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a b s t r a c t

Investigation of acetylspiramycin (ASPM) and its related substances was carried out using a reversed-
phase liquid chromatography/tandem mass spectrometry method. The identification of impurities in
the ASPM complex was performed with a quadrupole ion trap mass spectrometer, with an electrospray
ionization (ESI) source in the positive ion mode which provides MSn capability. A total of 83 compounds
eywords:
iquid chromatography/tandem mass
pectrometry
6-Membered macrolide

were characterized in commercial samples, among which 31 impurities that had never been reported
and 31 partially characterized impurities were deduced using the collision-induced dissociation (CID)
spectra of major ASPM components as templates. Most of the major impurities arise from the starting
materials and the synthesis process. This work provides very useful information for quality control of
ASPM and evaluation of its synthesis process.
cetylspiramycin
mpurity profile

. Introduction

Acetylspiramycin (ASPM), a 16-membered macrolide antibiotic,
s the acetylated derivative of spiramycin (SPM). Due to different
roducing strains, SPM produced in China is usually composed of
PM II and III, whereas the major component of SPM produced
n Europe is SPM I. Thus, ASPM synthesized from SPM in China
enerally contains four major components (mono-ASPM II/III, di-
SPM II/III) and other co-existing minor components [1,2]. The
tructures of ASPM and its known related substances, including
tarting materials (SPM I/II/III), synthetic intermediates (2′,4′′-
i-ASPM II/III, 2′,3′′,4′′-tri-ASPM II/III) and degradation products
3,4-anhydro NSPM I, NSPM I/II/III, leucomycin A8/U, meleumycin
2) [1–4], are shown in Fig. 1.

SPM is unstable in acidic conditions to produce neospiramycin
NSPM) and/or forosidin (which is formed by loss of mycarose
nd forosaminyl) [3], and the introduction of 4′′-acyl groups in
PM enhanced the acid-stability. It was reported that SPM deriva-
ives with longer carbon chains at position 3 or 4′′ have better

ntibiotic activity due to their higher lipophilicity [3,5–8]. ASPM,
hich showed improved metabolic stability, was synthesized by
yowa Hakko Kogyo Co. in 1965 and further introduced into
linical use [3]. Clinical studies have shown its efficacy against

∗ Corresponding author. Tel.: +32 16 323444; fax: +32 16 323448.
E-mail address: Erwin.Adams@pharm.kuleuven.be (E. Adams).

021-9673/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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© 2010 Elsevier B.V. All rights reserved.

Gram-positive organisms including Streptococcus pyogenes (group
A beta-hemolytic streptococci), Streptococcus viridans, Corynebac-
terium diphtheriae and methicillin-sensitive Staphylococcus aureus
and also some Gram-negative bacteria such as Neisseria meningi-
tidis, Bordetella pertussis and Campylobacter [9,10].

During the synthesis process of ASPM, the acetylation degree
of final products can be influenced by reaction conditions. Higher
temperature or longer reaction time can lead to higher acetyla-
tion degree, meanwhile increasing the risk of degradation of final
products [1].

The impurity profile provides a comprehensive indicator of the
synthesis process and is diagnostic of the overall quality of final
products. In the current Chinese Pharmacopoeia (ChP), the ratio of
major components is controlled, but without specifications for the
related substances [11]. To further ensure the safety of commercial
ASPM, it is necessary to characterize its impurities and establish
proper limits for the related substances.

LC/ESI-MS provides a sensitive and selective procedure for the
rapid identification of impurities. In this paper, we will focus
on the characterization of impurities in ASPM using LC/ESI-MSn.
Based on the fragmentation pathway of SPM and some other
macrolides [2–4,12], the LC–UV method described in the ChP for

the ratio of major components [11] was combined with MS to
identify impurities in commercial ASPM. This allows better eval-
uation of the synthesis process and quality control of ASPM and
will enable future establishing of proper limits for the related sub-
stances.

dx.doi.org/10.1016/j.chroma.2010.08.061
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:Erwin.Adams@pharm.kuleuven.be
dx.doi.org/10.1016/j.chroma.2010.08.061
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. Experimental

.1. Reagents and samples
Acetonitrile (LC/MS grade) was purchased from Biosolve
Valkenswaard, the Netherlands), ammonium acetate from Acros
rganics (Geel, Belgium) and ammonium hydroxide solution (28%,

