Available online at www.sciencedirect.com

sclENOECJDIHEOTG IOURNALOF
CHROMATOGRAPHY B

S A v
ELSEVIER Journal of Chromatography B, 830 (2006) 218-223

www.clsevier.com/locate/chromb

Determination of free ertapenem in plasma and bronchoalveolar lavage by
high-performance liquid chromatography with ultraviolet detection

Jean-Baptiste GordiéhEmmanuel Boselfl, Catherine Fleuredu Bernard Allaouchich®,
Gérard Janvief, Olivier Lalaudé’, Marie-Claude Sau¥ Dominique Breill#*

a Clinical Pharmacokinetic Department, Victor Segalen Bordeaux 2 University and Clinical Pharmacy Haut-Lévéque Hospital, Bordeaux, France
bAnesthesiology and Intensive Care Department, Edouard Herriot Hospital, Lyon, France
€ Anesthesiology and Intensive Care Department, Haut-Lévéque Hospital, Bordeaux, France
d Clinical Department, MSD Laboratory, Paris, France

Received 14 February 2005; accepted 26 October 2005
Available online 14 November 2005

Abstract

A sensitive assay for the determination of unbound ertapenem in human plasma and bronchoalveolar lavage (BAL) was developed usin
ultrafiltration of plasma and BAL samples. A rapid HPLC method was used with ultraviolet detection set at a wavelength of 305nm and a
separation on a Prontosil AQ C18 column, with imipenem used as internal standard. This assay was linear over the concentration range «
0.5-100ug/mL and 0.25-5@.g/mL in plasma and BAL, respectively. Limits of detection and quantitation were respectively 0.05 apg)6r25
Validation data for accuracy and precision were CV <2.48 and 8.25%, accuracy in the range 98.1-104.2% and 102.2—-108.4%, respectively, fc
intra and inter-day.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction bic bacilli. It has little effect onPseudomonas aeruginosa and
Acinetobacter baumanii. The major indication is community-
Ertapenem (Ivarfz, MK-0826, Merck & Co) is a new once- acquired infections, particularly intra-abdominal or pelvic infec-
a-day parentergd-lactam antibiotic effective for the treatment tion caused by aerobic or anaerobic Gram-negative bacteria,
of community-acquired and mixed infections caused by Gramand community-acquired pneumonias; with other indications
positive and Gram-negative aerobic and anaerobic badigria such as skin and skin structure infections and complicated uri-
Ertapenem differs from imipenem by a unique anionic side-nary infections. Ertapenem can be also used in deep anaerobic
chain and a 13 methyl group Fig. 1). It is resistant to human infections of bone tissue in diabetic patiefits?]. In plasma,
renal dihydropeptidase-l (DHP-I) probably due to the pressome of the drug binds to plasma proteins or blood cells, or
ence of the 13 methyl and the anionic side-chain presumablydiffuses into the blood cells. Some drug also remains unbound
increases the binding to plasmatic proteins. Those characterigt plasma and can move freely in the body. A similar scenario
tics give to ertapenem a longer plasma half-life than imipenemalso occurs in the tissue. Most infections occur in the tissues
about 4.9 h versus 1 h for imipenem, which allows for a onceof the body rather than in the blood so that it is accepted today
daily administratiofi2—4]. Ertapenem inhibits bacterial cellwall that appropriate antibiotic therapy requires achievement of sig-
synthesis by binding to penicillin binding proteins (PBPS). nificant concentrations of antibiotics at the sites of infection.
Ertapenem is especially effective agaiBatzeroides fragilis ~ Several studies determined ertapenem concentrations in plasma
and other anaerobic bacteria, also against Gram-negative aefd—6], urine[5,7], cerebrospinal fluid8], but no data on BAL
concentrations is available. Determination of ertapenem plasma
and BAL concentrations in critically ill patients on mechanical
* Corresponding author. Tel.: +33 557656495; fax: +33 557656459. ventilation with community-acquired pneumonia is necessary
E-mail address: dominique.breilh@chu-bordeaux.fr (D. Breilh). to assess its pharmacokinetic parameters and to ensure its effi-
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cacy in this particular subset of patients who often present som&nd concentrated orthophosphoric acid were from Prolabo
pathophysiological conditions that may alter the pharmacoki{Nogent sur Marne, France).

netic behavior of this agent. The difference between the total

plasma concentrations and the free plasma or tissue concentiy - Egyipment

tions can be quite significant when the protein binding of the

antibiotics is high. Therefore, the free plasma concentration is The HPLC system consisted of Agilent 1100 series (Agilent
an interesting parameter for the rational dosing of antibiotic§echnologies, Weldbroon, Germany): a model G1311A quater-

and the unbound drug concentration at the infection site shoulﬁary pump, a model G1315B DAD UV detector and an Agilent
be preferred. Moreover, it is important to realize that in vitro chemstation for LC systems.

