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Abstract

A sensitive and selective liquid chromatography—electrospray ionization mass spectrometry (LC—ESI-MS) method was developed for simu
neous identification and quantification of erythromycin ethylsuccinate and erythromycin in human plasma, which can be well applied to clinic
study. The method was based on liquid—liquid extraction, followed by a LC procedure with an ODS C18 column, and mixture of acetonitril
and 1.67 mmol/l acetic acid as mobile phase. MS detection was performed using a single quadrupole mass spectrometer in positive selecte
monitoring (SIM) mode. The method was validated to be linear, precise and accurate. The lower limit of quantification of erythromycin ethylsu
cinate and erythromycin were both 0.5ng/ml. The proposed method enables the unambiguous identification and quantification of erythromy
ethylsuccinate and erythromycin for clinical drug monitoring.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and cephalosporing]. The Cnax of EMES in human plasma
reported was rather low for clinical study, which was about
Erythromycin ethylsuccinate (EMES), a prodrug of ery-1pg/ml after administrating a dosage of 600 ijtj, 500 mg
thromycin (EM), belongs to macrolide antibiotics which are still [4,7] or 750 mg[8] orally.
the footstones of antibacterial therapy even after five decades of Few studies have been reported for the simultaneous determi-
use. As an ester of EM, EMES which is antibacterially inactivenation in plasma of the inactive intact prodrug and its hydrolyzed
itself achieves the effects after it is hydrolyzed to EM in plasmaactive product, the EM base, due to the lack of suitable ana-
and body fluid1]. EMES is acid-resistant and has less gastroindytical methods. Microbiological analytical method has been
testinal side effects. Though many new macrolide antimicrobialsvidely used[4,7—-10] But it suffers a poor specificity and a
are developed and marketed recently, EMES is still widely usedelatively high limit of detection. The analytical chemistry tech-
throughout the world2—4]. The satisfying effect—price ratio niques applied to macrolides before 1998 was already reviewed
makes it very popular in developing countries. In China, theby Kanfer[11]. However few were focused on plasma samples.
usage frequency of EMES ranks the third in antibiotics, posterioRecently, high performance liquid chromatography (HPLC)
to amoxicillin and cefalexin. It is applied as therapy especiallyis still a main method for analyzing EM and its derivatives
for upper and lower respiratory tract infections of suspected bad6,12—-16] To overcome the problem that EM has a low molar
terial aetiology and in patients who are allergic to penicillin absorptivity because ofits lack of a suitable chromophore, ashort
wavelength (about 215 nm) is always used, which often encoun-
ters the trouble of many interfering components at the adjacent
* Corresponding author. Tel.: +86 25 85391035; fax: +86 25 85303260. Wavelen.g_th in plasma. HPLC Wlth fluorescent detection was
E-mail address: guangjiwang@yahoo.com.cn (G. Wang). often criticized for complex operation of pre- or post-column
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derivatization17]. More recently, liquid chromatography mass 2.2. Apparatus and chromatographic conditions
spectrometry (LC—-MS) method was widely used for drug anal-
ysis. Its application in analysis of antibiotics was summarized A Shimadzu 2010A LC-MS system with electrospray ioniza-
by Niesserj18]. However, this review showed LC-MS method tion (ESI) interface, and Shimadzu LCMS solution workstation
was mostly applied to the residue analysis for macrolides andoftware (Version 2.02) for the data processing, were utilized
few were utilized for plasma analysis. A phase-system switchto perform the analytical procedures. The system consisted of
ing continuous-flow fast atom bombardment mass spectrometiyvo Shimadzu LC-10ADvp pumps, a Shimadzu SIL-HTc auto-
(FAB-MS) had been used for quantification of EMES in humansampler, a Shimadzu CTO-10Avp column oven and a Shimadzu
plasma[1]. This technique needed a flow split via the LC—-MS DGU-14AM online degasser. A Q-array-Octapole-Quadrupole
interface, which might decrease the sensitivity and reproducibilmass analyzer was used as the detector. The LC process was
ity, and the ionization mode may cause serious damages to tlearried out on an ODS column (250 maR2.0 mm i.d., Gum
analyte structures. A newly published literat{t@] focused on  particle size; Shimadzu). The mobile phase, at the flow rate
the simultaneous analysis of erythromycin propionate and bas# 0.2 ml/min, was made up of acetonitrile and water contain-
in human plasma using LC-MS. Unfortunately, this assay alsing 1.67 mmol/l acetic acid (70:30, v/v). Oven temperature was
needed the flow split and the deproteinization of sample prepdept at 40C. The optimized MS parameters were selected as
ration seemed not enough, which might be unsuitable for MSollowed: CDL (curve desolvation line) temperature: 280)
analyzer. For clinical purpose, a time-saving procedure is alsthe block temperature: 20, the probe temperature: 250;
important. Therefore, a simple, rapid, sensitive and economidetector voltage: 1.4 kV, probe voltage: 4.5kV, CDL voltage:
cal method of simultaneous determination of EMES and EM is30 V, Q-array dc voltage: 0V, rf voltage: 150 V. Nitrogen, sup-
developed here for clinical drug concentration monitoring ancplied by the Gas supplier center of Nanjing University, China,
curative-effect evaluation. served as nebulizer gas (flow rate: 1.51/min) and curtain gas
(pressure: 1 MPa). Mass spectra were obtained at a dwell time
of 0.2 and 1s for SIM and scan mode, accordingly. The MS
2. Experimental acquisition was performed under positive selected-ion monitor-
ing (SIM) mode.
2.1. Reagents and chemicals

