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ABSTRACT
Objectives: A novel gas chromatography-mass spectrometry (GC-MS) method has been developed
to quantify salbutamol in micro-volumes (10 µL) of blood. A potential application is paediatric thera-
peutic dose monitoring (TDM) in acute severe asthma.Methods: At presentation, the children receive
multiple doses of salbutamol (inhaled, nebulised and occasionally intravenous) but it is difficult to dis-
tinguish childrenwho do not respond to treatment because of inadequate concentrations from those
with toxicity, as symptoms are similar. A comparison wasmade between traditional dried blood spots
(DBS) and thenewlydeveloped techniquevolumetric absorptivemicro-sampling (VAMS),with specific
investigation into the effect of drying time on analyte recovery. Results: For both sampling techniques,
the final assay demonstrated good precision and accuracy across the concentration range tested
(3–100 ng/mL), including both the normal therapeutic and toxic range. The method was developed
to comply with FDA guidelines with precision and accuracy �15% for all concentrations, except the
limit of quantification (5 ng/mL) where they were �20%. VAMS offered advantages in sampling ease
and reduced GC-MS interference. The assay was successfully applied to the quantification of blood
salbutamol concentrations in three healthy volunteers dosed with 1 mg salbutamol by inhalation.
Conclusions: This demonstrated its potential for use in paediatric TDM studies, where in the acute situ-
ation considerably higher doses of salbutamol will have been administered. This is the first time that a
TDMmethod for salbutamol has been carried out using VAMS and offers all the advantages provided
by DBS, whilst eliminating the inherent sampling volume inaccuracies of traditional DBS collection.

Introduction

Severe acute asthma (SAA) is characterized by severe
breathlessness and respiratory failure and is a common
and potentially life-threatening emergency. Between
2011 and 2012, just over 25,000 children were admitted
to UK hospitals with a SAA exacerbation (1). Inhaled
salbutamol, a β2-adreno-receptor agonist, is the initial
drug of choice for pediatric SAA (2), delivered by inhaler
or nebuliser. For the most unwell children, who do not
improve with inhaled therapy, intravenous therapy (IV)
is required, with salbutamol selected as first line IV
therapy in over 60% of cases (3). For any child or adult
presenting with SAA, it is difficult to distinguish between
failure of response to treatment due to inadequate dose
(for example, inhaled therapies may not be effective if
little air inhaled with each breath), or toxicity (salbuta-
mol increases blood lactate and may thereby exacerbate
respiratory failure (4)).

CONTACT Prof. Paul S. Monks psm@leicester.ac.uk Department of Chemistry, University of Leicester, Leicester, LE RH UK.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/ijas.

Toxicity is a concern as, in pediatrics, unlike adult
populations where doses were established based on
pharmacokinetic-pharmacodynamic (PK-PD) studies,
the evidence supporting current doses is minimal (5). We
know that for the most unwell children who receive IV
salbutamol in addition to inhaled therapies, considerably
higher doses are used than adults, risking toxicity and
adverse drug reactions (6, 7). There is therefore a pressing
need to deliver clinical research to optimize doses of all
therapies used in SAA, which will require studies that can
accurately collect and measure salbutamol PK samples
in real life conditions (8). Obtaining blood samples from
children for PK studies can be practically challenging and
is often limited by ethical considerations. Historically,
PK studies have required repeated measurements of
drug concentration from each subject. In addition, until
recently, drug assays have needed relatively large volumes
(5–10 ml) of blood requiring cannulation of a large vein
in the hand or arm.

©  Taylor & Francis Group, LLC
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2 R. L. CORDELL ET AL.

Drug assays based on micro-volume blood samples
can be an alternative to traditional sample assays. They
are particularly useful for pediatrics, as they allow micro-
volume blood samples to be obtained by a finger prick
method rather than venous cannulation. Blood collection
on to dried blood spots (DBS) is an established technique
for collecting small volumes of blood (9, 10, 11) and offers
numerous other advantages over traditional venous sam-
pling in addition to the low blood volume required. DBS
samples can also be stored and transported in ambient
conditions and have a reduced risk of infectious disease
transmission once dry (10, 12, 13).

