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ABSTRACT: A simple and sensitive analytical method using liquid chromatography–tandem mass spectrometry (LC/MS/MS)
for determination of acetylsalicylic acid (aspirin, ASA) and its major metabolite, salicylic acid (SA), in animal plasma has been
developed and validated. Both ASA and SA in plasma samples containing potassium fluoride were extracted using acetoni-
trile (protein precipitation) with 0.1% formic acid in it. 6-Methoxysalicylic acid was used as the internal standard (IS). The
compounds were separated on a reversed-phase column. The multiple reaction monitoring mode was used with ion transi-
tions of m/z 178.9 → 136.8, 137.0 → 93.0 and 167.0 → 123.0 for ASA, SA and IS, respectively. The lower limits of quantifica-
tion for ASA and SA were 3 and 30 ng/mL, respectively. The developed method was successfully applied for the evaluation of
pharmacokinetics of ASA and SA after p.o. and i.v. administration of 1 mg/kg to rats. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

Aspirin (ASA) is the one of the oldest known prescription drugs
and most widely used as an analgesic, anti-inflammatory and
antipyretic drug. ASA is also used to inhibit cyclooxygenase-
dependent platelet aggregation (Hennekens et al., 1989). Each
year in the USA alone, 80 billion aspirin tablets are taken (Flieger,
1994). After administration of ASA, it is rapidly hydrolyzed in
the body to produce salicylic acid (SA), which is the compound
that is primarily responsible for the pharmacological activity. The
half-life of aspirin in plasma is about 20 min (Reilly and Fitzgerald,
1988; Kwong et al., 1987), because it is readily hydrolyzed to SA.
SA is further metabolized to gentisic acid, salicyluric acid and
other conjugates (Mays et al., 1984). Numerous analytical methods
for the determination of ASA and its metabolites in biological fluids
have been published (Liu and Smith, 1996), including HPLC (Mays
et al., 1984; Peng et al., 1978; Bakar and Niazi, 1983; O’Kruk et al.,
1984; Shen et al., 1990; Kees et al., 1996; McMahon and Kelly,
1998), GC (Walter et al., 1974; Rance et al., 1975), and capillary
electrophoresis (Hanse et al., 1998). The method using on-line solid-
phase extraction (SPE) by a methylcellulose-immobilized-strong
anion-exchanger (MC-SAX) in a column-switching HPLC system
achieved the highest sensitivity among the assay methods pre-
viously reported. The lower limit of quantification of ASA was
about 50 ng/mL in 100 μL of plasma until 2007 (Yamamoto et al.,
2007). This limitation of detection is not low enough for some
pharmacokinetics studies, such as for controlled-release tablets
oral administration studies, and also the sample preparation is
not simple. A more sensitive assay had to be developed in order
to characterize the pharmacokinetics of low-dose ASA. For this

purpose, recently a highly sensitive method with LC/MS/MS was
developed (Bae et al., 2008). A limit of detection of 5 ng/mL for
ASA was achieved by this method, but it cannot analyze ASA
and its metabolites simultaneously. In addition, 1 mL plasma has
to be used with this method, which is not practical for some
pharmacokinetic (PK) studies in small animals. A time–cost
sample preparation involving liquid–liquid (L-L) extract, evapora-
tion, drying and reconstitution were also used in this method
for sample preparation of ASA. ASA is not stable and many proc-
esses could affect the accurate detection of ASA. The objective
of this study is to use the most popular API 4000 mass spectrom-
eter to develop and validate a reliable, rapid and sensitive LC/
MS/MS method for simultaneous determination of ASA and SA.
In this method, both ASA and SA are extracted with acetonitrile
at the same time. After centrifuging, the supernatant was
directly injected into the column. The separation was achieved
in the column and the MRM mode of the mass spectrometry
was used. Only 0.1 mL plasma sample is needed in this method.
This method has been successfully applied to ASA and SA PK
analysis for dog and rat plasma samples for a thousand samples.
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Experimental

Chemicals

Aspirin, salicylic acid, 6-methoxysalicylic acid (internal standard,
IS), potassium fluoride (KF) and formic acid were purchased from
Sigma-Aldrich Chemical Company (St Louis, MO, USA). Other
chemicals were of reagent grade or HPLC grade, and therefore
were used without further purification. Blank dog plasma was
purchased from BioChemed (Winchester, VA, USA).

