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ABSTRACT

In light of the shift toward patient-centric clinical trials, a measure of simplifying blood
collection process and minimizing the volume of blood samples is on the rise. Volumetric
absorptive microsampling (VAMS) is a microsampling device developed for blood sampling in
non-hospital settings, which enables accurate hematocrit-independent collection of 10 or 20
uL of whole blood with a simple finger prick. In this study, liquid chromatography (LC)-tandem
mass spectrometry workflow for quantification of rosuvastatin after VAMS sampling was
developed and validated. The VAMS sample was stabilized by matrix drying and the optimum
LC conditions and extraction methods were used to reach adequate sensitivity with lower limit
of quantification verified at 1 ng/mL in 10 pL of blood. The bioanalytical method to quantify
rosuvastatin from 1 to 100 ng/mL in VAMS sample was qualified by specificity, carryover,
linearity, within-run and between-run reproducibility and stability. Inaccuracy was less than

+ 6% and imprecision was less than 10% after analyzing the samples on 5 different days at all
concentration levels. In addition, the feasibility of delivery to the analytical laboratory after
home sampling during the guaranteed stability period of 10 days at room temperature was

confirmed by evaluating concentration changes after VAMS sampling without adding pH buffer.

Our results suggest that VAMS sampling did not have an effect on the stability of rosuvastatin,
and it is a viable option for simple and accurate blood collection at home.

Blood Specimen Collection; Rosuvastatin; Chemistry Techniques, Analytical;
Tandem Mass Spectrometry; Patient-Centered Care

INTRODUCTION

Hypercholesterolemia increases the risk of ischemic heart disease and stroke, which

is estimated to cause 2.6 million deaths worldwide annually [1]. In the United States,
more than 12% of all adults and 7% of children and adolescents were found to have
hypercholesterolemia in a 20152016 survey [2]. Since hypercholesterolemia does not
present itself with symptoms, evaluation of blood cholesterol level and cardiovascular risk
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Analysis of rosuvastatin collected by VAMS

- Editors: Nothing to declare management are necessary. Since 1980, the American College of Cardiology and American
Heart Association have been publishing clinical practice guidelines to improve cardiovascular

Conceptualization: Kim MG; Formal analysis: health; the latest guideline was published in 2018 [3]. According to the guideline, statins

Lee SE; Methodology: Lee SE, Kim MG; Writing  are the primary treatment for hypercholesterolemia along with lifestyle modification; there

- original draft: Moon SJ, Lee SE; Writing - are other non-statin lipid-lowering drugs available such as ezetimibe, but statins remain the

review & editing: Moon SJ, kwak YG, Kim MG. cornerstone of the hypercholesterolemia therapy.

Rosuvastatin, a synthetic 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitor,

is effective in decreasing the level of low-density lipoprotein-cholesterol in blood among
various statin drugs. It can also decrease the levels of total cholesterol, triglycerides,

and apolipoprotein B, and is effective in increasing the level of high-density lipoprotein-
cholesterol [4-6]. It is rapidly absorbed after oral administration, where the maximum
plasma concentration is achieved within 3 to 5 hours. About 90% of rosuvastatin is

bound to plasma proteins, mostly albumin, and is primarily eliminated by fecal excretion
with an elimination half-life of about 19 hours. Although not extensively metabolized,
approximately 10% of rosuvastatin undergoes metabolism and the major metabolite,
N-desmethyl rosuvastatin, is formed by cytochrome P450 2C9 [7]. Previous bioanalytical
methods developed to quantify the concentration of rosuvastatin in clinical trials with
conventional blood sampling need more than 200 pL of plasma as analytes, which leads

to extensive blood sampling [8-11]. Conventional blood sampling from veins is done by
healthcare professionals, and after the samples are centrifuged, plasma analytes are mixed
with sodium acetate buffer and stored in -70°C. This process is tedious and often can only
be done in hospital-oriented clinical trials, presenting a major hindrance to realization of
patient-centric clinical trials. Because patient-centricity is becoming increasingly important
in clinical trials due to difficulties in patient recruitment and compliance maintenance, there
is an unmet need to simplify the blood sampling process. To accomplish this, minimizing
the blood sample volumes is crucial, along with minimization of time to sample blood and
lessening of the pain associated with blood sampling.