Although the most widely used application of DBS
is neonatal screening of inborn errors of metabolism
(11, 12), DBS have also been employed successfully in a
wide range of other applications (10, 12, 13). Despite the
increase in use ofDBS for bloodmicro-sampling, there are
some inherent difficulties with the technique. For exam-
ple, spreading of blood over a DBS card is significantly
affected by blood haematocrit and can lead to ‘over’ or
‘under’ measurements of drug blood drug concentration
(14–16). A number of solutions to these issues have been
developed, including the use of pre-cut discs (17) or spot-
ting blood into perforated circles on paper cards (18). A
further adaptation developed to this variation is the con-
tainment of a pre-cut disc in a capillary device which col-
lects excessive blood by surface tension (19). In this study,
another alternative is investigated – the novel volumetric
absorptive micro-sampling device (VAMS) (20, 21, 22).
This device absorbs a fixed volume of blood (10 μL) in a
few seconds, with the variation caused by varying haema-
tocrit from20−70%demonstrated to be less than 5% (21).

Salbutamol has beenmeasured using a number of ana-
lytical techniques in blood and or urine both in context
of the treatment of asthma and misuse in sport. Most
studies have Focused on the chromatography hyphen-
atedmass spectrometry techniques of LC-MS (23, 24) and
GC-MS (25–30) but also by using immunoassay (31). All
used traditional venous sampling to obtain samples in
the milliliter range with the exception of Thomas et al
(32). Although this study measured an impressive range
of compounds in 20 μL dried venous blood samples, this
required extensive extraction and specialist mass spec-
trometry equipment.

The aim of this study was to develop a simple, high
throughput, quantitative assay for measurement of salbu-
tamol in micro-volume samples using GC-MS for con-
centrations in the therapeutic and toxic range. The sam-
pling techniques of DBS and VAMS were both assessed
to determine their suitability for use in the quantifica-
tion of therapeutic and toxic levels of blood salbutamol.
Salbutamol dosed volunteer blood samples, collected by

authentic capillary sampling, were used to assess to the
suitability of the VAMS method to the quantification
of blood salbutamol concentrations. The aim being to
then apply the validated method (using US FDA guide-
lines) to future studies of pediatric patients presenting
with acute exacerbations of asthma who receive inhaled
and or intravenous doses of salbutamol in even higher
concentrations.

Materials andmethods

Chemicals andmaterials

Methanol, N,O-Bis(trimethylsilyl)trifluoroacetamide
(BSTFA) with 1% trimethylchlorosilane (TMCS), ethyl
acetate (EA), acetonitrile (ACN) and salbutamol were
purchased from Sigma Aldrich (Poole, UK). What-
man 903 Protein Saver blood cards were purchased
from Fisher (Loughborough, UK). (+)-Salbutamol-d3
(3-hydroxymethyl-d2; α-d1) was purchased from Qmx
Laboratories (Thaxted, UK). VAMS devices (brand name
MitraTM) were kindly donated by James Rudge (Neoteryx
LCC). Safety lancets were purchased from Medscope
(Cirencester, UK).

Preparation of DBS/VAMS spiked samples

In order to prepare spiked samples for assay evaluation a
stock solution of 5 mg/mL salbutamol in methanol was
prepared, which was then diluted to produce solutions in
the range 720 ng/mL – 24 µg/mL. 5 µl aliquots of salbuta-
mol at appropriate concentration inmethanol were added
to whole blood collected in 1.2 mL K3E-EDTA tubes
(S-Monovette, Sarstedt, Leicester, UK) and agitated gen-
tly to ensure even distribution. For the production of the
DBS, 10 µl blood samples were spotted onto DBS cards
using an auto-pipette. VAMS samples were collected by
holding the tip just below the surface of the blood in the
tube and allowing the blood to wick up into the tip until
the tip was completely coloured. The VAMS used for this
study have a calculated average blood wicking volume
of 10.1 µl as specified on the certificate of performance.
A standard drying time of 2–3 hours for both DBS and
VAMS was used.

