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WHAT IS ALREADY KNOWN ABOUT
THE SUBJECT
• Finger-prick blood samples are increasingly

used for the clinical and biomedical
measurement of drugs and endogenous
substance concentration.

• The use of different sampling sites can give
rise to different drug concentration
measurements.

WHAT THIS STUDY ADDS
• During the absorption phase, the

paracetamol concentration in finger-prick
blood samples is significantly greater than
that in venous blood samples, following oral
administration.

• Finger-prick and venous blood samples will
result in equivalent pharmacokinetic
parameters of oral paracetamol only after
distribution equilibrium is attained.

The drive to increase the availability of paediatric pharmacokinetic
data with minimum blood loss has led to the development of
micro-sampling techniques. However studies have suggested that
pharmacokinetic data from venous or capillary blood samples may not
be directly comparable.

AIM
The aim of this study was to determine whether paracetamol
demonstrates concentration differences between finger-prick and
venous blood samples.

METHODS
Paired finger-prick and venous blood samples were taken at 0, 15, 30
and 60 min following 1 g oral paracetamol, from 12 male adult
subjects. Paracetamol concentration was determined using HPLC and
UV detection with a LLOQ of 2200 pg on column. Intra-assay coefficient
of variation for paracetamol at the LLOQ was 3%.

RESULTS
At 15, 30, and 60 min post dose the median finger-prick paracetamol
concentration was 349%, 72%, and 9.3% greater than the equivalent
venous concentrations, respectively. Regression analysis confirmed a
significant relationship between finger-prick and venous paracetamol
concentrations at 15 min (r2 = 0.81, P = 0.006), at 30 min (r2 = 0.82,
P < 0.0001) and at 60 min (r2 = 0.87, P < 0.0001) post dose. The
regression equation for venous and finger-prick blood concentrations
at 15, 30 and 60 min post dose were Venous15 = Finger15 - 3.4,
Venous30 = Finger30 - 3.4 and Venous60 = 0.68Finger60 + 3.06,
respectively.

CONCLUSIONS
Paracetamol demonstrates an arteriovenous difference in
concentration, and the use of finger-prick samples may give rise to
results which differ from those obtained with traditional venous
sampling especially during the first 1 h following drug ingestion.
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Introduction

With the recent requirement that all new medicines should
be trialled in children there has been an increasing move
towards the use of micro-sampling techniques such as
finger-prick blood sampling [1, 2]. Such moves assume that
finger-prick and venous samples yield the same results,
and that finger-prick micro-samples may be used for the
accurate quantification of drug concentrations and deter-
mination of pharmacokinetic parameters.

Finger-prick sampling relies on the collection of whole
blood from the finger as a spot on a filter paper, which is
then dried and stored. This approach has clear advantages
over venous sampling, including the possibility of multiple
blood samples permitting traditional pharmacokinetic
studies especially in the paediatric population, minimum
invasiveness, ease of storage and transport, accepted pre-
cision, accuracy and reproducibility [3]. Similar micro-
sampling techniques have also been used for the
estimation of tacrolimus, cyclosporin, retinol, theophylline,
phenytoin, aminoglycoside antibiotics and metformin
blood concentrations [2, 4–8]. However these studies were
not designed to compare possible differences in drug
concentrations as a result of sampling site. While a good
correlation between finger-prick and venous blood
samples has been reported for tacrolimus, phenytoin and
aminoglycoside antibiotics [2, 5–7], these studies either
failed to take into account sampling time or to report
actual drug concentration differences. Sampling site differ-
ences in drug concentration, however, have been reported
for theophylline, lignocaine, diazepam, glyceryl trinitrate
and artemesinin [2, 9, 10].

The aims of this study were to determine whether the
sampling site affects paracetamol blood concentration
measurement and pharmacokinetics following oral parac-
etamol administration to adults, as part of a validation
process following the development of a micro-sampling
assay to determine blood paracetamol concentrations in
children.

Methods

Subjects
Twelve healthy male adult volunteers aged 35–60 years
old, who had given prior written informed consent were
recruited for the study. The study protocol was approved
by the North of Scotland Research Ethics Committee,
Aberdeen.

