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A selective reversed phase liquid chromatography/mass spectrometry (LC/MSn) method is described for the
identi®cation of erythromycin impurities and related substances in commercial erythromycin samples.
Mass spectral data are acquired on a LCQ ion trap mass spectrometer equipped with an electrospray
interface operated in positive ion mode. The LCQ is ideally suited for identi®cation of impurities and related
substances because it provides on-line LC/MSn capability. Compared with UV detection, this hyphenated
LC/MSn technique provides as a main advantage ef®cient identi®cation of novel substances without time-
consuming isolation and puri®cation procedures. Using this method four novel related substances were
identi®ed in commercial samples. Copyright # 2000 John Wiley & Sons, Ltd.
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Erythromycin is a mixture of macrolide antibiotics pro-
duced by fermentation of strains of Saccharopolyspora
erythrea.1 Treatment with this antibiotic drug in human and
veterinary practice is still very common, because of the high
activity against gram-positive and a few gram-negative
strains.2 Erythromycin A (EA) is the main component, but
during fermentation several related substances such as
erythromycins B (EB), C (EC), D (ED), E (EE), F (EF), A
N-oxide (EANO) and N-demethylerythromycin A
(NdMeEA) are formed in small amounts. Figure 1 shows
the chemical structures. A characteristic feature is the
neutral sugar glycosidically linked to the 3 position
(cladinose for EA, EB, EE, EF, NdMeEA and EANO and
mycarose for EC and ED) and the dimethylamino sugar
desosamine linked to the 5 position of the 14-membered
lactone ring. In addition, degradation products such as
pseudoerythromycin A enol ether (PsEAEN), formed in
alkaline medium, and anhydroerythromycin A (AEA) and
erythromycin A enol ether (EAEN), which are formed under
mild acidic conditions, may also be present.3

Ample work has been carried out on the optimization of
the separation of EA and its related substances by LC.4±16

These methods have been applied over the years to
qualitative and quantitative analysis in fermentation media,
purity assessment of raw materials, assay of pharmaceutical
dosage forms and measurement in biological samples such
as blood, plasma, serum, urine and tissue.17 With the
development of more performant methods, new unidentified
peaks have been separated. In the past the structure of these
unidentified compounds was elucidated after time-consum-

ing isolation and purification procedures and subsequent
off-line mass spectrometric analysis and NMR investiga-
tion. To prevent laborious preparative LC using large
amounts of sample and solvents, we considered developing
a selective LC/MSn method for the identification of the
erythromycin impurities or related substances in commer-
cial samples. Recent literature about mass spectrometric
investigation of erythromycin is limited to characterization
of decomposition products,18 quantitative determination of
EA in salmon tissue19 and human plasma,20 and a partial
structural elucidation of EA and two analogues.21 No
suitable method for the separation of the components of
commercial erythromycin samples compatible with on-line
MS detection has been described.

This study describes the development of a reversed phase
LC method, suitable for UV detection and compatible with
MS. UV detection of erythromycin needs low wavelengths
and high concentrations. MS detection is more sensitive. In
a previous study it has been shown that an electrospray
interface operated in positive ion mode is suitable for
analysis of EA22 by mass spectrometry. For this paper, an
LCQ ion trap mass spectrometer, providing on-line LC/MSn

capability, was used. Because of the complexity of the 14-
membered lactone structures some understanding of the
fragmentation reactions of erythromycin derivatives was
required. We acquired MS and MSn spectra of known
related substances available in our laboratory. This resulted
in the creation of a library of spectra, which was useful for
identification of related substances in commercial samples
by comparison of fragmentation patterns. The final
objective of this study was to screen commercial samples
from various sources for related substances and impurities
with the developed LC/MSn method, not only to confirm the
presence of the related substances depicted in Fig. 1, but
also to identify unknown compounds, present in amounts
above 0.1%.
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EXPERIMENTAL

Chemicals

Acetonitrile (HPLC grade S) was purchased from Rathburn
(Walkerburn, UK). 2-Propanol (Chromasolv1) was ob-
tained from Riedel-de HaeÈn (Seelze, Germany). 2-Methyl-
2-propanol p.a. (Merck Eurolab, Leuven, Belgium) was
distilled before use. Ammonium carbonate p.a. was
purchased from Acros (Geel, Belgium) and glacial acetic
acid p.a. was obtained fromMerck Eurolab. AMilli-Q water
purification system (Millipore, Bedford, MA, USA) was
used to further purify glass-distilled water.

