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Abstract: The fragmentation patterns of a serine protease inhibitor, camostat, and its degradation product, 4-(4-
guanidinobenzoyloxy)phenylacetic acid (GBPA), were for the first time investigated by a triple quadrupole tandem
mass spectrometry equipped with an electrospray source (ESI-MS/MS) in positive and/or negative ion mode under
collision-induced dissociation (CID). The positive CID spectrum of camostat showed distinctly that the single bond
(C-O) cleavage between carbonyl group and oxygen atom of the ester bonds of the compound favorably occurred
and then the loss of N,N-dimethylcarbamoylmethyl group was more susceptible than that of guanidine moiety. In
the positive ion CID spectrum of GBPA, the initial cleavage between the carbonyl group and oxygen atom of 4-
guanidinobenzoyloxy group also occurred, yielding the most abundant fragment ion at m/z 145. On the other hand,
the negative CID spectrum of GBPA characteristically showed the occurrence of the most abundant peak at m/z
226 resulting from the sequential neutral losses of CO, and HN=C=NH from the parent ion at m/z 312.
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1. Introduction

Active synthetic serine protease inhibitors have been
known to play important roles in many biological
processes.  N,N-dimethylcarbamoylmethyl 4-(4-guani-
dinobenzoyloxy)phenylacetate (camostat) (Fig. 1) is
a synthetic proteolytic enzyme inhibitor for trypsin,
plasmin, kallikrein, tissue kallikrein, and thrombin,'
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Fig. 1. Chemical structures of CM, GBPA, and GBA.
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and has shown activity in the treatment of pancreatitis™
6 and reflux esophagitis,”* establishing its safety for
use in humans. Metabolic works have shown that
camostat is rapidly hydrolyzed to 4-(4-guanidino-
benzoyloxy)phenylacetic acid (GBPA) and 4-guani-
dinobenzoic acid (GBA) by esterases during intestinal
absorption (Fig. 1)."*'* The protease inhibitory activity
of GBPA is similar to that of camostat but GBA is
inactive."

Electrospray ionization (ESI)-tandem mass spectro-
metry (MS/MS) has emerged as a primary analytical
tool for the qualitative or the quantitative character-
ization of drug compounds.

ESI-MS/MS has widely been used to study frag-
mentation pathways of a variety of compounds with
pharmaceutical activities.'?

To date, studies of camostat and its degradation
product, GBPA, have focused on their pharmacological
effects.”'? A study on noncovalent interaction between
camostat and cyclodextrin by ESI-MS has recently
been reported.” However, no attempt has been made
to investigate any of fragmentation patterns or phar-
macokinetics of the two compounds by ESI-MS/MS.
Therefore, establishment of fragmentation patterns
of the two compounds will be needed to investigate
pharmacokinetics or in vitro and in vivo metabolic
screening of the compounds.

In the present work, we investigated the fragmen-
tation behaviors of the protease inhibitor, camostat
and its degradation product, GBPA by ESI-MS/MS
in both positive and/or negative ion mode under low-
energy CID.

2. Experimental Section

2.1. Materials
Camostat was from Ilsung Pharmaceuticals Co.,
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Ltd. and GBPA was from Unites States Biological,
Inc. Methanol of HPLC grade was used as a solvent.

2.2. Mass spectrometric measurements of
camostat and GBPA

The samples were prepared by dissolving at 100
ng/mL in methanol. CID experiments were performed
on an API 4000™ triple quadrupole LC/MS/MS
System (AB Sciex, Foster City, CA, USA) equipped
with a turbo electrospray ion source. The sample
solutions were directly infused into the ESI source
with a flow rate of 10 mL/min. ESI mass spectra
were measured at a scan range from m/z 50 to 500
with a spray voltage of 4500 V in the positive ion
mode and from m/z 50 to 350 with a spray voltage of
-4500 V in the negative ion mode. In the case of
camostat, declustering voltage, entrance potential,
collision energy and collision cell exit potential were
80V, 10V, 20 V and 12 V in the positive ion mode,
respectively. In the case of GBPA, declustering voltage,
entrance potential, collision energy and collision cell
exit potential were 80 V or -80 V, 10 V or -10 V, 30
Vor -20 V and 12 V or -12 V in the positive or
negative ion mode, respectively. The pressures of N,
as collision gas, curtain gas and ion source gas 1
were 6, 15 and 25 p.s.i., respectively. Selected ions
for Q1 were m/z 399, which correspond to molecular
masses [M+H]" of camostat, and m/z 314 and m/z
312, corresponding to [M+H]" and [M-H]~ of GBPA,
respectively.

3. Results and discussion

Abundant [M+H]" ions were produced when
camostat was infused into the electrospray ion
source and the ion current was stable during the
infusion. Camostat was more amenable to MS/MS
fragmentation in the positive ion mode than the
negative. When subjected to CID in the positive ion
mode, [M+H]" ion at m/z 399 yielded several
fragment ions at m/z 382, 354, 296, 254, 162 and
104 as shown in Fig. 2a.

The relatively weak peaks at m/z 382 and 354 are
resulted from the loss of NH; and HN(CHj;), from
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Fig. 2. ESI CID mass spectra of (a) camostat in the positive
ion mode and of GBPA in the (b) positive and (c)
negative ion mode.

