
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Dual Electrode Liquid Chromatography-Electrochemical Detection (LCEC)
for Platinum-Derived Cancer Chemotherapy Agents
X. D. Dinga; I. S. Krulla

a Institute of Chemical Analysis Northeastern University, Boston, Massachusetts, USA

To cite this Article Ding, X. D. and Krull, I. S.(1983) 'Dual Electrode Liquid Chromatography-Electrochemical Detection
(LCEC) for Platinum-Derived Cancer Chemotherapy Agents', Journal of Liquid Chromatography & Related
Technologies, 6: 12, 2173 — 2194
To link to this Article: DOI: 10.1080/01483918308064903
URL: http://dx.doi.org/10.1080/01483918308064903

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918308064903
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CIIROMATOGRAPHY, 6(12), 2173-2194 (1983) 

DUAL ELECTRODE LIQUID CHROMATOGRAPHY-ELECTROCHEMICAL DETECTION (LCEC) 
FOR PLATINUM-DERIVED CANCER CHEMOTHERAPY AGENTS 

* 
X.-D. Ding and I.S. Krull 

Institute of Chemical Analysis 
Northeastern University 
360 Huntington Avenue 
Boston, Massachusetts 02115 USA 

ABSTRACT 
Trace methods of analysis and speciation have now been developed for 

a number of platinum derived anti-cancer chemotherapeutic agents, drugs such 
as: cis-dichloro diamine platinum (CDDP) ,cis-diammine-l,l-cyclobutane di- 
carboxylate platinum (CBDCA), and c&-dichloro-m-dihydroxy diisopropylamine 
platinum (CHIP). It is possible to utilize parallel dual electrode operations 
for all three of these Pt derivatives, with overall improved analyte specificity 
and identification. At the same time, these approaches provide calibration 
plots of detector sensitivity as a function of the particular working electrode 
potentials in use via dual electrode LCEC. These response ratios as a function 
of 8he applied potentials then become quite unique for individual Pt compounds. 
By suitably selecting the operating electrode potentials in parallel operation, 
it is possible to alter the detectability of individual Pt analytes and to 
drastically vary the resultant LCEC chromatograms. The overall analyte 
selectivity possible via dual electrode LCEC surpasses that thus far possible 
via LC-polarographic reduction or single electrode LCEC operations. Glassy 
carbon as well as gold/mercury electrodes can readily be used for some 
of these Pt derivatives. These overall trace methods of analysis and speciation 
for the Pt anti-cancer agents have also been applied to plasm samples spiked 
with known levels of each drug. It is also possible to utilize these single or 
dual electrode approaches for the analysis of each of these Pt derivatives in 
cancer patients undergoing chemotherapy treatment. 

*Author to whom correspondence and reprint requests should be 
addressed. 
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2174 DING AND KRIJLL 

INTRODUCTION 
A r e l a t i v e l y  l a r g e  number o f  p la t inum d e r i v a t i v e s  have e x h i b i t e d  

vary ing degrees o f  ant i - tumor a c t i v i t y ,  and several o f  these have reached 
c l i n i c a l  t r i a l s  w i t h i n  the  pas t  decade o r  two (1, 2) .  Synthet ic  e f f o r t s  

continue t o  produce more advantageous P t  der ived cancerostat ic/chemotherapeutic 
agents,\hich would h o p e f u l l y  then f i n d  t h e i r  way i n t o  the  c l i n i c a l  se t t i ng .  

To some extent, pharmacokinetics, pharmacology, and c l i n i c a l  s tud ies have 

been hampered b y a  general l ack  o f  s e n s i t i v e  and t r u l y  s p e c i f i c  methods o f  
t race  analys is  f o r  any o f  the P t  d e r i v a t i v e s  and t h e i r  metabol i tes o r  breakdown 

products (3) .  Sternson and col leagues have described a number o f  HPLC based 
methods f o r  a v a r i e t y  o f  these P t  de r i va t i ves ,  i nc lud ing  the use of g raph i te  
furnace atomic absorpt ion spectroscopy (GFAA), u l t r a v i o l e t  de tec t i on  (UV), 
and most recen t l y ,  dropping mercury e lec t rode  polarographic  reduc t i on  (DME) 
(1, 4-6). Recently, K r u l l  Gal. have described the  u t i l i z a t i o n  of s i n q l e  
e lec t rode  1 i q u i d  chromatography-electrochemical de tec t i on  (LCEC) f o r  the 

t race  ana lys i s  and spec ia t i on  o f  t h ree  d i s t i n c t  p la t i num der i ved  chemotherapeutic 

agents (3) .  F igure 1 ind ica tes  the s t ruc tu res  o f  these th ree  compounds, which 

are the same d e r i v a t i v e s  of i n t e r e s t  i n  t h i s  c u r r e n t  dual e lec t rode  LCEC 
These th ree  p la t i num compounds are: &-d ich loro diammine p la t i num (II)(CDDP, 

- cis-P t ) ,  cis-diammine-1,l-cyclobutane d ica rboxy la te  p la t i num (II)(CBDCA), and 
- cis-dichloro---dihydroxy d i isopropylamine p la t inum (VI)(CHIP). I d e a l l y ,  
any t r a c e  ana lys i s  and spec ia t i on  method should o f f e r  a number of advantaqes, 

inc lud ing:  1) p a r t s - p e r - b i l l i o n  (ppb) o r  sub-ppb de tec t i on  l i m i t s ;  2 )  h i g h  
degree o f  analy te s p e c i f i c i t y  l ead ing  t o  unambiguous compound i d e n t i f i c a t i o n ;  
3) minimum amount o f  sample p repara t i on  compatible w i t h  a n a l y t i c a l  inst rumentat ion;  

