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SUMMARY 

An automated high-performance liquid chromatographlc method for the plasma assay of two 
neutral drugs, etoposlde and temposide, mvolvmg dzect plasma mJectlon 1s presented The prob- 
lematic nature of protein preclpltatlon has been circumvented by adding the arnomc surfactant 
sodium dodecyl sulphate to the plasma at a final concentration of 38 mA4 Plasma samples are 
loaded on to a clean-up column with an aqueous mobile phase with which the analyte(s) 1s (are) 
retamed, whereas the solublhzed plasma proteins are flushed to waste Next, the retained com- 
pounds are eluted from the clean-up column on to the analytlcal column by using the chromato- 
graphic mobile phase with a higher elutlon capacity The column-swltehmg technique IS used to 
achieve an automated assay At least 10 ml of plasma, representing 100 repeated mJectlons of 100 
~1 or five repeated mJectlons of 2 ml, can pass through the clean-up column wlthout mcreasmg the 
back-pressure The recovery increased considerably from lo-30% to 90-95% on adding surfactant 
to the plasma samples prior to the analysis The relative standard devlatlon of the proposed clean- 
up procedure 1s 3 5% (n = 6) for both drugs measured at the 2 pgg/ml level wlthout usmg an internal 
standard The hmlt of determmatlon with loo-p1 mJectlons IS 0 10-O 15 B/ml for ultraviolet 
detectlon and 1s seven times lower mth electrochemical detectIon TemposIde was determmed m 
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patients’ plasma and the results agreed well with those obtamed by the conventional procedure 
mvolvmg manual hquld-liquid extraction prior to chromatographlc analysis 

INTRODUCTION 

High-performance hquld chromatographlc (HPLC ) methods apphed in 
bloanalysls usually require elaborate sample pretreatment, mcludmg depro- 
teinlzatlon, removal of interferences and sample enrichment Tradltlonally, 
with hpophlhc analytes, the method of choice 1s hquld-hquld extractlon (LLE ) , 
followed by separation of the phases, evaporation of the organic layer to dry- 
ness and reconstitution of the residue m the mobile phase In recent years, 
there has been a trend to faclhtate or to automate this time-consummg and 
sometimes cumbersome LLE procedure, e.g., by usmg robotics [ 1 ] 

A different approach to achieving slmplificatlon 1s to change from samphng- 
processmg-m-batch procedures to sample-processmg-m-flow, which 1s much 
more easily automated. Usually, the latter mvolves solid-phase extraction 
(SPE) instead of LLE The use of SPE for sample clean-up and enrichment 
has been described extensively and has been apphed both off-hne ( [Z-5] and 
on-hne [ 6-81 Many different apphcatlons and features of SPE have been re- 
viewed [9,10] 

The use of SPE and on-line HPLC provides direct mJectlon of untreated 
samples. Special care has to be taken with the analysis of plasma or serum 
samples because of the presence of proteins The proteins tend to precipitate 
durmg the analysis and the system thus becomes clogged Moreover, the drugs 
to be analysed may be protein-bound and need to be released to permit detec- 
tion Usually, the proteins are precipitated before analysis, by means of which, 
ad&tlonally, drugs are displaced from plasma components Several other 
methods have been reported for preventing interference of protems, e.g., en- 
zymatic protein hydrolysis [ 111 or dialysis [ 121 Direct mJectlon of small vol- 
umes of plasma or serum samples using conventional reversed-phase HPLC 
(RP-HPLC) h as also been described. Clogging of the system 1s prevented by 
avoiding high percentages of organic modifier m the mobile phase [ 13-161 or 
by working at elevated temperature [ 171. More recently, direct plasma mJec- 
tlon has been achieved by employing special column packmgs, such as mternal 
surface reversed-phase support, to ehminate protein interferences [ 18-231 
However, this approach is restricted because the range of available bonded 
phases is limited and only low concentrations of organic modifier are allowed. 
Finally, direct plasma or serum injection has been carried out successfully by 
using a mlcellar mobile phase m RP-HPLC (mlcellar hquld chromatography 
or MLC) [ 24-281 The micelles prevent the preclpltatlon of protems, but give 
only moderate chromatographlc efficiency 

