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Abstract

The pre-concentration effect of solid phase microextraction (SPE) with nano-electrospray ionization mass spectrometry (nano-ESI MS)
for selected pharmaceuticals is presented. An analytical method is developed for the quantitative determination of dicyclomine in serum with
cyclopentolate as the internal standard by off-line nano-ESI ion-trap MS with reversed phase mini-SPE. Homemade C18 and C4 mini-SPE
cartridges of 0.5 and 1 cm in length and 1.55 mm i.d. have been tested for pre-concentration of samples origihaiyw@ume. After
SPE, the volume of the sample in methanol is aboutdl=and 0.5uL can be injected into the nano-ESI MS instrument. Use ofa 1cm C18
cartridge lowered the detection limit of dicyclomine 100 times to 16.1 fmole. Dicyclomine spiked in serum can be determined by nano-ESI MS
after protein precipitation and further clean-up on the 1 cm C18 cartridge. However, the slope of a calibration curve of dicyclomine standards
spiked in serum is more than a factor of 10 less than that for a calibration curve of dicyclomine standards prepared in water indicating
pre-concentration of pharmaceuticals could be compromised by a complex biological matrix.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction different analyte$l,2]. Nano-ESI tandem MS has been suc-
cessfully applied for the determination of steroid sulphates
Nano-electrospray ionization (nano-ESI) is a miniaturized in brain tissug3], cholestero[4], lipids in membrane§s],
electrospray source with a nm droplet size and flow decreasedand underivatized oligosaccharides (particularly difficult for
to the suhuL/min range. Very small amounts (142.) of the standard ESI MS[6], as well as protein sequencifig.
sample can be loaded into the capillary with no need of sol-  Microscale solid phase extraction (SPE) sample prepara-
vent pumps or inlet valves for mass spectrometry (MS). With tion has been developed primarily for matrix assisted laser
the flow rate lowered to the range of 20 nL/min tp.l/min, desorption ionization-MS (MALDI-MS) and more recently
the transfer efficiency (number of ions detected/number of for nano-ESI MS. C18-fused silica capillaries have been used
analyte molecules sprayed) for peptides can be substantiallyfor concentration and desalting of peptide samples before
higher for nano-ESlI than standard ESI. Off-line nano-ESIMS MALDI-MS [8]. Micro pipet tips packed with a2L packed
also has advantages of solvent choice over a wide range oted of Poros 50 R2 resin previously sized to 40p-60have
composition and pH, an extraordinary tolerance to salt con- been used for the clean-up and concentration of peptide sam-
tamination, and a more uniform response for chemically very ples before MALDI-MS[9]. Affinity chromatography using
similar gel-loader pipet tips with a 0l bed of reactive
red-120 resin and elution using a low speed centrifuge was
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mercial version of this packed micro-tip for MALDI-MS is
now available from the Millipore Corgl11]. This device is
called a ZipTip, a 1Q.L pipette tip, which has only 0.6L of (
chromatographic media (C4, C18 or strong cation exchange) |
packed near the tip. The C18 ZipTip is most often used for de- C\/\
salting and concentrating peptides before MS analysis, such CH/ N/
as MALDI-TOF and potentially nano-ESI MS. Applications HO
showing use of these tips for nano-ESI MS are lacking. One
application of off-line SPE using ion exchange columns of
dimensions 5-8 cre 0.4 cm facilitated the determination of
neurosteroids in rat brain by nanoscale liquid chromatogra-
phy (LC) ESI MS[12]. Several recent on-line micro SPE
approaches include SPE of heterocyclic aromatic amines on
a C18 particle packed capillary segment before capillary
electrophoresis separation with nano-ESI MS dete(fi8h Cyclopentolate
sample pre-concentration Nfacylhomoserine lactones on a
75um i.d. capillary column before nano-LC ESI M$4],
and protein pre-concentration on a5 i.d.x 4cm C18
SPE column acting as the sample injection loop for nano-LC
ESI MS[15].
Dicyclomine, one of the amine anticholinergic pharma- ll N
ceuticals, is a very important parasympatholytic agent and it TN /\/
has been used in the treatment of gastrointestinal disorders. Q
Overdose of dicyclomine in adults could result in drowsiness
and blurred vision and death in infants from an overdose
of dicyclomine is possibl¢16]. Both GC and LC methods
for dicycloamine are available. After extraction from human
plasma with ether, GC with nitrogen-selective detection has

jr—

been applied for the determination of dicyclomid&]. A Dicyclomine
similar GC study for dicyclomine using chlorocyclizine as
the internal standard has also been publigi&fl Sensitive Fig. 1. Structures of dicyclomine and cyclopentolate.