Drying time

The effect of drying time of both the VAMS and DBS
spiked blood samples was assessed for three concentra-
tions (5, 20 and 100 ng/mL) in triplicate by leaving them
at room temperature (20°C) in the dark for 2 hours
and stored for up to 96 hours in polystyrene bags with
desiccants before sample processing.
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DBS and VAMS extraction and derivatization

Each fully excised DBS or detached VAMS tip was placed
in a GC vial before the addition of 300 µL of solvent and
sonication for 15 minutes. DBS extractions were carried
out using methanol whereas the relative extraction effi-
ciencies of methanol, ethyl acetate and acetonitrile were
investigated during method development for VAMS.

The resultant solvent was placed into 300 µL insert
GC vials with 180 pg d3-salbutamol internal standard
(3 µL of 60 ng/mL in methanol) and dried by unheated
centrifugal evaporation for 45 minutes for DBS samples
and 60 minutes for VAMS samples. Samples were re-
suspended in 25 µL of BSTFA/1% TMCS by vortexing
shortly and 15-minute sonication before derivatization at
60°C for 30 minutes.

Calibration and validation

For preparation of standard solutions for calculation of
recovery for both sampling methods, 10 µl salbutamol
triplicate aliquots at 5, 20 and 100 ng/mL in methanol
with 180 pg d3-salbutamol internal standard were placed
in vials, dried then derivatized. Five repeats for each con-
centration were carried out.

i)DBS
For calibration, DBS cards were prepared with 10 µL of
salbutamol spiked whole blood at concentrations of 5, 7.5,
10, 15, 20, 50 and 100 ng/mL and the addition of 180 pg
deuterated salbutamol internal standard after extraction
with methanol, and followed by evaporation to dryness
and derivatization. Three repeats per concentration were
produced in this manner. Two additional replicates were
also carried out at 5, 20 and 100 ng/mL in order to calcu-
late assay accuracy and precision.

ii)VAMS
For calibration, VAMS tips were prepared with 10 µL of
salbutamol spiked whole blood at concentrations of 5,
7.5, 10, 15, 20, 50 and 100 ng/mL with 180 pg deuterated
salbutamol internal standard added after extraction and
prior to drying and derivatization. Three repeat calibra-
tion lines were produced in this manner on separate days
in order to include the assessment of inter-day variation.
Two additional replicate extractions were also carried out
at 5, 20 and 100 ng/mL in order to calculate assay accuracy
and precision.

The storage stability of the collected VAMS tips was
assessed with storage at room temperature (20 °C), in the
fridge (4 °C), freezer (−20 °C) and oven (approx. 30 °C)
for up to 5 months. Post-preparative stability was also

examined by storage of the derivatized samples for up to
72 hours at room temperature, in the fridge and freezer.

Validation parameter calculations

For both sampling methods precision was determined for
the three validation concentrations (5, 20 and 100 ng/mL)
using the relative standard deviation of the analyte peak
area ratioed to the internal standard peak area, accu-
racy by the deviation at the measured concentration from
the calibration determined true value (also internal stan-
dard ratioed), and recovery by reference of the extracted
spiked blood sample to the relevant derivatized reference
standard.

GC-MS

GC-MS analysis was carried out using an Agilent 7890A
GC and 5975C MS with CTC-PAL autosampler (Agilent
Technologies, Wokingham, UK). A DB-5MS capillary
column (l = 30 m, I.D. = 0.25 mm, dF = 0.25 μm from
Agilent Technologies) was used for the analysis. The GC
conditions were optimised as follows: the column starting
temperature was 150 °C, which was raised to 250 °C at
10 °C/min, then increased at 50 °C/min to 300 °C where
it was held for 4minutes giving a total run time of 15min.
The inlet temperature was maintained at 280 °C and the
septum purged at 5 mL/min. The GC was operated in
splitless mode with 1 mL/min column flow rate using
helium as a carrier gas. 2 µl of sample was injected; a
blank methanol injection was performed following each
extract using a shortened runtime: the column temper-
ature was 200°C which was then increased at 50°C /min
to 300°C where it was held for 3 min, making the total
analysis time per sample 20 minutes.

The mass spectrometer was operated in single ion
monitoring mode with the following ions monitored:
salbutamol m/z 369 and 86, and d3-salbutamol m/z 372,
with ions indicated in bold used for quantification. A
dwell time of 200 ms was used for each ion. The trans-
fer line to the mass spectrometer was heated to 280°C,
the source temperature was maintained at 230 °C and the
quadrupole at 150 °C.

