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CHROMBIC. GO62 

Sensitive method for the determination of vincristine in 
huliian sw~fm by high-performance liquid chromatography 
after on-line column-extraction 

A column-switching high-pcrformancc liquid chromutogr:lphic method was dcvclopcd for the dctcrmi- 

nation orvincristinc in strum. Sample prcpwation \viIs curried out by means of on-line cohnnn-cxtnrction. 

using ;I C,, rcvcrscd-phase prcconccntrntion column. This tcchniquc is simple (minimizing mznur!l snm- 

pling errors). rapid (reduction of time itnd costs) and c;ln be easily ttutomiltcd. Both ultrwiolct and 

clectrochcmical dctcction ;Irc possible. but the latter SLOWS a clcancr chromatogram nnd is. by the USC of a 

new electrochemical dctcctor. fiw more scnsitivc (dctcction limit 0.3 {(g/l ;It iI sign&to-n&c ratio of 3). A 

matrix study WIS cnrricd out (using human serum and urine and two kinds ofcalfs swum). Althou$- it 

appcarcd that the system was matrix-dcpcndcnt. no diti‘crcncc in nxrtris rffccts could bc found in the strum 

or plasma of different patients. Controls for human serum anaiysis should bc prepared in human strum. 

With the method described. pharmacokinctic studies of vincristinc in children can hc pa-formed. 

INTf.ODUCTlON 

Vincristine (VCR) is an antineoplastic vinca alkaloid, isolat::d from Cn~l~w- 
~rrrflrtrs I*O.S~LIS G. Don. and is used in the treatment of various childhood and adult 
malignancies, e.g. acute lymphocytic leukaemia,.. lymphoma, sarcoma, Wilms’ 
tumour, rhabdomyosarcoma and neuroblastoma [I]. The cytotoxic action cf’the 
agent results from binding to tubulin, an intracellular protein that polymerizes to 
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form the mitotic spindle;. Vi7X blocks the p.,*l1 nl*l~,&z~tjQ~ 

progression of cells through mitosis [2]. An inhibiting 
synthesis has also been reported [3]. 

process and in hi bits the 
effect on phospholipid 

Although VCR is a component of established therapy for many childhood 
nlalignancies, only one pharmacokinetic study of VCR in four children has been 
published [4]. In par!, this lack of extensive pharmacokinetic data can be ex- 
plained by limitations of the analytical methodoIogy for measuring VCR. A ra- 
dioimmunoassay [5] has been the only assay with suficient sensitivity to support 
pharmacokinetic studies in patients, but this assay is relatively non-specific, as 
rnetabolites may cross-react with the antibody. Therefore, there is a need for a 
sensitive and specific procedure to allow further studies of VCR pharmacokinet- 
its in pediatric patients. Recently, a high-performance liquid chromatographic 
(HPLC) method has been published, describing om-line solid-phase extraction 
and electrochemical detection (detection limit 1 .O jLg/l at a signal.-to-noise ratio of 
3.0) [G]. Our objective was to develop a suficiently sensitive, simple and rapid 
method for determining VCR in serum so as to perform phtil m;lcokinetic siudies 
of VCR in children. In this assay VCR is determined in serum by HPLC after 
on-iine solid-phase extraction, using an automatic column-switching technique. 
The great advantage of this n ..:cthod is the possibility oftotai automation, as VCR 
and the internal standard (vinblastine) are both stable in serum or plasma at 4°C 
for over 24 h [7]. So the sample and internal standard mixture is pipetted in the 
automatic injector, kept at 4°C. Besides, the manual time-consuming sample- 
extraction step can be omitted, the ntlmber of analyses per time unit can be 
increased (cverall reduction of Lasts), and manuui sai~~pllii~ crr~rs Z-C EiniFized. 
The detection limit couid be decreased to 0.3 jrg VCR/l serum at a signal-to-noise 
ratio of 3.0, by using a new type of amperometric detector, i.e. an optimized 
wall-jet dcsi,ep. 