2.3. Sample preparation
Acetonitrile of HPLC grade was obtained from Fisher Chem-

icals (USA). Acetic acid, diethyl ether and anhydrous sodium 0.2 ml plasma and 10! of IS working solution (lug/ml)
carbonate used were commercially available and all of analyyere pipetted into 15ml plastic stoppered conical extraction
ical grade. Water was purified by filtrating through a Milli-Q tubes. After vortex mixing for 30's, 28 of 0.1 mol/l NaCOsz
system (Millipore, Bedford, MA, USA) before use. The stan-water solution were added, and then followed by another 30's
dard products of EMES (purity 98.2%), EM (purity>99.0%)  vibration. After 5ml diethyl ether was transferred inward, the
and internal standard (IS) diazepam (puri99.6%) were pro-  tubes were stoppered well and shaken vigorously for 1 min. Fol-
vided by National Institute for the Control of Pharmaceutical|owing centrifugation at 1208 g for 5min, 4 ml of the upper

and Biological Products (China). Stock solutions were both preprganic layer was transferred out and evaporated to dryness at
pared at 1 mg/mlin acetonitrile and stored-&0°C inthe dark  50°C under a gentle stream of nitrogen. The residue was recon-
(Fig. 1). stituted with 20Qul acetonitrile and centrifuged at 21 060g

CH,

|l ° -0

Cl I

erythromycin ethylsuccinate: R = COCH,CH,COOCH,CH, diazepam

erythromycin: R = H

Fig. 1. The structures of erythromycin ethylsuccinate, erythromycin and diazepam.
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at 4°C for 10 min. The supernatant (g0) was pipetted to an Volunteers were administrated EMES at a dosage of
autosampler vial, andjbl was injected onto column for analysis. 500 mg/person orally, and kept in the clinical cure room till the
Quality control (QC) samples (prepared by the research prinend of trial with free but mild activities. Blood samples were
cipal) and calibration curve samples were made by spiked blantaken prior to and at 10, 20, 30min, 1, 1.5, 2, 3, 4, 6, 8, 12, 24,
human plasma with 10l of appropriate standard solutions to 36 h after drug ingestion, using heparin as anticoagulant. After
requisite plasma concentrations, followed by the same operatiahe centrifugation, plasma was transferred out and then extracted

listed upward. for analysis as immediately as possible. In every turn of clinical
sample analysis, a corresponding standard curve was made to
2.4. Method validation calculate the drug concentration.