Samples and sample preparation

A pure standard of EA was obtained by open column
chromatography and subsequent crystallization in our
laboratory. Secondary standards of EE,23 EF,24 EANO,25

NdMeEA,26 PsEAEN,27,28 AEA,29 and EAEN30 were
prepared according to procedures found in literature.
Reference substances EB and EC were obtained from the
European Pharmacopoeia Laboratory. A commercial sam-
ple, known to contain ED, as verified by thin-layer
chromatography, was also available.31. All these com-
pounds will be called reference substances in this paper.
Four commercial samples were investigated: two (pro-

duction 1980) were from Proter (Milan, Italy), one
(production 1984) was from Chemielux (Capellen, Luxem-
burg) and one (production 1995) was from Alpha Pharma
(Zwevegem, Belgium).

All samples were dissolved in a 30:70 mixture of
acetonitrile/water. Reference substances EA, EB, EC, EE,
EF, EANO, NdMeEA, PsEAEN, AEA and EAEN were

dissolved separately at a concentration of 0.01 mg/mL. The
commercial sample containing ED was dissolved at a
concentration of 2 mg/mL. Commercial samples investigated
were dissolved at concentrations of 0.1, 2 and 10 mg/mL.

LC instrumentation and chromatographic conditions

The LC apparatus consisted of a SpectraSYSTEM
P1000XR quaternary pump, a SpectraSERIES AS100
autosampler equipped with a 20 mL loop, a variable
wavelength Spectra 100 UV-VIS detector set at 215 nm,
all from Thermo Separation Products (Fremont, CA, USA),
and an integrator Model 3390A (Hewlett-Packard, Avon-
dale, PA, USA). The XTerra2 RP C18 column (3.2 mm,
100� 2.1 mm i.d.) (Waters, Milford, MA, USA) was
immersed in a waterbath at 30°C. The following mobile
phases were used for separation: (A) 2-methyl-2-propanol/
2-propanol/0.2 M ammonium carbonate buffer pH 7.5/water
(7.5:7.5:5:80); (B) 2-methyl-2-propanol/acetonitrile/0.2 M
ammonium carbonate buffer pH 7.5/water (15:3:5:77). The
ammonium carbonate buffer was adjusted to the required
pH by adding glacial acetic acid. The organic solvents were
first mixed and the buffer/water mixture added. Fresh
mobile phases were prepared every two days. The one step
gradient elution was performed as follows: 0±30 min, 100%
A; 30±50 min, 100% B; 50±60 min, 100% A. The mobile
phase was degassed by sparging helium. The LC pump was
operated at a flow rate of 200 mL/min.

Electrospray ionization tandem mass spectrometry

The mass spectral data shown in this paper were acquired on
a LCQ ion trap mass spectrometer (Finnigan MAT, San

Figure 1. Chemical structures of erythromycin A and related substances and proposed structures for the
novel related substances IM1, IM2, IM3 and IM4.
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Jose, CA, USA) equipped with an electrospray interface
operated in positive ion mode.

