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ABSTRACT

A method for rapid extraction and identification of drugs in urine is described. The svstem utilizes a high-performance protein G
immunoaflinity column coupled (o a reversed-phase analytical column by use of a (rapping column and switching valve. A small
amount of antibody (5 pg drug-specific) is used for each analysis to extract either propranolol or lysergic acid dicthylamide (LSD) from
human urine. Urine diluted with phosphate-buffered saline 15 pumped directly through the protein G column thus eliminating tlime- and
solvent-consuming sample preparation procedures, On-line ultraviolel or mass spectral analysis provides the means of drug detection
and identification. With uitraviolet detection propranolol may be detected in spiked urine at the 250 pg/ml level. A Hewlett-Packard
mass speetrometer modified for atmospherie pressure ionization and equipped with an ion spray source allows detection of propranclol
in urine al 2.5 ng/m! and LSD at 300 pg/ml using single ion monitoring. The potential applicability of the technigue for drug

confirmations is discussed.

INTRODUCTION

The determination of drugs at trace levels in
biological matrices has seen prowing demand, es-
pecially in the area of forensic and athletic urine
drug testing. Generally. preliminary screening
tests are performed to detect a foreign substance
in the blood or urine, followed by gas chroma-
tography mass spectrometry (GC-MS) to pro-
vide unequivocal identification of the analyte(s).
GC MS in the selected 1on monitoring (SIM)
modec is currently the most widely used method
for drug confirmation with the correct chromato-
graphic retention time, the presence of the molce-
ular ion. and at least three fragment ions, in the
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correct relative abundance ratios, usually being
the minimum requirement [1]. Certain drugs and
metabolites present problems for GC MS confir-
mation either because of their low volatility, high
polarity, or thermal lability. Also, many sample
preparation procedures require involved liquid
liquid or solid-phase extractions and chemical
derivatization before GC-MS analysis of the
sample extract can be performed. By coupling the
extraction and purification capabilities of immu-
noaffinity chromatography with the analytical
potential of ion-spray (pneumatically assisted
electrospray) liquid chromatography mass spec-
trometry (LC-MS) [2] to detect polar and non-
volatile compounds, some of these shortcomings
can be surmounted.

There are a number of publications in which
immunoeaflinily chromatography (IAC) has been
used for on-line purification of analytes from bi-

1992 Elsevier Science Publishers B.Y. All rights reserved



104

ological samples [3,4]. Samples or extracts from
urine, bile, serum, and tissue have all heen in-
troduced onto these immunoaffinity systems with
little or no sample preparation. The analytes are
then cluted from the immunoeaflinity column and
anaiyzed directly by on-line high-performance
liquid chromatography (HPLC). Other workers
have utilized immunecaffinity columns for sample
preparation prior to GC-MS analysis [5-7] and
for automated sample preparation and HPLC
analysis [§8]. Generally, these columns arc packed
with chemically activated Sepharose beads, and
antibodies are then covalently bound to these
beads. These columns usc a relatively large
amount of antibody (1 ml neat antiserum equiv-
alent or more) which is used for repeat analyses.
These columns, while having a large binding ca-
pacity [or drugs, are somewhat limiled by pres-
surc and flow restrictions. In one recent report an
immunoaffinity system was directly coupled to a
gas chromatograph with a flame ionization detec-
tor for analysis ol f-19-nortestosterone in urine
[9].

An alternative to covalently bound antibody
columns 1s the usc of a system in which a small
amount of antibody is held on a column by non-
covalent interactions. Only enough antibody is
used to capture sufficient analyte for detection.
Assuming two aclive sites per immunoglobulin G
(IgG) molecule it is calculated that 5 g of drug-
specific antibody should be sufficient to capture
20 ng of a compound with relative molecular
mass 300. Recent work by Janis and Regnier [10]
has shown that a column containing a Staphvio-
coccus-derived protein (protein () can be used
for the capture of human transterrin (HTr) from
human serum by first priming the column with
anti-HTr antibody. Protein G binds exclusively
to the F, domain of 1gG [11] thus lcaving the Fyp
binding regions free. The captured transferrin
and antibody are then desorbed from the protein
G and separated on a C, reversed-phase HPLC
column using column-switching techniques [12].
This method allowed quantitation of transferrin
dircctly from 20-ul injections of human serum.

