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  Volumetric absorptive microsampling (VAMS) is a novel sampling technique that allows for the 
collection of an accurate volume of blood by dipping a microsampler tip. The purpose of this study 
is to compare the requirement of a stabilizing reagent for the conventional venous blood sampling 
method versus VAMS in the analytical measurement of the concentration of acetylsalicylic acid. 
A high-performance liquid chromatography with mass spectrometry (LC-MS/MS) method was 
developed and validated for the accurate determination of acetylsalicylic acid in human blood. The 
blood samples spiked with acetylsalicylic acid with and without stabilizing reagent were absorbed 
into VAMS tips. In the whole blood sample, the same concentration was shown regardless of the 
addition of the stabilizing reagent, but the concentration decreased when the stabilizing reagent was 
not added to the VAMS sample. To apply the VAMS technology as a new blood sampling method, 
stabilizing reagents should be added before the analysis of acetylsalicylic acid concentration.
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Introduction
  Volumetric absorptive microsampling (VAMS) is a novel tech-
nique for the collection of an accurate blood volume to enable 
quantitative analysis in microsamples (typically within the range 
of 10-100 μL).[1] The Mitra® microsampler based on the VAMS 
is less invasive than the conventional venous whole blood sam-
pling method because it can be dried, stored and transported in 
ambient conditions after blood sampling.[1,2] In the microsam-
pling method, a fingertip is pierced with a lancet and the blood 
is absorbed by a Mitra microsampler. It has been reported that 
the collection of blood by absorbing a small volume of blood 
(10 μL or 20 μL) using VAMS allows for accurate quantification, 
and it is a device that allows for quantitative analysis indepen-

dent of the hematocrit.[3-5]
  Aspirin (acetylsalicylic acid) inhibits platelet aggregation 
through prevention of thromboxane A2. It is used for the 
prevention and treatment of various vascular diseases such as 
coronary artery disease, cerebrovascular disease, and peripheral 
vascular disease.[6,7] Acetylsalicylic acid also acts on the hypo-
thalamus to produce anti-pyresis; heat dissipation is increased 
because of vasodilation and increased peripheral blood flow. 
The antipyretic activity of acetylsalicylic acid is also related to 
the inhibition of the synthesis and release of prostaglandins.[8,9] 
Acetylsalicylic acid is rapidly hydrolyzed to salicylic acid in the 
liver and small intestine and is then absorbed into the blood.
[10] Salicylic acid is the compound that is primarily responsible 
for its pharmacological activity. Aspirin, a non-steroidal anti-
inflammatory drug (NSAIDs), is also used for the prevention 
of myocardial infarction and stroke.[11] It is essential for the 
treatment of coronary artery disease such as acute coronary 
syndrome including stable angina pectoris or acute myocardial 
infarction and atherothrombotic diseases such as ischemic ce-
rebral infarction, and it is effective for secondary prevention in 
a patient having a history of cardiovascular disease. Acetylsali-
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cylic acid directly and irreversibly inhibits the activity of both 
types of cyclooxygenases (COX-1 and COX-2) to decrease the 
formation of precursors of prostaglandins and thromboxanes 
from arachidonic acid.[12] This makes acetylsalicylic acid dif-
ferent from other NSAIDS, which are reversible inhibitors. Sali-
cylic acid may competitively inhibit prostaglandin formation. 
  Conventional methods for the analysis of aspirin levels in the 
blood includes detection of acetylsalicylic acid, which is the 
major component, and salicylic acid, which is its active form in 
the body. There are high-performance liquid chromatography 
(HPLC), capillary electrophoresis (CE) and liquid chromatogra-
phy mass spectrometry (LC-MS/MS) methods for their detec-
tion in biological samples.[7,13–16] It is difficult to quantify the 
levels of acetylsalicylic acid in the blood when it is hydrolyzed 
to salicylic acid. However, the conversion to salicylic acid can be 
minimized by adding an enzyme inhibitor stabilizing reagent 
such as potassium fluoride or sodium fluoride.[17,18]
  If the VAMS method is introduced to patients or subjects in a 
clinical trial, the burden on the patient will be reduced by the 
minimal blood sampling. Therefore, we conducted a study on 
the accuracy of drug analysis using VAMS before applying it to 
a real clinical situation. We conducted a study on the assump-
tion that acetylsalicylic acid, a drug that needs stabilization in 
blood analysis, can be quickly and easily collected and analyzed 
without the need for the addition of a stabilizing reagent by 
using a VAMS device. To investigate the effect of stabilizing 
reagent addition on the microsampler sample, we analyzed ace-
tylsalicylic acid and salicylic acid, its hydrolyzed form. 