Volumetric absorptive microsampling (VAMS) is a hematocrit-independent microsampling
technique developed for patients that enables them to sample blood at their home without
necessitating hospital visit. The process of pricking one's fingertip with a lancet, allowing the
tip of the VAMS sampler to directly touch the drop of blood on the fingertip, and collecting
capillary blood within 3 seconds, is simple and less invasive compared to conventional

blood sampling from veins. Reproducible sampling of a small amount of blood (10 pL) is

also expected to be useful in collecting blood from children and patients with severe anemia
[12-14]. The samples collected by VAMS can be dried and stored at room temperature (RT)
and can be shipped to bioanalytical companies without extra cost for storage and shipping at
low temperatures. VAMS is expected to have advantages of accurate and non-invasive blood
volume collection in a hematocrit-independent manner, thereby enabling patient-centric and
cost-effective clinical trials to be conducted [15,16]. To quantify the drug concentration from
small amount of blood samples collected by VAMS, there is a need for liquid chromatography-
tandem mass spectrometry (LC-MS/MS) bioanalytical method with adequate sensitivity.
However, only a small number of studies have been published on development of optimized
extraction and pre-treatment methods for various drugs collected by VAMS [17119]. The
objective of this study was to develop and validate a bioanalytical method using LC-MS/MS to
measure rosuvastatin in 10 pL of blood collected by VAMS. To achieve this objective, the LC-
MS/MS method with adequate sensitivity and reproducibility was developed and validated, and
subsequent evaluation of the proposed method's recovery rate and stability was carried out.
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MATERIALS AND METHODS

Chemicals and instruments
Rosuvastatin calcium (purity > 98%) was obtained from Futoro Laboratories Inc. (Pimple
Saudagar, India). Carbamazepine, used as the internal standard (IS), was obtained from
Toronto Research Chemicals Inc. (Toronto, Canada). Formic acid, acetic acid and sodium
acetate were purchased from Sigma-Aldrich (St. Louis, MO, USA). HPLC-grade methanol
and acetonitrile were purchased from Thermo Fisher Scientific (Waltham, MA, USA).
VAMS devices (Mitra™, 100601-B 10 pL tips in 96-autorack) were purchased from Neoteryx
(Torrance, CA, USA). Analytical balance (CP224S) and the pH meter (PP-15) were obtained
from Sartorius (Gottingen, Germany).

Chromatographic and mass spectrometric conditions

The samples were measured using an Agilent HPLC 1100 series (Santa Clara, CA, USA) coupled
with AB Sciex 4000 QTRAP mass spectrometer (Foster City, CA, USA). Chromatographic
analysis was performed on a Phenomenex Kinetex C18 column (50 x 2.1 mm, 2.6 pm)
(Torrance, California, USA) maintained at 20°C. Aqueous formic acid (0.1%) (buffer A) and
methanol (buffer B) were used as mobile phase at a flow rate of 0.2 mL/min. Accordingly, the
composition of the mobile phase with formic acid-water (0.1%) was chosen in order to lower
the pH to protonate the acidic rosuvastatin. Gradient elution started at 80% of B, followed by a
linear increase of B to 50% within 0.5 minutes and maintained up to 2.0 minutes. Thereafter,
the %B was reversed to the initial composition (80%) up to 5.0 minutes. Multiple reaction
monitoring (MRM) was carried out at the positive electrospray mode, the MRM transition
pairs (precursor ion/product ion) were m/z482.3/258.2 for rosuvastatin and m/z237.3/194.1 for
carbamazepine (Fig. 1). MRM parameters were optimized and following ionization conditions
were obtained. The ion source gas 1, 2 were set at 40 L/min, with source temperature at 400°C.
The ion spray voltage, declustering potential, collision energy and collision cell exit potential
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Figure 1. Precursor and product ion spectra of rosuvastatin (A) and the internal standard (B).
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were set at 5,500 V, 107.9'V, 48.35 eV, and 15.69 V, respectively. Peak area ratios were calculated
using AB Sciex Analyst® 1.7 (Foster City, CA, USA).