The investigation described in this report
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sought to utilize a commercially available protein
G column (Chromatochem, Missoula, MT,
USA) primed with either anti-propranolol or an-
ti-lysergic acid diethylamide (anti-LSI}) antise-
rum te capture the corresponding drugs from hu-
man urines. Desorption and column-switching
techniques could then be used dircetly to confirm
drug presence by LC-MS. The combination of
these techniques is herealter relerred to as IAC-
LC-MS. The potential advantages of such a sys-
tem include the possibility of performing auto-
mated sample extractions and trace enrichment
with on-line mass spectral identification of drugs
directly from urine. The determination of non-
volatile, heat-labile drugs can also be done with-
out the complicating derivatization procedures
often required for GC-MS confirmation ol these
drugs. For this study propranolol and LSD were
used as model analyles o test the feasibility ol
this approach.

EXPERIMENTAL

Materials

All solvents were HPLC grade or better and
purchased from Fisher Scientific (Pittshurgh, PA,
USA). Sodium salts, ammonium acetate, and
glacial acetic acid were also purchased from Fish-
er Scientific. Triethylamine was purchased (rom
Aldrich (Milwaukee, WI, USA) and formic acid
from EM Science (Cherry Hill, NJ., USA). Water
was distilled and deionized belore use with a Mil-
lipore (Bedford, MA, USA) Nanopure purifica-
tion system.

Propranolol antiscrum (sheep) was purchased
from Biodesign International (Kennebunkport,
ME, USA)} and purified rabbit IgG from Sigma
{St. Louis, MO, USA). LSD antiserum (rabbit)
was kindly supplied by Roche Diagnostic Sys-
tems (Belleville, NJ, USA). Phosphate-buffered
saline (PBS) containing 0.02% sodium azide was
used to dilute antisera 9:1 (PBS—antiscrum) for
storage (at — 57°C}and use. DL-Propranolol was
obtained from Sigma and LSD was obtained
from Alltech Assoc. (Deerfield, IL. USA)as a 25
ng/ul solution in methanol.
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Apparalus

A diagram of the JAC-LC-MS system used
for the capture of propranolo! and LSD from
urine is shown in Fig. 1. The system consists of
two Waters pumps (Division of Millipore Corpo-
ration, Milford, MA, USA). the TAC column,
trapping column and analytical column. Pump 1
is a Model 6000A and pump 2 is a Model 510.
Additional hardware includes a Waters automat-
ed switching valve (ASV), a Rheodvne Model
7125 injector (Cotati, CA, USA) with a 100-ul
Tefzel loop (Upchurch Scientific, Oak Harbor,
WA, USA) and a Kratos Analytical Spectroflow
783 variable-wavelength UV detector (Ramsey,
NJ, USA) connected to a Hewlett-Packard
3390A recording integraior (Palo Alto, CA,
USA).

The analytical HPLC columns used included: a
Keystone Scientific, Spherisorb phenyl column,
50 mm x 2 mm [.D. with 3-um particles (Belle-
fonte, PA, USA): a Spherisorb cvano column,
100 mm > 4.6 mm L.D. with 3-um particles or a
Du Pont Zorbax cyano column, 130 mm x 4.6
mm [.D. with 5-um particles (MAC-MOD Ana-
Iytical, Chadds Ford, PA, USA). The trapping
columns were either Brownlee Labs. RP-18 or
RP-8 NewGuard columns, 153 mm > 3.2 mm
[.LD. with 7-pum vparticles (Santa Clara. CA.,
USA), or Regis Chemical Company internal sur-
face reversed-phase (ISRP) Cy and C,g columns,

UV or Ms |
Detector

Fig. 1. Diagram of IAC-LC-UV-MS system in the backflush
mode. The automated switching valve (ASV) is shown with flow
going through the trapping column in both directions. though in
actuality only one direction is possible at a time. ACN — aceto-
nitrile. For further cxpluanation of column-switching techniques
see texl. Table [ and ref. 12.
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10 mm % 3mm [.D. with 3-pm particles (Morton
Grove, 1L, USA). The HiPac protein G immu-
noaflinity column, 33 mm x 2.1 mm LD. with
30-um silica particles was kindly supplied by
Chromatochem.

