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We report the development of a sensitive liquid chromatography-tandem mass spectrometric
assay to quantitate 3-methoxysalicylamine (3-MoSA) in biological samples. Derivatization with 1,1'-
thiocarbonyldiimidazole followed by Cyg reverse-phase chromatography allowed the detection of both
analyte and internal standard (hexylsalicylamine) using electrospray ionization and selected reaction
monitoring (SRM) in positive ion mode. We monitored the transitions from m/z 196.7 to 65.1 and from
m/z 250.1 to 77.1 for 3-MoSA and HxSA, respectively. The method is validated with respect to linearity
(r?=0.995), precision (<17% RSD), recovery (100% for 3-MoSA and HxSA), and stability (77% after storage
up to 7 month at —80°C). The LOD and LOQ were 16.12 and 48.87 g/, respectively and the LLOQ of
1 pg/ml. In addition, we used this assay to analyze the pharmacokinetics of 3-MoSA in mouse plasma and
tissues following both intraperitoneal and oral administration, providing new information regarding the
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distribution of this compound in vivo.
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1. Introduction

Reactive aldehydes are formed during oxidative stress and
inflammation. Amongst these molecules, y-ketoaldehydes (y-KA)
are the most reactive species. Levuglandins (LG) are y-KA that form
by non-enzymatic rearrangement of prostaglandin H,, the product
of the cyclooxygenases (COXs) [1]. They are formed in vitro fol-
lowing COX activity [2], as well as in cells [3] and in vivo in the
brain of transgenic mice over-expressing COX-2 in neurons [4]. Lev-
uglandins are also formed following non-enzymatic oxidation of
arachidonic acid [5].

LGs readily react with primary amines to form covalent adducts
with proteins and DNA [5-11]. Lipid modification of proteins by
fatty acids is known to modify protein folding, localization, degra-
dation, and function [12-14], suggesting that formation of LG
adducts on proteins may have biological effects. Higher levels of LG
adducts on proteins have been linked to oxidative injury [15-18]
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and inflammation [4,19,20]. Compelling evidence suggest that LG
may be involved in the development of Alzheimer’s disease: LG-
lysine adducts are present in hippocampus of AD brain, and levels
of LG-lysyl adducts correlate with both the Braak stage and the
CERAD plaque score in patients with AD [19], and formation of LG
adducts on the AP peptide increases its rate of oligomerization to
form a species with similar neurotoxicity and immunoreactivity as
the amyloid-derived diffusible ligands (ADDLs) [4,21]. Our labora-
tory isinterested in understanding the roles of reactive aldehydesin
the development of diseases such as Alzheimer’s disease. In order to
differentiate between the effects due to formation of LG adducts on
protein from those mediated by activation of specific receptors by
prostaglandins, also products of the COXs, we have developed series
of small molecules that specifically react with LG several order of
magnitude faster than lysine but do not inhibit COX activity in vitro
and in cells [22]. One of these molecules, 3-methoxysalicylamine
acetate (3-methoxy-2-hydroxybenzylamine, 3-MoSA), is a vanillin
derivative containing an amino group that scavenges LGs by com-
peting with the lysine in protein. It is efficient in all cells tested and
is not cytotoxic [22], making it a good candidate for in vivo studies.

In order to quantify tissue concentrations of this compound in
vivo, we have developed a simple and rapid method for extraction of
3-MoSA from tissues or biological fluids and its detection by liquid
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chromatography/electrospray ionization/tandem mass spectrome-
try (LC/ESI/MS/MS). A simple liquid extraction procedure following
chemical derivatization was used for the sample preparation [23].
This method was then applied to study the pharmacokinetics of
3-MoSA in animals after intraperitoneal or oral administration.

2. Experimental
2.1. Chemical and reagents

3-Methoxysalicylamine acetate (3-MoSA) and hexylsalicy-
lamine (HxSA) were synthesized as previously described [22].
Water, ethyl acetate, acetonitrile (ACN) and methanol were pur-
chased from Fisher Chemicals and 10x phosphate buffered saline
from Fisher BioReagents (Fisher Scientific, Fair Lawn, NJ, USA).
All solvents were HPLC-grade or higher. Acetic acid, potassium
phosphate dibasic anhydrous (K;HPO,4), phosphoric acid (H3POg4)
and 1,1’-thiocarbonyldiimidazole (TCDI) 97% were obtained from
Sigma-Aldrich (Saint Louis, MO). Spin X centrifuge filter devices
were purchased from Costar (Corning, NY).

