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Abstract : Probable human carcinogenic compounds nitrosamines, have been detected as by-product impurities in sartan phar-
maceuticals in recent years which has drawn worries for medication safety. To provide a sensitive and effective method for the
quality control of sartan pharmaceuticals, this study established a feasible gas chromatography—tandem mass spectrometry (GC—
MS/MS) method for simultaneous determination of 13 nitrosamines. The target analytes were separated on a DB-WAX Ultra
Inert column (30 m x 0.25 mm; i.d., 0.25 wm) and were then subjected to electron impact ionization in multiple reaction moni-
toring mode. The established method was validated and further employed to analyze authentic samples. Limits of detection
(LODs) and limits of quantification (LOQs) of the 13 nitrosamines were 15-250 ng/g and 50-250 ng/g, respectively, which also
exhibited intra-day and inter-day accuracies of 91.4-104.8%, thereby satisfying validation criteria. Five nitrosamines, viz., N-
nitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodiphenylamine, N-nitrosomorpholine, and N-nitrosopiperidine were
detected at concentrations above their LODs in 68 positive samples out of 594 authentic samples from seven sartans.

Keywords : angiotensin Il type 1 receptor blockers, carcinogens, gas chromatography, mass spectrometry, nitrosamines

Introduction

Nitrosamines, analog compounds that include the same
N-nitroso core structure (-N-N=0), are considered probable
human carcinogens; these compounds are generally found
in industrial manufacturing processes and environments.'
In common industries, such as the food, cigarette, cosmetics,
dye, pesticide, polymer, rubber, steel, and pharmaceutical
sectors, nitrosamines are present as by-product impurities in
the final products or as waste released into the environment.”
The formation of a nitrosamine involves a series of complex
reactions. While the mechanism of formation remains unclear,
it is understood to involve nitrosation by nitrite, which, in
turn, is affected by various factors, including the employments
of amines, nitrates, and nitrites, as well variations of
reaction conditions (such as pH, content, and concentration
of the precursors).”* The oxidation of unsymmetrical

*Reprint requests to Chi-Zong Zang, orcid.org
https://orcid.org/0000-0002-5633-876X
E-mail: heavenincry@fda.gov.tw

All MS Letters content is Open Access, meaning it is accessible online to
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published and distributed under the terms of the Creative Commons
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this license, authors reserve the copyright for their content; however, they
permit anyone to unrestrictedly use, distribute, and reproduce the content
in any medium as far as the original authors and source are cited. For any
reuse, redistribution, or reproduction of a work, users must clarify the
license terms under which the work was produced.
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dimethylhydrazine (UDMH) and the chlorination of nitrites
can also lead to the formation of nitrosamines.’

The evaluated excess lifetime cancer risk posed by
nitrosamines is 10°-10 in the 0.7-100 ng/L concentration
range for drinking water.®’” Since nitrosamines probably pose
cancer risks to humans, several have been regulated by the
international organizations or countries. For example, N-
nitrosodiethylamine (NDEA) and N-nitrosodimethylamine
(NDMA) have been categorized as Group 2A substances
(probably carcinogenic to humans) by the World Health
Organization (WHO), Group 1B substances (presumed to have
carcinogenic potential for humans) in the European Union, and
Group 2B substances (probable human carcinogens) in the
USA. In addition, N-nitrosodipropylamine (NDPA), N-nitro-
somethylethylamine (NMEA), N-nitrosomorpholine (NMOR),
and N-nitrosopiperidine (NPIP) are categorized as Group 2B
substances (possibly carcinogenic to humans) by the WHO.”*

NDMA, an impurity present in valsartan, was detected
and reported by Spain in 2018, which was announced via
the PIC/S Rapid Alert System. Initially, this unexpected
impurity was ascribed to a change in the manufacturing
process of valsartan active pharmaceutical ingredient (APT)
by a Chinese pharmaceutical company.”'® Subsequently,
more countries have reported the cases of nitrosamine-
contaminated sartan medicines.'™"* From these reports, the
nitrosamine contamination of sartan medicines has become
an urgent issue in the world-wide quality control of
pharmaceuticals.

Sartans are classified as angiotensin II receptor type 1
antagonists and are widely used to treat cardiovascular
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diseases, such as hypertension, heart failure, and myocardial
infarction.'*"> While minor impurities, such as the degraded
fragments of the target compounds, are produced within
the synthesis of sartan APIs, nitrosamines are not generally
expected to be produced following the methods applied for
synthesizing sartan APL'"® Unfortunately, some alterations to
the synthetic protocols have led to the formation of
nitrosamines. For example, the solvent used in the recovery
process can lead to the formation of nitrosamines. The aprotic
polar solvent used to manufacture sartans, especially
dimethylformamide (DMF), is recycled and quenched with
sodium nitrite (NaNO,) to remove residual azide formed
through the use of anhydrous zinc chloride (ZnCl,) and sodium
azide (NaN;), which leads to the formation of NDMA.'**

Since nitrosamines are probably carcinogenic to humans,
establishing an analytical method for the detection of
nitrosamines in pharmaceutical products has become an
important objective. Literatures have reported methods for
determining nitrosamines based on liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS).*"*
On contrast, several research teams have developed analytical
methods for few nitrosamines based on gas chromatography—
mass spectrometry GC-MS and GC-MS/MS methods.***
This study aimed to develop a GC-MS/MS method of larger
coverage for the screening of 13 nitrosamines in sartan
medicines. The established method was validated and further
employed to analyze authentic sartan medicines.

Materials and Methods

Chemicals and reagents

N-Nitrosodibutylamine (NDBA), NDEA, NDMA,
NDPA, NDMA-d4, and NDPA-d,;, were purchased from
AccuStandard (CT, USA). N-Nitrosoethylisopropylamine
(NEIPA), N-nitrosodiisopropylamine (NDiPA), and NMOR
were purchased from BOC Sciences (NY, USA), Chem
Service (PA, USA), and Sigma-Aldrich (MO, USA),
respectively. N-Nitrosodiphenylamine (NDPhA) and NPIP
were purchased from Supelco (PA, USA). N-Nitrosodiiso-
butylamine (NDiBA), N-nitrosodicyclohexylamine (NDCHA),
N-nitrosodiisononylamine (NDiNA), NMEA, N-nitrosodiethy-
lamine-d, (NDEA-d,;), and N-nitrosodiphenylamine-d,,
(NDPhA-d;;) were acquired from TRC (ON, Canada).
Chromatography-grade methanol was obtained from
Sigma-Aldrich (MO, USA). The chemical structures of the
13 nitrosamines analyzed in this study are shown in Fig. 1.
A total of 594 authentic samples of seven sartans, viz.
azilsartan medoxomil (19 final products), candesartan
cilexetil (4 APIs and 6 final products), irbesartan (35
APIs and 28 final products), losartan (68 APIs and 198
final products), olmesartan medoxomil (8 APIs and 18
final products), telmisartan (18 final products), and
valsartan (65 APIs and 127 final products), were
collected by local public health bureaus in Taiwan and
analyzed in this study.
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Instrumentation and chromatographic conditions

The experiments were conducted on a GC-MS/MS
system in which a 7890B GC instrument was coupled to a
7000C triple quadrupole mass spectrometer, both from
Agilent Technologies (Santa Clara, CA, USA). Data
acquisition and processing were performed using Agilent
Mass Hunter Quantitative Analysis B.06.00 and Mass
Hunter Qualitative  software. Chromatography  was
performed using an Agilent Technologies DB-WAX Ultra
Inert column (30 m x 0.25 mm; id., 0.25um), with the
performance of an Agilent J&W HP-5MS column (30 m %
0.25 mm; i.d., 0.25 pm) and an Agilent DB-624 column (60
m % 0.25 mm; i.d., 1.40 um) was also examined. The carrier
gas (helium) was set to a constant flow rate of 1 mL/min.
The GC operating parameters were as follows: pulsed split-
less injection mode, inlet temperature 250°C, and interface
temperature 250°C. The GC temperature program was set as
follows: the initial temperature of 80°C was held for 3.0 min,
after which it was raised to 250°C at 20°C/min and held for
3 min. A sample injection volume of 2 puL. was applied. The
total chromatographic run time was 14.5 min. The mass
spectrometer was operated in electron impact (EI) ionization
mode under the following conditions: ionization energy 70
eV, ion source temperature 230°C, and 1% & 2™ quadrupole
temperature 150°C. Analytes were monitored in multiple
reaction monitoring (MRM) mode. The MRM parameters,
including the MRM transitions, quantifiers, qualifiers, and
collision energies, are provided in Table 1.

Standard solution preparation

Stock solutions of the 13 nitrosamines and four internal
standards (ISs) were prepared in methanol at concentrations of
1000 pg/mL. The IS stock solution was diluted with
methanol to prepare 200 ng/mL IS solutions. Calibration
curves for the nitrosamines were prepared at seven points
in the 1-50 ng/mL concentration range, including the IS of
equivalent 20 ng/mL. All the stock and working solutions
were stored at -30°C. All reagents were brought to
controlled room temperature prior to use.
Sample preparation

Sartan matrices (100 mg; API or ground tablet powder), IS
solutions (500 pL; 200 ng/mL), and 4.5 mL of methanol were
transferred to a 15-mL centrifuge tube and mixed well to form
a homogeneous solution. It should be noted that methanol was
replaced with the standard solution of interest for validation
purposes. Each solution was sonicated for 30 min and then
filtered through a 0.22-um polyvinylidene fluoride (PVDF)
filter. The filtrate was collected as the sample solution and
subjected to analysis in this study.

