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Abstract

An HPLC method was developed for the determination of a new oxazolidinone, DA-7867 (I), in human plasma and urine
and in rat tissue homogenates. To 100ml of biological sample, 300ml acetonitrile and 50ml methanol containing 10mg/ml
DA-7858 (the internal standard) were added. After vortex-mixing and centrifugation, the supernatant was evaporated under a
gentle stream of nitrogen. The residue was reconstituted in 100ml of the mobile phase and a 50-ml aliquot was injected
directly onto the reversed-phase (C ) column. The mobile phase, 20 mM KH PO :acetonitrile (75:25, v /v) was run at a18 2 4

flow rate of 1.5 ml /min and the column effluent was monitored by a UV detector set at 300 nm. The retention times of I and
DA-7858 were approximately 6.5 and 8.7 min, respectively. The detection limits of I in human plasma and urine and in rat
tissue homogenates were 20, 20, and 50 ng/ml, respectively.
   2003 Elsevier B.V. All rights reserved.
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1 . Introduction reported[1]. The oxazolidinones, such as linezolid
(PNU-100766), eperezolid (PNU-100592), PNU-

During the 1980s and 1990s, the emergence and 177553, DuP-721, DuP-105, VRC-3808, RWJ-
wide spread of methicillin-resistantStaphylococcus 334181, RWJ-337813, and AZ02563 were synthes-
aureus (MRSA), vancomycin-resistant enterococci ized[2] to overcome the aforementioned problem of
(VRE) (Enterococcus faeciumand Enterococcus emerging resistance in G(1) bacteria. The ox-
faecalis), vancomycin/glycopeptide-intermediateS. azolidinones inhibit bacterial protein synthesis[1,2].
aureus (VISA/GISA), penicillin-resistant Strep- Recently, a new oxazolidinone, DA-7867 (I, (S)-
tococcus pneumoniae(PRSP), and multidrug-resis- [N-3-(4-(2-m(1-methyl-5-tetrazolyl) -pyridine-5-yl)-
tant (MDR) coagulase-negative staphylococci were 3-fluorophenyl)-2-oxo-5-oxazolidinyl]methyl acet-

amide, a basic compound having a molecular weight
of 411.39 Da;Fig. 1) has been developed (Research*Corresponding author. Tel.:182-2-880-7855; fax:182-2-
Laboratory of Dong-A Pharmaceutical Company,889-8693.

E-mail address: leemg@snu.ac.kr(M.G. Lee). Yongin, South Korea). Compound I had good anti-
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 months storage at 25, 40, and 608C when stored in a
closed, light-protected container; more than 99% was
recovered. Solution of I (5mg/ml) was also stable
for up to 7 days storage at 258C when stored in a
closed, light-protected container in pHs of 1, 3, 5, 7,
and 9 and distilled water; the recovery of spiked
amount of I was 100, 100, 100, 100, 96.7, and 100%
for pH solutions of 1, 3, 5, 7, and 9 and distilled
water, respectively. Compound I is being evaluated
in preclinical study as a new oxazolidinone anti-
biotic.

High-performance liquid chromatographic
(HPLC) analyses of linezoid (PNU-100766) have
been reported[6–9]. The purpose of this paper is to
report the HPLC method for the determination of I in
human plasma and urine and rat tissue homogenates.

Fig. 1. Chemical structures of I and DA-7858 (the internal
standard).

