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Abstract

A direct plasma injection method has been developed for the rapid analysis of drugs in biological fluids. A new generation
restricted access media column specifically designed to accommodate direct injection of plasma and other fluids is utilized
for on-line HPLC-ESI-MS analysis. For rapid analysis the on-line extraction column is linked to a HPLC—-ESI-MS system.
Good results are obtained for the quantitation of CP-93 393 and deuterated internal standard over the range of 10-1000
ng/ml. The lower limit of detection for the assay was 58 pg injected on column. Accuracy and precision values are 9.0% or
better over the entire range of the assay. In addition, more than 200 injections (100 wl) were performed per column with
unattended, automated analysis. [ 1998 Elsevier Science BV. All rights reserved.
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1. Introduction

Sample preparation is now the rate-limiting step to
higher throughput HPLC—MS analysis of drugs in
biological fluids. To facilitate faster sample prepara-
tion times several groups [1,2] have developed off-
line SPE assays in the 96-well plate format. Auto-
mated on-line SPE has been reported [3,4] for
guantitation of several pharmaceutica compounds.
Another, possibly more efficient, approach for sam-
ple preparation is to directly inject the biological
fluid onto a restricted access media HPLC column.
Direct injection of the fluid eliminates the time
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consuming sample extraction step and facilitates
complete on-line automation. A recently available
restricted access media (RAM), HPLC column,
BioTrap 500, is specifically designed to accommo-
date the direct injection of plasma and other fluids.
The column permits the rapid elution of water-
soluble salts and large molecules while retaining
smaller hydrophobic molecules. The BioTrap 500
column is a porous silica based extraction column
with a biocompatible external surface and a hydro-
phobic, C-18 interna surface. The pores of the
column are small enough to exclude proteins and
other large endogenous compounds while smaller
molecules penetrate the pores and adsorb onto the
C-18 groups. The hiocompatibility has been obtained
by coating the outer silica surface with «,-acid
glycoprotein (AGP). Unlike more traditiona re-
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stricted access media columns, AGP tolerates high
concentrations of organic solvents and large volume
(up to 1.0 ml) injections of plasma and other
biological fluids. Similar columns have been used for
quantitation of pharmaceutical compounds; [5-11]
however, the advantages of coupling the technique
with the selectivity and sensitivity of API-MS have
not been fully exploited. The majority of previous
direct plasma injection assays [5—7,9—11] possessed
long anadysis times (>15 min), which are not
acceptable in a high-throughput, drug discovery
environment. Total analysis times of less than 5 min
per sample are achievable using dua BioTrap 500
columns set up on-line with HPLC—MS detection.

CP-93 393 currently undergoing clinical evalua-
tion as an anxiolytic agent was chosen as a model
analyte for this on-line extraction and anaysis
method. A previous HPLC-API-MS method was
validated to determine concentrations of CP-93 393
in human, rat and mouse plasma and determine drug
stability in plasma at room temperature [12]. Since
samples may await analysis in an autosampler for an
extended period of time (>8 h), stability of the drug
in the biological fluid is an important consideration
when using an on-line extraction method. Therefore,
prior to analysis, analyte stability in the biological
matrix must be confirmed under appropriate con-
ditions.
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Fig. 1. Structures of CP-93 393 and CP-93 393-d4.

2. Experimental
2.1. Materials

CP-93 393 [1-{2-pyrimidin-2-yl-octahydro-pyrido-
[1,2-a]pyrazin- 7-ylmethyl} - pyrrolidine- 2,5 - dione]
was obtained from Pfizer Central Research, Groton,
CT, USA.

CP-93 393-d4 (Fig. 1) was synthesized in-house.
Isotopic purity was 99%.

Other reagents were of HPLC grade or better and
were used without further purification. Control
human plasma was obtained from in-house volun-
teers.

2.2. Column switching setup
For accelerated sample analysis, a dual extraction

column set up was used with two Gilson (Middleton,
WI, USA) valve actuators fitted with Rheodyne
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Fig. 2. Flow diagram for dua BioTrap column plasma extraction
and analysis. Valve position for equilibrating and loading BioTrap
500 column 1 while transferring analytes from BioTrap 500
column 2 onto the analytical column.
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(Cotati, CA, USA) 7000 six-port injector valves. The
switching valve configuration is diagrammed in Fig.
2 and is similar to that described by Ramsteiner [13].
The dual column arrangement allows the extraction
of one column while the other column is equili-
brating and rinsing from the previous injection. After
2.5 min of extracting on one of the BioTrap columns,
the valves are switched, allowing the extraction
column to be backflushed with analytical mobile
phase thereby eluting the analytes from the BioTrap
column onto the analytical column.

