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Abstract

Paper spray is a newly developed ambient ionization method that has been applied for direct
qualitative and quantitative analysis of biological samples. The properties of the paper substrate
and spray solution have a significant impact on the release of chemical compounds from complex
sample matrices, the diffusion of the analytes through the substrate, and the formation of ions for
mass spectrometry analysis. In this study, a commercially available silica-coated paper was
explored in an attempt to improve the analysis of therapeutic drugs in dried blood spots (DBS).
The dichloromethane/isopropanol solvent has been identified as an optimal spray solvent for the
analysis. The comparison was made with paper spray using chromatography paper as substrate
with methanol/water as solvent for the analysis of verapamil, citalopram, amitriptyline, lidocaine
and sunitinib in dried blood spots. It has been demonstrated the efficiency of recovery of the
analytes was notably improved with the silica coated paper and the limit of quantitation (LOQ) for
the drug analysis was 0.1 ng mL~1 using a commercial triple quadrupole mass spectrometer. The
use of silica paper substrate also resulted in a sensitivity improvement of 5-50 fold in comparison
with chromatography papers, including the Whatmann ET31 paper used for blood card. Analysis
using a handheld miniature mass spectrometer Mini 11 gave LOQs of 10~20 ng mL™1 for the
tested drugs, which is sufficient to cover the therapeutic ranges of these drugs.
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Introduction

Accurate measurement of therapeutic drugs and their metabolites in blood plays an
important role in drug discovery and disease therapy. Storing whole blood samples as the
dried blood spots (DBS) on paper is being adopted for the analysis of drugs in blood. In
comparison with conventional way of collecting blood with test tubes, DBS has some
special advantages including small sample volume (typically less than 50 pL), improved
chemical stability for many analytes in blood and easy sample storage and transfer at
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ambient temperatures.l: 2 DBS analysis can be used for a wide range of applications,
including toxicology? and pharmacokinetics studies*® for drug discovery as well as
therapeutic drug monitoring (TDM) to assist in dosage optimization during therapy.’-17

Regardless of how blood samples are collected or stored, similar procedures have been
applied for the chemical analysis of the therapeutic drugs in blood. The analytes are
extracted from the blood sample using organic solvents, then separated using
chromatography and analyzed using mass spectrometry (MS)L: 12-14 yltraviolet (UV),7-°
fluorescence (FL)1% 11 or immunoassay.1>17 Liquid chromatography-tandem mass
spectrometry (LC-MS/MS) has been the mainstream method for the quantitation of drugs in
blood.18-21 High sensitivity and selectivity are obtained with LC-MS/MS for quantitative
analysis of therapeutic drugs in blood. The standard procedure involves complex sample
preparation and analyte separation prior to the MS analysis. These steps are essential for
minimizing matrix effects and improving the detection limits,22 23 but could take about 30
minutes to several hours. This time frame might not be rate determining for in-lab analysis
of many samples where parallel high throughput approaches can be used, but could be so
when small numbers of samples are analyzed and rapid decision making is required. Used in
this way, LC-MS/MS can be applied to a wide range of drug compounds; however, this
method must be performed in analytical laboratories and only by experienced chemists.

Recent efforts in the development of ambient ionization methods24-30 attempt to minimize
the need for sample preparation and separation prior to MS analysis of complex mixtures by
combining the sampling and ionization processes into a single step in direct analysis.31-38
Some of the ambient ionization methods have been applied for analysis of dried blood
spots.39: 40 For example, desorption electrospray ionization (DESI), combined with MS/MS
measurement, is readily applied to the identification and quantitation of various analytes in
DBS including amino acids, acylcarnitines, bile acids, glucose, creatinine, and bilirubin,
etc.39 41 Similarly, another method using the sealing surface sampling probe (SSSP), in
combination with an electrospray ionization (ESI) or an atmospheric pressure chemical
ionization (APCI) source, has also been successfully applied in the direct analysis of drugs
(e.g., sitamaquine, acetaminophen) in DBS.40

Paper spray is a recently developed ambient sampling ionization method for MS analysis,
which has been successfully applied for rapid analysis of a variety of compounds from
biological samples, including urine, blood and tissue.*2-47 Characteristic ions are produced
directly from analytes present in complex mixtures on a paper substrate by applying a high
voltage and a small volume (10 to 50 pL) of solvent to the paper. The geometry of the paper
substrate, the onset voltage for spray and the sample load have been investigated for their
effects on the ionization efficiency of paper spray.4’ The capability of paper spray in
analyzing target analytes with different sample matrices has been systematically
characterized.*> Several procedures for quantitation of therapeutic drugs from DBSs have
been developed and compared.** Typical precision and accuracy values are better than 10%
for a series of oncology drugs at therapeutic concentration levels in experiments that take a
few minutes.*8 Paper spray with various solvents, including polar, non-polar and their
mixtures, has also been studied.42-44: 46 |n the work reported here, the modification of the
paper substrate is investigated.