2 . Experimental

bacterial activities against G(1) bacteria including 2 .1. Chemicals
resistant strains such as MRSA, VRE, and PRSP and
some G(2) strains includingHaemophilus influenzae Compound I (purity of 99.9% based on HPLC
and Moraxella catarrhalis [3–5]. Compound I data) and DA-7858 ((S)-[N-3-(4-(2-(5-methyl-1,2,4-
showed 4- to 8-fold better antibacterial activities oxadiazol-3-yl)-pyridine-5-yl)-3-fluorophenyl)-2-
compared to linezolid against G(1) and G(2) patho- oxo-5-oxazolidinyl] methyl acetamide (purity of
gens including MDR bacteria[3–5]. The following 99.6% based on HPLC data), the internal standard;
data on DA-7867 were obtained (internal report). Fig. 1) were supplied by the Research Laboratory of
The log partition coefficients (compared with oc- Dong-A Pharmaceutical Company.N,N-Dimethyl-
tanol) of I were 0.9, 1.6, 1.6, 1.8, and 1.5 for pH acetamide (DMA) and polyethylene glycol 400 (PEG
solutions of 1, 3, 5, and 7 and distilled water, 400) were from Sigma (St. Louis, MO, USA) and
respectively. Solubility of I in pH solutions of 1, 3, Duksan Chemical (Seoul, South Korea), respectively.
5, and 7 and distilled water was 93.0, 15.8, 14.4, 7.5, Potassium phosphate, monobasic and acetonitrile
and 12.5mg/ml, respectively. Solubility of I in 10, were purchased from Dongnam Chemical (Seoul,
25, and 30% ethanol, 10, 25, and 50% glycerin and South Korea) and Honeywell International, Burdick
10, 25, and 50% polyethylene glycol 400 was 47, and Jackson (Muskegon, MI, USA). The other
194, 2244, 16, 24, 48, 58, 162, and 639mg/ml, chemicals were of reagent or HPLC grade and,
respectively. Powder of I was stable for up to 9 therefore, were used without further purification.

Fig. 2. Chromatograms of drug-free human plasma (A), human plasma spiked with 0.1mg/ml of I and 10mg/ml of DA-7858 (B), plasma
collected from a male Sprague2Dawley rat at 48 h after 1-min intravenous administration of 10 mg/kg of I (0.276mg/ml) (C), drug-free
human urine (D), human urine spiked with 0.1mg/ml of I and 10mg/ml of DA-7858 (E), urine collected from a male Sprague2Dawley rat
between 0 and 48 h after 1-min intravenous administration of 10 mg/kg of I (21.5mg/ml) (F), drug-free rat lung homogenate (G), rat lung
homogenate spiked with 0.1mg/ml of I and 10mg/ml of DA-7858 (H), and rat lung homogenate collected from a male Sprague2Dawley
rat 30 min after 1-min intravenous administration of 20 mg/kg of I (11.2mg/ml) (I). Peaks: 1, I (6.5 min); 2, DA-7858 (the internal
standard) (8.7 min). The arrow marks the point of injection. The detector’s sensitivity was set at 0.005 AUFS (absorption unit full scale) and
recorder’s sensitivity was set at attenuation 16. The chart speed was 15 cm/h.
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2 .2. Preparation of stock and standard solutions mg/ml in methanol) and a 300ml acetonitrile (to
deproteinize biological sample[10]) were added to a

A stock solution of I was prepared in dimethyl 100ml of biological sample. After vortex-mixing and
sulfoxide (DMSO; 1 mg/ml). Appropriate dilutions centrifugation at 9000g for 5 min, the supernatant
of the stock solution were made with DMSO. was transferred into a clean Eppendorf tube and
Standard solutions of I in human plasma and urine evaporated under a gentle stream of nitrogen. The
and in rat tissue homogenates (1 g of each rat tissue residue was reconstituted in a 100-ml aliquot of the
or organ was homogenized (Ultra-Turrax, T25, Janke mobile phase and a 50-ml aliquot was injected
and Kunkel, IKA-Labortechnik, Staufen, Germany) directly onto the HPLC column.
with four volumes of 0.9% NaCl-injectable solution,
centrifuged for 10 min at 9000g and the supernatant 2 .4. HPLC apparatus
collected) were prepared by spiking with an appro-
priate volume (less than 10ml per ml of biological The HPLC system consisted of a model AS-1559
fluids) of the variously diluted stock solutions giving autosampler (Jasco, Tokyo, Japan), a model 2250
final concentrations of 0.02, 0.05, 0.1, 0.2, 0.5, 2, 10, pump (Bischoff, Leonberg, Germany), a reversed-
and 50mg/ml for human plasma, 0.02, 0.05, 0.1, phase (C ) column (RP-18; 15 cm length34.6 mm18

0.5, 1, 2, 10, and 50mg/ml for human urine, and I.D.; particle size 3.5mm; Hichrome, Berkshire,
0.05, 0.1, 1, and 10mg/ml for rat tissue homoge- UK), a model UV/VIS-151 detector (Gilson, Mid-
nates. dleton, WI, USA) and a model Chromatocorder 21

integrator (SIC, Tokyo, Japan). The mobile phase, 20
2 .3. Sample preparation mM KH PO :acetonitrile (75:25, v /v), was run at a2 4

flow rate of 1.5 ml /min. The column effluent was
A 50-ml aliquot of DA-7858 (internal standard, 10 monitored by a UV detector set at 300 nm.

