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ABSTRACT

Stripping voltammety (SV) is usel to quantitativey determire concentratios of the anti-neoplast drug
mitomycin C (MMC) alore ard in mixtures with 5-fluorouraci and cisplatin both of which are use in
combined chemotherapy with MM C. If the accumulatio is performel at the potentias of MM C reduction
(-0.35V vs. SCE) reducel MM C is strongly adsorbd at the electrodelt is possibé to prepae a MMC-
modified eledrode which, after awashirg step is transferré to the backgroud electrolye to determine
MM C by voltammety. This procedure which is termed transfe stripping voltammety (TSV), helps to
eliminate interferences and can be applied for adired determination of MM C alore or in mixtures with other
drugsin urine.

INTRODUCTION

The determinatio of the antibiotic mitomycin C (MM C) in aqueos solutiors ard in biologicd fluids has
been asubjed of spedal interest in several papers (reviewed in (1)) becaus MM C is an anti-neoplast drug
widdy usel in clinical chemotherap The anti-canceactivity of MM C is basel on its covaler binding to
DNA (2) after chemicé or enzymait reducti\e activation This reductiwe activatian isa complex process
involving reductio of the quinore group ard openirg of the aziridine ring. These processeoccu at the
hangirg mercuy drop electrocé (HMDE) (3). In a previows pape (4), we reporta tha stripping
voltammetry (SV) of MM C at the accumulation potentials correspondig to MM C reduction (betweea -0.3
ard -0.4 V vs SCE) produce a usefu analytica signd in aqueos solutions Also, at thes accumulation
potentids, MM C is so strongl adsorbd at the mercuy electrock tha the MM C layer can be washel and
trandferred to the eledrolyte (not containirg ary dissolvel MMC), where it produce arespons similar to
that obtained with the electroe immersel in the MM C solution This method termed transfe stripping
voltammetry (TSV), isuseful for MM C determinatio in biologicd fluids containirg interfering substances
tha are eithe not adsorbd at the electroa or tha are separatd in the washirg step.

MATERIAL SAND METHODS
Apparatus

Voltammetrc measuremestwere carried out with an Amd 473 multipolarograp analyze connectel to
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an Amel 863 XY recorde with time-base As a working electode a Metrohm (6.0335.00) hanging
mercuy drop electroa (HMDE) was used with adrop area of 1.39 mn?. A saturate calome electrode
(SCE) ard a platinum eledrode both from Ingold, were usal as referene ard auxiliaty electrodes
respeaively. All measuremestwere carried out in a nitrogen atmosphes at room temperatureThe pH
values were measurd with a Radiomete pH mete mode 62.

Reagents

MMC was receiva from Merck 5-fluorouraci (5-FU) was from Sigma Cisplatn (cis-P) was from
Farmitalia (BarcelonaSpain) Otha chemica$ were purchasd from Merck and were of analyticé grade.

Urine samples containing MM C and other anti-neoplastic drugs were preparé by dissolvirg the appropriate
quantity of the drug in urine specimen obtainel from healtly volunteersNo sampé treatmen stefs were
performed, excep for a urine dilution (1:3) with the backgroun electrolyte Voltammogrars of urine
obtainel from differert healtly individuals did not shav substantibdifferences.

A solution conggting of 0.3 M ammonium formate 50 mM sodium phosphatgpH 6.9 (AFP) was usal as
the badkground electrolyte becausit is suitabk for measuremenrif the cathodc respons of MM C (4),
and also for measuremerstof the DNA signas (5,6), which allows for future study of the interaction of
MM C with DNA. Wang et al. (7) used 0.05 M boric add solution adjustel to pH 102 with sodium
hydroxide as supportig electrolye in the MMC determinatio by mears of stripping voltammety.
Congdering the poor stahility of MM C outsice the pH range 5-8 (8), using the abowe neutrd AFP solution
allowed us to obtan reproducibé resuls even after storing the MM C solution at room temperatue for
periods as long as one day. On the othe hand when we useal the previousy applied alkaline mediun (pH
10.2) the MM C pe& used for andlyticd purposes decreaed with time. In 2.5 h, this pe& currert decreased
by 60%.

Strippin g Voltammetry (SV)

SV is an extremey sensitie electrochemidatechnige in which the substane is preconcentraté by

eledrodepostion at a controlled time and potential into a small-volune eledrode The substane of interest
can be measurd at concentratia level down to 10%° M. Its remarkabe sensitivi is attributed to the

combination of an effedive precncentration step with advancd measuremerprocedurs tha generat an

extremey favorabk signal-to-backgroushratio.