2.2. Preparation of stock and standard solutions

The stock solution of 3-MoSA and HxSA was prepared in water
(10 mM) and used to spike standards samples. Working solutions of
3-MoSA were prepared by serial dilution in water (0.01, 0.1, 1, 10,
100, and 1000 w.g/l), and the working concentration of the HxSA
internal standard (I.S.) was prepared by diluting the stock with
water to 10 wg/l. Calibration standard samples were prepared at
concentrations 0f0.001,0.01,0.1, 1, 10 and 100 g/l by adding 20 .l
of 3-MoSA working solutions and 20 pl of L.S. (final concentration
1 pg/l)into 160 wl water. A “zero” standard sample was prepared by
adding 20 pl of I.S. to 180 .l of water. These solutions were stored
at —20°C until used.

2.3. Derivatization with TCDI

Before derivatization, 10 ul of 1M H3PO4 was added to the
samples, followed by 400 .1 of PBS, and 50 .l of 1 MK,;HPO4. The
derivatization agent (50 .l of 100 mM TCDI in ACN) was added to
each tube, vortexed vigorously for 10 s and incubated for 15 min at
25°C followed by 30 min at 37 °C. The structures of the parent and
derivatized compounds are shown in Fig. 1. The derivatized com-
pounds were extracted three times with 500 .l of ethyl acetate. The
extract was dried down, resuspended in 100 .l of ACN-water (1:1,

NHz
OH

OCH3;

100 mM, TCDI

v/v), vortexed, and filtered through a 0.22-pm spin X column. 10 1
of the supernatant was injected for LC/ESI/MS/MS analysis [23].

2.4. NMR spectroscopy analysis

The reaction of 3-MoSA with TCDI was purified by HPLC using a
Discovery C18 5 wm (25 cm x 4.6 mm .d. Supelco, Torrance, CA) col-
umn. The mobile phase consisted of solvent A (10% ACN/0.1% glacial
acetic acid) and solvent B (99.9% ACN/0.1% glacial acetic acid), both
of which were filtered through a 0.45-pm filter prior to mixing
and were ultrasonically degassed after mixing. The gradient was as
follows: 0-8 min 100-10% A, 8-10 min 10% A, 10-13 min 10-100%
A, 13-16 min 100% A, with a flow rate of 1 ml/min. Fractions of
0.5ml have been collected and analyzed by LC/ESI/MS/MS. The
fractions containing 3-MoSA-TCDI were pooled, dried and resus-
pended in [2Hg] DMSO. Nuclear magnetic resonance spectra were
acquired using a 14.0 T Bruker magnet equipped with a Bruker AV-
Il console operating at 600.13 MHz. All spectra of the sample were
acquired in 3 mm NMR tubes using a Bruker 5 mm TCI cryogenically
cooled NMR probe. Chemical shifts were referenced internally to
[2Hg] DMSO (8 2.5 ppm), which also served as the 2H lock solvent,
and the coupling constants (J) are reported in Hz. For 'H and 13C
NMR experimental conditions includes 32 K data points, 13 ppm
sweep width, a recycle delay of 1.5 s, and 32-256 scans, depending
on sample concentration. 3-Methoxysalicylamine-TCDI (3-MoSA-
TCDI): 'H NMR (600 MHz, DMSO-d6) § 7.11 (dd, 1H, J=3.0 and
7.9Hz, 5-H), 7.01 (dd, 1H, J=1.98 and 7.9Hz, 7-H), 6.76 (dd, 1H,
J=1.64 and 7.9 Hz, 6-H), 4.37 (s, 2H, CH,), 3.82 (s, 3H, CH3), 2.05 (s,
1H, NH). 13C NMR § 181.65 (C1), 146.21 (C8), 137.55 (C9), 125.23
(C4), 117.95 (C6), 117.44 (C5), 111.77 (C7), 55.76 (C10) and 41.39
(C3).