Mass spectrometric investigation of the reference
substances

The solution of EA reference substance was used to tune on.
Infusion into the mass spectrometer was performed as
follows: the flow of EA solution coming from the built-in
syringe pump at a flow rate of 10 mL/min was mixed with
mobile phase A (200 mL/min) through a T-piece. The ESI
source and MS parameters were automatically optimized
and saved in a tune file. This tune file was used during the
subsequent investigation of commercial samples. Nitrogen
supplied by a Nitroprime TM membrane unit, type SNIFF
(AGA, LidingoÈ , Sweden) was used as auxiliary and sheath
gas. Helium was used as collision gas in the ion trap. A
Pentium II (Gateway 2000, North Sioux City, SD, USA)
equipped with the standard LCQ software package was used
for instrument control, data acquisition and processing.

Solutions of EA, EB, EC, EE, EF, NdMeEA, EANO and
EAEN reference substances were introduced into the LCQ
by direct injection with the syringe pump, similar to the
tuning procedure. Full mass spectra were acquired over the
mass range m/z 250±800. For MS/MS investigation the
protonated erythromycin molecules were isolated mono-
isotopically in the ion trap and collisionally activated with
different collision energies (CE) to find the optimal CE for a
distinct fragmentation. The CE which generated the highest
intensity of the daughter ion needed for further MS3

experiments was chosen as the final value. LC/MS3 spectral
data were obtained for the compounds relevant to the
identification of the unknowns (EA, EB, EC, EF and
NdMeEA). CE was optimized as described above for

MS/MS. The reference substances ED, PsEAEN and AEA
were chromatographed before MS/MS and MSn investiga-
tion, because they were not sufficiently pure.

Mass spectrometric investigation of the commercial
samples

Solutions of commercial samples were injected onto the
XTerra2 column. Full MS acquisition over the mass range
m/z 250±800 was performed on the 0.1 mg/mL solution to
gain some idea of the commercial sample composition.
2 mg/mL solutions were injected for additional full mass
spectral information and MS/MS investigation of each peak
in the chromatogram. CE was optimized as described above.
LC/MS3 experiments on new related substances required
10 mg/mL solutions.

RESULTS AND DISCUSSION

Development of the liquid chromatographic method

Important features in combining LC and MS are the
incompatibility with MS of non-volatile mobile phase
additives and of high flow rate. Until now LC of EA and
related substances has been performed with mobile phases
containing non-volatile additives and using column dimen-
sions of 250� 4.6 mm i.d. Based on the method recently
developed by Chepkwony and co-workers, a mobile phase
with a volatile ammonium carbonate buffer, instead of the
original non-volatile potassium phosphate buffer, was
developed using a 100� 2.1 mm i.d. XTerra RP C18

column2, allowing a flow rate of 200 mL/min.16 The
resulting method was less selective than the original one.

Figure 2. Product ion spectra (MS/MS) of erythromycin A (a) and erythromycin C (b), the result of monoisotopical
isolation and collisional activation in the ion trap of the parent ions m/z 734 (EA) and m/z 720 (EC). The masses of the
fragments produced and mass losses are indicated in the figure.
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Mass spectrometric results of the reference substances

MS/MS analysis of EA confirmed the results of Gates and
co-workers.21 The initial losses are due to the cladinose
sugar and three water molecules. Further losses of masses
58 and 56 Da to 464 and 408, respectively, are presented in
the MS/MS spectrum in Fig. 2(a). The deuterated experi-
ments of Gates and co-workers with a Fourier transform ion
cyclotron resonance (FTICR) apparatus showed that the first
loss of 58 Da is due to the starter acid unit of the polyketide
ring (Fig. 3) and the second loss of 56 Da is assumed to arise
from the neighbouring oxygen-containing unit of the ring.21

Further MS3 experiments performed in our laboratory on
EA proved that, after isolation and collisional activation, the
daughter ion at m/z 522 dissociates predominantly to the
fragment ions with m/z 464 and 408 (data not shown).

Mass spectra for EB, EC, ED, EE, EF, NdMeEA, EANO,
PsEAEN, AEA and EAEN were similarly recorded. The
MS/MS spectrum for erythromycin C is presented in Fig.

