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A simple, robust, and sensitive liquid chromatography-tandem mass spectrometric (LC-MS/MS) method
was developed for the measurement of endogenous adenine in mouse, rat, cynomolgus monkey, and
human plasma. A “surrogate analyte” strategy was adopted by employing ['3C(U)]-adenine as the surro-
gate analyte. The plasma samples were processed by protein precipitation, and the extracted supernatant
samples were subjected directly to LC-MS/MS analysis. The analysis was carried out in the negative ion
detection mode using selected-reaction monitoring (SRM). The method achieved a lower limit of quan-

ﬁ?é vl:ionrgs: tification (LLOQ) of 5.0 nM with a signal-to-noise ratio of 10. The intra- and inter-day assay coefficients
Biomarker of variation (CV) were <6.67% in rat plasma, and the mean recoveries and matrix effects across species
LC-MS/MS and at various concentrations ranged from 88.8% to 104.2% and 86.0% to 110.8%, respectively. Using this
MTA methodology, the endogenous concentration of adenine in plasma of four species was found to range from
MTAP 8.7nM in human to 93.1 nM in cynomolgus monkey plasma. The assay was further applied to both an ade-

nine pharmacokinetic study and a pivotal pharmacodynamic study evaluating the plasma concentration

of adenine after a dose of 5'-deoxy-5'-methylthioadenosine (MTA).

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Adenine is a vital purine that is generated in vivo by two
pathways, both de novo purine synthesis and also salvage
pathway mediated through the degradation of 5'-deoxy-5'-
methylthioadenosine (MTA). The enzyme methyl thioadenosine
phosphorylase (MTAP) converts MTA, which is generated dur-
ing the synthesis of polyamines, directly into adenine and
5-methylthioribose-1-phosphate (Fig. 1) [1]. Interestingly, the loss
of MTAP activity or the deletion of the MTAP gene has been reported
to occur in a wide variety of primary tumors, including acute
lymphoblastic leukemia [2], non-small-cell lung cancer [3], and
melanoma [4]. The deficiency of MTAP in tumor cells offers a poten-
tial promising approach for tumor-selective therapy, since MTAP
activity is present in virtually all normal cells. The hypothesis is
that tumor cells which lack MTAP activity are unable to salvage ade-
nine from MTA and therefore will be more dependent on de novo
synthesis of adenine. As a result, MTAP-deficient tumors would be
sensitive to pharmacological agents that block de novo purine syn-
thesis. Moreover, normal cells abundant in MTAP would be rescued
from the toxicity of inhibitors of purine synthesis by administration
of MTA that could provide a source of adenine [5].
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Fundamental to elucidating the validity of this approach is an
understanding of the availability of adenine to MTAP-deficient
and MTAP-positive cells. As a result, it is necessary to be able to
accurately assess the circulating concentrations of adenine in vivo.
Several LC-UV and LC-MS/MS methods have been reported for
measuring the levels of purines as well as pyrimidines in urine
samples [6,7]. Indeed, levels of these compounds in the urine have
been used as successful biomarkers for disease diagnosis [8]. To our
knowledge, while methods have been reported for the analysis of
hypoxanthine, xanthine and uric acid in plasma [9-11], no method
has been reported for determining the concentration of adenine in
plasma, nor has the physiological level of adenine in plasma from
non-clinical species been previously reported.

One major challenge for the quantitative analysis of small
molecule biomarkers comes from background interference due to
the analyte itself being present in blank matrix used to prepare
the calibration standard samples. Several methodologies have been
reported to overcome such background interference. Quantitation
of endogenous analytes can be carried out by using a calibration
curve constructed from an alternative matrix, such as pure aqueous
or organic solution [12,13] or pretreated matrix with the targeted
analyte removed [14,15]. Using pure aqueous or organic solution
as the matrix to prepare standard samples does not account for
recovery of sample extraction and matrix effects during LC-MS/MS
analysis and additional experiments are needed to validate the
assay, while removal of the targeted analyte from the biological
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Fig. 1. Salvage pathway of purine biosynthesis through 5'-deoxy-5'-methylthioadenosine phosphate (MTAP).

matrix is generally labor intensive and is not amenable to gen-
eral usage. The interference of endogenous analyte from biological
matrix can also be taken out using background subtraction tech-
nique during data analysis [16]. However, the method can become
impractical if the analyte level in treated subjects is lower than
endogenous level. The method of standard addition [17,18] is
another approach for endogenous analyte quantitation which also
minimizes any matrix-related effects. This method relies on addi-
tion of a series of standard solutions to individual aliquots of the
sample. The sample concentration is determined as the intercept
from the calibration curve. One factor that must be considered
with this method is that only samples with concentrations that are
greater than the baseline matrix concentration can be accurately
measured.