Volunteer sample preparation

Three healthy adult male volunteers were administrated
1 mg of salbutamol via a 100 μg per dose inhaler and
spacer device. This dose was chosen to be in the mid
therapeutic range to be more representative of doses
received by pediatric patients experiencing SAA. VAMS
samples were collected pre-dosing in triplicate and then
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4 R. L. CORDELL ET AL.

similarly at 5, 10, 15, 30, 45, 90 and 120 minutes post
dosage. Peripheral capillary blood was collected from fin-
gertips using a safety lancet and collected straight on to
VAMS samplers. They were then left to dry for at least
2 hours before sealing in a polystyrene bag with desic-
cant. For analysis, 180 pg of internal standard was added
after extraction with methanol, followed by evaporation
to dryness and derivatization. Ethical approval was issued
through the University of Leicester – Ethical Application
Ref: hp28-3885.

Results and discussions

GC-MS analysis

GC separation was able to obtain good chromatographic
resolution of salbutamol from all the other blood con-
stituents present because of the limited sample clean-
up. By reducing the sample clean-up to the bare mini-
mum, sample throughput can be maximised but this also
leads to more interfering peaks in the resultant ion chro-
matogram, so accurate analysis is dependent on good
chromatographic separation. In order to keep the column
clean and to prevent the carryover of contaminants to the
next run a blankmethanol injection followed each sample
using a shortened 5 minute runtime a compromise which
still significantly increased sample throughput.

The number and intensity of the contaminators is
shown in Figure 1. It can be seen that, although they dwarf
the 5 ng/mL of salbutamol present, the salbutamol peak is
well separated from the majority of the noise. The pro-
file of the VAMS samples show less interference than the
DBS samples, which reduced the build-up of contami-
nants on the GC column. The insert shows the S/N for
the chromatograms shown, the average limit of quantita-
tion (LLOQ) in our studywas determined to be 7.5 ng/mL

Figure . a) GC-MS analysis of  ng/mL salbutamol (LOD for DBS
and LLOQ for VAMS) spiked blood collected as DBS and VAMS,
b) zoomed region showing the S/N ratio at the retention time of
interest (. minutes).

for DBS, meeting accuracy and precision limits of �20%
and S/N 10:1, whereas the limit of detection (LOD)
(S/N > 5:1) was determined to be 5 ng/mL. For VAMS,
the LLOQ was determined to be 5 ng/mL, meeting accu-
racy and precision limits of �20% and S/N 10:1, whereas
the LOD (S/N > 3:1) was determined to be 3 ng/mL.

Sample preparation

A major technical challenge in the use of DBS for quan-
titative analysis, and one that has stood in the way of
its regulatory acceptance (12) is related to the uncer-
tainty in the blood volume which is deposited on the card
caused by varying haematocrit (14). This phenomenon
can introduce a bias in the concentrations of analytes
determined from DBS samples causing exceedances of
acceptable reproducibility limits in some cases.

Two potential solutions to avoid currentmicro-volume
haematocrit sampling issues were investigated: the first
was by using DBS created with a fixed volume of blood
then excising the complete spot for analysis. Whereas in
the laboratory fixed volume sampling is easy to carry out,
it offers challenges in clinic or at home, as a higher level of
training is required to produce accurate samples. There-
fore, the alternative sample collection by the fixed volume
VAMS was investigated as an alternative, which can be
carried out with a simple set of instructions without need-
ing a trained phlebotomist for collection.

VAMS offers improved signal to noise owing to lower
interference levels, but more importantly offers a simpler
and easier blood collection technique method. Optimisa-
tion of the extraction and derivatization procedure was
therefore mainly focused on VAMS as the blood collec-
tion matrix.