Paper spray is not just an ionization process, but a complex process involving real time
sample extraction with the optional possibilities of chromatographic separation and chemical
reactions.#2-47 For analysis of therapeutic drugs in DBS using paper spray, the drug
compounds are extracted from the blood matrix by the wetting solution. The extent of the
extraction, relative to other compounds eluting from the DBS, has a direct impact on the
sensitivity of the analysis. The affinity of the drug compounds to a paper substrate also
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affects the extraction efficiency and causes loss of compound during transport to the paper
tip by the spray solvent and inefficiency in ionization. The chemical properties of the solvent
obviously need to be optimized for the extraction and transfer process, but they also need to
be suitable for the spray ionization process, which is important to the MS analysis
sensitivity. The selection of the combination of a paper substrate and a solvent is critical to
the overall performance of the paper spray MS analysis.

In our previous studies, chromatography paper has mainly been used for paper spray
substrates with methanol/water as the wetting and spray solvent. In this study, we explore
the use of silica-coated paper for the analysis of therapeutic drugs in dried blood spots.
Silica is by far the most widely used matrix for chromatographic separation owing to its
chemical and mechanical stability, variable pore size, well documented chemistry for
surface modification, and excellent demonstrated performance for separations. Previous
studies#®-51 have shown that silica-coated paper is an excellent substrate for resolving a
wide variety of compounds. In this study, paper coated with silica gel was adopted as the
paper spray substrate and relatively less polar solvents were used. The selection of the
substrate/solvent systems was first optimized for drug analysis using a commercial triple
quadrupole mass spectrometer and the performance using a handheld ion trap mass
spectrometer (Mini 1152-54) was then characterized for a set of therapeutic drugs from
DBSs. The combination of the paper spray with a miniature mass spectrometer is of a great
interest for point-of-care applications where small-size equipment and simple operational
procedures are highly desirable. The improvement in sensitivity with optimized paper spray
conditions is more important for the miniature mass spectrometers than for the commercial
lab-scale instrument, since the performance of miniature instruments is compromised by the
need for smaller pumping systems and simpler electronics to achieve reductions in size and
weight.5% 56 |n the Mini 11 handheld mass spectrometer, a single stage discontinuous
atmospheric pressure interface (DAPI)°’ was used with an ion trap. A TSQ (Thermo
Scientific, Inc., San Jose, CA) with multiple differential pumping stages and triple
quadrupole mass analyzers can provide 50 times better LOQ for the analysis of therapeutic
drugs in blood using paper spray.

Experimental

Paper spray

The experimental procedure of paper spray used in this work was similar to that previously
reported.#2-4° Briefly, the standards used for these experiments, including verapamil,
sunitinib, citalopram, amitriptyline, and lidocaine, were prepared as follows: drug solutions
at 100x concentration were prepared by dilution of the stock solutions into 1:1 methanol/
water. The 100x standards were then spiked into bovine whole blood (with sodium citrate as
anticoagulant, Innovative Research, Novi, MI) by pipetting 5 puL of the standard into 495 pL
of blood. The blood samples with lower concentrations of drugs were prepared serially by
diluting 40 pL of higher drug content blood samples with 360 pL of blood. The
concentrations of the drugs in the final blood samples were 0.01, 0.1, 1, 10, 1000, and
10,000 ng mL ™1, respectively. DBS samples were prepared by spotting a fixed volume (5
pL) of blood onto the paper substrate and drying for at least 4 h at room temperature.
Samples were stored at room temperature in a sealed plastic bag containing desiccant. For
paper spray, the DBS substrate was cut into a triangle (10 mm height and 5 mm base width).
A copper clip was used to hold the paper triangle and to apply the high voltage needed for
the spray. The distance between the tip of the paper triangle and the inlet to the mass
spectrometer was about 5 mm. The silica-coated ion-exchange paper Grade SG81 (0.27 mm
thick) and the chromatography paper Grade 4 (0.21 mm thick) and Grade ET31 (0.50 mm
thick) were purchased from Whatman International Ltd. (Maidstone, England) and used
without further chemical treatment. The Grade 4 chromatography paper is of similar

Anal Chem. Author manuscript; available in PMC 2013 January 17.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhang et al.