Generally speaking, when calibration curves are constructed
in the presence of the pre-existing concentrations, the precision
and accuracy of the assay at the lower range of quantitation can
be compromised [12,20]. Further, the lot-to-lot variability in the
pre-existing concentrations makes the method development even
more difficult. In the current study, we addressed the issue of
endogenous interference using an alternative approach employing
a “surrogate analyte” strategy [12,18-22]. For quantitation of ade-
nine, the stable isotope-labeled compound ['3C(U)]-adenine was
used as the “surrogate analyte” to establish concentration-mass
response relationship, i.e. a regression equation. The concentra-
tions of the authentic analyte adenine are calculated based on the
regression equations derived from the surrogate analyte [13C(U)]-
adenine. Because the surrogate analyte [!3C(U)]-adenine is not
present in plasma, the assay is free from the interference caused by
endogenous analytes in the matrix, which is a strong bioanalytical
advantage.

Using the “surrogate analyte” approach in the current study,
a simple, robust and highly sensitive LC-MS/MS method for the
determination of adenine concentration in plasma was developed
and validated. Compared to the previous reported method which
was developed for human urine sample analysis at wM quantita-
tion levels [6], the method presented here had an LLOQ of 5.0 nM,
allowing accurate determination of the basal levels of adenine in
plasma from four species. Furthermore, the method was easily
applied to the determination of the pharmacokinetic profiles of
adenine in mice following three different routes of administration.
The method has also been used to assess concentrations of adenine
in plasma after a dose of MTA, a critical pharmacodynamic result
to test the rationale for targeting MTAP deficient cells [5].

2. Experimental
2.1. Materials

HPLC grade methanol, acetonitrile and water were purchased
from Honeywell Burdick & Jackson (Morristown, NJ). Reagent
grade ammonium formate was obtained from VWR International,
LLC (West Chester, PA). Adenine, hypoxanthine, 5'-deoxy-5'-
methylthioadenosine (MTA) were obtained from Sigma-Aldrich
(St. Louis, MO). Stable isotope-labeled [!3C(U)]-adenine and

[13C(U)]-hypoxanthine were obtained from Moravek Biochemi-
cals, Inc. (Brea, CA). Blank plasma samples from CD-1 mouse,
Sprague-Dawley rat, cynomolgus monkey, and human were pur-
chased from Bioreclamation, Inc. (Hicksville, NY).

2.2. Preparation of working solutions for calibration standards
and quality controls

In a single 96-well plate, working solutions used for the prepa-
ration of calibration standards of adenine and ['3C(U)]-adenine
were prepared by serial dilution of the corresponding stock solu-
tions. Starting from 1.0 mM stock solutions in 2% methanol aqueous
solution, working solutions of each analyte were prepared sepa-
rately at final concentrations of 20, 50, 100, 200, 500, 1000, 2000,
5000, 10,000, and 20,000 nM using the same diluent. Correspond-
ing working solutions for quality control samples were prepared
from separate weighing powder.

2.3. Preparation of adenine and [13C(U)]-adenine standard
samples in water for the measurement of mass response factor

Solutions of adenine and ['3C(U)]-adenine at concentrations of
100, 500, 1000, 5000, and 10,000 nM were used to prepare test sam-
ples for measurement of mass response factor. Thus, 10 wL of each
working solution was spiked into 100 L water, followed by addi-
tion of 300 wL of methanol in a 96-well plate. The samples were
subjected to LC-MS/MS analysis as described in Section 2.7.