Analysis of rosuvastatin collected by VAMS

Preparation of standards and quality control (QC) samples on VAMS

Stock solutions of rosuvastatin and IS were prepared by dissolving in 50% methanol at 1
mg/mL and stored at -20°C. Working standard solutions were prepared by diluting with
50% methanol to yield a concentration of 10, 20, 50, 100, 200, 400, 800, and 1,000 ng/mL.
Working solution of IS was prepared by diluting with 50% methanol to yield a concentration
0f100 ng/mL. Sodium acetate buffer (pH 4.0; 0.2 M) as pH stabilizer was added in pooled
drug-free whole blood in the ratio of 3:1 (v/v). Calibration curves with final concentrations of
1, 2, 5,10, 20, 40, 80, and 100 ng/mL were made by spiking of the diluted blood. QC samples
were prepared at 3 concentration levels representing the low QC (LQC, 1 ng/mL), medium
QC (40 ng/mL), and high QC (HQC, 80 ng/mL), respectively. VAMS samples were prepared
from spiked blood to which pH stabilizer had been added. The hydrophilic polymeric tip of
VAMS absorbed blood by capillary action. The VAMS tips were dried for 1 hour at RT.

Extraction methods for VAMS samples

VAMS tips, which collected blood spiked to QC levels, were dried at RT for 1 hour. VAMS tip and
10 pL of IS were placed in a tube, and then extracted with 250 pL of methanol or acetonitrile as
the extraction solvent. The tubes were vortexed at 1,000 rpm for 10 minutes at RT. In addition,
the sonication was added at RT for 10 minutes to increase the solubility, and the extraction
recovery of the analyte was compared. The supernatant (200 pL) was dispensed into a new
tube, with vacuum evaporated at 45°C and reconstituted with 50 pL of 50% methanol. The
optimized reproducible extraction methods were performed under the following conditions
to identify suitable solvents for desorbing rosuvastatin from dried blood collected on VAMS
tips: 1) methanol-50% methanol solvents including vortexing; 2) methanol-50% methanol
solvents including sonication after vortexing; 3) acetonitrile-50% methanol solvents including
vortexing; and 4) acetonitrile-50% methanol solvents including sonication after vortexing.
Solvent extraction recovery of VAMS samples was calculated by comparing the analyte and

IS peak areas with those of the standard solution injected at the same concentration. The
extraction rate did not have to be 100%, but it must be consistent and reproducible.

Bioanalytical method validation

Specificity, carryover, linearity, within-run and between-run reproducibility and stability
were evaluated to validate the assay developed for rosuvastatin measurement in VAMS with
pH stabilizer added. The optimized pre-treatment method including sonication was applied.
Weighted linear regression with 1/x as the weighting factor was selected. Sensitivity refers to
the lower limit of quantification (LLOQ), which is the lowest concentration on the calibration
curve, where the response of the analyte must be at least 5 times the blank sample. Specificity
was confirmed when the response of interfering substances in the biological samples taken
from at least 6 people was less than 20% of the analyte LLOQ and less than 5% of the IS.
Carryover was performed by injecting a blank sample after the maximum concentration of
calibration curve (upper limit of quantification [ULOQ)]). In the blank sample, the response
of analyte should be less than 20% and less than 5% for the IS. Accuracy was evaluated

by analyzing the QC samples with 5 replicates on the same day (within-run) or within 5
consecutive days (between-run), and confirming the coefficient of variation (CV) values to be
within 15%. For the LLOQ concentrations, bias (%) of accuracy and precision were considered
acceptable if within 20%. Stability was confirmed according to IS operating procedures and
the Ministry of Food and Drug Safety Guidelines for Bioanalytical Method Validation [20].
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The stability of rosuvastatin stored as dried blood on VAMS was evaluated by LQC and HQC in
triplicate. The stability at the autosampler was evaluated by extracting sample in autosampler
for 24 hours at 4°C. Bench-top stability of VAMS samples was evaluated after maintaining the
laboratory handling conditions at RT for 5 hours. Freeze-thaw stability was evaluated after 3
freeze and thaw cycles. Short-term and long-term stability were evaluated in VAMS samples that
were stored for 1 hour and 30 days after 1 hour of drying at RT, respectively.

