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A navel high-performance liquid chromatography (HFLC) 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) a~ 
an example, the EfPLC procedure is discussed with respect to retention time, recovery, puri- 
fication, column deterioration and convenience. It is demonstrated that HPLC Sample clean- 
up is a useful and timesaving procedure for routine clinical analyses. 

INTRODUCTlON 

Because of its sensitivity and specificity, mass fragmentography [l J is often 
used as a detection technique in assays of (sub)-nzxnogram amounts of dnrgs in 

biological fiuids. Notwithstanding the qxxificity that is possible, direct low- 
resolution mass fragrnentographic (LRMF) analyses of crude plasmaexr-rack are 
impossible in many insfxmces because of the presence of interfering substances 
originating from tie plasma, the solvents and the reagents or the ghssware 
used- Therefore, many uitrasensitive LRMF assays include a sample clean-up 
procedure to eIiminate these interfering substances. For basic drugs, the clean- 
up of a crude eetrxt is usu&y performed by extxzction into an acidic solvent 
foflowed by removal of lipids by m&ing with non-polar soIventi. These often 
tedious md timeconsuming procedures are not amenable to mtomation and 
the fimited number. of ssmpies that cm k processed daily by me technician 
does not permit firge-scde routine dinicd maiyses- 

Most of the sample clearr-up can be avoided by ad&sting the mass spectrom- 
eter ti a resofution of P,O,Qf)O or more stnd performing high-resolution mass 
fngnrentugraphic (EEWFj measurements [Zl. However, HRMF does not &low 
the sirnrritap~O~~s registration of inkmat standard ion peaks, resuiting in a lo& 
QE acc&&cy and precision. Moreover, any sensitivity gtined by elimiriation of 



sgnple losses during the clean-up pracedure Is lost became of the reduced sen- 
sitivity of the mass spectrometer at high resolution_ 

The applicability of high-performance liquid chromatography (HPLC) as the 
sole purification step prior to LRMF has been investigated in order to simplify 
the timeconsumin g sample preparation_ This paper describes the potential of 
I-IPLC for sample clean-up in comparison with a sequentird extraction procedure; 
both methods were applied to the antidepressant drug mianserin hydrochloride 
(Org GB 94; 1,2,3,4,10,14b_hexahydro-2-methyldibenzo[c,fl pyrazino] 1,2-a 3 - 
azepine monohydrochloride). Details of the assay procedure and some ap- 
plications are described elsewhere 13 ] _ 

MATJZRIALS AND METHODS 

Standard and mark&- compounds 
Amitriptyihe, used as an HFLC marker compound, was kindly supplied by 

Merck Sharp & Dohme Nederland B.V. (Haarlem, The Netherlands). The inter- 
nal standard [lOJO-*Ii, ] Org GB 94, for quantiiication and the HPLC marker 
compound c3H] Org GB 94 were prepared by basea+talyzed isotope exchange. 

Soluen ts 
All solvents were purchased from Merck (Darmstadt, G.F.R.). rr-Hexane and 

isopropanol were of Uvasol quality, ethanol and methanol were of analyticel- 
reagent grade and the ammonia was of Suprapur grade. 

Equiprnenf 
A Waters Assoc. (Milford, Mass., U.S.A.) Model tic-202 high-performance 

liquid chromatograph equipped with a 2-ml loopcontaining atmospheric pres- 
sure injection system (Type U6K) was used in the preparative mode. The chro- 
matograph was equipped with a 30 cm X 4 mm I.D. stainless-steel column filled 
with PPorasil (10 pm; Waters Assoc.) operated at a flow-rate of ca. Bml/min 
at a pressure of about 800 p.s.i. The standard UV detector was operated at 
280 nm. The eiution system consisted of n-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 Cl57 mass spec- 
trometer system was used. The gas chromatograph was equippd with a 4 m X 
2 mm I.D. glass column filled with 1% JKR on GasChrom Q, operated at 260”. 
The mass spectrometer was set for monitoring the totel 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 l-ml volume, to which known amounts of deut-eratzl Qrg 

GB 94 are added as internal standard, are extracted with two S-ml portions IE- 
hexane and the combined extracts are evaporati to dryness at 45’ under a 
gentle stream of nitrogen. The residue is redissolved in 0.5 ml of the Hl?LC 
#vent system containing 1 pg of amitzipt&ine* and the entire solution is in- 

: *Once the HPLC retention timz has &n detemin& and &abtis&b be constant dwiag 
an appropriate period. the mwker corqmund cepi be oxzitted.~ 



jetted into the high-performance liquid chromatograph. The cohimn effluent is 
trapped during the petitid from cz. 5 min after injection up to to the disappear- 
ance of the amitriptyline peak (at ca. 9 min). This solution is evaporated to dry- 
ness and the residue is re&ssolved in 8 ~1 of methanol prior to combined gas 
chromatography -mass spectrometry (GC-MS) measurements. 