Specificity was ascertained by analyzing six blank humarB. Results and discussion
plasma samples without adding IS to determine the interference
with the analytes. Six sets of calibration curves ranging from 0.5.1. Identification of analytes and chromatography
to 5000 ng/ml for EMES and EM, respectively, were constructed
by plotting the peak-area ratios of target/IS versus analyte con- The total positive ion spectra scanned fraia 300 to 1000
centrations in blank human plasma on a single day. Within-dapf EMES and EM of standard samples respectively are shown
and between-day precisions were investigated by reanalyzinig Fig. 2 The major ions observed werd - H]*, m/z = 862.75;
QC samples at low, medium and high concentrations, whiclisf + NaJ*, m/z=884.75; M + K]*, m/z=900.75 for EMES and
were determined by calibration curve prepared on the same dayM + H]*, m/z =734.60; M + NaJ", m/z =756.60 for EM. It was
for five times on a single day and once on five consecutivesurmised that Naand K prevalently in the water produce ions
days. Accuracy of the method was determined by the relaef[M + NaJ* and M + K]*, whereas extra acetic acid supplement
tive error (R.E.), which was calculated by the equation: (meaiin the mobile phase made protonated molecular ians H]*
of determined concentrationactual concentration)/actual con- predominant with robust signal. Thus, the ions &f §H]*,
centrationx 100%, and precision was evaluated by the relativen/z; = 862.75 for EMES andWf + H]*, m/z = 734.69 for EM were
standard deviations (R.S.D.). Samples for recovery study (1&hosen for monitoring under the SIM mode.
100, 1000 ng/ml) were built by adding the standards to blank Under the acquisition of SIM mode, a typical chromatogram
human plasma and following the common operations mentionedf an extract from a volunteer’s plasma gave peaks not presented
before, while the reference samples were relative standards prierthe chromatogram of blank samplég. 3). The representative
pared in acetonitrile. Only peak areas of EMES or EM werepeaks had the saméz values as those from standard samples of
compared at three levels of concentration to provide recoverEMES and EM. The IS was also monitored in protonated molec-

values. ular ion form M + H]*, m/z=285.00, because of its acceptable
effect of protonation under such MS conditions. It is clear that
2.5. Stability study blank human plasma yielded relative clean chromatograms with-

out significant interfering peaks. The retention times of EMES,

Within-run stability was tested by reanalyzing QC samplesEM and diazepam were about 2.5, 2.3 and 5.5 min, respectively.
at three different concentrations levels kept under the autosam-
pler conditions (4C) ever and again till the end in every routine 3.2. Liquid—liquid extraction
analysis. The amount of QC samples was at least 5% of the total
samples. Long-term and freeze—thaw stability were together Liquid-liquid extraction is easy and economical. The macro-
evaluated by analyzing QC samples at low, medium and higlyclic lactone ring of macrolides has a good solubility in organic
concentrations which were stored-a20°C for a whole week solvent. The molecules often show alkaline because of dimethyl
(far exceeded the time between the date of first sample colle@midogen sugars attached to the ring. So addition o3
tion and the date of last sample analysis) and then followed bguring extraction makes the analytes in molecular form, which
three freeze—thaw cycles, each of which contained a storage @an bring relative better extraction efficiency, and reduces inter-

—20°C for 24 h and thaw at 37C. ference since most endogenous compounds are of acidic nature.
The quantity of NaCOs added has been optimized for a weak
2.6. Clinical application alkaline condition to avoid the ester’s hydrolysis of EMES in

high pH conditions.

The assay was applied to clinical drug concentration monitor-
ing. Accordingto the trial protocol, four Chinese male volunteers3.3. Advantages of LC—ESI-MS
involved, aged 22-25, who were identified as healthy based on
medical history, physical examination, and electrocardiography LC-ESI-MS has several advantages for the analysis of EMES
(ECG) were eligible for inclusion, and none of exclusion criteriain plasma. Theoretically, analytes that cannot be separated well
for any clinically relevant laboratory abnormalities of clinical by LC also can be analyzed by MS, as long as they have different
chemistry and hematology. Volunteers all signed a statememhass—charge ratios. The combination of LC with ESI-MS leads
concerning informed consent of their own accords after apprisetb a relative short run time, comparing with those methods devel-
of the content and risk of the trial in detail. oped before, and yields both high selectivity and sensitivity. ESI
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Fig. 2. Positive ion electrospray mass spectrum obtained in scan mode from standard samples of erythromycin ethylsuccinate (A) and erythrespeitiyBly,

with abundance
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is a “gentle” ionization technique that produces high mass-to3.4. Method validation
charge M+ H]* precursor ions with minimal fragmentation of

the analytes, which is more suitable for clinical pharmacokinetic Six series of calibration samples with concentrations of

study than FAB-Md1].
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Fig. 3. Mass chromatograms of analytes under SIM mode from human plasma: (A) blank human plasma, (B) blank human plasma spiked with erythremycin ethyl
succinate (100 ng/ml), erythromycin (100 ng/ml) and internal standard, respectively, (C) plasma sample 1 h after oral administration of engtingisBuacinate;