2.4. Preparation of calibration standards and quality controls in
plasma

Calibration standards were prepared using plasma protein pre-
cipitation method. The calibration curve consisted of 10 different
concentrations of [!3C(U)]-adenine over the 2.0-2000nM range.
Calibration curves were prepared in plasma for each species in
order to minimize the matrix effect. Using pre-prepared work-
ing solutions, 10 L of each [13C(U)]-adenine working solution was
added to 100 p.L of blank plasma in a 96-well plate. To precipitate
plasma proteins, 300 L of methanol containing the internal stan-
dard (100 nM [13C(U)]-hypoxanthine) was added to each sample.
After thorough vortex mixing for 10 min, the samples were cen-
trifuged at 4500 rpm (~2200 x g, 10°C) for 30 min. Finally, 200 .l of
each plasma supernatant was then transferred to a second 96-well
plate for subsequent LC-MS/MS analysis.

Quality control samples were prepared identically as the cal-
ibration standard samples. The concentrations of quality control
samples were adjusted based on the calibration curves obtained
from two LC-MS/MS systems (API 5000 and API 4000 Q TRAP). The
working solutions of [13C(U)]-adenine at concentrations of 100, 500
and 2500 nM or 500, 1000, and 5000 nM were used to yield the three
QCsamples with nominal concentrations at 10, 50 and 250 nM used
on API 5000 system or 50, 100 and 500 nM used on AP1 4000 Q TRAP
system.
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Fig. 2. Product ion spectra of adenine (top), ['3C(U)]-adenine (middle) and ['3C(U)]-hypoxanthine (bottom) following dissociation of each parent at [M—H]~ obtained on API

4000 Q TRAP mass spectrometer.

2.5. Preparation of unknown plasma samples

For the quantitation of endogenous adenine, plasma samples
from each species were prepared using the plasma protein precipi-
tation method described above. To make up the volume difference
between the calibration standard samples and the test plasma sam-
ples, 10 wL of 2% methanol aqueous solution was added to each
100 L test plasma sample. The plasma samples from in vivo phar-
macokinetic study were prepared for analysis in the same fashion.

2.6. Pharmacokinetic study of adenine

There were three treatment groups with 10 mice (NCR
nude mice, Taconic Farms) per group. Animals received ade-
nine (50 mg/kg) via intravenous, intraperitoneal, or subcutaneous
administration. For each group, plasma samples were collected at
5,10, 15, 30, and 60 min post-dose (n=2). The samples were kept
frozen at —80 °C until LC-MS/MS analysis.

2.7. LC-MS/MS conditions

Quantitative analysis of endogenous adenine levels in plasma
was performed on an API 5000 triple quadrupole mass spectrom-
eter (AB SCIEX, Foster City, CA) coupled with a Shimadzu 10ADvp
pump (Shimadzu Scientific Instruments, Columbia, MD) and a CTC
HTS PAL autosampler (CTC Analyticas, Switzerland). LC separation
was achieved using a Shiseido Capcell PAK AQ C-18 column (5 pm,
4.6 mm x 150 mm, Shiseido Co. Ltd., Japan) with a binary gradient
of 5mM aqueous ammonium formate solution (mobile phase A)
and methanol (mobile phase B). In a typical run, mobile phase was

initially held at 100% mobile phase A for 1 min, followed by a linear
increase of mobile phase B from 0 to 50% over 5 min. After a quick
ramp of mobile phase B from 50% to 95% in 0.5 min, the solvent
composition was held at 95% of mobile phase B for 2 min. The sys-
tem was then returned to initial conditions for 2 min. The mobile
phase flow rate was set at 800 pwL/min. The sample injection volume
was 10 L for all analyses.

Negative-ion mode was used on an API 5000 mass spectrom-
eter equipped with a turbo ion spray ion source. The instrument
settings used were: source temperature (TEM) 700 °C, nebulizer
gas pressure (Gas 1) 60 psi, turbo gas pressure (Gas 2) 50 psi, cur-
tain gas pressure (CUR) 25 psi, and ion spray voltage (IS) —2000V.
Selective reaction monitor (SRM) mode was used for quantifi-
cation of adenine, [!3C(U)]-adenine and [!3C(U)]-hypoxanthine
(internal standard) with the following transitions, respectively:
134.0 > 107.1,139.1 — 111.1 and 140.1 — 96.1. The dwell time for
each transition was set at 100 ms with the entrance potential (EP)
set at —10V. The declustering potential (DP), collision energy (CE)
and cell exit potential (CXP) were optimized at —40, —26 and —13V
foradenine, —60, —24 and —15 V for [13C(U)]-adenine, and —40, —26
and —13V for [!3C(U)]-hypoxanthine, respectively. The collision
gas (CAD) was set at 9 arbitrary units.

