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

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

Improved High Performance Liquid Chromatographic Assay of Clavulanic

Acid And Sulbactam by Postcolumn Alkaline Degradation

J. Haginaka?; J. Wakai®; H. Yasuda®; T. Uno?; T. Nakagawa®

| @ Faculty of Pharmaceutical Sciences, Mukogawa Women's University, Nishinomiya, Japan ® Faculty of
Pharmaceutical Sciences, Kyoto University, Kyoto, Japan

Proparaisg & Anakytical Sapg

Exfitess by
dack Cazes, Ph.D.

I l(::_;r_hl.!lf.rl:... s ‘

To cite this Article Haginaka, J. , Wakali, J. , Yasuda, H. , Uno, T. and Nakagawa, T.(1985) 'Tmproved High Performance
Liquid Chromatographic Assay of Clavulanic Acid And Sulbactam by Postcolumn Alkaline Degradation’, Journal of
Liquid Chromatography & Related Technologies, 8: 13, 2521 — 2534

To link to this Article: DOI: 10.1080/01483918508076585
URL: http://dx.doi.org/10.1080/01483918508076585

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/10.1080/01483918508076585
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 25 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 8(13),2521-2534 (1985)

IMPROVED HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHIC ASSAY OF
CLAVULANIC ACID AND SULBACTAM BY
POSTCOLUMN ALKALINE DEGRADATION

J. Haginakal*, J. Wakail, H. Yasudal, T. Unol,
and T. Nakagawa2

1Faculty of Pharmaceutical Sciences
Mukogawa Women’s University
4-16 Edagawa-cho
Nishinomiya 663, Japan
2Faculty of Pharmaceutical Sciences
Kyoto University
Sakyo-ku
Kyoto 606, Japan

ABSTRACT

Improved high-performance liquid chromatographic methods have
been developed for the determination of clavulanic acid and sulbac-
tam in plasma and urine, The plasma samples containing clavulanic
acid or sulbactam were ultrafiltered using Amicon YMT membranes,
and the urine samples were filtered with a 0.45-um acrylate-copoly-
mer membrane after ten-fold dilution with distilled water. There-
by, they were easily separated from the normal components of plasma
and urine on a Cyg reversed-phase column using an eluent containing
methanol as an organic modifier, The effluent was led to postcol-
umn alkaline degradation in 0,5-0,75 M sodium hydroxide solution,
which had the same methanol content as that of the HPLC eluent.
Subsequently, the degradation products were detected at 272 nm for
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clavulanic acid and at 278 nm for sulbactam. These methods, which
are accurate and precise, permit determination of 25 ng/mL of
clavulanic acid and sulbactam in plasma, At a clavulanic acid or
sulbactam concentration of 0.5 pg/mL in plasma, within- and be-
tween-run precisions were of the order of 1,89-5.65Z and 1.33-
3.21%, respectively,

INTRODUCTION

The increase in the prevalence of B-lactamase-producing
strains of both Gram-positive and Gram-negative bacteria has nar-
rowed the antibacterial spectrum of B-lactam antibiotics, One way
to resolve this problem is the coadministration of a B-lactamase
inhibitor with a conventional B-lactam antibiotic, Clavulanic acid
and sulbactam, respectively, are the potent B-lactamase inhibitors
isolated from ATCC 27064 by Beecham groups (1) and semi-synthesized
by Pfizer groups (2).

In previous papers (3,4), we reported that clavulanic acid and
sulbactam are rapidly degraded in alkaline methanolic solutions to
methyl 8-hydroxy-6-oxo-4-aza-2-octenoate and 5-carboxy-6-methyl-6-
sulfino-4-aza-2-heptenoate, which show ultraviolet absorption maxi-
ma at 267 and 276 nm, respectively, and we developed accurate,
sensitive high-performance liquid chromatographic (HPLC) methods
for the determination of clavulanic acid and sulbactam in plasma
and urine using the above reaction as postcolumn derivatization.
Those methods, however, needed relatively long run times (10-20
min), and the detection limits were 0.1 ug/mL in plasma., This
paper deals with the improved HPLC assays of clavulanic acid and
sulbactam in plasma and urine. In order to attain faster and more
sensitive assays, we improved the HPLC methods with respect to the
following points. 1) The separation is performed using a high-
efficiency small particle column (5-7 um), 2) Plasma and urine
samples, respectively, are ultrafiltered using YMT membranes and
filtered with 0.,45-um microfilters after 10-fold dilution with
distilled water. 3) The postcolumn reagent used is 0.5-0.75 M

sodium hydroxide solution, which has the same methanol content as
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that of an HPLC eluent. The improved methods allow the assays to
be performed twice or three times as fast and four times as sensi-

tive as the previous methods (3,4).