Optimisation of extraction/derivatization

The small sample volume used for DBS/VAMS offers
major advantages in terms of sample collection, but also
poses a serious problem in obtaining sufficient sensitivity
for quantitative analysis. Efficient sample recovery and in
the case of GC-MS analysis, derivatization, is therefore
vital for assays. Derivatization of salbutamol is a necessary
step for its analysis byGC-MS, to improve its volatility and
chromatographic performance, and to obtain maximal
sensitivity and specificity formation of a single derivative
is preferable. Extensive investigation has been carried
out previously into to the relative efficiency of salbuta-
mol derivatization and many studies have demonstrated
trimethylsilylation to be a good choice for salbutamol
analysis. This is achieved using MSTFA or BSTFA often
in combination with the catalyst TMCS (29, 30, 33) to
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produce a single analyte product with high conversion
efficiency. Caban et al (24) investigated in some detail a
variety of derivatization techniques for the analysis of a
mixture of β-blockers and β-agonists (including salbu-
tamol) and found that trimethylsilylation (to produce
salbutamol tri-O-TMS) was the most effective for deriva-
tizing the target compounds. For this study keeping the
total derivatization volume lowwas crucial to obtainmax-
imal sensitivity, so a volume of 25μL of 99%BSTFA+ 1%
TMCS was used for sample re-suspension/derivatization
post methanol extraction and evaporation to dryness.

Extraction solvents employed for DBS extraction are
commonly organic solvents such as methanol (34) or ace-
tonitrile (35) and have been investigated in some detail. A
low volume methanol (300 µL) was therefore selected for
the extraction of salbutamol from the protein saver cards.
A limited number of studies, however, have looked at
extracting analytes fromVAMS tips so three potential sol-
vents were investigated: methanol, acetonitrile and ethyl
acetate. The most favourable recoveries were achieved
using methanol as the extraction solvent in this study
(data not shown) and has also been used successfully in
previous studies using VAMS (21, 22) so was selected for
future salbutamol extractions using a volume of 300 µl.

Drying time

Although not often considered in the past as an important
factor in DBS method validation evidence is emerging
suggesting that drying time can have a significant effect
on the recovery of analytes fromDBS (36). Figure 2 shows
that in this study there was indeed some variability found
in the recovery of salbutamol from DBS with the dry-
ing time. The recovery was stable until the 6-hour time
point; after which a significant decrease in recovery was
observed for 5 and 20 ng/mL. The samples spiked with
100 ng/mL however only showed a significant decrease
after 12 hours. For VAMS spiked with 100 ng/mL slightly
increased stability was found, with a significant decrease

Figure . Effect of drying time on recovered salbutamol internal
standard ratioed peak area (mean± sd) collected as DBS (n= ).

Figure . Effect of drying time on recovered salbutamol inter-
nal standard ratioed peak area (mean ± sd) collected on VAMS
(n= ).

only occurring after 20 hours, as can be seen in Figure 3.
VAMS spiked with 20 ng/mL salbutamol have a similar
recovery to DBS samples but at 5 ng/mL a significant
decrease in stability was seen after only 4 hours. These
data demonstrate that drying time is an important factor
to control in designing and implementing a DBS/VAMS
assay. To ensure a constant recovery drying time should be
kept constant or alternatively as recommended by Koster
et al (36) exceed a minimum drying time (24 hours for
the immune-suppressants tested in their study) in order
to stabilise the samples and analyte recovery.

Method validation

In order to assess the reliability of the method, precision,
accuracy and recovery were tested at three salbutamol
concentrations spread across the calibration range (5, 20
and 100 ng/mL) in blood. Back calculated concentrations
of the calibration standards fell within acceptable accu-
racy limits (�15%, or �20% at LLOQ), therefore the lin-
earmodel shown in Figure 4 was accepted. A short assess-
ment of the DBS method was carried out, whereas the
evaluation of the VAMS device followed US FDA (37)
guidelines for a more comprehensive method appraisal.

Figure . Sensitivity and linearity of GC-MS analysis of salbutamol
spiked blood collected as DBS and VAMS (n = , except for the
concentrations used to determine accuracy, precision and recov-
ery where n=  was used).
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6 R. L. CORDELL ET AL.

Table . Recovery, intra-day precision and accuracy of the GC-
MS method determined for DBS created with salbutamol spiked
blood.