Methods

Chemicals and reagents
  Acetylsalicylic acid, hydrochlorothiazide, potassium fluoride 
and formic acid were all purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Acetonitrile and water were purchased at the 
highest grade available from Fisher Scientific (Seoul, Korea). All 
other reagents used were of analytical grade and were purchased 
from Sigma-Aldrich. Microsampler devices were purchased 
from Phenomenex (Neoteryx, Torrance, CA, USA, brand name 
Mitra®).

LC-MS/MS conditions 
  All samples were analyzed by LC-MS/MS using an HPLC 
1100 series (Agilent, Applied Biosystems, USA) and an API 
4000 QTRAP mass spectrometer (AB SCIEX, Applied Biosys-
tems, Foster City, CA, USA) configuration. Chromatography 
and mass spectrometry parameters for microsampler samples 
and whole blood analysis are described elsewhere.[19] The 
instrument settings for the analysis of microsampler samples 
were identical to those for whole blood. The confirmation ion 
transitions for quantification were m/z 178.9→137.0 for acetyl-
salicylic acid and 295.9→78.1 for hydrochlorothiazide with an 

electrospray ionization interface used to generate negative ions 
[M − H]− in Figure 1.[20] Chromatographic separations were 
performed using a Luna, C18 column (2.0 × 50 mm, particle 
size 5 μm; Phenomenex, California, USA). The mobile phase 
consisted of 0.1% formic acid in 20% water and 0.1% formic 
acid in 80%acetonitrile. The flow rate was kept constant at 0.2 
mL/min. 

Sampling tests on the VAMS device
  Volume tests were carried out to perform matrix absorption 
experiments by means of a balance with a resolution of 0.01 
mg.[3] The control protocol for weight measurements was as 
follows: a 1 mL aliquot of the blood was placed in a vial, and to 
determine the weight (n = 6) of an accurately pipetted volume 
of each sample, this initial weight was recorded; then, 10 μL of 
sample was removed using a pipette, and the vial was finally 
reweighed. The average density of each matrix was calculated 
using the formula below: 

  Matrix density (mg/μL) = 
                               Mean blood weight in 10 μL aliquot (mg)/10

  The VAMS protocol for measurements of the volume absorbed 
by the VAMS device was as follows: to determine the weight (n 

A

B

Figure 1. Product ion mass spectra and the pattern of fragmentation of 
acetylsalicylic acid (A) and hydrochlorothiazide as an internal standard 
(B).
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= 6) of the blood absorbed by the VAMS tip, the initial weight 
of a vial containing 1 mL of the blood sample was recorded; a 
VAMS device was carefully dipped into the sample; and after 
filling the tip was removed, and the vial reweighed. The volume 
absorbed on the VAMS tip for blood was calculated using the 
formula below: 

  Mean matrix volume in VAMS tip (μL) =
                           [Mean blood weight in VAMS tip (mg)/
                           mean matrix weight in 10 μL aliquot (mg)] × 10

  Other sampling parameters were studied on the VAMS device, 
such as exposure time and between-operator variability in the 
volume of blood sampled.[1,3] 

Preparation of calibration standard and QC sample
  Acetylsalicylic acid concentrations were determined in whole 
blood samples and microsampler samples using blank whole 
blood originating from a heathy male subject. Acetylsalicylic 
acid free venous whole blood from an acetylsalicylic acid ab-
stinent healthy volunteer was collected in ethylenediaminetet-
raacetic acid (EDTA) tubes and used to prepare calibrators and 
quality control (QC) samples. Whole blood samples were ob-
tained by transferring 50 mL of blood to 2 mL tubes. Standard 
stock solutions of acetylsalicylic acid were prepared with 0.1% 
formic acid in 50% acetonitrile at 1 mg/mL. Standard solutions 
of acetylsalicylic acid in human plasma were prepared by spik-
ing with an appropriate volume of the variously diluted stock 
solutions, giving final concentrations of 0.4, 0.8, 1, 4, 8 and 10 
μg/mL. The calibration standards were prepared at concentra-
tions of 40~1,000 ng/mL of acetylsalicylic acid by spiking 80 
μL of human blood with 10 μL of each working standard and 
10 μL of 50% potassium fluoride. The samples were mixed, and 
10 μL of them was transferred to a new tube. Then, 10 μL of 
hydrochlorothiazide (10 µg/mL in 0.1% formic acid in 50% ace-
tonitrile) and 250 μL acetonitrile were carefully added to each 
sample. For extraction, samples were sonicated for 15 minutes, 
vortexed for 30 s and centrifuged at 10,000 rpm for 10 minutes 
at 4°C. The supernatants were transferred to injection vials, and 
5 μL was injected into an LC-MS/MS system for analysis. 
  Microsampler samples preparation was similar to the meth-
ods used for the whole blood samples. Microsampler samples 
were dipped into the samples that consisted of spiked 80 μL of 
human blood with 10 μL of each working standard and 10 μL 
of 50% potassium fluoride. Microsampler samples were gener-
ated by dipping the upper part of the tip into a volume of whole 
blood contained in 2 mL tubes, thereby ensuring that the tips 
were not completely immersed into the blood to prevent over-
filling. Upon turning completely red, the tips were held in place 
for an additional 2 s. Subsequently, the devices were positioned 
in a dedicated rack to prevent samples from touching each 
other while being air-dried for 1 h at room temperature. Dried 