2(b), because the structural elucidation of two unknown
compounds was established by comparison with these data.
After isolation and collisional activation the protonated
erythromycin C molecule with m/z 720 yields predomi-
nantly the daughter ion at m/z 576, by loss of the mycarose
moiety, and the daughter ions 558, 540 and 522 by
subsequent water losses. Further losses of masses 58 and
56 Da respectively to give 464 and 408 are present in the
MS/MS spectrum. Collisional activation of the ion with m/z
522 leads to formation of the fragment ions 464 and 408
(MS3 data not shown).
Mass spectrometric data were used to compose a

complete library with as the main objective the confirmation
of their presence in a commercial sample and the structural
elucidation of unknowns by comparison. The fragmentation
patterns are not displayed here, because they were not
applicable in the structural elucidation of the novel related
substances.

Mass spectrometric results of the commercial samples

EA, EB and ED were identified by their m/z ratio. For the
related substances with a similar m/z, i.e. EC, NdMeEA and
an unknown related substance with m/z 720, EANO and EF
with m/z 750, EE and an unknown related substance with
m/z 748, AEA and PsEAEN with m/z 716, we identified the
corresponding peaks by comparison of the MS/MS data
with the fragmentation patterns of the reference substances
collected in the library. Due to the high retention time of
EAEN under our chromatographic conditions and hence its
very good separation, we did not analyze for this compound
in the commercial samples. Four peaks with m/z 706, 706,
720 and 748 were related substances, of which the
fragmentation pattern did not match the fragmentation
pattern of any of the standards in the library. They were
noted respectively as IM1, 2, 3 and 4. A typical total ion

Figure 3. The aglycone of erythromycin is formed by incorporation of
seven propionate units, according to described biosynthetic routes, one
of which is used as the starter acid. The starter acid of erythromycin A
is boxed.

Figure 4. Typical chromatograms of a commercial erythromycin sample with sample concentrations (a) 0.1 mg/mL;
(b) 2 mg/mL. Stationary phase, Waters XTerra2 RP18, 3.5 mm (100� 2.1 mm i.d.); column temperature, 30°C;
mobile phase, (A) 2-methyl-2-propanol/2-propanol/0.2 M [NH4]2CO3 buffer pH 7.5/water (7.5:7.5:5:80) (B) 2-
methyl-2-propanol/acetonitrile/0.2 M [NH4]2CO3 buffer pH 7.5/water (15:3:5:77); gradient elution 0±30 min (100%
A), 30±50 min (100% B) and 50±60 min (100% A); flow rate, 200 mL/min; injection volume, 20mL Top: Total ion
current (TIC) chromatograms. Bottom: Extracted pseudomolecular ion current chromatograms are shown in (a) for
IM3 (m/z 720) and IM4 (m/z 748) and in (b) for IM1 (m/z 706) and IM2 (m/z 706).
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current (TIC) chromatogram of a 0.1 mg/mL solution of a
commercial sample (Fig. 4 (a), top) shows IM3 and IM4,
which is coeluted with EB. Screening of the 2 mg/mL
solution revealed two additional related substances IM1 and
IM2 (Fig. 4(b), top). These compounds are not fully
separated from EF and an additional unidentified com-
pound, which elutes before IM3. Extracted pseudomolecu-
lar ion current chromatograms are shown in Fig. 4(a)
(bottom) for IM3 (m/z 720) and IM4 (m/z 748) and in Fig.
4(b) (bottom) for IM1 (m/z 706) and IM2 (m/z 706). The
peak in the extracted pseudomolecular ion chromatogram
(m/z 720) which eluted at the same retention time as EB is
due to an isotopic peak of EB (m/z 718).