4) ease of inst rumenta l  operat ion;  5 )  h igh  r e p r o d u c i b i l i t y  o f  ana lys i s  and h iqh  

p rec i s ion  f o r  repeat  analyses on same sample; and 6) inexpensive o v e r a l l  
instrumentation, ma te r ia l s ,  supplies, support i tems. Although most a n a l y t i c a l  
l abo ra to r ies  today possess a t  l e a s t  one complete HPLC system, r e l a t i v e l y  few 
o f  these same labs have the  a b i l i t y  and/or i n c l i n a t i o n  t o  i n t e r f a c e  t h i s  w i t h  

GFAA i n  order  t o  per form P t  compound spec ia t i on  analyses ( 5 ) .  A t  the same time, 
those l a b o r a t o r i e s  w i t h  HPLC have r a r e l y  u t i l i z e d  the  dropping mercury e lec t rode  
(DME) po larographic  de tec to r  i n  order  t o  perform reduc t i ve  LC-DME type s tud ies 
(4). Although some P t  d e r i v a t i v e s  are UV absorbing, HPLC-UV cannot prov ide 

s u i t a b l y  l ow  de tec t i on  1 i m i t s  f o r  r o u t i n e  a p p l i c a t i o n  i n  c l i n i c a l  o r  research 
s e t t i n g s  (4-6). O f  the more commonly used HPLC detectors ,  i nc lud ing  UV, FL 
(f luorescence), R I  ( r e f r a c t i v e  index), and EC (e lect rochemical ) ,  perhaps on ly  

EC meets a l l  of t he  above suggested c r i t e r i a  f o r  a t r a c e  method o f  ana lys i s  

and spec ia t i on  f o r  these and o the r  P t  d e r i v a t i v e s  (7, 8). 

Although s i n g l e  e lec t rode  LCEC, u t i l i z i n g  the t h i n - l a y e r  f l o w  c e l l ,  

has been a v a i l a b l e  f o r  about the  pas t  decade, i t  i s  on l y  w i t h i n  the pas t  few 
years t h a t  dual e lec t rode  LCEC has gained p o p u l a r i t y  and i n t e r e s t  (9-12). 

study. 
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CI H ~ N ’  \ 

cis-DICHLORO DlAMMlNE 
PGTINUM (ti) (CDDP) (&-pt) 

H3N, ,O-CO 

- cis-DIAMMINE-1, 1-CYCLOBUTANE 
DICARBOXYLATE PLATINUM ( 1 1 )  (CBDCA) 

OH 
i-C3H7NH2, I , CI 

Pt. i -C  H NH’ I C I  
3 7  * OH 

- cis-DICH LORO-trans-DIHYDROXY 

DIISOPROPYLAMINE PLATINUM ( IV )  (CHIP) 

Figure 1. Cis-Platinum derivatives detected via liquid chromatography- 
electrochemical detection approaches (LCEC). 

Although coulometric dual electrode type detectors for HPLC are now 
commercially available, it would appear that almost all of the basic 
research, system optimization, and applications have involved the amperometric 
type dual electrode approach ( 1 3 ) .  In view o f  the rather significant advantages 
that single electrode LCEC approaches have now been shown to possess for 
Pt compound analyses, it seemed natural to develop and demonstrate any additional 
analytical capabilities that dual electrode LCEC might provide ( 3 ) .  All three 
of the Pt derived anti-cancer agents indicated in Figure 1 have now been studied 
via these newer approaches, in order to improve detection limits and overall 
compoundlanalyte specificity. At the same time, these studies have been applied 
to these same drugs in human plasma samples. The current report summarizes 
all of this information. 
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2116 DING AND KRULL 

EXPERIMENTAL 
Reagents 

CDDP from Strem Chemicals, Inc. (Newburyport, Mass.); 2 )  *-Platin01 from 
The Massachusetts General Hospital/Harvard Medical School, formulated and 
marketed by Bristol Laboratories, Inc. (Syracuse, New York); and 3 )  pure 
CDDP from Johnson-Matthey, Inc. (blest Chester, Penna.). HPLC mobile phase 
water and that used fo r  sample solution preparations was HPLC grade from 
Fisher Scientific Co. (Medford, Mass.). HPLC grade methanol (MeOH) used fo r  
the mobile phase was obtained from MCB Manufacturing Chemists, Inc. (Cincinatt i ,  
Ohio), as the i r  Omnisolv brand solvent. Hexadecyl trimethylammonium bromide 
(HTAB) ,  used as  the ion-pairing reagent in the HPLC mobile phase, was obtained 
from Eastman Kodak Co. (Rochester, N . Y . ) .  Sodium acetate fo r  the HPLC buffer 
was obtained from J.T. Baker Chemical Co. (Phillipsburg, N.J.) as t he i r  
trihydrate crystal of HPLC grade purity. 

Cisplatin (CDDP)  was obtained from a number of sources: 1) pure 

Apparatus 
The cyclic voltammogram of CDDP was obtained on a Bioanalytical 

Systems (BAS) Model C V - 1 B  unit (Bioanalytical Systems, Inc., West Lafayette, 
Ind.), using a supporting electrolyte of 50 mm, p~ 3.5 phosphate b u f f e r  

10% MeOH, a t  a scan ra te  of 200 mV/sec, with a glassy carbon working electrode 
andan Ag/AgCl reference electrode (4) .  The CVs were obtained by plotting 
applied working potential current generated, in the conventional manner. 

