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Analysis of a commercial preparation of
erythromycin estolates by tandem mass
spectrometry and high performance liquid
chromatography/electrospray ionization tandem
mass spectrometry using an ion trap mass
spectrometer
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Because of the lack of a UV chromophore and their much smaller abundances in comparison with the major
component, the minor components in erythromycin estolate preparations are difficult to analyze by high
performance liquid chromatography ultraviolet (HPLC-UV). Tentative assignment of the major and minor
components can be achieved with the combination of full scan and ZoomScan using an ion trap mass
spectrometer. Tandem mass spectrometry (MS/MS) provided an effective method to quickly identify most
components without chromatographic separation, and all the related compounds, except the isobaric pair
ECE and PdMeEA, could be identified in this way. The best result was obtained by using liquid
chromatography/tandem mass spectrometry (LC/MS/MS) operated in selected reaction monitoring mode.
The major compound, the estolate of erythromycin A (EAE), and seven other minor components, could be
separated and identified, with semigquantitative estimates of relative concentrations. Copyright) 2000 John
Wiley & Sons, Ltd.
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Soon after the introduction of the antibiotic erythromycinin more importantly, abundant structure information, mass
1952, a number of esters were prepared and marReted. spectrometry (MS) has been considered one of the ideal
One of these derivatives is erythromycin propionate, which devices for drug analysis. Analysis of erythromycins by
is often called erythromycin estolate, the lauryl sulfate salt various conventional MS techniques have been repdrted.
of the Z-propionate ester. It has been formulated in both Recently, electrospray ionization has rapidly emerged as a
liquid and solid pharmaceutical forms and is still widely very promising technique for the analysis of compounds
used. Esters of erythromycin are biologically inactive with medium or high polarity. Similar to atmospheric
prodrugs and have to be hydrolyzed to produce antimicro- pressure chemical ionization (APCI), electrospray ioniza-
bial activity. tion (ESI) produces ions at atmospheric pressure, but
The major component in erythromycin estolates is the without the need for high temperature that could decompose
estolate of erythromycin A, and the minor components labile compounds.
frequently observed in the product are the propionate esters Concurrent with the development of soft ionization
of erythromycin B, C, E and F, erythromycin A, techniques has been the development of tandem mass
erythromycin C, andN-propionylN-demethylerythromycin ~ spectrometry (MS/MS). MS/MS is known for its high
A (Fig. 1). specificity and the capability of structural elucidation.
High performance liquid chromatography (HPLC) has Recently, ESI-MS/MS and HPLC/ESI-MS/MS have been
been widely used for the analysis of the erythromycins and applied to the analysis of various erythromycti§*2
related substances. Methods based on HPLC/UV for purity These reports mainly focused on the analysis of the major
control of bulk products and preparations have been erythromycif** and its decomposition product$In this
reported®> However, the lack of a UV chromophore in report, the major component, erythromycin estolate A, as
the molecule represents a distinct challenge for the well as related minor substances, in a commercial prepara-
determination of erythromycin estolate and related sub- tion, were studied by MS, MS/MS and HPLC/MS/MS. The
stances. This inherent property hinders high sensitivity results of the analysis, and the relative merits and pitfalls of
detection since UV absorption at low wavelengths is these techniques, are discussed.
relatively poor®

Because of its low detection limit, high specificity and, EXPERIMENTAL

Chemicals
*Correspondence to: G.-R. Her, Department of Chemistry, National . . L .
Taiwan University, Taipei, Taiwan, R.O.C. Erythromycin estolate capsules (Kindom, Taipei, Taiwan)
E-mail: grher@mail.ch.ntu.edu.tw were purchased from a local drug store. HPLC grade
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Erythromycin A propionate (EAE) OH H H OCH, CH, EtCO 789
Erythromycin B propionate (EBE) H H H OCH, CH, EtCO 773
Erythromycin C propionate (ECE) OH H I ol CH, EtCO 775
Erythromycin E propionate (EEE) OH OH H OCH, CH, EtCO 805
Erythromycin F propionate (EFE) OH -O- OCH, CH, EtCO 803
N-propionyl-N-demethylerythromycin OH H H OCH, EtCO H 775
A (PdMeEA)

Figure 1. Structures and integral molecular weights (truncated accurate masses) of erythromycin A propionate and related
compounds.

acetonitrile was obtained from Lab-Scan Analytical Science Mass spectrometry
(Labscan Ltd. Dublin, Ireland). Ammonium acetate
(NH4OAc) was purchased from J. T. Baker (Phillipsburg,
NJ, USA). Deionized (18¥2) water (Milli-Q water system,
Millipore Inc., Bedford, MA, USA) was used in the
preparation of the samples and buffer solution. Prior to
use, the mobile phase was filtered through a Q5
membrane filter (Gelman Sciences, Michigan, USA).