Chromatography

The mobile phase used for HPLC in the 2 mm
1.D. analytical phenyl column consisted of 25%
acetonitrile in pH 3.0 water (adjusted with formic
acid) at a flow-rate of 0.4 ml/min. For the 4.6 mm
[.D. cyano columns 50% acetonitrile in water
(acetic acid adjusted to pH 35.0) at a flow-rate of
either 1.0 or 1.2 ml/min was used. Mobile phases
contained either 3 or 5 mM ammonium acetate.
For UV detection applications, 1 mA triethyla-
minc was added to improve chromatographic
peak shape.

PBS consisted of 0.01 M sodium phosphate
buffer with 0.15 44 NaCl (pH 7.4). The solution
used for desorption of Ig(G from the protein G
column (desorption solution) was cither acctic
acid (2%) or formic acid (0.2%) in distilled,
deionized water (pH 2.65). To remove residual
[gG from the IAC column after analysis a solu-
tion of 20% acetic acid in distilled, deionized wa-
ter (stripping solution, pH 2.1) was pumped
through the protein G column for 1 min at 3 mi/
min before returning to a flow of PBS.

Detection

Detection of the drugs following HPLC was
done using UV absorption at 220 nm for propra-
nolol, 214 nm for LSD, or with a Hewlett-Pack-
ard 5985B mass spcctrometer modified in this
laboratory for atmospheric pressure ionization—
mass spectrometry in a fashion similar to that
published by Duffin e¢r @/ [13]. The ion spray
source used was similar to that described else-
whete [14]. Nitrogen at 0.4 MPa was used as the
nebulizing gas and a potential of 3-4 kV applied
to the sprayer tip to cffect the ion spray process.
The potentials on the ion sampling capillary and
skimmer, of thc mass spectrometer inlerface,
were adjusted Lo maximize the abundance of the
protonated molecule ion of propranolol (MH T,
mjz 260) or LSD (MH*. m/z 324) for single ion
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monitoring, or to optimize fragment ion abun-
dance for the three LSD i1ons monitored (m/z
324, 223, and 208). This optimization was done
while infusing a 10 ng/ul sclution of cach of the
drugs at 10 wul/min in the acetonitrile-water
(50:50) mobile phase used for chromatography
on the analytical column. All analyses were done
in the SIM mode using an HP 59970 MS Chem-
station data system. The high-energy dynode de-
tector was operated at 2200 V with negative 6-8
kV on the conversion dynode.

Optimization of IgG desorption from protein G

Throughout the remainder of this report pro-
tein G and IAC columns are referred to inter-
changeably. Optimization of desorption condi-
tions for 1gG was done with the protein G col-
uran coupled directly to the UV detector where
IgG antibodies were detected at 280 nm. Investi-
gations were carried out to dectermine the de-
sorption effectiveness of both acetic and formic
acids by gradually decreasing the pH of the de-
sorption solution with thesc acids. Experiments
to determine the effect of sodium chloride con-
centrations (0.05, 0.15, and 0.23 M) in 2% acelic
acid on IgG desorption were also conducted. In-
jections ol 10 ul of diluted antiserum solution
were made directly into a 3 ml/min flow of PBS
delivered through the protein (G column. Eluent
flow-ratc through the protein G column was
maintained at 3 ml/min of PBS while unretained
proteins eluted from the column. Alter 1 min, the
solvent selection valve on the pump was switched
to introduce the desorption solution to the IAC
column. Following clution of the 1gG peak. the
20% acetic acid stripping solution was selected to
remove residual 1gG {rom the IAC column. The
area of the chromatographic peak obtained with
the desorption solution being tested and that ob-
tained with the stripping solution were used to
evaluate the cffectiveness of various salt concen-
trations and pH vaiues on [gG elution. To deter-
minc the amount of time required for IgG elution
during an actual urine analysis, 100 pl of diluted
antiscrum solution were injected. and the tune
required for a return to baseline was measured
after selecting the 2% acetic acid desorption solu-
tion.
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Procedure for the determination of drugs in urine

The sequence of events used for the extraction
and analysis of propranolel and LSD in urine is
shown in Table [. Diluted antiserum solution is
injected into a 3 ml/min flow of PBS directed
through the protein G column where the 1gG
class of antibody is bound by the F. or “tail”
region. By use of the solvent selection valve on
pump 1. or by using an additional valve added
for the purposc, ene of four different solutions is
selected to be pumped through the protein G
IAC celumn (Fig. 1). A liltered solution of 20%
urine in PBS is selected (1 = 0.5, Table I) for the
appropriate amount of time before returning (¢
= 5.5) to a PBS flush of the pump and IAC col-
uwmn. For these first steps the TAC column ef-
fluent goes durectly through the automated
switching vaive to waste. This position for the
automalted switching valve is referred to as the
starting posttion in Table 1. By turning the
switching valve to the alternate position (¢ = 8.5)
and sclecting the desorption solution (1 = 9.0},
flow s redirected from the IAC column through
the trapping column, and dissociation of hound
antibody and drug from the protein G occurs.