MATERIALS AND METHODS

Reagents

Potassium clavulanate and sodium sulbactam were donated from
Beecham Yakuhin (Tokyo, Japan) and Pfizer-Taito (Tokyo), respecti-
vely. Tetrabutylammonium bromide (TBAB) and other chemicals of
reagent grade were purchased from Nakarai Chemicals (Kyoto, Japan).
Deionized, glass-distilled water and glass-distilled methanol were
used for the preparations of HPLC eluents.

Phosphate buffer, 0.005 M. Prepared by dissolving 1.791 g of
Na, HPO, 12H,0 and 0.780 g of NaH,PO, 2 Hy0 in water and diluting to
I L.

HPLC Equipment and Operating Conditions

Two pumps were used, one for delivering an HPLC eluent (Tri-
rotar-V, Japan Spectroscopic, Tokyo) and the other for delivering a
postcolumn reagent (NP-DX-2, Nihon Seimitsu Kagaku, Tokyo). A
portion of a sample solution was loaded onto a column via a Model
VL-614 loop injector (Japan Spectroscopic). The detector used was
a UVIDEC-100-V spectrophotometer (Japan Spectroscopic) equipped
with an 8-uL flow-through cell., Develosil ODS-5 (5 um) (Nomura
Chemicals, Seto, Japan) packed in a 150 x 4,6 mm i.d. stainless
steel tubing was used as a stationary phase except for the assay of
clavulanic acid in plasma, for which Zorbax 0DS-7 (7 um)(Du pont
Instrument, System, Delaware, USA) was used. The precolumn (30 x
4.6 mm i.d.) packed with Develosil 0DS-~10 (10 um) was used and
frequently repacked to guard the main column. The eluents used
were as follows; eluents A and B, 5 mM TBAB plus 5 mM phosphate
buffer:methanol (2.7/1 and 3.5/1, v/v) for the assay of clavulanic
acid in plasma; eluent C, 5 mM TBAB plus 1 mM phosphate buffer:
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methanol (2.5/1, v/v) for clavulanic acid in urine, eluent D, 5 mM
TBAB plus 0.5 mM phosphate buffer:methanol (1.5/1, v/v) for sulbac-
tam in plasma; eluent E, 5 mM TBAB plus 0.5 mM phosphate buffer:
methanol (2/1, v/v) for sulbactam in urine. The flow rates of the
eluent in all cases were maintained at 0.8 mL/min. The postcolumn
reagent was 0,5 M sodium hydroxide solution for clavulanic acid and
0.75 M for sulbactam (which had the same methanol content as that
of the HPLC eluent), and delivered at a flow rate of 0.2 mL/min, A
0.5 mm i.d. x 1 m Teflon tubing was used as a reactor. Detection
was performed at 272 nm for clavulanic acid and 278 nm for sulbac-
tam. All separations and postcolumn reactions were carried out at

ambient temperature,

Sample Preparations

For plasma samples, a clavulanic acid or sulbactam standard
was dissolved in human control plasma. The plasma samples were
ultrafiltered using an Amicon MPS-1 micropartition system with
Amicon YMT membrane at 1500 x g for 10 min. A 20-pL portion of the
ultrafiltrate was accurately loaded onto an HPLC column, For urine
samples, a clavulanic acid or sulbactam standard was dissolved in
human control urine, The urine samples were diluted 10-fold with
distilled water, and filtered with a 0.45-um acrylate-copolymer
membrane (Showa Denko, Tokyo). A 20-uL portion of the filtrate was
accurately loaded onto the HPLC column.

Comparison with Reported HPLC Method or Bionassay

Clavulanic acid spiked at various concentrations in plasma or
urine samples was assayed by the modification of the method re-
ported by Foulstone and Reading (5). Sulbactam spiked at various
concentrations in plasma or urine samples was assayed by an agar
diffusion method with Escherichia coli C/R ms 149 as the test
organism. Although sulbactam itself dose not inhibit growth of the
test organism at the concentration employed, it inactivates B-
lactamase, thus rendering the organism susceptible to inhibition by

ampicillin in the medium. The samples mentioned above, respec-
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tively, were also assayed by the improved HPLC methods, and the

assay values were compared (Figures 3 and 4).