MS/MS spectra of the two impurities IM1 and IM2 with
m/z 706 are shown in Fig. 5. The protonated IM1 molecule
fragments in Fig. 5(a) to the daughter ion m/z 562 by means
of a loss of 144 mass units, identified as mycarose. Three
subsequent water losses lead to formation of the daughter
ions m/z 544, 526 and 508. Further losses of masses 44 and
56 Da are probably due to the starter acid unit and the
neighbouring unit. From experiments with EA and ana-
logues it was concluded that the identification of the starter
acid and the neighbouring unit is possible by generating the
daughter ions of the fragment ion that is yielded from the
protonated target molecule obtained after loss of the neutral
sugar moiety and three water molecules. Fragmentation of
the daughter ion m/z 508 resulted in a loss of 44 Da and a
subsequent loss of 56 Da, which confirmed our postulation.
One of the fragment ions of m/z 508 is also the desosamine
sugar (MS3 data not shown). It was concluded that the losses
in the MS/MS spectrum of IM1 (Fig. 5 (a)) are identical to
those observed for EC (Fig. 2 (b)), except for the loss of 44
instead of 58 Da. The change in the first ring fragment loss
indicates that the propionate starter acid is replaced by an

acetate starter acid. The presence of the desosamine moiety
and the loss of the mycarose moiety indicate that there is no
change in the sugar moieties. The identity and structure of
IM1 was thus established as 13-methyl-13-desethyl-ery-
thromycin C. This compound, of which a reference
substance was no longer available in our laboratory, has
previously been described by Kibwage and co-workers after
isolation from a mother liquor concentrate of erythromy-
cin.32 The existence of 13-methyl-13-desethyl-erythromy-
cin C can be explained in the context of previously proposed
biosynthetic routes, if acetate rather than propionate is
incorporated into the aglycone as the starter unit.33

The mass spectrum of IM2 exhibited a protonated
molecule at m/z 706. The mass losses in the MS/MS
spectrum in Fig. 5 (b) are similar to EC (Fig. 2 (b)), except
for the loss of 130 instead of 144 Da. Collisional activation
of the fragment ion m/z 522 revealed a fragment ion at m/z
158 (data not shown), confirming the presence of the
desosamine sugar. The loss of mass 130 instead of 144 could
indicate a defective sugar. Earlier biogenetic studies by
Column et al.34 reported the existence of two erythromycin
metabolites, which resulted from aberrant mycarose bio-
synthesis. It is interesting to note that the sugar moiety
attached here in the defective glycosides 3-O-(2@,6@-
dideoxy-a-L-ribo-hexopyranosyl)erythronolide B and 3-O-
(2@,6@-dideoxy-a-L-arabino-hexopyranosyl)erythronolide B
had a mass of 130. The authors failed though to obtain intact
erythromycin analogues starting from the aberrant mono-
glycosides.34 It is proposed that IM2 is EA with a defective
sugar, probably 2,6-dideoxy-a-L-ribo-hexopyranose or 2,6-
dideoxy-a-L-arabino-hexopyranose. Further investigation
should be carried out using NMR after isolation of this
compound.

Compound IM3 is clearly detectable both in the MS

Figure 5. Product ion spectra (MS/MS) of IM1 (a) and IM2 (b), the monoisotopic species is selected for collisional
activation in the ion trap for the parent ions m/z 706 for IM1 and IM2. The masses of the fragments produced and mass
losses are indicated in the figure.
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profile and the UV chromatogram. LC/MSn experiments
resulted in identification of this structure as 13-methyl-13-
desethyl-erythromycin A. This compound was also pre-
viously obtained by Gates and co-workers from relatively
impure biological synthetic sources.21 It was not described
though in a liquid chromatographic study of commercial
samples probably due to the coelution of this compound
with EC. Comparison of the MS/MS spectrum of EA (Fig. 2
(a)) and IM3 (Fig. 6 (a)) showed that several fragment ions
of EA (576, 558, 540, 522) were shifted down by 14 mass
units in the MS/MS spectrum of IM3 (m/z 562, 544, 526,
508). MS/MS spectra of this compound showed the same
losses as observed in the MS/MS data of EA, except for the
loss of 44 instead of 58 Da. The MS3 spectrum (data not
shown) shows the loss of 44 Da and the subsequent loss of
56 Da, respectively, due to the starter acid and the
neighbouring unit, after isolation and collisional activation
of the ion with m/z 508. Fragmentation of m/z 508 generated
in addition a fragment ion at m/z 158, confirming the
presence of the desosamine, while the presence of the
cladinose sugar was clearly detectable by loss of mass 158
in the MS/MS spectrum. The change in the first ring
fragment loss indicates that the propionate starter acid is
replaced by the acetate starter acid analogous to 13-methyl-
13-desethyl-erythromycin C (IM1), which can be explained
in the context of previously proposed biosynthetic routes.33