TARIL 1

SEQUENCL OF TIMED LVENTS FOR A TYPICAL URINE
ANALYSIS

Time (min)  Step

0.00 PBS flow (3 ml/min) through protein G (IAC
column) o waste {Automalted switching valve
in starting position)

Ingection of diluted antiserum solution

Begin pumping of urine in PBS throush column

4t 4 ml/min

.50

5.50 Return to PBS al 3 ml‘min

8.50 Switching valve turned to alternate position
(Tow directed from [TAC column through
trapping column)

5.00 Begin pumping desorption solution through
protein G column and trapping column

12.00 Switching valve turned o starting position for

backflush of trapping colemn and HPLC
detection

Pump stripping solation through protein G
column for | min before returning to PBS
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This allows collection of the drug on the trapping
column following its release from the IAC col-
umn. Typically, 30 s are allowed to elapse before
switching to the desorption solution in order to
pre-condition the trapping column with PBS. Af-
ter 3 min of desorption from the [AC column
HPLC is performed in the usual fashion by turn-
ing the automated switching valve back to the
starting position (¢ = 12.0). This effectively
“backflushes™ the trapped analyte from the trap-
ping column and onto the analytical column with
the acctonitrile—water mobile phase. The effluent
from this column is then directed to either the
UV or MS detector. During this time the 20%
acetic acid solution 1s simultaneously pumped
through the protein G column for | min, as rec-
ommended by the column manufacturer, to re-
move any residual 1lgG remaining on the column,

Sample flow-rate, urine, and urea experiments

A study was made to determine the effect of
sample flow-ratc through the protein G column
on the recovery of drug from fortified urine sam-
ples. For this experiment 20 ml of 10% urine in
PBS. containing 10 ng/ml propranolol in urine,
was pumped through the protein G column after
it had been primed with 50 gl of diluted anti-
serum solution. Only the flow during the sample
introduction step was varied. All other steps were
carried out as outlined in Table I, though at the
appropriately adjusted times,

A study to determine the cffect of the urca
component of urine on drug recovery was carried
out by comparing the recovery obtained with a
0.28 M solution of urea in PBS with that obtained
from urine in PBS and PBS alone. The concen-
tration of urea chosen is the same as that typical-
ly found in urine [135]. Urea and urine samples
were diluted with PBS to 50 ml at the desired
concentration, filiered, and spiked with 10 ng of
propranolel prior to analysis. A 20-ml volume of
cach solution was then pumped at 4 ml/min
through the protein G column after it had been
primed with 50 ul of diluted antiserum solution.
No attempt was made to adjust the pH of these
samples either before or after dilution with PBS.
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RESULTS AND DISCUSSION

The protein G column used in this study con-
tains a recombinantly engineered protein G
(Gammabind G, Genex) covalently bound to sil-
ica particles. Protein G displays broader reactiv-
ity to IgG of different species than does protein A
[16]. The column has a 2-mg capacity for 1gG and
has not shown any deterioration 1n performance
after nine months of use. Pressure on the column
at a flow-rate of 10 ml/min of PBS was measured
at 3.3 MPa.