T able 1
Response factors and accuracies of I at various concentrations in human plasma and urine

cTheoretical Response factor Accuracy (%)
concentration
(mg/ml) Within-day Between-day Within-day Between-day

(n53) (n53) (n53) (n53)

Human plasma
a50 0.183 (2.28) 0.184 (0.688) 101 (2.28) 102 (0.688)

b19 600 (0.759) 19 700 (0.735) 102 (0.759) 103 (0.735)
0.05 0.183 (5.66) 0.177 (0.690) 101 (5.66) 97.9 (0.690)

19 500 (2.58) 18 700 (3.89) 102 (2.58) 97.4 (3.38)
0.02 0.179 (2.14) 0.181 (1.13) 99.2 (2.14) 100 (1.13)

18 700 (1.93) 19 200 (2.70) 97.2 (1.93) 99.9 (2.70)

Human urine
50 0.206 (2.48) 0.191 (7.22) 104 (2.48) 95.7 (7.22)

26 000 (4.75) 25 500 (2.27) 105 (4.75) 104 (2.27)
0.05 0.198 (3.44) 0.200 (2.23) 104 (3.44) 100 (2.23)

23 100 (4.70) 24 000 (6.36) 93.5 (4.70) 98.2 (6.36)
0.02 0.212 (1.83) 0.210 (1.17) 104 (5.00) 105 (1.17)

26 100 (3.62) 26 100 (0.417) 106 (3.62) 107 (0.417)

Values in parentheses are coefficients of variation, C.V.s (%).
a [Drug peak height (in cm) divided by its concentration (mg/ml)] / [internal standard peak height (in cm)]; mean (ml /mg).
b [Drug peak height (in cm) divided by its concentration (mg/ml)]; mean (cm/mg per ml).
c (Mean observed concentration/ theoretical concentration)3100; mean.
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3 . Results and discussion The retention times of I and internal standard were
approximately 6.5 and 8.7 min, respectively. The

Fig. 2 shows typical chromatograms of drug-free detection limits of I in human plasma and urine were
human plasma, drug standard in human plasma, both 20 ng/ml (Table 1) based on a signal-to-noise
plasma collected at 48 h after intravenous adminis- ratio of 3.0. The mean within-day and between-day
tration of 10 mg/kg of I to a rat, drug-free human (3 consecutive days) coefficients of variation (C.V.s)
urine, drug standard in human urine, urine collected for both response factors ([drug peak height (in cm)
between 0 and 48 h after intravenous administration divided by its concentration (mg/ml)] / [internal stan-
of 10 mg/kg of I to a rat, drug-free rat lung dard peak height (in cm)]) and accuracies [(mean
homogenate, drug standard in rat lung homogenate, observed concentration/ theoretical concentration)3

and rat lung collected at 30 min after intravenous 100] in human plasma and urine at 0.02, 0.05, and 50
administration of 20 mg/kg of I to a rat using the mg/ml of I are listed inTable 1.The mean within-
deproteinization method. No interferences from en- day C.V.s for response factor of I in human plasma
dogenous substances were observed in any of the and urine were 1.76% (range 0.210–5.66%) and
biological samples. 3.24% (range 0.655–7.76%), respectively, within the

T able 2
Response factors and accuracies of I at various concentrations in rat tissue homogenates

c cTissue Theoretical Response factor Accuracy Tissue Theoretical Response factor Accuracy
concentration concentration
(mg/ml) (mg/ml)

a aLiver 10 0.136 (1.54) 102 (1.54) Stomach 10 0.118 (0.674) 101 (0.675)
b b15 300 (1.36) 99.8 (1.36) 14 100 (0.325) 105 (0.325)

0.05 0.133 (1.54) 99.4 (1.54) 0.05 0.115 (8.02) 99.0 (8.02)
15 600 (2.08) 102 (2.08) 13 100 (8.33) 98.0 (8.33)

Lung 10 0.129 (1.62) 101 (1.62) Small 10 0.128 (1.00) 93.3 (1.00)
14 800 (4.93) 101 (4.93) intestine 15 500 (1.32) 95.7 (1.32)