The plasma elimination of VCR after intravenous administration is usually 
described by a three-compartment model. ii CR is substantiaiiy metabolized by 
the liver. Two metabolites, N-deformyl vincristine [8] and desacetyl vincristine 
[l], have been identified but their activities have not been characterized. VCR is 
eliminated primarily in the &eces (70%) as a resuit of biliary excretion, and to a 
lesser extent in the urine ( 13%). The dose-limiting toxicity of VCR is neurotoxic- 
ity. A relationship has been established between the area under the plasma con- 
centration-time curve (AUC) and neurotoxicity in adults [I]. 

EXPERIMENTAL 

Vincristine sulphate was commercially obtained from Cyanamid (Wayne, NJ, 
USA, Batch No. K-8902). Distilled water was purified by a Miili-Q water puri- 
fication system (Millipore). Methanol (pro anaIysi, Merck, Art. No. 6009) and 
acetonitrile (HPLC, Rathburn, No. RH 1016) were used without further puri- 
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fication. Phosphate bu!Ter (25 mM, pH 7.Q) was prepared by dissolving 3.41 g of 
potassium dihydrogenphosphate ( KH2P04) in 1.0 1 of water and adjusting with 
1.5 A4 potassium hydroxide to pK 7.0. 

The stock solution of 2.0 mg/i VCR in water (stored at - 80°C for a maximum 
of one year) was made by dissoiving i i 2 rng or” vincristine suiphare in i cl0.G mi of 
water and diluting 1.00 ml of this solution with water to 50.0 ml. As internal 
standard, a 2.0 mgjl stock solution of vinblastine was used (stored at - 80°C for a 
maximum of one year). This solution was prepared by dissolving 22.0 mg of 
vinblastine sulphate (Eli Lilly Netherlands, Batch No. C 12-7AE- 195) in 100.0 ml 
of water and diluting 1.00 ml of this solution with water to 100.0 ml. 

Blood samples were collected in a polypropylene tube. Directly after collec- 
tion, the samples were centrifuged and the serum (or plasma) was transferred to a 
second polypropylene tube and stored in the dark at - 80°C (.for a maximum of 
one year). Samples were analysed immediately after thawing. 

The column-switching HPLC system (Fig. 1) consisted of two I-IPLC pumps 
from ABI Analytical (Kratos Division Holland), a Rheodyne hand injector or a 
Promis II automatic injector (Spark Holland) both with a 1.0~ml loop, a solvent 
selector valve (Multiport stream switch, MUST, Spark Hollund) with a Rheo- 
dyne valve 1OJi) (load time 10 min, desorption time 5 min, wash time 10 min; 
back-flush mode) and a Kratos Model 783 UV-VJS detector (set at 300 nm, range 
0.002 a.u.f.s.) connected in series with an AMOR elect:.ochemical detector (Spark 
Holland), which essentially is an amperometric (conversion 4-J 0%) thin-layer 
cell with, 1;“. glassy carbon working electrode (WE), a carbon-filled Teflorl auxiliary .i 
electrode (AE) and a so-called “in situ” (i mrii Ui rcqUit& iIt iXOSI!C phX$) 

Ag/AgCl reference eIectrode (RE). The 50-/lm spacer was clamped between an$l 
partly covered the WE and the AE. The cut-out in the spacer settled the ccl1 
volume to cn. 0.5 ~11. The flow path and performance were determined mainly by 

?i;. 1. Column-switching configuration. using backflush mode. Sl = wash il uid; SII = . 
and Pll = HPLC pumps; L = loop: W = wi~stu; CC = prcconccntratian column: 
column; D = dctcctor; 1 = integrator. R, Wash phase; Cl. dcsorption phase. 