In order to lind a suitable desorption solution,
several possibilities recommended by the protein
G column manufacturer were evaluated. Both
acetic and formic acids were found 1o be satis-
factory, and each allowed refocussing of the de-
sorbed analyte on the trapping column. Control
cxperiments demonstrated that 2% acetic acid
(pH 2.65) eluted more than 90% of the IgG from
the protein G column based on peak areas ob-
tained from sequential clution with desorption
and then stripping solution (2 and 20% acetic
acid solutions, respectively). Formic acid was al-
so evaluated and found to be satisfactory at a
concentration of only 0.2% (pH 2.635). It was
found that the best desorption was obtained
without the use of sodium chloride (not shown).
Fig. 2 shows a typical UV (280 nm) chromato-
gram obtained with drug antiscrum (rabbit) (A)
and with commerically purified sheep 1gG (B).
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Fig. 2. Eluiion of 1gG from the protein G column by UV detec-
tion at 280 nm. Flow: 3 ml/min of PBS at time (¢) = 0. 2% acetic
acid at r = [, 20% seetic acid at r = 4 and PBS agan at 7 = 7.
(A) 100 g4l diluted LSD antiscrum solution: (B} pre-purified
sheep 1gG.
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To determine the length of time nccessary for
IgG desorplion during an actual urine analysis,
an imection of 100 ul of diluted antiserum was
made. This indicated that unwanted serum pro-
teins are swept through the column to waste
within 1 min of injection at a 3 ml/inin flow-rate
of PBS. Subsequent desorption with 2% acetic
acid solution demonstrated that approximately 3
min at 3 mlymin were sufficient to obtain a return
to baseline following 1gG clution.

Initial experiments with the conventional re-
versed-phase trapping column (using the config-
uration in Fig. 1) indicated that 30 gl of diluted
antiserum solution 1s sufficient to capture 6.5 ng
from a total of 10 ng of propanol contained in 20
ml of PBS when pumped through the IAC col-
umn at 2 ml/min (not shown). It is estimated this
amount ol antiserum would contain approxi-
mately 3 pg of propranoclol-specific IgG (personal
communication with antibody supplier). Using
the 2 mm 1.D. phenyl column as the analytical
column with the conventional C;s trapping col-
umn and UV delection, we were able (o delect
propranolol in urine at the 250 pg/ml level using
40 ml of a 50% solution of urine in PBS and 50 pl
of diluted antiserum (not shown).

Unfortunately, there was a gradual accumu-
lation of antibody on the C, 5 reversed-phase col-
umn that was originally selected as a trapping
column. Attempts to elute the protein from the
column using a high percentage of acctonitrile
were not successful, and as a result there was a
noticeable decline in recovery ol drug from this
column. The build-up of protein on the trapping
column most likely reduces the interaction of
drug with the stationary reversced-phase surface
thus leading to the decline in recovery,

To overcome this problem an ISRP trapping
column [17] was substituted for the conventional
Cs-type reversed-phase column. Thesc columns
have a hvdrophilic surface on their silica beads
which does not retain large-molccular-mass pro-
teins. The inside surfaces of the pores are coated
with common reversed-phase coatings thus al-
lowing retention of smaller-molecular-mass drug
molceules. Using this type of column we obtained
better reproducibility, though slightly lower
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Fig. 3. Eilect of low-rate on capture of propranolol (10 ng) from
20 m! ef 10% urine using 50 wl of diluted antiserum solution.
Analyses were performed using the configuration as shawn in
Fig. 1 with the €, ISRP trapping column and the 4.6 mm 1.D.
Spherisorb eyano analytical column maintained at a flow-rate of
I ml/min. Each point represents a single analysis using UV detee-
tion at 220 nm (see text for details).

overall recovery, compared with a new conven-
tional trapping column. Direct injections of 9 ng
of a propranolol standard solution (using the in-
jector) onto the protein G column primed with 50
u#l of diluled antiserum solution gave an average
rccovery of 30% (2.7 ng) with a peak-area R.S.D.
of 8.6% from six analyses. One drawback of
these columns was that excessive pcak broaden-
ing occurred when used with 2 mm L. anaiyt-
ical columns because of the low [low-rate (0.4 ml/
min) during backflushing.

Experiments to determine the effect of liow-
rate on capture of propranolol from a 10% urine
solution in PBS were done using 30 ul of diluted
antiserum solution to prime the IAC column.
The results of the flow-rate study shown in Fig. 3

-
o
(=]

Nras
B3 urine
[]0.28 M Urea

Percent Recovery
(Normalized to 100% PBS)
[4)]

a

100% 50% 30% 10%
Percentage in PBS (by volumne)
Fig. 4. Comparison of propranolol recovery from 20-ml dilu-
tions of 0.28 M urea, and urine. in PBS, with that captured from
20 ml of PBS alone. Bach 20-ml sample contained 4 ng of pro-
pranolol and was loaded at a fow-ratc of 4 ml/min. Analyses
were performed using UV detection at 220 nm with the conven-
tional €, reversed-phase trapping column and the 2 mm LD.
Spherisorh phenyl column at a flow-rate of 0.4 ml/min,



G. S. Rule and J. D. Henion | J. Chromgrogr. 582 (1992} 103-1]2

indicate that there is a 35% decrease in drug cap-
ture with an increase in flow-rate from 1 to 10
ml/min through the protein G column. This 1s
not surprising, considering that faster flow means
less time for drug to interact with antibody.
However, it is important to note that this de-
crease In recovery can be more than made up
since tnore urine can be pumped through the col-
umn in a given lime period while using a higher
flow-rate.