Recently, the use of mlcellar clean-up prior to liquid chromatography has 
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been introduced [29,30] Sodmm dodecyl sulphate (SDS) was added to the 
load mobile phase that was used to load untreated plasma samples on to a pre- 
column The proteins are solublhzed by the SDS and washed out, whereas the 
analyte 1s retained. Next, the retained analyte and some residual endogenous 
compounds are eluted with the chromatographrc mobrle phase and analysed 
using conventional RP-HPLC 

This paper describes an alternative surfactant-mediated clean-up procedure 
suitable for handling untreated plasma samples Addition of SDS to plasma 
samples before the analysis IS demonstrated to be preferable and a mlcellar 
loading and/or washing phase 1s shown to be redundant The clean-up proce- 
dure has been automated and apphed on-line with HPLC by using a pro- 
grammable column-swltchmg system The method has been optrmlzed for the 
determmatlon of temposlde m plasma and applied to momtormg therapeutic 
levels of temposlde in patient plasma. 

EXPERIMENTAL 

Chemicals and solutwns 
Methanol, sodmm dlhydrogenphosphate and sodmm hydroxide, all of ana- 

lytical-reagent grade, were purchased from Baker (Deventer, The Nether- 
lands) Demmerahzed water was purified m a M&-Q system (M&pore, Bed- 
ford, MA, U S A ) and used to prepare buffer and standard solutions Buffer 
solutions were prepared freshly every week and filtered through a 0 2-ym filter 
(Type 11106; Sartorms, Gottmgen, F R G ) prior to use A 10 mA4 sodmm 
phosphate buffer (pH 7 0) was used for the clean-up procedure and for the 
preparation of the chromatographlc mobile phase SDS, obtained from Bro- 
cacef (Maarssen, The Netherlands), was used as received SDS solutrons were 
prepared m sodmm phosphate buffer (50 mM, pH 7) and filtered through a 
0 2-pm filter (Type 11607, Sartorms). Etoposlde (VP 16-213) and temposlde 
(VM 26) were kindly donated by Bristol Myers (Weesp, The Netherlands ) 
Stock solutrons of temposlde (1 0 and 0 1 pug/ml) and of etoposlde (0 5 ,ug/ml) 
were prepared m methanol and stored at 4°C Etoposlde was used as the m- 
tern al standard Standard workmg solutrons of temposlde were prepared freshly 
by drlutmg the methanohc stock solutions with appropriate volumes of sodmm 
phosphate buffer (10 miI4, pH 7 0). Drug-free plasma was obtamed from healthy 
volunteers 

Plasma 
Plasma was centrifuged prror to use at 3000 g for 10 mm to obtain a clear 

supernatant, free from particulate matter. 
Calzbratzon standards Appropriate volumes of the methanohc stock solu- 

tions of teniposrde were transferred mto 1.5ml polypropylene tubes. After 
evaporation of methanol under mtrogen, 450 ~1 of blank plasma, 50 ~1 of 380 
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mM SDS solution and 5 ~1 of the etoposlde solution were added The spiked 
plasma samples were somcated for 5 mm 

Putaents’plusma To 450 ~1 of patient plasma, 50 ~1 of 380 m&f SDS solution 
and 5 ~1 of the etoposlde solution were added. 

Apparatus 
A diagram of the experimental set-up is shown in Fig. 1 The PROgrammable 

Multnhmenslonal InJection System, PROMIS (Spark Holland, Emmen, The 
Netherlands), consisted of an autosampler, a Rheodyne qectlon valve (Type 
7010) provided with a lOO-~1 sample loop and two six-port Rheodyne switching 
valves (Type 7010) Pump 1 (Model IPN8; Ismatec, Zurich, Switzerland, or 
Model M-45, Waters Assoc , Mllford, MA, U S A ) was used for loading the 
sample on to the clean-up column (CC). Pump 2 (TW 1515, Orhta Dosler- 
techmk, Glessen, F.R.G ) was used to deliver the chromatographlc mobile 
phase A Model 440 absorbance detector (Waters Assoc ) (D,) was used for 
monitoring the effluent from the analytical column (AC). With additional 
electrochemical detection (ED), a laboratory-made electrochemical detector 
cell [ 311 connected to a Metrohm 641 VA potentlostat was used (D, ). Signals 
were recorded on a Krpp recorder (Model BD 41 or BD 8). 