Fig. 1. Chemical structures of ASPM an
A 1217 (2010) 6531–6544

m/m) from VWR (Leuven, Belgium). A Milli-Q water purification
system (Millipore, Bedford, MA, USA) was used to purify deionized
water.
Different batches of ASPM samples examined were obtained
from Henan Topfond (Henan, China), Lukang Antibiotic Fac-
tory (Shandong, China), Suzhou Erye Pharmaceutical Factory
(Jiangsu, China) and Baiyunshan Pharmaceutical Factory (Guang-

d its known related substances.
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ong, China). For LC/MS and LC/MSn, bulk samples were prepared
n mobile phase at a concentration of about 1.0 mg mL−1.

.2. LC-instrument and chromatographic conditions

The LC apparatus consisted of a Dionex P680 binary pump
Dionex, Sunnyvale, CA, USA), a Spectra Series AS100 autosampler
quipped with a 20 �L loop, a variable wavelength TSP spectra 100
V-VIS detector (ThermoFinnigan, Fremont, CA, USA) set at 232 nm
nd Chromeleon software (Dionex) for data acquisition. The CAP-
ELL PAK C18 column (type: MG, size: 250 × 4.6 mm i.d., 5 �m)
Shiseido, Japan) was maintained at room temperature.

A mobile phase containing acetonitrile–0.1 M ammonium
cetate solution (pH 7.2, adjusted with ammonium hydroxide solu-
ion) (50:50, v/v) was used at a flow rate of 1.0 mL min−1. One-fifth
f the column eluent was sent into the MS for peak characterization
y splitting through a T-piece.

.3. LC/MS experiments
Tuning and MS investigation of the ASPM related substances
ere carried out according to the procedure described by Govaerts

t al. [12].
The mass spectrometric conditions were as follows: ESI positive

onization mode, capillary temperature was 270 ◦C, spray voltage

ig. 2. Typical TIC– and LC–UV chromatograms of a commercial ASPM sample. (A) TIC (0
olumn: CAPCELL PAK C18 (type: MG, size: 250 × 4.6 mm i.d., 5 �m), maintained at roo
50:50, v/v). Flow rate: 1.0 mL min−1. Sample concentration: ∼1.0 mg mL−1, injection volu
A 1217 (2010) 6531–6544 6533

was 4.5 kV, the flow rates of the sheath and the auxiliary gas were
set at 72 and 56 arb, respectively, full scan from 1100 to 300 u.

The acquisition of the first-order mass spectra as well as the
LC–MS/MS and further MSn collision-induced dissociation (CID)
experiments were performed on ASPM sample solutions. For
LC–MS/MS investigations, the ions of interest were isolated in the
ion trap with an isolation width of 3 u and activated at 40% collision-
energy level (CEL). Under such conditions, the highest signal of the
product ions needed for further MSn CID experiments was obtained.

3. Results and discussion

3.1. Liquid chromatographic method

The LC method for the separation of ASPM major components
in the ChP (2005) [11] was tried on a CAPCELL PAK C18 column
(type: MG, size: 250 × 4.6 mm i.d., 5 �m) and two Xterra MS C18
columns (size: 250 × 4.6 mm i.d., 5 �m and 3.5 �m, respectively).
The CAPCELL PAK C18 gave the best result, in terms of both separa-
tion and peak shape. To further improve the separation, the relative

percentage of acetonitrile was reduced from 60% to 50%, and other
conditions were kept constant. The typical total ion chromatogram
(TIC) and the LC–UV of a sample are shown in Fig. 2. For better visu-
alization, the chromatogram was zoomed between 0–32 min and
32–120 min. In total, 56 peaks were observed, though some impu-

–32 min), (B) LC–UV (0–32 min), (C) TIC (32–120 min), (D) LC–UV (32–120 min).
m temperature. Mobile phase: acetonitrile–ammonium acetate solution (pH 7.2)
me: 20 �L.
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Fig. 2.

ities were very small in the LC–UV chromatogram. Furthermore,
eak purity for individual peaks was tested with the MS capability
f extracted ion chromatograms. It was observed that some peaks
n the TIC chromatogram of LC/MS are composed of more than two
omponents. Further improvement of the separation would lead
o even longer retention times and was not performed since MS
as additional separation capability. The major components were
luted in the order of mono-ASPM II (peak 16), mono-ASPM III (peak
0), di-ASPM II (peak 32) and di-ASPM III (peak 39), in accordance
ith their hydrophobic order. The major impurity in all the samples

nvestigated is peak 26 (normalized peak area percentage 2.9–3.8%
y LC–UV).