mobile phase; PI 
AC = analytical 
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the smoothness  o f  this cut-out and  by the flatness of  the W E  and  the A E  (leak- 
age!i. The potent ial  on the W E  was + 0 . 7 5  V v.s. Ag/Ag(21. In this way, possibly 
interfering se rum peaks were el iminated (response rat io OV/electrochemical  de- 
tector must  be constant) .  In o rder  to improve  the detect ion limit, a recently 
developed electrochemical detector  ( type VT-03, ANTE(2  Leyden,  Leiden, Neth-  
erlands), was used instead el  the A M O R  detector. This de tec tor  cell is ampere -  
metric (conversion 5-10°to), with a W E  o f  3 mm diameter.  The  eluent  was direct- 
ed perpendicular  to the centre o f  the glassy carbon W E  ("wal l - je t")  and the 
conccn. ~ Fically posit ioned stainless-steel A E tightly enclosed the W E  in this half  of  
the KeI-F cell body  [9]. The 50-pm spacer ,  clamped between this half  and the 
block, conta in ing  the Ag/AgCi  RE and  the cell inlet, was posi t ioned far (i.e. 20 
mm) outside the flow path, to ensure  an  undis turbed,  rad ian t  flow over the WE. 
The cell outlet  was mounted in the cell block containing the W E  and the AE.  
Essenti:dl).  in such a position the cell volume is determined by the area of  the W E  
and the thickness of  the spacer and a m o u n t s  to 330 hi. Crit ical  in this design are  
the finish and the enclosement of  the WE.  The potential  on the W E  was +0.83 V 
r.~, Ag AgCI tg]. 

The prcconcent ra t ion  column,  used for  the prepurif icat ion o f  the serum sam- 
pies. was a reversed-phase Cta  co lumn  ((2hrompack Nether lands ,  Art.  No.  
28675. 10 nan! x 3.0 mm I.D.),  dry-filled in our  labora tory  with W h a t m a n  pellic- 
ular octadecylsi lane (ODS) mater ial  (part icle size 30-38 t~m, C h r o m p a c k ,  Nether-  
lands. Art .  No.  4 ! 02-010). Each day a new inexpensive preconcent ra t ion  column 
w a s  u s e d .  

The analyt ical  column, used for the separat ion of  the c o m p o u n d s  eluted f rom 
the preconcent ra t ion  colum', ,  consisted of  a reversed-p!~ase Microspher  (2ta col- 
umn (particle size 3 pro. 100 mm x 4.6 mm I.D.,  C h r o m p a c k ,  Nether lands,  Art .  
No. 28410). 

I ire UV detector  ;.|ild electrochemical detector were both  connected to an SP 
42~:0 compu te r  inte~t'ator ~;,.,..~.,-.,_o~ . . . .  ;"" Holktnd). which was used for mea-  
suring peak heights (paper speed 0.5 cm:min ,  AT = 8). 

The mobile phase (solvent l l)  consisted o f  methanol -ace ton i t r i l e -25  m M  
phosphate  bu|l~-r (pH 7.0) (48:20:32. v/v/v).  This solution was filtered and de- 
gassed by sparg ing  with helium. The wash fluid (solvent !) was  .'t solution of  
methanol  5~!~, (v/v) in water. The f low-rate  o f  both pumps  (solvents I and !!) was 
1.25 ml rain. The  operating pressure with this system was ca. 12 MPa .  

lt~ a 2.0-ml conical polypropylenc tube, 1.2 ml o f  serurn or  pl:|snl,'| was pi- 
petted, The.", 100 ~1 of  interl,al s t a n d a r d  (2.0 m:~/! vinblast ine in water)  were 
added. The samples  were mixed and  centr i fuged for 5 rain a t  3000 rpm (ca. 1500 
~,,I in order  to remove cells and o ther  part iculate  matter.  Subsequent ly ,  1.0 rnl of  
clear serum was injected directly into the preconcentra t ion co lumn.  This column 
was then washed  lbr 10 rain with solvent i. During this time. V C R  wa~ concert- 
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tratcd on the preconcentration column, and proteins and other impurities were 
washed off (wash phase, see Fig. 1). After 10 min the solvent selector valve was 
switched. 

The mobile phase (solvent II) was pumped through the preconcentration col- 
umn in the opposite direction (backflush-mode) and transported VCR to the 
analytical column (desorption phase, see Fig. 1). The compounds were eluted 
within 8 min. After 5 min the solvent selector valve was switched back. Both 
columns were then conditioned for 10 min. 