2.5. Method validation procedure

Assays were performed in brain homogenate. The stability of
3-MoSA in mouse brain homogenate to freezing was assessed by
comparing freshly prepared samples to the same samples stored
at —80°C for up to 7 months. Carry over was evaluated by plac-
ing vials of blank solvent at several locations in the analysis set. In
order to assess the intra- and inter-batch precision and accuracy
of the assay, 3-MoSA standard curve samples were prepared at 0.1,
1, 10, 100, and 1000 p.g/1 concentrations. The intra-batch precision
(repeatability) of the assay was evaluated by the relative standard
deviation (% RSD) of four replicates and the inter-batch precision
(reproducibility) was evaluated by the analysis of standard curve
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Fig. 1. Structures of 3-methoxysalicylamine (3-MoSA), hexylsalicylamine (HxSA), and their thiocarbonyldiimidazole (TCDI) derivatives.
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samples in four batches (in duplicate); % RSD =(SD/mean) x 100.
The accuracy was calculated as the percent error in the calculated
3-MoSA concentration relative to the nominal 3-MoSA concentra-
tion (% RE). For the assay to be considered acceptable, the precision
and accuracy of a method is generally considered acceptable if %
RSD < 15%, or for the lowest concentrations, <20% [24].

The limit of quantification (LOQ) and limit of detection (LOD)
were calculated directly from the calibration plot. LOQ and LOD
were calculated as 100/S and 3.30/S, respectively, where o is the
standard deviation of line and S is the slope of the calibration
plot [25]. The lower limit of quantification (LLOQ) was determined
by evaluating the linear range of the calibration curve. LLOQ was
defined as the lowest concentration yielding precision and accuracy
with % RSD < 20% for both intra- and inter-batch analysis.

2.6. Invivo pharmacokinetic studies

The extraction recovery was determined by comparing peak
areas of the 3-MoSA from spiked matrix (blank brain homogenate
spiked with 3-MoSA) before extraction and from the same amount
of 3-MosA added to samples after extraction. Matrix effect on ion-
ization was evaluated by comparing the peak areas of 3-MoSA from
samples spiked post-extraction with corresponding peak area of
the same amount of 3-MoSA added to tissue-free extraction sol-
vent. The specificity of the method was demonstrated by comparing
chromatograms of control brain homogenate, brain homogenate
spiked with 3-MoSA ex vivo, and brain homogenate obtained from
3-MoSA-treated mice.

2.7. Liquid chromatography and mass spectrometry conditions

The reactions were analyzed by LC/ESI/MS/MS using a Jupiter
5um C18, 300A (150 mm x 2.00 mm i.d.; Phenomenex, Torrance,
CA) column. The mobile phase consisted of solvent A (10% ACN/0.1%
glacial acetic acid) and solvent B (99.9% ACN/0.1% glacial acetic
acid), both of which were filtered through a 0.45-pm filter prior to
mixing and were ultrasonically degassed after mixing. The gradi-
ent was as follows: 0-8 min 100-10% A, 8-10 min 10% A, 10-13 min
10-100%A, 13-16 min 100%A, with a flow rate of 0.2 ml/min. The
mass spectrometer was a Thermo Finnigan (San Jose, CA) TSQ
Quantum Triple Quadrupole equipped with a standard electrospray
ionization source. Nitrogen was used for both the sheath and aux-
iliary gas. The mass spectrometer was operated in the positive ion
mode and the electrospray needle was maintained at 4300V. The
ion transfer tube was operated at 35V and the capillary temper-
ature was 300°C. The tube lens voltage varied depending on the
compound being analyzed (240 for 3-MoSA and 22 for HxSA). The
ions were subjected to collision-induced dissociation at from —28
to —45eV, and daughter ions were scanned between m/z 50 and
500. Xcalibur software (version 1.3; ThermoFinnigan) operated the
instrument and processed the data.

2.8. Pharmacokinetic study

Animal experiments were performed according to the National
Institutes of Health Guide for Care and Use of Laboratory Animals
and institutional guidelines, which comply with AALAS legislation.
All protocols were approved by Vanderbilt’s IACUC. Mice were
12-week-old males of C57BL/6N background, weighing 23-25g.
C57BL6 mice were chosen for these studies because they are the
background strain for the animal models of Alzheimer’ disease
in which we are interested. Because there may be differences in
metabolism between males and females and the studies in AD are
done using males, we have focused our efforts on male mice. Ani-
mals were kept in a temperature-controlled environment with a

12-h light/12-h dark cycle. They received a standard diet and free
access to water.