0.5, 1, 5, 10, 50, 100, 500, 1000, 5000 ng/ml both for EMES
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(1), (2) and (3) represent the monitored ions of erythromycin ethylsuccinate, erythromycin and diazepam separately in the SIM mode.
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Table 1
Evaluation of low limit of quantification (LLOQ) of erythromycin ethylsuccinate and erythromycin in blank human plasma (
Compound n Mean S.D. R.S.D.
1 2 3 4 5 6
Spiked concentration (ng/ml) 0.5 - - -
Erythromycin ethylsuccinate Measured concentration (ng/ml) 0.41 0.60 0.40 0.49 0.54 0.41 0.48 0.08 17.40
Accuracy (%) 82.00 120.00  80.00 98.00 108.00 82.00 95.00 16.53 17.40
Erythromycin Measured concentration (ng/ml) 0.43 0.57 0.59 0.45 0.44 0.41 0.48 0.08 16.10
Accuracy (%) 86.00 114.00 118.00 90.00 88.00 82.00 96.33 15.51 16.10
Accuracy (%): measured concentration/spiked concentratibd0%.
Table 2
Method precision and accuracy in blank human plasma5)
Compound Spiked concentration Within-day Between-day
ng/ml
(ng/mi) Measured concentration R.E. (%) R.S.D.(%) Measured concentration R.E. (%) R.S.D. (%)
(meant S.D., ng/ml) (meant S.D., ng/ml)
Erythromycin 10 10.1+ 1.2 1.0 11.9 9.4+ 0.2 -6.0 2.1
ethylsuccinate
100 95.7+ 3.6 —43 3.8 97.3t 1.1 2.7 11
1000 989.7+ 52.6 -1.0 5.3 976.5+ 7.9 —-2.4 0.8
Erythromycin 10 10.0t 0.9 0 9.3 10.2+ 0.6 2.0 5.9
100 100.7+ 4.0 0.7 4.0 102.4t 3.0 24 2.9
1000 994.2+ 27.4 -0.6 2.8 1008.5t+ 14.8 0.9 15

and EM were analyzed to test the linearity of the method15% at all concentrations within the standards. The recovery of
Results showed linearity from 0.5 to 5000 ng/ml for EMES andEMES was found to be 56 3% (recoveryt standard deviation
from 0.5 to 1000 ng/ml for EM. Non-weighted linear regres- (S.D.),n=3) at 10ng/ml level, 5% 4% (n=3) at 100 ng/ml,
sion of the mean value gave the following respective equaand 58+ 7% (»=3) at 1000 ng/ml. The recovery of EM was

tions: EMES, y=9x 10 °x+4.95x 107> (2=0.988); EM,

82+ 3% (n=3) at 10 ng/ml level, 74 4% (»=3) at 100 ng/ml,

y=1x10"3x+7.61x 10~* (+=0.998), wherey represented and 77+ 7% (2 =3) at 1000 ng/ml, respectively. These results
the peak-area ratio andvas the concentration. The lower limit indicated the liquid—liquid extraction efficiency was well accept-
of quantification (LLOQ) of EMES and EM were both 0.5 ng/ml able.
by determining the aliquots of nominal concentratien 6) and

six different blank human plasma, yielding a detector responsg.5. Stability study
as about 10 times as the detector noise, with a precision of

<20% and accuracy of 80-120%aple 1. Analytical accu-
racy and precision data were showrilable 2 Within-day and

Stability results shown iffable 3illuminated the analytes
were stable for at least 48 h (about the total analysis time for

between-day performances, expressed as RSD, were less thame turn of the trial) at the autosampler’s conditions@} after

Table 3

Results of stability studyn(=5)

Compound Spiked concentration Within-run stability Long-term and freeze—thaw stability
ng/ml
(ng/mi) Measured concentration R.E. (%) R.S.D.(%) Measured concentration R.E. (%) R.S.D. (%)
(meant S.D., ng/ml) (meant S.D., ng/ml)
Erythromycin 10 10.0+ 0.6 0 5.7 7.8+ 0.8 —22.0 9.7
ethylsuccinate
100 101.6+ 2.4 1.6 24 76.5+ 9.4 —-235 12.3
1000 988.1t+ 6.8 -1.2 0.7 817.9+ 39.5 —18.2 4.8
Erythromycin 10 9.8+ 0.5 -2.0 5.5 9.1+ 0.6 -9.0 6.6
100 99.3+ 1.2 -0.7 12 91.3+ 4.7 -8.7 5.1
1000 943.9+ 40.3 -5.6 4.3 901.6+ 64.2 -9.8 7.1