Sequen fiul extruction clean-up 
For compar&on of the extent of purification, a sequential extraction proce- 

dure is also used. The crude n-hexane extract is re-extracted twince with 1.5 ml of 
0.1 hi hydrochloric acid. The combined acidic layers are washed with two 5-ml 
portions diethyl ether in order to remove lipids, and the aqueous phase is adjusted 
to pH 10 and subsequently extracted with n-hexane. The purified extract is 
evaporated to dryness and redissolved in 8 ~1 of methanol prior to GC-MS 
measurements. 

RESULTS AND DLSCUSSION 

Because the HPLC procedure described here is a 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 crosscontamination. The eluate fractions to be trapped should be seleet- 
ed in such a way that appropriate separation from interfering impurities is 
achieved and that auantitative recoveries of the compdund and internal standard 
are guaranteed. T& is achieved either by the use of radioisotope-labelled com- 
pounds and measurement of radioactivity in the eluate as a function of time, tir 
by using appropriate marker.compounds. Both procedures are illustrated in Fig. 
1, which shows the KPLC 280-nm UV detector signal and the amount of radio- 
activity in subsequently collect.ed 0.5-ml fractions of a plasma sample to which 
7 nCi (= 0.1 Hg) of titrated Org GB 94 and 1 erg of amitriptyline were added as 
marker compounds*. 

As shown, Org GB 94 is eluted before amitriptyline. By collecting the eluate 
during the period from 1 min after the impurity peak up to the end of the ami- 
triptyline peak, a quantitative recovery can be expected (see Recovery 1. 

E%r nanogram amounts of Org GB 94, the recovery from the KPLC was 
determined to be almost 100%. For microgram amounts some material is lost in 
t&e chromamph. The carzyfiver to a subsequent blank injection was found 
to be of the order of 0.1% which does not permit alternate processing of 
samples that contain microgram and nanogram amounts of Org GB 94. This 
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Fig. 2. Mass fragmentograms recorded at m/c 264 and m/e 266 of 2-ml blank plasma samples 
spiked with A ngof Org GE 94 and 4 ngof [ 10,lO-zH, 1Otg GB 94 after (a) a single extraction, 
(b) a back-extraction clean-up and (c) an HPLC clean-up. .- 

En the EEMF trace after the sequentid estnction clean-up method (Fig. Zb), 
component 1 with m/e 264 disappeared, while compounds 3 and 3’ were still 
present with the same abundance reiative to Org GB 94 as in the crude es- 
tracts. The ion intensities, however, are smder 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 I and 3, while in the trace at m/e 266 no other impuri- 
ties show up. The Org GB 94 peak height is ca. 2.5 and 0.8 times the peak 
height after _~uenthl estrzction clean-up and single extraction, respectively. 
The corresponding TIC trzce again shows further pwification. 

C.&ann tieteriomfton 
With ffie &?orasi.i coiumn currently in use, we professed over 2000 F1-a 

&mpEes, By flushing t&~coIumn cmze every IOQ-20Q samples with zpprope- 
ate pdarot &i&c ‘soha&s, its performance could be maintained. 

.T : 
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Fig. 3. TIC recordings of 2-d blank plasma samples spiked with 4 ng of Org GB 94 and 4 ng 
of [ lO,fO-‘H, ]Org GB 94 after (a) a singie extraction, (b) a back-extraction clean-up and 
(c) an HPLC clean-up. 

Convenience and speed 
Because of its simplicity, the EPLC clean-up step can be performed by un- 

experienced technicians. Purification of one crude plasma extract t-&es !5--LO 
min, depending on the ffow-rak used in PfpLC 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 capaciQ is also 
about 60 samples a day. 

In contrast to other purifkation methods such as repeated extractions or 
thin-layer chromatography, the HPLC method can be autimati relatively 
simply. This automation will improve the: capacity and reliabifi&, which are 
prerequisites for mutine clinica\ analyses. 

CONCLUSION 

The HPLC sampIe clean-Up proved to be. a reEaMe, convenient and time- 
saving pmcef%re for use in mutine dinid rn~, fragisf~t.ugxqjhi~ q+difZ- 

I cations. 
: 



If a small number of *.sples are to be assayed, a crude n-hexane extract can 
be used. For routine analyses, when 50-60 samples a day are to be prtxessed, 
the crude extracts will contaminate the gas chromatagraphic column and mass 
spectrometer io an unacceptable extent and wider these circumstances an 
HPLC clean-up provides adequate purification without si&fIcaot loss of sen- 
sitivity. 

Thzmks are due to Mr. J.S. Favier and Mr. J. Walkart for the preparation of 
the labelled compour?ds, and to Merck Sharp & Dolxne Nederland B.V. for the 

supply of amitriptyline. 
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