.2. Study of the fragmentation behavior of components with
nown structure

For a better understanding of the spectra of the impurities, ini-
ially the fragmentation behavior of the major ASPM components
as studied. No doubly charged ions were observed under the
sed experimental conditions. The MS/MS spectra of the proto-
ated molecules [M+H]+ of the major components (mono-ASPM

I: m/z 927, mono-ASPM III: m/z 941, di-ASPM II: m/z 969 and di-

SPM III: m/z 983) and their fragmentation pathway are shown

n Figs. 3 and 4, respectively. As it can be seen, most product
ons were formed by cleavage of the glycosidic bonds, in accor-
ance with other macrolide antibiotics [2–4,12]. The consecutive
eutral losses of 159, 186 or 228, and 191 corresponded to the
inued).

cleavage of forosaminyl at C-9, mono-/di-acetylated mycarose and
mycaminose at C-5, respectively. The presence of the characteris-
tic disaccharide ion with m/z 360 or 402 further revealed that the
corresponding mycarose was mono- or di-acetylated, respectively.
Further fragmentation is in accordance with that of SPM II and III
described by Pendela et al. [4].

The fragmentation patterns of minor components, e.g. mono-
ASPM I (peak 13, [M+H]+ m/z 885) and di-ASPM I (peak 25, [M+H]+

m/z 927), are similar to those of the major components, which show
consecutive neutral losses of 159, 186 or 228, and 191. Their further
fragmentations of the aglycone ions at m/z 349, are in accordance
with that of SPM I [4].

3.3. Investigation of components present in commercial ASPM
samples

Based on the fragmentation behavior of the major ASPM com-
ponents, the impurity profile of 11 commercial samples from four
different origins were screened. The major ASPM components and
most of the related substances in the investigated samples were
similar in type, but their relative amounts varied slightly. The sim-
ilarity of different batches of a same manufacturer indicated that

their production processes are repeatable.

As ASPM is semi-synthetic, its impurities may arise from starting
materials, synthesis process or degradation. The related substances
will be discussed according to their source and structural differ-
ences compared to major ASPM components.
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Fig. 3. [M+H]+ CID spectra acquired for (A) mono-ASPM II, (B) mono-ASPM III, (C) di-ASPM II, and (D) di-ASPM III; the result of isolation and collisional activation in the ion
trap at 40% CEL of the precursor ions at m/z 927, 941, 969 and 983, respectively.
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Fig. 4. Fragmentation pathway of the major ASPM compon

.3.1. Minor components from starting materials
Compounds corresponding to peak 7 ([M+H]+ m/z 885) and peak

0 ([M+H]+ m/z 899) were identified as SPM II and III, respec-
ively, in accordance with the published results [4]. SPM I was
ot observed in the investigated samples, due to its low content

n Chinese SPM products.

.3.2. Synthesis process-related impurities
The [M+H]+ CID spectra of peaks 27, 40, 47 and 52 at m/z 969,

83, 1011 and 1025 are illustrated in Fig. 5. The impurities in peaks
3, 34, 51 and 55 have the same m/z values and similar product

ons to those of peaks 27, 40, 47 and 52, respectively. The consecu-
ive losses of 159 and 186/228 revealed the presence of forosaminyl
nd mono- (peaks 27, 33, 40, 34)/di-acetylated (peaks 47, 51, 52, 55)
ycarose. The observed loss of 233 instead of 191 in the above men-

ioned peaks indicates the cleavage of an aberrant mycaminose.
ased on the synthesis process of ASPM, the above differences
+42 u) were attributed to acetylation at 2′-OH of mycaminose (see

ig. 1). The characteristic ion set of m/z 391/405, 331, 299 and
81 indicated they were derivatives of SPM II (peaks 27, 33, 47,
1) and III (peaks 40, 34, 52, 55), respectively. Based on the above

nformation, they were identified as 2′,4′′-di-ASPM II (peaks 27 and
3), 2′,4′′-di-ASPM III (peaks 40, 34), 2′,3′′,4′′-tri-ASPM II (peaks 47
Values for the di-acetylated derivatives are given in italics.

and 51) and 2′,3′′,4′′-tri-ASPM III (peaks 52 and 55) or their spatial
isomers, respectively, which are intermediates in the synthesis of
ASPM [1].