2.8.1. Drug administration and sample collection

Mice were injected intraperitoneally with 3-MoSA in PBS
(200 mg/kg). At 15 min, 30 min, 1 h, 2 h and 4 h after injection, mice
were anesthetized with isoflurane and were sacrificed by decapita-
tion. Blood was collected in heparinized tubes and tissue samples
were harvested.

For oral administration experiments, 3-MoSA was added to the
drinking water (3, 5, 7 or 10g/1) for 1 week before sacrifice. Blood
was collected in heparinized tubes and tissue samples were har-
vested.

To prepare plasma, blood was centrifuged at 3000 x g for 10 min
at room temperature; plasma was stored with other tissues (heart,
liver, brain, and spleen) at —80°C until analysis.

2.8.2. Preparation of biological samples

2.8.2.1. Plasma. In a 2-ml polypropylene tube, 170 wl of PBS and
10 1 of I.S. were added to 20 wl of plasma. After briefly vortexing
the sample, 10 ul of 1 M phosphoric acid was added and the sam-
ple was vortexed again. The sample was derivatized with TCDI as
describe above.

2.8.2.2. Tissue. Tissue (20-40 mg) was mechanically homogenized
in a 2-ml polypropylene tube with 180 wl of 50 mM phosphoric
acid and 20 w1 of LS. The solution was centrifuged at 12,000 x g for
10 min at 4°C. The supernatant was transferred into a new 2-ml
polypropylene tube and the sample was derivatized with TCDI as
described above.

2.8.3. Pharmacokinetic analysis

Pharmacokinetic parameters of 3-MoSA were calculated by
a non-compartmental method using WinNonlin 5.1 Program
(Pharsight Corp., Mountain View, CA, USA). The pharmacokinetic
parameters were derived using the method described by Gabriels-
som and Weiner [26]. To resume, the area under the plasma or
tissue concentration versus time curve up to the last quantifiable
time point, AUC(_, was obtained by the linear and log-linear
trapezoidal summation. The AUC_s) was extrapolated to infinity
(AUC(0-~)) by adding the quotient Clast/kel, where Clast is the last
quantifiable concentration and Kel represents the apparent termi-
nal rate constant, and was calculated by the linear regression of the
log-transformed concentrations of the drug in the terminal phase.
The half-life of the terminal elimination phase was obtained using
the relationship t;, =0.693/kel. Systemic clearance (CL/F) was cal-
culated by the relationship CL/F=(Dip)/(AUCo_), ip) where Dip is
the dose of the compound injected intra-peritoneally. The appar-
ent volume of distribution (Vd/F) was obtained from the equation
Vd/F=(Dip).MRT/(AUCg_nkel), where MRT is the mean residence
time. The observed peak plasma concentration (Cpax ) and the time-
to-peak concentration (Tax ) Were recorded.

2.9. Statistical analysis

Statistical analysis was performed using GraphPad Prism 4.0
(GraphPad Software, Inc., San Diego, CA). Student’s t-test was
used, and p <0.05 was considered statistically significant. Data are
expressed as means =+ SE.
3. Results and discussion

3.1. Chromatographic method

The full mass spectra for 3-MoSA-TCDI and the internal stan-
dard (I.S., HxSA-TCDI) revealed predominant peaks at m/z=196.7
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Fig. 2. LC/ESI/MS spectra and selected ion monitoring of (A) 3-MoSA and (B) HxSA
TCDI derivatives. The [MH]* ions of 3-MoSA (m/z 196.7) and HxSA (m/z 250.1) were
subjected to CID. The product ions were scanned from m/z 50 to m/z 300. The spectra
recorded at —28 eV are shown as they contain all fragments generated by CID. The
proposed structures of individual ions and their selected ion monitoring spectrum
are shown.