and selective UV—vis detection of dicycloamine after HPLC

separation is not straightforward since only an isolated C=0 2. Experimental

moiety is presentin the structurgig. 1). Microbore HPLC of

tertiary amines using tris(bipyridyl)ruthenium(lll) chemilu- 2.1. Chemicals and reagents

minescence detection has been reported for dicycloamine, cy-

clopentolate, and other anticholinergic pharmaceut{d&s Dicyclomine hydrochloride (>99%), cyclopentolate hy-

Cyclopentolate (molecular weight 291.4) is similar in struc- drochloride (>99%) and porcine serum were obtained from

ture to dicycloamine (molecular weight 309.5) but is not a Sigma Chemical Co. (St. Louis, MO). Geloader tips (1110

common prescription drud-{g. ). were purchased from Eppendorf (Hamburg, Germany). C18
To the best of our knowledge, pre-concentration of organic (carbon 23%) and C4 (carbon 8%) reversed phase silica

compounds, like pharmaceuticals using ZipTips or similar (40-63um) particles were obtained from Silicycle Chemi-

cartridges in conjunction with nano-ESI MS, is not evidentin cal Division (Quebec, QC, Canada). Methanol (MeOH) was

the literature. In the present study, we have determined dicy-purchased from Fisher Scientific (Cincinnati, OH). Acetoni-

clomine with cyclopentolate as the internal standard by nano- trile (ACN) was purchased from Fisher Scientific (Fair Lawn,

ESI MS after reversed phase mini-SPE. Mini-SPE refers to NJ) and ethanol was purchased from Quantum Chemical Co.

cartridges dimensionally smaller (1-2 mm ixd0.5-1 cm) (Newark, NJ). Distilled, deionized, filtered water was gen-

than standard SPE ones but not fibers as used for micro-SPE€rated using an E-Pure water treatment system (Barnstead,

Two different lengths (0.5 and 1 cm) of C18 and C4 reserved Dubuque, 1A).

phase SPE cartridges were packed and characterized for the

pre-concentration effect. These packed beds of about 9 and2.2. Sample preparation

20uL are considerably larger than those in the micro tips de-

scribed previously for peptides and proteins. Experimentally,  Different volumes of a dicyclomine standard and a con-

the technique is facile since the pipet tip to load the sample stant volume of the internal standard (@15 of 100 mg/L

fits into the mini-SPE tip, which fits into the metalized needle cyclopentolate) were added to g2k of serum, which were

used to introduce the sample into the nano-ESI iriad.(2). then diluted with water 10 times to 2pfL.. All solutions were
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Fig. 2. Exploded diagram of large pipet tip (A) to load sample and elute fractions, the mini-SPE column made from a gel-loader tip (B), and the metalized
needle (C) for interfacing to the nano-ESI MS port.

vortex-mixed. A volume of 10Q.L ACN—ethanol (1:1, v/v) centrifuge tubes were less thap.ll due to possible evapora-
was added to a 2bL portion of the spiked serum for pro- tion and/or trapped solvent. For characterization of the signal
tein precipitation and the solutions were vortex-mixed. After as a function of eluent volume, each fraction was loaded into
centrifugation (14,006 g for 12 min), the supernatant was the metalized needle and analyzed individually with nano-
transferred to another microcentrifuge tube and evaporated toESI MS.

dryness at room temperature under a gentle stream of nitro-
gen. The residue was reconstituted with i@0water; any
pre-concentration due to sample volume differences before
mini-SPE was small. All final samples were filtered with a
0.2pm syringe filter disk.

2.4. Mass spectrometry

Off-line nano-ESI mass spectrometry detection was per-
formed on an EsquireLC system (Bruker, Billerica, MA)
operated in the positive ion mode. After optimization, the
2.3. Off-line solid phase extraction MS parameters were held constant for positive nano-ESI MS
as: capillary voltage: 4500V, capillary exit: 99.8 V, accumu-

Samples were extracted using mini SPE cartridges, which lation time: 4525 ms, scan range: 160—46@, averages: 16
were packed with different amounts of C18 and C4 sorbents in SPectra, skim: 128.9V, trap drive: 42.4. A ub volume was
gel-loader tips (Fisher, Pittsburgh, PA). For the 1 cm columns, loaded to the metalized needle each time. The ion intensities
9 mg was used to make a gl packed bed and forthe 0.5cm ~ of the MH" ions for dicyclomine and cyclopentolate were
long cartridges, 3.6 mg was sufficient to make8L8packed monitored and ratioed as a function of dicyclomine concen-
bed. Because of the taper of the gel-loader tip, the weight of tration.
packing used is not proportional to the column lengig (2).