Compounds in peaks 30 ([M+H]+ m/z 1029), 37 ([M+H]+ m/z
1043), 49 ([M+H]+ m/z 1071) and 54 ([M+H]+ m/z 1085) were 60 u
more than 2′,4′′-di-ASPM II, 2′,4′′-di-ASPM III, 2′,3′′,4′′-tri-ASPM II
and 2′,3′′,4′′-tri-ASPM III, respectively. The [M+H]+ CID spectra of
these impurities are shown in Fig. 6. The fragmentation pathways
are analogous to those in Fig. 5. Product ions, formed due to loss of
60 u, indicated that one of the double bonds at position C-10 to C-
13 (�, �, �, �-unsaturated butadiene) had reacted with acetic acid.
This was confirmed by LC with diode array detection where the
characteristic absorbance of the �, �, �, �-unsaturated butadiene
at 232 nm disappeared correspondingly. The exact location could
not be determined due to insufficient fragmentation of the aglycone
ring. This position will further be referred to as “P”. The compounds
in peaks 30, 37, 49 and 54 were established as P,2′,4′′-tri-ASPM
II, P,2′,4′′-tri-ASPM III, P,2′,3′′,4′′-tetra-ASPM II and P,2′,3′′,4′′-tetra-

ASPM III, respectively (see Fig. 7). To our knowledge, this is the first
time such impurities are described.

Other process-related impurities with special structures (e.g.
those with aberrant sugar residues) will be discussed in the fol-
lowing sections according to their structures.
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Fig. 5. [M+H]+ CID spectra acquired for the compounds in peaks 27, 40, 47 and 52, the result of isolation and collisional activation of the precursor ion at m/z 969, 983, 1011
and 1025 (from top to bottom), respectively, in the ion trap at 40% CEL.
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Fig. 6. [M+H]+ CID spectra acquired for the compounds in peaks 30, 37, 49 and 54, the result of isolation and collisional activation of the precursor ion at m/z 1029, 1043,
1071 and 1085 (from top to bottom), respectively, in the ion trap at 40% CEL.
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.3.3. Impurities from degradation
Compounds corresponding to peak 1 ([M+H]+ m/z 741) and

+
eak 2 ([M+H] m/z 755) were identified as NSPM II and NSPM
II, respectively. The [M+H]+ CID spectra of NSPM II followed the
ame pathway as that of SPM II, except the loss of 144 u which was
ot observed due to the lack of the mycarose in NSPM II. A similar
henomenon was observed for NSPM III.

Fig. 7. Proposed structures for the impu
A 1217 (2010) 6531–6544 6539

In some samples, leucomycin A8 ([M+H]+ m/z 786), meleumycin
B2 ([M+H]+ m/z 800) and 3′′,4′′-diacetyl leucomycin U ([M+H]+ m/z

828, a newly identified impurity, which is a di-acetylated derivative
of leucomycin U) were observed in peaks 11, 15 and 22, respec-
tively. Their [M+H]+ CID spectra followed similar fragmentation
patterns as those of the major components, which reveal the pres-
ence of mono- (peaks 11, 15) or di-acetylated (peak 22) mycarose,

rities characterized in this work.
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ycaminose and the characteristic ions set of SPM II (peaks 11 and
2) and III (peak 15), respectively. However, instead of loss of 159 u
forosaminyl), loss of 18 u (water) was observed.