Method validation

Linearity and sensitivity

Linearity was assessed by least-squares linear regression
analysis of the calibration curves. The calibration curves
were constructed by plotting the peak area ratio of the

©Korean Society for Mass Spectrometry



Screening of Nitrosamine Impurities in Sartan Pharmaceuticals by GC-MS/MS

H,

O C o)
- -
\C

H,

N-nitrosodimethylamine
(NDM &)

o\\ CH,

N_
H,C
M nitrosoethylisopropylamine (NEIPA)

//0

M nitrosomethylethylamine (NME &)

o CH,
N/
\—CH3

N-nitrosodiethylamine (NDE &)

CH,

HaC
CH,

W )
N—
’>—CH3
HyC

N-nitrosodiisopropylamine
(NDiP4)

e}
0o
T JH\a/ T//\)i N//
I
N N H,C. N CH
H;C/\/ \/\CHS H,C CH, 3 \/\/ \/\/ 5

N-nitrosodipropylamine (NDPA)

N-nitrosodiisobutylamine (NDiBA)

N-nitrosodibutylamine
(NDE&)

N-nitrosodiisononylamine (NDiNA)

“OMO OV 0

M nitrosodicyclohexylamine (NDCHA)

N.-ritrosopipericine (NPIP) N-ritrosomorpholine (NMOR)

Figure 1. Chemical structures of the 13 nitrosamines.

standard solution vs. IS determined by the analysis of 13
standard solutions with concentration range of 1-50 ng/mL.
The acceptable value for the correlation coefficient () was
0.995 and above. The limits of detection (LOD) and
quantification (LOQ) were selected as indices of sensitivity and
evaluated following the validation protocol of the International
Council for Harmonisation (ICH).> The LOD and LOQ were
determined based on signal-to-noise (S/N) ratios of 3 and 10,
respectively, whereas + 20% was set as the ion-ratio criterion.

Accuracy and precision

Prior to any assessment, the sartan matrices were
examined to ensure that no nitrosamines were present as

©Korean Society for Mass Spectrometry

O
Y
N// 7

M nitrosodiphenylamine
(NDPh&)

interferents. Accuracy, expressed as recovery (%), was
determined through quality control (QC) based on intra-
day and inter-day target analyte testing following the ICH
procedure.”*® The QC criteria are referenced to those of
the Taiwan Food and Drug Administration (TFDA): for 1-
10 ng/mL, recoveries of 60-125% and an RSD < 30%; for
10-100 ng/mL, recoveries 70-120% and an RSD of 20%.
Accuracy (%) was assessed by comparing the concentration
of the analyte determined in the matrix (A) with the
concentration of the standard solution (B) as follows: [A]/
[B] x 100%. Precision (RSD in %) was assessed at three
concentrations (5, 25, and 50 ng/mL) on the same day (n
= 3) and over three consecutive days (n = 9).

Mass Spectrom. Lett. 2021 Vol. 12, No. 2, 31-40 33
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Table 1. MRM parameters for the 13 nitrosamines and four ISs.

Ret.entlon MRM transition Dwell time CE
Analyte time (/%) (ms) (V)
(min)

74>42% 20
NDMA 5.004 74> 44 80 13
88>711 2
NMEA 5.556 88 > 42 45 15
102 > 85 2
NDEA 5.875 102> 356 45 15
116 >99* 2
NEIPA 6.225 116> 44 55 2
. 130 > 88* 2
NDiPA 6.470 130 > 42 55 10
130>113* 2
NDPA 7.113 130 > 43 40 13
. 115>84" 2
NDiBA 7.278 103> 57 40 g
116 >99* 2
NDBA 8.412 158 > 99 100 5
114> 84% 10
NPIP 8.643 114> 97 55 5
116> 86" 2
NMOR 9.139 116> 56 55 13
. 169 >99*° 12
NDiNA 11.606 281 =225 100 12
210> 128* 5
NDCHA 12.638 210> 111 150 5
169> 168 18
NDPhA 13.141 169> 167 65 30
NDMA-d, 4.996 80>46" 80 18
NDEA-d, 5.873 106 > 88 45 2
NDPA-d,, 7.049 110>78% 40 2
NDPhA-d,, 13.123 179>177% 80 18

#quantifier; CE: collision energy; MRM: multiple reaction moni-
toring

Results and Discussion

GC-MS/MS method development

As part of the optimization process, the efficacy of
different columns was investigated in order to determine
which was the most suitable for the chromatographic
analysis of the target analytes. Several columns have
reportedly been used to detect nitrosamines in non-water
matrices. Santillana et al. reported a GC-MS method for
the detection of eight nitrosamines in polymer teats and
soothers by applying an Agilent DB-624 column in which
the overall run time of the method was 30 min.?” The U.S.
FDA has specified GC-MS and GC-MS/MS methods for
the detection of nitrosamines in valsartan that use Agilent

34  Mass Spectrom. Lett. 2021 Vol. 12, No. 2, 3140

DB-WAX and VF-WAXms columns with overall run times
for both methods of less than 20 min.*** In the current
study, the three columns described in the “Instrumentation
and chromatographic conditions” section were examined.
The 13 nitrosamines (50 pg/mL in methanol) were separately
analyzed in full scan mode using the three columns and
the temperature program reported in the literature for
the chromatographic separation of the target analytes.”
Nevertheless, the reference method was not entirely
suitable for this study because a larger number of nitrosamines
was investigated; several analytes did not appear in the
chromatogram within the run time, and the entire analysis
process was inefficient, with loosely dispersed chromatographic
peaks. Hence, the method was adjusted to improve the peak
profile, with most analytes finally separated by applying the
temperature program described in “Instrumentation and
chromatographic conditions™ section. However, discrepancies
of the individual columns were observed in the chromato-
graphic separations, which are ascribable to the polarity
difference among the target analytes and columns. NDMA
and NMEA were coincident with the solvent peak (3 min)
using the HP-5SMS column, owing to the high polarity of both
analytes, while the remaining 11 nitrosamines exhibited split
peaks. On the other hand, NDiNA, NDCHA, NDELA, and
NDiPLA were not detected using the DB-624 column,
whereas the peaks for the remaining nine nitrosamines were
asymmetric. In contrast, the DB-WAX Ultra Inert column
demonstrated good resolution (more than 0.1 min between
adjacent analytes) and symmetric peaks for all 13
nitrosamines. Based on these results, DB-WAX Ultra Inert
column was adopted for further method development.

The MS/MS conditions were optimized in order to select
the best precursor and product ions for each analyte based
on the ions collected in full scan mode (in the 50-300 m/z
range). The ionization energy was appropriately set in
order to optimally fragment each analyte since the
ionization energy would affect screening efficacy and
target analyte quantification. The lower ionization energy
40 eV has been reportedly used to determine multiple
nitrosamines.”’ Therefore, the ionization energy was
initially set at 40 eV in this study. However, the scale of this
energy level was found to be insufficient to fragment those
nitrosamines with larger molecular weights. Consequently, the
ionization energy was adjusted to the higher level 70 eV; at this
energy level, all 13 nitrosamines were successfully ionized to
generate fragments suitable for MRM mode. The MRM
parameters for the 13 nitrosamines and 4 ISs are listed in Table
1, whereas the total ion chromatograms (TICs) of GC analysis
and MRM chromatograms for mass fragment are displayed in
Figure 2 and Figure 3, respectively. Although the qualifiers and
quantifiers of the analytes were determined according to the
relative intensities of the precursor and product fragments,
specific scenarios needed to be considered. For example, the
matrix can contribute ions to the analytes in MRM mode. In this
study, the matrix interfered with the 210 > 193 m/z qualifier ions

©Korean Society for Mass Spectrometry
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Figure 2. Total ion chromatogram of the 13 nitrosamines (25 ng/mL) and four ISs (20 ng/mL).

for NDCHA; hence, to avoid incorrect assignments, the 210 >
111 (m/z) qualifier ions were used instead, which helped to
diminished interference from the matrix.

Method validation

Linearity and sensitivity

The calibration curves for the 13 nitrosamines were
assessed in the 1-50 ng/mL concentration range, with the
criterion of correlation coefficient (r) for each analyte set
to 0.995 and above. The r values for all 13 nitrosamines
exceeded 0.995 (data shown in Table S1 of supplemental
data), revealing sufficient linearity in the concentration
range and indicating that the ISs used are suitable for the
quantification of the target analytes by applying the
developed method. The LOD and LOQ for each
nitrosamine in each sartan matrix, including the APIs and
final products, were determined and the data are listed in
Table 2. The lower limits were achieved for most analytes
during qualification and quantification; however, the
matrices significantly hindered quantification ions of
analytes at low concentrations, which affected the
determination of LOD and LOQ. This hindering effect is
attributable to the components of the matrices of final
products, such as the excipients, whereas few hindering
effects were observed for the API matrices. Among all
matrices, that of the losartan final product hindered most
analytes, including NDMA, NMEA, NDPA, NDiBA,
NMOR, and NDCHA. To diminish the hindering effects
of the matrices on LOD determination, solid phase
extraction (SPE) was applied to purify the samples.
Several cartridges (Agilent Bond Elut C18, 50 mg, 40
pm, 3 mL; Oasis MCX Vac, 60 mg, 30 um, 3 mL; Oasis
HLB Vac, 60 mg, 30 um, 3 mL) and elution conditions
were examined; however, no remarkable improvement
was observed owing to poor recoveries, which made
improving the LODs of the analytes difficult.

©Korean Society for Mass Spectrometry

GC—MS and GC-MS/MS methods have been developed
for determining nitrosamines in sartans. The U.S. FDA
established a GC—-MS/MS method for determining five
nitrosamines for which LODs of 1-10 ng/g were observed
for sartan APIs and 2—-16 ng/g for sartan final products.
Furthermore, LOQs were observed to range from 5 to
25 ng/g in sartan APIs and from 8 to 40 ng/g in sartan final
products.”’ Health Canada announced a GC-MS/MS
method for detecting NDMA and NDEA in sartan APIs,
with LODs of 2 ng/g for both nitrosamines, and LOQs of
5.4 ng/g and 7.3 ng/g, respectively.** Compared to the
methods reported in the literature, the GC—MS/MS method
developed in this study is effective for a larger variety of
analytes and displays sufficient sensitivity for the detection
and determination of nitrosamines in sartans.

Accuracy and precision

The intra-day accuracies for the 13 analytes in the sartan
APIs were determined to be 97.0-103.5% with precisions
of 0.5-9.7%, whereas these values were 91.4-104.2% and
1.2-7.9% for the sartan final products, respectively. The 13
analytes in the sartan APIs exhibited inter-day accuracies of
97.8-104.8% with precisions of 1.5-12.2%, whereas the sartan
final products exhibited values of 92.9-103.3% and 1.6-7.1%,
respectively. Therefore, the accuracies and precisions of the 13
analytes in the sartan matrices, including the APIs and the
final products, are compliant with the criteria set in “Accuracy
and precision” section (all data were shown in Table S2 and
S3 of supplemental data).

Application to authentic samples

The validated method was further applied to analyze the
sartan samples collected from the pharmacies and
pharmaceutical manufacturers. A total of 594 authentic
samples from seven sartans were analyzed, the results of
which are summarized in Table 3. Five nitrosamines,
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Table 2. LODs and LOQs for the 13 nitrosamines (APIs).

