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Mass spectrometry (MS) is avery powerful instrument that can be used to analyze a wide range of materi-
as such as proteins, peptides, DNA, drugs, and polymers. The process typically involves either chemica
or eectron (impact) ionization of the analyte. The resulting charged species or fragment is subsequently
identified by the detector. Usually, single mass uses source-induced dissociation (SID), whereas mass/mass
uses collision-induced dissociation (CID) to analyze the chemica fragmentations Each technique has its
own advantages and disadvantages. While CID is most effective for the analysis of pure substances, muilti-
ple-step MS is a powerful technigque to get structural data. Analysis of veterinary drugs ampicillin,
chloramphenicol, ciprofloxacin, and oxytetracycline serves to highlight the dlight differences between SID
and CID. For example, minor differences were observed between ciprofloxacin and oxytetracycline via
SID or CID. However, distinct fragmentation patterns were observed for ampicllin depending on the anal -
ysis method. Both SID and CID showed similar fragmentation spectra but different signal intensities for
chloramphenicol. There are severa factors that can influence the fragmentation spectra, such as the colli-
sion energy, major precursor ion, electrospray mode (positive or negative), and sample homogeneity.

Therefore, one must select a fragmentation method on an empirical and case-by-case basis.
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INTRODUCTION

A mass spectrometer (MS) is an instrument used to sepa-
rate ions according to their mass-to-charge ratios. The MS
equipment has come along way since its discovery and has
become an invaluable tool for the analysis of proteins, pep-
tides, DNA, drugs, and polymers. A typical M S instrument
comprises an ion source, a mass analyzer, and a detector.
The ion source is responsible for sample ionization. The
mass andyzer performs ion sorting and separates ions
according to their mass and charge. Fragments are also gen-
erated in the ion-source section of some MS instruments.
The separated ions are measured and finally displayed by
the detector. Partial fragmentation can be obtained by care-
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fully tuning the instrument source settings. In electrospray,
fragmentation is usually obtained by boosting voltage in the
medium-pressure part after the nebulization process (sam-
ple droplet formation) (1). Usualy, in the single-stage MS
equipment, fragmentation of in-source CID creates an inter-
mediate pressure zone in the MS (2) and produces frag-
ments of al ions present in the ion ray upon exiting the ion
source. Typicaly, the samples must be homogeneous (pure
substances) in order to obtain practica information from the
in-source CID (3). Fragmentation data can be obtained
simultaneoudly on unlimited compounds (2). However, the
large amounts of data impurities can significantly compli-
cate the analysis process. Various mass fragments are
derived from the ions of the compounds; as aresult, it is not
possible to determine which fragment ions are derived from
the analytica material in SID (3). Furthermore, the in-
source CID requires no-interference and no-ion suppres-
sion, which ultimately provides more reproducible frag-
mentations (4). Typically, fragmentation of the abundant
ions is produced on the CID of the triple quadrupole mass
spectrometer system (QQQ). In order to obtain detailed ion
fragments from CID (5), a precursor ion must be selected
prior to fragmentation and CID analysis. Thus, some infor-
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mation about the materials to be analyzed is required. The
mass spectrum can then identify the ions derived from the
analytical material, because al fragments of a defined ana
lyte are known (3). Therefore, the multiple-step MS is a
powerful technique to obtain structural data. However, it
can carry out selected ion monitoring (SIM) of only a few
product ions during the analysis target materias (6).

Both SID and CID fragmentation methods have some
advantages and disadvantages. lon fragmentation is highly
dependent on the sample composition and properties.
Accordingly, the choice of fragmentation method depends
on the analysis conditions or situation. To demonstrate this,
we conducted a study of four veterinary drugs using both
SID and CID modes in an MS QTOF. The purpose of this
investigation was to compare the differences between the
fragmentation patterns of SID and CID mass spectra.

