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SUMMARY

A novel high-performance liquid chromatagraphy (HPLC) sample clean-up procedure for
use in mass fragmentographic assays of (sub)-nanogram amounts of drugs in human plasma is
described and compared with a conventional extraction sequence for sample purification.
With the assay of the new antidepressant drug mianserin hydrochloride (Org GB 94) as
azn example, the HPLC procedure is discussed with respect to retention time, recovery, puri-
fication, column deterioration and convenience. It is demonstrated that HPLC sample clean-
up is 2 useful and time-saving procedure for routine clinical analyses.

INTRODUCTION

Beczuse of its sensitivity and specificity, mass fragmentography [1] is often
used as a detection technique in assays of (sub)-nanogram amounts of drugs in
biological fluids. Notwithstanding the specificity that is possible, direct low-
resolution mass fragmentographic (LRMF) analyses of crude plasmaexiracts are
impossible in many instances because of the presence of interfering substances
originating from the plasma, the solvents and the reagents or the glassware
used. Therefore, many ultrasensitive LRMF assays include a sample clean-up
procedure to eliminate these interfering substances. For basic drugs, the clean-
up of a crude extract is usually performed by exfraction into an acidic solvent
followed by removal of lipids by washing with non-polar solvents. These often
tedious and time-consuming procedures are not amenable to automation and
the limited number of sampies that can be processed daily by one technician
does not permit large-scale routine clinical analyses.

Mast of the sample clean-up can be avoided by adjusting the mass spectrom-
eter to a resolution of 10,00€ or more and performing high-resolution mass
fragmentographic (HRMF)} measurements f21. However, HRMF does not allow
the szmultaneous registration of internal standard ion peaks, resulting in a loss
of accuracy anci precision. Moreover, any sensmmty gained by elimination of
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sample losses during the clean-up procedure is lost because of the reduced sen-
sitivity of the mass spectrometer at high resclution.

The applieability of high-performance liguid chromatography (HPLC) as the
sole purification step prior to LRMF has been investigated in order to simplify
the time-consuming sample preparation. This paper describes the potential of
HPLC for sample clean-up in comparison with a sequential extraction procedure;
both methods were applied to the antidepressant drug mianserin hydrochloride
(Org GB 24; 1,2,3,4,10,14b-hexahydro-2-methyldibenzo|c,f] pyrazino[1,2-a] -
azepine monochydrochloride). Details of the assay procedure and some ap-
plications are described elsewhere {3].

MATERIALS AND METHODS

Standard and marker compounds

Amitriptyline, used as an HPLC marker compound, was kindly supplied by
Merck Sharp & Dohme Nederland B.V. (Haarlem, The Netherlands). The inter-
nal standard [10,10-2H, ] Org GB 94, for quantification and the HPLC marker
compound [3H] Org GB 94 were prepared by base-catalyzed isotope exchange.

Solvents

All solvents were purchased from Merck (Darmstadt, G.F.R.). n-Hexane and
isopropanol were of Uvasol quality, ethanol and methanol were of analytical-
reagent grade and the ammonia was of Suprapur grade.

Equipment

A Waters Assoc. (Milford, Mass., U.S.A.) Model ALC-202 high-performance
liguid chromatograph equipped thh a 2-ml loop<containing atmospheric pres-
sure injection system (Type UGK) was used in the preparative mode. The chro-
matograph was equipped with a 30 cm X 4 mm 1.D. stainless-steel column filled
with pPorasil (10 um; Waters Assoc.) operated at a flow-rate of ca. 2ml/min
at a pressure of about 800 p.s.i. The standard UV detector was operated at
280 nm. The elution system consisted of r-hexane—isopropanol (80:20, v/v) to
which 4% of ethanol and 0.1% of concentrated ammonia were added. A com-
bined Varian Aerograph 2740 gas chromatograph—Varian-MAT CH7 mass spec-
trometer system was used. The gas chromatograph was equipped witha 4 m X
2 mm [.D. glass column filled with 1% JXR on Gas-Chrom @, operated at 2690°.
The mass spectrometer was set for monitoring the total ion current (TIC) and
for dual ion recording at m/e 264 and 266, these being the molecular ion peaks
of Org GB 94 and the deuterated internal standard, respectively.