Matrix
Analyte Cacrillde (;s;l;tlan Irbesartan Losartan gqlerzilzzr;?ir]l Valsartan
LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g)
NDMA 0.025 0.05 0.025 0.05 0.025 0.05 0.25 0.25 0.025 0.05
NMEA 0.025 0.05 0.025 0.05 0.025 0.05 0.025 0.05 0.015 0.05
NDEA 0.025 0.05 0.025 0.05 0.025 0.05 0.015 0.05 0.025 0.05
NEIPA 0.025 0.10 0.025 0.10 0.015 0.10 0.015 0.10 0.025 0.15
NDiPA 0.015 0.05 0.015 0.05 0.015 0.05 0.025 0.05 0.015 0.05
NDPA 0.25 0.25 0.025 0.05 0.025 0.05 0.025 0.05 0.015 0.05
NDiBA 0.05 0.10 0.05 0.10 0.05 0.10 0.10 0.10 0.05 0.10
NDBA 0.015 0.05 0.015 0.05 0.015 0.05 0.015 0.05 0.025 0.05
NPIP 0.015 0.05 0.025 0.05 0.015 0.05 0.025 0.05 0.025 0.05
NMOR 0.025 0.05 0.025 0.05 0.015 0.05 0.025 0.05 0.025 0.05
NDiNA 0.025 0.05 0.025 0.05 0.025 0.05 0.025 0.05 0.025 0.05
NDCHA 0.025 0.05 0.025 0.05 0.025 0.05 0.025 0.05 0.025 0.05
NDPhA 0.015 0.05 0.015 0.05 0.015 0.05 0.05 0.05 0.015 0.05
Note: Five sartan APIs merchandised in Taiwan were tested.
Table 2. (Continued, final products)
Matrix
Analyte ﬁ:&g}ﬁ?l Cac?iis:t?lan Irbesartan Losartan gggzii?naﬁ Telmisartan Valsartan
LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ
(hg/e) (ng/e) (ng/e) (ng/e) (ng/y) (ng/e) (ng/e) (ngle) (ngle) (ng/e) (ng/e) (ngle) (ngle) (nglg)
NDMA 030 030 0.025 0.05 005 005 025 025 025 025 0.10 0.15 0.025 0.05
NMEA 0.025 0.05 0.015 0.05 0.025 0.05 0.025 0.05 0.10 0.10 0.025 0.05 0.025 0.05
NDEA 005 005 0.025 0.05 0.025 0.05 0.025 0.05 0015 0.05 0.025 005 0.025 0.05
NEIPA  0.05 0.10 005 0.10 0.025 0.10 005 010 005 015 0.05 0.10 0.05 0.10
NDiPA  0.025 0.05 0.015 0.05 0.025 0.05 0.025 0.05 0.025 005 005 0.05 0.025 0.05
NDPA  0.025 0.05 0.05 005 0.025 005 015 015 0.15 0.I5 0.05 0.10 0.015 0.05
NDiBA 025 025 0.05 0.05 0.05 005 005 005 005 005 0.10 0.15 0.05  0.05
NDBA 0.025 0.05 0.015 005 0015 0.05 0.015 005 0.015 005 0025 005 0.025 0.05
NPIP 0.025 0.05 0.015 0.05 0.015 0.05 0.015 005 0.025 005 0.025 0.05 0.025 0.05
NMOR 0.025 005 005 0.05 0.015 005 005 005 0025 0.05 0.05 005 0.025 0.05
NDIiNA 0.015 0.05 0.015 0.05 0.015 0.05 0015 0.05 0025 0.05 0.05 010 0.025 0.05
NDCHA 0.025 0.05 0.025 0.05 0.025 0.05 025 025 025 025 0.025 0.15 0.05  0.05
NDPhA 0.015 0.05 0.025 0.05 0.015 0.05 0.015 005 0.015 005 0.025 0.05 0025 0.05

including NDMA, NDEA, NDPhA, NMOR, and NDIP
were detected at concentrations above their LODs in 68
positive samples of losartan, irbesartan, and valsartan.
Among the samples, the valsartan products included 57
positive samples (duplicated samples excluded) with the
highest nitrosamine contents (NDMA, 99,790 ng/g). In

38  Mass Spectrom. Lett. 2021 Vol. 12, No. 2, 3140

addition, these positive samples were found to contain
multiple targets, with NDEA detected most frequently in
these samples. On the basis of these results, we conclude
that the developed method is a sensitive and effective
technique for monitoring and quantifying multiple
nitrosamines in sartans.

©Korean Society for Mass Spectrometry



Table 3. Nitrosamines detected in authentic sartan samples.

Screening of Nitrosamine Impurities in Sartan Pharmaceuticals by GC-MS/MS

Sartan
Target Item Valsartan Losartan Irbesartan
(192 pcs) (266 pcs) (63 pcs)
Positive samples (pcs) 54 0 0
NDMA Detection rate (%) 28.1 - -
Content (pg/g) 0.06-99.79 ND ND
Positive samples (pcs) 11 4 5
NDEA Detection rate (%) 5.7 1.5 7.9
Content (ug/g) 0.11-8.84 0.07-0.20 0.10-0.14
Positive samples (pcs) 1 1 1
NDPhA Detection rate (%) 0.5 0.4 1.6
Content (pg/g) 0.12 0.10 0.06
Positive samples (pcs) 2 0 0
NMOR Detection rate (%) 1.0 - -
Content (ug/g) 0.16 ND ND
Positive samples (pcs) 2 0 0
NPIP Detection rate (%) 1.0 - -
Content (pg/g) 0.12 ND ND
Conclusion 4. Piazzoli, A.; Breider, F.; Aquillon, C. G;; Antonelli, M.;

In this study, we successfully developed a GC-MS/MS
method for monitoring and determining 13 nitrosamines in
sartans. The method was validated and satisfactorily applied to
analyze authentic samples. Therefore, the developed method
can be used for quality-monitoring purposes during the
manufacture of sartan pharmaceuticals.
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Abstract : Collision-induced dissociation (CID) and higher-energy collisional dissociation (HCD) are the widely used fragmenta-
tion technique in mass spectrometry-based proteomics studies. Understanding the fragmentation pattern from the tandem mass
spectra using statistical methods helps to implement efficient spectrum analysis algorithms. The study characterizes the frequency
of occurrence of multi-charged fragment ions and their neutral loss events of doubly and triply charged peptides in the CID and
HCD spectrum. The dependency of the length of the fragment ion on the occurrence of multi-charged fragment ion is characterized
here. Study shows that the singly charged fragment ions are generally dominated in the doubly charged peptide spectrum. However,
as the length of the product ion increases, the frequency of occurrence of charge 2 fragment ions increases. The y- ions have more
tendencies to generate charge 2 fragment ions than b- ions, both in CID and HCD spectrum. The frequency of occurrence of charge
2 fragment ion peaks is prominent upon the dissociation of the triply charged peptides. For triply charged peptides, product ion of
higher length occurred in multiple charge states in CID spectrum. The neutral loss peaks mostly exist in charge 2 states in the triply
charged peptide spectrum. The b-ions peaks are observed in much less frequency than y-ions in HCD spectrum as the length of the

fragment increases. Isotopic peaks are occurred in charge 2 state both in doubly and triply charged peptide’s HCD spectrum.
Keywords : CID, HCD, fragmentation pattern, multi-charged ions, LC-MS/MS

Introduction

Tandem mass spectrometry (MS/MS) is the most widely
used technology to characterize the peptides in the
complex sample." The proteins are digested into peptides
and analyzed in MS1. The parent peptide ion isolated from
MS1 is dissociated and analyzed in MS2. Different
dissociation technique creates different patterns of
fragmentation spectra. HCD and CID fragment the peptide
at its amide bond along its peptide backbone generates
predominantly N-terminal b-ions and C-terminal y-ions.
The b- & y-type fragment ions can further fragment by
losing small neutral molecules, creates neutral loss b- & y-
ion peaks in the spectrum. The difference in collission
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energy in CID and HCD dissociation causes changes in
their fragmentation spectra.

The basic theory of peptide fragmentation was first
explained by Wysocki et al. in their mobile proton
hypothesis.” The parent ion proton moves along the amide
bond and cleaves its backbone at the most favorable point.
Kapp et al.’ proved that the mobility of charge is hindered
by the basic residues within the peptide. The different
fragmentation pathways are extensively investigated in the
literature. The researchers have studied the fragmentation
patterns using statistical analysis of the large set of data. The
data mining and machine learning approaches were used to
analyze the spectral pattern, which proves the residue-specific
cleavage preferences of CID fragmentation pattern.*® The
statistical analysis of neutral loss events also proved the
influence of residues in the fragmentation pattern. Most of
the works are focused on the intensity information from the
mass spectrum. Shao et al.’” characterised the HCD and
CID spectrum and found that the intensity of y- ions
reached a maximum in the 60-70% and 40-50% relative
mass bins of HCD spectra from doubly and triply charged
peptides, respectively. The multi-charged fragment ions were
analyzed based on the relative mass bins. Zubarev et.al’
compared CID cleavage selectivity to ECD (electron capture
dissociation). They found that the yn-2 (n refers to peptide
length) fragment had the highest intensity of all y ions.
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Multi charged peptide dissociates into singly charged
fragment ions, or the entire charge may retain on one
fragment. The fragmentation of the doubly charged peptide
generates singly and doubly charged fragment ions.
Similarly, the fragmentation of triply charged peptides
generates singly, doubly, and triply charged fragment ions.
The x-axis of the tandem mass spectra has the mass/charge
(m/z) value of fragment ion. The m/z of the doubly charged
fragment ion will be nearly half of that of its singly
charged fragment ion. Similarly mass of triply charged
fragment ion will be nearly 1/3 of its singly charged
fragment ion. Hence the generation of multi-charged
fragment ions creates the more complex pattern in the
tandem mass spectrum. For example, the CID spectrum of
the doubly charged peptide ‘DKGEAENEAKPIDVK’ is
shown in the Figure 1. The singly and doubly charged
fragment ion y10 (yl10+ & yl0++) are appeared at m/z
251.11 & 571.80 respectively in CID spectrum. Not all
fragment ions appeared in both charge states. Hence it is
necessary to characterize the occurrence of multi charged
fragment ions in the tandem mass spectrum for the reliable
interpretation of the spectrum.
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Figure 1. CID spectrum of the peptide ‘DKGEAENEAKPIDVK’.