Analytical System

The concentrations of ASA and SA in plasma were determined
using series 200 liquid chromatograph (Perkin Elmer) coupled
with a mass spectrometer (API4000, Applied Biosystems, Foster
City, CA, USA). The compounds were separated on a reversed-phase
column (Ultra aqueous C18, 100 × 2.0 mm i.d., 3 μm particle size;
Restek) with an isocratic mobile phase consisting of acetonitrile
and water (63:37, water–acetonitrile, v/v; with 0.1% formic acid).
The mobile phase was delivered at 0.3 mL/min. The mass spec-
trometer was operated in TurboIonSpray (TIS) in the negative
ion mode at −3000 eV and 500°C. The operating conditions were
optimized for each of the analytes and were determined as follows:
nebulizing gas (Gas1), 55; heater gas (Gas2), 50; curtain gas, 10;
collision gas (CAD), 4; and collision energy, −20 eV. Quantifica-
tion was performed by multiple-reaction monitoring (MRM). The
mass transitions used for ASA, SA and internal standard were
m/z 178.9 → 136.8 (with declustering potential –18 and collision
energy –8), 137 → 93 (with a declustering potential –20, and
collision energy –18) and 167 → 123 (with declustering potential
–20 and collision energy –18), respectively.

Preparation of Plasma Standards and Quality Controls

Stock solutions of ASA, SA and IS were dissolved in acetonitrile at
a concentration of 1 mg/mL. Calibration standard of ASA and SA
in blank plasma (contains 10 mg/mL KF) were prepared by spiking
with an appropriate volume of the variously diluted stock solu-
tions, giving final concentrations of 3, 5, 10, 25, 100, 200, 400
and 500 ng/mL for ASA, and 30, 50, 100, 250, 1000, 2000, 4000
and 5000 ng/mL for SA. The calibration curves were prepared and
analyzed along with quality control (QC) samples for each batch
of plasma samples. The QC samples were prepared at three
different concentration levels of 10, 100 and 400 ng/mL for ASA,
and 100, 1000 and 4000 ng/mL for SA in blank plasma. All pre-
pared plasma samples were stored at −80°C. Stock solution was
prepared freshly.

Sample Preparation

For the animal plasma sample, 0.1 mL plasma was aliquotted into
a 2 mL centrifuge tube and 20 μL of acetonitrile was added into
it and vortexed briefly. A 0.3 mL aliquot of 0.1% formic acid ace-
tonitrile was added into this tube and vortexed. The sample was
centrifuged at 13,000g for 5 min. A 0.2 mL aliquot of supernatant
was transferred into an analytical vial with 0.3 mL insert, and a
5 μL aliquot was injected directly into the LC/MS/MS system.

For calibration standards and QC samples, solid potassium
fluoride was added into blank plasma to get a concentration of
10 mg KF per mL of plasma. A 0.1 mL aliquot of this plasma was
transferred into 2 mL centrifuge tube and spiked with 20 μL of

the corresponding spike solutions. Then the same later proce-
dure as in the sample preparation was followed. All procedures
were conducted at 4°C in an ice bath and within 40 min.

Method Validation 

Calibration Curve. Standard curve solutions were prepared in
plasma at eight to 10 concentration levels. Based on the concen-
tration and peak area, or peak area ratio, a linear standard curve
was constructed. Non-weighting and weighting linear regres-
sion can be used. The correlation coefficient was acceptable if
greater than or equal to 0.98.

Specificity. The specificity of the method was evaluated by
analyzing extracts from six lots of blank dog plasma samples.
The response of the interfering peak or background noises at
the retention time/ or mass/z of the ASA and SA are acceptable
if less than 20% of the response of the lowest standard curve
point or LLOQ. The responses of the interfering peak or back-
ground noise at the retention time of the internal standard are
acceptable if less than 5% of the response of the working inter-
nal standard.

LLOQ. The lower limit of quantitation (LLOQ) was estimated
from the background noises (10 times background noise) or
responses from six samples spiked at LLOQ level (5 times the
response of any interference peaks). The LLOQ was acceptable if
its precision was greater than or equal to 20% and its accuracy
was within 100 ± 20% with reference to the nominal value.