The HPLC instrumentation consisted of the following items: 1) a 
Laboratory Data Control ( L D C )  Model 709 pulse dampened solvent delivery 
system (Laboratory Data Control, Riviera Beach, Florida); 2 )  a Rheodyne 
Model 7010 syringe loaded HPLC injection valve (201.11 loop attached) 
(Rheodyne Corp.,  Berkeley, Cal i f . ) ;  3 )  an Alltech reversed phase, C18, 
10 um, 25-cm x 4.6-mm i.d. ,  s ta in less  steel  HPLC analytical column (Alltech 
Associates, Inc., Deerfield, I l l . ) ,  or a Biophase, CI8, 10 um, 25-cm x 4.6-mm 
i.d. ,  HPLC analytical column (Bioanalytical Systems, Inc.);  4 )  a Bioanalytical 
Systems (BAS) Model LC-4B amperometric detector for  electrochemical detection 
(Bioanalytical Systems, Inc.);  5) a BAS dual electrode LCEC cell  w i t h  two 
Au/Hg or two glassy carbon working electrodes and a Ag/AgCl reference electrode 
([Cl-] = 3.0 M )  (Bioanalytical Systems, Inc.); and  6 )  a Honeywell dual pen 
s t r i p  chart recorder, 10 mV (Honeywell Corp., Minneapolis, Minn.). All HPLC 
injections were performed with a 25 ul or 50 ul f lat-t ipped micro-syringe made 
by Hamilton Corp. (Reno, Nev.). The nitrogen gas used for  degassing the HPLC 
mobile phase in reductive LCEC work was obtained from Yankee Oxygen, Inc. 
(Boston, Mass.). 

Methods 

determined e i ther  by an i n i t i a l  cyclic voltammetry (CV) study, as  w i t h  CDDP 
The optimum potentials eventually used in these LCEC studies were 
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LCEC FOR CHEMOTHERAPY AGENTS 2177 

( 3 ) ,  or by linear hydrodynamic voltammetry, using either flow injection or 
LCEC approaches. Those oxidative or reductive potentials, with a given working 
electrode surface, which provided for the maximum current response (peak 
heights) for a given amount of analyte injected, with minimum electrode 
fouling after prolonged use, were then used for the final LCEC determinations. 
An actual CV for CDDP has been presented elsewhere, using a glassy carbon working 
electrode, as above ( 3 ) .  

consisting of 0.01M sodium acetate buffer at pH 4.60 and 0.15 mM hexadecyl- 
trimethylammonium bromide (HTAB), all at a flow rate of 1.0 ml/min. Specific pH 
values for the various mobile phases are indicated below (Results and Discussion). 
In some cases, capacity factors were adjusted by the addition of methanol (MeOH) 
in a fixed ratio to the above aqueous phase. Specific electrochemical detector 
working potentials are indicated for the individual experiments described below. 
In the reductive operating mode, oxygen was continuously removed from the HPLC 
mobile phase by degassing under nitrogen, as recommended by the supplier of the 
EC detectors (10-12). Sample solutions used for injections in either the 
oxidative or reductive modes were not initially degassed, due to the small 
volumes often available and the satisfactory HPLC resolution of the oxygen peak 
from the analytes. This is the reason for the often large oxygen peak evident 
in many of the reductive LCEC chromatograms. Retention times of the Pt derivatives 
were measured directly from the final chromatograms or with an electrical timer 
off-1 ine. Quantitation and minimum detection 1 imits (MDLs) were determined using 
peak heights rather than peak areas, with a signal-to-noise ratio of at least 
3: l  for MDL determinations. Plasma was obtained from pooled, whole blood by 
centrifuging fresh blood samples at 2,000 rpm for about 10 mins, and then 
carefully separating the plasma from the separated red blood cells. This plasma 
was then immediately used for the analytical work-up and LCEC studies with 
individual Pt drugs or mixtures thereof. LCEC analyses of stability solutions 
or blood/plasma samples were done at least in duplicate, alongside multiple 
injections of freshly prepared standards, separated by at least one injection 
of blank mobile phase, infusion solution, blood, or plasma alone. 

The final analysis of CDDP from plasma involved the spiking of plasma 
at known concentration levels, a simple filtration of this solution, and then 
direct injection onto the LCEC system. In the case of CHIP from plasma, these 
solutions were initially diluted with an equal volume of MeOH, centrifuged, 
filtered, and then injected onto the LCEC. The analysis for CBDCA in these dual 
electrode studies did not involve the derivatization to CDDP described earlier 
in the single electrode approaches ( 3 ) .  Rather, CBDCA was analyzed directly 
in these current studies, and its determination in human plasma was not studied 
via dual electrode methods. Recoveries of all three derivatives from whole blood 
required an initial separation of the plasma from the whole cells, followed by 
a sample work-up as described above. Another approach for whole blood analysis 
involved the addition of an equal volume of acetonitrile (ACN), shaking for a 

Most of the HPLC separations described below involved a mobile phase 
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2178 DING AND KRULL 

few minutes to  lyse the ce l l s  present, centrifugation a t  2,000 rpm for  about 
5-10 mins t o  remove solid matter, f i l t r a t i o n  of the supernatant aqueous:ACN 
portion, and final injection onto LCEC. 