HPLC clean-up

Plasma samples of 1-m! volume, to which known amounts of deuterated Org
GB 94 are added as internal standard, are extracted with two 5-m! portions n-
hexane and the combined extracts are evaporated to dryness at 45° under a
gentle stream of nitrogen. The residue is re-dissolved in Q.5 ml! of the HPLC
solvent system containing 1 pg of amitriptyline* and the entire soiution is in-

° *Once the HPLC retention t:ma has heen determined and estahixshed to be constan!; dunng
.. an appropriate period, the marker compound car be omitted.”
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jected into the high-performance liquid chromatograph. The column effluent is
trapped during the period from ca. 5 min after injection up to to the disappear-
ance of the amitriptyline peak (at ca. 9 min). This solution is evaporated {o dry-
ness and the residue is re-dissolved in 8 ul of methanol prior to combined gas
chromatography —mass spectrometry (GC—MS)} measurements.

Sequential extraction clean-up

For comparison of the extent of purification, a2 sequential extraction proce-
dure is also used. The crude n-hexane extract is re-extracted twince with 1.5 mil of
0.1 N hydrochloric acid. The combined acidic layers are washed with two 5-ml
portions diethyl ether in order to remove lipids, and the agueous phase is adjusted
to pH 10 and subsequently extracted with n-hexane. The purified extract is
evaporated to dryness and re-dissolved in 8 gl of methanol prior to GC—MS
measurements.

RESULTS AND DISCUSSION

Because the HPLC procedure described here is a2 novel approach to the clean-
up of plasma samples, some aspects are described below in more detail.

Establishment of retention times
The use of microgram amounts of the compound to be measured for estab-

lishment of retention times should be avoided as far as possible because of the
risk of cross-contamination. The eluate fractions to be trapped should be select-
ed in such a way that appropriate separation from interfering impurities is
achieved and that quantitative recoveries of the compound and internal standard
are guaranteed. This is achieved either by the use of radioisotope-labelled com-
pounds and measurement of radioactivity in the eluate as a function of time, or
by using appropriate marker compounds. Both procedures are illustrated in Fig.
1, which shows the HPLC 280-nm UV detector signal and the amount of radio-
activity in subsequently collected 0.5-ml fractions of a plasma sample to which
7 nCi (= 0.1 ug) of titrated Org GB 94 2nd 1 pg of amitriptyline were added as
marker compounds®.

As shown, Org GB 24 is eluted before amitriptyline. By collecting the eluate
during the pericd from 1 min after the impurity peak up to the end of the ami-
triptyline peak, a quantitative recovery can be expected (see Recovery).

Recavery
For nanogram amounts of Org GB 94, the recovery from the HPLC was

determined to be almost 100%. For microgram amounts some materizl is lost in
the chromatograph. The carry-over to z subsequent blank injection was found
to be of the order of 0.1%, which does not permit alternate proecessing of
samples that contain microgram and nanogram amounts of Org GB 94. This

*While éstab!ishing the retention time, one should be aware of a possible separation between
the commpcund to be determined and its deuterated analogue. In some instances, differences
i retention times of more than I min are chserved [41.
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Fig. 1. High-performance liquid chromatogram (280 nam) of a 1-ml plasma extract cantaining
7 nCi [3H]Oweg GB 94 (= 0.1 pg) and 2 i:g of amitriptyline as marker comnounds The broken
line shows the radioactivity in the 0.5-m! eluate fractions coilected.

carrv-over also illustrates that for the establishment of retention times, micro-
gram amounts of the compound to be determined can not be used. Within a
series of nanogram analyses, carry-over of this order of magnitude does not
seriously affect the aecuracy of the assay.