Plasma samples obtained from mice following administration
of adenine were analyzed using an API 4000 Q TRAP mass spec-
trometer (AB SCIEX, Foster City, CA) equipped with an Agilent 1200
binary pump (Agilent Technologies, Palo Alto, CA), a CTC HTS PAL
autosampler. A turbo ion spray ion source was used with the follow-
ing settings: TEM 600 °C, Gas 1, 50 psi, Gas 2, 50 psi, CUR 15 psi and
IS at —2000V. The DP, CE and CXP were optimized at —50, —24 and
—17V for adenine, and —35, —24 and —17V for ['3C(U)]-adenine,
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and —40, —22 and —15V for ['3C(U)]-hypoxanthine, respectively.
The collision gas was set at high.

2.8. Data analysis

Applying the surrogate analyte strategy in the quantitation, the
calibration curve was generated with [13C(U)]-adenine. The con-
centrations of adenine were determined by comparison against
the calibration curve corrected with the corresponding isotopic
response factor. The equation for the linear least-squares regression
of the calibration curve used in the study is:

area /area

[3c(U)]-hypoxanthine
l+b

[13C(U)]—adenine

= a[CONC[13¢(1))) adenine
where a is the slope of the regression line and b is the intercept. The
concentrations of adenine in the unknown samples were calculated

by

[area,genine/area RF-b

[3C(U)]-hypoxanthine ]
a

CONCydenine =

where RF is mass spectroscopic response factor determined by
the peak areas of adenine and ['3C(U)]-adenine in neat solution
at equivalent concentrations:

RF = al‘ea[13C(U)]_adenine/3reaadenine

MultiQuant™ Software 1.0 (AB SCIEX, Foster City, CA) was used
for data analysis as it allows calculation of concentrations of
one analyte using the calibration curve constructed from a dif-
ferent analyte. Watson LIMS software (Version 7.0.0.01, Thermo
Scientific) was also used employing the “Alternate Regression”
function, which yielded similar results as the data calculated using
MultiQuant™ Software 1.0.

3. Results and discussion
3.1. Method development

3.1.1. Surrogate analyte strategy

In consideration of availability, purity, and MS/MS fragmen-
tation patterns, [13C(U)]-adenine was chosen as the surrogate
analyate for quantitative analysis of the endogenous levels of ade-
nine in plasma. Compared to unlabelled adenine, [13C(U)]-adenine
generated the expected different product ions (Fig. 2) while exhibit-
ing the same retention time under these conditions (Fig. 3). Purity
of ['3C(U)]-adenine was greater than 99% based on the vendor’s
specification, and no detectable signal (greater than 5.0 nM) was
observed at the retention time from adenine SRM channel using
a 2.0 uM ['3C(U)]-adenine sample in neat solution. The level of
chemical noise between the SRM channels of ['3C(U)]-adenine and
adenine at the retention time of interest was very similar. In order
to eliminate any isotope effects that could lead to different ion-
ization efficiency, 75% methanol aqueous solutions containing an
equal molar mixture of adenine and [!3C(U)]-adenine at concen-
trations of 10, 50, 100, 500 and 1000 nM were used to determine
the mass spectrometer response factor (RF). The RF values were
calculated by comparing the response of adenine to the response
of [13C(U)]-adenine at each concentration level; the values were
0.96,0.92,0.98,0.95 and 1.02, respectively. The data suggested that
the mass spectrometer response factor for adenine and [!3C(U)]-
adenine was concentration-independent in the tested range. The
measured RF values were very close to the theoretical value of one
and this indicated that there is no difference in the ionization and
fragmentation efficiency between unlabelled and stable isotope-
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Fig. 3. SRM chromatograms of adenine, ['3C(U)]-adenine and ['3*C(U)]-
hypoxanthine from rat plasma containing 5nM ['3C(U)]-adenine and 100nM
[13C(U)]-hypoxanthine obtained on API 5000 mass spectrometer.

labeled adenine. Consequently, a nominal value of 1.0 was used for
quantitative analysis of adenine.