Stability evaluation

Long term stability of rosuvastatin in dried blood collected by VAMS at RT, without pH
stabilizer added, was assessed up to 10 days after sampling because VAMS samples were
expected to be stored at home and shipped to an analytical laboratory within 7 days [21].
VAMS sampling was performed and, without adding pH stabilizer to imitate the sampling
process done at home, the samples were dried and stored at RT for 1, 3, 7, and 10 days. The
concentration of rosuvastatin in VAMS samples stored for each period was compared with the
initial concentration (concentration value after drying for 1 hour); the measured rosuvastatin
concentration was required to be higher than 85% of the initial concentration in order to
conclude sample stability.

RESULTS

Extraction recovery

Extraction recovery tests were performed under 4 conditions (as described in section
‘Extraction methods for VAMS samples’) to identify suitable extraction solvents for desorbing
rosuvastatin from dried blood collected on VAMS tips and to optimize reproducible
extraction methods. Similar extraction efficiencies were observed at the 3 concentrations of
QC levels for each condition, as shown in Fig. 2. The %recovery of pre- and post-sonicated
extraction were 70.62-91.83% and 102.75-117.33%, respectively, showing improved

recovery when sonication was added; and the accuracy was also adequate since the value

of CV was within 10% when methanol was used as the extraction solvent (Fig. 2A). On the
other hand, using acetonitrile as the extraction solvent, the %recovery of pre- and post-
sonicated extraction was 1.91-4.03% and 3.35-4.12%, respectively, and it was deemed as not
reproducible, with CV exceeding 15% (Fig. 2B).
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Figure 2. Solvent-dependent apparent extraction recovery of rosuvastatin at QC levels in dried blood on
volumetric absorptive microsampling. Rosuvastatin was extracted by methanol (A) and acetonitrile (B) by means
of vortexing only (pre-sonication, purple bar) and sonication combined with vortexing (post-sonication, pink bar).
Data represent the arithmetic mean = standard deviation of 3 replicates.

LQC, low quality control; MQC, medium quality control; HQC, high quality control.
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Figure 3. lon chromatogram at lower limit of quantification. (A) Double blank, (B) rosuvastatin (1 ng/mL), and (C)
internal standard (10 ng/mL).

Validation of VAMS assays for rosuvastatin in human blood

Ion chromatograms of rosuvastatin and IS at LLOQ (1 ng/mL) are shown in Fig. 3. The
analyte response at LLOQ was at least 5 times greater than the blank sample. Retention time
of rosuvastatin was 0.9 minutes. The calibration curves of standards in the range of 1-100
ng/mL were fitted by linear-order calibration curves weighted 1/x, with r> 0.999 (Table 1).
Specificity assessment showed no significant interferences, and no continuous carryover
reaction was observed when residual analyte or IS was injected after ULOQ. At the QC level,
accuracy of within- and between-run was 94.4-100.64% and 98.64-102.4%, respectively,
and was within the acceptance criteria. Also, the precision was less than 10% and within the

Table 1. Calibration data (range, 1-100 ng/mL) for the determination of rosuvastatin in volumetric absorptive
microsampling samples using liquid chromatography-tandem mass spectrometry

Assay Slope Intercept r
Within-run 0.0141 £ 0.0010 0.0021 = 0.00M 0.9991
Between-run 0.0233 + 0.0011 0.0026 + 0.0020 0.9992

Data are reported as the arithmetic mean = standard deviation of 5 replicates.
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Table 2. Within- and between-run accuracy and precision of rosuvastatin in dried blood on volumetric absorptive microsampling

Accuracy (%) %CV
LQC MQC HQC LQC MQC HQC
Within-run 94.4 100.64 99.76 3.84 5.29 3.34
Between-run 98.64 99.77 102.4 9.26 5.50 4.54

CV, coefficient of variation; LQC, low quality control; MQC, medium quality control; HQC, high quality control.

Table 3. Stability of rosuvastatin on volumetric absorptive microsampling under various stability conditions of 3 replicates

Validation assessments Stability Condition Accuracy (%) %CV

LQC HQC LQC HQC
Bench top RT (5 hr) 110.33 104.33 0.43 3.16
Autosampler 4°C (24 hr) 100.53 97.10 712 3.09
Freeze and thaw -70°C (3 cycles) 112.00 101.90 0.73 1.72
Short-term RT (1 hr) 102.17 102.77 4.77 Eu77/
Long-term RT (30 days) 90.67 99.37 6.99 0.91

CV, coefficient of variation; RT, room temperature; LQC, low quality control; HQC, high quality control.

acceptance criteria (Table 2). To confirm that all steps and storage conditions of the assay

did not affect the stability of the analyte, the results of the method stability validation were
compared, and the comparison showed that rosuvastatin in the VAMS sample was within 15%
of the theoretical value for each stability test condition (Table 3).