The two ends of the cartridge were blocked with compressed
glass fiber to prevent particle leakage. 3. Results and discussion

SPE cartridges were pre-conditioned prior to sample ap-
plication using 3Qw.L of deionized distilled water. The sample  3.1. Comparison of standard ESI and nano-ESI MS
solution (30uL) was applied to the cartridge and forced out
slowly by air pressure with a 1 mL pipet until the cartridge Both standard ESI MS and nano-ESI MS without any
appeared dry and no more water droplets came out. The anfpre-concentration step were first compared to check the
alytes were eluted in a stepwise fashion with firgtl5and quantitation of an aqueous standard solution of dicyclomine
then six successived. portions of MeOH using the 1 mL  with the internal standard cyclopentolate. With standard ESI
pipet at a flowrate of 3f.L/min for the 1 cm long cartridge. = MS using a sample volume of 1pQ, a detection limit
For the 0.5cm cartridge, the analytes were eluted stepwiseof 1 mg/L (Fig. 3) and a short linearity range for dicy-
with seven successivad. portions of MeOH using the same  clomine from 2 to 5mg/L with the equation of the line
pipet and flowrate. Although a;8L volume of MeOH was y=0.6X%—0.75, n=4, R*=0.9878, wherey=peak inten-
added, some eluent fractions actually collected in the micro sity ratio dicyclomine/cyclopentolate and=mg/L. R.S.D.
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Fig. 3. Detection limit standard ESI MS spectrum of a 1 mg/L dicyclomine {Mi310) and 1 mg/L cyclopentolate (MH: 292) mixture in BO (no SPE).
lon polarity: positive, averaged 8 spectra.

for these data points ranged from 4.5 to 9.6% with an aver- 10p.g/L has been reached, an improvement of about 100
age 7.5%. These calibration curve data were not consideredover nano-ESI MS without mini-SPE. Using the 1cm C18
satisfactory for clinical analysis. With nano-ESI MS, sample cartridge, linearity was established from 0.05 to 5 mg/L with
consumption was only 045L but the detection limitand lin-  the equation of the ling=3.0%+0.12,n=6, R°=0.9916,
earity for aqueous samples were similar to those for standardwhere y=peak intensity ratio dicyclomine/cyclopentolate
ESI MS (data not shown). An unexpected potential advan-

tage found for SPE was the nano-ESI MS response, which .~

is about 2—4 times stronger in MeOH than® (Fig. 4A x10*
and B). Acetonitrile was found to be not a good choice for 6 -
mini-SPE cartridge elution in conjunction with nano-ESI MS 5 '

probably because it cannot easily assist in protonation of or-
ganic amines. The relative peak intensity comparison using
nano-ESI MS between no SPE and 1 cm C18 SPE isshownin 3
Fig. 5 A definite 8—10 enhancement factor for the detectabil-
ity of organic compounds after mini-SPE by nano-ESI MS is
evident and should be due to both a pre-concentration effect
and the change in solvent from water to methanol.

4

280 285 290 295 300 305 310 315 320 m/z

Intens

3.2. Nano-ESI MS with mini-SPE x10°
2.0 2022

The pre-concentration effect of different length C18 and
C4 SPE cartridges was compared. With 1cm C18 or C4
mini-SPE, dicyclomine and cyclopentolate could be detected 1.0
from the fourth to sixth eluent fractions with nano-ESI MS ‘
(Fig. 6 with the fifth eluent fraction showing the best rel- 5 }U 3'(?'2
ativity intensity ratio for dicyclomine/cyclopentolate. The 0.0t bans w\wwm
mass spectrum for a 3@/L solution for the fifth fraction, 280 285 290 295 300 305 310 315 320 m/z

taken using the 1cm C18 cartridge, is shownFig. 7. Fig. 4. (A) Nano-ES| MS . f a 1mglL dicyclomine (310) and
. S . . : : ig. 4. ano- spectrum of a 1 mg/L dicyclomine an
For Fig. 7, the relative intensity of dicyclomine and cy 1 mg/L cyclopentolate (292) mixture in water (no SPE). Averaged spectra:

