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A specific and rapid high performance liquid chromatographic (HPLC) method with UV detection (254 nm) was developed for t
ination of cefroxadine in human plasma. The sample extraction was performed by a simple procedure, vortexing and centrif

ample following addition of 60% trichloroacetic acid. Cephalexin was used as an internal standard (I.S.). The HPLC analysis w
ut on a Capcell Pak C18 analytical column with a mobile phase of 50 mM ammonium formate buffer/pH 3.5 and acetonitrile (90:1
o interference was observed near the peaks of cefroxadine and I.S. The calibration curve was linear over the range of 0.5–40�g/mL and

he lower limit of quantification (LLOQ) was 0.5�g/mL. The method was validated with excellent sensitivity, accuracy, precision an
ility. This assay was successfully applied to determine the pharmacokinetic parameters of cefroxadine in Korean healthy volun
n oral administration of two 250 mg cefroxadine capsules. As a result, the plasma half-life was 1.00± 0.26 h and the mean AUC0–6 h was
6.25± 6.41�g h/mL. The maximum plasma concentration (Cmax) of 17.62± 4.87�g/mL reached 1.44± 0.39 h after administration.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Cefroxadine (7�-[d-2-amino-2-(1,4-cyclohexadienyl)-
cetamido]-3-methoxy-ceph-3-em-4-carboxylic acid,
ig. 1A) is one of the frequently prescribed oral
ephalosporins with a broad antibacterial spectrum[1–3].
or the determination of the pharmacokinetic parameters
f cefroxadine in biological samples, microbial assays or
igh pressure liquid chromatography (HPLC) has been
sed in a number of studies[4–11]. Most of the HPLC
ethods reported previously are mainly based on the method
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developed by Lecaillon et al.[5,8,9,11,12]. Although the
HPLC method was more accurate and precise than mic
ological determination, the peaks were not well resolved
had slow retention times. The HPLC method reported
Bergan and Solberg[13] had also some problems despite
rapid retention time. In the study, cefroxadine was ass
without internal standard (I.S.) and the peak was not
separated from the peaks of endogenous plasma compo
Furthermore, the method was not properly validated,
the appropriate method for the determination of cefroxa
in human plasma has not been recently reported. There
the objective of this study was to develop and valid
a rapid and specific HPLC method for the quantifica
of cefroxadine in human plasma. Also, by applying
method to the analysis of the plasma sample of Ko
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healthy volunteers following oral dosing of cefroxadine, we
examined the pharmacokinetic parameters of cefroxadine in
Korean subjects for the first time.

2. Experimental

2.1. Chemicals

Cephalexin was obtained from Sigma–Aldrich Co. (St.
Louis, MO, USA). HPLC grade acetonitrile was purchased
from J.T. Baker (Phillipsburg, NJ, USA). Ammonium for-
mate, formic acid and trichloroacetic acid were supplied by
Junsei Chemical Co. Ltd. (Tokyo, Japan). Cefroxadine and
Tiroxin® capsules (250 mg cefroxadine) were obtained from
Samjin Pharm. (Seoul, Korea). All the chemicals were ana-
lytical grade.

2.2. Preparation of stock and standard solutions

Cephalexin (7-(d-�-amino-phenylacetamido)-3-methyl-
3-cephem-4-carboxylic acid,Fig. 1B) is structurally associ-
ated with cefroxadine and can be determined simultaneously
by HPLC with similar retention time to and good sepa-
ration from the cefroxadine[8], therefore, cephalexin was
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pump, a Model 486 tunable absorbance detector, a Model
715 ultra wisp sample processor and ERIC-3215 degasser.
The chromatographic separation was carried out with a
Capcell Pak C18 analytical column (5�m particle size,
250 mm× 4.6 mm, Shiseido, Tokyo, Japan). The analyti-
cal column was protected by an Ultra C18 guard cartridge
(5�m particle size, 4.0 mm× 10 mm, Restek, Bellefonte, PA,
USA). The mobile phase, consisting of 50 mM of ammonium
formate buffer and acetonitrile (90:10, v/v), was run at a flow
rate of 1.2 mL/min, and the buffer pH was adjusted to 3.5 with
formic acid. The 50�L aliquots of samples were injected onto
the column and the eluates were monitored with UV detec-
tor at 254 nm. All the procedures were performed at room
temperature.

