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Analysis of erythromycin by liquid
chromatography/mass spectrometry using
iInvolatile mobile phases with a novel atmospheric
pressure ionization source
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A critical limitation of electrospray ionization (ESI) liquid chromatography/mass spectrometry (LC/MS)
sources is the susceptibility to blockage of interface orifices due to the deposition of involatile components
from the sample and/or mobile phase. These components, including salts, buffers, and ion-pairing agents,
can be essential to the performance of the chosen analytical method. We report here the performance
enhancements provided by a novel atmospheric pressure ionization (API) source in the analysis of
erythromycin A (ERY) using mobile phases that contain involatile components. The enhanced robustness of
the new source is derived from the use of a continuous flow of aqueous solvent at the sampling cone orifice
that maintains unobstructed ion transmission. The ESI mass spectral responses measured for ERY, using an
LC separation that incorporates 10 mM sodium phosphate with and without 10 mM octane sulfonate, were
monitored by repeated injections over 13-15 h total analysis time. Minimal effects on ESI mass spectral
responses (integrated peak area) or chromatographic performance (peak shape, retention time) were
observed during these studies. In the absence of the aqueous cleaning flow, complete loss of mass spectral
responses and total blocking of the sampling cone was observed in less than 30 min. Responses for ERY
spiked into chicken and beef liver, and catfish muscle at or below the regulatory level of interest (100 ppb),
were quantified by internal standard calibration using this procedure. These results demonstrate the ability

of a novel API-MS ion source to perform analyses that require the use of involatile mobile phase additives.
Copyright © 2000 John Wiley & Sons, Ltd.
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Pioneers and current users of LC/MS have always difficulties using conventional detectors because it contains
advocated the use of volatile chromatographic buffers for no selective UV-vis chromophore, fluorophore, or readily
routine analyses using this technique. In the early days, thisoxidizable functional group. These limitations have hin-
approach was primarily driven by the limited tolerance of dered the development of a sensitive and selective analytical
thermospray and particle beam interfaces to involatile method needed for monitoring the presence of ERY in
buffers. This was due to physical blockage of interface tissues of food-producing animals. Several LC/API\
orifices. More recently, these techniques have been ECD** methods have been reported for measurement of
surpassed by atmospheric pressure ionization (API) inter- ERY in tissues at or above |lg/g; however, none have
faces that generally offer greater reliability, improved limits reported results at the FDA level of interest of 100 ng/g. In
of detection, and a more universal response over a widethis laboratory, initial developments of an LC separation for
range of analyte classes. Nevertheless, most commerciaklectrochemical detection of ERY required buffering and an
API interfaces still suffer from limited tolerance to ion-pairing reagent in the mobile phase. Although these LC
involatile buffers. This can include ionization suppression, conditions were not compatible with our existing LC/MS
increased chemical noise, and physical blockage of inter- instrumentation, the novel API-MS source described in this
face orificest In this report, we describe a novel ion source report was used successfully for the analysis of ERY in
for API-MS (see Fig. 1) whose design eliminates the several edible tissue samples.
problem of physical blockage of orifices caused by
involatile components. The performance was demonstrated
by an appllcatlon to a problematic analysis of ant|b|0_t|c EXPERIMENTAL
residues in food that uses phosphate buffer and an ion-
pairing reagent in the mobile phase. Tissue sample preparation

Erythromycin A (ERY), a macrolide antibiotic often used

in animal husbandry (see Fig. 2), presents analytical Chicken/beef livers and catfish fillets were obtained from

local grocery stores and stored -a?0°C following hom-
ogenization in a food processor. Frozen samples (5 g) were
*Correspondence to: D. R. Doerge, National Center for Toxicological allowed. to thaw a.t room tem_perature_ after which ERY was
Research, 3900 NCTR Road, Jefferson, AR 72079, USA. added in a solution containing the internal standard (1S),
E-mail: ddoerge@nctr.fda.gov oleandomycin (0.;ug each in 0.1 mL acetonitrile). Solvent

CCC 0951-4198/2000/030156—-05 $17.50 Copyrigh2000 John Wiley & Sons, Ltd.