and 250.1 as protonated molecular ions ([M+H]*) (Fig. 2). These
precursor ions were fragmented and the product ion spectra
were obtained. The probable cleavage reactions of 3-MoSA-TCDI
(m/z=196.7) that form the product ions 138.1, 124.0, 108.2, 80.2,
79.1, and 65.2 are presented in Fig. 2A. The probable cleavage
reactions of HxXSA-TCDI (at m/z=250.1) that form the product
ions 191.1, 137.1, 121.0, 107.0, 93.0, 79.1, and 77.1 are presented
in Fig. 2B. The fragment ions at m/z=138.1 and 65.2 [27] were
used for quantification for 3-MoSA-TCDI, and the fragment ions
at m/z=191.1 and 77.1 were chosen for quantification of the LS.
Selected reaction monitoring (SRM) mode was used to carry out
the quantitative analysis because it could simultaneously detect
the precursor and product ions and consistently provide high selec-
tivity, sensitivity, and intensity. To achieve a higher peak intensity
and better peak shape, optimization was done using a gradient of
acetonitrile/water with an addition of 0.1% glacial acetic acid to
the mobile phase. The development of the chromatographic sys-
tem was focused on shortening retention times with preserving
the chromatographic separation of the analytes from the matrix
contaminants. This was achieved by using a flow rate of 0.2 ml/min
with the gradient described above. The conditions of elution of the
analytes were optimized to improve both analyte purification and
ionization process (more efficient evaporation and desolvation pro-
cesses in the electrospray interface). The use of SRM provides high
selectivity for both 3-MoSA and HxSA. These ions had an accept-
able retention time (6.4 min and 10.4 min, respectively; Fig. 3). The
overall analysis time was 16 min including re-equilibration time for
the column with the initial mobile phase.
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Fig. 3. Typical SRM chromatograms of 3-MoSA and HxSA (internal standard) TCDI
derivatives. The [M+H]* ions 3-MoSA (m/z 196.7) and HXSA (m/z 250.1) were sub-
jected to CID. SRM chromatograms of the product ions m/z 138.1 (—22eV) and m/z
65.2 (—44eV) for 3-MoSA and the product ions m/z 191.1 (-15eV) and m/z 77.1
(—45eV) for HXSA are shown.

3.2. Method validation

Assays were validated according to the U.S. FDA guidance
on bioanalytical method validation [24]. A calibration curve was
constructed using 5 concentrations of calibration standard rang-
ing from 0.001 to 100 p.g/l. Reliable reproducibility was observed
throughout this range. A dose-response curve was prepared by
weighing different amounts of 3-MoSA and the concentration was
measured by LC/ESI/MS/MS as described above. The data were ana-
lyzed by linear regression; y =0.8752x described this relationship,
where y is the 3-MoSA concentration measured by LC/ESI/MS/MS
and x is the 3-MoSA concentration determined by weight. Good
linearity was observed over the concentration range evaluated.
The slope and intercept of the calibration plot were 0.73 and 3.53,
respectively and the correlation coefficient (%) was 0.995. The LOD
and LOQ were 16.12 and 48.87 p.g/l, respectively; these low values
are indicative of the high sensitivity of the method. The LLOQ was
0.001 pg/l.

3.3. Application to in vivo pharmacokinetic studies

We have identified a means to specifically remove LGs in vivo
using a novel class of scavenger molecule that removes LGs before
they can adduct to proteins, without inhibiting the COX-derived
production of prostaglandins [22]. We have selected the compound
3-MoSA for further study in an animal model of Alzheimer’s dis-
ease. Although we have quantified the compound concentration
in several tissues and plasma, our main focus was to demonstrate
its brain penetrance and achievable brain concentration after oral
administration. For this purpose, we developed an efficient method
for extracting and quantitating the compound in small pieces of
tissues. In preliminary experiments, we found that the yields of
extraction of 3-MoSA and HxSA from tissues were not high enough
to allow accurate quantitation. Therefore, we assessed the effect
of derivatization of 3-MoSA and HxSA with TCDI on sensitivity and
chromatography. We found that derivatization with TCDI increased
the compounds hydrophobicity, helping their extraction from bio-
logical tissues and fluids (99.7% for 3-MoSA and 82% for HxSA),
and improved the chromatographic purification by improving their
retention on the C18 column. We therefore used TCDI derivatiza-
tion for all subsequent analysis.

The concentration of analyte in unknown samples was
determined by interpolating from a standard curve performed
extemporaneously. The samples suspected of containing high lev-
els of 3-MoSA were diluted prior to analysis to achieve analyte
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Table 1
Intra- and inter-day precision and accuracy of the LC/MS/MS method to quantitate
3-MoSA.