[M+H]", respectively. Formation of the abundant
base peak at m/z 296 is resulted from the loss of
OCH,CON(CHj3), group from [M+H]" ion and the
formation of the peak at m/z 162 is also formed by
the C-O cleavage of the ester bond within guani-
dinobenzoyl group from [M+H]". The peak at m/z
162 was further fragmentized upon CID, giving rise
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Fig. 3. Possible ESI CID mass fragmentation pattern of camostat in the positive ion mode.

to the two peaks at m/z 145 and 120 resulting from
the loss of NH; and NH=C=NH from the guanidine
group, respectively. The formation of the ion at m/z
104 from [M+H]" ion resulted from the C-O cleavage
of the ester bond. The ion at m/z 104 indicated the
presence of the protonated N,N-dimethylcarbamoylme-
thyloxy group (Fig. 3). The positive ion CID mass

Vol. 24, No. 1, 2011

spectrum of camostat suggests that the loss of
OCH,CON(CHz), group resulting from the preferential
C-O cleavage of the ester bonds was more susceptible
than that of guanidine group, causing the formation
of the intense peaks observed at m/z 296, 162 and
104. Interestingly, no any loss of guanidinium ions
or of neutral guanidine was observed in positive ion
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spectrum of camostat. The positive ion spectrum of
camostat showed distinctly different fragmentation
pattern with other general compounds containing
guanidine group.”** Therefore, the CID spectrum
shows that the C-O bond is the preferential cleavage
site of camostat in the positive ion mode.

The CID fragmentation patterns of GBPA were less
complex than those of camostat. When subjected to CID
in the positive ion mode, GBPA was cleaved into just
four fragmentation ions. The ions arising from the
fragmentation of the parent ion at #/z 314 corresponding
to [M+H]" is shown in Fig. 2b and Fig. 4.

The peak at m/z 135 with low intensity arised from
the loss of guanidinobenzoyl group from the parent
ion. Like camostat, the CID fragmentation spectrum
of GBPA in positive ion mode was initiated by the
cleavage of the C-O bond between the carbonyl
group and the oxygen atom at guanidinobenzoyloxy
moiety (H,NCNHNHC¢H4,COO). The peak at m/z
162 arised from the cleavage of the ester bond
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linking the guanidinobenzoyl and the phenylacetate
moiety and the ions yielded two intense ions at m/z
145 and 120. The most abundant peak at m/z 145 is
resulted from the release of the NH; from guanidine
group of the ion at m/z 162 and relatively intense ion
at m/z 120 is arised from loss of HN=C=NH. No loss
of the guanidine group was observed during low
energy CID. These results indicate distinctly that the
C-O bond at the ester group of GBPA is the primary
cleavage site of the compound.

In negative ion mode, GBPA yielded parent ion
[M-H] at m/z 312 with weak intensity, one intense
and base peak at m/z 226, two peaks with medium
intensity at m/z 268 and 107, and the two peaks at m/
z 295 and 251 with weak intensity when subjected to
CID (Fig. 2c). The ions at m/z 268 and 295 are
resulted from the losses of CO, and NH; from the
parent ion [M-H]", respectively. The loss of CO,
from the ion at m/z 295 led to the formation of the
peak at m/z 251. Two peaks with weak intensity
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Fig. 4. Possible ESI CID mass fragmentation pattern of GBPA in the positive ion mode.

Analytical Science & Technology



ESI-MS/MS pattern of camostat and its degradation product 83

H
HzN\H/N
NH \Q\H/m
o
OH

[M-H] : m/z 312

(o}

H
H,N\"/N
NH O\”/KQ\
CH

€]
2
m/z 268

Oy,

m/z 226

CHZe

H
©
CH

2
m/z107

HN \
) O*m

m/z 295

HNS N
o
L,
CH,

m/z 251

Fig. 5. Possible ESI CID mass fragmentation pattern of GBPA in the negative ion mode.

appeared at m/z 295 in which the ion is resulted from
the loss of NH; from [M-H] ion and at m/z 251 in
which the ion is resulted from the loss of CO, from
the one at m/z 295. The intense ion at m/z 226 is
resulted from the losses of HN=C=NH and CO,
from the ion at m/z 268. Finally, the peak with
medium intensity at m/z 107 is resulted from the
cleavage of the ester bond of the ion at m/z 226. The
proposed fragmentation pattern of GBPA in negative
ion mode is illustrated in Fig. 5. Thus, the negative
CID spectrum of GBPA shows definitely that the
fragmentation of the compound is preferentially

Vol. 24, No. 1, 2011

initiated by the losses of CO, and NHj at both tips of
the drug. Initial C-O bond cleavage at the ester bond
of GBPA did not occur. This phenomenon was in
contrast with the fragmentation patterns of camostat or
GBPA in positive ion mode. These different CID
mass spectrometric behaviors under low-energy CID
probably can be attributed to the inherent structure of
camostat or GBPA.

4. Conclusions

In positive and/or negative ion mode, low-energy
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CID analysis by ESI-MS/MS was for the first time
carried out to characterize the fragmentation patterns
of camostat and its degradation product, GBPA.
Camostat was more amenable to MS/MS fragmen-
tation in the positive ion mode than the negative ion.
The positive ion CID mass spectrum of camostat
showed distinctively that the abundant ions at m/z
296, 162, and 104 are resulted from the C-O cleavage
between carbonyl group and oxygen atom at the ester
bonds. The molecular ion of GBPA was differently
fragmented during the positive and negative CID.
The positive ion spectrum of GBPA was also initiated
by the cleavage of the C-O bond linking the carbonyl
group and the oxygen atom at the ester bond of 4-
guanidinobenzoyloxy moiety followed by the formation
of four fragment ions. On the other hand, the
fragmentation pattern of GBPA in the negative ion
mode was characterized by the initial losses of NH;
and CO, from the parent ion. In this study, the results
will be helpful to further study pharmacokinetics of
camostat or GBA and structural characterization of
biologically active analogues similar to these compounds.
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