USE OF INVOLATIL E BUFFERS FOR LC/API-MS

Flow
focusing
region
Probe
AN
Insert capillary N
LC eluent

Nebulizing gas,N2 r
Sheath gas, N2

Entrance cone”

157

/ Intermediate [_Rotary
pressure pump
region

~ Flow disrupter

%Oriﬁce cleaning
Y flow

% » Atmospheric
ovs  pressure
et region

Insert

Figure 1. Diagramof the AQA API source/probe.

only was addedfor control samples.The spiked tissue
sample were homayenizedthreetimeswith tenvolumesof

agueog ion-pairing solution(20mM KH,PO, plus 20 mM

sodum octane sulfonate, pH 4.5) containng 20% v/v

acetonirile using 1 min intervalswith atissuehomagenizer
The combinel liquid was centifuged at 4500 rpm andthe
liquid portion (ca.30mL) wascolleded.

Liquid/ liquid partitioni ng

The aqueos extract was subjctedto liquid/liquid parti-
tioning by extractian with 2 x 10mL volumesof hexaneto
removefats. The pH of the solution was then adjusted by
addtion of 1 mL of 1 M KOH, and extractedthreetimes
with 10mL portiors of ethyl acetate After centifugation,

N(CH,),

Erythromycin A
(mol. wt. 733)

Copyright© 2000JohnWiley & Sons,Ltd.

thebulk of theethylacetatdayerwastransferredto around-
bottom flask andthe solventremovedn vacuoat 35°C. The
residus were disolved by treament with 3 x 2mL of
CH,CI..

Sdid phaseextraction

Aminopropyl-dlica SPE cartridges (BondBHut-NH2, 3 cc/
500mg, Varian Co., Walnut Creek,CA, USA) werecondi-
tioned by washirg with CH,Cl, (3 x 2ml). The combinel
sanple residue extract was then transferredto the SPE
cartridge and the unretaned fraction was discarded.ERY
and the internal standard were eluted with 2mL of 2%
metharl in CH,CI, (v/v) into a glasstube andthe solvent
removedin adry nitrogen stream.The sampleextractswere

N(CH,),

OH

Oleandomycin
(mol. wt. 688)

Figure 2. Structuresof erythromycinA andoleandomycin.
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Figure 3. Chromatogramgor erythromycin (E) and oleandomycin(O) during an overnightanalysis.A constant
amount of ERY and oleandomycinstandards(1ng each on-column) was injected every 30-35min. The
chromatogramshowMS-SIM response$or ERY and|S at varioustime points.
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Figure 4. Massspectralresponsdor ERY duringan overnightrun usingphosphatéuffer in the mobile phase.
TheintegratedVS-SIM peakareafor the [M + H]* peak(m/z734) of ERY wasdeternined following repeated
injectionsof ERY asdescribedn Fig. 3 while using0.01M potassiunphosphatéuffer (pH 4.5) in the mobile

phase.

storedat — 20°C until analyzed Justbefore analysis,the
residuewasdissohedin 0.5mL of mobile phase.

Liquid chromatography

Sepaationswere performed using a Prodigy ODS column
(150 x 4 mm, Phenorenex, Torrance, CA, USA) using
mobile phase contairing 30% by volume acetonirile and
0.01M sodiumphosphée with andwithout 0.01M sodium
octane sulfonate,adjustedto pH 4.5. The flow rate was

Rapid CommunMassSpectrom14, 156-160(2000)

1 mL/min and the entire column effluent was introduced
into the massspectraneter Injections of 10uL weremade
ontothe column.