In the analysis for  CDDP from actual cancer patient blood samples, i t  
was shown t h a t  the presence of both ethylenediamine te t raace t ic  acid (EDTA) and  
heparin, added t o  the patient blood a t  the hospital t o  s tab i l ize  and  prevent 
clott ing,  d i d  no t  interfere in the final LCEC analysis for  the P t  d rug  of in te res t .  
Once the patient blood was treated as above, i t  was then spun down a t  1,500 rpm 
for  5-10 rnins, and the plasma was separated from the heavier red blood ce l l s .  
To 5 ml of t h i s  plasma was then added 0.5 ml of 5.0 M saline solution (NaCl), 
both solutions were thoroughly mixed, and t h i s  f inal  sample was placed on Dry- 
Ice for shipment from the hospital t o  the analytical laboratory a t  the University. 
Analysis of CDDP infusion solutions simply involved an addition of 0.5 ml of 
the 5.0 M saline solution t o  5.0 m l  of the infusate, mixinq, and storage as  above. 
When received a t  the University, tr ichloroacetic acid (TCA) in a 10% aqueous 
solution was added t o  the plasma in a 1/1 ( v / v )  ra t io ,  and t h i s  mixture was 
vigorously shaken in order t o  precipitate a l l  proteins present. This solution 
was then spun down in a centrifuge a t  2,000 rpm fo r  about 10 mins, and the 
supernatant was removed and f i l t e r ed  through a BAS sample f i l t r a t i o n  k i t  
(micro f i l t e r )  with centrifugation (Bioanalytical Systems, Inc.). The f i l t e r ed  
liquid was then used for  d i rec t  LCEC injections.  Overall percent recoveries 
of CDDP spiked t o  human (non-patient) plasma a t  the 20 ppm level using the above 
methods were 89.0 i 1.3% (average +_ standard deviation) (n=3). 

aqueous solutions of the P t  derivatives prepared in HPLC grade water or 
saline solutions. These were simply f i l t e r ed  and then injected on to  the LCEC. 
All sample f i l t r a t ions  were performed with a 0.45 um sample f i l t r a t ion  k i t  
for  HPLC (Waters Assocs., Inc., Millipore Corp., Bedford, Mass.). HPLC mobile 
phases prior t o  degassing were f i l t e r ed  through a 0.45 urn solvent f i l t r a t ion  
k i t  f o r  HPLC (Waters/Millipore C o r p . ) .  

The methods of performing reductive LCEC analyses with dual electrode 
detection, using e i ther  glassy carbon or gold/mercury surfaces, were 
essentially those suggested by the manufacturer of the electrochemical 
detector for  LC (Bioanalytical Systems, Inc.), in t he i r  various technical 
publications. Additional technical information and guidance i s  available in 
certain recent scientific/technical publications (10-12). The parallel dual 
electrode LCEC methods used in these studies have been based, in part ,  on 
e a r l i e r  1 i te ra ture  reports and/or sc ien t i f ic  presentations (9-12). Application 
of such techniques and instrumentation t o  t h i s  class of P t  derived anti-cancer 
agents i s  described here for  the f i r s t  time (3) .  

Optimization of the basic LCEC operating conditions involved 

RESULTS AND DISCUSSION 
The resu l t s  described here for  the trace analysis and speciation of 

three important P t  anti-cancer agents, Figure 1, have en t i re ly  u t i l i zed  dual 
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electrode detection in HPLC ( L C E C ) .  All of the resu l t s  presented here have 
uti l ized dual electrodes oriented i n  the parallel adjacent mode, although the 
use of both parallel and ser ies  has  been advocated elsewhere in the l i t e r a tu re  
(10-12). A t  l eas t  in our own experience, dual electrode LCEC i s  more reproducible 
and internally consistent, intra- and inter-day, in the parallel adjacent 
orientation. Most dual electrode work thus f a r  reported has u t i l i zed  the glassy 
carbon type electrodes, with much less  being described for  the goldlmercury 
type. I t  has been our experience tha t  the glassy carbon surfaces can be made 
more reproducible from day-to-day than the gold/mercury type, and tha t  the 
former are perhaps more amenable t o  series operation than the l a t t e r .  In any 
case, since t h i s  work has been directed towards improving the overall specificity 
(speciation) of the analysis fo r  P t  derivatives, the parallel adjacent mode 
is  ideally suited fo r  such goals. Improved detection l imi t s  may sometimes be 
obtained via the series orientation, b u t  since our i n i t i a l  single electrode 
results provided satisfactory minimum detection l imits (MDLs) for  these compounds 
(10 ppb  for  CDDP) ,  there was no need t o  further improve them via the dual 
electrode techniques available with ser ies  operation ( 3 ) .  Whereas the ea r l i e r  
LCEC results u t i l i zed  only the goldlmercury electrode surface fo r  reductive 
operations, i t  has  now proven possible t o  u t i l i ze  the glassy carbon type for 
both o x i d a t i o n  and reduction of certain P t  derivatives, as well as  the Au/Hg 
electrodes. A dual electrode cell  with a single glassy carbon and a single 
Au/Hg surface m i g h t  provide additional capabi l i t i es  over those already available 
for these studies. The f ina l ,  overall LCEC approaches described below have now 
been shown more than adequate, qua1 i ta t ive ly  and quantitatively,  fo r  the d i rec t  
analysis of residual, in tac t  CDDP in patient infusion solutions and blood plasma 
samples, the l a t t e r  obtained a t  the end of a 2 h r  infusion period. 