t 
MP 

Fig 1 Schematic diagram of the experlmental set-up The parts wlthm the dotted box belong to 
the PROMIS, LP, loading phase, VI, qectlon valve, Va, Vb, swltchmg valves, CC, clean-up col- 
umn, AC, analytIca column, MP, chromatographlc mobile phase, P,, P,, pumps, D1, UV detector, 
D2, electrochemical detector, W,, W,, W,, waste 
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Condltww andprocedure 
A 10 mm x 2 1 mm I D preconcentratlon column (Chromsep C18, particle 

diameter= 40 ,um; Chrompack, Mlddelburg, The Netherlands) was used for 
plasma clean-up. The samples were loaded with 10 mM so&urn phosphate buffer 
(pH 7 0) at a flow-rate of 0 4 ml/mm The loaded clean-up column was rmsed 
with the same buffer solution to wash out the solublhzed proteins and other 
water-soluble interfering plasma components Next, the clean-up column was 
swltched on-lme with the RP-HPLC system. The retained components were 
eluted and separated by usmg the chromatographlc mobile phase [ 10 rnM so- 
dmm phosphate buffer (pH 7)-methanol (45 55, w/w) ] at a flow-rate of 10 
ml/mm on a 300 mm~4 6 mm 1.D analytical column (PBondapack Phenyl, 
particle diameter = 10 pm, Waters Assoc ) UV detectlon at 254 nm was used 
durmg the development of the method The lmearlty and detection limit of the 
optlmlzed method were measured with both UV detection and ED ( + 500 mV 
vs Ag/AgCl) Temposlde m patients’ plasma was determined using ED and/ 
or UV detection 

TLme scheme 
Fig 2 shows the time schedule of the concurrent sample clean-up and HPLC 

analysis The outer rmg represents the clean-up time cycle conslstmg of load- 
mg the sample on to the clean-up column (t = O-7 5 mm), elutmg the retamed 
components on to the analytical column (t = 7 5-8 5 mm), regeneratmg the 

Time motion scheme 
loadtng onto CC 

elut~on lrom CC to AC 

washmg CC 

hlllng sample loop 

analysis on AC 

Fig 2 Time schedule of the concurrent sample clean-up (outer rmg) and the chromatographlc 
analysis (inner ring) with the retention time, tR, for etoposlde (1) and temposide (2) CC = clean- 
up column, AC = analytxal column 
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clean-up column (t=8 5-10 mm) and fillmg the sample loop with the next 
sample (t= lo-11 5 mm) Then the cycle restarts at t=O mm The inner ring 
represents the HPLC analysis time cycle, conslstmg of mJectlon of the retained 
components on to the analytical column ( t = O-l mm) followed by separation 
The retention times, tR, of etoposide and temposide, 4 2 and 6 4 mm, respec- 
tlvely, are mdmated m the inner ring 

RESULTS AND DISCUSSION 

Optrmrzatwn of the surfactant-medtated clean-up procedure 
SDS added to the load mobrle phase In two different mlcellar clean-up stud- 

ies reported previously [ 29,301, SDS was used by addmg it to the load mobile 
phase Imtlally, a similar approach was intended in this study The SDS con- 
centration must be optimized, as both the retention behaviour and the solu- 
billzing potency are influenced by the concentration of SDS m the load mobile 
phase Therefore, the breakthrough volumes of etoposlde and temposide on 
the CC were determined at several SDS concentrations The results for eto- 
poslde are summarized m Table I The breakthrough volumes for temposide 
were slightly higher As expected [28], the retention, and consequently the 
breakthrough volume, decreases with mcreasmg SDS concentration Hence, 
high SDS concentrations in the loading phase should be avoided On the other 
hand, the SDS concentration has to be sufficient to solublhze the proteins 
[ 321 A loading phase contammg 20 n-J4 SDS, which is about twice the critical 
micelle concentration (CMC) of SDS m aqueous solutions, was chosen for the 
mltlally intended micellar clean-up procedure 

After loading the plasma samples on to the CC with the 20 mM SDS solution, 
the CC was rmsed with aqueous buffer and then switched on-lme with the 
analytical column The clean-up procedure proved to be successful for ehml- 
natmg the interference of plasma protems The recyclmg capacity of the CC, 
which was defined as the maximum number of plasma mJectlons on to a smgle 
CC without an mcrease m the back-pressure, was 35 for lOO-~1 inJections Un- 
fortunately, the recovery appeared to be only 30 and 8% for etoposlde and 

TABLE I 

RELATION BETWEEN SDS CONCENTRATION IN THE LOADING PHASE AND 

BREAKTHROUGH VOLUME FOR ETOPOSIDE 

SDS (mM) Breakthrough volume (~1) 

5 > 1000 

10 500 

20 400 

50 220 
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temposide, respectively These very low recoveries may be explained by the 
very high drug-protem bmdmg shown by etoposlde and temposide [33] Al- 
though SDS, m addition to protem solublhzatlon, also effects displacement of 
drugs from the plasma components [ 34,35],20 mM SDS m the loading phase 
seems to be msufficlent to release these highly protein-bound drugs. 