Mass spectrometry

A Finnigan AQA sinde quadrupod mass spectraneter
(Finnigan MassLabManchestr, UK) wasusedwith anESI
probetempeantureof 450°C. Positive ionswereacquirel in
selectedion monitoring (SIM) mode (dwel time=0.3s,

Copyright © 2000JohnWiley & Sons,Ltd.
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Figure 5. Massspectralresponsdor ERY during an overnightrun Using phosphatéuffer andion-pairing agentin the
mobile phase The integratedpeakareafor the [M + H] ™ peak(m/z734) of ERY wasdeterminedas describedn Fig. 3
following repeatednjectionsof ERY while using0.01M potassiunphosphatéuffer plus0.01M sodiumoctanesulfonate

(pH 4.5) in the mobile phase.

span= 0 Da andinterchanneldelaytime = 0.03s). The MS

method monitored the [M + H]" ions for ERY and
oleandmycin at m/z734 and 689, respectivey. A sealed
reservoi was pressurizd with nitrogen gasto produe a

constantflow of HPLC gradewater to the samplingcone
orificeatappraimately 40 uL/min. Massspectrabatawere
collected using SIM of the protonatedmolecues for ERY

(m/z734)andthe IS (m/z689).

RESULTS AND DISCUSSION
API-MS Saurce Design

All API soures include an ion inlet orifice that forms a
bounday betwee the API region and the low pressure
region of the source or mas analzer. This orifice is
geneanlly smdl (<0.5mmin diameteJ owing to the finite
pumgng speedof the vacuumsystemand the requirament
of a low pressurein the massanalzer region (typically
10> mbar). During prolongedperiodsof analysisby LC/
MS, involatile componerg in the mobile phase are
deposied on the periphey of the ion inlet orifice which
eventwally leads to a partid or complete blockage and
conconitant lossin sensitvity of the massspectometer.
Previbus commecial APl sourceshave incorporatel
sacrificial counerelectrales or used orthogonal soure
geonetriesthat areintendedto protectthe ion inlet orifice
from the build up of involatile compounds.Although a
sacrifcial countreledrodedoesextendthetime to eventual
blockage,it alsotypically redu@ssoure sensiivity. In the
caseof orthogon& ESI, the sprayis directedawayfrom the
inlet orifice (seeFig. 1). Howeva, for the high flow rates
usedin LC/MS (typically 1mL/min), both the ions and
chaged liquid droplets contairing involatile componerd
aredeflectedby theelectic field towardstheinlet orifice by
the ESI capilary voltage This deflecton effect also

Copyright© 2000JohnWiley & Sons,Ltd.

eventially leadsto a blocked orifice. A partial solutionto
this problemcanbe effectedby eitherreducingthe distan@
betwea the probetip andthe inlet orifice or redudng the
ESI potential Unfortunatey, thesetwo meaureslead to a
redudion in sensitvity of the source®

The problem of orifice blocking was eliminated in the
preent study, without loss of sour@ sensitvity, by the
addtion of aconstanflow of agueos solventatthepointof
initial depositon of involatile subsances,.e. on the outer
upsteam side of the orifice cone® In pradice, this is
achievedby incorpomtingafusedsilicacapillary thatmakes
contactwith the outerconicalsurfaceof the orifice membe
in the immediate vicinity of the orifice (seeFig. 1). A
suitabk solvent (typically water) is consantly pumped
throughthe fused silica line ataflow rateof 40 uL/min and
is drawn into the orifice by the pressuregradientat this
point. The constantflow of liquid over the edge of the
orifice hasno detrimenal effectonthefocusingof ionsinto
the source and thus maintains conditions of optimal
sengiivity while preventing the occurreme of soure
blockage in the presnce of involatile chromabgraghic
buffers. The anaysis of ERY in food presen¢d an
opportunity to evaluatethe performane of the novelsource
desgn in an LC/MS methodthat required both sensiive/
sekctive detecton and the use of involatle mobile phase
components.