MIC values are determined in the presence of the free antibi- jtracentrifugation was performed in a Sigma 2 MK cen-
otic concentrations and the protein binding of the antibiotic isyifuge (Bioblock Scientific, Strasbourg, France).

frequently not taken account.

The present paper describes the development and validati .
of a high-performance liquid chromatographic method (HPLC%%' Ultrafiliration
coupled with ultraviolet (UV) detection for determination of free All the samples (calibration standards, quality controls or
ertapenem in humaq p'as’.“a. and B.AL' This m(_athod will be useg:linical) were thawed atroom temperature. In a haemolysis tube,
and adapted for patients in intensive care unit (ICU), to deter:

mine free ertapenem plasma and BAL concentrations in order tzoo“l‘ of sample were mixed with 350L of 40 mM phosphate

know the pharmacokinetic profiles of ertapenem in ICU infectedBUffer containing 2%.g/mL imipenem pH 4.0. The solution of

patients. The new plasma pharmacokinetic parameters calcljn Penem was prepared just before analysis; it was stable for

lated could be used to optimize the design of administration o 2h at room temperature.
0P . Y ; A 400uL aliquot was transferred to a MicrocBh YM10
ertapenem by comparing them with pharmacodynamic parame-__, . . . .
o 2 ) . centrifugal device with a molecular cut-off of 10,000 Da (Mil-
ters such as minimum inhibitory concentration (MIC). Finally,

. o : ) . IiPore, Bedford, USA), which was centrifuged at 15,009
this specific assay might contribute to a better understanding A oom temperature for 20min in the siama model 2 MK
the distribution of ertapenem in different tissues such as BAL to P 9

uantify the actual concentrations met in respiratory tract centrifuge. Then, 12pL of the filtrate were transferred in an
q P y ' auto-sampler vial and 40L were injected into the chromato-

graphic system.
2. Experimental All those operations were performed at room temperature.

2.1. Chemicals 2.4. Chromatography

Ertapenem and imipenem, the internal standard, were the mopile phase consisted of 10mM phosphate buffer
obtained from Merck & Co (USA)Kig. 1). adjusted to pH 6.5 with concentrated orthophosphoric acid

Acetonitrile H'PLC .qualljty was purchased from Scharlau(phase A), and mixed with acetonitrile (phase B): a gradient
(Barcelona, Spain). Di-natrium hydrogen phosphate0s ¢ tion was performed with the two pumps: the gradient began
with 94 and 6%, phase A and B, respectively, from 0 to 2 min,
became 82 and 18%, phase A and B, respectively, from 2to 7 min
and came back to original conditions between 7 and 14 min.
The mobile phase was filtered through a Qub filter from
Millipore (Saint Quentin en Yvelines, France); the flow rate
was set at 1 mL/min. The analytical column was a Prontosil
120 AQ+ C18 (4.6 mnx 150 mm, 5.m) from Bischoff chro-
matography (Leonberg, Germany). The sample injection volume
Imipenem was 40uL. The UV absorbance detection was set at 305nm
with a bandwidth of 4. The chromatographic run time was
14 min.

2.5. Preparation of calibration standards and quality
controls

2.5.1. Plasma calibration and quality controls

A working stock solution of 1 mg/mL of ertapenem was pre-
pared by appropriate dilution into pH 6.5, 10 mM phosphate
buffer. It was diluted into free human plasma to obtain a con-
centration range from a 0.5 to 1p@/mL of ertapenem for
Fig. 1. Chemical structures of imipenem and ertapenem. calibration. For quality controls, concentrations were different

Ertapenem
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from those used for calibration and represented 0.75, 15 anthe overall mean precision was defined by the coefficients of

75pg/mL of ertapenem in plasma. variation (CVs) as defined by the FDA guidelirj%. Recovery

of ertapenem was evaluated by comparing the mean peak areas
2.5.2. Bronchoalveolar lavage calibration and quality of the different QC samples ultrafiltrated with those prepared
control by adding compounds to ultrafiltrate plasma and BAL blanks at

The working stock solution, the same as plasma, was dilutedorresponding concentrations. The variability of recovery results
in free BAL to obtain a concentration range from 0.25 towas determined.
50pg/mL of ertapenem for calibration. Quality control concen-
trations representing 0.5, 7.5 andi@@/mL of ertapenem were > ;9. Specificity and selectivity
prepared in drug-free BAL.