742 Y. Gu et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 737-743

extraction. But storing at 20°C for a whole week followed by 1200 [

three free_ze—thaw cycles seemed to affect the stability of EMES _ 000 —E'—gg;l;gﬁgggé?e

at a certain extent. E . :
Hydrolysis half-life of EMES in human plasma at 32 was }:} 800 ervihromycin

reportedto be 60 min at5 mg/llevelwith aconclusionthatEMES g

hydrolyzed more rapidly than acetyl and propionyl esters of EM & %%

[20]. Another report of the half-lives of EMES in human plasma £

were 181.6 and 55.2 min at 4 and &7, respectivel\6]. Tsuji é [

also claimed approximately 2% hydrolysis of EMES took place 200 ¢

during the 4 h of the freezing process and 10% after storage . .

0
for 13 days at-20°C [17]. Hence, he suggested an immediate 0 5 0 15 20 25 30 35 40

analysis was urgently needed after sampling likewise. Besides, Time (h)

for the method validation StUdy’ the Iong-term Stablllty test Ir1Fig. 4. Mean plasma concentration vs. time profiles in four healthy volunteers

E'agr{‘éi].was actually lacked or avoided in some important reporigier oral administration of single 500 mg dose of erythromycin ethylsuccinate.
These phenomenons seemed to support our suggestion thffring the analysis procedure, but from the standard product we

EMES was not very stable for a long-term storage. Thereforegyrchased.

in order to eliminate the influence of hydrolysis in plasma

as possible as it can, samples must be analyzed immedi-7 asarrix effects

ately. In our studies, the immediate analysis was furthermore

required by the clinical purpose. Th(_a within-run stability result; Matrix effects from co-eluting endogenous substances pro-
appeared to prove the relative reliance of the short analysigige possible source of problems regarding assay interference

procedure. and ion signal repression, although matrix-matched calibration
standards were used. In chromatographic separation, the reten-

3.6. Avoidance of degradation of EMES to EM: some tion times of analytes were prolonged behind the dead time

measurements and proofs (t0) of the column (about 1.5min) to avoid main endogenous

interferences, which were mostly eluted before or arownd

Stability study showed EMES was not very suitable in plasmavioreover, ion suppression effect was evaluated by comparing
for along term. Therefore some measurements must be takentioe peak areas of EMES (100 ng/ml) and EM (50 ng/ml) in six
avoid further degradation in extraction procedure and MS analQC samples with those of standard solutions that had been pre-
ysis. As shown irFig. 2 there were no typical ions of EMinthe pared in the same way as the QC samples except that water
scan spectrum of EMES (standards), which partly indicated thavas substituted for drug-free plasma. For EMES and EM, the
the ester bond of ethylsuccinate could not be broken in the gentlmean peak areas from the six QC samples had relative errors of
ionization source and no in-source fragmentation displayed. Sé.1 and 4.4%, respectively, when compared with that for these
with the ESI source, an immediate extraction by diethyl ethestandard solutions. These observations indicated that no endoge-
and a suitable pH environment, degradation of the ester dunous substances significantly influenced the ionization of these
ing analysis procedure was minimized under current conditionsanalytes.
However, a thimbleful of EM was actually detected under SIM
mode from reference samples spiked with only EMES (data nat.8. Clinical application
shown). But by reanalyzing these samples, the amount did not
increase as time passed; moreover, the ratio of EMES and EM Clinical drug monitor after oral administration of EMES
was very similar to that of the standard solution of EMES anawas actualized by determining volunteers’ plasma concentra-
lyzed under the same conditions. By the way, SIM mode hasions using the method established héfig. 4represents mean
much higher sensitivity than scan mode for single quadrupol@lasma concentration—time profiles of EMES and its metabolite
mass spectrometer, which may be why no characteristic ionEM after a single dose (500 mg) of EMES in four volunteers.
of the thimbleful of EM was displayed in the scan spectrum ofFrom the pharmacokinetic profiles, we found EMES was elim-
EMES, opposite to the SIM circumstances. It was suggested thaated fast in human bodies, which accorded with its “prodrug
thimbleful of EM detected did not came from ester’s degradatioomechanism”. EM maintained a relative high level of plasma