Stability

Stability at RT was evaluated without addition of pH stabilizer. The rosuvastatin concentrations
as expressed as the percentage of initial rosuvastatin concentration as time passed were 100.83,
103.96, 100.71, and 104.17% after storage of 1, 3, 7, and 10 days, respectively (Fig. 4). The results
showed no significant decrease in concentration after storage at RT for 10 days.

DISCUSSION

The LC-MS/MS method of this study to analyze rosuvastatin concentration from 10 pL

of diluted blood collected by VAMS showed more than 85% of extraction recovery and
adequate precision and accuracy within 15% of actual value within the concentration range
of1-100 ng/mL. An ideal IS selected to guarantee high accuracy of LC-MS/MS assay should
be extracted with adequate reproducibility. There should not be significant interfering peak
observed during analysis, and the IS should be eluted close to the analyte on the column in
similar chemical property. Hence carbamazepine, with suitable retention time, acceptable
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Figure 4. Stability of rosuvastatin on volumetric absorptive microsampling at room temperature for 1 day, 3 days,
7 days, and 10 days. Data are represented as arithmetic mean + standard deviation of 3 replicates.
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matrix effects, and extraction recoveries, was selected as the IS in this study [8,22]. Previous
methods for rosuvastatin concentration analysis required retention time of up to 4.13 minutes,
analyte volume of up to 1,700 pL and solvent volume of up to 5 mL [23-25]. This new bioanalytic
method, compared to the previous method, has the retention times of rosuvastatin and IS
within 1 minute, and requires only one tenth of the analyte and solvent volume.

Rosuvastatin belongs to Biopharmaceutics Classification System Class II drugs, which is a
classification of drug substances based on aqueous solubility and intestinal permeability,
which means that rosuvastatin shows low solubility and high permeability. In order to
effectively extract drugs from VAMS porous tips, methanol was used as a suitable solvent
for desorbing rosuvastatin from dried blood collected on VAMS tips. In addition, the
extraction method including sonication treatment has proven to be an effective way to obtain
consistently high extraction rates compared to vortexing. Sonication of liquids produces the
sound waves that propagate into the liquid, which results in cycles with different pressures;
small vacuum bubbles created during low pressure cycles eventually collapse during high
pressure cycles [26]. This phenomenon is a method of improving physical solubility due to
impact force when a bubble is crushed and dissipated under sound waves [27].

Conventional bioanalytical methods of rosuvastatin concentration measurement in blood

have added buffers such as 0.1 M sodium acetate and 25% ammonia solution to stabilize
rosuvastatin, because of the possibility of pH-dependent interconversion of lactone ring present
in rosuvastatin metabolites by carboxylesterase through hydrolysis. A study had specifically
evaluated the extent of lactone ring-containing metabolite (rosuvastatin 5S-lactone) converted
to parent drug according to different pre-treatment pH [23]; further studies of interconversion
of lactone to rosuvastatin are needed to evaluate the effect of pre-treatment pH on rosuvastatin
metabolite in samples collected by VAMS. Meanwhile, matrix drying has been reported to
reduce drug degradation in the blood by hydrolysis and increase drug stability [28,29]. The
same approach was applied in the current study, and as a result, VAMS samples without pH
stabilizer added that were stored in dried state to prevent reverse pH-dependent interconversion
of rosuvastatin, were found to be stable. These results suggest that blood sampling at home
using VAMS could be applied in clinical trials, and the VAMS samples could be delivered to the
analytical laboratory for extraction within a guaranteed stability period at RT.

In conclusion, a bioanalytical method of rosuvastatin concentration analysis, using LC-MS/
MS, from 10 pL of whole blood collected on VAMS was developed and validated with adequate
reproducibility, reliability and sensitivity. Sample collection was convenient, and the dried
samples remained stable in RT for 10 days after sampling without adding pH buffer. The fully
validated LC-MS/MS method may be applied to clinical trials including, but not limited to,
bioequivalence and pharmacokinetic studies of rosuvastatin to bolster patient-centricity.
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