The lower reversed phase LC retention time of 13-methyl-
13-desethyl-erythromycin C and 13-methyl-13-desethyl-
erythromycin A compared with the retention time of EC
and EA, respectively, is consistent with the decreasing
lipophilicity as the chain length of the side chain at position
13 of the lactone ring decreases.

The identity of IM4 was established as 13-propyl-13-
desethyl-erythromycin A on the basis of spectral data, from

the following observations. MSn investigation resulted in a
MS/MS spectrum which shows the loss of 158 Da, which is
confirmation for the presence of the cladinose sugar (Fig. 6
(b)) and an MS3 spectrum (data not shown) which shows a
fragment ion at m/z 158, attributable to desosamine. The
difference with EA is the loss of 72 instead of 58 Da in the
fragmentation of the fragment ion yielded after loss of the
cladinose sugar and three subsequent water losses. It was
concluded that the propionate starter acid is replaced in the
biosynthesis by a butyrate starter acid. The higher reversed
phase LC retention time is consistent with the increasing
lipophilicity as the chain length of the side chain at position
13 of the lactone ring increases.

These compounds were present in different amounts in all
the samples examined. The amount present of the two
related substances with m/z 706 could not be defined with
UV detection due to partial coelution with EF and an
additional unidentified compound. The UV signal of IM3
was in the range of 0.5 to 1%, expressed as EA with respect
to the EA content. IM4 could be resolved from EB with a
mobile phase containing phosphate buffer. Based on UV
absorbance, its content, expressed as EA with respect to the
EA content, corresponded to approximately 0.5%. Other
peaks visible in the TIC chromatogram in Fig. 4 (b) have not
yet been identified and are not discussed in this paper.

CONCLUSIONS

This study clearly illustrates the suitability of the developed
LC/MSn method with electrospray ionization in positive ion
mode for the analysis of erythromycin A and related
substances in commercial samples.

An LC method, suitable for UV detection and compatible
with MS detection, was developed based on reversed phase

Figure 6. Product ion spectra (MS/MS) of IM3 (a) and IM4 (b), the monoisotopic species is selected for collisional
activation in the ion trap for the parent ionsm/z 720 (IM3) and m/z 748 (IM4). The masses of the fragments produced and
mass losses are indicated in the figure.
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liquid chromatography. Three impurities, of which the
fragmentation spectra did not match the fragmentation
spectra of the reference substances in the library, were
identified. The structures were elucidated by identifying the
sugars attached to the lactone ring, the starter acid and the
neighbouring unit of the lactone ring, and by comparison of
the MSn data of the standards with the spectra of the
unknowns. The compounds 13-methyl-13-desethyl-erythro-
mycin C and 13-methyl-13-desethyl-erythromycin A have
previously been described by Kibwage and Gates, respec-
tively, but their presence in commercial samples has never
been reported. The novel related substance 13-propyl-13-
desethyl-erythromycin A has not been described previously
as being present in commercial samples. The fourth
compound, which could only be partially identified as
having an aberrant sugar, will need other techniques such as
NMR spectroscopy for further characterization.

Compared with UV detection, this hyphenated LC/MS
technique provides enhanced confirmation of identity and
its main advantage is the on-line identification of novel
related substances without recourse to time-consuming
isolation and purification procedures.
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