In this study, the frequency of occurrence of multi-
charged fragment ions of doubly and triply charged
peptides in HCD & CID spectra is analyzed. The
dependency of the number of residues in the fragment is
characterized here.

Method

Dataset

The CID spectrum of doubly and triply charged peptides
were downloaded from the NIST human peptide spectral
library (chemdata.nist.gov).'’ The spectral library provides
high-quality reference consensus spectrum annotated with
peptide for mass spectrometry-based proteomics studies.
Dataset consists of 87661 and 29153 mass spectra of
doubly & triply charged tryptic peptides, respectively, with
no missed cleavage, and modifications are used for this
study.

The HCD spectra of doubly and triply charged peptides
were downloaded from ProteomeTool project spectral
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library."" It contains high-quality reference spectra of
synthetic peptides of human proteome analyzed on LTQ
Orbitrap fusion. Dataset consists of 188514 and 64087
mass spectra of doubly & triply charged tryptic peptides,
respectively, with no missed cleavage and modifications
are used for this study.

Methodology for analyzing multi-charged fragment ion
peaks pattern
The relative frequency information was used to
characterize the fragment ions and the neutral loss events
in our previous studies.'>® Here also, the frequency of
occurrence of fragment ion peaks is estimated to
characterize the multi-charged fragment ion peaks in CID
and HCD spectrum. The frequency statistics are calculated
with respect to the length of the fragment ion or the
position of the cleavage site along the length of the peptide.
The maximum length of peptide considered in this study is
21. Hence the length of the fragment ion can vary from 1-
20. The dataset contains large set of spectra of known
sequences. From the peptide list, the possible number of
times a particular ion b/y ion can be generated upon a
cleavage position along the length of the peptide is
estimated and is denoted as N',. Here ‘t’ denote fragment
ion type b-/y- ion, ‘n’ denotes the number of residues in the
fragment ion. From the CID & HCD spectra, the actual
number of times an ion observed in the spectra is estimated
and denoted as C',,. The frequency of occurrence of a
fragment ion with respect to the length of the fragment is
calculated using equationl.
Ct
Fi(n) = ?\? (M
Where, p € { bn+, bn++, yn+, ynt+ in case of
doubly charged peptide spectrum
bn+, bn++, bn+++, yn+, yn++, yn+++
in case of triply charged peptide spectrum}

Here ‘p’ represents the singly and multi charged b- & y-
ions comprising of the allied peaks of neutral losses and
isotopic peaks. The study focused on the analysis of b- &
y- ion peaks corresponding to the loss of nominal mass
units: b/y- 17 (NH;), 18 (H,0), 34 (NH;+NH;), 35 (NH;+
H,0), 36 (H,0 + H,0).

Results and Discussion

In our previous studies, we characterized the fragment ion
peaks and their neutral loss peaks for the comprehensive
understanding of the fragmentation pattern. The studies
have proved the influence of residue-specific and position-
specific cleavage preferences of CID fragmentation
pattern.'>'? The statistical features extracted were found to be
consistent with the log-transformed intensity of the
experimental spectrum. Hence, the features were efficiently
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used to model the CID spectra and to identify the peptide from
the CID spectra.'*" In this study, the frequency of occurrence
of multi-charged fragment ions on CID and HCD spectra is
characterized and compared. Shao et al. proved that the
percentage of multi-charged fragment ions gradually
increases with an increase in the relative mass of fragment.’
The relative mass is the fragment ion mass divided by the
precursor mass. In the triply charged peptide spectrum, the
multi-charged fragment ions are prominent in the higher
relative mass region. The dependency of the number of
residues in the fragment ion is investigated in this study.

Characterization of multi-charged fragment ions in
doubly charged peptide spectrum

The influence of the length of fragment ions for the
generation of fragment ions in charge 2 states in the doubly
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Figure 2. Charge state of fragment ions versus the length of the
fragment. The relative frequency of occurrence of fragment ions
b+, b++, y+, and y++ along the length of the peptide in CID and
HCD spectrum is shown in Figure 2(a) and 2(b), respectively.
The x-axis represents the length of the fragment ion. Y-axis
represents the relative frequency of occurrence of fragment ion
peaks.
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charged peptide spectrum is characterized here. Initially,
the fragment ions- b or y ions encompass all its allied
peaks. The relative frequency of occurrence of charge one
and two fragments of b- & y- ions plotted with respect to
the length of fragment ion in CID and HCD spectrum are
shown in Figure 2(a) and 2(b), respectively.

Figure 2 shows that the occurrence of singly charged
fragment ion peaks dominated in the doubly charged
peptide’s spectrum. The occurrence of charge 2 fragment
ion peak increases as the length of the fragment ion
increases. The y-ion has more tendencies to be in the y++
state. As the length of the fragment greater than 14, the
frequency of occurrence of y++ ions are higher than the y+
ion. Compared to CID spectrum, HCD spectrum has the
lesser frequency of occurrence of b-ion, and has very less
b++ fragment ions. The frequency of occurrence of y-ions
are higher in HCD spectrum as shown in Figure 2(b).
Hence, it is inferred that, with the increase in length of the
peptide, the frequency of occurrence of doubly charged
fragment ion peaks in the CID & HCD spectrum increases.
The b-ions peaks observed much less frequency than y-ion
in HCD spectrum as the length of the fragment increases.
This is because b-ions are less stable due to higher
collision energy.’

Considering the neutral loss events and isotopic events in
the CID & HCD spectrum of doubly charged peptides, the
percentage of occurrence of charge 2 fragment ion of b-
and y-type ion is shown in color map Figure 3(a) and 3(b),
respectively. The color map emphasis how frequently the
allied peaks of b-ion such as b-, b-isotopic, b-17, b-18, b-
34, b-35, b-36, b-44, b-45, b-46, b+18 and y-ion such as y-, y-
isotopic, y-17, y-18, y-34, y-35, y-36, y-44, y-45, y-46
occurred in charge 2 state as the length of fragment
increases. The loss peak y-35 is not available in CID
spectrum, hence not shown in colormap.

Figure 3 shows that as the length of the fragment
increases, the neutral loss peaks are more frequently
observed in charge 2 states. The loss of multiple neutral
molecules, hence the generation of b-34, b-35, b-36, y-34,
y-35, y-36 peaks more frequently observed in charge 2
state. In the case of y-ion, as the length of the fragment
increases, the loss peaks of y-ions are frequently observed
in charge 2 state. The isotopic peaks of b- & y-ions are
frequently occurred in charge 1 state in CID spectrum,
while in HCD spectrum, isotopic peaks mostly occur in
charge 2 state in the doubly charged peptide’s spectrum.

Characterization of multi-charged fragment ions in tri-
ply charged peptide spectrum

The influence of the length of the fragment for the
generation of fragment ions in the charge 2 & 3 states in
triply charged peptide spectrum is characterized here. The
triply charged peptide undergoing fragmentation can generate
singly, doubly, and triply charged fragment ions. The
frequency of occurrence of b- & y- ions (encompassing its
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Figure 3. Percentage of occurrence of charge 2 state fragment ions among the fragment ion peaks. The x-axis represents the length of the

fragment ion. Y-axis represents the allied peaks of b- & y-ions.
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Figure 4. Charge state of fragment ions versus the length of the
fragment. The figure shows the relative frequency of occurrence
of fragment ions b+, b++, b+++, y+, y++, and y+++ along the
length of the peptide. The x-axis represents the length of the
fragment ion. Y-axis represents the relative frequency of
occurrence of fragment ion peaks.
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allied peaks) along the length of the peptide in charge 1, 2 &
3 states in CID and HCD spectrum are plotted in Figure 4(a)
and 4(b) respectively.

From Figure 4(a) it is clear that, with the increase in the
length of the fragment, the multi-charged fragment ion peaks
are more frequently observed than singly charged fragment
ion. Charge 2 fragment ion peaks are more prominent in the
triply charged peptide spectrum. At higher length, the multiple
charge state fragment ions are produced in the CID spectrum.
In the HCD spectrum (Figure 4(b)), b-ions are observed in
much less frequency as the length of the fragment ions
increases. Singly charged b-ions are more frequently
observed than the charge 2 state. Singly charged y-ions
occurred in higher degree at lower length and y++
fragment ions dominated in the triply charged peptide’s
HCD spectrum as the length of the fragment ion increases.

Considering the neutral loss peaks and isotopic peaks in
the CID & HCD spectrum of triply charged peptides, the
percentage of occurrence of multi charged fragment ion of
b- and y-type ion is plotted in the color map (Figure 5).
Figure 5.i shows the percentage of occurrence of charge 2
b- & y- fragment ions and their allied peaks, respectively.
Figure 5.ii shows the percentage of occurrence of charge 3
b- & y- fragment ions and their allied peaks, respectively.

The key results examined from the Figure 5 are discussed
as follows. The frequency of occurrence of charge 2
fragment ion peaks is prominent upon the dissociation of
triply charged peptides. The multi-charged neutral loss peaks
increases as the length of the fragment ion increases. The
neutral loss peaks of y-ions have more tendency to exist in
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Figure 5. The percentage of occurrence of fragment ion peaks with charge 2 & 3 state. The x-axis represents the length of the fragment

ion. Y-axis represents the allied peaks of b- & y-ions.

charge 2 state. The loss of water from y-ion (y-18 & y-36)
has shown different patterns to exist in charge 3 state in CID
spectra. Hence it can be inferred that the charge 3 fragment
ion of y-ion has more tendency to lose water from its ions.
Dissociation of a triply charged peptide is more likely to

©Korean Society for Mass Spectrometry

generate doubly charged isotopic peaks than the singly and
triply charged isotopic peaks of b- & y- ions. In CID spectra,
doubly charged isotopic peaks prominent in higher length
fragment ion, while in HCD spectra, doubly charged isotopic
peaks are prominent from lower length.
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Conclusions