Parallel Dual Electrode LCEC Calibration Plot Ratios for  Improved Specificity.  
Application of Overall LCEC Dual Electrode Methods to  Actual Samples. 

significantly improved analyte identification (speciation) by plotting the 
EC detector response (peak height/peak area) vs concentration injected as a 
function of the working potential of each electrode (10, 12) .  We have now 
applied these methods for  improved LCEC analyte identification with both the 
glassy carbon and Au/Hg type dual electrodes, u t i l i z ing  a wide variety of 
applied working potentials (vs Ag/AgCl). These are,  in essence, two calibration 
plots for  each P t  derivative, wherein each calibration plot varies according 
t o  the working potential applied. The overall data a t  each concentration point 
on such plots can then be ratioed, similar t o  wavelength ratioing in multiple 
wavelength UV detection in HPLC. I n  addition, the EC detector responses 
obtained a t  the two different potentials can be subtracted, in order t o  provide 
another data p o i n t  specific for  tha t  particular analyte. Both the ra t io  of 
EC detector responses and the differences of these same two EC detector 
responses can then be uti l ized t o  confirm or deny the presence of a suspected 

The u t i l i za t ion  of dual electrode LCEC in the parallel mode can provide 
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DING AND KRULL 2180 

analy te i n  a complex sample m a t r i x  (10, 12). These dual e lec t rode  LCEC approaches 
are bes t  u t i l i z e d  f o r  a suspected ana ly te  i n  a sample m a t r i x  wherein t h e  
known standard i s  analyzed under the  same LCEC cond i t i ons  on the same working 

day. Working curves a t  t he  dual p o t e n t i a l s  o f  i n t e r e s t  must be obta ined f o r  

both the suspected standard and the ana ly te  i n  the sample ma t r i x  a t  t he  same 
t ime o r  thereabouts. I d e n t i c a l  EC de tec to r  r a t i o s  o r  d i f f e rences  i n  EC detector  
responses f o r  the known standard and the  suspected ana ly te  can then prov ide 
s i g n i f i c a n t  q u a l i t a t i v e  con f i rma t ion  t o  the  o v e r a l l  LCEC ana lys i s .  It i s  very 
impor tant  t o  recognize a t  t he  s t a r t  t h a t  dual e lec t rode  EC responses w i l l  
vary from day-to-day, and t h a t  working c a l i b r a t i o n  curves obtained on one day 

cannot be accu ra te l y  o r  r e l i a b l y  u t i l i z e d  t o  con f i rm  t h e  presence o f  t h a t  
analy te i n  a sample analyzed on another day. However, t h i s  i s  no d i f f e r e n t ,  i n  

p r a c t i c e  o r  p r i n c i p l e ,  from the we l l  accepted p r a c t i c e  o f  determining c a l i b r a t i o n  

p l o t s  f o r  standards on the  same day as the samples are being analyzed v i a  any 
de tec t i on  method i n  HPLC, GC, o r  d i r e c t  inst rumenta l  ana lys i s .  Inst rumenta l  

response v a r i a b i l i t y  is a very common occurrence, whether one works w i t h  
separat ion-detect ion o r  d i r e c t - d e t e c t i o n  methods o f  ana lys i s  and inst rumentat ion.  

F igure 2 i l l u s t r a t e s  a se t  o f  c a l i b r a t i o n  p l o t s  ( l i n e a r )  obtained 
f o r  CDDP us ing g lassy carbon dual e lec t rode  LCEC a t  working p o t e n t i a l s  o f  
+1.05 V and + 1.00 V, over t h e  concentrat ion range o f  5-40 ppm. The HPLC 
cond i t i ons  u t i l i z e d  here i nvo l ved  a reversed phase C18 column w i t h  a mobile 
phase o f  0.01 M acetate bu f fe r ,  pH 4.60, p lus  0.15 mM hexadecyl t r imethy l -  

ammonium bromide (HTAB), a t  a f l o w  r a t e  o f  1.0 ml/min. F igure 3 i s  t he  same 

study performed under the i d e n t i c a l  cond i t i ons  as i n  F igure 2, b u t  on another 
day, w i t h  somewhat d i f f e r e n t  r e s u l t s  obtained. C lea r l y ,  d i f f e r e n t  surfaces 
on one o r  both o f  t he  g lassy carbon o r  gold/mercury e lect rodes would prov ide 
d i f f e ren t  EC de tec to r  responses from day-to-day. Th is  i s  the same as the 

observat ion t h a t  UV lamp i n t e n s i t i e s  f o r  an HPLC-UV de tec to r  w i l l  and o f t e n  

do vary from day-to-day as w e l l .  We have now obta ined a l a r g e  number o f  s i m i l a r  
dual e lect rode response r a t i o s  f o r  both g lassy carbon and Au/Hg surfaces, 
for  CDDP, CBDCA, and CHIP, as a f u n c t i o n  o f  appl ied,  operat ing po ten t i a l s .  
The f i n a l  r a t i o s  of these de tec to r  responses have been summarized i n  Table 1, 
us ing HPLC cond i t i ons  as i n d i c a t e d  above (Experimental Section) o r  below i n  
various Figures. A l l  o f  these r e s u l t s  us ing g lassy carbon e lect rodes wr -e 
obtained on the same working day, as were those u t i l i z i n g  the Au/Hg surfaces, 
b u t  these were two d i f f e r e n t  days. 