samples could be stored at room temperature in the presence 
of desiccant in a closed plastic box or a zip-closure plastic bag. 
Microsampler tips were separated from the handler and placed 
in 2 mL tubes before 250 μL of acetonitrile and 10 μL of internal 
standard was added. The tips were extracted for 15 minutes in a 
sonicator and centrifuged at 10,000 rpm for 10 minutes at 4°C. 
The supernatant was transferred to an LC vial, and 5 μL was in-
jected into the LC-MS/MS column. 

Method validation
  The validation of the LC-MS/MS method was performed for 
specificity, limit of detection (LOD), lower limit of quantifica-
tion (LLOQ), linearity, precision, accuracy, and recovery param-
eters. The specificity of the method was investigated by compar-
ing the chromatograms of extracted blank blood obtained from 
six different human blood samples spiked with acetylsalicylic 
acid to ensure that they were free of interference around the 
retention time of acetylsalicylic acid. The LOD was determined 
by diluting solutions of known concentration until the response 
was three times the noise (S/N ration: 3), and the LLOQ was 
defined as the lowest concentration that could be calculated 
based on a minimal accepted value of S/N ratio 10. The linearity 
of the method was shown with a calibration curve constructed 
using six concentration points. Calibration curves were con-
structed by plotting the response ratios versus concentration 
of each analyte using a linear least squares regression with 
weighting factors of 1/x. The precision study was carried out 
based on injection repeatability and analysis repeatability of the 
spiked blood samples. Injection repeatability was determined 
by repeated injections of blood samples spiked with standard 
mixtures equivalent to each analyte into the LC-MS/MS system. 
The accuracy of the method was defined by replicate analysis of 
samples containing known amounts of the analyte. The devia-
tion of the mean from the true value served as the measure of 
accuracy. The recovery of the method was determined as the ra-
tio of the peak area of extracted samples after a full assay to that 
of a direct injection of equivalent concentration.  

Comparative study involving whole blood and microsampler 
sample
  To investigate the effect of stabilizing reagents, the differences 
between concentration of microsampler sample and concentra-
tion of whole blood sample were compared with and without 
50% potassium fluoride. First, 10 μL of acetylsalicylic acid QC 
sample was added to 80 μL of blank blood sample and 10 μL 
of stabilizing reagent was added. The whole blood sample was 
pretreated as it was, and the microsampler sample was absorbed 
onto 10 μL microsampler tip, dried for 1 hour, and extracted 
with acetonitrile. For samples without stabilizing reagents, 10 
μL of acetylsalicylic acid QC was added to 90 μL of blank blood 
sample. The whole blood sample was pretreated as it was, and the 
microsampler sample was absorbed onto the tip and pretreated.