Saurce performance in the analyss of ERY

Unde the chromatogaphicconditionsused,ERY waswell
sepaated from the IS and no interferencesfrom sampe
matrices were obsened in the MS-SIM responsesThe
internal standad ratio for MS-SIM respnsedrom ERY vs.
oleandomych (IS) standard waslinear overthe concentra-
tion rangeneede for this study(10-5® pg/mL ERY in the
preenceof 200pg/mL IS, R? = 0.997, datanotshown).The
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Figure 6. MS-SIM chromatogram$or erythromycin(E) andoleandomycir{(O) in fortified chickenliver extracts.
Blank chickenliver sampleswere extractedas describedin the experimentalsection,fortified with varying
amountsof ERY (10-100ppb) with a constantamountof IS (200 ppb), andthe MS-SIM responsealetermined

from integratedpeakareasfor both[M + H]* peaks.

performanceof the AQA source/probalesignwasinvesti-
gated using autamated overright analysis of repeate
injections of ERY/IS standads when using a chromato-
graphic mobilephasecontairing 0.01 M phosph#e bufferor
10mM phosphée buffer containing 10 mM sodum octane
sulforic acid. It wasdeternined that addtion of phosphate
bufferto the mobile phasecausedh smallsuppessiorof the
avelage mas spectra respnsefor repetedinjections of
ERY (16%, data not shown). Figure 3 shows MS-SIM
chromatogramsor ERY andIS, of theresgective[M + H] ™"
trace,at 0.5, 8, and 15 h time points during the overright
analsisin the presencef phosphatebuffer alone. Figure 4
shows the instrument performanceshownasthe integrated
peakareafrom 1 ng injectionsof ERY overthe entiretime
range Similar chromatogaphic (not shown) and mass
spectraresponseerformane wereobservedvhen anion-
pairing agentwasaddedto the mobile phase(i.e., minimal
deceasein sigral intensityoverthetime range seeFig. 5).
Howeve, theabsolue sigral intensity wasabout50%lower
than seen with phosphate buffer alore (see Fig 4),
presimably as a resut of ionization suppessionby the
ion-pairing reagent Control expeimentsin which the self-
cleaning flow was turned off during phosphge buffer
elution showedthat the sigral for ERY fell by more than
50% within 30 min of operation(datanot shown).

Liver (chickenandbee) andcatfishfill et tissuesanples
spiked with a known amount of ERY (100 ppb) were
analzed using the phosphége buffer LC method.Figure 6
shows atypical exanple for a chickenliver extractfortified
at10-100ppb ERY. Beefliver andcatfishextractsshowed
very similar chromatogams. The correspading blark
chromatogramdor all tissuesample showed no responses
atthe masse®f ERY or IS (not showr). The ERY/IS ratio
plot for concentrationsof ERY fortified into blank chicken
liver extractsrangingfrom 10-500ppb and IS (200 ppb)
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was linear over the entire range (R?=0.997, data not
shown).The MS-SIM chromatogramfor 100 ppb ERY was
equivalentto 1 nginjectedon-cdumn, becawsethe absolite
recoveryof ERY spiked at 100 ppb into thesetissues was
approximagly 10%.Improvingthe extractionefficiency for
ERY is apriority beforethis methodcanbefully validated.

CONCLUSIONS

This study demonstrateshe effectivenessf using a sef-

cleaningflow to extend APl massspectometric analysis
time wheninvolatile mobile phasecompmentsarerequired.

When analyss by LC/MS of ERY was performedin the

absenceof a cleanng flow to the orifice tip, rapid

deteriordion of performance was obsewed conconitant

with the build up of involatiles.Whena cleaningflow was
used,the presencef involatile buffersminimally affected
theERY respons@verextendedime periods.Theresponse
during LC/MS for ERY was linear with respect to

concentation for ERY standards and for chicken liver

extractsfortified with ERY at concentrations below the

regulatorylevel of interest(100 ppb).
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