitin 
reacts with l.OM sodium hydroxide at 90”, a 
constant fluorescence intensity is obtained for 
between 50 and 180 min, which indicates that in 
this range the influence of the hydrolysis time is 
not critical, and easily reproducible signals are 
obtained. A 60-min period is considered a suit- 
able reaction time for hydrolysis at 90”. 

The literature on cephalosporins gives no hint 
to possible fluorescent products under extremely 
alkaline conditions. Jusko24 proposes the for- 
mation of a diketopiperazine as a product of 
ampicillin acid hydrolysis. The presence of an 
a-aminobencyl group in the penicillins or 
cephalosporins is necessary for the formation of 
this product. The first studies on hydrolysis of 
cephalosporins indicated that oxazolones could 
not be obtained.25 However, Yu et al.” propose 
the formation of oxazolones as a fluorescent 
product if the hydrolysis is conducted at high 
temperatures and under highly alkaline con- 
ditions as in our case. 

The stability of the fluorescent product 
formed from cefoxitin was studied. The results 
showed that in neutral medium, the fluorophor 
was stable at ambient temperature (20” approxi- 
mately) for at least 24 hr and at 4” for at least 
30 days. The dissolution is less stable in a highly 

acid and basic medium. For this reason, we 
propose changing this dissolution to neutral pH 
after hydrolysis treatment for its storage. 

Eflect of variables on fluorescence intensity 

The fluorescence intensity is generally in- 
creased by the presence of ethanol in the final 
assay sample,26 as demonstrated by previous 
experiments. Because of this, the influence of 
pH on the fluorescence spectrum was studied in 
an ethanol-water medium (SO/SOO/, v/v). To 
choose the pH at which to perform the assay, 
the pH of the sample was varied by adding 
hydrochloric acid or sodium hydroxide. The 
results show a higher fluorescence intensity at 
acidic pH and so the solution containing the 
fluorescent product formed from cefoxitin was 
adjusted to pH 2.0. The selected pH was pro- 
vided by adding an adequate amount of O.lM 
hydrochloric acid. 

The influence of the amount of ethanol in the 
medium on the fluorescence intensity was stud- 
ied by varying the ethanol percentage between 0 
and 96% v/v and keeping the pH at approxi- 
mately 2.0. The relative intensity of fluorescence 
increased with the ethanol content in the 
medium [Fig. 3(a)]. In order to obtain the 
maximum intensity with regard to the dilution 
of the aqueous reaction mixture [Fig. 3(b)], the 
final assay samples were made 50% v/v 
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Fig. 3. (a) Influence of the ethanol content. (b) Represen- 
tation of fluorescence intensity with regard to aqueous 

fraction. [Cefoxitin] = 0.80 pg/ml. pH = 2.0. 
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Fig. 4. Isometric plot of the emission-excitation matrix (Forward projection) of cefoxitin after reaction 
at 90” for 60 min in l.OM NaOH. [Cefoxitin] = 0.80 pg/ml. Ethanol-water content SO/SO% v/v, pH = 2.0. 

ethanol/water before carrying out the fluor- 
escence measurements. The fluorescent product 
was satisfactorily stable in these conditions as 
judged by little change in fluorescence intensity 
for 180 min. 

The dependence of the fluorescence intensity 
on the temperature of the final reaction mixture 
is critical, showing a decrease of the fluorescence 
emission of 0.64%/C when the temperature 
increases from 3 to 70”. This effect can be 
explained by the higher internal conversion as 
temperature increases, facilitating non-radiative 
deactivation of the excited singlet state.25 It is 
therefore recommended that a thermostat with 
a measurement temperature of 20”, i.e., about 
room temperature, is used. 

The effect of cefoxitin concentration on the 
fluorescence of the fluorophor derived from this 
drug is another factor to be considered. The 
fluorescence intensity increases with concen- 
tration up to 10 pug/ml. Inner filter quenching 
due to high fluorophor concentration becomes 
significant when the cefoxitin concentration ex- 
ceeds 10 pgg/ml. A constant fluorescence inten- 
sity was obtained between 25 and 50 pgg/ml and 
a decrease for cefoxitin concentration higher 
than 50 pg/ml because of fluorescence inversion 
phenomena. 

Fluorescence spectral properties 

An intensely fluorescent product was ob- 
tained from cefoxitin in alkaline solutions after 
heating at 90” for 60 min. 

The tridimensional spectrum provides the 
best characterization of the cefoxitin degra- 

dation product fluorescence. This spectrum is 
obtained with a suitable computer program2’ 
and presented as the isometric projection, where 
the excitation spectra at stepped increments of 
4 nm emission wavelength are recorded and 
plotted. Figure 4 shows the tridimensional spec- 
trum of the fluorophor where the light scattering 
has been removed. In the two-dimensional rep- 
resentation (Fig. 5) it can be observed that the 
most representative fluorescence maximum of 
cefoxitin fluorescent product is localized at 317 
nm excitation wavelength and 400 nm emission 
wavelength and so all fluorescence measure- 
ments in subsequent studies were carried out at 
these wavelengths. 

Spectrofluorimetric determination of cefoxitin 

By using the above technique, a method to 
determine cefoxitin by the direct fluorescence 
intensity measurements at constant excitation 
and emission wavelengths (317 and 400 nm, 
respectively) is obtained. 