A Finnigan LCQ quadrupole ion trap mass spectrometer
(Finnigan Corp., San Jose, CA, USA), equipped with a
pneumatically assisted electrospray ionization source, was
used. The mass spectrometer was operated in positive ion
mode by applying a voltage of 4.5 kV to the ESI needle. The
temperature of the heated capillary in the ESI source was set
at 200°C. To avoid space charge effects, the number of ions
stored in the trap was regulated by the automatic gain
control, which was set at 4 10’ ions for full scan mode,
2 x 10" for MS/MS mode, and % 10’ for ZoomScan
In direct infusion experiments, the sample solution was mode. The flow rate of the sheath gas of nitrogen was set at
prepared with 50% acetonitrile (0.1% HOAc). For HPLC/ 25 (arbitrary units). Helium was used as the damping gas at
MS experiments, an erythromycin estolate sample solution a pressure of 17 Torr. Voltages across the capillary and
(about 1000 ppm) was prepared in 1 mL of HPLC mobile the octapole lenses were tuned by an automated procedure
phase. Both solutions were filtered with a 0444 filter and to maximize signal for the ion of interest.
analyzed immediately after preparation. In MS/MS analysis, typical values for the relative
collision energy (peak-to-peak amplitude of the resonance
excitation) ranged from 0.4 to 0.8eV. Mass spectra
HPLC/UV system collected in full-mass scan mode were obtained by scanning
over the rangen/z150 to 850. The maximum ion collection
time was 0.3 s for each step and 3 scans were added for each
spectrum.

Preparation of samples

The chromatographic system consisted of two model LC-
10AD pumps (Shimadzu, Kyoto, Japan), a Dyna-Mix Plus
mixer (Microtech Scientific, Inc., USA), a Rheodyne model
7125 injection valve (Rheodyne, USA) fitted with qub

loop, and a Rainin Dynamax UV-C UV detector set at
210 nm (Rainin, MA, USA). Chromatograms were recorded RESULTS AND DISCUSSION
on a Pentium PC using an SISC PC Integrator software

package (Scientific Information Service Corporation, Tai- Full scan and ZoomScan analysis of erythromycins

pei, Taiwan). The structures and molecular weights of erythromycin
HPLC analysis was performed on a reversed phase Nova-propionate and related substances are shown in Fig. 1. In an
Pak Gg column (2 mm i.dx cm; Particle size, 3m, initial electrospray MS study, the bulk sample of erythro-

Waters Associates). A guard column (Nova-Pakg C mycins was analyzed by infusing sample solution directly
cartridge in a radial compression module) was used to into the electrospray ion source. As mentioned earlier, the
prolong the life of the HPLC column. The mobile phase was sample is the lauryl sulfate salt of the erythromycin 2
20 mM NH,OAc (pH 6.7)/acetonitrile 40:60 (v/v) and the propionate ester. The major ion detected in the negative ion
flow rate was 20QL/min. ESI mass spectrum (data not shown) corresponds to the
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Figure 2. Positive ion ESI mass spectra of erythromycins.