SDS added to the plasma samples To obtam more effective drug releases, 
SDS was added directly to the plasma at concentrations up to 20 mM, which 
should be sufficient to achieve quantitative drug replacement [ 351 Too strong 
dilution was prevented by adding only 50 ~1 of 200 mM SDS to 450 ~1 of plasma 
The recovery increased to 95-98% for both components Unfortunately, this 
approach proved to cause problems with respect to the recychng capacity of 
the CC, which decreased to about 10 or 15 for loo-p1 mJections After few 
mJections, the back-pressure m the CC began to increase, leadmg to deterio- 
rated peak shapes and finally to column cloggmg 

Although the CC could easily be emptied and dry-repacked with new sta- 
tionary phase, several attempts were made to prevent pressure build-up For 
instance, analytical-reagent grade SDS was used, or the mlet surface of the CC 
was enlarged, or back-flush instead of forward-flush elutlon was performed. 
None of these modifications resulted m any improvement. However, on closer 
observatron, it appeared that the plasma samples gradually became turbid after 
adding SDS to the plasma. Apparently, 20 mM SDS when added to plasma is 
not able to prevent (protein) precipitation m plasma samples, whereas 20 mM 
SDS when added to the aqueous loadmg phase and mJectlon of SDS-free plasma 
samples was found to be satisfactory This difference may be explained by the 
dynamic nature of the micellar loading procedure mvolvmg both contmuous 
supply of SDS and continuous removal of the proteins Second, the solubihzmg 
properties of SDS m aqueous solution might be different from those in plasma 

[321 
The influence of the amount of SDS on the turbidity of plasma was inves- 

tigated by varying the SDS concentration between 10 and 50 m.M Surpns- 
mgly, at 20 mM SDS the turbidity turned out to be strongest At 30 mM the 
plasma was less turbid and at 40 mM it remained clear for several hours A 
concentration of 38 m.MSDS was used for all further experiments with plasma. 

FznaE clean-up procedure The use of SDS serves to solublhze the plasma 
proteins and to release the drug from the plasma proteins. Because both func- 
tions appeared to be fulfilled by addmg 38 mA4 SDS to the plasma samples, it 
seemed that the use of a micellar load mobile phase can be omitted Therefore, 
the clean-up procedure could be simplified by combmmg the separate loading 
and rinsing step mto a single step. Plasma samples contammg 38 mA4 SDS 
were loaded on to the CC with phosphate buffer (10 m&f, pH 7) and the CC 
was rmsed with the same buffer solution. No breakthrough was observed using 
3 0 ml of the aqueous buffer, while the breakthrough volume with mlcellar 
mobile load phase (20 mM SDS) was only 0 4 ml (Table I). Apparently, the 
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breakthrough volume increases markedly when SDS 1s added to plasma m- 
stead of to the loadmg phase This phenomenon may be explamed by depletion 
of mlcelles m plasma owing to binding of SDS to the proteins by which the free 
SDS concentration 1s lowered The recycling capacity of the CC using this final 
clean-up procedure proved to be at least 100 for lOO-,~l plasma uqectlons. 

The chromatogram obtained after applying this final clean-up procedure 
prior to HPLC assay 1s shown m Fig 3 Only a few endogenous plasma com- 
ponents are observed (Fig. 3a), which are well separated from etoposlde and 
temposIde (Fig. 3b ). 