Following an overnight fast each volunteer was asked
to ingest 1 g of paracetamol with 100 ml of water. Paired
finger-prick (fingers lanced with Unistik, Owen Mumford
Ltd, England) and venous blood samples were then col-
lected from each study participant 5 min pre- and 15, 30
and 60 min post paracetamol ingestion. Finger-prick blood
samples were spotted in duplicate directly onto a Guthrie

card and allowed to dry at room temperature in the dark
for 12 h. Venous blood (2 ml) was collected from a periph-
eral vein into a heparinized tube (Lithium Heparin, Teklab
Ltd, UK) and a 30 ml sample then spotted in duplicate on a
Guthrie card (Whatman 903, Whatman Gmbh, Germany)
and allowed to dry as before.

Paracetamol extraction
Formate buffer (20 mM, pH 3.5) and 200 ng of
2-acetamidophenol (internal standard) were added and
vortex mixed (Stuart Auto Vortex Mixer SA2, Rhys Interna-
tional Ltd, Greater Manchester, UK) for 2 min. Protein was
then precipitated by the addition of 24.6 ml of 30% per-
chloric acid followed by centrifugation at 13 000 g for
5 min.The supernatant was then stored at 4°C for later use.

Paracetamol assay
All reagents were purchased from Fisher Scientific, UK.
Paracetamol whole blood concentration was quantified
using a high performance liquid chromatographic assay,
with ultraviolet detection (HPLC-UV) based on the method
described by Oliveira et al. and validated according to the
International Conference on Harmonization’s guidelines
for validating analytical methods [11, 12]. In brief, following
paracetamol extraction, 20 ml of the supernatant prepared
above was introduced onto a Hichrom 3.5 m C18
(100 ¥ 4.6 mm) column (Hichrom Ltd. Reading, UK) main-
tained at 25 °C using a Gilson 231 sample injector
(Anachem Ltd. Luton, UK). An isocratic mobile phase
(methanol : 0.1% triethylamine buffer (pH 3.5), 20:80) was
used at a flow rate of 0.8 ml min-1 (Gilson pumps, Anachem
Ltd. Luton, UK). The wavelength of detection was fixed at
244 nm on a Waters 486 Tunable Absorbance Detector
(Waters Ltd. Elstree, UK) to quantify the analytes.The lower
limit of detection (LLOD) and lower limit of quantification
(LLOQ) for the method were 900 pg and 2200 pg on
column, equivalent to 1 mg ml-1 and 2.5 mg ml-1 of whole
blood, respectively.

The intra-assay coefficients of variation at the LLOD and
LLOQ were 15% and 3%, respectively. The validation range
for the assay was 0.1 mg ml-1–100 mg ml-1. Accuracy
expressed as the relative error was always less than 15% at
3 mg ml-1 and 30 mg ml-1 (11%, 7%). A CV of 10.3% deter-
mined at 3 mg ml-1 was taken as the precision.

Statistical evaluation
The blood concentration of paracetamol was calculated
from the peak area ratio of paracetamol to internal stan-
dard, regressed on a set of known standard paracetamol
concentrations.

The difference between finger and venous concentra-
tions of paracetamol was analyzed using the Wilcoxon
signed-rank test. The level of significance for a statistical
difference was set at 0.05. Median and interquartile ranges
were determined for the difference in whole blood parac-
etamol concentrations between finger-prick and venous
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whole blood samples. Bivariate linear regression analysis
was performed to determine the association between
finger-prick and venous sample concentration.

Results

Matched venous and finger-prick samples were obtained
from 12 male subjects at four time points (-5, 15, 30,
60 min) post oral dosing.

Paracetamol concentrations obtained from finger-prick
blood samples were significantly greater than those
obtained from venous samples at 15 min (P = 0.043),30 min
(P = 0.006) and 60 min (P = 0.014) post dose. At 15, 30, and
60 min post dose the median finger-prick paracetamol con-
centrations were 349%, 72%, and 9.3% greater than the
equivalent venous concentrations, respectively (Table 1).

To establish the relationship between finger-prick and
venous sample paracetamol concentrations, linear regres-
sion analysis was performed. The analysis showed a highly
significant relationship between finger-prick and venous
paracetamol concentrations at 15 min (r2 = 0.81, P = 0.006),
at 30 min (r2 = 0.82, P < 0.0001) and at 60 min (r2 = 0.87,
P < 0.0001) post dose. The resultant regression lines are
shown in Figures 1–3, and the regression equations are
reported in Table 2.