Five blank plasma samples were investigated for inter-

2.6. Sample treatments ference of endogenous matrix components. Specificity was
_ ) _ assessed in the presence of epinephringg(el), norepinep-
The blood samples, received in a BD Vacutainer SyStyine (2p.g/mL), isoprenaline (R.g/mL), ritonavir (5pg/mL),
tem (Becton-Dickinson, Le I_Dont—de—CIaix, France), were ceniopinavir (8ug/mL), indinavir (5pg/mL), atazanavir (fu.g/
trifuged at 1200« g for 10min and the plasma was stored aty|) nelfinavir (5pg/mL), amprenavir (4g/mL), nevirapin
—80°Cincryovials untilanalysis. After being thawed, they were (5, g/mL), efavirenz (1Qug/mL), tenofovir (4ug/mL), acy-
immediately treated by ultrafiltration and analyzed by HPLC.clovir (2ug/mL), itraconazole (0.Rg/mL), amphotericin

All BAL samples were stored as soon as possible 8@°C. (1 pg/mL), ribavirin (3ug/mL), ofloxacin (1.5.g/mL), gentam-
o . icin (2 wg/mL), rifampicin (5u.g/mL), ceftazidime (1fg/mL),
2.7. Calibration and calculation procedure ciprofloxacin (2ug/mL), amikacine (1.p.g/mL), cloxacillin

) ] ) ~ (5pg/mL) and ceftriaxone (f.g/mL).
Spiked matrix samples were prepared in a concentration

range from 0.5 to 100.g/mL for plasma, 0.25 to 5@g/mL 271 Stabili
for BAL; each calibration curve consisted of a blank sample™ y
and six calibrator concentrations. Calculations were made using . . '

) ; Stability of ertapenem in plasma and BAL filtrates was eval-
the ration of the observed peak areas of ertapenem and internal

standard (imipenem). Linear regression analysis of the calibral{ated after short-term storage (12h) at room temperature and

tion data was performed using the equat +b where at 5°C. Low, middle and high QC concentrations (0.75, 15 and
P : 9 quahGvn Y 75pg/mL for plasma, 0.5, 7.5 and 3@/mL for BAL) were
was the peak area ratio,the concentration of ertapenem,

andb two constants; unknown concentrations were computeg repared in six samples in plasma and BAL from a freshly made

: : ) . . Stock solution. A set of samples were tested after 12 h stored
from the linear regression equation of the peak area ratio agains ] L
: L in the HPLC auto-sampler at room temperature; another similar
concentration for the calibration curve.

set was tested at’® for 12 h. Data were compared with results
obtained from freshly prepared QC samples.

The stability of stock solutions of ertapenem and imipenem
were assessed at room temperature for 12 h. The long-term stor-
age stability of ertapenem in plasma and BAL were evaluated

2.8. Limit of detection and limit of quantitation

The limit of detection (LOD) was defined by the concentra-

tion with a signal-to-noise ratio of 3. The limit of quantitation at0.75,15 and 7Rg/mL for plasma: 0.5, 7.5 and 3@y/mL for

(LOQ) was the minimum injected amognt that gave PrECIS&AL at —80°C. These QCs were analyzed at 3 and 6 months.
measurements (relative error and relative standard deviation

(R.S.D.) both less than 15%) and was determined by a number
of samples with decreasing amounts of the analytes injected five Results
times.
3.1. Chromatography characteristics

2.9. Accuracy, precision and recovery ] ]
Fig. 2 shows analytical chromatograms for blank samples

Accuracy was determined by the mean of the measured Qi Plasma and BAL and spiked samplégg. 3shows patient's
concentration relative to the theoretical value and was reporteghromatograms. The retention times ofimipenem and ertapenem
in percentage. Precision was defined as the ratio of the staMlere. respectively, 2.4 and 6.2 min.
dard deviation of the observed QC concentration to the mean
observed QC concentration. The intra-day precision and accw-2. Calibration curve
racy for plasma and BAL filtrate QCs were calculated from three
concentrations (0.75, 15 and g§/mL for plasma; 0.5, 7.5 and The plasma assay was linear from 0.5 to W@@dmL in
30pg/mL for BAL) analyzed six times on the same day. Theplasma, from 0.25 to 5@g/mL in BAL and showed good coef-
inter-day variability was estimated from sixplicate analysis officient of correlation/? (0.9982 and 0.9991, respectively, for
three plasma and BAL filtrate QCs (0.75, 15 andugdmL for  plasma and BAL). Regression intercepts were not significantly
plasma; 0.5, 7.5 and 30g/mL for BAL) on four separate days. different from zero.
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Fig. 2. Chromatograms used for validation analytical assay: chromatograms of blank human plasma sample (a), human plasma sample spikgehivith 15
ertapenem and 25g9/mL of imipenem (b), blank human BAL sample (c), human BAL sample spiked with@®L of ertapenem and 359/mL of imipenem (d).