Quantitative analysis of acetylsalicylic acid using VAMS
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Results

Sampling tests with VAMS devices
  The results for the sampled volume test of VAMS device are 
shown in Figure 2A, are the collected volumes are statistically 
indistinguishable from those pipetted (~10 μL), thus showing 
a good sampling accuracy by the VAMS devices. Blood were 

sampled until the VAMS tip was completely full (~2 s), and then 
the tip was kept in contact with each matrix for an additional 2, 
4, 6, 8 and 10 s. As shown in Figure 2B, the microsampling was 
volumetrically accurate at ~10 μL and there was no additional 
effect due to longer exposure times with each matrix, thus 
avoiding the risk of over sampling. The operators were given a 
brief description of the device and its use and allowed up to two 
practice attempts prior to each taking eight replicate samples. 
The accuracy (bias) for individual operators ranged from 0.13% 
to 0.87%, with precision (% CV) in the range of 1.29−7.91% 
(Figure. 2C), with an average volume of 10.38 μL (CV 4.2%). 
Thus, in use, VAMS has similar volume errors to other already 
accepted and established techniques. It was noted that opera-
tor A had a cluster of VAMS samples where the volumes were 
considerably higher than the other operators. These outliers 
could have been caused by immersing the tip past the shoulder, 
with the mechanism by which the blood becomes trapped be-
ing discussed later. Deep immersion could have been possible 
since the blood pool (approximately 1 mL) was contained in a 1.5 
mL Eppendorf tube. It should be noted that deep immersion of 
the tip is not possible with the shallower pools obtained when 
either a rodent tail or finger prick are sampled. The responses 
to questionnaires indicated that all of the operators found the 
device easy to use and that they knew intuitively when the tip 
was full. The intuitive nature of the VAMS technique, however, 
does not negate the need for suitable training, as indicated by 
the high spread of volumes obtained by operator A.

Method validation
  An LC-MS/MS method for the determination of acetylsalicylic 
acid in human blood was developed and validated. The repre-
sentative chromatograms of acetylsalicylic acid (40 ng/mL) in 
blank blood, LLOQ, and IS are shown in Figure 3 for selectivity. 
The results of these analyses were used to evaluate the linearity 
range of quantification and LLOQ, set to the lowest point of the 
calibration curve. The whole blood was validated over a concen-
tration range of 40~1,000 ng/mL. A good linearity was obtained 
with r always larger than 0.995. The precision of the determi-
nation was evaluated in both MS/MS acquisition methods ac-
cording to the calculated percentage of the replicated extracts 
sample. The precision and accuracy results are reported in Table 
1 and 2. Intra-day precision ranged from 0.9% to 5.4%, and 
intra-day accuracy (RE%) ranged from –8.3% to 9.6%. Inter-
day precision ranged from 1.5% to 6.9%, and inter-day accuracy 
(RE%) ranged from –6.6% to 6.8%. The intra-day precision and 
accuracy for QC samples were 1.7~7.7% (CV) and 92.5~100.7 
%, and the inter day precision and accuracy were 3.8~7.0% (CV) 
and 92.9~99.8 %, respectively. To evaluate these determinations, 
three points of the calibration curve (at low, medium, and high 
concentration) were processed by the previously mentioned 
protein precipitation extraction method and then analyzed in 
triplicate. No unacceptable interfering peaks were observed in 
microsampling samples prepared from blank blood from 6 in-

Figure 2. (A) Comparison of pipetted and absorbed volume on VAMS 
devices for blood; (B) absorbed volumes on VAMS devices for blood 
after several exposure times; (C) difference in blood absorption by 
VAMS sample according to the operators.

A

B

C
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dividual sources and the IS did not contribute to the responses 
of acetylsalicylic acid. Furthermore, no carry-over was found in 
blank samples injected after the ULOQ (upper limit of quantifi-
cation). The recovery was evaluated by processing samples with 

40, 400 and 800 ng/mL acetylsalicylic acid concentration. The 
recovery is expressed by the percent recovery reported in Table 3. 
Recovery rates were >92.5%. The intra- and inter-day precisions 
and accuracies below 15% indicated that in stabilized human 

A

B

C

Figure 3. Representative LC-MS/MS chromatogram of double blank (A), an acetylsalicylic acid (B) and hydrochlorothiazide as an internal standard 
(C) at the LLOQ (40 ng/mL).

Table 1. Precision and accuracy for the determination of acetylsalicylic acid standard calibration in whole blood  

Concentration (ng/mL) 40 80 100 400 800 1000

Intra day (n=5)

   Mean (ng/mL) 38.9 78.5 109.6 383.8 733.8 1074.0

   Precision (%CV) 5.4 2.7 5.1 1.2 1.5 0.9

   Accuracy (%) 97.2 98.1 109.6 95.9 91.7 107.4

   RE (%) –2.8 –1.9 9.6 –4.1 –8.3 7.4

Inter day (n=5)