Calcrriatimi 
The VCR concentrations were calculated from the peak-height ratio of VCR 

to internal standard for samples and standards, by using the integrator. 

Calibratiort aud recovery 
A calibration graph was prepared as follows: 1 .O ml of drug-fret pooled hu- 

man serum was pipetted into a 2.Gml conical polypropylene tube. Then 0, 5, IO, 
20,40 or 80 ~1 of the stock solution of VCR (2.0 mg/l) was added. This resulted in 
a calibration graph of 0, 10, 20, 40, 80 and 160 /lg of VCR per litre of human 
serum. The extraction procedure as described above was used for these standards. 

The extraction recoveries of VCR from serum samples were calculated by 
comparing the peak heights of VCR after injection of non-extracted VCR spiked 
solutions directly on the analytical column, to peak heights obtained after in- 
jection of extracted spiked serum samples containing equal concentrations of 
VCR. Extraction recoveries were determined at concentrations of 20 and 6.0 /(g/l 
for VCR and at a concentration of 100 pg/l for vinblastine. 

Precisim 
Series of serum controls spiked with VCR and the internal standard were 

ub barllrlled on t:ic same day (at concentrations of 5.0, 15.6 and 3 i .2 /~g/l for VCR Ant.W&.. 

and IO0 /!g/! for vinblastine with JZ = 10) and over twenty days (at a concentra- 
tion of 15.6 pg/l for VCR). 

Matrix studies 
Four different matrices, i.e. human serum, two kinds of calf? serum (foetal 

bovine serum, Flow Lsbs. Irvine, UK, Lot. No. 028138 and neonatal bovine 
WXI~, ICN Biochemicals, USA, Lot. No. 158327) and drug-free human urine, 
were used to study the matrix influences oil reproducibiljty. For each matrix, 
calibration graphs were made by spiking I. 1 ml of the matrix with 0, 20,40 or 80 
~1 VCR stock solution .(0.50 mg/l). This resulted in calibration graphs of 0, 8.9, 
17.5 and 33.9 pg VCR. To study the influence of the human matrix itself, eight 
serum samples, each from a dirferenr patient, co!lecteti i’rom samples submitted 
for routine therapeutic monitoring, were spiked to yield a concentration of 5’3 fig 
VCR/l in serum and were assayed on the same day. 
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RESULTS AND DlSCUSSlON 

Rcprcscntativc chromatograms are shown in Fig. 2. Fig. 2A shows a chroma- 
togram of a spiked human serum sample detected by the UV detector? and Fig. 
2B shows a chromatcgram of tiic same sample detected by the wall-jet cell. The 
rctcntion times of VCR and the internal standard ;Ire L’LI. 3.7 and 4.9 min, respec- 
tively. 

From thcsc values it is seen that electrochemical detection results in a cleaner 
(fewer possibly interfering serum peaks) chromatogram. Besides, with the wall-*jet 
cell the detection limit is reduced considerab!y (see PI’wLs.I’I’(III). 

The culibtxtion graph for the determination of VCR in strum al’ter ampero- 
metric dctcction cover-cd the range 0 -.I GO j&g/l and was linear; 1’ = 1.87.~ + 0.02 (~3 
= response ratio; s 

The recoveries of 
and 6 /lg/l. were 68.2 
standard was 75.0 & 
in human scruni. 

1 1 I ! 1' F 
! I_ 12 0 

t/, Iii 

= jig/l VCk) and a ~:&relation coefficient of 0.9990. 
VCR in human serum, determined at concentrations of 20 
f 2.1 and 70-O f 6.2% (II := 6). The recovery of the internal 
6.00/o. determined at a concentration of 100 /(g/l vinblastine 
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1:ig. 2. (,‘.I ;~ntl (11) Chromatogrums uf u spiked lwnun scrunl sxmplc (.O.O pg/l VCR). dctcctcd by (A) the 