Page 4

thickness to the silica-coated paper while the thicker Grade ET31 is used for making the
commercial blood cards (Whatman FTA DMPK-C card). The 9:1 methanol/water (v/v)
solvent has been found to be generally optimal for analysis of drugs in DBS on the cellulose
filter papers. The MS analysis was carried out in positive ion mode with a spray voltage at
3.5 kV. The LOQ value for each drug was defined as the lowest concentration within the set
of linear responses. Three replicate measurements were made for each sample.

Characterization of paper substrates

MS analysis

Images of surfaces of the chromatography paper (Whatman Grade 4, 0.21 mm thick) and the
silica-coated paper (Whatman Grade SG81, 0.27 mm thick)) were recorded using a FEI
NOVA nanoSEM field emission scanning electron microscope (SEM, FEI Company,
Hillsboro, Oregon). The substrates were sputter-coated with platinum for 1.0 min before the
analysis and the accelerating voltage for the Everhart-Thornley detector (ETD, routine
imaging) or through-the-lens detector (TLD, high magnification/resolution imaging) was 5
kV with a working distance of about 5.0 mm.

A TSQ Quantum Access Max (Thermo Scientific, San Jose, CA), operated in the selected
reaction monitoring (SRM) mode was used and specific product ions produced by collision-
induced dissociation (CID) were monitored. The Xcalibur™ software was used for control
of the TSQ Quantum Access Max MS system and data acquisition. Argon gas (99.995%
purity) was used as collision gas. The temperature MS inlet capillary was 300 °C. The SRM
and instrumental parameters used for the drug compounds were as follows: verapamil: m/z
455 — 303, tube lens 97 V, Q2 offset (collision energy) 28 V; sunitinib: m/z 399 — 283,
tube lens 116 V, Q2 offset 28 V; citalopram: m/z 325 — 109, tube lens 121 V, Q2 offset 28
V; amitriptyline: m/z 278 — 233, tube lens 108 V, Q2 offset 17 V; lidocaine: m/z 235 — 86,
tube lens 94 V, Q2 offset 18 V. The Mini 11,5254 a homebuilt handheld rectilinear ion trap
mass spectrometer, has a discontinuous atmospheric pressure interface (DAP1)%2 53 and a
pumping system with a 10 L/s trubomolecular pump (Pfeiffer HiPace 10, Pfeiffer Vacuum
Inc., Nashua, NH) and a 5 L/min diaphragm pump (1091-N84.0-8.99, KNF Neuberger Inc.,
Trenton, NJ). The flow restricting capillary in the DAPI is of 5 cm length and 250 um 1.D.
The DAPI was opened for 12 ms to introduce the ions generated by paper spray and the
mass analysis was performed 600 ms after the DAPI was closed and the vacuum had
reached an approximate level. The precursor ions were trapped at an RF voltage of 275 Vp_,
at 1.0 MHz and the product ions were analyzed with a RF scan from 206 V_, to 4,500 V,
and a resonance ejection at g = 0.70. The frequency and the amplitude of the excitation
signal for the CID were as follows: amitriptyline, 99.40 kHz and 0.39 Vp; citalopram:
84.60 kHz and 0.63 V,_p; lidocaine: 78.76 kHz and 1.22 V, ; sunitinib: 84.89 kHz and 0.73
Vp.p; verapamil: 80.58 kHz and 0.37 V.