Extent of purification

The extent of purification s itlustrsted by comparison with the sequential
extraction cleanup methoed {cf., Materigls snd Methods) and with the crude
extract. The extracts were made from 2-ml blank plasmea sempiles spiked with
4 ng of Org GB 94 and ¢ ng of [10,10°H.]Org GB 94. The resulting mass
fragmentograms and TIC recordings are shown in Figs. 2 und 3, resnectively.

The LRMF trace of the crade exiract at mfe 264 (Fig. 21) revesls two major
impurity ‘peaks (components 1 and 8}. Thesum ofﬁ*ezrpesknexghxsezwe&sfhe
Org GB 04 pesk by a factorof 1.7, In thetrace st m/e’ 2&& only one major Im-
purity peak (component 27 shows up, “while some minor impirifies are ob-

served at greater retention t:mea. The TIC trace shows two major fmpurities
with retention tinmes < 2 min and :m nhmuixm ccmpcmens wzﬁz areientmnl

s time ot 14.3 min.
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Fig. 2. Mass fragmentograms recorded at m/e 264 and m/e 266 of 2-ml blank plasma samples
spiked with £ ngof OrgGB9tand { ngof [10,10- 2H, |Org GB 94 after (2) a smgle extraction,
(b) a back-extraction clean-up and (c) an HPLC clean- -up.

In the LEMF trace after the sequential extraction clean-up method (Fig. 2b),
component 1 with m/e 264 disappeared, while compounds 3 and 3’ were still
present with the same abundance relative to Org GB 94 as in the crude ex-
tracts. The ion intensities, however, are smaller by a factor of about 3. The cor-
responding TIC trace shows that the impurity peaks with short retention times
are reduced whereas the component with a retention time of 14.3 min dis-
appeared.

After HPLC purification, the trace at m/e 264 (Fig. 2c) shows only small
residues of compounds 1 and 3, while in the trace at m/e 266 no other lmpun-
ties show up. The Org GB 94 peak height is ca. 2.5 and 0.8 times the peak
height after sequential extraction clean-up and single extraction, respectively.
The corresponding TIC trace again shows further purification.

Column deterioration
With the pPorasil column currently in use, we processed over 2000 plasma

sémp{es. By fiushmg the column onze every 100—200 samples with appropri-
ate polar or acidic solverits, :ts performance could be mamtamed .
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Fig. 3. TIC recordings of 2-ml blank plasma samples spiked with 4 ng of Org GB 94 and 4 ng
of [10,10-3H, ]Org GB 94 after (2) 2 single extraction, (b) a back-extraction clean-up and

(c) an HPLC clean-up.

Convenience and speed

Because of its simplicity, the BPLC clean-up step can be performed by un-
experienced technicians. Purification of one crude plasma extract takes 5—10
min, depending on the flow-rate used in HPLC and on the compound to be
measured. An average of 60 samples can be processed per day. Because the
HPLC procedure is the rate-limiting step, the total analysis capacity is also
about 60 samples a day.

In contrast to other purification methods such as repeated extractions or
thin-layer chromategraphy, the HPLC method can be automated relatively
simply. This automation will improve the capacity and reliability, which are
prerequisites for routine clinical analyses.

CONCLUSION
The HPLC sample clean-up proved to be a reliable,’ corvement and f:une-

.. saving procedure for use in routine chmca! mass fragnentographxc q;:antxﬁ-
catlens ' )
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If a smail number of samples are to be assayed, a crude n-hexane extract can
be used. For routine analyses, when 50—60 samples a day are to be processed,
the crude extracts will contaminate the gas chromatographic column and mass
spectrometer to an unacceptable extent and under these circumstances an
HPLC clean-up provides adequate purification without significant loss of sen-
sitivity.
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