Fmally, the preconcentration potency of the proposed final clean-up proce- 
dure was mvestlgated. A standard solution of temposide (10 pg/ml) m plasma 
which contained 38 mM SDS was prepared. The qectlon volume was m- 
creased from 100 ,~l to 2 ml m steps of 100 ~1. The blank response did not 
mcrease slgmficantly up to an lqectlon volume of 2 ml A linear relationship 
(r=O 9997) between the injection volume and the peak area was observed. 
After five repeated nqectlons [relative standard devlatlon (R.S D ) = 2% ] of 2 
ml of plasma the CC has to be replaced because of pressure build-up. Hence, 
to achieve the maximum recycling capacity of the CC, the lrqectlon volume 
should be as low as possible On the other hand, the sensltlvlty of the method 

a i b 

I\ 

0 I 0 001 Au 
*c 0 01 Au 

cc 
2 D*c I 0 01Au 

: 

Fig 3 UV signals at 254 nm for the clean-up column effluent (Dee ) and of the analytical column 
effluent (Dac) after the surfactant-medlated clean-up procedure (a) 100 ~1 of blank plasma, the 
usual posltlons of etoposlde (1) and tenlposlde (2) are indicated by arrows, (b) 100 ~1 of spiked 
plasma, 10 &ml each of etoposlde ( 1) and temposlde (2 ) 
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can easily be increased by increasing the inJection volume. An mJectlon volume 
of 100 ,ul was chosen throughout this study. 

Recovery and reproduccbrlaty 
The recovery from SDS-containing plasma and from SDS-containing buffer 

with respect to aqueous buffer (without SDS) was determined. Plasma was 
spiked with teniposlde at levels ranging from 0 5 to 25 pg/ml and SDS was 
added to a final concentration of 38 mM. Standard solutions of temposide with 
concentrations ranging from 0 5 to 25 pug/ml were prepared m buffer that con- 
tamed 38 mM SDS and m aqueous buffer The prepared samples and standards 
were analysed according to the final clean-up procedure using the automated 
column-switching systems with UV detection Three cahbratlon graphs were 
obtained with intercepts that did not &ffer slgnlficantly from zero The slopes 
were 1.04,0.94 and 0.50 for aqueous buffer, plasma with 38 n-&f SDS and buffer 
with 38 m.M SDS, respectively, correspondmg to a mean recovery of 90% for 
plasma with 38 mM SDS and only 48% for buffer with 38 m.M SDS. This low 
recovery from SDS-containing buffer may be caused by loss of temposlde due 
to breakthrough. This phenomenon indicates different behavlours of a similar 
concentration SDS m aqueous solution and m plasma In the latter the SDS 
was largely bound to the proteins, with the result that the free concentration 
was lowered [ 321 

The reproduclblhty of the final clean-up procedure was determmed for UV 
measurements The RS D (n=6) without using an internal standard was 
3.5% at the 2 pg/ml level and 2.0% at the 10 &ml level for both drugs For 
tenlposlde the R.&D. was also calculated considering etoposlde as the internal 
standard The R S.D. was 3.0% at both levels These results indicate that the 
reproducibdlty of the proposed final clean-up procedure 1s not improved by 
using an internal standard. 

Ltnearlty and detection ltmzt 
Linearity and detection limits were determined for both UV and electro- 

chemical detection for aqueous and plasma standards As evaluated above, for 
UV detection no internal standard 1s needed For ED, however, it 1s known 
that the sensitivity may decrease owing to contammatlon of the electrode sur- 
face and mternal standardzation 1s advisable. In the ED experiments, tem- 
poslde was measured using etoposlde as an internal standard The results are 
summarized m Table II. The linearity is excellent for all cahbratlons. The hmlt 
of determination (LOD) 1s calculated at a signal-to-noise ratio of 3 UV detec- 
tion resulted in an LOD of 150 and 100 ng/ml for temposide and etoposlde, 
respectively, Obviously, the LOD 1s lower for ED and proved to be 20 ng/ml 
for temposide. 

Patlents’plasma 
Some patients’ plasma samples containing temposlde at levels between 5 

and 15 &ml were measured by both UV and electrochemical detection. The 
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TABLE II 

LINEARITY AND LIMIT OF DETERMINATION (LOD) FOR UV AND ELECTROCHEM- 
ICAL DETECTION 

Sample Slope Intercept r LOD” 

WV b (l-25 j&ml) 
Aqueous etoposlde 2 08 0 11 0 9999 

ternposlde 104 0 16 0 9999 
Plasma etoposlde 189 -0 16 0 9999 100 

temposIde 0 94 -0 10 0 9999 150 

ED ’ (0 25 -25 pgglml) 

Aqueous etoposlde 0 075 0 008 0 9998 

Plasma temposide 0 072 -0 013 a 9997 

“Llmlt of determination (ng/ml) for plasma calculated at a slgnal-to-noise ratio of 3 
bUV detectlon without usmg an mternal standard 
‘Electrochemical detection usmg an internal standard (etoposlde) 