Intra-day Precision and Accuracy. The intra-assay precision
and accuracy were evaluated using a minimum of six QC samples
each at the high (approximately 90% of the highest standard),
mid (a suitable midpoint of the standard curve range) and low
(within 3 times the lowest standard curve point) concentrations.
The acceptable intra-day accuracy and precision are where the
mean percentage target for each level of QC is 100 ± 15% with a
%CV of 15% (n = 6).

Inter-day Precision and Accuracy. Inter-day precision and
accuracy were evaluated using a minimum of six QC samples
each at the high, mid and low concentration for three days (day
1, day 2 and day 3). Acceptable inter-day accuracy and precision
are were the mean percentage target for each level of QC over
three days is 100 ± 10% with a %CV of 15% (n = 18).

Extraction Recovery. The extraction recovery was determined
by comparing extracted QC samples and un-extracted QC samples,
at low and high QC concentrations. The un-extracted QC samples
were prepared with the extraction of blank matrix and spiked
with the corresponding concentration of the compounds. Six
replicates were prepared for each concentration level. The QC
samples for inter- or intra-assay accuracy and precision were used
as extracted samples. There are no acceptance criteria for the
extraction recovery, as long as the recovery is consistent across
all the concentration range.

Freeze–Thaw Stability. The stability of the samples was deter-
mined by analyzing three replicates of QC samples each at high
and low concentration that had gone through at least three
cycles of the freeze/thaw process, each consisting of at least 12 h
of freezing at −80ºC, and then thawing at room temperature
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unassisted. The stabilities test substances were indicated by the
changes of less than ±15% when compared with the initial analy-
sis, or less than ±15% compared with original value (freshly spiked
sample and analyzed in the same run).

Short-term Stability at Ambient Temperature. The short-term
stability of the samples was determined by analyzing three re-
plicates of QC samples each at high and low concentration that
had been kept at ambient temperature for at least 8 h. The
stabilities test substances were indicated by the changes of less
than ±15% when compared with the initial analysis, or less than
±15% compared with original value (freshly spiked sample and
analyzed in the same run).

Extract Stability in Auto-Sampler (in-Run Stability). The extract
stability was determined by analyzing the residual extracts that
had been in the auto-sampler for at least 24 h of the anticipated
analytical run time. Six replicates each at high and low concen-
trations were analyzed. The stabilities of test substances were
indicated by the changes of less than ±15% when compared
with the initial analysis.

Results and Discussion

Optimization of Analytical System

The negative ions of [M−H]− with transition of 178.9 → 136.6 for
ASA, 137.0 → 93.0 for SA and 167.0 → 123.0 for internal standard
were selected due to their high intensity and lower interference.
ASA and SA were often analyzed separately with different sam-
ple preparation methods due to their different chemical, ionization
and LC properties. The cross-interference of the standards is also
a consideration. In this method, we checked the cross-interference
between ASA and SA in our standards by injecting 400 ng/mL
separately to see if the mixture calibration solution of ASA and
SA is acceptable. It was found, for freshly prepared solutions,
there is no interference from SA to ASA. For ASA to SA, it was
found that, in our mixture calibration standards (with the same
concentration of ASA and SA), ASA only contributed less than
3% of SA (hydrolysis product from ASA) to total SA. In calibration
solution, SA has 10 times higher concentration than ASA, and so
the contribution from ASA must be negligible. Reversed-phase
chromatography is usually the first choice as its retention time is
less affected, its pH range is larger, and it often has better sepa-
ration and peak shape. It was found difficult to retain ASA and
SA by common RP columns, such as C8, C18 and phenyl. The Ultra
aqueous C18 column (Restek), which is embedded polar functional
groups, was found to be suitable for ASA and SA. Lower masses
are easily interfered with by solvent clusters or impurity frag-
ments. SA has a lower molecular weight and was found to have
high solvent noise level. The high noise level was still observed
in APCI ionization mode, or with methanol replacing of ace-
tonitrile. Gradient is usually not a good selection if there is high
solvent noise level. It was found that, in our system, gradient
produced interference humps and peaks for both ASA and SA,
especially for SA. Acetonitrile–water 63:37 with 01% formic acid
with the above column in isocratic mode was found to be suita-
ble conditions for simultaneous analysis of ASA and SA.