lauryl sulfate anion. The positive ion electrospray mass with higher resolution. ZoomScans were performed at'1/20
spectrum is shown in Fig. 2. The base peak, observedzat of the scan rate of the normal scan and using a preset
790, corresponds to protonated erythromycin A. In addition window of 10 Th. The ZoomScan mass spectra of selected
to the base peak, several low intensity ions were also ions are shown in Fig. 3. The isotopic ratios calculated from
observed. The ions at/z734, 776 and 804 were assigned as Fig. 3(a) appear to be similar to the predicted isotopic ratios
the protonated molecules of erythromycin A (EA), erythro- of EAE (M:M + 1:M + 2:M + 3 =100:46:13:3). The abun-
mycin C estolate (ECE) and erythromycin F estolate (EFE), dance ratios of then/z734, 735 and 736 ions were also
respectively. The weak signal at/z716 was tentatively  similar to the predicted values for EA (data not shown). In
assigned as the [M- H — H,O]" fragment ion of EA. the ZoomScan mass spectrum of th&776 ion, in addition
The signal/noise and resolution in Fig. 2 are not good to the m/z 776 ion which corresponds to the protonated
enough for a more conclusive assignment. To improve molecules of ECE or PdMeEA, two other ionsratz774
signal/noise as well as resolution, the ZoomScan facility and 772 were detected (Fig. 3(b)). The ionratz 774
was used. In our ion trap mass spectrometer, ZoomScan is aorresponds to the protonated molecule of EBE, andrifze
technique involving slower scan rates over a limited range 772 ion is most likely the [M- H — H,O]* fragment ion of
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Figure 3. Positive ion ZoomScan ESI mass spectra on(# 790, (b)m/z776, (c)m/z804 and (d)m/z720.
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Figure 4. Positive ion ESI product ion mass spectra of (a) EC, (b) EEE, (c) EA, (d) ECE and PdMeEA, (e)
EAE, (f) EFE and (g) EBE.

EAE. The relative abundance patternmfz804, 805 and m/z716 ion, an additional ion ah/z720 was detected (Fig.
806 (Fig. 3(c)) was different from the theoretical values for 3(d)). This ion corresponds to the protonated molecule of
EFE, in that the relative intensity of tla/z806 [M + 2] ion erythromycin C (EC).

(24%) was significantly higher than the theoretical value = The ZoomScan approach provided useful information
(13%). This discrepancy suggested the presence of aaboutthe sample. However, even the specificity provided by
compound with a protonated molecule at/z 806. A ZoomScan was not high enough for a reliable assignment.
possible candidate would be EEE. In Fig. 2, the weak signal Furthermore, ZoomScan also lacks the capability of
atm/z716 was tentatively assigned as the JMH — H,O] " differentiating ECE and PdMeEA because both compounds
fragmention of EA. When ZoomScan was performed on the have the same nominal (integral) molecular weight.
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Figure 5. LC/UV chromatogram of a erythromycin estolate preparation. Mobile phase: 20 mMNe&l(pH 6.7)/
acetonitrile 40:60 (v/v).

MS/MS analysis of erythromycins (m/z632, 614 for ECEm/z618, 600 for PAMeEA) (Fig.
4(d)). This result suggested that the sample contained both
Erythromycins are compromised of an amino sugar (B), a ECE and PdMeEA.
nitrogen-free sugar (S) and a 14-member ring aglycone Although MS/MS does provide more specific informa-
portion (A). Because the proton is assumed to be located ontion than ZoomScan, the product ion spectra were not easy
the dimethylamino nitrogen, the major fragment ions to acquire for several minor components. Even when using a
observed for these compounds aré, BM + H — (S-H)[" 1000 ppm solution, the signalsmaiz720, 774 and 806 were
and [M+H — HOS]" (Fig. 1). Them/z values of these  small and unstable, making an MS/MS study difficult. One
fragment ions of each erythromycin are listed in Table 1. All possible explanation is that the much higher concentration
the ions observed in ZoomScan were studied by MS/MS and of EAE in the solution suppresses the signal of the minor
the product ion spectra are shown in Fig. 4. The major ions components.
obse?/ed were the [M-H—(S-H)]" and [M+H -
HOS]" ions and theirm/z values were the same as those i ;
listed in Table 1. The B product ion was not detected LC/MS and LC/MS/MS analysis of erythromycins
because the ion trap could only scan to about 1/4 of In order to avoid the influence of EAE on ionization of the
precursor ion mass. In addition to the major fragment ions, minor components, each component was separated by
dehydrated ions were also observed. In Fig. 4(c), the ionsHPLC before analysis by MS. Among the published LC
detected am/z716 and 698 were the dehydrated MH]* methods phosphate buffer was often used in the mobile
ions of EA, and them/z 540 and 522 ions were the phase, but unfortunately phosphate buffer is not suitable for
dehydrated product ions of [M H — HOS]". analysis by ESI-MS. Ammonium acetate, a more volatile
As mentioned earlier, ZoomScan is not capable of buffer, and acetonitrile, an organic modifier, were studied in
differentiating ECE and PdMeEA because both compounds the separation of erythromycin estolate by HPLC. It is
have the same molecular weight. When thiz776 ion was known that ESI sensitivity can be improved if a mobile
subjected to analysis by MS/MS, it was interesting to see phase contains low-concentration volatile buffer and has a
that product ions of both ECE and PdMeEA were detected higher percentage of organic modifiers. Under the optimal
conditions (20 mM NHOAc, pH 6.7, 40:60, v/v aceto-
nitrile), in addition to the major peak EAE, several small
peaks were observed by LC/UV (Fig. 5). Because of the lack
of a UV chromophore in the molecule, the signals of the