2.4. Preparation of samples

The sample preparation method reported by Lecaillon et
al.[5] was modified in this study. To 200�L of plasma, 10�L
of internal standard solution and 20�L of 60% trichloroacetic
acid were added. After shaking for one minute, the samples
were centrifuged at 14,000 rpm for 10 min. A 50�L aliquot
of supernatant was injected onto the HPLC column.

2.5. Validation
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hosen as I.S. in this study. Stock solutions of cefroxa
nd cephalexin (I.S.) were prepared in distilled water at
entrations of 200 and 100�g/mL, respectively. The stoc
olutions were stored at 4◦C until analysis. Standard so
ions were prepared by diluting the cefroxadine stock solu
ith distilled water, giving final concentrations of 5, 10,
0, 100, 200 and 400�g/mL.

.3. Chromatographic conditions

All the analyses were performed using the Waters H
ystem (Milford, MA, USA) consisted of a Model 5

Fig. 1. Chemical structures of cefroxadine (A) and cephalexin (I.S.,
.5.1. Specificity
The specificity of the method was verified by inve

ating the peak interference from the endogenous pl
ubstances. The chromatogram of the human plasma s
ith cefroxadine and I.S. was compared to that of the b
lasma sample.

.5.2. Linearity
The linearity of the method was evaluated by a calibra

urve in the range of 0.5–40�g/mL of the drug (n = 5). Drug-
ree plasma was spiked with cefroxadine standard solu
o achieve final concentrations of 0.5, 1.0, 2.0, 5.0, 10.0,
nd 40.0�g/mL. Calibration curve was obtained by plott
eak area ratios of cefroxadine to I.S. versus the ce
dine concentrations with least-squares linear regre
nalysis.

.5.3. Precision and accuracy
Intra-day and inter-day precision and accuracy were d

ined by replicate analysis of five sets of samples sp
ith four different concentrations of cefroxadine (0.5,
.0 and 20.0�g/mL) within a day or during five consec

ive days. The precision was calculated from the ratio o
tandard deviation to the mean (coefficient of variation, C
he accuracy of the method was examined by comp

he concentrations of spiked samples to the theoretical
entrations. Both values were expressed as percentag
cceptable range of intra-day and inter-day accuracy an
ision are below 15% bias or CV.
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2.5.4. Sensitivity
The sensitivity was evaluated by the lower limit of quan-

tification (LLOQ), the lowest concentration of the plasma
spiked with cefroxadine in the calibration curve. The LLOQ
was defined as the concentration producing a precision less
than 20% and accuracy between 80% and 120% of the theo-
retical concentrations.

2.5.5. Recovery
The recovery was determined by comparing peak area of

cefroxadine after extraction to that before extraction at con-
centrations of 5.0, 10 and 20.0�g/mL.

2.5.6. Stability
Standard stock solution stabilities at the concentration

of 1.0 and 10.0�g/mL of cefroxadine and of 5�g/mL of
I.S. were obtained by analyzing samples left at 4◦C for 6 h.
Freeze-thaw stability of the plasma samples was determined
by the following three freeze-thaw cycles. The spiked plasma
samples at concentrations of 1.0 and 10.0�g/mL were frozen
at −70◦C for 24 h and thawed at room temperature. After
completely thawed, the samples were refrozen and this cycle
was repeated three times. For the short-term stability, plasma
samples were kept at room temperature for 4 and 8 h before
the sample preparation. The long-term stability was evaluated
after freezing the plasma samples at−70◦C for 3 weeks. The
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ences, College of Pharmacy, Ewha Womans University, after
having received written consents from all the volunteers.

3. Results and discussion

3.1. Chromatography

As shown inFig. 2B, the chromatogram showed a clear and
good separation, and the retention times of cefroxadine and
I.S. were approximately 7.1 and 8.1 min, respectively. Based
on our results, the retention time of cefroxadine was faster
than that reported by Lecaillon et al.[12] and complete sep-
aration between cefroxadine and endogenous interferences
was obtained, which was not fully achieved by Bergan and
Solberg[13].