same P t  drugs made no at tempt  t o  speciate f o r  one o r  more o f  these drugs 
when a l l  three were present  i n  the same i n j e c t i o n  s o l u t i o n  (3). I n  cases where 
more than a s i n g l e  P t  d e r i v a t i v e  i s  used simultaneously i n  cancer chemotherapy, 

t h i s  could be o f  i n t e r e s t .  I d e a l l y ,  an ana lys t  would l i k e  t o  be able t o  vary 
the s e l e c t i v i t y  poss ib le  v i a  dual e lec t rode  LCEC, f o r  one o r  more P t  de r i va t i ves ,  

and ob ta in  f i n a l  cond i t i ons  s e l e c t i v e  f o r  one, two, o r  more such compounds. I t 

Our previous e f f o r t s  i n  u t i l i z i n g  s i n g l e  e lec t rode  LCEC w i t h  these 
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Figure 2. Plot of [CDDP] vs oxidative EC peak heights a t  two different working 
potentials w i t h  dual glassy carbon electrodes i n  parallel orientation 
t o  HPLC effluent.  

should be en t i re ly  feasible t o  vary the LCEC detector parameters appropriately, 
and thereby have one of the three compounds present appear on the LCEC 
chromatogram, change the  EC conditions somewhat, make another one appear 
and the f i r s t  disappear or remain apparent, etc.  Of course, in the f ina l  HPLC 
eluent,  a l l  three analytes o f  in te res t  would always be present, b u t  the dual 
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figure 3. Plot of [CDDP] v s  oxidative EC peak heights a t  t w o  different working 
potentials with dual glassy carbon electrodes in parallel  orientation 
t o  HPLC effluent.  
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elect rode detector ,  depending on t he  p a r t i c u l a r  cond i t i ons  used, would on l y  

detect  one, another, o r  another. We have now been able t o  ob ta in  j u s t  these 

des i rab le  sets  o f  operat ing condi t ions,  as i l l u s t r a t e d  f o r  one such se t  i n  
Figure 4. The s p e c i f i c  LCEC cond i t i ons  a r e  i nd i ca ted  i n  t h i s  Figure, w i t h  

one glassy carbon e lec t rode  operated a t  t1.15V and the o the r  a t  -0.40V. The 
top.chromatogram i l l u s t r a t e s  the  presence o f  both CBDCA and CDDP, w h i l e  the  
bottom chromatogram ind i ca tes  the  presence o f  on l y  C H I P ,  a t  these p a r t i c u l a r  
working p o t e n t i a l s .  By va ry ing  these po ten t i a l s ,  o r  by ho ld ing  one constant  

and vary ing the other ,  i t  i s  indeed poss ib le  t o  make one o r  more o f  these 

th ree  LCEC peaks completely o r  p a r t i a l l y  disappear. Indeed, a t  these same 

concentrat ion l e v e l s  i n jec ted ,  by s imply  va ry ing  the p o t e n t i a l s  appl ied, any 

o f  the th ree  peaks present  can be made t o  increase, decrease, o r  completely 

disappear from the f i n a l  chromatograms. This i s  indeed t r u e  analy te s p e c i f i c i t y  
i n  LCEC, and it now provides a new method of performing P t  compound spec ia t i on  
i n  the absence o f  an element s e l e c t i v e  detector ,  such as the GFAA (7, 8 ) .  

An a l t e r n a t i v e  s e t  o f  LCEC cond i t i ons  f o r  improved P t  analy te 

spec ia t i on  v i a  dual e lec t rode  approaches i s  i n d i c a t e d  i n  F igure 5, w i t h  the 

spec i f i c  cond i t i ons  as ind icated.  Again, us ing p a r a l l e l  o r i e n t a t i o n  o f  

the two e lect rodes,  i t  i s  poss ib le  t o  analyze f o r  bo th  CBDCA and CDDP 

present together  us ing ox ida t i ve / reduc t i ve  modes. I n  the o x i d a t i v e  mode, 
Figure 5 ( top) ,  both CBDCA and CDDP are apparent, b u t  a t  d i f f e r e n t  r e l a t i v e  

s e n s i t i v i t i e s .  These r e l a t i v e  s e n s i t i v i t i e s  f o r  these two P t  compounds, a t  

+1.20V should be compared w i t h  the analogous responses obta ined a t  a s l i g h t l y  

lower working p o t e n t i a l ,  &., +1.15V, F igure 4 ( top) .  I n  the reduc t i ve  mode 
of detect ion,  F igure 5 (bottom), on l y  the  CDDP i s  apparent a t  a working 
p o t e n t i a l  o f  -0.46V, together  w i t h  the oxygen d isso lved i n  the  sample s o l u t i o n  

i n jec ted .  The r a t i o  o f  these two CDDP peak heights  a t  t h i s  p a r t i c u l a r  l e v e l  
i n j e c t e d  w i t h  these two working p o t e n t i a l s  again becomes an i d e n t i f y i n g  t r a i t  

for  t h i s  P t  de r i va t i ve .  There i s  an abnormal amount o f  apparent peak t a i l i n g  
fo r  the CDDP peak i n  the  reduc t i ve  mode i n  F igure 5, b u t  s ince t h i s  i s  an 

a n a l y t i c a l  standard i n j e c t e d  here, i t  would appear n o t  due t o  an i n t e r f e r e n t  
co -e lu t i ng  w i t h  CDDP under these HPLC condi t ions.  We p r e f e r  t o  be l i eve  t h a t  

a t  t h i s  p a r t i c u l a r  reduc t i ve  p o t e n t i a l ,  prolonged use o f  the g lassy carbon 
e lect rode w i t h  HTAB present  i n  the  mobile phase causes some type o f  e lec t rode  
fou l i ng .  This  may be the cause o f  t he  apparent peak t a i l i n g  observed here, 

bu t  add i t i ona l  work would be needed t o  conc lus i ve l y  prove t h i s  p o i n t .  A t  much 
lower reduc t i ve  working po ten t i a l s ,  -0.01V w i t h  a Au/Hg e lect rode,  t he re  i s  
no apparent peak t a i l i n g ,  Figures 6-8. 

