This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1l \L OF
LIQUID

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

High-Performance Liquid Chromatographic Micro-Assay for Cefoperazone
in Human Plasma, Urine and CSF
Philip T. R. Hwang®; Marvin C. Meyer*

2 Department of Pharmaceutics, College of Pharmacy University of Tennessee Center for the Health
Sciences, Memphis, Tennessee

Supsoiical Fluid T
ana Tach:

Fi o Fract
Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Hwang, Philip T. R. and Meyer, Marvin C.(1983) 'High-Performance Liquid Chromatographic Micro-

Assay for Cefoperazone in Human Plasma, Urine and CSF', Journal of Liquid Chromatography & Related Technologies,
6: 4, 743 — 754

To link to this Article: DOI: 10.1080/01483918308076081
URL: http://dx.doi.org/10.1080/01483918308076081

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918308076081
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:48 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 6(4), 743-754 (1983)

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC MICRO-ASSAY

FOR CEFOPERAZONE IN HUMAN PLASMA, URINE AND CSF

*
Philip T.R. Hwang and Marvin C. Meyer

Department of Pharmaceutics
College of Pharmacy
University of Tennessee Center for the Health Sciences
Memphis, Tennessee 38163

ABSTRACT

A high performance liquid chromatographic method is
described for the determination of cefoperazone in plasma, urine
and CSF samples. The procedure employs reversed-phase chroma-
tography, using hydrochlorothiazide as an internal standard.

The assay only requires 100 UL of sample, with direct injection
of diluted urine or CSF, or protein precipitated plasma. Sta-
bility studies indicate the need for careful attention to pro-
cessing and storage conditions of the biologic material. The
method is specific for cefoperazone in the presence of kanamycin,
tobramycin, gentamicin, ampicillin and penicillin G. The method
has been successfully employed in the assay of over 600 samples
obtained from human clinical trials.

INTRODUCTION
Cefoperazone is a relatively new, third generation, semi-

synthetic cephalosporin antibiotic which is currently undergoing

extensive clinical trials in humans. The drug is given primarily
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by intravenous and intramuscular injection, since it is poorly
absorbed orally.

Several recent clinical and pharmacokinetic studies of cefo-
perazone have employed microbiological assays for the drug in
biologic fluids (1-6). Because of the required incubation times,
such bicassays may be less useful for the rapid determination of
drug concentrations in clinical materials. In addition, since
studies in patients often involve the concomitant or prior use of
other antibiotics, the specificity of chromatographic methods may
be advantageous. Three high performance liquid chromatographic
methods for serum cefoperazone have recently been developed,
using a reversed phase uBondapak C18 column. While one method
employed a chloroform-1l-pentanol extraction (7), the other used
a Sep-Pak (Waters Assoc., Milford, MA, USA) sample clean-up step
(8). A third procedure separating a number of cefoperazone
degradation products involved gradient HPLC (9). None of these
methods incorporated an internal standard in the assay procedure
and only the latter one was used to analyze low volume (0.1 ml)
samples of serum.

The present study concerns the development of a rapid
method for the determination of cefoperazone, using hydrochloro-
thiazide as an internal standard. The method employs the direct
injection of diluted urine and CSF, or protein-precipitated
plasma into the HPLC. The method has also been applied to human

bile.
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EXPERIMENTAL

Reagents and Materials

Cefoperazone (T-1551) and T-1551B, a degradation product
obtained under acidic conditions (10), as well as kanamycin,
tobramycin, gentamicin, ampicillin and penicillin G were supplied
by Pfizer, Inc. (New York, NY). Hydrochlorothiazide was cbtained
from Merck Sharp and Dohme (West Point, PA). Acetonitrile and
methanol were HPLC-grade, distilled-in-glass, Burdick and Jackson
(Muskegon, MI); glacial acetic acid, ACS grade was from Fisher
Scientific (Fairlawn, NJ); and triethylamine was from Matheson

Coleman and Bell (Norwood, OH).

Chromatography Equipment and Conditions

The HPLC system (Waters Assoc., Milford, MA) consisted of a
model 6000 solvent delivery system, a U6K loop injector, a model
440 UV absorbance detector with a 254 nm filter, a prepacked 30
cm x 3.9 mm i.d. stainless steel column containing 10 um C18
u-Bondapak, and a guard column with Bondapak phenyl/corasil as
packing material. The chromatograms were recorded by a Fisher
Recordall Series 500 (Fairlawn, NJ) 10 mv strip chart recorder.

The mobile phase used for the isocratic reversed-phase
chromatography consisted of 1.2 ml triethylamine (1 M in acetoni-
trile), 2.8 ml of 1 M acetic acid and 120 ml acetonitrile in
deionized water to a total volume of one liter. The mobile phase

was filtered through a Millipore filter, type HA, pore size 0.45

um (Millipore, Bedford, MA) and deaerated prior to use. The
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chromatographic system was operated at ambient temperature, with

a flow rate of 2.0 ml/min.