.3.4. Impurities from other sources
.3.4.1. Isomers of major components. As observed in other
acrolide antibiotics [2,4,12], isomers of the major components
ith the same m/z values and similar product ions were also found

n ASPM, e.g. isoforms of mono-ASPM II in peaks 4, 9, 11 and 14,
soforms of mono-ASPM III in peaks 6, 15, 18 and 19, isoforms of
inued)

di-ASPM II in peaks 18 and 28, and isoforms of di-ASPM III in peaks
31, 35 and 37. All of them were co-eluted with other impurities.
However, positional isomers and even spatial isomers cannot be
distinguished by LC/MS only. Further NMR experiments are neces-
sary to confirm these structures.
3.3.4.2. Related substances of ASPM with a different C-3 substituent
(see Fig. 7A). The three impurities in peaks 29, 48 and 49 with
[M+H]+ m/z 955, 997 and 997, were characterized as 3-O-butanoyl
mono-ASPM, 3-O-butanoyl 3′′,4′′-di-ASPM and 3-O-butanoyl 2′,4′′-
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i-ASPM, respectively. The loss of 88 u (corresponding to butanoic
cid), 14 u higher than derivatives of SPM III, was observed at posi-
ion C-3.

The protonated molecules for compounds in peaks 3 ([M+H]+

/z 681), 6, 9 and 26 ([M+H]+ m/z 867), 42 ([M+H]+ m/z 909),
5 ([M+H]+ m/z 909) and 56 ([M+H]+ m/z 951 and 1011) are

8 u less than NSPM I, mono-ASPM I (isoforms), 3′′,4′′-di-ASPM

, 2′,4′′-di-ASPM I, 2′,3′′,4′′-tri-ASPM I and P,2′,3′′,4′′-tetra-ASPM I,
espectively, and their corresponding product ions are all 18 u less.
nlike SPM I and its corresponding derivatives, further losses of
ater at C-3 were not observed. Based on the above observa-
nued).

tions and the literature [4,12], these impurities were suggested to
be derivatives, which lack the R1 substituent and have a double
bond between C-3 and C-4 (3,4-anhydro). The stereochemistry will
change accordingly.

3.3.4.3. Related substances of ASPM with a different C-6 substituent

(see Fig. 7A). The [M+H]+ CID spectra of the impurities in peaks 9
([M+H]+ m/z 943) and 22 ([M+H]+ m/z 971) show product ions, 2 u
higher than those of mono-ASPM III and 2′,4′′-di-ASPM II, respec-
tively. Based on the above information and the structures of SPM
impurities [4], the impurities in peaks 9 and 22 were characterized
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Table 1
List of major ASPM components, minor APIs and related substances in commercial ASPM samples.

Peak [M+H]+ Identification Structure Origin

1 741 NSPM IIc Fig. 1 Degradation
2 755 NSPM IIIc Fig. 1
3 681 3,4-Anhydro NSPM Ic Fig. 1
4 927 Isoform 1 of mono-ASPM IIe Synthesis

681 NSPM I with aberrant mycaminose (Mr 173)e Starting material
899 4′′′-N,N-didemethyl mono-ASPM IId Fig. 7B b

5 913 4′′′-N-demethyl mono-ASPM IId Fig. 7B b

6 941 Isoform 1 of mono-ASPM IIIe Synthesis
913 4′′′-N,N-didemethyl mono-ASPM IIId Fig. 7B b

867 3,4-Anhydro mono-ASPM I (isoform)e b

7 885 SPM IIc Fig. 1 Starting material
8 927 4′′′-N-demethyl mono-ASPM IIId Fig. 7B b

9 927 Isoform 2 of mono-ASPM IIe Synthesis
943 6-Hydroxyethyl mono-ASPM IIId Fig. 7A b

867a 3,4-Anhydro mono-ASPM I (isoform)e b

10 899 SPM IIIc Fig. 1 Starting material
11 913 6-Formyl mono-ASPM IId Fig. 7A b

927 Isoform 3 of mono-ASPM IIe Synthesis
786a Leucomycin A8c Fig. 1 Degradation

12 957 6-Carboxymethyl mono-ASPM IIId Fig. 7A b

13 885 Mono-ASPM Ic Fig. 1 Minor API
14 927 Isoform 4 of mono-ASPM IIe Synthesis

825 Mono-ASPM I with aberrant mycaminose (Mr 173)e b

15 800a Meleumycin B2c Fig. 1 Degradation
941 Isoform 2 of mono-ASPM IIIe Synthesis
955 Mono-ASPM II with aberrant forosaminyl (Mr 187)e b