20 

a 5 mAU 

0 a 16 24 32 ml” 

b 

A 6 C 

I 

F:g 4 Chromitograms ob&ed after izsay of pall~~ts’~lasma containing temposide (5 0, 10 6 
and 15 6 pg/ml for A, B and C, respectively) (a) UV detection at 254 nm, (b) ED at +500 mV 
vs Ag/AgCl The peaks of the internal standard etoposlde (1) and of temposide (2) are indicated 
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Fig 5 Levels of temposlde m patients plasma measured by reversed-phase HPLC after manual 
hquld-liquid extraction (hatched boxes) or automatic surfactant-mediated clean-up (black boxes ) 

chromatograms of three different patients’ plasma samples are shown m Fig 
4 Because of the high levels of temposlde m these samples, ED IS not reqmred 
UV detection IS saksfactory, despite some addltlonal interfering components 
observed by UV compared with electrochemical detection 

Cornpamon wdh conventtonal LLE clean-up 
The developed method of analysis was applied to the determmatlon often- 

lposlde m patients’ plasma. Each plasma sample was treated accordmg to both 
the conventional manual LLE procedure [31] and the proposed automated 
surfactant-mediated clean-up (SMC) procedure The samples were analysed 
under identical chromatographlc condltlons and ED was apphed The results, 
which are shown m Fig 5, demonstrate that only shght differences occurred 
The correlation proved to be 0 953 The data were evaluated by the statlstlcal 
t-test [ 361 at the 95% confidence level The differences between the two meth- 
ods were not slgmfkant 

The major advantage of the proposed SMC approach IS that the sample pro- 
cessing can be fully automated. Addltlonally, as the method mvolves concur- 
rent plasma sample clean-up and HPLC analysis, the total time of analysis 
decreases Approximately five samples per hour, mcludmg sample pretreat- 
ment, could be performed, whereas the conventional approach allowed the same 
sample throughput, but excludmg the time-consummg manual sample 
pretreatment 

CONCLUSIONS 

The automated SMC procedure with direct plasma mJectlon proved to be a 
good alternative to the fairly laborious and time-consummg manual LLE pro- 
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cedures. By using the column-switchmg techmque, the SMC procedure can 
easily be applied on-lure with RP-HPLC The proposed procedure has been 
demonstrated to be suitable for the determmation of etoposide or temposide 
m plasma. However, by adJusting the chromatographic conditions, e g , the 
dimensions of the CC, or the stationary phase m the CC, or the analytical 
separation conditions, the SMC-HPLC method might be suitable for other 
neutral drugs 

The SMC procedure allows mJection volumes of up to 2 ml, providmg an on- 
line sample enrichment step for mcreasmg the LOD Further, unlike m micel- 
lar chromatography, the efficiency of the analytical column 1s not adversely 
affected by the SDS m the proposed SMC-HPLC method 

In contrast to other studies [ 29,301, m this study the SDS 1s added to the 
plasma samples and an aqueous buffer is used as the load mobile phase This 
approach proved to mcrease the recovery of highly protein-bound drugs dra- 
matically and to permit simphfication of the clean-up procedure because two 
separate steps of sample loading on to the CC and rmsmg the CC are combmed 
in a single step The concurrent sample clean-up and chromatographic analysis 
allows a sample throughput of 5 5 samples per hour 

The recycling capacity of the CC was mcreased substantially, from about 15 
to at least 100 for lOO-~1 unectlon volumes, when 38 mM instead of 20 mM 
SDS was added to the plasma For the assay of etoposide and temposide, 38 
mM SDS was found to be optimal because it (a) effects satisfactory protein 
solubihzation, (b ) leads to high recoveries and (c ) mamtams sufficient reten- 
tion on the CC 

The procedure can be used with either UV detection or ED ED is necessary 
for relatively low levels of temposide m plasma, e g , for pharmacokmetic stud- 
ies For momtormg therapeutic levels (0 l-50 fig/ml), UV detection is satis- 
factory The reproducibihty of the proposed procedure is not mcreased by the 
use of an internal standard However, when ED is apphed the use of an internal 
standard is advisable 

The procedure can be used in prmciple for sample clean-up m flow-unection 
assay for etoposlde and temposide [37] However, the relatively high blank 
response still prevents the convenient combmation of SMC with conventional 
flow-inJection methods Work is m progress to combme the proposed SMC 
procedure with a more selective flow-mJection method using multi-channel 
detection and multivariate data analysis 
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