Discussion

This is the first study to report an arteriovenous concentra-
tion difference for paracetamol distribution kinetics in
humans, with finger-prick blood samples giving a signifi-
cantly greater paracetamol concentration than venous
samples during the first hour post dose.

The development of micro-sampling techniques using
capillary blood relies on the assumption that the drug to be
assayed achieves rapid equilibrium throughout the blood
and body fluids [13], and there are reports of a close corre-
lation between finger-prick and venous sample concentra-
tions to support this view [1, 2]. However while the studies
by Pettersen et al. [1] and Webb et al. [2] reported a signifi-
cant correlation between finger-prick and venous samples

concentrations for cyclosporin and tacrolimus, neither
study assessed the effects of sampling time. Furthermore
Webb et al. reported that finger prick drug concentrations
were consistently higher than those obtained from venous
samples [2].There are also a number of reports suggesting
that sampling site may affect the measured drug concen-
tration, and a significant difference between venous and
finger-prick drug concentration has been reported for at
least 40 drugs including artemesinin, gabapentin, ethanol
and lignocaine [9, 10]. For finger-prick sampling to be used
correctly it is important to ensure that sampling site depen-
dency is recognized and taken into account.

The cause of the sampling site dependency is
believed to be due to differences in arterial and venous
drug concentrations [9]. Morksnes et al. recently reported
a nearly two-fold higher concentration of nasal fentanyl
in arterial compared with venous blood samples [14].
Finger-prick blood has generally been regarded as a cap-
illary sample. However in reality it is actually a mixture of

Table 1
Whole blood median (IQR) paracetamol concentration measured from
finger-prick and venous blood samples. Samples were obtained after 1 g
of oral paracetamol

Time after
dose (min)

Paracetamol concentration Median (IQR) (mg ml-1)
Finger-prick Venous

15 22.9 (0–37.1) 5.1 (0–25.3)
30 16.7 (0.6–27.3) 9.7 (0–28.2)

60 12.9 (1.6–25.5) 11.8 (0.6–19.8)
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Figure 1
Linear regression of venous and finger-prick paracetamol concentration
at 15 min post dose (r2 = 0.81). n = 6
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Figure 2
Linear regression of venous and finger-prick concentration at 30 min
(r2 = 0.82). n = 12
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arteriolar, venous and capillary blood [15]. Following oral
absorption of a drug, which may demonstrate wide inter-
individual variability as is the case for oral paracetamol,
there is a rapid distribution phase which brings about a
fall in intravascular drug concentration as the drug is dis-
tributed to the extravascular spaces, a process that con-
tinues until equilibrium is achieved [16]. During the rapid
distribution phase, drugs which have low molecular size,
high lipid solubility and relatively low protein binding are
easily transported across capillary walls into the intersti-
tial and intracellular fluids [17]. This results in the creation
of an arterio-venous difference in drug concentration
[18], which may be manifest as a concentration difference
between finger-prick and venous blood. Paracetamol is
known to be highly lipid-soluble with negligible binding
to plasma proteins [19], resulting in a high volume of
distribution (70 l) [20, 21]. These physicochemical proper-
ties explain the concentration difference between finger-
prick and venous samples observed in our study,
suggesting the existence of an arteriovenous difference
in concentration for paracetamol during the early phase
of distribution.

In our study the difference between finger-prick and
venous sample paracetamol concentrations decreased

with time and was not significant beyond 60 min post
dose, indicating attainment of dynamic equilibrium.

Using compartmental analysis, the drug concentration
in sampled plasma or blood is the same as the concentra-
tion in circulating blood and perfused organs [19]. In clini-
cal practice, finger-prick samples are a more acceptable,
and possibly easier, procedure than venepuncture, using
less blood for sampling [22, 23]. However unless the possi-
bility of a concentration site-dependency is recognized
this technique may generate significant errors in the
calculation of pharmacokinetic parameters such as the
absorption rate constant and area under the curve.

In conclusion, the results of this study confirm that
finger prick sampling is suitable for sparse sampling in
paediatric populations. However the possibility of signifi-
cant differences between venous and peripheral blood
concentrations during the distribution phase should
be considered before determining pharmacokinetic
parameters.
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