Two o the r  p e r t i n e n t  s tud ies remain t o  be described here, especia l7y 
w i t h  regard t o  the u t i l i z a t i o n  o f  these methods f o r  P t  drugs i n  human plasma 
samples. Indeed, F igure 6 i l l u s t r a t e s  the  ana lys i s  o f  spiked plasma samples 
a t  two d i f f e r e n t  concentrat ion l e v e l s ,  as ind icated.  S p e c i f i c  cond i t i ons  f o r  
the work-up and p repara t i on  o f  plasma samples f o r  CDDP determinations has been 
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Figure 4. Dual electrode LCEC chromatograms o f  CDDP, CBDCA, and CHIP injected 
together onto a C18 RP column with a mobile phase o f  95% 0.01M acetate 
buffer, pH 4.60, 0.15 mM HTAB, plus 5% MeOH, flow ra te  1.0 ml/min. BAS 
dual glassy carbon electrodes in paralle orientation. CDDP (40 ppm), 
CBDCA (80 ppm), CHIP (80 ppm), a l l  in 0.9% sa l ine  solution. 
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EC DETECTOR RESPONSE, 
OXIDATIVE MODE WITH + 1.20 V AT WI 

I2 10 8 6 4 2  0 
L I I I 

(TLYE, YLNUTES) 

d 

I I I I I 
12 10 8 6 4 

IT IYE.  YINUTESI 

E C  DETECTOR RESPONSE, 
REDUCTIVE MODE WITH -0.46 V AT W2 

Figure 5. Dual e lectrode LCEC chromatograms o f  CDDP and CBDCA i n j e c t e d  together  
onto a CI8 RP column w i t h  a mobile phase o f  0.01M a c e t a t e  b u f f e r ,  pH 
4.60, 0.15 mM HTAB, f l o w  r a t e  o f  1.0 ml/min. BAS dual glassy carbon 

e lectrodes operated i n  the  p a r a l l e l  o r i e n t a t i o n .  CDDP (20 ppm) and 

CBDCA (40 ppm) i n  0.9% s a l i n e  s o l u t i o n .  
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EC DETECTOR RESPONSE REDUCTIVE MODE WITH +O.Ol V AT W2) 
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Figure 6. Parallel dual electrode (reductive/reductive) LCEC chromatograms 
of CDDP in human plasma: ( A )  0.5 ppm; (B )  2.0 ppm. LCEC conditions 
used a CI8 RP  column with a mobile phase of 0.01M NaCl + 0.01M 
acetate buffer, pH 4.60, 0.15 mM HTAB, flow ra te  1.0 ml/min, Au/Hg 
working electrodes operated in the parallel orientation (BAS). 
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EC DETECTOR RESPONSE, REDUCTIVE MODE WITH -0.02 V AT WI 

16 12 8 4 0 
(TIME, MINUTES) 

PARALLEL 

I I I 1 1 
16 12 8 4 0 

(TIME, MINUTES) 

EC DETECTOR RESPONSE, REDUCTIVE MODE WITH - 0 V  AT W2 

Figure 7. Dual electrode LCEC (reductive/reductive) chromatograms of cancer 
patient plasma sample a f t e r  two hour infusion with CDDP, showing the 
presence of in tac t  CDDP, work-up with TCA. HPLC used RP C18 column 
w i t h  mobile phase of 0.01M NaCl + 0.01M acetate buffer, pH 4.60, + 
0.15 mM HTAB, 1.0 ml/min flow ra te .  BAS dual Au/Hg electrodes operated 
in the parallel orientation. 
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EC DETECTOR RESPONSE, REDUCTIVE MODE WITH +0.01 V AT W2 
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Figure 8. Parallel dual electrode (reductive/reductive) LCEC chromatograms of 

CDDP and CHIP at the 5.0 ppm levels. LCEC conditions used a RP C18 
column with a mobile phase o f  0.01M acetate buffer + 0.01M NaC1, pH 
4.60, 0.15 mM HTA8, flow rate 1.0 ml/min. BAS dual Au/Hg working 
electrodes operated in the parallel orientation. 
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presented above (Experimental Section). I n  th i s  particular study, two Au/Hg 
working electrodes were u t i l i zed ,  for  both the oxidative and reductive EC 
detection of CDDP in plasma. Although Figure 6A suggests tha t  0.5 ppm (500 ppb) 
may be the detection l imi t  for CDDP in plasma; in subsequent studies w i t h  
actual cancer pa t ien t  plasma samples, i t  has now been possible to  detect  
as l i t t l e  as 0.1 t o  0.2 ppm (100 t o  200 ppb) of CDDP a t  the end of a 2 hr 
infusion period. These detection l imits fo r  CDDP in cancer patient 
samples are more t h a n  adequate f o r  determining actual levels of CDDP in such 
samples a t  the end o f  a conventional 2 hr infusion treatment, Table 2 .  
Table 2 summarizes the levels of CDDP actually measured in patient infusion 
solutions, plasma just before infusion s ta r ted ,  and plasma taken a t  the very 
end of the infusion ( 2  hrs). These particular patients were receiving the 
customary CDDP infusion levels a t  The Sidney Farber Cancer Center, Boston, 
Mass. Figure 7 i s  a typical dual electrode LCEC study o f  a cancer patient 
plasma sample taken a t  the very end of a two hour infusion period w i t h  CDDP, 
showing the presence of in tac t  CDDP with specific conditions as  indicated. 
In th i s  case, sample work-up involved denaturation of the plasma sample with 
tr ichloroacetic acid ( T C A ) ,  as discussed previously (Experimental Section). 
A t  the two reductive potentials used in th i s  study, Figure 7 ,  viz. ,  -0.07.V 
and -O.OOV, the peak fo r  CDDP represents a concentration o f  about 4.42 ppm 
in the original plasma i t s e l f .  