3.2. Specificity

As mentioned above, under the described analysis proce-
dure, the peaks of cefroxadine and I.S. were well resolved
with good symmetry and desirable retention time from
endogenous compounds in the blank human plasma. Repre-
sentative chromatograms of human blank plasma and plasma
samples spiked with cefroxadine and I.S. were shown in
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tability of the prepared plasma samples at the concentr
f 2.0�g/mL was tested after keeping the samples for 6
2 h at room temperature. The stabilities were determ
y the difference of measured sample concentration from
oncentration of sample at 0 h.

.6. Pharmacokinetic study of cefroxadine in Korean
ubjects

The validated method was applied to pharmacokin
tudy of cefroxadine in nine healthy Korean volunte
aged between 19 and 26 years (23.78± 2.11), weigh
ng between 62 and 75 kg (70.67± 7.27)) after an ora
dministration of 500 mg cefroxadine (two Tiroxin® cap-
ules, 250 mg/capsule). The volunteers were fasted ove
efore the study and for 4 h after the dosing. Ven
lood samples (5 mL) were collected at 0, 0.25, 0.5, 0
.0, 1.25, 1.5, 2, 3, 4, 5 and 6 h following adminis

ion. The blood samples were centrifuged at 3500 rpm
min and the plasma was taken and stored at−70◦C
ntil analysis. Pharmacokinetic parameters were evalu

rom plasma concentration–time curve using WinNo
oftware (Pharsight Co., Mountain View, CA, USA) w
on-compartmental analysis. The pharmacokinetic par

ers estimated from the data were as follows; the area u
he plasma concentration–time curve (AUC), the maxim
lasma concentration (Cmax), the time required to reachCmax
Tmax), elimination half-life (t1/2) and elimination rate con
tant (Ke). This study was approved by the institutio
eview board at the Research Institute of Pharmaceutica
ig. 2. There were no interference peaks near the rete
imes of cefroxadine and I.S.

.3. Linearity

The calibration curve was linear over the cefroxadine
entration range from 0.5 to 40�g/mL in human plasma
he calibration equation from five replicate experime
= 0.0511x − 0.0023 (r2 = 0.9999,p < 0.01), demonstrate

he linearity of the method.

.4. Precision and accuracy

The results of precision and accuracy were present
able 1. The intra-day precision and accuracy were va
etween 1.7 and 6.3%, and 89.7 and 105.3%, respec
he inter-day precision and accuracy ranged from 3.
0.0% and 89.4 to 104.8%, respectively. All the value
recision and accuracy including LLOQ were within
pecified ranges and therefore acceptable.

able 1
ntra- and inter-day precision and accuracy of cefroxadine spiked in h
lasma (n = 5)

oncentration (�g/mL) Precision (CV, %) Accuracy (%)

Intra-day Inter-day Intra-day Inter-d

0.5 6.3 6.2 104.5 104.8
1.0 6.2 10.0 105.3 100.0
5.0 2.6 6.9 101.6 95.2
0.0 1.7 3.9 89.7 89.4



372 Y.-S. Kang et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 369–374

Fig. 2. Representative chromatograms of human blank plasma (A) and
plasma spiked with cefroxadine and internal standard (B, cefroxadine:
7.127 min, I.S.: 8.099 min).

3.5. Sensitivity

The LLOQ was determined to be 0.5�g/mL. The intra-day
precision and accuracy were 6.3% and 104.5%, respectively.
The inter-day precision and accuracy were 6.2% and 104.8%,
respectively.

3.6. Recovery

The mean recovery for the cefroxadine in human plasma
was evaluated by triplicate analysis as 110.6± 6.8% at
5�g/mL, 95.16± 7.8% at 10�g/mL and 97.21± 1.02% at
20�g/mL. These results suggest approximately 100% recov-
ery from the preparation procedure of the samples.