MATERIALS AND METHODS

Fragmentation patterns of four drugs - ampicillin (AMP),
chloramphenicol (CAP), ciprofloxacin (CFX), and oxytetra-
cycline (OTC) - were analyzed using an MS QTOF (Bruker
Daltonics, Billerica, MA, USA) with a syringe infusion pump
(KDScientific, Holliston, MA, USA). The syringe was pur-
chased from the Hamilton Company (Nevada, USA). The
HPLC-grade water and acetonitrile were purchased from
Duksan Pure Chemicals (Gyeonggi-do, South Korea). The
analytical drugs (AMP, CAP, CFX, and OTC) were pur-
chased from Sigma-Aldrich (Missouri, USA) and Fluka
Analytical (Buchs, Switzerland). lonization was performed
on AMP, CFX, and oxytetracycline in the positive mode
and CAP in the negative mode. Details of the instrumental
and operating conditions of QTOF are described in Table 1.

RESULTS AND DISCUSSION

Fig. 1 shows the full scan mass spectra of AMP, CAP,
CFX, and OTC acquired without SID and CID. The mass

Table 1. Instruments and operating conditions

Instrument system Operating conditions
Rate of syringe infusion pump 180 wl/ hr
Syringe volume/diameter 500 ul/3.26 mm
Nebulizer flow 0.4 bar

Dry gas flow/ Temp. 4 L/min 180°C
Transfer funnel 1/2 RF power 150/180 Vpp
Hexapole RF power 150 Vpp
Quadrupole ion Energy 3ev

Low mass 50 m/z
Collision RF power 135Vpp
Transfer time 65 us

Pre puls storing 8.0us
Source-induced dissociation energy range  0~200 eV

Collision-induced dissociation energy range 0~50 eV

spectra of AMP and OTC included both the (M+H)" and
(M+Na)*ions, while that of CAP and CFX showed the pat-
terns of (M-H)™ and (M+H)", respectively.

The main fragments observed for AMP were m/z 114,
160, 174, and 192 (7-9). Shown in Fig. 2 is the AMP mass
spectrum based on the energy of SID at (A) 50eV, (B)
120 eV, and (C) 200 eV. It produced severa spectra from
ions at m/z 350 and 372. No change in the mass spectrum
of AMP was observed in spite of the applied energy of SID
(50 eV). The spectrum contained two peaks (Fig. 1A and
2A), which appeared to be very similar. Therefore, 50 eV
seems to be insufficient to fragment AMP. When the energy
was increased to 120 and 200 eV of SID, predominant frag-
ments at m/z 204 and 253 were revealed. The m/z 350 and
372 fragments can produce product ions, which did not cor-
respond very well with the AMP fragment spectra reported
in the literature (7-9). Product ions derived from all source
entering ions can be observed in the SID mode.

The full scan product ion spectrum from the chosen pre-
cursor ion (m/z 350) corresponding to each CID leve of (a)
10eV, (b) 20eV, and (c) 30eV are shown in Fig. 3. The
fragmented forms of (M+H)" at m/z 114, 160, 174, 192 can
be assigned to AMP. The product ions observed at m/z 160,
174, 192, and so on were the fragments of the m/z 350 (pre-
cursor ion of AMP) (Fig. 3A, 3B and Fig. 3C). As men-
tioned earlier, the presence of more than two main parent
ions significantly complicates the identification of the par-
ent compound by SID. Quadrupole mass filters can sepa-
rate the parent chemical from the matrix (3). In fact, al of
the spectra shown in Fig. 3B, and 3C were formed by the
same parent ion (m/z 350).

CAP was anayzed in the negative ionization mode (Fig.
4 and 5). The fragments observed at m/z 152, 176, 194, 257
were obtained from the (M-H)™ at m/z 321 (10-12). The
mass spectrum of CAP is displayed according to the energy
of SID ((A) 10eV, (B) 50eV and (C) 100eV) in Fig. 4. The
three fragmentation patterns were similar, but had lower
intensity (Fig. 4). Although small amounts of a drug could
be detected using this method, it was found that al frag-
ments corresponded to CAP when the SID energy levels
were added to each other (Fig. 4). The product-ion spec-
trum from the selected ions at m/z 321 at each CID energy
level of ((a) 7 eV, (b) 15eV, and (c) 25 €eV) isshown in Fig.
5. Generaly, m/z 152 was used as the reference ion for the
quantitative analysis of CAP (11,12). The product ions at
m/z 152 are shown in Fig. 5. Indeed, the collision energy
was sufficient to fabricate ions such as m/z 152, 176, 194,
257, as shown in Fig. 5A. Both the SID and CID methods
were found to be suitable for the CAP analysis.