2.3 HPLC

A LDC Analytical constaMetric 3200 series pump
(Riviera Beach, FL, USA) delivered the mobile
phase for extraction on the 20 mmx4.0 mm I.D.
BioTrap 500 column (ChromTech, Hagersten,
Sweden). The flow-rate for extraction was main-
tained a 2 ml/min using 99:1 50 mM ammonium
acetate—isopropanol with 2 mM triethylamine as the
mobile phase. A Hewlett-Packard 1050 series auto-
sampler (Waldbronn, Germany) injected 100 .l
aliquots of human plasma fortified with drug and
internal standard onto the BioTrap 500 extraction

A)

100
90 A
80 1
70 A

50 -
40

Relative Abundance

0.0 0.5 1.0 1.5 2.0 25

column. A Hewlett-Packard 1050 series HPLC pump
(Waldbronn, Germany) delivered the analytical mo-
bile phase at a flow-rate of 0.5 ml/min causing the
elution of the analytes from the BioTrap 500 column
onto the analytical HPLC column. A Hewlett-Pac-
kard 1050 series multiple wavelength detector
(Waldbronn, Germany) set at 238 nm was employed
to perform the extraction recovery experiments. The
analytical mobile phase was a 25:75 methanol-10
mM ammonium acetate mixture adjusted to pH 3
with formic acid. A Keystone Scientific (Bellefonte,
PA, USA) Hypersil phenyl column (30 mmXx2 mm
I.D., dp=5 wm) was used as an analytical column to
provide further separation of analytes from other
endogenous plasma components before detection. A
2-pum and a 0.5-pm Upchurch filter (Oak Harbor,
WA, USA) preceeded the analytical HPLC column.

2.4. Mass spectrometry

A Finnigan MAT LCQ ion trap mass spectrometer
(San Jose, CA, USA) operating in the positive ion
electrospray ionization mode was employed for the
detection of analytes. Detection was performed using
selected ion monitoring (SIM). The heated capillary
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Fig. 3. HPLC-MS chromatograms comparing peak shape of CP-93 393 taken through the entire extraction and analysis procedure (A)
without triethylamine in the extraction mobile phase and (B) with triethylamine in the extraction mobile phase.
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temperature was set to 275°C, while the sheath and
auxiliary gases were operated at 85 psi and 15 |/min,
respectively. Primary ions of m/z 330 and 334 were
monitored for the drug and internal standard, respec-
tively. Peak height ratios for the selected ions were
determined using Finnigan LCQ software version
1.0.

2.5. Calibration and quantitation

Plasma samples were centrifuged at 2400xg for
10 min before being fortified with CP-93 393. Cali-
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bration and calibration verification samples were
prepared in plasma to cover the range 10-1000
ng/ml. Plasma was fortified to give calibration
points of 10, 20, 50, 100, 500 and 1000 ng/ml and
calibration curve verification points of 10, 20, 100
and 1000 ng/ml, respectively. Aliquots (125 ul) of
the samples were then placed in autosampler vials
where 100 ng of the internal standard was added and
the mixture was vortexed for 5 s. Calibration was
performed by plotting peak height ratios of drug to
internal standard against drug concentration. A poly-
nomial, cubic spline fit was employed for all cali-
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Fig. 4. HPLC—MS chromatogram from the analysis of CP-93 393. (A) 1.0 ng of CP-93 393 injected onto the analytical column only. (B)
Direct injection of 100 wl plasma fortified with CP-93 393 at 10 ng/ml taken through the entire extraction procedure. (C) Injection of 1.0 .l
of buffer fortified with CP-93 393 at 1.0 png/ml taken through the entire extraction procedure.
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bration curves. Concentrations for replicates of for-
tified drug samples were calculated from the cali-
bration fit. Recovery experiments were performed
using UV by comparing the peak height for a 100 ng
injection of CP-93 393 from buffer to that of an
injection of a 100 wl aliquot of plasma fortified with
CP-93 393 at 1000 ng/ml.

3. Resaults and discussion

The selectivity of HPLC-API-MS detection al-
lows the use of short analytical HPLC columns
yielding typical analysis times of less than 3 min per
sample. As a result, sample preparation is the most
time consuming and thus rate-limiting step of quan-
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Fig. 5. UV (A=238 nm) chromatograms used to calculate extraction recovery of CP-93 393 from human plasma. (A) Injection of 100 ng of
CP-93 393 standard from buffer. (B) Extraction and analysis of 100 wl of blank human plasma. (C) Extraction and analysis of 100 p.l of

human plasma fortified with CP-93 393 at 1000 ng/ml.
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Table 1
Inter-assay accuracy and precision for the determination of CP-93 393 by the direct injection of human plasma®
Fortified Calculated n % Accuracy % R.S.D.
concentration concentration
(ng/ml) (ng/ml)
10 10.0 17 100 2.7
20 18.3 18 91.5 2.6
100 102 17 102 12
1000 1070 18 107 7.9

# Combined data from three separate runs. Accuracy [(mean of calculated concentration—fortified concentration)/(fortified concentration)] <

100.

titative analyses of drugs in biological fluids. A
method that combines a faster rate of sample ex-
traction with on-line automation provides a signifi-
cant advantage over conventional off-line, liquid—
liquid and solid-phase extraction techniques. The
above on-line extraction and anaysis method per-
forms the preparation and analysis step with no
manual intervention necessary, thus alowing the
analyst to concentrate on less tedious tasks.