Our ea r l i e r  studies w i t h  single e7ectrode LCEC for  CDDP i n  plasma 
also suggested a detection l imit  of about 100 ppb or thereabouts. One would 
n o t  expect parallel dua l  electrode LCEC t o  provide improved detection l imits,  
as discussed already by others (10, 12). Clearly, the dual electrode approaches 
described here provide a t  l ea s t  as useful detection l imi t s  fo r  these P t  
derivatives i n  human plasma, but now combined with greatly improved and 
enhanced analyte identification and specificity.  We have indeed been able t o  
successfully apply these dual electrode methods t o  actual cancer patient 
infusion and plasma samples containing unknown levels of in tac t  CDDP, as above, 
Table 2. We have chosen in these patient studies t o  use the Au/Hg electrodes 
with relatively low operating potentials of -0.02V/-O.OOV, although other 
suitable operating conditions would also be feasible.  Our detection l imits 
with these conditions have been more than adequate fo r  the actual levels of 
CDDP present i n  real world patient samples, and t h u s  there has been no need 
to  u t i l i ze  higher oxidative/reductive working potentials,  as suggested by 
others. Indeed, the use of much higher working potentials for  plasma samples 
might only lead to  decreased analyte specificity because of m t r i x  interferences, 
without providing us with significantly improved detection l imits tha t  are 
unnecessary in any case. 

Finally, Figure 8 i l l u s t r a t e s  the use o f  dual Au/Hg electrodes 
with a mixture of CDDP and CHIP, both a t  the 5 ppm levels i n  sa l ine  solution, 

wherein both P t  derivatives can be detected simultaneously using two d i f fe ren t  

plasma 
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reduct ive p o t e n t i a l s  i n  LCEC. Again, i t  i s  c l e a r  t h a t  o the r  EC working parameters 
would be f e a s i b l e  f o r  such improved s p e c i f i c i t y  o f  both analy tes present i n  

the  same i n f u s i o n  o r  plasma solut ions/samples. 

SUMMARY 
I n  the past, most p r a c t i c a l  methods o f  t r a c e  ana lys i s  and spec ia t i on  

fo r  P t  d e r i v a t i v e s  u t i l i z e d  element s e l e c t i v e  de tec t i on  v i a  g raph i te  furnace 

AA o r  r e l a t e d  techniques (8) .  It may y e t  prove f e a s i b l e  t o  apply HPLC-inductively 
coupled plasma ( I C P )  emission spectroscopy o r  d i r e c t  c u r r e n t  plasma (DCP) 

emission spectroscopy f o r  these and r e l a t e d  P t  de r i va t i ves ,  b u t  t h i s  w i l l  depend 
on f i n a l  de tec t i on  l i m i t s  poss ib le  v i a  such approaches (7) .  We have t r i e d  t o  
demonstrate t h a t  t he  dual e lec t rode  LCEC approaches now poss ib le  w i t h  these P t  

de r i va t i ves  can indeed prov ide s e n s i t i v i t y  and s e l e c t i v i t y  p r a c t i c a l  f o r  r e a l  

wor ld  sample analyses. Our a b i l i t y  t o  apply  these methods t o  ac tua l  plasma 
samples spiked w i t h  P t  drugs o r  t o  actual  cancer p a t i e n t  samples con ta in ing  CDDP 

i n i t i a l l y  infused, c l e a r l y  demonstrates t h a t  these newer methods o f  P t  ana lys i s  

and speciat ion are indeed o f  p r a c t i c a l  u t i l i t y  and immediate a p p l i c a b i l i t y .  
Although i t  i s  very d i f f i c u l t  t o  demonstrate s p e c i f i c i t y  unequivocal ly, o r  t o  
compare the LCEC s p e c i f i c i t y  w i t h  the  HPLC-GFAA s p e c i f i c i t y  f o r  these same 
compounds, i t  would a t  l e a s t  appear as i f  these dual e lec t rode  LCEC methods w i l l  
p rov ide as much ana ly te  s p e c i f i c i t y  as any o the r  e x i s t i n g  method o f  metal 
spec iat ion (8). A t  t he  same time, these newer methods o f  metal ana lys i s  and 
speciat ion can be r e a d i l y  app l i ed  w i t h  c u r r e n t l y  a v a i l a b l e  inst rumentat ion 
t h a t  costs  considerably  less,overa l l ,  than e i t h e r  GFAA, I C P ,  o r  DCP instruments. 

It i s  a l s o  the  case t h a t  t he  LCEC i n t e r f a c i n g  i s  much eas ie r  t o  accomplish 
and ma in ta in  than almost any o the r  metal spec ia t i on  approach i n v o l v i n g  HPLC 

separations. 
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