Assay of Clavulanic Acid in Plasma

Clavulanic acid (200 mg) and ticarcillin (3 g) were adminis-
tered to a healthy male volunteer by a l-h intravenous infusion. A
blood sample was collected at 0.5, 1, 1.5, 2, 4, 6, and 8 h after
initiation of infusion. The plasma layer was obtained, and stored
at —80°C until assay. The plasma levels of clavulanic acid were

assayed according to the procedures described above.

RESULTS

HPLC Separation and Detection

In this study, a high-efficiency small particle C;g column (5-
7 um) was used instead of a 10-um diameter packing material used in
the previous studies (3,4), and the flow rate of an HPLC eluent
containing methanol as an organic modifier was maintained at 0.8
mL/min, In order to obtain the optimum postcolumn reaction condi-
tions, the flow injection technique was adopted. A carrier solu-
tion (eluent A) was delivered at a flow rate of 0.8 mL/min, and
then the factors affecting the postcolumn alkaline degradation such
as concentration and flow rate of sodium hydroxide solution, and
reaction coil length were examined. The maximum and constant
response was obtained with sodium hydroxide solution at 0.5 M (or
more) for clavulanic acid and at 0.75 M (or more) for sulbactam,
when the reagent was delivered at a flow rate of 0.2 mL/min to a 1-
m reaction coil (0.5 mm i.d.). The residence time was about 12 s,
when the 1-m reaction coil was used. The actual detection wave-
length was determined by varying the wavelength of HPLC detector.
The optimal detection wavelengths were 272 nm for clavulanic acid
and 278 nm for sulbactam.

Under the precolumn reaction conditions thus established, the

separation and detection of these B-lactamase inhibitors were per-
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formed, Figure 1 shows the chromatograms of clavulanic acid and
sulbactam in plasma treated according to the pretreatment proce-
dures described in the experimental section. Figure 2 shows the
chromatograms of clavulanic acid and sulbactam in 10-fold diluted
urine. They were well separated from the ordinary components of
plasma and urine, and eluted within 6 min for plasma samples, and 9
min for urine samples. The assay of a low concentration (< 0.1
ug/mL) of clavulanic acid in plasma, which was interfered with the
ordinary trace components, was performed by decreasing methanol
content of eluent A (eluent B).

The calibration graphs for clavulanic acid and sulbactam were
linear in the concentrations ranging from 0.05 to 10 ug/mL for
plasma samples and from 1.0 to 50 ug/mL for neat urine samples, and
passed through the origin. The lower limits of accurate determina-
tion of clavulanic acid and sulbactam were as low as 25 ng/mL for

plasma samples and 0.5 ug/mL for neat urine samples.

Recovery, Precision and Interference

Table 1 shows recovery of clavulanic acid and sulbactam from
spiked plasma, and coefficients of variation., The recovery of
clavulanic acid and sulbactam from urine was almost 100Z.

Tables 2 and 3 show within- and between-run precisions of
clavulanic acid and sulbactam assays in plasma and urine,

Coexisting ampicillin, ticarcillin or cefoperazone did not

interfere with the clavulanic acid or sulbactam assay.

Comparison with HPLC or Microbiological Method

Plasma samples spiked at various clavulanic acid concentra-
tions were assayed by using both the improved and previously re-
ported (5) HPLC methods (Figure 3). The equation for regression
line was HPLCimproved = 1,007 x (HPLC) + 0.140, with a correlation
coefficient of 0.994, Figure 4 shows the correlation of the sul-
bactam assay in plasma samples by using the improved HPLC method
and bioassay. The equation for regression line was HPLCimproved =
0.960 x (bioassay) - 0.016, with a correlation coefficient of
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Figure 1. Chromatograms of clavulanic acid (A) and sulbactam (B) in
control plasma, Control plasma spiked at a clavulanic
acid or sulbactam concentration of 0.5 ug/mL was treated
according to the procedures described in the text. Elu-
ent: A, eluent A; B, eluent C. Sample volume: 20 ulL,
Sensitivity: 0.008 aufs. Keys: 1, clavulanic acid; 2,
sulbactam.,
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Figure 2. Chromatograms of clavulanic acid (A) and sulbactam (B) in
control urine. Control urine spiked at a clavulanic acid
or sulbactam concentration of 5.0 ug/mL was treated ac-
cording to the procedures described in the text. Eluent:
A, eluent D; B, eluent E. Sample volume: 20 uL. Sensi-
tivity: 0.008 aufs. Keys are the same as those of the
legend to Figure 1,
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Figure 3. Comparison of the improved and previously reported HPLC
methods for the assay of clavulanic acid.
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Figure 4. Comparison of the improved HPLC and microbiological
methods for the assay of sulbactam.
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0.992. Results similar to those described above were obtained with

urine samples spiked with clavulanic acid or sulbactam.