   Mean (ng/mL) 40.7 78.1 105.1 381.8 747.6 1068.0

   Precision (%CV) 6.9 3.5 5.0 3.6 3.2 1.5

   Accuracy (%) 101.9 97.6 105.1 95.5 93.4 106.8

   RE (%) 1.8 –2.4 5.1 –4.6 –6.6 6.8

Quantitative analysis of acetylsalicylic acid using VAMS
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blood samples, acetylsalicylic acid concentrations can be deter-
mined with reasonable precision and accuracy and that these 
methods can be used for microsampler studies. 
  The stability data for LLOQ and high QCs, analyzed in tripli-
cate, are presented in Table 4 and demonstrate that acetylsalicyl-
ic acid was stable in microsampler samples for at least 30 days 
when stored at –70°C and for at least 30 minutes when stored 
at room temperature, the latter representing potential shipping 
conditions. Furthermore, processed samples were stable when 
stored for at least 24 hours in the autosampler set at 4°C and 
for at least 5 hours in an ice bath. In the freeze-thaw stability 

test, samples were stable for at least 3 cycles, and the re-injected 
sample was stable for at least 24 hours.

Comparative study involving whole blood and microsam-
pler sample 
  In the whole blood sample, the concentration was similar re-
gardless of the addition of the stabilizing reagent. However, the 
concentration of microsampler sample decreased by approxi-
mately 1/4 when the stabilizing reagent was absent (Table 5). 

Discussion
  Previous studies have reported that acetylsalicylic acid is eas-
ily hydrolyzed into salicylic acid, which makes it difficult to 
quantitate its concentration.[17] Moreover, acetylsalicylic acid 
was known be converted to salicylic acid when air dried or left 
in the air, resulting in poor stability. In this study, before apply-

Table 2. Precision and accuracy for the determination of acetylsalicylic 
acid QC sample in whole blood  

Concentration (ng/mL) 40 400 800

Intra day (n=5)

   Mean (ng/mL) 40.3 394.2 740.4

   Precision (%CV) 7.7 2.2 1.7

   Accuracy (%) 100.7 98.5 92.5

Inter day (n=5)

   Mean (ng/mL) 39.8 382.7 743.2

   Precision (%CV) 6.9 3.8 7.0

   Accuracy (%) 99.8 95.7 92.9

Table 3. Recovery for the determination of the acetylsalicylic acid in 
whole blood (n=5)

Concentration (ng/mL) Recovery (%, Mean)

40 100.9

80 98.5

400 92.5

Table 4. Stability data for acetylsalicylic acid in human microsampler samples (n=3)

Stability test QC (spiked concentration, ng/mL) Mean (ng/mL) Accuracy stability (%) Precision (%)

Bench top stability

(5 hr in ice bath)

40 40.2 100.5 3.4

800 798.3 99.7 4.1

Autosampler stability

(24 hr at 4°C)

40 39.1 97.8 0.9

800 790.3 98.7 1.2

Freeze-thaw stability

(3 cycles)

40 37.8 94.6 1.2

800 765.6 95.7 4.4

Re-injection stability

(24 hr)

40 37.2 93.1 0.5

800 800.3 100.0 11.4

Short-term stability

(30 min at RT)

40 41.3 103.4 0.8

800 791.6 98.9 10.2

Long-term stability

(30 days at –70°C)

40 40.7 101.7 0.9

800 790.6 98.8 4.7

Table 5. Calculated concentrations of acetylsalicylic acid for whole blood sample and microsampler sample (n=3)

QC concentration

(ng/mL)

Whole blood sample Microsampler sample

With stabilizing reagent  

(%)

Without stabilizing reagent 

(%)

With stabilizing reagent  

(%)

Without stabilizing reagent 

(%)

40 2 –2.3 1.5 –64.5

400 –0.5 –4.5 –6.0 –69.3

800 –2.0 –3.1 –0.9 –72.6

Yunjeong Kim, et al.
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ing VAMS device to clinical practice, we studied to compare 
the concentration of whole blood samples and microsampler 
samples with the presence or absence of stabilizing reagents. 
  When acetylsalicylic acid was analyzed by whole blood sample 
treatment, there was no difference in the concentration of 
acetylsalicylic acid both regardless of the use of the stabilizing 
reagent. The reason for this seems to be that the analysis was 
performed immediately after blood collection and pretreat-
ment. The concentration decreased when the stabilizing reagent 
was not added to the microsampler sample. This indicates that 
the stabilizing reagent is required to apply VAMS technology as 
a new blood sampling method. This study may be helpful for 
clinical use of the VAMS technology.
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