Standard Solutions

Three different concentration ranges of cefoperazone in
methanol were prepared for the analysis of plasma, urine and CSF
samples. Standard curves for plasma employed methanol solutions
containing 25, 50, 100 and 200 pg/ml of cefoperazone. For urine
assays 100, 200, 400 and 800 ug/ml methanol standards were pre-
pared, and 1.25, 2.5, 5 and 10 pg/ml methanol standards were used
for the CSF assays. These standards were prepared fresh each
day. The internal standard, hydrochlorothiazide, was also pre-
pared in methanol at concentrations of 100, 400 and 5 pyg/ml for
the assay of plasma, urine and CSF samples, respectively. This

solution was stable for at least six months, stored at 4%.

Standard Curves and Patient Samples

A 100 pl aliquot of the biologic sample was transferred to a
15 ml conical centrifuge tube with a micropipet. Similarly, 100
uL of cefoperazone methanol standard and 100 pL of internal
standard were added. The mixture was vortexed for 30 sec, allowed
to stand for 1 min, and centrifuged at 1400 g and -5°C in a
refrigerated centrifuge (Beckman, Model J6, Palo Alto, CA) for
15 min. The samples were then stored at 4°C for no longer than
1 hr prior to analysis. Plasma standard curves employed pooled

human plasma. Urine and CSF standard curves were prepared using
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deionized water. Blank samples for the standard curves were
prepared using 200 uL of methanol instead of the drug and internal
standard solutions, and patient samples were assayed by substi-
tuting 100 pyl of methanol for the drug standard solution. Quanti-
tation of cefoperazone concentrations employed unweighted least-
squares regression of plots of peak height ratio (cefoperazone/
internal standard) versus cefoperazone concentration.
The detector sensitivity was set at 0.01-0.02, 0.05 and

0.005 a.u.f.s. for the assay of plasma, urine and CSF, respec-
tively. The injection volume was 10-15 yL, 5 pyL and 75-100 pl

for the plasma, urine and CSF samples, respectively.

Assay Specificity

Pooled human plasma samples were prepared containing 100
ug/ml of kanamycin, tobramycin, gentamicin, ampicillin, penicil-
lin G, and T-1551B, a potential degradation product, in antici-
pation of the presence of some of these materials in patient
samples. These plasma samples were then carried through the

assay procedure.

Stability Studies

The effect of storage on the stability of various cefopera-
zone specimens was also determined. Pooled human plasma was
fortified with 50 pg/ml of cefoperazone, and pooled human urine
was fortified with 400 pg/ml of cefoperazone. Aliquots of each

were then stored at SOC and -150C, with assays at 0, 1, 3, 7 and
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14 days after preparation. Further, diluted plasma and urine
samples, prepared as described earlier up to the point of injec-
tion into the HPLC, were stored at SOC, with assay 0, 24, 48 and
72 hr after preparation. These samples were also stored at room
temperature (approximately 25°C) with assay 0, 1, 2, 3, 8, 24 and
48 hr after preparation. In addition, 100 pg/ml methanol solu-
tions of cefoperazone were stored at SOC, with assay at 0, 1, 3,
7 and 14 days after preparation. These samples were also stored
at room temperature and were assayed 0, 1, 2, 3, 8, 24 and 48 hr

after preparation.

RESULTS AND DISCUSSION

Figure 1 illustrates typical chromatograms for the assay of
patient plasma, urine and CSF samples. The retention times for
the internal standard and the cefoperazone were 5-6 and 9-10 min,
respectively, depending on the age and condition of the column.
Blank samples containing no drug or internal standard were free
from any interfering peaks in the vicinity of the drug and inter-
nal standard. Peaks observed with plasma samples fortified with
100 ug/ml of other antibiotics were well resolved from both the
drug and the internal standard. Ampicillin eluted before the
internal standard and penicillin G after the cefoperazone. No
peaks were found in samples containing kanamycin, gentamicin or
tobramycin and these drugs presumably eluted with the solvent

peak or were retained on the column. A large peak was observed
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FIGURE 1 - Chromatograms from the assay of plasma, urine and CSF
obtained from patients receiving cefoperazone (CEF),
with hydrochlorothiazide as the internal standard (IS).
(A) Plasma containing 100 ug/ml. (B) Urine containing
269 ug/ml. (C) CSF containing 2 ug/ml.
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with T-1551B, a degradation product under acidic conditions, but
the retention time for this material was 23 min. Samples con-

taining methicillin exhibited a small peak which overlapped with
that of cefoperazone. However, even in serum samples containing
1000 pg/ml of methicillin the peak was less than 10 mm in height.