A linear regression equation (y = a + mx) for 
cefoxitin over the range 0.020-1.40 pg/ml was 
obtained. The equation resulting from applica- 
tion of the least square method to the exper- 
imental data is displayed in Table 1 together 
with the statistical parameters. The significance 
of the intercept on the y-axis of the obtained 
regression line was evaluated by applying the 
test of Student’s “t” at 95% of confidence level 
and ten degrees of freedom.28 If the intercept 
on the y-axis for the line calculated by the least 
square method is negligible, it is necessary to 
perform again the fitting of the data according 
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Fig. 5. Contour plot of cefoxitin fluorescence after reaction at 90” for 60 mitt in l.OM NaOH. 
[Cefoxitin] = 0.80 pg/ml. Ethanol-water content 50/50% v/v, pH = 2.0. 

to a function “JJ = mOx” and therefore the new 
value of the slope (mO) may be calculated. The 
results of this study are reported in Table 1. The 
value calculated for “t” does not exceed the 
theoretical value and hence intercept on the y 
axis is negligible. Consequently, the new value 
of the slope is calculated. 

The linearity of standard curve (Fig. 6) in the 
usable concentration range and the negligible 
scatter of the experimental points is clearly 
evidenced by the high value of the correlation 
coefficient. This together with the negligible 
value for the intercept on the y-axis showed the 
excellent linear relationship between fluor- 
escence intensity and cefoxitin concentration. 

In order to determine the accuracy and the 
precision of the recommended procedure, two 
series of ten standard samples containing 0.20 
and 0.80 pg/ml of the antibiotic were prepared 
and fluorescence measurements were made on 
each reaction product obtained according to the 
proposed method. A relative standard deviation 
of 1.8 and 0.5% and a mean standard analytical 
error of 1.63 x 10T3 and 1.67 x lo-’ were found 
for each sample set at 95% confidence level. 

The detection limit is 2 x 10m3 pg/ml and the 
determination limit is 8 x 10m3 pg/ml when they 

Table 1. Statistical parameters 

Intercept on the y-axis (a) 1.97 
Standard deviation of intercept 1.38 
Slope (m) 252.49 
Standard deviation of slope 1.92 
Correlation coefficient 0.999 
Theoretical “1” value 2.228 
Experimental “t ” value 1.432 
New slope (mJ 254.55 

are defined as the analyte concentration leading 
to a luminescence intensity that is three and ten 
times the blank standard deviation,2gvM respect- 
ively. 

Determination of cefoxitin in pharmaceuticals 

Cefoxitin is commercially available as the 
sodium salt which is not appreciably absorbed 
from the gastrointestinal tract and must be 
given parenterally. Therefore, the proposed 
method was applied to the determination of 
cefoxitin in all the pharmaceutical products 
commercialized in Spain that contain this anti- 
biotic: Mefoxitin and Cefaxicina injections. The 
assays were carried out as described under the 
procedure for injections. The Table 2 shows the 
assay results, expressed as percentage of the 
contents resulting of the average of three deter- 
minations of three different vials of pharmaceu- 
tical products. These results were in good 
agreement with the stated content of the anti- 
biotic. 

Since cefoxitin is administered intravenously 
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Fig. 6. Fluorimetric standard curve obtained for cefoxitin. 
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Table 2. Determination of cefoxitin in pharmaceutical dosage 

Cefoxitin 

Pharmaceutical Taken Found* Standard Deviation Recovery 
products @g/ml) &/ml) (pgglml) (%) 

Mefoxitin 0.80 0.791 8.74 x lO-3 98.8 
Cefaxicina 0.80 0.794 8.89 x lo-) 99.2 

*Average of three determinations with three replicates each one. 

Table 3. Determination of cefoxitin in saline physiological serum and glucosed physiological serum 

Pharmaceutical products 

Mefoxitin Cefaxicina 

Taken Found* Recovery Taken Found* Recovery 
Medium (&ml) @g/ml) (“/) (&ml) @g/ml) (“/) 

Saline physiol. serum (Apiroserum) 0.80 0.789 98.6 0.80 0.795 99.4 
Saline physiol. serum (Grifols) 0.80 0.792 99.0 0.80 0.810 101.2 
Glucosed physiol. serum (Apiroserum) 0.80 0.790 98.8 0.80 0.785 98.1 

*Average of three determinations with three replicates each one. 

in serious infections, the method was applied to 
the determination of the antibiotic in serum. 
The intravenous infusion were: saline physio- 
logical serum (Apiroserum and Grifols, 0.9% 
sodium chloride) and glucosed physiological 
serum (Apiroserum, 5% glucose). The results 
are shown in Table 3. Since the other com- 
ponents of the pharmaceutical preparations 
tested showed no fluorescence over the range of 
wavelengths used, the proposed assay method is 
specific for the determination of cefoxitin in the 
indicated pharmaceutical formulations. 

CONCLUSIONS 

The described method permitted the fluori- 
metric determination of cefoxitin in the concen- 
tration range from 0.020 to 1.40 pg/ml. The 
measurements of the fluorophor product were 
carried out at 400 nm with excitation at 317 nm. 
The method was found to be more sensitive than 
a previously reported fluorimetric methodz3 be- 
cause a limit of determination smaller (8 x 10e3 
pg/ml) was found. Moreover, the present 
method offers advantages in rapidity and sim- 
plicity over the existing method. The method 
proposed improves on the sensitivity of that 
described by HPLC by Wheeler et al.,” which 
can only detect up to 1 pg/ml, and on that 
described by Torchia et al.,‘* where the detec- 
tion limit is 0.1 pug/ml. The method was applied 
to the determination of cefoxitin in pharmaceu- 
tical products, in both aqueous medium and 
physiological serum (saline and glucosed). Satis- 

factorily recovery for each dosage formulation 
were found. 
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