The analysis of varying dilutions of urine in
PBS indicated that lower drug recovery is ob-
tained with increasing concentrations of urine.
This finding can also be noted in the work of
others [9]. To examine the possibility that the
high urea concentration in urine may cause this
loss, we compared the recovery of propranolol
from solutions of urine and urea in PBS to thal
obtained from a solution of PBS alone (Fig. 4).
The 0.28 Af urea solution and a urine sample
were diluted to the same concentration (v/v) with
PBS to give approximately equivalent concentra-
tions of urea in each. Fig. 4 indicates the presence
of urea can only account in part for the decreased
recovery obtained from the urine solutions, in-
dicating that other urine components may be
contributing factors. Again, it is important to
note that the decrease in recovery with increasing
urine concentration can be made up by virtue of
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the increase in the amount of drug loaded. While
this study is not exhaustive, it does indicate an
approach that can be used to determine which
urine components cause the greatest decrease in
recovery seen with these columns.

An example of propranolol purification trom a
urine analysed by immunoaffinity chromatogra-
phy, and a comparison with an analysis perform-
ed by pumping urine directly onto the trapping
column, is shown in Fig. 5. In each of Fig. 5A, B
and C the analysis was performed as outlined in
Table 1 except that in A and C the protein G
column was omitted, and for C alone the switch-
ing valve was turned to the alternate position at
time 0.5 instead of at time 8.5 min. As seen in Fig.
5B there appear to be no significant interferences
that are extracted using protein G immunoatlin-
ity chromatography when compared with the
standard injection in A. In contrast, analysis of
the same urine solution pumped directly onto the
trapping column, shown in Fig. 5C, shows signif-
icant interference by endogenous material that
elutes along with the drug that is captured. The
relatively clean appearance of the UV chromato-
gram in Fig. 5B indicates that the IAC system
may offer some advantages when large numbers
of samples need to be analyzed or where repro-
ducible retention times are desirable. Increased
analytical column lifetime may be an additional
benefit.
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Fig. 5. TL.C-UV (220 nm) chromatograms demonstrating the effectiveness of IAC analysis in urine sample clean-up. Each analysis was
performed with the configuration as shown in Fig. 1 (except were noted) and the C  ISRP trapping column with the 4.6 mm LD.
Spherisorb cyano column at a flow-rate of 1.0 mi/min. (A) A 10-ng amount of standard propranolol was injected (using injector)
dircelly onlo trapping column, and without IAC column. {B) Analysis of 20 ml of 20% urine solution, containing 10 ng ol propranolol,
with TAC system using 100 g of diluted antiserum solution. (C) Same a3 i1 B, but the urine solution was pumped directly through

trapping column, and without 1AC column (see text for details).
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Fig. 6. Recovery of drug from 20 ml of 10% urinc solutions,
containing indicated amounts of propranclol, in comparison
with direct irjections of standard solution onto trapping celumn.,
Urine soluttons were loaded at 5 mi/min, and 30 ¢l of diluted
antiserum solution were used with the configuration as shown in
Fig. 1. Analyses were performed with the C,, ISRP trapping
column und the 4.6 mm 1.D. Spherisorb cyano column at a llow-
rate of 1 ml/min.

Using a fixed amount of antibody it is found
that the overall recovery of drug from urine de-
creases with increasing drug concentration (Fig.
6). For each analysts on the lower curve 50 ul of
diluted antiserum sclution was used. Each point
represents one analysis of 20 ml of 10% urine in
PBS. Each point on the upper curve represents an
average of three analyses performed by making
direct injections of a standard propranolol solu-
tion (using the injector) onto the trapping col-
umn. The washing and desorption steps in each
casc arc as shown in Table [. The deercase in
recovery at higher drug concentrations is due to
high-affinity, drug-specilic antibody sites becom-
ing saturated with drug. At higher drug concen-
trations, only lower-affinity sites are available to
retain excess drug, and these are not capable of
doing so through the subsequent washing se-
quence. However, the use ol a larger amount ol
antibody can improve the recovery for higher
concentrations of drug. It is only for low concen-
trations of drug that the capture and recovery is
near quantitative. For this reason quantitation of
drugs at higher levels in urine may prove difficult
using the non-covalent binding utilized in this
work.