3.7. Stability

The stabilities of drug and I.S. in a biological fluid are
affected by the chemical properties of drug and I.S, the stor-
age conditions, the matrix and the container systems. The
stability of standard stock solution of I.S. was 100.1%. Also,
the stability of the prepared plasma samples was 100.5% at
6 h and 100.1% at 12 h. Other results of stability experiments
were shown inTable 2. Cefroxadine was stable during sample
collection, handling and analysis. Moreover, the stability of
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Table 2
Stability of cefroxadine samples (%)

Concentration of cefroxadine (�g/mL) Stock solution stability Free bility

1.0 98.6 104.0
10.0 100.4 99.3
efroxadine was confirmed after the three freeze-thaw cy
hort-term and long-term storage. The conditions used i
tability tests reflected situations most likely to be enco
ered during actual sample analysis.

.8. Pharmacokinetic study of cefroxadine in Korean
ubjects

The plasma samples from nine Korean volunteers
ssayed with the validated method described above
epresentative chromatograms of a volunteer plasma
nd 1.25 h following an oral administration of cefroxad
ere shown inFig. 3. The peaks of cefroxadine and I
ere completely separated from endogenous peaks
imilar retention times to those of the samples used
he validation studies.Fig. 4 showed the mean plasm
oncentration–time curve. The mean values of pha
okinetic parameters estimated by the computer pro
inNonlin with non-compartmental method were sho

n Table 3. The elimination half-life of cefroxadine
orean volunteers was in good agreement with the va

eported by Bergan and other groups[4–8,11,14]. Bergan
6] previously reported that after an oral administration

ze-thaw stability Short-term stability Long-term sta

4 h 8 h

93.5 88.1 96.3
93.1 90.3 101.1
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Table 3
Pharmacokinetic parameters of cefroxadine after an oral administration of 500 mg cefroxadine (two Tiroxin® capsules, 250 mg/capsule) to nine Korean healthy
volunteers

AUC0–6 h (�g h/mL) AUC0–∞ (�g h/mL) Cmax (�g/mL) Tmax (h) Ke (h−1) t1/2 (h)

46.25± 6.41 48.38± 7.17 17.62± 4.87 1.44± 0.39 0.73± 0.18 1.00± 0.26

Each value was presented as mean± S.D. AUC0–6h: area under the plasma concentration–time curve from 0 h to 6 h (the end point of blood sampling); AUC0–∞:
area under the plasma concentration–time curve from 0 h to infinity;Cmax: maximum plasma concentration;Tmax: time required to reachCmax; Ke: elimination
rate constant;t1/2: elimination half-life.

Fig. 3. Representative chromatograms of human volunteer plasma at 0 h (A)
and 1.5 h (B) following an oral administration of cefroxadine (cefroxadine:
7.062 min, I.S.: 8.057 (A) and 8.029 (B) min).

Fig. 4. Mean plasma concentration–time profile after an oral administra-
tion of 500 mg cefroxadine (two Tiroxin® capsules, 250 mg/capsule) to nine
Korean healthy volunteers.

500 mg cefroxadine to healthy volunteers, AUC,Cmax, Tmax,
Ke andt1/2 were 23.59± 2.93�g h/mL, 12.3± 4.2�g/mL,
0.75 h, 0.864± 0.198 h−1 and 0.92± 0.21 h, respectively.
The mean AUC,Cmax and Tmax of cefroxadine obtained
from Korean healthy subjects (48.38± 7.17�g h/mL,
17.62± 4.87�g/mL and 1.44± 0.39 h, respectively) were
higher than the reported values by Bergan under the com-
parable study design[6], at least in part, due to differences in
ethnic groups and analytical method (microbiological assay).

4. Conclusion

We validated the HPLC method for simple, rapid, selec-
tive and accurate analysis of cefroxadine in human plasma
as well as for satisfying the bioanalytical method validation
of Korea Food and Drug Administration. Also, by apply-
ing this method to analyze the plasma samples of Korean
healthy subjects, we determined the pharmacokinetic param-
eters of cefroxadine in Korean, demonstrating the adequacy
of this assay for clinical studies. Furthermore, this analyti-
cal method developed in the present study could be used for
bioequivalence studies of cefroxadine in the future.
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