16 927 Mono-ASPM II Fig. 1 Major API
17 897 SPM II with aberrant mycarose (Mr 156)d Fig. 7E Starting material

924 Mono-ASPM II with aberrant mycaminose (Mr 173) and an additional
–NH2 on the aglycone ringe

b

18 941 Isoform 3 of mono-ASPM IIIe Synthesis
969 Isoform 1 of di-ASPM IIe Synthesis

19 969 Mono-ASPM III with aberrant forosaminyl (Mr 187) (isoform)e b

941 Isoform 4 of mono-ASPM IIIe Synthesis
20 941 Mono-ASPM III Fig. 1 Major API
21 938 Mono-ASPM III with aberrant mycaminose (Mr 173) and an additional

–NH2 on the aglycone ringe

b

22 828a 3′′ ,4′′-diacetyl leucomycin Ud b

911 SPM III with aberrant mycarose (Mr 156)d Fig. 7E Starting material
971 6-Hydroxyethyl 2′ ,4′′-di-ASPM-IId Fig. 7A b

23 969 Mono-ASPM III with aberrant forosaminyl (Mr 187) (isoform)e b

24 999 6-Carboxymethyl di-ASPM IIId Fig. 7A b

25 927 Di-ASPM Ic Fig. 1 Minor API
895 3,4-Anhydro mono-SPM I with aberrant forosaminyl (Mr 187)e b

26 867 3,4-Anhydro mono-ASPM I (major impurity)d Fig. 7A b

27 969 2′ ,4′′-Di-ASPM-IIc Fig. 1 Synthesis
28 972 Mono-ASPM II with aberrant forosaminyl (Mr 204)d Fig. 7C b

969 Isoform 2 of di-ASPM IIe Synthesis
29 955 3-O-butanoyl mono-ASPMd Fig. 7A b

30 1029 P,2′ ,4′′-tri-ASPM IId Fig. 7A Synthesis
985a 6-Hydroxyethyl P,4′′-di-ASPM-III with aberrant mycaminose (Mr 173)e b

31 997 Di-ASPM II with aberrant forosaminyl (Mr 187)e b

983 Isoform 1 of di-ASPM IIIe Synthesis
32 969 Di-ASPM II Fig. 1 Major API
33 969 2′ ,4′′-Di-ASPM-IIc Fig. 1 Synthesis
34 983 2′ ,4′′-Di-ASPM-IIIc Fig. 1 Synthesis
35 983 Isoform 2 of di-ASPM IIIe Synthesis

911a 6-hydroxyethyl mono-ASPM-II with aberrant mycaminose (Mr 173)e b

36 986 Mono-ASPM III with aberrant forosaminyl (Mr 204)d Fig. 7C b

37 1043 P,2′ ,4′′-tri-ASPM IIId Fig. 7A Synthesis
983 Isoform 3 of di-ASPM IIIe Synthesis

38 1011 Di-ASPM III with aberrant forosaminyl (Mr 187)e b

39 983 Di-ASPM III Fig. 1 Major API
40 983 2′ ,4′′-Di-ASPM IIIc Fig. 1 Synthesis
41 909 3′′ ,4′′-Di-ASPM I with aberrant mycaminose (Mr 173)e b

42 909 3,4-Anhydro 3′′ ,4′′-di-ASPM Id Fig. 7A b

43 969 P,3′′ ,4′′-tri-ASPM I with aberrant mycaminose (Mr 173)e b

44 937 3,4-Anhydro 3′′ ,4′′-di-ASPM I with aberrant forosaminyl (Mr 187)e b

45 909 3,4-Anhydro 2′ ,4′′-di-ASPM Id Fig. 7A b

46 942 Mono-ASPM II with aberrant forosaminyl (Mr 174)d Fig. 7D b

47 1011 2′ ,3′′ ,4′′-Tri-ASPM IIc Fig. 1 Synthesis
48 997 3-O-butanoyl 3′′ ,4′′-di-ASPMd Fig. 7A b

49 1071 P,2′ ,3′′ ,4′′-tetra-ASPM IId Fig. 7A Synthesis
997 3-O-butanoyl 2′ ,4′′-di-ASPMd Fig. 7A b

50 1014 Di-ASPM II with aberrant forosaminyl (Mr 204)d Fig. 7C b

942 3,4-Anhydro P,4′′-di-ASPM I with aberrant forosaminyl (Mr 174)d Fig. 7D b
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Table 1 (Continued)