3.1.2. LC-MS/MS method optimization

Due to the small size and highly polar character, adenine
and hypoxanthine are not easily amenable to successful chro-
matographic retention using regular reverse-phase C-18 or C-8
columns. This is particularly true when the analytes are in a solution
containing a high percent of organic solvent (methanol or ace-
tonitrile) which results from protein precipitation workup. Upon
column screening, it was found that a Shiseido Capcell PAK AQ
C-18 column (4.6 mm x 150 mm, 5 wm) with high surface polar-
ity was able to retain both adenine and hypoxanthine injected in
a methanol/water 3/1 solution. This allowed direct injection of the
supernatant resulting after protein precipitation workup. Methanol
was chosen as mobile phase B since it gave a slightly higher mass
spectrometric signal response (~10%) for adenine than acetonitrile,
although acetonitrile provided slightly higher sensitivity (~10%) for
hypoxanthine.

The mass spectrometer was operated in negative ion mode. For
each compound, [M—H]~ was the predominant ion in the Q1 spec-
trum, which was used as the precursor ion for obtaining MS/MS
product-ion spectrum. MS/MS product-ion spectra of adenine,
[13C(U)]-adenine and ['3C(U)]-hypoxanthine are shown in Fig. 3.
The CAD fragmentation patterns of adenine and [!3C(U)]-adenine
were identical to each other. For adenine, the most abundant prod-
uct ion m/z 107.1 is due to loss of HCN from the precursor ion (m/z
134.0 — 107.1); this transition was considered a specific fragmen-
tation pathway and was chosen to determine the concentration of
adenine. For ['3C(U)]-hypoxanthine, the most abundant product
ion was m/z 96.1, so the transition m/z 140.1 — 96.1 was chosen
to determine the concentration of [!3C(U)]-hypoxanthine. Initial
experiments of quantifying endogenous adenine levels in plasma
indicated a five-fold increase of sensitivity with an API 5000 com-
pared to an API 4000 Q TRAP using the optimized settings of each
system. Therefore, endogenous adenine levels in plasma of four
species were assayed on an API 5000 mass spectrometer.

3.2. Method validations

3.2.1. Selectivity and specificity

The selectivity and specificity of the method were ascertained
through analysis of samples prepared in a methanol/water 3/1 solu-
tion or extracted from three different lots of plasma from each
species. The degree of interference was assessed by inspection of
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Table 1
Accuracy and precision data for ['3C(U)]-adenine in rat plasma.

Nominal conc. (nM) Average Relative Coefficient of
(nM) error (%) variation (%)

Day 1 (n=8)

20 213 6.25 3.95

50 48.7 -2.63 5.45
100 101 0.50 3.35
500 504 0.80 6.67
Day 2 (n=8)

20 203 131 4.32

50 47.5 -5.05 3.63
100 94.1 -5.92 5.74
500 464 -7.25 2.80
Day 3 (n=8)

20 19.9 -0.63 5.24

50 48.6 -2.90 3.53
100 97.0 -3.05 4.38
500 485 -3.03 4.04
Inter-day (n=24)

20 20.6 2.31 4.50

50 48.3 -3.53 4.20
100 97.4 -3.21 4.49
500 486 -3.16 4.50

LC-MS/MS SRM chromatograms. No significant interference peaks
from the blank plasma samples of four species were found in
the SRM channel of ['3C(U)]-adenine (tg 6.38 min) and ['3C(U)]-
hypoxanthine (tg 5.41 min). The plasma extract samples from all
four species contained an interference peak (tg 6.08 min) at level
of 2000 counts per second, which did not affect the quantitation of
the analyte of interest.

3.2.2. The lower limit of quantification

The lower limit of quantitation (LLOQ) for ['3C(U)]-adenine in
four species plasma was determined to be 5.0 nM (signal-to-noise
ratio of 10) on an API 5000 system (Fig. 3), which was signifi-
cantly lower than that reported in urine assays [5,6]. The LLOQ
for [13C(U)]-adenine in four species plasma was determined to be
20.0 nM (signal-to-noise ratio of 10) on an AP1 4000 Q TRAP system.