3.3. Limit of detection, limit of quantitation

The LOD and LOQ were determined, respectively, as 0.05

and 0.25.g/mL in plasma and BAL.

3.5. Accuracy, precision and recovery

Intra-day evaluation of plasma filtrate QGs+6) gave good

results with precision from 1.41 to 2.48% and 1.51 to 4.48% for
CV and accuracy from 98.1 to 104.2% and 101.6 to 103.2%,
respectively, for plasma and BAOéble J).

The inter-day variability for plasma filtrates, calculated from

No endogenous substance did interfere with imipenenthree samples six-fold injected on 4 days was low, with CV rang-
and ertapenem in blank plasma and BAL. Potentially co-ing from 3.82 to 8.25% and 3.10 to 6.54% and accuracy from
administered drugs tested had retention times that were differet02.2 to 108.4% and 98 to 104.3% for plasma and BAL, respec-
from ertapenem or were not detected. tively (Table 9. Accuracy and CV data respected the criteria for

3.4. Specificity and selectivity

mAU mAU
350 g Imipenem (25ug/ml) 1 Ertapenem (observed concentration Imipenem (25,ug/m|)
: 130 pg/ml) at the end of infusion 3004
3004
250 2501
200 2007
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1504 100 12 h post infuion
1004 3
3
801 501 K
o A L A o] Mo A
(@ o 2 4 6 § Mn (D)o 2 4 6 8  Min
mAU Imipenem (25ug/ml) mAU Imipenem (25ug/ml)
300 3001
2501 2504
2001 2004
150 1504
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100 Ertapenem (observed concentration : 1.8 pg/ml) 100 12 h post infuion
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Fig. 3. Chromatograms used for determination of ertapenem in patient’'s plasma and BAL: chromatograms of patient plasma sample at the end it iafusion w
observed concentration of 13@/mL (a), 12 h after infusion with an observed concentration of L8/mL (b), 24 h after infusion with an observed concentration
of 1.8png/mL (c), patient BAL sample 12 h after infusion with an observed concentration efggmiL (d).
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Table 1

Intra-day accuracy and precision from the determination of ertapenem

Theorical concentration Intra-day concentration found (me&nD.) Accuracy (%) R.S.D. (%) n
Plasma .g/mL)

0.75 0.78+ 0.019 104.2 248 6
15 14.72+ 0.207 98.1 141 6
75 79.82+ 1.273 106.4 1.60 6
BAL (pg/mL)

0.50 0.51+ 0.023 102.6 4.48 6

7.5 7.61+ 0.115 101.6 151 6
30 30.97+ 0.571 103.2 1.84 6

validation specified within the FDA guideling®]. The ultrafil-  internal standard. Sensitivity of UV detection was thought suf-
trate mean recoveries of ertapenem from QC samples on fotiicient to quantitate the lowest through concentrations found in
separate days ranged from 97.81 to 99.78% with an average bbth human plasma and BAL. Our objective was to study the
99% for plasma and from 96.54 to 100.38% with an average openetration of ertapenem in infectious sites by comparing its

98.5% for BAL. amounts in plasma with those in BAL so that we thought nec-
essary to use the same method for treating several matrixes.
3.6. Stability Therefore, ultrafiltration and HPLC coupled with UV detection

was chosen for the determination of ertapenem in human plasma

Stock solutions of ertapenem and imipenem in buffer showe@nd BAL.
no perceptible degradation between solutions kept at room tem- Chromatography for ertapenem in urine by reversed-phase
perature for 12 h and freshly prepared solutions. HPLC with UV absorbance detection had been reported previ-