Assay of Clavulanic Acid in Plasma

The plasma levels of clavulanic acid after a 1-h intravenous
infusion to a healthy male volunteer were determined by the
improved HPLC method. Figure 5 shows a semi-logarithmic plot of

the time course data.

DISCUSSION

The advantages of the improved HPLC methods are that run times
are as short as 6 min for the assays of clavulanic acid and sulbac-
tam in plasma samples and the limits of accurate determination are
as low as 25 ng/mL in plasma samples. These were due to high-effi-
ciency column, ultrafiltration technique, and postcolumn reagent
containing methanol. Clavulanic acid and sulbactam were well sepa-
rated from the ordinary components of plasma and urine in a short
time by using a high-efficiency small particle column., It has been
shown (5-7) that the ultrafiltration technique using a membrane
filter, which is commonly used for the drug-protein binding stu-
dies, is useful for the pretreatment procedures of plasma samples
for HPLC. When plasma proteins were deproteinized with organic
solvents (acetonitrile, methanol or acetone), interfering peaks
occurred on the chromatograms. The main advantages of the ultra-
filtration technique are that there are almost no interfering peaks
and the samples need not be diluted. The addition of methanol to
the reagent solution resulted in the decrease in the noise level,

Foulstone and Reading (5) reported that their HPLC method had
a good correlation with bioassay., Although we were not able to
perform biocassay with clavulanic acid, our improved HPLC assay
agreed very well with their HPLC assay, Therefore, we concluded
that there are good agreements between the improved HPLC method and

bioassay. We also found a good correlation between the improved
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TABLE 1

Recovery of Clavulanic Acid and Sulbactam from Plasma

Clavulanic acid Sulbactam
Concentration, pg/mL 0.5 5.0 0.5 5.0
Recovery, % 87.3 100 89.1 95,1
cve, % 4,46 2.29 3.57 0.89

8Coefficient of variation of five analyses.

TABLE 2

Accuracy and Precision of Clavulanic Acid and Sulbactam
Assay in Plasma®

Assay Clavulanic acid Sulbactam

1b 0.483 5.65% 0.498 2.11%
2 0.498 3.28% 0.494 1.89%
3 0.467 3.227% 0.507 3.46%
between-run® 0.483 3.21% 0.500 1.33%

8Control plasma samples spiked with clavulanic acid or sulbactam at
a concentration of 0.5 ug/mL were treated according to the proce-
dures described in the text. PMean + CV of five replicates. CMean
+ CV of three replicates.

TABLE 3

Accuracy and Precision of Clavulanic Acid and Sulbactam
Assay in Urine®

Assay Clavulanic acid Sulbactam

1P 5.01 0.87% 5.02 1.96%
2 5.04 2,617 5.13 1.75%
3 4,96 3.67% 4,90 1.647
between-run® 5.01 0.83% 5.02 2.297%

8Control urine samples spiked with clavulanic acid or sulbactam at
a concentration of 5.0 ug/mL were treated according to the proce-
dures described in the text. °Mean + CV of five replicates. CMean
+ CV of three replicates.
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Figure 5. Semi-logarithmic plot of plasma concentration of clavula-
nic acid after intravenous infusion to a healthy male
volunteer.

HPLC assay of sulbactam and bioassay.

The disposition kinetics of clavulanic acid were estimated by
moment analysis (8,9). The area under plasma concentration-time
curve was 15.6 (ug mL~! h); the mean residence time after intrave-
nous bolus injection, 1.25 (h); the steady-state volume of distri-
bution, 16.0 (L); the total body clearance, 12.8 (L h'l). The
pharmacokinetic behavior obtained is consistent with that reported
previously (10),

In conclusion, the improved HPLC methods, which are accurate,
precise and sensitive, are useful for the determination of clavula-

nic acid and sulbactam in plasma and urine after therapeutic dose.
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