In the MM C analyss by SV, an accumulatio potentid of -0.35 V was applial to a fresh mercuy drop
immersel in the solution containirg MM C alore (or in mixture with 5-FU or cis-Pt) stirring the solution
at 500 rpm during the accumulation petiod (usually 3 min was long enoudn to fully cove the electroek ard
to ensure goad reproducibiliy.) Stirring and accumulatio were then stoppe ard the initial potentid was
applied for 15 s, after which the voltammogram were recordel at the following setings (if not stated
otherwise) initial potentid E; 0.0 V, switching potentid Eg,, -0.75 V ard scan rate 0.2 V/s.

Biologicd ProcedureOnline« Vol. 1 No. 2 « Septembel7, 1998 « www.biologicalprocedures.com



D. Marin et al. 102

Transfer Strippin g Voltammetry (TSV)

This technique was developé in the late 19805 (9,10 to determire sub-nanogna quantities of nuclec
acids (NA) exploiting the strorg affinity of NA for the mercuy and carba electrods (11,12).

Attachmen of low molecula mas substancesud as MM C to the mercuy electroe has rarely been
observed. However, we observe a strorg immobilization of MM C at the HMDE when applied potertials
correspondd to the MMC reduction (betwea -0.3 ard -0.4 V vs. SCE) making possibé the easy
preparation of aMM C-modified eectrode Sud a modified electroek is used in MM C analyss in mixtures
containing other substances which are not strongly attachel to the electroet unde the given conditiors and
which would otherwise interfere with the determinatio of MM C in conventionlvoltammetrc analysis as
occuss with the MM C determinatio in urine samples.

In TSV of urine sample containirg MM C ard its

mixtures with 5-FU or cis-Pt the HMDE was
immersel in the solution at an accumulabn

potentia of -0.35 V for an accumulatio time of 5

min without stirring (urine samples produe@ foam

with girring, and the electrock surfae is partially
blocked causimg the MM C signak to be weaker
and not as well defined as those obtainel without
stirring). The electroe was then removel from

the solutin ard washel (nitrogen was passed Accumulation  dotble Washing  eagement
through the washirg mediun) with distilled water
for 15 s (to eliminat interfering substancgsand

with the backgroun electrolye for 15s (to keep
the electrolye concentratia in the voltammetric
cdl constant) The electroc was finally placal in  Fig. 1. Scheme for TSV.

the voltammetric cdl with a previously

deoxygenated badkground electrolye (not containirg ary dissolvel drug) and nitrogen was bubblel again
through the solution for 120 sto remo\e the oxygen introducel in the proces of transferrirg the HMDE.

The circuit was closel ard following the application of the initial potentid for 15 s, the voltammetric
measuremerwas taken at the same setting as in SV. The whole procedue is shown in Fig. 1.

The transfe procedue was performel with a round carouse containirg holes designé accordirg to the
diameter of the washing vessed and cells (Fig. 2). The carouseis joined to alever, allowing the vesses or
cdls to be raisal or lowered The electrods are placeal abowe the carousel Thus the electrods are
immersed in the desirel solution when the carouseis “up” and are removel from the solution when the
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carousé is “down.” Revolvirg the carousel
trandersthe electrods through the solutions
in achosa orde.

Determining MM C by TSV mack it possible:
(@) to adsob MMC at the HMDE from

media not suitable for conventional

voltammetrc analyss ard to perfom the
eledrochemicd measuremerstin the medium
of choice (i.e. AFP), (b) to exploit the
differences in the adsorbabily of MM C and
otha substance to separag them at the
eledrode in the washing stepy (c) to study the
influence of the electrocek potentia on MM C

signals (d) to study the interaction of

immobilized MM C with othe substancgas Fig- 2 Carousel used to perform the TSV experiments.
DNA, since it is known tha MM C interacts

with guanire residus in DNA.

For substance accumulatd at the electroe surfa@ by adsorptia that do not require ary accumulation
potentid (i.e. DNA), the modified electrocek can be prepare by immersirg the electrock in adrop of the
substance at open circuit. This methal is called Adsorption Transfe Stripping Voltammety (AdTSV).
Using 5-10 pL drops makes it possibé to redue the volume of the analyzel sampé by two orders of
magnituak as compare to the conventionhvoltammetrc experiments.

RESULTS AND DISCUSSION
Determination of MM C in aqueots solutions by using SV

Conventiona voltammetry of MM C solutions in AFP yields two reversible cathodic peals at -0.31 ard -0.43
V (pe&kslcard lic). SV regponses are highly influenced by the accumulatio potentiad (E,) (4). At E, less
negative than -0.3 V (correspondig to reductio of the MM C quinore moiety which causd the pe&k 1),

both pea&ks were obtained Howeve, at E, betwea -0.3 ard -0.4 V, only the ped |1, appearedThis peak
was chose for analyticd purposesthus E, -0.35 V was selectd for the determinatio of MMC.