The occurrences of multi-charged fragment ions in the
tandem mass spectrum add more complexity to the
spectrum, hence the reliable interpretation of peptide
sequence from the spectrum. The relative frequency of
occurrence of multi-charged fragment ions in the doubly and
triply charged peptide spectrum is studied here. Study shows
that the singly charged fragment ions are generally dominated
in the doubly charged peptide CID & HCD spectrum.
However, as the length of the product ion increases, the
frequency of occurrence of charge 2 fragment ions increases.
The y- ions have more tendencies to generate charge 2
fragment ions than b- ions. In HCD spectrum, the relative
frequency of occurrence of b-ions are much lesser than y-ion
as the length of the fragment ion increases. The consecutive
loss of ammonia and water from the y-ion occurs mostly
from the doubly charged fragment ion y++. In the doubly
charged peptide spectrum, isotopic peaks are more likely to
occur in the singly charged state in CID spectrum and in
the charge 2 state in HCD spectrum. For triply charged
peptides, product ion of higher length occurred in multiple
charge states. In both CID and HCD spectrum, isotopic
peaks are more likely to occur in charge 2 state upon the
dissociation of a triply charged peptide. Multi-charged
neutral loss peaks gradually increases as the length of the
fragment increases. Neutral loss from y-ions shows a
higher tendency to exist in charge 2 state. In CID spectrum,
the loss of water from y-ion (y-18 & y-36) has shown
different patterns to exist in charge 3 state. Thus charge 3
fragment ion of y-ion has more tendency to lose water
from its ions. The study provides the statistical trends of
occurrence of fragment ion peaks in the mass spectrum,
which helps in reliable interpretation of the peptide from
the CID & HCD spectrum.
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Abstract : Evaluating the impurity concentrations in semiconductor thin films using time of flight secondary ion mass spec-
trometry (ToF-SIMS) is an effective technique. The mass interference between isotopes and matrix element in data interpretation
makes the process complex. In this study, we have investigated the doping concentration of phosphorus in, phosphorus doped sili-
con thin film on glass using ToF-SIMS in the dynamic mode of operation. To overcome the mass interference between phosphorus
and silicon isotopes, the quantitative analysis of counts to concentration conversion was done following two routes, standard rela-
tive sensitivity factor (RSF) and SIMetric software estimation. Phosphorus doped silicon thin film of 180 nm was grown on glass
substrate using hot wire chemical vapor deposition technique for possible applications in optoelectronic devices. Using ToF-SIMS,
the phosphorus-31 isotopes were detected in the range of 10'~10* counts. The silicon isotopes matrix element was measured from p-
type silicon wafer from a separate measurement to avoid mass interference. For the both procedures, the phosphorus concentration
versus depth profiles were plotted which agree with a percent difference of about 3% at 100 nm depth. The concentration of phos-
phorus in silicon was determined in the range of 10'°~10?" atoms/cm’. The technique will be useful for estimating distributions of

various dopants in the silicon thin film grown on glass using ToF-SIMS overcoming the mass interference between isotopes.
Keywords : ToF-SIMS, HWCVD, phosphorus, mass interference, RSF, thin film, glass

Introduction

An accurate quantification of the dopant profile in
semiconductor is a complex task even today with the
scaling down of devices such as, transistors' and thin film
solar cell.” The dopants concentration in the semiconductor
can be simulated using stopping and range of ions in matter
(SRIM) computation code’ from an ion implanted sample.
For generalised samples, secondary ion mass spectrometry
(SIMS) is widely used in the semiconductor material
characterization.*>® The process allows the in-depth detection
of various isotopes on the top or below the surface of a
sample.” The mass interference between isotopes and matrix
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element makes the data interpretation process complex.
Particularly, the detection of phosphorous in silicon suffers
from the mass interference. The quantification of
phosphorus or other dopant is critical for the performance
of the electronics devices from various processes, such as,
metal organic vapor phase epitaxy (MOVPE),® atomic
layer deposition (ALD)’ and chemical vapour deposition
(CVD)." The analysis of phosphorus in the silicon thin films
were executed in a high mass resolution (m/Am>10000)"
magnetic sector SIMS to separate phosphorus-31 (*'P) and
hydrogenated silicon (*"Si'H) isotopes.'? The magnetic sector
SIMS such as IMS-6f from Cameca, France, was used to
eliminate the mass interference during data acquisition."*'* In
the years 2010-2020, time of flight (ToF) SIMS is being
widely used in academia due to its high sensitivity to trace
elements, two dimensional elemental mapping (imaging)
capacity, surface analysis of insulating/conducting material
and the depth profiling at nano meter scale."” High depth
resolution ToF-SIMS with charge compensation has also
been used to examine secondary ion depth profiles relative
to P and Si elements.'

In this article, phosphorus doped silicon thin film of
180 nm was grown on glass substrate using hot wire
chemical vapor deposition (HWCVD) technique for possible
applications in optoelectronic devices. The phosphorus
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Table 1. Veeco Dektak 150 surface profiler data for the crater depth and the scanning length.

o Cursor width ~ X-axis position  Crater length Y-axis position Crater depth
Sample name Cursor position
(mm) (mm) (mm) (nm) (nm)
Left 0.08 0.1534 0.9088
Reference phosphorus . 0.9028 1137.18
Middle 0.08 0.6049 -1093.40
) Right 0.08 0.9103 0.6210
87-nSi-Glass . 0.8764 242.45
Middle 0.08 0.4721 -243.31
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Figure 1. The total depth of the crater for i) reference phosphorus diffused silicon wafer is 1137.18 nm and for ii) 87-nSi-Glass
phosphorus doped silicon thin film using HWCVD on glass is 242.45 nm measured using the Veeco Dektak 150 surface profiler.

concentration in the hydrogenated silicon thin film on glass
was evaluated by ToF-SIMS using dynamic mode of
operation. To avoid the mass interference, only *'P isotope
in silicon was measured. The matrix elements of silicon
isotopes (*Si, *’Si'H) were detected in separate measurements.
The quantitative analysis of counts to concentration conversion
was done following two routes, standard relative sensitivity
factor (RSF) with the silicon matrix element and SIMetric
software (SW) estimation from reference sample without
the silicon matrix element.

Experimental

Sample Preparation

Three samples were studied in this work. i) The
phosphorus doped microcrystalline silicon thin films were
grown on glass substrate using gas flow ratio of
SiH4:H,:PH; = 2:50:1 sccm as an emitter layer in p-i-n
diode'”. The thin silicon film was synthesized by HWCVD
technique at 350°C substrate temperature with a tantalum
filament kept at a temperature of 1650°C." The growth
duration was 45 min for 180 nm thin film." ii) An infrared
laser from single emitter diode source with wavelength
1064 nm by SPI lasers limited, Germany was used to
anneal the phosphorus doped silicon film on glass.” iii)
The reference phosphorous sample was prepared in a
diffusion furnace at 890°C for 15 min on 2 inch diameter
n-type silicon wafer.”' This diffusion process allows the
phosphorus atoms to diffuse at about 600 nm.

Depth Profile analysis
The total crater depth was measured using the Veeco
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Dektak 150 surface profiler and the corresponding data is
given in Figure 1 and Table 1. The sputtering rate for the
Reference phosphorus diffused silicon wafer is 0.28 nm/s,
where the crater depth is 1137.2 nm as shown in Figure
1(1) and total sputtering duration is 4020 s. The sputtering
rate for 87-nSi-Glass phosphorus doped silicon thin film on
glass using HWCVD is 0.30 nm/s, where the total crater
depth is 242.5nm as shown in Figure 1(ii) and total
sputtering duration is 820 s.

ToF-SIMS data acquisition

To measure the secondary ion counts, the PHI nano ToF
IT TRIFT was used from Physical Electronics, MN, USA.
In this process, a 10 ns pulsed liquid metal ion gun (LMIG)
uses Gallium (Ga") sources to produce ions as primary ion
beam to ionise the surface molecules.”> The beam energy
was kept 30 kV with a beam current of 15 nA and the
raster size 300 x 300 um>* The caesium ion (Cs’) gun
was used as sputtering tool to produce the negative
secondary ions.** In the literature, dual beam IONTOF IV
from Germany was used to profile phosphorus concentration
with the Ga" ion gun at 25kV, 1 pA for analysis and the
Cs" ion gun at 1 kV, 80 nA for sputtering in the negative
mode of operation.”” In this study, the phosphorus isotope
(*'P) was detected as secondary ions. The silicon isotope
(*°Si) as the matrix elements were detected in a separate
measurement from a p-type silicon wafer’® The *°Si
isotope counts was measured independently to avoid mass
interference as well as to enhance the signal intensity.”’ The
optimized scanning parameters for better depth resolution and
improved detection limit are given in the Table 2.
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Table 2. ToF-SIMS scanning parameters for the detection of phosphorus isotope (*'P) in silicon thin film using caesium ion (Cs")

sputtering gun.

Phosphorus thin film Sputtering beam Sputtering beam Sputtering beam Sputtering

Mass analyser

Sample Name thickness (nm) current (A) energy (kV) raster area (um’) duration (s) analysing duration (s)
408-Reference phosphorus 1000
421-87-nSi-Glass 180 8.23 x 10°® 3 300 x 300 20 60
422-87-nSi-Glass-Laser 180

Table 3. Part of the data for the conversion of ToF-SIMS counts to concentration-depth profile. The complete data set is provided as

supportive material.

Crater depth . Me'flsure(i 1 Mea350ur.e.d intensity of Phosphorgs Phosphgrus conce.ntrat.ion Percent
[Cycle number x Sputtering mtepsxty of °'P . 'Sl in p-typze6 conpentratlon SIMetrlc. SW estimation difference
Duration (5) x Sputtering rate (nmys)] (nm) isotope silicon wafer (using Eq. 31) (using Eq. 3) %)
(counts) (counts) (atoms/cm™) (atoms/cm”)
i) 408-Reference phosphorus diffused silicon wafer
5.66 3023 33616 3.07E+20 2.29E+20 29
11.32 2884 46138 2.13E+20 2.18E+20 2
16.97 2913 47072 *2.11E+20 **2 20E+20 4
ii) 421-87-nSi-Glass phosphorus doped silicon thin film on glass using HWCVD
591 7947 33616 8.06E+20 6.01E+20 29
11.83 5800 46138 4.29E+20 4.38E+20 2
17.74 5192 47072 3.76E+20 3.93E+20 4
iil) 422-87-nSi-Glass-Laser phosphorus doped silicon thin film on glass using HWCVD
591 10924 33616 1.11E+21 8.26E+20 29
11.83 15561 46138 1.15E+21 1.18E+21 2
17.74 15866 47072 1.15E+21 1.20E+21 4
*Using equation 1, Cp = 1.1 x 10™ x 0.031 x ‘% )=2.11 x 10™ atoms/cm’

*#* Using equation 2, Cp = 7.56 x 10'® x 2913=2.2 x 10> atoms/cm”

Results and Discussion

The ToF-SIMS signal is interpreted using relative
sensitivity factor for Phosphorus Counts to concentration
conversion. The concentration of phosphorus (Cp) in
silicon is calculated using the following equations;
equation 1 using the silicon matrix element and equation 2
without the matrix element,”

T

Cp= RSFp(si)X%BOSiX(w) .
L3gsi

Cp = RSFpsi st X Ipsiy @

Here, Cp is Concentration of phosphorus in silicon,
RSFyi is the relative sensitivity factor of phosphorus in
silicon,28 %°%Si is the fractional isotope abundance of 304
isotope in silicon,” Ips;) is the intensity of phosphorus
isotope (*'P) counts using Cs" gun, Lyg; is the intensity of
silicon isotope (*°Si) counts on a p-type silicon wafer™
using ToF-SIMS and RSFps; st is the relative sensitivity
factor of phosphorus in silicon estimated using SIMetric
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SW peak fitting tool from the 408-Rreference phosphorus
diffused silicon wafer. Table 3 shows the part of data used
in the phosphorus counts to concentration conversion
calculation. The complete data table is provided with the
article as supplementary material.