3.2.3. Linearity, precision and accuracy

Calibration curves of [13C(U)]-adenine were obtained by ana-
lyzing eight standards in corresponding plasma matrix with the
concentration range of 5-1000nM on an API 5000 system or
20-2000nM on an API 4000 Q TRAP system. Correlation coeffi-
cients (r2) of calibration curves exceeded 0.990 in all batch runs.
The precision and accuracy of the assay was determined by ana-
lyzing QC samples along with a calibration curve on three different
days (Table 1). Intra-day performance was assessed by replicate
analysis (n=8) of these samples from two independent batch runs.
Inter-day performance was evaluated by replicate analysis (n=24)
over three days of analysis. The coefficient of variation and relative
error were calculated as previously described [23]. Relative errors
of intra-day results ranged from —7.25% to 6.25% at the four tested
concentrations, whereas coefficient of variation was between 2.80%
and 6.67% (Table 1). Inter-day performance, assessed via replicate
analysis (n =24 per concentration) over a three day period, showed
that the relative error over the 20-500 nM ranged from —3.53% to
2.31%, and the coefficient of variation was less than 4.50%.

3.2.4. Percent recovery

Extraction efficiency of the assay was assessed by compar-
ing the response ratios of extracted QCs of ['3C(U)]-adenine in
plasma with that of QCs prepared by spiking [13C(U)]-adenine in
extracted plasma using three replicates at each of the four con-
centration levels in plasma from each species. The recovery of
[13C(U)]-adenine ranged from 88.8% to 104% across the species at

all the concentrations tested (Table 2). The recovery of the inter-
nal standard ['3C(U)]-hypoxanthine at the concentration used in
the assay was assessed in a similar fashion, and the average recov-
ery in mouse, rat, cynomolgus monkey and human plasma was
103 +3.3%,94.44+0.5%, 102 +4.2% and 101 & 3.0%, respectively.

3.2.5. Matrix effect

The matrix effect of [13C(U)]-adenine was assessed by com-
paring the LC-MS/MS responses of QCs prepared by spiking
[13C(U)]-adenine in extracted plasma with that of QCs prepared by
spiking [13C(U)]-adenine in a methanol/water 3/1 solution using
three replicates at each of the four concentration levels in plasma
from each species. The matrix effects of [13C(U)]-adenine ranged
from 86.0% to 111% across the species at all the concentration levels
tested (Table 3). The data indicated that no coeluting endogenous
substances led to any significant ion suppression, or enhance-
ment, under the conditions of the LC-MS/MS method described.
The matrix effect of the internal standard [!3C(U)]-hypoxanthine
at the concentration used in the assay was assessed similarly,
and the average matrix effect in mouse, rat, cynomolgus monkey
and human plasma was 97.6 +1.2%, 87.4+2.5%, 91.9+2.5% and
98.6 + 3.4%, respectively.

The matrix effect on adenine was evaluated due to concerns
of the varied susceptibility of adenine and [!3C(U)]-adenine to
endogenous interference. In order to minimize endogenous ade-
nine interference, the matrix effect of adenine was assessed by
comparing the responses of 1 wM adenine in 75% methanol aqueous
solution with 1 wM adenine in plasma extracts from four species
(n=3). The data (not shown) indicated that the matrix effect on
adenine is similar to that of [13C(U)]-adenine, which provided con-
fidence for the use of [13C(U)]-adenine towards the construction of
calibration curves for the quantitation of adenine.

3.3. Endogenous concentrations of adenine determined in mouse,
rat, cynomolgus monkey and human plasma

Two different lots of commercially sourced plasma from each
species (Bioreclamation Inc.) were assayed for adenine concen-
trations. The results from the analysis showed that (1) variability
between different lots and (2) the endogenous levels of adenine
were species-dependent. Adenine concentrations in mouse, rat and
human plasma were similar (approximately 10 nM), while its con-
centration in cynomolgus monkey was significantly higher (above
50nM) (Table 4). An LLOQ of 5.0nM was achieved using an API
5000 LC-MS/MS system which provided increased confidence in
the quantitation of endogenous adenine, especially for the species
exhibiting relatively low levels.