Table 1. m/zvalues of the major fragment ions

Compound M+ H]* B* M+H=(SHJ]" [M+H—HOSJ" minor components were quite weak. Since we do not have
EA 734 158 576 558 the authentic erythromycin standards, identification of the
EC 720 158 576 558 small peaks by retention time was not feasible.

EAE 790 214 632 614 When erythromycin estolates were analyzed by LC/ESI-
EBE 774 214 616 598 MS, the mass chromatograms shown in Fig. 6 were
ECE 776 214 632 614 obtained. Peaks detected at 3.94, 4.01, 5.01, 5.97, 9.63,
EEE 806 214 648 630

10.30, and 15.27 min correspondrtdz720, 806, 734, 776,
790, 804 and 774 ions, respectively. Based on these data, the
elution order of erythromycins was assigned as EC, EEE,

EFE 804 214 646 630
PdMeEA 776 200 618 600

Rapid Commun. Mass Spectrotd, 468—475 (2000) Copyright) 2000 John Wiley & Sons, Ltd.
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Figure 6. Mass chromatograms of erythromycins obtained under selected ion monitoring (SIM) operation.
The chromatographic conditions were the same as in Fig. 5.

EA, ECE or PdMeEA, EAE, EFE and EBE. One advantage instead of UV as the detector can be demonstrated by the
of using MS instead of UV as the detector is that baseline detection of EFE by LC/MS but not by LC/UV. As
separation may not be needed for a clear identification. For suggested by the peak areas of EAE and EFE (Fig. 6), the
example, EC could be identified even though it did not concentration of EAE is much higher than that of EFE. The
separate from EEE (Fig. 6). Another advantage of using MS concentration difference was so great that the EFE peak was

Copyright© 2000 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectroid, 468—-475 (2000)
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Figure 7. Mass chromatograms of erythromycins obtained under selected reaction monitoring (SRM)
operation. The chromatographic conditions were the same as in Fig. 5.
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masked by the peak of EAE in Fig. 5 even though the scan along with ZoomScan provided tentative assignment
difference in retention times between EFE and EAE was about the major and the minor components in the sample.
about 0.7 min (9.63 vs. 10.30 min). More reliable assignment could be achieved by MS/MS.

HPLC/MS is superior to MS/MS without chromato- Except for the two minor components with the same
graphic pre-separation in that relative concentrations of molecular weight, ECE and PdMeEA, MS/MS provided an
each compound can be estimated. The responses of differenéffective method to identify the components directly
erythromycins are expected to be similar because thewithout chromatographic separation. While MS/MS is very
structures of these compounds are quite similar. Therefore,useful for fast qualitative analysis of most erythromycins,
the ratios of peak areas can provide semiquantitative the best result was obtained by LC/MS/MS operated in
information about the relative concentrations in the sample, selected reaction monitoring mode. The major compound,
in the absence of pure standards of each analyte. erythromycin A (EAE), and all other related minor

A peak corresponding to the [M H]™ ions of ECE and components, present as the estolates but detected in positive
PdMeEA was observed (5.97 min). Without authentic ion electrospray as the protonated erythromycins, could be
standards, however, it was not possible to differentiate separated and identified. Furthermore, peak areas for each
between ECE and PdMeEA because both compounds haveeompound provided semiquantitative information about
the same nominal molecular weight. their relative concentrations in the sample.

To provide higher specificity for compound identification
and also to solve the problem of ECE and PdMeEA, the
sample was subjected to analysis by LC/MS/MS. The
monitored reactions and SRM chromatograms for each REFERENCES
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