The Table 3 is used to plot phosphorus concentration
versus crater depth curve for the i) Reference Phosphorus,
ii) 87-nSi-Glass and iii) 87-nSi-Glass-Laser as shown in
Figure 2 and 3 respectively. Figure 2 shows the concentration
of phosphorus, diffused in n-type silicon wafer for
Reference Phosphorus sample along with the SIMetric SW
estimated curve. The concentration of phosphorus at the
top surface of the silicon wafer is 2 x 10* atoms/cm’,
which is in agreement with the value 4.3 x 10** atoms/cm’
obtained using CAMECA SC Ultra high resolution SIMS
by Beljakowa et al..” Figure 3 shows the concentration of
phosphorus in (i) 180 nm microcrystalline silicon thin film
grown on glass using HWCVD and (ii) infrared laser
(1064 nm) annealed micro crystalline silicon thin film grown
on glass using HWCVD along with the corresponding
SIMetric SW estimated curve respectively. From Figure
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Figure 3. Phosphorus concentration — depth curve of sample (i)

421 87-nSi-Glass, and (ii) 422 87-nSi-Laser-Glass.

3(1), the concentration of phosphorus thin film is
3.25 x 10% atoms/cm’ at the top and this remain uniform
over the top 180 nm. The Figure 3(ii) shows that, the laser
irradiation caused significant changes in the thin film. It is
seen that after the laser irradiation, the phosphorus
concentration is no longer uniform. It has increased to
1.2 x 10*" atoms/cm® near the surface of the sample and
decreased along the film thickness. This non-homogeneous
laser absorption of silicon thin film is characterised using
Raman imaging which is published elsewhere.** Furthermore,
with laser irradiation, the silicon film melts and then starts
to solidify from the position closest to the glass substrate.
So, the film at the top surface solidifies later. The phosphorus
has a segregation coefficient of around 0.35 which leads to
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an increase in the phosphorus concentration at the top
surface as the top portion solidifies first.”'** The phosphorus
concentration versus depth profiles of the RSF calculated
and the SIMetric SW estimated are in agreement with a
percent difference of about 3% at 100 nm depth, 12% at
200 nm, 20% 300 nm and 25% at 400 nm.

Conclusion

The concentration of phosphorus in silicon thin film
grown on glass using HWCVD was estimated using ToF-
SIMS technique in dynamic mode of operation. A phosphorus
diffused silicon wafer was used as reference sample. The
relative sensitivity factor along with silicon matrix element
was used to interpret the ToF-SIMS data for each sample.
Using SIMetric SW peak fitting tool, with the reference
sample, the RSF was determined without the silicon matrix
element data. The phosphorus counts to concentration
conversion was performed using two routes, calculated
RSF with silicon matrix element and simulated RSF
procedure from reference sample. For the both procedures,
the phosphorus concentration versus depth profiles were
plotted which agree with a percent difference of about 3% at
100 nm depth. The concentration of phosphorus in silicon
was determined in the range of 10"~10*! atoms/cm® which is
comparable with the value obtained using magnetic sector
high resolution SIMS. The phosphorus in silicon detected on
the top surface of phosphorus doped silicon thin film on glass
was 3.25 x 10* atoms/cm’. The results of this study will be
useful for the detection and quantification of impurities in
wide area of thin films using ToF-SIMS technique
overcoming the mass interferences between isotopes.
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Abstract : Previous in vitro studies have demonstrated that ginsenoside Re inhibits UGT1A9, but there are no available data to
indicate that ginsenoside Rc inhibits UGT1A9 in vivo. The effect of single and repeated intravenous injection of ginsenoside Rc
was evaluated on the pharmacokinetics of mycophenolic acid. After injection of ginsenoside Re (5 mg/kg for one day or 3 mg/kg
for five days), 2-mg mycophenolic acid was intravenously injected, and the pharmacokinetics of mycophenolic acid and
mycophenolic acid-B-glucuronide were determined. Concentrations of mycophenolic acid and its metabolite from rat plasma
were analyzed using a liquid chromatography-triple quadrupole mass spectrometry. Single or repeated pretreatment with ginse-
noside Rc had no significant effects on the pharmacokinetics of mycophenolic acid (P> 0.05): The mean difference in maximum
plasma concentration (C,,,,) and area under the concentration-time curve (4 UC;,;) were within 0.83- and 0.62-fold, respectively,
compared with those in the absence of the ginsenoside Rc. These results indicate that ginsenoside Rc has a negligible effect on
the disposition of mycophenolic acid in vivo despite in vitro findings indicating that ginsenoside Rc is a selective UGT1A9
inhibitor. As a result, ginsenoside Rc has little possibility of interacting with drugs that are metabolized by UGT1A9, including
mycophenolic acid.

Keywords : Ginsenoside Re, herb-drug interaction, mycophenolic acid, UGT1A9, uridine 5’-diphosphoglucuronosyltransferase

Introduction

Ginseng is a commonly used herbal medicine in Korea
and other East Asian countries mainly due to its vitality
restoration and immune-stimulating effect.'” It has been
increasingly consumed as a dietary supplement in many
countries.”® Formulations of ginseng extract are commonly
used over-the-counter preparation in several countries,
including Korea and the U.S.A. Processed ginseng
products are estimated to be approximat ely US $2,085
million in the world market in 2009.” Many studies have
shown that most of the pharmacological effects of ginseng
are attributable to ginsenosides.® Ginsenosides have been
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known to have beneficial effects in diabetes,” dyslipidemia,
inflammatory diseases,'' and cancer."

Among various ginsenosides, ginsenoside Rc has antidiabetic,
antiallergic, anticancer, and sedative effects.”'* Ginsenoside
Rc is the second most abundant ginsenoside in commercially
available red ginseng products.”” Our previous study
reported that ginsenoside Rc (Figure la) can inhibit
UGTI1A9 noncompetitively.'® Ginsenoside Re selectively
inhibited UGT1A9-mediated mycophenolic acid and
propofol glucuronidation with K; values of 3.31 and
2.83 mM, respectively, in human liver microsomes. This
suggests the possibility of pharmacokinetic interactions
between ginsenoside Rc and drugs mainly metabolized by
UGT1A9. The change in active drug exposure can also
change drug efficacy. In spite of possible interactions in in
vitro model, there has been no data yet in animals or humans
investigating a drug interaction between ginsenoside Rc and
mycophenolic acid, UGT1A9 probe substrate.'®

Mycophenolic acid (Figure 1b) was developed as an
immunosuppressant to complement existing immunosuppre-
ssive agents, including calcineurin inhibitor, azathioprine,
and corticosteroids.'” It has been used effectively after
organ transplantation."® UGT1A9 is the major enzyme involved
in the metabolism of mycophenolic acid to its glucuronide
conjugate.” Drug interaction between mycophenolic acid as a
probe substrate of UGT1A9 and other medications was
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Figure 1. Chemical structures of ginsenoside Rc (A), mycophenolic acid (B), and mycophenolic acid-p-D-glucuronide (C).

performed. Rifampin induced systemic clearance of
mycophenolic acid by inducing UGTI1A9-mediated
mycophenolic acid glucuronidation.” Failure to recognize
this drug interaction might lead to mycophenolic acid
underexposure and loss of clinical efficacy because
mycophenolic acid has a narrow therapeutic window,”
whereas increased plasma levels of toxic glucuronide
metabolites could lead to side effects.

Although ginseng, particularly red ginseng, is one of the
most commonly used herbal medicines in U.S.A. and
Europe, no in vivo studies have been conducted to
determine the effect of ginsenoside Rc, one of the most
abundant ginsenosides, on UGT1A9 activity or interactions
with other drugs. This study aimed to assess the effect of
ginsenoside Rc on UGTI1A9 activity in rats using
mycophenolic acid glucuronidation as a UGT1A9 probe.

Experimental

Materials

Mycophenolic acid (MPA, purity > 98%) and estrone-f3-
D-glucuronide (EG) were purchased from Sigma-Aldrich (St.
Louis, MO, U.S.A). Mycophenolic acid-p-D-glucuronide
(MPAG, Figure 1c) was obtained from Toronto Research
Chemicals (Toronto, ON, Canada). Ginsenoside Rc (GRe,
purity > 98%) was obtained from Ambo Institute (Daejeon,
Korea). Solvents were LC-MS grade (Fisher Scientific Co.,
Pittsburgh, PA, U.S.A).

Animal study

Male Sprague—Dawley rats (6—7 weeks old, 220-250 g)
were purchased from Samtako Co. (Osan, Korea). The
animals were acclimatized for one week in an animal facility
at Kyungpook National University (Daegu, Korea). Food and
water were provided ad libitum. The study protocol was
approved by the Animal Care and Use Committee of
Kyungpook National University (Approval No. KNU 2019-
83). To calculate and compare the pharmacokinetic parameters
of MPA and GRc, we conducted repeated blood sampling
through the retro-orbital puncture under isoflurane anesthesia.”