0.05 0.129 (3.10) 101 (3.10) 0.05 0.142 (5.65) 104 (5.65)
14 700 (5.28) 99.8 (5.28) 17 700 (7.72) 109 (7.72)

Heart 10 0.107 (7.57) 100 (7.57) Large 10 0.117 (1.02) 98.8 (1.02)
12 100 (2.62) 98.4 (2.62) intestine 14 300 (1.92) 105 (1.92)

0.05 0.103 (2.99) 96.7 (2.99) 0.05 0.124 (7.95) 104 (7.95)
12 400 (3.14) 101 (3.14) 12 900 (3.55) 94.9 (3.55)

Brain 10 0.116 (1.60) 102 (1.60) Spleen 10 0.122 (1.99) 99.4 (1.99)
12 600 (3.74) 98.7 (3.74) 13 800 (2.61) 90.8 (2.61)

0.05 0.114 (7.65) 100 (7.65) 0.05 0.123 (4.01) 102 (4.01)
12 700 (8.98) 99.1 (8.98) 16 200 (1.42) 107 (1.42)

Kidney 10 0.127 (0.442) 98.5 (0.442) Mesentery 10 0.135 (8.01) 103 (8.01)
14 200 (1.14) 94.1 (1.14) 17 100 (1.83) 106 (1.83)

0.05 0.129 (0.852) 100 (0.852) 0.05 0.150 (1.46) 102 (1.46)
16 200 (0.620) 108 (0.620) 14 900 (0.754) 92.4 (0.754)

Muscle 10 0.106 (5.25) 93.2 (5.25) Fat 10 0.142 (1.84) 91.3 (1.84)
12 200 (2.83) 92.6 (2.83) 16 600 (5.22) 95.3 (5.22)

0.05 0.120 (1.96) 106 (1.96) 0.05 0.155 (5.31) 99.8 (5.31)
14 300 (2.67) 108 (2.67) 17 100 (2.71) 98.2 (2.71)

Values in parentheses are C.V.s (%);n53.
a [Drug peak height (in cm) divided by its concentration (mg/ml)] / [internal standard peak height (in cm)]; mean (ml /mg).
b [Drug peak height (in cm) divided by its concentration (mg/ml)]; mean (cm/mg per ml).
c (Mean observed concentration/ theoretical concentration)3100; mean.
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 concentration range of 0.02–50mg/ml. The corre-
sponding values for between-day were 0.613%
(range 0.0350–1.13%) and 2.67% (range 0.302–
7.22%). The within-day accuracies of I were 99.2–
103% and 96.7–104% for human plasma and urine,
respectively, within the concentration range of 0.02–
50 mg/ml. The corresponding values for between-
day were 97.5–102% and 95.1–105%.

This HPLC method was employed for the de-
termination of I in rat tissues (liver, lung, heart,
brain, kidney, muscle, stomach, small intestine, large
intestine, spleen, mesentery, and fat) (Table 2). The
detection limit of I was|50 ng/ml for all rat tissues
(or organs) studied (Table 2). The mean within-day
C.V.s for response factor in rat tissues ranged from
0.442 (kidney at 10mg/ml) to 8.02% (stomach at
0.05mg/ml) within the concentration range of 0.05–
10 mg/ml. The accuracy of I in rat tissues ranged
from 91.3% (fat at 10mg/ml) to 106% (kidney at Fig. 3. Mean arterial plasma concentration–time profile of I after
0.05mg/ml) within the concentration range of 0.05– 1-min intravenous administration of 10 mg/kg of I to five male

Sprague–Dawley rats. Bars represent standard deviations.10 mg/ml.
Although an internal standard (DA-7858) is freely