3.4. Pharmacokinetic study of adenine

The present LC-MS/MS method was used to analyze plasma
samples from mice that were treated with adenine. The purpose
of the study was to assess the pharmacokinetic profiles of adenine
following intravenous, intraperitoneal, or subcutaneous adminis-
tration. The mean plasma concentration-time course profiles of
adenine after a single dose of adenine at 50 mg/kg were shown
in Fig. 4. The maximum plasma concentrations (Cmax) from intra-
venous, intraperitoneal, and subcutaneous routes of administration
were 257 £3.2 pM, 177 £8.6 wM, and 196 +6.9 wM, respectively.
The times corresponding to maximum plasma concentrations
(Tmax) via the three different routes were 5-min, 5-min, and 15-min,
respectively, and the areas under the plasma concentration-time
curve (AUCy_¢) were 5310, 5170, and 5520 M min, respectively.
The results indicated that adenine was eliminated rapidly (t;,
10.5 min via intravenous administration), and the total exposures
of adenine in plasma via the three different routes are similar. Due
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Table 2

Recovery of [1*C(U)]-adenine in mouse, rat, cynomolgus monkey and human plasma.

783

Mouse
mean=+S.D. (%)

Concentration (nM)

Rat

mean +S.D. (%)

Cynomolgus monkey
mean +S.D. (%)

Human
mean=+S.D. (%)

20 922 +£36 894 +43 947+ 7.3 104 + 2.6
50 92.1 + 4.4 88.8 + 6.8 101 £ 3.5 974+ 59
100 94.7 + 4.8 913 + 34 101 + 4.0 101 £25
500 96.3 £ 0.5 93419 984 + 06 963 £ 1.9
Table 3
Matrix effect of ['3C(U)]-adenine in mouse, rat, cynomolgus monkey and human plasma.
Concentration (nM) Mouse Rat Cynomolgus monkey Human
mean +S.D. (%) mean +S.D. (%) mean £S.D. (%) mean +S.D. (%)
20 91.2 £ 2.7 93.8 + 4.5 95.5 + 4.2 102 £ 2.2
50 86.0 £ 1.3 88.2 £ 0.5 96.3 +£4.3 96.8 £ 5.1
100 98.2 £ 5.1 984 £33 984 +23 110+ 1.3
500 102 £ 2.0 102 + 1.6 101 £ 1.9 111 £ 45
Table 4
Endogenous adenine levels determined in mouse, rat, cynomolgus monkey and human plasma.
Mouse Rat Cynomolgus monkey Human

mean £ S.D. (nM) mean +S.D. (nM)

mean + S.D. (nM) mean + S.D. (nM)

Lot 1 10.1 £ 0.6
Lot 2 532+05

15.7 £ 0.6
9.60 + 0.7

8.68 + 0.6
838 £ 0.5

93.1+£13
428 +£2.2

1000+

100+

Adenine Concentration (M)

1 1 T 1
0 20 40 60

Time (min)

Fig. 4. Mean plasma concentration-time profiles of adenine following intravenous
(—), intraperitoneal (- -), or subcutaneous (—) administration of adenine (50 mg/kg)
to NCR nude mice.

to the high dosage of adenine, the levels of adenine in plasma were
high compared to endogenous levels. Therefore, the in vivo plasma
samples were diluted with water (100-fold), and the corresponding
calibration standards and quality control samples were prepared in
100-fold diluted matrix also.

4. Conclusion

A simple, robust and sensitive LC-MS/MS method for the deter-
mination of endogenous adenine concentration in plasma has been
established and validated. Direct injection of the supernatant after
protein precipitation sample workup was followed by LC-MS/MS
analysis in the negative ion mode by SRM. The surrogate analyte
strategy overcame the analytical challenges of measuring endoge-
nous levels of adenine. The method was able to determine the
endogenous levels of adenine in plasma from four species, as well
as adenine pharmacokinetic profiles in mice. Furthermore, the
method has been applied successfully to the determination of ade-

nine levels following treatment with MTA, and these data provided
vital information regarding the evaluation of the MTAP-mediated
pathway of purine biosynthesis as a pharmacological target [5].
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