Intra-day

Blood Salbutamol
concentration (ng/mL)

Precision
w(RSD %)

Accuracy
(%)

Recovery
(%)

 .  . (±.)
 .  . (±.)
 .  . (±.)

i) DBS
As can be seen in Table 1, at all three concentrations
precisions and accuracies fell within 15%, except for
the LLOQ which fell within 20%. The relatively simple
extraction procedure gave an average extraction effi-
ciency of 86% across the calibration range (Figure 4).
A relatively wide calibration range (5–100 ng/mL) was
used with 7 concentration points in order to allow for
the expected high blood levels predicted for children
dosed with high levels of salbutamol during an asthma
attack (for example Elers et al (25) showed that 8 mg of
salbutamol administered orally resulted in serum levels
18.77 ng/mL and much lower levels for the volunteer
samples predicted from previous studies administering
similar salbutamol doses by inhalation (25, 27).

ii) VAMS
This basic validation of the DBS method demonstrated
that the reproducibility and accuracy (�15%) have the
potential for the application to the reliable quantifica-
tion of blood salbutamol from DBS, however, owing to
the inherent advantages of the VAMS techniques this
was investigated more thoroughly for potential clinical
deployment.

Both inter and intra-day assessments were made of
the technique along with an in-depth evaluation of sta-
bility, as shown in Table 2. Precision and accuracy were
tested independently on three occasions and all fell within
acceptable limits (�15%, or �20% at LLOQ). The repro-
ducibility over multiple analysis days was demonstrated
with an inter-day precision of <20% at the LLOQ and
below 10% for the mid and high concentrations tested.

The concentration range for validation chosen to cover
sub-therapeutic levels (up to 5 ng/mL), the beginning
of the therapeutic range (5–20 ng/mL), through into the
toxic range which can begin as low as 30 ng/mL in adults
with a putative lethal level of 160 ng/mL (4). This would
allow the potential to monitor the ranges in concentra-
tions of salbutamol that might be expected to be observed
in hospital presentations of acute exacerbations of asthma.

VAMS stability

In order to ensure the integrity of the samples once
collected on to the VAMS samplers, spiked blood samples
were stored for up to 145 days in a range of temperatures
from −20 °C to 30 °C. The baseline immediate recovery
achieved for the 20 ng/mL sample used was 59% as shown
in Table 2. Table 3 shows significant similar recoveries for
the long-term stored samples. For all temperatures tested
a similar recovery was found up to 145 days, except for the
storage in the fridge where a significant decrease in recov-
ery was observed after only 75 days. An explanation for
this might be the effect of temperature changes when the
fridge was opened every now and then. Post-preparative
recovery was also good for the 3-day time span tested,
with significant similar recoveries for the different tem-
porarily post-preparative storage conditions tested as
shown in Table 3. Storage at 4°C showed however a sig-
nificant difference for the 1-day measurement, which can
be related to the non-stable 5-month sample for the long-
term stability result just described as the same sample
was used for evaluating post-preparative recovery.

Volunteer samples and application to dose finding
studies

Data regarding levels of salbutamol in blood following
inhalation and/or oral administration in healthy subjects
are relatively scarce. Two studies that have examined this
in some detail are Anderson et al and (27) and Elers et al
(24). Anderson et al (27) used a GC-MS assay to quantify
salbutamol from 1 mL of plasma, separated from venous
sampled blood, using solid-phase extraction. In this study
volunteers were dosed with 180 μg of salbutamol by

Table . Recovery, intra-day and inter-day precision and accuracy of the GC-MS method determined using spiked blood samples with
VAMS.

Intra-day (n= ) Inter-day (n= )

Precision Accuracy Precision Recovery
Blood Salbutamol concentration (ng/mL) (RSD %) (%) (RSD %) (%) and CV

 . . . . . . . .(±.)
 . . . . . . . . (±.)
 . . . . . . . . (±.)
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Table . VAMS recovery of  ng/mL salbutamol in blood post-extraction and after long-term pre-extraction storage.