Rats were randomized into three groups: a control group,
single dose group, and multiple dose group, each
consisting of four animals. The single dose group was
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intravenously injected once with GRe solution (5 mg/mL/
kg, dissolved in saline) via the tail vein, while the multiple
dose group was intravenously injected with GRc solution
(3 mg/mL/kg, dissolved in saline) via the tail vein for five
consecutive days. The control group received saline (1 mL/
kg) via the tail vein. After 1 h following the last GRc
treatment, MPA was intravenously injected into all groups
via the tail vein at 2 mg/kg (dissolved in DMSO-saline =
2:8, v/v). Heparinized blood samples were taken at 0.17, 0.33,
0.67, 1.5, 2, 4, 8, 24, and 48 h following mycophenolic acid
dosing via the retro-orbital vein. After centrifugation
(16,000 g, 10 min, 4°C), aliquots (50 uL each) of plasma
samples were stored at -80°C until the analysis of MPA and
MPAG.

LC-MS/MS analysis of mycophenolic acid and its glucu-
ronide

The concentration of MPA and MPAG was analyzed
using a liquid chromatography coupled to a triple quadrupole
mass spectrometry (LC-MS/MS) as previously reported by
Wiesen et al.> with some modification. Briefly, acetonitrile
(100 L) including EG (IS) was added to the plasma
samples (50 pL). After vortexing, the samples were centrifuged
(16,000 g, 10 min, 4°C). A 5 uL sample of the supernatants
was injected onto the LC-MS/MS.

MPA, MPAG, and the internal standard were quantified
in a single run using a Shimadzu LCMS 8060 triple-
quadrupole mass spectrometer coupled with a Nexera X2
ultra high performance liquid chromatography system
(Shimadzu, Kyoto, Japan) equipped with an electrospray
ionization interface. MPA, MPAG, and IS were separated
on a Kinetex XB-C18 column (100 % 2.1 mm, 2.6 um,
Phenomenex, Torrance, CA, U.S.A). The mobile phase
consisted of 0.1% formic acid in water (A) and 0.1%
formic acid in acetonitrile (B), and was set as 0%—30% B
(0-1 min), 30%—50% B (1-5 min), 50%—0% B (5-
5.1 min), and 0% B (5.1-8 min). The flow rate was
0.2 mL/min. Electrospray ionization was performed in
positive ionization mode at 4000 V or negative ionization
mode at -3500 V. The optimum operating conditions were
determined as follows: vaporizer temperature, 300°C; capillary
temperature, 350°C; collision gas (argon) pressure, 1.5 m
Torr. Quantification was conducted in the selected reaction

©Korean Society for Mass Spectrometry
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Table 1. Selected reaction monitoring (SRM) condition for mycophenolic acid, mycophenolic acid-B-D-glucuronide, and internal

standard (IS)
Compound SRM Transition (m/z) Polarity Collision Energe (eV)
Mycophenolic acid 321.2>207.0 + -19
Mycophenolic acid-B-D-glucuronide 495.0>319.0 - 25
Estrone-p-D-glucuronide 455.0>269.0 - 35
A. Blank B. Standard C. Sample
(x100) (x1,000,000) (% 1,000,000)
175{MPA 321.2—207.0 (+) CE: -19 $0IMPA 321.2=207.0 (+) CE: -19 ]MPA 32122070 (+) CE: -19
1.50:
:B, 125 250, 1.004
g 1.00. 200 0.75]
o 0 1.50
,5 050 1.00 0.5
0.50 0.254
3 z; 0.00; 0.00; A
(x10) (x 100,000) (x 100,000)
30{MPAG 495.0 — 319.0(-) CE: 25 + o] MPAG 495.0— 319.0(-) CE: 25 10fMPAG 495.0— 319.0(-) CE: 25
z, 250, 5,001 o]
'E 2,001 4.00
@ 150 3.00 0.5
R
's 1.00, ‘ J 2.00 02e]
0.504 1.00;
0.003 Il l [l 0.00; 0.00;
(x10) (x 10,000) (x 10,000)
2 o] BG 455.0 — 269.0(-) CE: 35 150{EG 455.0 —269.0(-) CE: 35 1+EG 455.0 — 269.0(-) CE: 35
1.50 1.25 1.2
OE, 1.00 1.004
1.004 0.75. 0754
‘2 0.50: 0.5(
= L] | I [ | =
0. 0. 0.
E I T T 0" T S R T M A T S W I T T R S " T T T R T S A T T L T S A T A T A T
Time (min) Time (min) Time (min)

Figure 2. LC-MS/MS selected ion chromatograms of mycophenolic acid (MPA), mycophenolic acid-B-D-glucuronide (MPAG), and
estrone-f-D-glucuronide (EG). Left column: blank plasma (A); middle column: plasma spiked with 5000 ng/mL of MPA and MPAG
(B); right column: plasma sample equivalent to 2282.55, and 1676.78 ng/mL for MPA and MPAG, respectively, from rats 0.17 h after the

intravenously injected dose of 3 mg/kg GRc and 2 mg/kg MPA.

monitoring (SRM) modes at m/Zz 321—207 for MPA
(Collision energy, 19 eV), m/z 495—319 for MPAG (Collision
energy, -25¢eV), and m/z 455—269 for EG (Collision
energy, -35eV) (Table 1 and Figure 2). Analytical data
were processed using a Shimadzu LabSolution LCMS
software. Plasma calibration standards for the quantification
of MPA and MPAG ranged from 20 to 5000 ng/mL,
correlation coefficient (+) ranged from 0.995 to 0.998, and
the intraday and interday accuracy ranged from 86.8% to
109.7%. The intraday and interday precision ranged from
1.0% to 7.8%.

Data analysis

The pharmacokinetic parameters of MPA and MPAG
were calculated from plasma concentration-time profiles
using a non-compartment analysis of WinNonlin software
(version 5.1; Pharsight, Cary, NC, U.S.A). GraphPad Prism
(version 6.0; GraphPad, San Diego, CA, U.S.A) was used
for statistical analysis. The estimated parameters obtained
from the control and single or multiple dose groups were
statistically compared using Student’s t-test. Statistical
significance was assessed at a level of p < 0.05.

©Korean Society for Mass Spectrometry

Results and Discussion

So far, only one drug interaction study between mycophenolic
acid, a UGT1A9 probe drug, and other drugs has been
conducted. Rifampin co-administration with mycophenolic
acid increased area under the plasma concentration-time
curve (AUC) value of mycophenolic acid by induction of
UGTIA9 glucuronidation activity.” However, there have
been no studies on drug interactions based on the inhibition
of UGTIA9 enzyme activity. In this study, therefore, we
investigated the UGT1A9 inhibitory effects of ginsenoside
Rec, a strong and selective UGT1A9 inhibitor, on the
pharmacokinetics of mycophenolic acid, a UGT1A9 probe
drug. GRc was intravenously injected to maximize the plasma
concentration, thus, the UGT1A9 inhibitory potential of GRec.

Co-administration of MPA and GRc resulted in the lack
of herb-drug interaction (HDI) between GRc and MPA.
Mean plasma concentration-time profiles of MPA and
MPAG in the absence or presence of either single dose
GRce (5 mg/mL/kg, iv) or repeated dose GRC (3 mg/mL/
kg/day, iv for five days) in rats were similar (Figure 3), and
relevant pharmacokinetic parameters of MPA and MPAG
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Figure 3. (A) Plasma concentration-time profile of mycophenolic acid (MPA) in the control, single dose (ginsenoside Rc 5 mg/mL/kg),
and multiple dose (ginsenoside Rc 3 mg/mL/kg for 5 days) groups following intravenous injection of MPA at a dose of 2 mg/kg in rats
(mean + SD, n = 4). (B) Plasma concentration-time profile of mycophenolic acid-B-D-glucuronide (MPAG) in the control, single dose

(ginsenoside Re 5 mg/mL/kg), and multiple dose (ginsenoside Re 3 mg/mL/kg for 5 days) groups following intravenous injection of
MPA at a dose of 2 mg/kg in rats (mean + SD, n =4).

Table 2. Pharmacokinetic parameters of mycophenolic acid in control, single dose (ginsenoside Rc 5 mg/mL/kg), and multiple dose
(ginsenoside Re 3 mg/mL/kg for five days) groups following intravenous injection of MPA at a dose of 2 mg/kg in rats (mean = SD, n =4).

Mycophenolic acid
Parameters Control Single Dose Multiple Dose
Ty (h) 5.24+4.71 6.20 £ 5.89 3.75+2.82
C, (ng/mL) 2141.97 £ 874.61 1766.55 + 326.61 2135.04 +293.88
AUC g, (ng'h/mL) 397591 +4561.37 2344.61 + 825.57 2878.11 + 859.44
AUC,, (ng'h/mL) 5611.19 £ 6338.15 3459.07 £ 1741.85 3618.36 +971.81
MRT (h) 3.39+2.18 2.17+0.09 2.16+0.22
CL (mL/h/kg) 0.85+0.47 0.82+0.63 0.62+0.20
vd (L/kg) 1.04+£0.35 1.16 £0.20 0.95+0.15

Data represent mean + SD of four rats per group. 7),: elimination half-life; C,: initial plasma concentration at 1 h; AUC,g, or AUC,:

Area under the plasma concentration-time curve from zero to 24 h or infinity; MRT: mean residence time; CL: systemic clearance; Vd:
Volume of distribution.

Table 3. Pharmacokinetic parameters of mycophenolic acid-f-D-glucuronide (MPAG) in control, single dose (ginsenoside Rc 5 mg/mL/

kg), and multiple dose (ginsenoside Rc 3 mg/mL/kg for five days) groups following intravenous injection of MPA at a dose of 2 mg/kg
in rats (mean + SD, n=4).

Mycophenolic acid-B-D-glucuronide

Parameters Control Single Dose Multiple Dose
T, (h) 1433 £10.41 7.04 +2.80 7.96 +1.31
Trnax (h) 0.58 £0.17 0.50+0.19 0.88 £0.42
Chax (ng/mL) 3630.31 + 1475.59 3953.17 £ 1362.24 457431+ 1318.95
AUC,g, (ng'h/mL) 23253.83 £ 6861.06 20244.47 +£7567.91 29087.93 + 8185.30
AUC,, (ng'h/mL) 28691.08 + 6209.48 23724.83 £7667.03 32610.42 £ 9009.45
MRT (h) 9.58+4.73 5.57+1.82 6.45+0.61

Data represent mean + SD of four rats per group. 7 elimination half-life; 7,,,,: time to reach C,,,,; Cpo: maximum plasma concentra-
tion; AUC g, or AUC,,: Area under the plasma concentration-time curve from zero to 24 h or infinity; MRT: mean residence time.
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are listed in Table 2 and Table 3. In the MPA alone group,
the mean C, and AUC;,; were 2.14 mg/mL and 5.61 mgxh/mL,
respectively, and CL is 0.85 mL/h/kg. Single dose GRc did
not affect the pharmacokinetics of MPA (Table 4). To
achieve the highest and stable plasma concentration of
GRe, GRc was intravenously injected for five days before
MPA administration. However, the plasma concentration of
MPA was not affected by repeated GRc treatment (Figure
2), and all pharmacokinetic parameters were not statistically
different between the two groups (Table 2). We also
calculated pharmacokinetic parameters of MPAG UGT1A9
specific metabolite of MPA (Table 3). Similar to MPA,
there was no significant difference in pharmacokinetic
parameters of MPAG among three groups (control, single
dose GRe, and multiple dose GRc) (Table 3).