Using concentratios of MM C of 9x107 M, incareasimg the accumulatio time (t,), resultel in ped I

showing alinea dependerneup to 3 min (stirring at 500 rpm); at longe t,, linear dependeneleveld off.
Stirring resulted in a 3-fold enhancement of the response hen@ indicating the fad rate of adsorptio on the
electroe surface The proposel idealizel conditiors for determinirg MM C in AFP solutiors are then E,,
of -0.35V, ard t, at 3 min (stirring at 500 rpm).

MM C gave alinea cdibration for the concentratia range 1-20x10% M (1x10® M correspondto 3.34 ng

mi™"). Deviations from linearity were obtainel at highe concentrationswhere the electroa surfa@ was
saturatedFurthe dat are summarizd in Table 1.
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Mixtures of MM C with othe anti-neoplasi drugs useal in combined chemotherap (13) were testel by
using SV. Doxorubicin, vinbastine, bleomycin and vincristine producel their own signak at submicromolar
level. 5-Huorouradl (5-FU) producel no pe& in the studiad potentid range ard cisplatn (cis-P) showed
only alittle peak at -0.52 V. The MM C calibratian curves were dore in mixtures MM C ard 5-FU, and
MM C and cis-PX, and the same results asin MM C alone were obtained. Smilar experimend were performed
with5 uM MM C, 5-FU and cis-Pt concentrations varying betwea 10 ard 75 uM, ard no difference in the
MM C pe& currert were observed.

Theseresultsshow that SV (at E, -0.35 'V, t, 3 min, stirring at 500 rpm) is suitabk to determire MM C in
an exces of 5-FU ard cis-Pt.

Determination of MM C in urin e samples by using TSV

Attempts to determire MM C in urine (diluted 4-fold by AFP) by conventiona SV were not successful
becaus urine sampls alore produce peals in the potentid region close to the MMC peak This
interferene of urine was efficiently eliminated by TSV in which MM C was adsorbd at the electroct by
applying an accumulatio potentiad of -0.35 V followed by washing mediun exchang ard determinng
MM C immobilized at the electroa in a blark backgroud electrolyte.

A compariso of the measuremestwith and without stirring of the analye during the accumulatio time
showed that the MM C signd is bette ard of highe amplituce without stirring. With 1 uM MMC, the
eledrode surface was fully covered at the acawmulatian time (t,) of 5 min, without stirring. Reproducibility
suferswhen the eedrodeis not covered fully. Optimal conditions for MM C analyss in urine were t, 5 min,
E, -0.35 V, without stirring. A linea relationshp of the ped was observe in the range 3-30x107 M,

corresponding to 100-10@ ng mi™. Additiona data are shown in Table 1. The voltammaogrars did not show
any difference by comparing the urine sample spiked with MM C alone MM C ard 5-FU or MM C ard cis-
Pt. The MM C calibratian curves were performel in thes mixtures ard the sane resuls asin MM C alone
were obtained.

Table 1: Mitomycin C calibration curves in aqueos solutiors (using SV) ard in urine (using TSV) in
both cass as mud alore as in mixtures with 5-fluorouraci or cisplatin

Aqueots solutions Urine
linearity over range (ng mi™) 3-70 100-1000
slope 10* (WA/ng M) 13.6 1.20
standad deviation of the slope.16 0.2 0.02
intercep (LA) 0.002 0.000
standad deviatian of the intercept 0.001 0.001
correlation codficient 0.9988 0.9992
detectim limit. (ng mi™?) 3 30
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Quantitatively, the MM C pe&k was lower in urine than in pure aqueos solutions This might be partly due
to ad®orption of sufaceadive urine components (resistanto washing at the electrock surface This effect
produces a 10fold decreasin sengtivity (dope) upon changing the ad®rption medium from wate to urine,
but does not affect the accurag of the measuremensince urine specimen of differert healtty volunteers
yield the same calibratian curve indicatirg tha the signd is independenof the urine matrix.

Although the detedtion limit (100 ng ml™) is highe than the previousy obtainel by Tjaden et al. (1 ng m™)
by HPLC with on-line sample pre-treament (14), the TSV determination of MM C alore ard in the presence
of othe drugsin urine proposel in this pape is suficiently sensitive to be of potentid use in the clinica
anaysis, since the concentrations of MM C in urine of clinica patiens range betwe@ 500-10®@ ng mi™* (14)
while those of 5-FU (15,16 ard cis-R (17) usually exceel 2000 ard 750 ng ml™, respectivel. The man
advantage of the technique proposel here is tha in varian@ to HPLC ard othe methodswher it is
mandatoy to isolatke the drug from the biologicd matrix, usuall by solvert or solid pha® extraction the
MM C determination in urine describé her is very simple and does not requite urine pre-treatmentMost
interfering substancepresenin urine sampls are eithe not adsorbd at the electroa or are separaté in
the washing step, if their adsorption at the electroe is weake than the attachmehof MM C to the surface.
The TSV determination of MM C israpid and inexpensive ard may becone the methal of choice for MMC
determinatio in patients.
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