The main fragments of CFX were found at m/z 231, 245,
288, 314, and so on (13-15). Normally, the analysis of CFX
utilizes the m/z 288 point for the calibration and quantifica-
tion of ion at m/z 245 from the precursor ion (15). The CFX
mass spectra are displayed according to the amount of SID
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Fig. 1. Full scan mass spectrum and molecular structure of (A) ampicillin, (B) chloramphenicol, (C) ciprofloxacin, and (D) oxytetracycline.

energy ((A) 70eV, (B) 100eV, and (C) 130eV) in Fig. 6.
The product ions were observed at m/z 231, 245, 288, and
314 (Fig. 6). The product ions for identification and quanti-
fication appeared upon adding 70 eV energy for the SID in
Fig. 6A. Therefore, it was possible to identify CFX using
single MS with only SID energy. The product-ion spectrum
from the chosen precursor ion (m/z 332) based on each CID
energy level - () 13 eV, (b) 20 eV, and (c) 30 eV - isshown
in Fig. 7. Although it was observed that there were differ-
ences between the intensity of each product ion, there was a
high degree of similarity between the SID and CID for the

CFX fragmentation pattern (Fig. 6 and 7). The SID and CID
spectrawere based on the fragmentation of the main precur-
sor ion of (M+H)" at m/z 332.

The mgor product ions of OTC were obtained at m/z
201, 337, 426, 443 (or 444) (16-19). The OTC mass spec-
trum is displayed according to the each of the following
SID energies: (A) 60V, (B) 90 eV, and (C) 150 eV (Fig. 8).
Theion of (M+Na)" at m/z 483 was not affected by the high
energy of SID. Interestingly, the intensity of the (M+H)"
peak decreased to a greater extent than that of (M+Na)".
Fig. 9 shows that product-ion spectrum from the selected
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Fig. 2. SID mass spectra of ampicillin depending on in-source energy level.
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Fig. 3. CID mass spectra of ampicillin depending on MS collision energy level.

precursor ion (OTC) a m/z 461 based on the CID energy only dight differences in the fragments obtained by SID
levels of (a) 10 eV, (b) 25 eV, and (c) 35 eV. Note the many and CID for OTC.
fragmentation peaks observed in this figure. They were Because the ratios of (M+H)" to (M+Na)* were different
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Fig. 4. SID mass spectra of chloramphenicol depending on in-source energy level.
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Fig. 5. CID mass spectra of chloramphenicol depending on MS collision energy level.

for AMP and OTC, their fragmentation patterns were aso
dissimilar to each other. Based on this result, we postulate
that the primary precursor ion is different in the AMP and

OTC analyses. As aresult, the mgjority of the AMP precur-
sor ions is in the (M+Na)* form, whereas OTC primarily
exists in the (M+H)"* form in the full scan mode. This may
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Fig. 7. CID mass spectrum of ciprofloxacin depending on MS collision energy level.

result in the distinct fragmentation patterns observed.

Little difference was observed between the fragmenta-
tion patterns of CFX and OTC in SID and CID. Thus, good
fragmentation spectra can be obtained by single or MS/MS.
However, this was not the case for AMP where the frag-
mentation patterns were determined by SID and CID.

Therefore, one needs aMS/M S to assay compounds such as
AMP It is possible to obtain a different outcome using only
single MS. The SID and CID methods produced similar
fragmentation spectrum, but different signal intensities dur-
ing the CAP analysis. However, CID has the advantage of
being a simple analytical method compared to SID.
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This study compared the MS spectrum of a series of
drugs using both SID and CID methods. More diverse frag-
mentation data was obtained using the CID mode for al

13

samples, whereas the data were not effectively controlled
using SID. There are many possible reasons for the observed
differences. Indeed, the fragmentation spectra were influ-
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enced by collison energy, mgor precursor ion, electro-
spray mode (positive or negative), and sample purity to
name a few. MS/IMS is certainly more efficient than single
MS for fragmentation. Moreover, the analysis is a much
more facile process when SID is used (e.g., only when sin-
gle MS is required and no extra information about the ana
Iyte is needed). Both fragmentation methods have some
advantages and disadvantages. Therefore, the fragmenta
tion method should be selected depending on the condition
or situation.
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