Results and Discussion

SEM images of the substrate surfaces are shown in Figure 1. The chromatography paper
(Figure 1a) was shown to have a framework of cellulosic fibers, each of a diameter 10 - 20
um. As previously reported by Roberts,?8 strong connections at the points of contact
between two cellulose fibers were observed, which are due to the hydrogen bonding
between the polysaccharides at the fiber surfaces. The silica-coated paper (Figure 1b) has a
similar cellulosic framework but the pores are filled with silica gel particles of diameters 1-5
um (Figure 1c). Bovine blood of 5.0 pL was deposited onto the paper substrates to form
dried blood spots (ca. 7.0 mm diameter). The cellulosic framework in the chromatography
paper could still be seen except that some small pores were blocked by the dried blood
(Figure 1d); however, the surface of the silica coated paper was completely covered by the
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dried blood (Figure 1e). Diffusion of the blood through the paper substrates was also
examined as shown in Figure 1f - i. The colors of the top and bottom sides of the paper
substrate within the DBS area are similar for the chromatography paper (Figure 1f and g),
but significantly different for the silica-coated paper (Figure 1h and i). The color of the top
side of the silica-coated paper substrate is much darker than that of the bottom side, which is
due to a poor diffusion of the blood through the substrate with the framework pores blocked
by the silica gel particles. A relatively large percentage of the blood sample stayed on the
top side of the silica-coated paper substrate, which helped to improve the efficiency of
analyte elution during the paper spray process. Though the blood distribution was less
homogenous on this substrate, no unexpected sample degradation was observed after they
had been stored in a sealed plastic bag for days.

As discussed above, the paper spray process involves the analyte elution as well as spray
ionization. The solvent properties affect not only the extraction of the analytes from the
dried blood spots, but also their transfer across the paper as well as the ion formation during
the spray. For the silica-coated paper, pure solvents with a range of polarities were first
investigated, including water, hexane, dichloromethane, methanol, ethanol, isopropanol,
butyl alcohol. Figure 2(a) compares efficiency of sampling and ionization of verapamil (M
+H)*, m/z 455) in dried blood spots (500 ng mL™1) using the silica-coated paper substrate.
The intensity of the fragment ion m/z 303 was monitored using the triple quadrupole
operated in SRM mode. With a spray voltage of 3.5 kV, the lowest signal intensities were
observed with water and hexane, which have the highest and lowest solvent polarities,
respectively. Signal intensities two orders of magnitude greater were observed with
dichloromethane, while the best intensities were obtained with the alcohols, viz. methanol,
ethanol, isopropanol, and butyl alcohol. Among these solvents, isopropanol was the best as a
pure solvent for the efficient extraction and spray ionization of verapamil.

It is well-known that the electrospray process is highly dependent on the polarity and the
volatility of the solvent. Typically solvent mixtures are used to optimize the spray process
for analysis of target analytes.59-62 Addition of a non- or less-polar solvent component of
low boiling point helps to enhance the generation of droplets of suitable size during the
spray and facilitates their subsequent desolvation.53 Paper spray is expected to share similar
spray characteristics with electrospray but the efficiency of the analyte extraction step needs
also to be considered in the selection of solvent composition. After finding isopropanol as
the best pure solvent for paper spray with silica-coated substrates, dichloromethane was
mixed with isopropanol to produce solvents with increased volatility. The direct sampling
ionization of the verapamil in the dried blood spots was performed using a set of
isopropanol/dichloromethane solvents in different ratios, as shown in Figure 2b. The best
signal intensity was observed with 10% (v/v) of isopropanol in the solvent mixture for the
silica-coated paper. Mixtures of dichloromethane with methanol, ethanol, and butyl alcohol
have also been tested and similar trends were observed. Among these solvents, 9:1
dichloromethane/isopropanol (v/v) gave the optimal performance with silica-coated paper
for verapamil, citalopram, amitriptyline, lidocaine and sunitinib. These solvents were also
tested with chromatography paper substrates (Grade 4 and ET31 papers) but the signal
intensity was one order of magnitude lower than that with 9:1 methanol/water solvent in this
case.

The elution efficiency was also characterized for the three solvent/substrate systems, 9:1
dichloromethane/isopropanol (v/v) for silica-coated paper and 9:1 methanol/water (v/v) for
Grade 4 and Grade ET31 chromatography papers, using both pure verapamil sample spots
and dried blood spots containing verapamil. The pure verapamil sample spots were prepared
by dropping 5 uL water solution containing verapamil (500 ng mL~1) onto the paper and
drying the substrate completely. The voltage was applied and solvent added multiple times
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to produce many paper spray events using the same substrate bearing a single sample spot
while the signal of fragment ion m/z 303 was monitored. Spray solvent of 25 puL was used
each time and the solvent was not added until the monitored ion signal decreased to a
minimum, when the spray solvent was also exhausted. Solvent consumption took 5-8 s for
dichloromethane/isopropanol on silica-coated paper but 40-70 s for methanol/water on
chromatography paper substrates. For both pure analytes and blood samples, much higher
peak intensities were was observed for the silica-coated paper substrate (Figure 3a and d).
Most (~70%) of the verapamil, was eluted during the first elution step of the paper spray
process. A relatively even elution pattern was observed for the Grade 4 chromatography
paper with low peak intensities for verapamil (Figure 3b and e), although an increasing and
then decreasing trend exists. Interestingly, a significant increase in analyte in the 2" (Figure
3c) and 5™ (Figure 3f) elution was observed with the Grade ET31 paper for the pure and the
blood samples, respectively. Presumably, this is due to the relatively larger substrate
volume, which requires sufficient wetting of the substrate and transfer of the analytes to the
substrate tip for the paper spray.