available upon request to the Research Laboratory of water 3:5:2, v/v /v) to five male Sprague–Dawley
Dong-A Pharmaceutical Company, it is not easy to rats, the plasma concentrations of I decayed in a
synthesize the DA-7858 in another laboratory. More- polyexponential fashion with a mean terminal half-
over, sample preparation was simple; deproteiniza- life of 783 min. Compound I was cleared slowly in
tion with acetonitrile was employed. Hence, the rats; the time-averaged total body clearance was
present assay data on I were recalculated without relatively slow (0.860 ml /min per kg) and terminal
using an internal standard, and are also listed in half-life was relatively long (783 min). The amount
Tables 1 and 2.The mean within-day C.V.s for of I recovered from each tissue 30 min after in-
response factor of I in human plasma and urine were travenous administration of 20 mg/kg of I to a rat
1.63% (range 0.758–2.59%) and 4.83% (range 1.59– was 30.7, 11.2, 12.4, 0.642, 20.8, 16.9, 8.80, 14.3,
11.3%), respectively. The corresponding values for 4.75, 10.5, 6.02, and 4.86mg/g for liver, lung, heart,
between-day were 1.62% (range 0.377–3.89%) and brain, kidney, muscle, stomach, small intestine, large
2.75% (range 0.417–6.36%). The within-day ac- intestine, spleen, mesentery, and fat, respectively,
curacies of I were 96.5–103% and 93.5–105% for and the plasma concentration was 50.5mg/ml. The
human plasma and urine, respectively. The corre- above data indicated that the affinity of rat tissues for
sponding values for between-day were 96.2–103% I was not great and this could be supported by the
and 95.8–107%. The mean within-day C.V.s for relatively small value of volume of distribution at
response factor in rat tissues ranged from 0.249% steady state (V ) of I, 844 ml /kg.ss

(large intestine at 1mg/ml) to 13.1% (spleen at 1
mg/ml). The accuracies of I in rat tissues ranged
from 90.8% (spleen at 10mg/ml) to 109% (small
intestine at 0.05mg/ml). A cknowledgements
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pharmacokinetic studies of I in five rats (Fig. 3). This work was supported in part by a grant from
After 1-min intravenous administration of 10 mg/kg the Korea Ministry of Health and Welfare (01-PJ1-
of I (I was dissolved in DMA:PEG 400:distilled PG4-01PT01-0005), 2001–2004.



S.K. Bae et al. / J. Chromatogr. B 794 (2003) 397–403 403

Annual Meetings On Infectious Diseases, 42nd InterscienceR eferences
Conference on Antimicrobial Agents and Chemotherapy,
September 27–30, 2002, San Diego, abstract F1314. Ameri-

[1] B .F. Horatio, L.K. Harold, O.O. Babatunde, Clin. Ther. 23 can Society for Microbiology, 2002, p. 211, Washington, DC.
(2001) 356. [6] G .W. Peng, R.P. Stryd, S. Murata, M. Igarashi, K. Chiba, H.

[2] J .D. Daniel, N.J. Ronald, Lancet 358 (2001) 1975. Aoyama, M. Aoyama, T. Zenki, N. Ozawa, J. Pharm.
[3] W . Im, T. Lee, J. Cho, S. Choi, J. Rhee, in: ASM’s Annual Biomed. Anal. 20 (1995) 65.

Meetings On Infectious Diseases, 42nd Interscience Confer- [7] K . Borner, E. Borner, H. Lode, Int. J. Antimicrob. Agents 18
ence on Antimicrobial Agents and Chemotherapy, September (2001) 253.
27–30, 2002, San Diego, abstract F1131. American Society ¨[8] M . Ehrlich, R. Trittler, F.D. Daschner, K. Kummerer, J.
for Microbiology, 2002, p. 211, Washington, DC. Chromatogr. B Biomed. Appl. 755 (2001) 373.

[4] S . Choi, T. Lee, W. Im, J. Cho, D. Kim, J. Rhee, W. Kim, in: [9] C .M. Tobin, J. Sunderland, L.O. White, A.P. MacGowan, J.
ASM’s Annual Meetings On Infectious Diseases, 42nd Antimicrob. Chemother. 48 (2001) 605.
Interscience Conference on Antimicrobial Agents and [10] W .L. Chiou, R.L. Nation, G.W. Peng, S.M. Huang, Clin.
Chemotherapy, September 27–30, 2002, San Diego, abstract Chem. 24 (1978) 1846.
F1313. American Society for Microbiology, 2002, p. 211,
Washington, DC.

[5] T . Lee, D. Kim, J. Cho, S. Choi, W. Im, J. Rhee, in: ASM’s


	High-performance liquid chromatographic analysis of DA-7867, a new oxazolidinone, in human p
	Introduction
	Experimental
	Chemicals
	Preparation of stock and standard solutions
	Sample preparation
	HPLC apparatus

	Results and discussion
	Acknowledgements
	References