Acidic extraction conditions reduced the absorption of both
ASA and SA by the matrix and gave higher recovery. Matrix
effect and ion suppression were checked together by the recovery
test. The recoveries for ASA in concentrations of 8 and 400 ng/

mL were 51 and 84%, respectively, and for SA in concentrations
of 80 and 4000 ng/mL they were 102 and 60%, respectively.

Stability

ASA is not as stable as SA, and so attention should be paid in the
ASA stock solution preparation, sample collection, sample prep-
aration and sample analysis. For the stability of ASA stock solu-
tion (1 mg/mL) in acetonitrile, there are different data. McMahon
et al. (1998) reported it to be stable for at least 10 weeks either
at room temperature (20°C) or under refrigeration (4°C). Kees
et al. (1996) reported it to be stable for at least one month at
4°C. The most recent researchers, Bae et al. (2008), reported it
to be stable for only 7 days at 4°C. In our experiments, stock
solution was freshly prepared and used within 5 days and kept
in the refrigerator.

ASA is rapidly hydrolyzed by esterases in the gut wall, liver,
plasma and red blood cells to form SA, with a half-life of only
20 min (Reilly and Fitzgerald, 1988). It was also reported (Sørense,
1983) that the half-life of ASA, when incubated in plasma at
37°C, was about 1 h. Therefore, we added enzyme inhibitors
(potassium fluoride) to all plasma and/or blood samples in order
to prevent enzymatic hydrolysis of ASA, and all sample prepara-
tions were conducted at 4°C in an ice bath and within 40 min.

Validation was carried out using KF of 10 mg/mL in blank
plasma to inhibit the action of esterases, which catalyze the
hydrolysis of ASA. The following parameters were checked.

Calibration Curve. Linearity was assessed by preparing and
analyzing ASA and SA calibration curves over 3–500 ng/mL for
ASA and 30–5000 ng/mL for SA. With eight concentration points
in plasma the curves were linear with a correlation coefficient of
0.998 when weighted by 1/x.

Specificity

Specificity of the method was established by measuring six lots
of blank plasma spiked with ASA, SA and IS. No interference
peaks were found that coeluted with ASA and SA. The typical
chromatograms of blank plasma, plasma spiked with 3 ng/mL of
ASA, 30 ng/mL of SA and 100 ng of IS are shown in Fig. 1. The
retention times of ASA, SA and IS were approximately 1.7, 2.2
and 2.4, respectively.

LLOQ. LLOQ was assessed in one run with six samples spiked at
LLOQ level. The LLOQ was determined to be 3 ng/mL for ASA
and 30 ng/mL for SA, respectively.

Intra-day and Inter-day Precision and Accuracy. Intra-day pre-
cision and accuracy were evaluated using a minimum of six QC
samples each at the high, mid and low concentration while
inter-day was evaluated in the same experiment on three differ-
ent days. The results are shown in Table 1.

Accuracy and Precision

The intra- and inter-day accuracy and precision for ASA and SA
are listed in Tables 1 and 2. The intra-day accuracies of ASA and
SA were 86.8–106 and 98.0–107%. The corresponding values for
inter-day were 97.3–105 and 98.8–107%. The intra-day RSD (%)
for ASA and SA were 2.18–13.2 and 2.10–9.12%. The correspond-
ing values for inter-day were 5.97–12.5 and 3.05–8.12%.
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Extraction Recovery

The extraction recovery was determined by comparing extracted
QC samples and un-extracted QC samples (without matrix). The
results are shown in Tables 1 and 2. The extraction was carried
out with acetonitrile with 0.1% formic acid. For ASA, the recovery
was higher at lower concentration while for SA, it was reversed.
Formic acid, 0.5%, was also tested for the recovery and no signif-
icant difference was found.

Freeze–Thaw Stability. Usually the thawing process is under
room temperature, but for an ASA and SA sample, as ASA is not
stable, they were put into the refrigerator to thaw.

Short-term Stability at Ambient Temperature. The short-term
stability of the samples was also tested. Samples were kept at
room temperature overnight. It was found that ASA decreased
greatly but SA was stable (see Tables 1 and 2). Therefore, ASA
samples must be processed under lower temperature in the
sample preparation.

Extracts Stability in Auto-sampler (in-Run Stability). The
extracted samples were kept in the autosampler for more than
24 h and no significant concentration change was found. Some
typical chromatograms are shown in Fig. 1(a) and (b). The valida-
tion results are tabulated in Table 1 for ASA and Table 2 for SA.