Similar procedure was applied to dried blood spots containing verapamil. The blood spots
were each prepared with 5 uL of blood sample containing 500 ng mL~1 verapamil. The
matrix in the dried blood spots is much more complex than that in the pure verapamil
sample spots. For silica-coated paper with 9:1 dichloromethane/isopropanol, analyte release
during the first paper spray event was still dominant, although the peak intensity for
verapamil decreased about 3 times, presumably due to the matrix effect. For
chromatography papers with methanol/water, no significant difference in elution pattern was
observed except that the maxima of the verapamil detected appeared at later elutions (Figure
3d and f). There was also about an order of magnitude difference in the best signal
intensities observed for these three systems in favor of the hydrophobic substrate.

Several factors could account for the difference between these two substrate/solvent systems
and the improvement with the silica-coated paper substrate. The blocking of the pores in the
cellulosic framework by the silica resulted in a more concentrated sample on the top surface
of the substrate and also a less binding interaction between the analyte and the cellulose.
This helps to improve analyte elution during the paper spray process. The polarity of the
solvent systems might also play an important role. The polarity of methanol/water solvent
(9:1, v/v) is higher than that of dichloromethane/isopropanol solvent (9:1, v/v) (polarity
index: water 10.2, methanol 5.1, isopropanol 3.9 and dichloromethane 3.1). Low polarity
organic compounds, such as verapamil, dissolve better in dichloromethane/isopropanol
solvent, which makes the extraction of these chemicals from dried blood more efficient.

The performance of the improved substrate/solvent system was characterized for
quantitative analysis of therapeutic drugs in whole blood samples using paper spray. Dried
blood spots on paper spray substrates were prepared by depositing 5 uL whole blood
containing verapamil at a concentration from 0.01 ng mL ™1 to 10,000 ng mL~1 and drying
the sample on substrate completely. MS analysis was performed using the triple quadrupole
mass spectrometer and the peak intensity of m/z 303 from verapamil ((M+H)*, m/z 455) was
recorded. As shown in Figure 4a, an LOQ of 0.1 ng mL™1 was observed for silica-coated
substrate with 9:1 (v/v) dichloromethane/isopropanol, which is about two orders of
magnitude better than that for Grade 4 (Figure 4b) and Grade ET31 (Figure 4c)
chromatography papers with 9:1 (v/v) methanol/water. Other therapeutic drugs in whole
blood, including sunitinib, citalopram, amitriptyline, and lidocaine, were also analyzed and
an LOQ of 0.1 ng mL™1 was obtained for each of them using paper spray with silica-coated

paper.

Anal Chem. Author manuscript; available in PMC 2013 January 17.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhang et al.

Page 7

As discussed above, one of the major goals of developing the paper spray#2-46 method is to
eventually allow miniature paper spray MS analysis system to be developed for in-situ
applications such as point-of-care diagnosis. A sample cartridge*’ can be developed with a
paper substrate or even with internal standards preprinted on it to allow blood samples taken
by a finger prick to be subjected to immediate analysis. The improvement of the front end
paper spray ionization module for the quantitation of the therapeutic drugs in whole blood is
of particular significance for analysis using miniature mass spectrometers, since the
performance of the miniature instruments is necessarily compromised by the use of smaller
mass analyzers, simpler control electronics, and significantly smaller vacuum systems. In
this study, paper spray using the silica paper substrates was characterized using a miniature
rectilinear ion trap mass spectrometer, Mini 11.52 This was done by quantitative analysis of
verapamil, sunitinib, citalopram, amitriptyline, and lidocaine in dried blood spots. MS/MS
analysis was performed using the procedure previously described®2-54 to acquire the
intensities of the characteristic fragment ions from the drug compounds.