Peak [M+H]+ Identification Structure Origin

51 1011a 2′ ,3′′ ,4′′-Tri-ASPM IIc Fig. 1 Synthesis
52 1025 2′ ,3′′ ,4′′-Tri-ASPM IIIc Fig. 1 Synthesis
53 956 Mono-ASPM III with aberrant forosaminyl (Mr 174)d Fig. 7D b

54 1085 P,2′ ,3′′ ,4′′-tetra-ASPM IIId Fig. 7A Synthesis
1028 Di-ASPM III with aberrant forosaminyl (Mr 204)d Fig. 7C b

55 1025 2′ ,3′′ ,4′′-Tri-ASPM IIIc Fig. 1 Synthesis
969 Di-ASPM III with aberrant mycaminose (Mr 173) and its �, �, �,

�-unsaturated butadiene saturatede

b

56 951 3,4-Anhydro 2′ ,3′′ ,4′′-tri-ASPM Id Fig. 7A b

1011 3,4-Anhydro P,2′ ,3′′ ,4′′-tetra-ASPM Id Fig. 7A b

a Only exists in some samples.
b Acetylation derivatives of the impurities from starting materials; possible structures of the aberrant sugar residues are discussed in the text, and some of the proposed
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tructures are shown in Fig. 7.
c Known components or impurities (total: 17).
d Newly identified impurities (total: 31).
e Partially identified impurities (total: 31); major components (total: 4) are show

s 6-hydroxyethyl mono-ASPM III and 6-hydroxyethyl 2′,4′′-di-
SPM II, respectively.

Based on similar observations, the compound in peak 11
[M+H]+ m/z 913) was identified as 6-formyl mono-ASPM II, whose
roduct ions were all 14 u less than those of mono-ASPM II. The
ompounds in peaks 12 ([M+H]+ m/z 957) and 24 ([M+H]+ m/z
99) were identified as 6-carboxymethyl mono-ASPM III and
-carboxymethyl di-ASPM III, whose product ions were all 16 u
ore than those of mono-ASPM III and di-ASPM III, respectively.

n some samples, minor impurities 6-hydroxyethyl P,4′′-di-ASPM
II ([M+H]+ m/z 985) with an aberrant mycaminose (Mr 173)
nd 6-hydroxyethyl mono-ASPM II ([M+H]+ m/z 911) with an
berrant mycaminose (Mr 173) were observed in peaks 30 and 35,
espectively.

.3.4.4. Related substances of ASPM with different sugar residues.
any impurities were observed with different sugar residues in the

amples. For example, the molecular masses in peaks 5 ([M+H]+

/z 913) and 8 ([M+H]+ m/z 927) are 14 u less than mono-ASPM
I and mono-ASPM III, respectively. MS2 investigation of these
ompounds showed product ions and losses, identical to those of
ono-ASPM II and mono-ASPM III, except for the initial loss corre-

ponding to forosaminyl. A loss of 145 u is observed instead of 159 u,
hich indicates that these impurities have an aberrant forosamine

ugar. For SPM, the difference of 14 u was attributed to a differ-
nce in the degree of methylation of the amino group [4]. Thus,
he compounds in peaks 5 and 8 were identified as 4′′′-N-demethyl

ono-ASPM II and 4′′′-N-demethyl mono-ASPM III, respectively.
imilarly, the impurities in peaks 4 ([M+H]+ m/z 899) and 6 ([M+H]+

/z 913) were identified as 4′′′-N,N-didemethyl mono-ASPM II and
′′′-N,N-didemethyl mono-ASPM III, where protonated molecules
re 28 u less than mono-ASPM II and mono-ASPM III, respectively
see Fig. 7B).

Other compounds with aberrant forosaminyl sugar are
escribed below. These impurities are classified into three groups
ased on the initial loss.