Jeon et al. reported that GRc showed high protein
binding in rat plasma and liver homogenates (> 99.5%) and
was not widely distributed to the liver with a liver-to-
plasma concentration ratio of 0.13-0.2.* High protein
binding and limited liver distribution of GRc might
contribute to the lack of pharmacokinetic HDI involving
MPA in rats although their plasma concentration was
maximized following intravenous injection of GRc. Jiang
et al. also reported that the unbound fraction of GRc was
low (0.6%) in human plasma.”* Based on the similarity in
the protein binding features between rats and humans™~>*
and inhibitory effect on UGT1A9 of GRc, no HDI between
MPA and GRe would be expected in humans.

UGT1A9 is one of the most essential UGT isoforms
abundantly expressed in human’s liver and kidney.”
Human UGT1A9 had been regarded as a minor hepatic
drug-metabolizing enzyme, with 1.78% hepatic expression.
However, it represents above 50% of the total kidney UGT
content.” UGT1A9 was suggested to be responsible for the
hepatic glucuronidation of 16% of 200 top prescribed
drugs in the United States in 2002.**” UGT1A9 is essential
UGT isoform responsible for the metabolism of endogenous
estrogen and various therapeutic drugs such as dapagliflozin,
edaravone, entacapone, morinidazole, mycophenolic acid,
propofol, and sulfinpyrazone.”® Therefore, the findings
showing the lack of HDI between GRc and mycophenolic
acid would provide helpful information for patients taking
drugs that are mainly metabolized by UGT1A9 such as
mycophenolic acid and propofol.

Conclusions

In conclusion, the present findings suggest that ginsenoside
Rc has no statistically significant effects on the pharmaco-
kinetics of mycophenolic acid and its glucuronide
metabolites in rats. Additionally, considering high protein
binding and limited liver distribution of GRe, no HDI
between UGT1A9 substrate drug and GRc would also be
expected in humans.

©Korean Society for Mass Spectrometry
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the manuscript with Arabic numbers. Each table should
have a brief title. Footnotes may be placed, if necessary,
to supplement the tables. Avoid vertical rules. The size
of table should fit the MSL’s page (16.5 cm x 22.5 c¢cm).

13) Figures

Figures should be numbered by order of appearance in
the manuscript with Arabic numbers. Each figure should
have a brief title followed by a brief description, which
consists of one or two sentences. Sub-numbering is pos-
sible with lowercase alphabets (e.g., a, b, etc.), if nec-
essary. The resolution of a figure should be better than
600 dpi. JPEG (jpg, Joint Photographic Expert Group)
format is recommended.

14) Units

SI units rather than conventional units should be used
for reporting measures. Information regarding on SI
units can be found at https://www.nist.gov/pml/weights-
and-measures/metric-si/si-units.



Academic Data Analysis
Software Program

Get 25 free data analysis software licenses with the
purchase of Agilent instrument software

The Agilent Academic Data Analysis Software Program supports teachers,
students and researchers with free copies of Agilent data analysis software
for educational use.

The installation of data analysis software on multiple computers can
transform a lab course from passive to active and from theoretical to applied.

Software products eligible for the program are:

— Chromatography systems
OpenLab CDS Workstation
OpenLab CDS ChemStation Edition*

— HPLC, GC & ICP mass spectrometry systems
MassHunter Workstation
MassHunter PCDL*

- ICP-OES, MP-AES, Cary60/100/300/4000/5000/6000i/7000
UMS/8454 UVVIS/Eclipse/630 FTIR
«  SpectrAA
ICP Expert 7
MP Expert
UV-Visible ChemStation
Cary Win FLR*
Mircolab

*OpenLab CDS ChemStation Edition, MassHunter PCDL, and Cary Win FLR are only eligible for 5 free additional licenses of data
analysis software.

For Research Use Only. Not for use in diagnostic procedures.
This information is subject to change without notice.
© Agilent Technologies, Inc. 2018

Published in the USA, August 15,2018
5994-0161EN

Building Better Science

Agilent supports and enables
Academics to achieve their goals
through a variety of programs.

Learn more at:

https://www.agilent.com/en/
academia

Contact your Agilent representative

to discuss your needs.
O

(=)

e

Agilent

Trusted Answers



thermo scientific

Leading performance

The performance to drive discovery and identification, plus the quantitative precision and accuracy you

need to confidently scale up and achieve impact—with operational simplicity and fast time-to-results.

Meet the Thermo Scientific™ Orbitrap Exploris™ 240 mass spectrometer: leading performance,
application versatility and intelligent data acquisition enable exceptional data quality that is synonymous

with Thermo Scientific™ Orbitrap™ technology. Discover your fast track to confident results.

Performance | Versatility | Operational Simplicity

| _ _ _ ThermoFisher
Find out more at thermofisher.com/OrbitrapExploris240 SCIENTIFIC

© 2020 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries
unless otherwise specified. AD65885-EN 0620M



Waters

www.waters.com/kr
THE SCIENCE OF WHAT'S POSSIBLE."

IMS beyond your imagination

SELECT SERIES
Cyclic IMS

SELECT SERES Cyclic MS= 1E9| Si3s S5
INEE ME22 417|221 Cyclic lon Mobility
22| 7| 1MS ToF(time—of—flight)
AHEMT|E Zgfetd AKX oFeHel 2

= U3 £ /U= XL

SELECT SERIES Cyclic IMS

Waters Corporation
MNESEEA| G52 {o|ZRI2 101 CCMM 'l 905~75, 07241

Msh 02 6300 9200 THA: 02 6300 9205 www.waters.com/kr

. PHARMACEUTICAL = HEALTH SCIENCES = FOOD

ENVIRONMENTAL = CHEMICAL MATERIALS

Waters, The Science of What's Possible, SELECT SERIES, Cyclici= Waters Corporation Q| AHIL|CL 7 |Et 2 E MHEE= ST AR HXA| RFARIL|CEH

©2020 Waters Corporation.



timsTOF&Lii="% fle X JVI P A an
( >

MALDI Guided SpatialOMx

timsTOF fleX uniquely
enables SpatialOMx
PASEF powered LC-MS/MS identification matched

with spatial localization identifies and locates multilevel
genomic expression in tissue without labels

timsTOF fleX provides results
without compromise
All the 4D-Omics power that you demand from proven

PASEF workflows with fast, software-controlled
changeover to MALDI for rapid molecular imaging

%
2
o
5
E

timsTOF fleX allows you to
work smarter

Label-free mapping of metabolites, lipids, glycans,
peptides and more can efficiently direct your deep 4D-
Omics studies with laser guided precision so that you
focus on the tissue regions that matter.

For research use only. Not for use in clinical diagnostic procedures.

@® Bruker Daltonik GmbH =] =]

Aol Al BT B0 2 338 KTNET 45 EF7{A 2o}
Tel. 031-712-9933 Fax. 031-712-9933 A E
E-mail: Info.BDAL.KR@bruker.com

Scan the QR-Code
for more Details



G SHIMADZU

Excellence in S5cience

Enhanced performance

Sensitivity and Robustness

~0

Celebratin
of MS Ii

- ANSLYTICAL
™ INTELLIGENCE

s unkd g degia mchrobogy, o @ W
||||:||| Lheomatograpn ] SpECITomet i Nt B oAl o | S o e ke

LCMS-8060NX A s |l

WUALIDE Diigival bom Trap Mass Spectrometer

MALDImini" -

' L = n
“ Minimum
Towards new possibilidies With the compact MﬂLD'I_n_‘!i_lJ_ij_________d

< - _ [ 3 i 7 =
- _'r-' { = . -
|
' Despte its light and compact shape, the MALDImini-1 allows high-sensithvity
= M5" measurernents, making it sultable for a large number of applications.

"Minimum" "Minimum®” “Minimum®
footprint time sample volume

= = PofCery BT fwskl 65, peOSsDie ONef 8
e MALDI-M5 that Migyify Ay frsess liernmeiit .
. ! wide mass rarge, ever waitl

-1 b irsLaled Arvew hens LN KR WAL T Tess
TME TR AN Y SalTEisr

woww shimadzu,co ke S SHIMADZL | shimadeu Scientific Karea Comp.

E M TEL D256 FAN PGS - 2160 ETIAIR A TH GaTacs— 115 FElmd- 1182 B{ENTEE TE D5 e -l P 05100 -5Re0s - BeiP L TEL DEes- 1200 A, a2 ITha- 126G
RHEAPR T (DA AR SeATE STAIRA TE S-Sy For B MA- a0 SRS TEL e R (BD=R BLEARE TE L O S P A, DE - S
@ FEL G B —2600 FAC [ -IEEn] PRORIRS TH CHRSHHIGT RC il I0-M0TE Ot e S TEL NI T i (VR0 A W 3 % TEL D Da—0rs Ry, [0 2R -1 T



YOUNG IN
{ YoLe { YOUNG IN ACE

WWW.youngcm.com www.younginace.com
mkt@youngincm.com sales@younginace.com

Youna in

High-End Mass Spectrometry Portfolio

ACE1000 IMR-MS

lon Molecule Reaction Mass Spectrometer

FAST analysis - direct analysis can save analysis time

REAL TIME analysis - based on fast analysis time,
immediately getting a result with real time

ACCURATE result - simple mass spectrum makes it
easy to confirm result

ON SITE analysis - can be used in the point of
analysis is required

ChroZenTQGC/MS

= Axial lon Source
90° Curved Active Focusing q0
180 ° curved collision cell (Zero Cross-Talk)
Fast scan rate : 30,000 amu/s
Maximum MRM Acquisition : 1,000MRM/sec

Target monitoring of trace level substances in
air/water

in water










[{ SM S Karean Society {or Mass Spectrametn





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