CIOpentOIa_te is similar due_ to preconcentra_ltion. as COM- g () Nano-ESI MS spectrum of a 1 mg/L dicyclomine (310) and 1 mg/L
pared toFig. 4B. As shown inFig. 7, a detection limit of cyclopentolate (292) mixture in MeOH (no SPE). Averaged spectra: 8.
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Fig. 5. Comparison of the relative intensity (dicyclomine/cyclopentolate)
ratio with (gray) and without (black) mini-SPE using the 1 cm C18 cartridge.
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Fig. 6. Plot of relative intensity (dicyclomine/cyclopentolate ratio) vs. frac-
tion collected for 1 mg/L dicyclomine and 1 mg/L cyclopentolate from 1 cm
mini-SPE column. First fraction: oL, successive fractionsi8L. Points are
connected for clarity.

andx=mg/L. Using the 1 cm C4 cartridge, linearity was es-
tablished from 0.05 to 4 mg/L with the equation of the line
y=0.48%+0.11,n=6, R>=0.9887, wherg = peak intensity
ratio dicyclomine/cyclopentolate and=mg/L. The R.S.D.

Intens.
x10°] 2922

—_

293.3 301.2

(n=3) for all these data ranged from 1.0 to 8.2% with an
overall average R.S.D. of 3.7%.

Using the 0.5cm C18 or C4 cartridge, the best detec-
tion limit of 200.g/L was found from the fifth eluent frac-
tion similar to that shown foFigs. 6 and 7 This optimum
fraction number is not less than that for the 1 cm cartridges
due to the fact that pL was the volume of the first frac-
tion using the 1 cm cartridge but onlypd. for the 0.5cm
cartridge. Linearity ¥y=0.65—0.19, n=6, R2=0.9931,
where y=peak intensity ratio dicyclomine/cyclopentolate
andx=mg/L) was established from 0.5 to 5mg/L with the
C18 cartridge with a detection limit of 1QQ/L. Linearity
(y=0.6%—0.29,n=5, R?=0.9932, wherey=peak inten-
sity ratio dicyclomine/cyclopentolate amxd- mg/L) was es-
tablished from 0.5 to 4 mg/L with the C4 cartridge with a
detection limit of 10Qug/L. The R.S.D. h = 3) for these data
ranged from 0.9 to 17.7% with an overall average R.S.D. of
3.7%.

The possibility of a matrix effect causing ion suppression
or enhancement for pharmaceuticals in plasma samples deter-
mined by LC—MS has been shown to be higher when the ESI
MS interface is used as opposed to only the heated nebulizer
required for atmospheric pressure chemical ionizajtify.
Therefore, the pretreatment of biological samples is impor-
tant for ESI MS methods. Because the 1 cm C18 mini-SPE
cartridge was found to have the best pre-concentration effect
(100 times) with an improved sensitivity (slope) of a factor
of 6 over the C4 cartridge, it was chosen to determine spiked
serum samples. Spiked synthetic serum samples were deter-
mined by nano-ES MS after protein precipitation and further
clean-up using the 1 cm C18 mini-SPE cartridge. The relative
dicyclomine/cyclopentolate intensity ratio for a given dicy-
clomine concentration in synthetic serum was significantly
less than that for the same standard solution in water and an
additional peak at 30@/z was observed. Therefore, a set of
standard dicyclomine solutions was prepared in serum ma-
trix before 1 cm C18 SPE and nano-ESI MS. Although good
linearity (y=0.15+0.74,n=6,R?=0.9986, wherg = peak

310.2

......

2025 2950 2975  300.0

VNN TN I

302.5 3050 3075 3100 3125 miz

Fig. 7. Detection limit nano-ESI mass spectrum of aufL dicyclomine Wz 310) and 1 mg/L cyclopentolateyz 292) mixture originally in HO after 1 cm

C18 mini-SPE. For (+) mode nano-ESI MS, 16 spectra averaged.
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intensity ratio dicyclomine/cyclopentolate axd mg/L) was and Miami University to establish the Ohio Mass Spectrom-
observed for the calibration curve from 0.5 to 30 mg/L with etry Consortium is greatly appreciated.
a detection limit in only the low mg/L range for spiked di-
cyclomine/cyclopentolate in serum using the fifth collected
fraction, the low slope value implies little pre-concentration References
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