Table 4
Pharmacokinetic parameters after oral administration of a single dose of erythromycin ethylsuccinate (500 mg) to Asian volunteers, caltatlatiedlbypement
analysis using DAS Version 1.0: € 4)

Parameters AUE 36 (na/l h) AUCp_o (rg/lh) MRTo_36 () MRT (h) Tmax (h) Cmax (ng/ml)

Erythromycin ethylsuccinate 2179.56 2465.55 5.65 9.98 0.50 872.88
Erythromycin 3159.80 3394.35 6.81 12.44 0.50 714.97
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concentration. Two-peak phenomenon appeared in the curve Beferences
EM. Examination of the second peak revealed that it occurred
close to volunteers’ midday meals, suggesting biliary recycling[1] P.S. Kokkonen, W.M.A. Niessen, U.R. Tjaden, J. Van Der Greef, J.
may be the cause. This phenomenon in human was also reported Chromatogr. 565 (1991) 265-275. »
by Croteay21]. Pharmacokinetic parameters, listedable 4 g giéghang’ H.J. Chang, M.S. Lal, Int. J. Antimicrob. Agents 11 (1999)
were calculated by statistical moment analysis using DAS soft-[3] L. stratchounski, A. Bedenkov, W. Hryniewicz, V. Kremery, E. Ludwig,
ware (Version 1.0, Medical Institute of Wannan, China). V. Semenov, Int. J. Antimicrob. Agents 18 (2001) 283—286.

Only 0.2ml plasma is needed in this method illustrates the[4] J. Min, C.Y. Bing, Z. Hong, F. Jun, X.Y. Qing, Acta Academiae Medic-
high sensitivity. So no more than 1 ml of whole blood were taken __ ina€ Jiangxi 44 (2004) 19-22 (in Chinese).
from the volunteers in our trial, which foreshows a clinical appli- [51'M.E. Pichichero, D.M. Pichichero, J. Pediatr. 132 (1998) 137-143.

. 1 . . ! [6] D. Croteau, F. Vake, M.G. Bergeron, M. LeBel, J. Chromatogr. 419
cation of decreased suffer and increased acclimation to patients. (1987) 205-212.
Furthermore, if more blood is sampled, the rest can be used fo[7] X.M. Chu, M. Liu, Y. Zhou, Chin. J. Clin. Pharmacol. 16 (2000)

other clinical purposes simultaneously. 195-197 (in Chinese).

[8] H.L. Qiao, L.R. Zhang, L.J. Jia, Q.T. Zhang, Z.F. Zhu, F.Z. Liu, T.X.
Ma, Chin. J. Antibiotics 23 (1998) 300-302 (in Chinese).

[9] S.C. Bell, J.W. Hamman, W.E. Grundy, Appl. Microbiol. 17 (1969)
88-92.
A sensitive and selective LC-ESI-MS method for simultane10; j.v. Bennett, J.L. Brodie, E.J. Benner, W.M.M. Kirby, Appl. Microbiol.

ous qualification of erythromycin ethylsuccinate and its metabo- 14 (1966) 170-177.

lite erythromycin in human plasma is established and validateti1] I. Kanfer, M.F. Skinner, R.B. Walker, J. Chromatogr. A 812 (1998)

4. Conclusion

to be linear, accurate and precise. The lower limit of quantifica- 255286 _ .
. L .. dlZ] J.R. Wang, L.Q. Chen, Chin. J. Pharmaceut. Anal. 20 (2000) 46-48 (in
tion is significant, more sensitive than any other ever reported. Chinese)

Simple liquid-liquid extraction procedure and shortruntime canisj m.J.G. Huebra, G. Bordin, A.R. Roguez, Anal. Chim. Acta 517
curtail test’s cost and time that is very important for large clinical ~ (2004) 53-63.

sample batches. It is indicated that this method is suitable fdi#4] C. Leal, R. Codony, R. Compano, M. Granados, M. Prat, J. Chromatogr.
the analysis of erythromycin ethylsuccinate and erythromyciqls] A 910 (2001) 285-290.

. . . P. Dehouck, Y.V. Heyden, J. Smeyers-Verbeke, J. Chromatogr. A 1010
in human plasma samples collected for clinical studies. (2003) 63-74
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