Figure 5a and b shows the low concentration regions (1 ng mL™1 to 1,000 ng mL™1) of the
linear ranges for quantitation of lidocaine (fragment ion m/z 86) and verapamil (fragment
ion m/z 165). LOQ values for lidocaine and verapamil are 20 ng mL™1 and 10 ng mL™1,
respectively, approximately two orders of magnitude higher than achieved using the
benchtop triple quadruple. The spectra recorded at LOQs for these two drugs are shown in
Figure 5¢ and d. Good linearity was also obtained in the ranges from their LOQs to 1 pg/
mL.

A comparison study was done for silica-coated paper and chromatography paper (Whatman
Grade ET31, 0.50 mm thick) using paper spray and the Mini 11 for analysis of therapeutic
drugs in dried blood spots. The LOQs obtained and the therapeutic windows for lidocaine,
amitriptyline, sunitinib, verapamil, and citalopram are listed in Table I. Using the
chromatography paper with 9:1 methanol/water, the performance of the paper spray/Mini 11
system was only good enough to cover the therapeutic range for lidocaine, but not for the
other 5 drugs in DBSs. With the silica paper substrate and 9:1 dicholoramethane/
isopropanol, improvements of 5-50 fold were obtained in LOQs for these drugs, which made
the performance of the miniature systems adequate for their quantitative analysis from dried
blood spots.

Conclusions

Paper spray with silica coated paper substrate was characterized using a commercial triple
quadrupole and a home-built miniature ion trap mass spectrometer for analysis of
therapeutic drugs in dried blood spots. The overall analysis efficiency can be greatly
improved by using low boiling and low polarity solvent, 9:1 dichloromethane/isopropanol
(v/v). The LOQ of analysis of a set of therapeutic drugs in dried blood spots, including
verapamil, citalopram, amitriptyline, lidocaine, and sunitinib, was obtained as low as 0.1 ng
mL~1 with the commercial triple quadrupole and 10~20 ng mL~1 with a miniature ion trap
mass spectrometer. The triple quadrupole is inherently better suited to SRM analysis than is
an ion trap instrument so this factor as well as the reduced performance of the Mini MS is
responsible for the difference. Compared to chromatography paper, in each case there is a
5-50 fold improvement with the silica paper substrate.
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Figure 1.

SEM and photographic images of Grade 4 chromatography and silica coated papers without
and with dried blood spots: SEM images of (a) chromatography and (b) silica coated paper,
and (c) close-up image of the selected area in (b) without dried blood spots; top view of (d)
chromatography and (e) silica coated paper with dried blood spots; photograph images of the
(f) top and (g) back sides of chromatography paper, and (h) top and (i) back sides of silica
coated paper with blood spots.
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Figure 2.

(a) Effect of spray solvent on the analysis of verapamil [(M+H)*, m/z 455, product ion, m/z
303] and (b) effect of isopropanol percentage in dichloromethane on the signal of verapamil
with a triple quadrupole. Silica-coated paper substrate used. The peak intensity is an average
of total ion chronogram values. The concentration of verapamil in the blood sample was 500
ng mL~L,
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Figure 3.

Comparison of the elution behavior of verapamil with silica coated paper and
chromatography papers: (i) verapamil in pure water (5 pL, 500 ng mL™1) deposited onto
surface of (a) silica coated paper, (b) Grade 4 chromatography paper and (c) ET31
chromatography paper; (ii) verapamil in blood (5 pL, 500 ng mL~1) deposited onto surface
of (d) silica coated paper and (e) Grade 4 chromatography paper and (f) Grade ET31
chromatography paper. Note: the experiments were performed after the paper had dried.
Solvent for silica coated paper was 9:1 dichloromethane/isopropanol, chromatography paper
9:1 methanol/water. a.u. : arbitrary units.
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Figure 4.
Comparison of the LOQ and linear dynamic range of verapamil with (a) silica coated paper

(0.27 mm thick; 9:1 dichloromethane/isopropanol), (b) Grade 4 chromatography paper (0.21
mm thick; 9:1 methanol/water), and (c) Grade ET31 chromatography paper (0.50 mm thick;
9:1 methanol/water) . Note: 5 pl of blood sample was used, product ion m/z 303 of
verapamil was monitored.
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Linear dynamic range for (a) lidocaine and (b) verapamil, and typical spectra of lidocaine (c)
and verapamil (d) with concentrations in blood of 20 ng mL~1 and 10 ng mL™1,

respectively, obtained with Mini 11. Silica-coated paper (0.27 mm thick) with 9:1

dichloromethane/isopropanol.
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