Plasma, urine and CSF standard curves exhibited excellent
linearity, with correlation coefficients greater than 0.99 in
each case. Table I summarizes the results of the precision
studies for four plasma or urine and three CSF standards assayed
on a single day or individually on three to four separate days.
In each assay the recoveries were at least 95 percent and the
relative standard deviations ranged from 1 to 7 percent.

A series of stability studies were conducted with the plasma,
urine and CSF standards. The plasma and urine samples which were
stored at -15°C exhibited approximately 2 percent loss after 14
days. In contrast, the extent of degradation for these same
samples stored at 5% ranged from 11 percent after 1 day to 66
percent after 14 days for the plasma, and from 2 percent after 1
day to 16 percent after 14 days for the urine samples. The
methanol solutions of cefoperazone showed less than 3 percent
degradation for up to 3 hr at room temperature, but a 29 percent
loss after 24 hr. When the methanol solutions were stored at
5°C there was less than 8 percent degradation after 24 hr, but 39

percent loss after 14 days. These results clearly indicate the
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TABLE I
WITHIN-DAY AND BETWEEN-DAY PRECISION OF CEFOPERAZONE ASSAY*

Within-Day Precision

Serum Standards Urine Standards CSF Standards

Added Found #S.D. Added Found #S.D. Added Found +S.D.
(ug/mil) (ug/ml) (ug/ml1) (ug/ml1) (ug/ml) (ug/ml)

23.9 22.7+0.6 95.4 97.6+1.2 1.2 .98+0.02
47.7 44.8x1.1 190.8 192.4+8.2 2.4 2.4+40.1
95.4 91.8x1.0 381.6 385.0+7.5 4.8 4.720.3
190.8 189.76.0 763.2 767.7+11.4 9.5 9.940.1

Between-Day Precision

Serum Standards Urine Standards CSF Standards

Added Found #S.D. Added Found +S.D. Added Found #S.D.
{ug/ml) (ng/mi) (ug/ml) {(pg/ml) (ug/ml) (ug/ml1)

23.9 24,3%1.2 95.4 95.212.2 1.2 1.0£0.06
47.7 46.7+2.8 190.8 192.4+4.7 2.4 2.4%0.17
95.4 95.2+3.7 381.6  383.8+9.7 4.8 4.7+0.30
190.8 191.8+4.6 763.2 770.4+9.5 9.5 9.6%0.6

*

N = 4 replicates for serum and urine, 3 replicates for CSF (#S.D.)
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importance of using freshly prepared and properly stored methanol
solutions of cefoperazone in the development of standard curves.
Studies were also conducted on the methanol diluted plasma
and urine samples stored at room temperature and at 5°c.  After 24
hr at 5°C the diluted plasma and urine samples exhibited a 5 and
8 percent loss of cefoperazone, respectively. In contrast a 20
percent degradation was evident in such samples when stored for
only 8 hr at room temperature. These results indicate that it is
not possible to prepare a large number of plasma or urine samples
at one time. Instead it is advisable to prepare only 3-4 methanol
diluted samples, and store these samples at 5°C until just before
they are to be injected into the HPLC. Kinniburgh et al. (11)
have also noted the instability of cefoperazone in methanol and
in unbuffered CSF at room temperature. These authors suggest
diluting CSF with pH 4.3 acetate buffer to reduce the pH of such
samples. However, they did not report the stability of CSF
samples which were stored frozen after the addition of the buffer.
The lack of a supply of human CSF precluded a stability assess-
ment as part of the present study. However, CSF samples obtained
from patients receiving cefoperazone were maintained at -15°C and
assayed as soon as possible after collection. Further, only 1-2
samples were carried through the assay at any given time, and
these were kept at 5°C for the brief period of time between

sample thawing and injection into the HPLC.
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Assay of Patient Samples

Thus far the assay method has been employed for the assay
of over 500 serum, 60 urine and 60 CSF samples obtained from
patients who have received cefoperazone. The majority of these
samples exhibited cefoperazone concentrations which fell within
the range of concentrations employed for the standard curves. In
addition, bile samples obtained from a patient being treated for
biliary tract sepsis were assayed using the method and concentra-
tions in excess of 500 ug/ml were observed. The bile was diluted
1:2 with 50 mM, pH 7 phosphate buffer and stored frozen until
assayed. Cefoperazone is reported to be extensively excreted in
the bile, and less than one percent of the drug has been found as
metabolites in the urine of humans (12).

It is concluded the method is rapid, exhibits adequate
sensitivity and specificity, and is useful in the analysis of
biologic material obtained during the course of treatment of

patients with cefoperazone.
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