Prepared Measured Accuracy % RSDP

concentration concentration of (% RE)?

of 3-MoSA 3-MoSA (pg/l)

(ng/l) (mean +SD)

Intra-day
0.1 0.1 £ 0.01 90 11.1
1 1.0 £ 0.1 100 10.0
10 8.0+ 1.1 90.9 14.2
100 66.7 + 09.6 76.3 14.4
1000 725.3 +£110.8 83.6 15.3

Inter-day
0.1 0.1 + 0.01 110 9.1
1 1.0 £ 0.1 109 11.2
10 8.0+ 1.2 91.7 14.8
100 66.7 +£ 9.7 76.4 14.6
1000 741.4 + 106.7 84.8 14.3

Values are means + SE (n>4).
2 Relative error.
b Relative standard deviation.

concentrations within the linear range.

The intra- and inter-day precision and accuracy for the quan-
tification of 3-MoSA were determined (Table 1). The intra- and
inter-day precisions were acceptable with % RSD<15% (at the
exception of the highest concentration; % RSD = 15.3%), suggesting
that the method is both accurate and reproducible for quantifica-
tion of 3-MoSA in mouse brain.

To determine recovery, the amounts of 3-MoSA and L.S. obtained
from brain samples spiked with the analytes post-extraction were
compared with the amounts obtained from the same brain samples
spiked with the analytes pre-extraction. The mean recovery of 3-
MoSA was 116.36+16.93% for 1 pg/l (n=4) and 108.81 & 14.04%
for 10 wg/l (n=4). The mean recovery of the LS. at 1pg/l was
106.43 £3.15% (n=4). These data suggest that the treatment of the
samples did not cause a significant loss of drug. The 3-MoSA in
brain was relatively stable: 76.87% was recovered after storage for
>7 months at —80°C.

The matrix effect was evaluated by using 1 g/l and 10 g/l of 3-
MoSA. Average matrix factor values (matrix factor = AUC of 3-MoSA
in sample spiked post extraction/AUC of 3-MoSA in tissue-free
extraction solvent) obtained for 3-MoSA-TCDI were 74.70 & 12.96%
and 74.84 + 5.23% at concentrations of 1 pg/l and 10 pg/l, respec-
tively. The average matrix factor value obtained for LS. at 1 g/l
was found to be 117.81+8.55%. To assess the specificity of the
SRM method for 3-MoSA, blank brain samples were prepared
and analyzed following the protocol used for normal samples.
These samples did not contain any 3-MoSA or LS. No interfering
peaks from endogenous compounds were observed at the reten-
tion times of 3-MoSA and LS. (Fig. 4A), demonstrating that our
purification method removes all potentially interfering endoge-
nous compounds and that the observed signals are specific for the
analytes (Fig. 4B).

3.4. Application to study 3-MoSA pharmacokinetics in mice

All data were corrected for the measured plasma volume in brain
and other tissues in lieu of routinely performing saline perfusion.
The total plasma volume for an average mouse brain is 1.6% of the
total wet weight according to previously published work [28].

3.4.1. Intraperitoneal administration

A single intraperitoneal (i.p.) dose of 3-MoSA (200 mg/kg) was
administered to mice and tissues were harvested over time as pre-
viously described. 3-MoSA was detectable in tissue for up to 4h
after injection. Time course of the mean plasma and brain concen-
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Fig. 4. Representative SRM chromatograms for the determination of 3-MoSA in
mouse brain homogenate samples by LC/ESI/MS/MS. SRM chromatograms are
shown for (A) mice brain homogenate without additives, (B) brain homogenate
spiked with 3-MoSA and 1 pg/l HxSA (internal standard).
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Fig. 5. Brain and plasma concentration-time profile of 3-MoSA in mice after a single
intra-peritoneal injection (200 mg/kg). The concentration of 3-MoSA was deter-
mined by LC/ESI/MS/MS analysis, as described in Section 2. Values are means 4 SE
(n>6).

trations of 3-MoSA are shown in Fig. 5 and the pharmacokinetic
parameters are shown in Table 2. 3-MoSA was rapidly absorbed in
the systemic circulation; the plasma concentration was maximal
(343 pwg/ml) at 30 min and decreased quickly between 1h and 4h
after injection. The volume of distribution Vd/F (486.391/kg) indi-
cates penetration of the drug into organs and tissues. The plasma
elimination half-life (t;,) of 3-MoSA was 0.61 h and the AUCq_; was
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Table 2
Pharmacokinetic parameters of 3-MoSA in mouse brain or plasma after a single
intra-peritoneal administration of 200 mg/kg.