Coupling of the immunoaffinity system to the
ion-spray mass spectrometer was straightforward
and requircs only disconnecting the analytical
column from the UV detector and reconnecting il
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Fig. 7. Single ion chromatogram (n/z 260) from the TAC-T.C-
MS analysis of 20 ml of 20% uvrine (2.5 ng/ml propranolol in
uring) for the protonaied molecute ion of propranolol. Sample
was loaded at 2 mbmin after priming the JAC column with 50 el
at diluted antiserum solution. Analyses were performed with the
€, ISRP trapping column and Zorbax cyano analytical column
at a flow-rate of 1.2, ml min.

to the ion-spray interface, IAC-LC-MS determi-
nations using SIM for both propranclol and
LSD spiked into human urine were performed.
While monitoring only the protonated molecule
ion. propranclol was detected at 2.5 ng/ml of
urine with a signal-to-noise ratio of 10:1 (Fig. 7).
This figurc shows an unsmoothed ion current
profiie for m/z 260 of propranolol, with a reten-
tion time of 3.06 min. This is comparable to the
detection limits we have seen reported in the liter-
ature lor the GC-MS determination of propra-
nolol [18.19]. Fig. 8 shows the unsmoothed SIM
ion current proliles for two analyses of urine con-
taining LSD at the 300 pg/ml level (A) and the |
ng/ml level {B). The two fragment ions (#z/z 223
and 208) monitored in B arc produced by “up-
front™ collision-induced dissociation (CI1D) with-
in the first vacuum region of the atmospheric
pressure ionization (API) MS interface [13]. The
extent to which fragmentation occurs can be con-
trolled by the potentials applied to the ion sam-
pling capillary and the skimmer [20]. For the
LSD analysis shown in Fig. 8B, a potential of 130
V was applicd to the ion sampling capillary and 8
V 10 the skimmer. The coincidence ol retention
times for these three ions with those of an authen-
tic standard, along with the close agrcement of
the relative abundance ratios (less than 25% dif-
ference). provide conlirmation of identity. While
levels of this drug in real samples are olten ten or
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Fig. 8 Selected ion traces (rom analyses of 20 ml of 209, urine
for LSD at (A) 500 pg/ml urine moniloring protonated molec-
ular ion at sz 324 only and (B) 1 ng/ml urine using collision-
induced dissociation. and monitoring the three jons indicated.
Samples were loaded a1 4 mlymin, and 50 ul of diluted antiserum
solution were used. Analyses were performed with the C, TSRP
trapping column and the Zorbax cyano analyticul column at a
flow-rate of 1.2 ml/min.

more times lower than the spiked urines shown
here, it should be possible to lower the detection
limit for the described method by using a smaller-
.. analytical column and by further optimiza-
tion of the column-switching system.

CONCLUSIONS

This paper presents for the first time the direct
coupling of immunoaflinity chromatography to
an ion-spray mass spectrometer. The advantage
of the deseribed method is that high flow-rates of
up to 10 ml/min can be used on the protein G
column thus allowing large sample volumes (4 ml
of urine or more) to be analyzed in a short time
(Iess than 20 min per sample for complete analy-
sis). Antibody extraction using a protein G col-
umn affords excellent purification of drugs di-
rectly {rom solutions of urine in PBS as evidenced
by UV dertection. By coupling the IAC system
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directly to a mass spectrometer we have demon-
strated the feasibility of performing automated
samplc preparation and trace enrichment dircetly
from urine with mass spectral confirmation. Only
a very small amount of antibody (less than 1 US
$) i1s usced, which is then desorbed during cach
analysis. This allows the IAC column to be re-
used for a number of dilferent analytes by load-
ing the appropriate antibody. While the method
described here may not be useful lor quantifica-
tion, because of antibody saturation with drug at
high drug concentrations, it could be very useful
for situations in which confirming the presence of
drugs in a rapid, incxpensive, and automated
fashion is the primary objective.
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