Several challenges were encountered during the
method development stages of this on-line extraction
technique coupled with API-MS. For example, re-
ported previously [14] addition of triethylamine to
the extraction mobile phase was necessary to reduce
the secondary interactions associated with the tertiary
amine functionality of the analyte and the free silanol
groups on the silica based column as shown in Fig.
3A and 3B. However, by adding triethylamine to the
mobile phase in API-MS, suppression of basic
analyte ionization often occurs which effects the
lower limits of detection [15] as shown in Fig. 4.
Despite the expected ionization suppression by tri-
ethylamine the lower limit of quantitation and the
limit of detection for the assay were quite commend-
able at 190 pg and 58 pg, respectively, calculated
according to Ref. [16].

Since detectability in API-MS is affected by
various mobile phase compositions including pH
[17] and buffer concentration [18], calculating ex-
traction recovery is another challenge associated with
interfacing on-line extraction techniques with
HPLC-API-MS. The challenge is especiadly true
when the extraction mobile phase varies from the
analytical mobile phase as with the assay described
in this manuscript. When direct injection of 1.0 ng
CP-93 393 was performed on the analytical column

only using the analytical mobile phase (Fig. 4A) and
compared with the signal of 1.0 ng CP-93 393
injected from 100 wl plasma taken through the
extraction process (Fig. 4B) the apparent recovery
was ~10%. The apparent low recovery is most likely
due to that the anaytical mobile phase and the
extraction mobile phase are different in pH and
solvent composition which as stated above can
significantly effect ESI-MS response. In addition,
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Fig. 6. HPLC—MS chromatograms from the direct injection of 100
wl of human plasma fortified with CP-93 393 at (A) 0 ng/ml and
(B) 10 ng/ml.
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when injecting 1.0 ng of CP-93 393 from buffer and
comparing that with a 100 wl injection of 1.0 ng
CP-93 393 from fortified plasma the apparent ex-
traction recovery was >300% when using ESI-MS,
as shown in Fig. 4B and 4C. The apparent high
recovery may be due to endogenous plasma com-
ponents extracted with CP-93 393 improving the
ESI-MS response for CP-93 393 when injected from
plasma. Obviously these plasma components have
different masses than CP-93 393 since a blank 100
wl plasma sample produces no response using this
method. However, further investigation is necessary
to fully explain this phenomena. Nonetheless, since
the UV trace of blank, on-line extracted plasma was
free from endogenous peaks at the retention time of
CP-93 393, a multiple wavelength detector was
employed at the maximum absorbance of the drug
(238 nm) to compare peak heights and calculate
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recovery. Fig. 5 shows the UV traces for a 100 pl
blank human plasma sample, a 100 ng injection of
CP-93 393 standard from buffer and a 100 pl
injection of a human plasma sample fortified with
CP-93 393 at 1000 ng/ml. Extraction recovery de-
termined by UV was 81*+6%. Recovery of the
deuterated internal standard was assumed to be
equivalent to the analyte and the recovery was
assumed to be constant over the entire dynamic
range of the assay.

Precision and accuracy of the procedure were
determined by analyzing batches of replicate fortified
samples on three separate occasions. Mean data is
shown in Table 1. CP-93 393 and internal standard
were co-eluted at retention times of about 3.8 min.
Total analysis times between injections was less than
5 min per sample. A typica 100 wl injection of
human plasma fortified with CP-93 393 and internal
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Fig. 7. HPLC—MS chromatogram from the direct injection of 100 pl of plasma of rat dosed with CP-93 393. The upper trace is the drug
total ion current at 17 ng/ml and the lower trace is the internal standard total ion current.



9 SR. Needham et al. / J. Chromatogr. B 718 (1998) 87-94

standard is shown in Fig. 6. Fig. 6 also shows a 100
wl injection of blank human plasma. In Fig. 7 is
presented a typical drug discovery example of this
method for the analysis of 100 wl of plasma of rat
dosed with CP-93 393. The clean chromatogram
from the patient sample demonstrates the selectivity
of this on-line extraction method when coupled with
ESI-MS. Using the on-line dua column plasma
extraction and analysis method described above,
more than 250 samples have been extracted and
guantitated in a 24 h period with tota on-line
automation. In addition, the ruggedness of the meth-
od was demonstrated by extracting more than 200
samples with a single BioTrap 500 column. Seem-
ingly more samples could be analyzed per extraction
and analytical column with no manual intervention if
the increasing back pressure on both columns after
each plasma injection was not a factor. However, this
phenomena is unavoidable due to the adsorption of
plasma components to sealings and other column
components [19].

SIM mode was employed to demonstrate ap-
plicability of this technique to relatively specific
detectors. Operation in MS—-MS mode would, obvi-
oudly, increase specificity. Performing direct plasma
injections using a general on-line HPLC extraction
method with API-M S detection for diverse analytical
structure classes is currently under investigation.
This method has the potential of being broadly
applicable.
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