UV dctcctor and (3) the wull-jet cell. {C) Chr<>mitt<~gr:u~~ of ;I snmy’c tttkcn 30 min after intravenous bolus 

injection of I .5 mg/m VCR using the wall-jet cdl (7. I ~:g/: ‘:CR). ‘riiG>!::sIi:i~ !20.(3 /C&I) wzs used OS the 

internal standr\rd (pc:tk 2). UV dctcction dacs not trdcqutttcly ITSO~VC the peaks OT intcrcst from the 

curly-cluting pxks. hut rrmpcromctrio dctwion does. 
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The within-day (n = 10) coefficients of variation (C.V.) for this method (with 
controls of human serum used) were 4.7% (5.0 /(g/I), 3.2% ( i 5.6 &I) and 2.9% 
(3 1.2 /c&l) for VCR and 3.5% (200 cfg/l) for vinblastine, using UV detection. The 
day-to-day reproducibility for the method was 4.4% (15.6 ,rg/t; UV detection) 
and 5.1% (I 5.6 /[g/l; electrochemical detection) for VCR (n = 20). 

The limit of detection for VCR, defined as a signal-to-noise ratio of 3, was 0.3 
/(g/l, using ti!e wail-_iet c:e!!. ij’it!i *Llic ~~~1tiOR detector and with the U!=J detector 
the detectiob timits were both 1.0 /(g/l. 

Matrix stridies 
After the assay of VCR spiked serum. urine, and two kinds of calfs serum, a 

distinct matrix-dependency of the system became clear. Fig. 3 shows the cali- 
bration graphs in the various matrices. Obviously, there is a great difference in 
response between the different matrices. No difference in response was noticed 
between eight different human serum samples {spiked with IO ~(1 of 5.0 n&l VCR 
in water, data not shown), so the human serum matrix itself has no influence on 
the recovery of VCR. It is obvious that if urine samples have to be determined, 
.&lie calibration graphs should also be made using urine. 

“1 Lis assay is now used for clinical pharmacokinetic studies of VCR in chil- 
dren. Fig. 4 shows the serum concentration-tinre curve obtained after intrave- 
nous b&us injection or vincristine (1.5 mg/m2) to a Syear-old boy with acute 
lymphocytic leukemia. In this patient the estimated total body clearance of vin- 
cristine was 13.5 I/h/m2; the terminal serum half-life was 20.5 h. 

Further kinetic studies are currently being performed. No analytical inter- 
ferences were noticed with drugs regularly administered to children suffering 
from cancer. Vendrig [IO] has found thar desacetyIvincristine (DVCR, the main 
metabolite of VCR) is formed at pH 1.2. We also found at this pH a decrease of 
the VCR peak and no interference between VCR and the metabolite. 

0 5 10 15 20 25 30 35 
concentration VCR (J.@II 

n Urine P Human serum 

0 Calf’s serum 028138 A Calf’s serum 158327 

Fig. 3. Calibration curves of VCR. using four ditkcnt matrices. The rcsponsc ratio is cxprcsscd as the 

peak-height ratio of VCR to VCR in a spiked c;tlfs scrnm st;ind;lrd of 31.2 p&I. 
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CONCLUSIONS 

After on-line cotumn-extraction it is possible to determine VCR at the ~lg,‘l 
level using HPLC with UV and electrochemical detection. By using two detection 
methods. the problem of interfering peaks is minimized. The advantages af this 
kind oi’cstr~~tio~t compared :vith liquid-liquid extraction or oFi--line solid-phase 
extraction arc nutncrous , tile most iimportant being ihe p,osiliili;~ ~ftoia: automa- 
tion. The detection limit is 0.3 j~g/L when a recently developed electrochemical 
detector is used. This high sensitivity allows reliable pharmacokinetic studies even 
in a low concentration range. It also makes a smaller sample size feasible for 
studies in very young children. 

The system is matrix-dependent so, for preparing standards, human and calf s 
strum arc not interchangeable. The human serum matrix can be considered as a 
const;a.nt matrix: no difference in response between different spiked human serum 
samples w&s noticed. 

The precision of this method is good with low C.V. (less than 5%). The low 
dctcction limit of 0.3 /[g/l at a signal-to-noise ratic gf 3.0 makes this method 
suficicntly sonsitive for use in clinical pharmacokinetic studies in children. 
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