1) Loss of 204: the fragmentation of impurities in peaks 28 ([M+H]+

m/z 972), 36 ([M+H]+ m/z 986), 50 ([M+H]+ m/z 1014) and 54
([M+H]+ m/z 1028) are similar to mono-ASPM II, III, di-ASPM II
and III, respectively, except that an initial loss of 204 u instead
of 159 u was observed. The initial loss of 204 may be due to the
replacement of forosaminyl with mono-acetylated mycarose

(the cleavage of the glycosidic bond takes place at the agly-
cone side, i.e. 186 u + 18 u). Hence these impurities might be the
modified form of the above mentioned compounds with mono-
acetylated mycarose at position C-9. Proposed structures are
shown in Fig. 7C.
oldface.

(2) Loss of 174: similarly, an initial loss of 174 u (156 u + 18 u) was
observed for impurities in peaks 46 ([M+H]+ m/z 942), 50
([M+H]+ m/z 942) and 53 ([M+H]+ m/z 956). Their remaining
fragmentations are similar to those of mono-ASPM II, 3,4-
anhydro P,4′′-di-ASPM I and mono-ASPM III, respectively. The
aberrant forosaminyl sugar may be purpurosamine (Mr 174).
Fig. 7D shows the proposed structures.

(3) Loss of 187: impurities in peaks 25 ([M+H]+ m/z 895), 44 ([M+H]+

m/z 937), 15 ([M+H]+ m/z 955), 19 and 23 ([M+H]+ m/z 969),
31([M+H]+ m/z 997) and 38 ([M+H]+ m/z 1011) showed an
initial loss of 187 u and their remaining fragmentations are sim-
ilar to 3,4-anhydro mono-ASPM I, 3,4-anhydro 3′′,4′′-di-ASPM
I, mono-ASPM II, mono-ASPM III (isoforms), di-ASPM II and di-
ASPM III, respectively. The aberrant sugar (Mr 187) is 28 u higher
than forosaminyl, which might be N,N-didemethyl-diethyl or
N-methyl, N-propyl forosaminyl.

Similar to the above observations, compounds in peaks 17
([M+H]+ m/z 897) and 22 ([M+H]+ m/z 911) were identified as
related substances of SPM-II and SPM-III with aberrant mycarose
(Mr 156, the cleavage of the disaccharide bond takes place at the
mycarose side), which may be purpurosamine. Their proposed
structures are also shown in Fig. 7E.

Similarly, aberrant mycaminose (Mr 173) was observed for
impurities in: (a) peaks 4 ([M+H]+ m/z 681), 14 ([M+H]+ m/z 825), 41
([M+H]+ m/z 909) and 43 ([M+H]+ m/z 969) which were the modi-
fied forms of NSPM I, mono-ASPM I, di-ASPM I and P,3′′,4′′-tri-ASPM
I, respectively; (b) peaks 17 ([M+H]+ m/z 924) and 21 ([M+H]+ m/z
938) which were modified mono-ASPM II and mono-ASPM III with
an additional –NH2 substitutent on the aglycone ring (further inves-
tigation by NMR is needed to determine the exact position); (c) peak
55 ([M+H]+ m/z 969) which was modified di-ASPM III with its �,
�, �, �-unsaturated butadiene in the aglycone ring saturated. The
aberrant mycaminose (Mr 173) might be the dehydrated form of
mycaminose (Mr 191) or a modified form of forosaminyl (Mr 159)
where one of the N-methyls was replaced by N-ethyl.

Due to lack of further information about the sugar moieties,
additional NMR experiments are necessary to confirm the above
aberrant sugar groups.

4. Conclusion

The LC/MSn investigation revealed the complexity of the ASPM

samples. Using the Chinese Pharmacopoeia LC method, a total of 83
compounds were detected in 56 peaks (see overview in Table 1),
whereas in LC–UV only 36 peaks were detected. It shows the impor-
tance of LC/MS in processing and quality control of pharmaceutical
products.
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Along with 31 newly identified impurities (Fig. 7A–E), 17 known
elated substances (Fig. 1) were traced. Due to lack of more informa-
ion about aglycone and sugar moieties, 31 partially characterized
mpurities still would need further investigation by NMR. All impu-
ities detected have a structure that is closely related to the main
omponents. Most impurities in commercial ASPM arise from the
tarting materials (including their co-existing related substances,
.g. those with aberrant sugars) and the synthesis process (includ-
ng side products at �, �, �, �-unsaturated butadiene), and the major
mpurity in the samples investigated is 3,4-anhydro mono-ASPM I
peak 26).
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