Recovery % and CV for Post-Extraction Storage Recovery % and CV for Pre-Extraction Storage

Storage conditions  day  days  days  days  days  days

Freezer (−°C) . (±.) . (±.) . (±.) . (±.) . (±.) . (±.)
Fridge (°C) . (±.) . (±.) . (±.) . (±.) . (±.) . (±.)
Room temperature (°C) . (±.) . (±.) . (±.) . (±.) . (±.) . (±.)
Oven (°C) — — — . (±.) . (.) . (±.)

inhalation and the mean maximum concentration (Cmax)
observed for the 10 subjectswas 1.469± 0.410 ng/mL, and
the Tmax occurring at 12.6 ± 2.2 minutes. Elers et al (24)
administered 0.8 mg salbutamol by inhalation or 8 mg
orally and used LC-MS/MS to detect serum salbutamol
concentrations from 10 mL venous blood samples. For
the inhaled dosing the median serum Cmax observed was
1.75 ng/mL and Tmax at 1 hour.

In this work blood salbutamol concentrations were
successfully measured from three healthy volunteers
administered salbutamol using capillary VAMS samples.
The dose used was chosen to be in the mid therapeu-
tic range for adults so to be representative of a patient
being dosed to attempt to control an acute exacerba-
tion. The concentration profile in Figure 5 shows that
Tmax is between 10–20 minutes with a Cmax ranging from
7.3 ng/mL to 23 ng/mL. Blood salbutamol levels up to
2 hours post dosing could be detected and quantified,
with two samples being classified as above the therapeu-
tic range but below the toxic range and all other samples
within the therapeutic range or at least above LOD.

The profile of the blood salbutamol concentration
observed was similar to those observed by Anderson et al
(27), with a sharp initial spiking in concentration (10–
15 minutes) followed by a rapid decrease which tails off
leaving elevated levels several hours post dosing. The lev-
els detected in this study for volunteer 1 were also com-
parable to those measured by Anderson (27) when con-
sidering that the dose administered was 1 mg, compared

Figure . Analysis of capillary blood samples collected in triplicate
on VAMS from three healthy male volunteers dosed with  mg of
salbutamol by inhaling. Samples were spiked with  pg of inter-
nal standard then extracted with methanol, dried and derivatized.

to 0.18 mg. The levels detected in this study for volun-
teer 2 and 3 were 1.5 and 2.8 times as high as measured
by Anderson et al, who were using DBS instead of VAMS.
The subjects in our study were male who were observed
to show lower blood levels by Anderson et al, with mean
Cmax at 1.159 ± 0.237 ng/mL.

In terms of application of the developed method to
patient studies, the low invasiveness of the sampling
technique and the very small blood volumes required
the presented assay would allow it to be used for high
frequency sampling. This makes the assay particularly
suitable for application to monitoring the relationship
between administered doses and blood concentrations of
salbutamol and its metabolic removal in children of all
ages.

Conclusions

This is the first time that VAMS has been used with a
validated GC-MS method for the quantification of blood
salbutamol levels from micro-volume blood samples
of salbutamol dosed volunteers. The sensitivity of the
method was sufficient to allow its application to the mea-
surement of blood salbutamol levels in a volunteer study,
for up to 2 hours post administration of 1 mg of salbuta-
mol using 10 µL capillary sampled DBS/VAMS. Although
the dose administered in the study was above the normal
asthma relieving dose for children, it is low when consid-
ering the high doses of β2 agonists administered during
an acute asthmatic exacerbation. Application of this assay
to preliminary volunteer experiments demonstrated
that the developed method would be applicable for the
monitoring of blood salbutamol concentrations in pedi-
atric patients, where low volume, reduced invasiveness
sampling is highly preferable. This method also facilitates
frequent blood sampling in order to quantify salbutamol
blood concentrations in high resolution for a better
understanding of the action of the drug in children (27).

It can be noted that for the method development
and validation venous blood was used, whereas capillary
blood was used for the measurements of healthy volun-
teers’ blood after administration of salbutamol. Venous
blood was chosen for the assay development and vali-
dation, owing to the volume of blood needed for those
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experiments. Previous work has demonstrated that for
most analytes there is no significant difference between
whole blood samples and capillary sampling (38), and
it was beyond of the scope of this study to repeat the
complete validation of the study with capillary blood.
As salbutamol partitions 1:1 in blood to plasma similar
results are expected leading to no implications for PK
modelling using capillary blood (39, 40).
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