Parameter Plasma (+S.E.M.) Brain (+S.E.M.)
Cinax (pg/ml or pg/g) 342.6 +56.4 1395.3+207.0
Tiax (h) 0.5 0.25
Elimination ty, (h) 0.6 0.5

AUCo_¢ (wgh/ml or pgh/g) 361.5+41.6 1338.9+87.6
CL/F (1/h/kg) 544.1 -

Vd/F (l/kg) 486.4 -

LogBB=0.56

Values are means +SE (n>6). Pharmacokinetic parameters calculated by a non-
compartmental method using WinNonlin 5.1.

36142 pgh/ml. In brain, the maximum concentration (Cgmax) of
3-MoSA was 1395 +207 pg/g at 15min after dosing, suggesting
that the compound rapidly penetrates through the blood-brain bar-
rier (logBB=0.56), and elimination half-life (¢;/,) was 0.46 h. The
AUC._; for brain was 1339+ 88 ugh/g. The total body clearance
(CL/F)was 544.06 1/h/kg. The kinetics of 3-MoSA distributions to the
heart, spleen, liver and kidneys were determined (Table 3). Similar
to the brain, 3-MoSA distributed to these organs within 15-30 min
of administration, with the maximum concentrations in the kidney
and spleen. Although the organ drug content markedly exceeded
that of plasma, there was no evidence of specific drug accumulation
over time in any of the organs studied.

3.4.2. Oral administration

To investigate the pharmacokinetics of orally administered 3-
MoSA, the compound was dissolved in drinking water, which was
made freely available to the mice. Separate cages received one of
4 concentrations of 3-MoSA: 3, 5, 7 or 10 g/l. After 7 days of drug
administration, 3-MoSA was monitored in tissues; a representative
chromatogram for 3-MoSA and the LS. is presented in Fig. 6. The
concentrations of 3-MoSA in the brain were 18, 25, 38 and 82 j.g/g
tissue for the drink concentration 3, 5, 7 and 10g/l, respectively
(Table 4). The highest tissue levels of 3-MoSA in liver and kidney
support a role for these organs in drug excretion. Assuming an equal
density (1 ml plasma =1 g brain), the oral administration of 3-MoSA
for 1 week at the doses of 3, 5, 7 and 10 g/l/day gives concentrations
0f 92, 126, 191 and 419 uM in the brain, respectively.

Table 3

1.06E6
3-MOSA
196.7 —> 138.1
® 1.55E5
2 3-MOSA
3 196.7 —> 65.2
c
2 34865
g ’ [2C] standard
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Fig. 6. Representative SRM chromatograms for the determination of 3-MoSA in
mouse brain homogenate after 7 days of oral administration of 5 g/l 3-MOSA. Brain
homogenate were spiked ex vivo with 1 g/l HXSA (internal standard). SRM chro-
matograms of the productions m/z138.1 (—22 eV)and m/z65.2 (—44 eV) for 3-MoSA
and the product ions m/z 191.1 (—15eV) and m/z 77.1 (—45 eV) for HxSA are shown.

4. Conclusion

We developed and validated a selective LC/MS/MS method to
quantitate 3-MoSA in biological samples following derivatization
with TCDI. The chemical derivatization improved extraction yields
from tissues and facilitated the chromatographic purification of the
analytes. The method is sensitive and specific: the LOD and LOQ
were 16.12, 48.87 pg/l, respectively and a LLOQ of 1 pg/ml. It was
applied to study the pharmacokinetics of 3-MoSA in mouse tis-
sues. Following oral or intraperitoneal administration, 3-MoSA was
rapidly absorbed and widely distributed to body tissues, including
the brain. This study determines that 3-MoSA can be used in vivo
for studies aimed at understanding the biological consequences of
formation of y-ketoaldehyde adducts on proteins in conditions of
inflammation and/or oxidative stress, such as Alzheimer’s disease.
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MRTinf (h) 0.9 1.0 1.0 0.9
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Table 4
Accumulation of 3-MoSA in plasma and tissues after oral drug administration.

Tissues? Drink at 3 g/l (+S.E.M.) Drink at 5g/l (+S.E.M.) Drink at 7 g/l (+S.E.M.) Drink at 10 g/l (+S.E.M.)
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