Long-term stability studies showed no significant degra-ously using column-switching for on-line extraction by Musson
dation of QC samples stored at80°C and analyzed at 3 etal.[5]. The method was not always selective for the urine col-
and 6 months. Mean ertapenem concentrations ranged frolactions of some clinical subjects. The use of column-switching
96.9 to 102.8% for plasma, and from 98.6 to 103.5% forallowed several parameters to be modified for enhanced selec-
BAL, compared to freshly prepared QCs. Freeze-thawed stdivity of chromatography of ertapenem. A modified method was
bility of these plasma and BAL QC samples was assessed ovadapted from the previous one by changing the on-line extraction
three cycles: samples were frozen, thawed and analyzed threelumn to enhance the selectivity of the column for ertapenem
times; average stability results ranged from 98.4 to 101.7%ver endogenous material by decreasing the secondary interac-
and 96.4 to 103.9%, respectively, for plasma and BAL. Ultra-tions[7].
filtrates were stable (>95%) for 12 h at room temperature and Because ertapenem and otRelactams were unstable in an

at 5°C. acidic environment and tended to convert to the open-ring form
[5,8], we used a quasi neutral (pH 6.5) mobile phase in our
4. Discussion and conclusion assay which provided a very good stability of ertapenem in the

chromatographic system. Kitchen et al. used an acidic mobile
A simple and sensitive HPLC assay for ertapenem in humagphase but no conversion of ertapenem to the open-ring form was
plasma and human bronchoalveolar lavage was developed usidgtected during the assay, possibly because of the short time
ultrafiltration and UV detectiomy(= 305 nm). the drug was exposed to the mobile phase. Our assay provided a
Previously reported HPLC-UV methods used ultracentrifu-simple and fast preparation of the mobile phase with a very good
gation and on-line extraction. Concerning our study, we use o$electivity and sensitivity because of the step of ultrafiltration.
a previous assay about imipenem to obtain the ultrafiltrationQur LOD and LOQ in plasma were the same comparing to these
elution and detection of ertapenem and took imipenem as thassays and were, respectively, 0.05 and Q.@®L. Moreover,

Table 2

Inter-day accuracy and precision from the determination of ertapenem

Theorical concentration Inter-day concentration found (me&nD.) Accuracy (%) R.S.D. (%) n

Plasma .g/mL)

0.75 0.77+ 0.063 102.2 8.25 24
15 15.46+ 0.690 103.1 4.46 24
75 81.30+ 3.103 108.4 3.82 24

BAL (pg/mL)

0.5 0.53+ 0.049 104 6.54 24

7.5 7.35+ 0.347 98 4.72 24

30 31.28+ 0.971 104.3 3.10 24
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large injection volumes (200L) were necessary to attain the tration in human infectious sites such as BAL especially in ICU
required sensitivity using column-switching. Our assay needegatients.
200p.L for ultrafiltration and only 4@.L were injected. More-
over, we observed in our assay that when the small volumgeferences
of extraction was flushed to the analytical column, the peak
remained sharp with repeated injections despite the observatiopi$ p.M. Livermore, A.M. Sefton, G.M. Scott, J. Antimicrob. Chemother. 52
described by Kitchen et al. without using column-switching. The  (2003) 331.
author described progressive deterioration in the peak shape {g]f E-AL- ﬁ“”ha' D(;UEJ?S ATOan 38b(2gr?2) 19h5- 3 (2000) 7

- - .L. Hammond, J. Antimicrob. emother. .
chromatogra_phy _Of ertapenef8]. This last point, Sma_” VO!- [4] AK. Majumdar, D.G. Musson, K.L. Birk, C.J. Kitchen, S. Holland, J.
ume of ultrafiltration (20@.L) and the absence of deterioration ™~ \ccrea, et al., Antimicrob. Agents Chemother. 46 (2002) 3506.
of the peak shape of chromatography of ertapenem representgfp.c. Musson, K.L. Birk, A.M. Cairns, A.K. Majumdar, J.D. Rogers, J.
the major advantages of our assay. In conclusion, our assay was Chromatogr. B 720 (1998) 99. _
rapid, simple, reproducible and sensitive (LOQ=Qu2mL (6] a-g- "\\AAU_SSOS, K-JL-DBI;ﬂ C.J. *j'tcgﬁ”’ J. Zhangy;é;-*?z-o"ése’l;%qy W. Fang,
H . . K. Majumadar, J.D. Rogers, J. romatogr. .
in plasma and BAL)' Ca“bratl(_)n range was base_d O_n huma 1 D.G. Musson, C.J. Kitchen, J.Y.-K. Hsieh, K.L. Birk, J. Chromatogr. B
plasma ertapenem concentrations in pharmacokinetic steady- 779 (2002 341.
state when ertapenem was administered at 1000 mg once[gq C.J. Kitchen, D.G. Musson, A.L. Fisher, J. Chromatogr. B 799 (2004) 9.
day intravenously. Lastly, our assay is adapted and will b¢9] FDA Guidelines, Guidance for Industry, Bioanal. Method Validation

applied to pharmacokinetic analysis of free ertapenem pene- (2001).
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