Application

Six male Sprague–Dawley rats (200–250 g) were used for a low
dose validation of the technique. After an overnight fast, all the
subjects were given a dose of 1 mg/kg with three receiving this
orally (p.o.) and three receiving it intravenously (i.v.). Approxi-
mately 0.3 mL blood samples were collected at the following
times: pre-dose, 2, 5, 10, 15 (i.v. only), 20, 30 and 45 min, and 1, 2,
4, 8 and 24 h after the administration. Blood samples were
collected into chilled EDTA tubes containing a 20 μL aliquot
of 150 mg/mL potassium fluoride (to minimize the hydrolysis of
ASA to SA in blood). The chilled blood samples were centrifuged
immediately at 2000g for 10 min at 4°C and the plasma samples

Figure 1. Chromatogram of acetylsalicylic acid (ASA) (I), salicylic acid (SA) (II) and 6-methoxysalicylic acid (internal standard) (III). (a) Blank plasma
with internal standard (75 ng/mL in final extract); (b) blank plasma spiked with 3 ng/mL of ASA and 30 ng/mL of SA; (c) rat plasma collected at 10 min
after oral administration of 1 mg/kg of ASA.
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were frozen at −80°C until LC/MS/MS analysis. The typical chro-
matogram are shown in Fig. 1(c) and the results are shown in
Table 3. The total area under the plasma concentration–time
curve from time zero to the last measured time (AUC0–t) in
plasma was calculated using the trapezoidal rule-extrapolation
method. The area from the last datum point to time infinity (for
the calculation of AUC∞) was calculated by dividing the last
measured plasma concentration by the terminal-phase rate
constant. The peak plasma concentration (Cmax) and time to
reach a Cmax (Tmax) were read directly from the experimental data.
The concentration–time profiles are shown in Fig. 2(a, b). As
expected, ASA had a shorter plasma half-life compared with SA
as ASA is quickly hydrolyzed to SA. Half-life for ASA was longer
with i.v. administration and this is probably due to the loss of
hydrolytic activity seen in po administration for the gut. With
this technique, even this low dose of ASA showed detectable
levels for both rapidly, and PK parameters could be readily
determined. SA showed high oral bioavailability consistent with
its known properties.

Conclusion
In conclusion, this validated method had acceptable accuracy,
precision and sensitivity. Under this method, acetylsalicylic acid
(aspirin, ASA) and its major metabolite, salicylic acid (SA) were
successfully determined in the evaluation of pharmacokinetics
in rat. It was also successfully used for determination of ASA and
SA for a thousand dog plasma samples. This is the first reported
method with the lowest LLOQ (3 ng/mL) and simplest sample
preparation procedure.
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Table 3. Pharmacokinetic parameters of acetylsalicylic acid (ASA) and salicylic acid (SA) after oral (p.o.) and injection (i.v.) admin-
istration of 1 mg/kg ASA to rats

Route Group
(1 mg/kg)

Animal T1/2

(h)
Tmax

(h)
Cmax

(ng/mL)
AUC∞

(ng h/mL)
 F 

(% absorbed)

p.o. ASA A 0.08 0.10 74 12.0 43%
p.o. ASA B 0.08 0.20 59 16.5
p.o. ASA C 0.08 0.10 41 11.0

Mean 0.08 0.13 58 13.2
SEM 0.00 0.03 10 1.7

i.v. ASA A 0.12 0.03 84 11.2
i.v. ASA B 0.09 0.03 215 30.5
i.v. ASA C 0.16 0.03 196 29.1

Mean 0.12 0.03 206 29.8
SEM 0.01 0.00 41 6.2

p.o. SA A 4.59 0.20 1632 4852 67%
p.o. SA B 5.58 0.30 1500 4037
p.o. SA C 5.58 0.80 1770 7987

Mean 5.25 0.43 1634 5625
SEM 0.33 0.19 78 1204

i.v. SA A 4.14 0.03 2880 8311
i.v. SA B 4.88 0.03 2262 5418
i.v. SA C 5.11 0.10 2940 11,325

Mean 4.71 0.05 2694 8351
SEM 0.29 0.10 217 1705

Figure 2. Concentration–time profile of acetylsalicylic acid (a) and salicylic acid (b) after oral (�) and injection (�) administration of 1 mg/mL of
acetylsalicylic acid to rat.


