
APPLICATIQN OF AN ELE~OCI-IEMICAL DETECTOR TO THE DETER- 
MINATION QF PRQCARBAZINE HYDROCHLORIDE BY HIGH-PERFOR- 
MANCE LIQUID CXiR0MATOG&%PHY 

SUMMARY 

An amperometric ffow-through detector with a carbon paste working efectrode 
was utilized as a high-perfomaace liquid chromatographic (I-IPLC) detector to 
determine procarbazine hydrochloride, an antineoplastic agent, in both buffer 
soIution and biological ffuids. The HPLC system incfuded an amino-cyano stationary 
phase and an aqueous @H 7)-methanol& mobile phase which enabled the separation 
of procarbazine from its only electroactive degradation product, N-isopropyl-a- 
(2-methylhydrazono)-ptoluamide_ The electrochemical detector, with an approximate 
limit of detection of 2 ng procarbazine injected, was 20 times more sensitive to 
procarbazine than a typical UV detector. The low dead volume (I ~1) and superior 
sekctivity of the electxochemicai detector enabkd the HPLC determination of 
procarbazine in untreated human urine and plasma. 

Frocarbazine hydrochloride [N-isopropyl-a-(2-methyIhydrazino)q-tohmnide 
hydrochloride; 3J is 2 methylh~dxazine derivative which has demonstrated an anti- 
neoplastic effect against Hodgkin’s disease’. In the presence of moisture or in 
aqueous solution, procarbazine hydrochloride undergoes oxidative degradation to 
yield N-isopropyl-a-(2-methylazo)-p-toluamide (II), N-isopropyls-<2-methylhydra- 
zone)-@oluamide (III), and, to a lesser extent, dformylbenzoic acid isopropyl- 
amide (w3_ 

The major met&o&s of procasbazine hydrochloride are II and N-isopropyl- 
terephthalamic acid (V; produced by the oxidation of IV by NAD-linked dehydro- 
genase~ (Fig. 1). While a large portion of procarbazine is emxeted in urine as V 
and in blood as EE and V4.7*g, a SEAI amount (kss than 5 oA of dose) is excreted as 
uncbged compound’. Reported methods for the quantitative determination of 
procarbazine hydrochloride in biological fiuids have generally utilized multiple- 
extraction steps followed by ultraviolet spectroscupy’, thin-layer &romatographyg, 
oxidation of the hydrazine group with feecyanide and thin-layer radiochromato- 
gmphyl5. More reamtly, a rapid and accplrate method for determining procmbazine 
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and its degradation products in procarbazine hydrochIoride caps&s using high- 
performance liquid chromato_mphy (HPLC) with UV detection has been reported’9 

In the present study, a commerciahy available ekctrochemical detector for 
HPLC wzs utiiized as a selective as well as sensitive detector for procarbazine in both 
buffer solution znd biological fluids. The use of this detector design has been 
reported for the determination of both natural and synthetic materials in biological 
fiuids, tissues., pIam matter, pharmaceuticai preparations, pesticides and food- 
stnfE9-I’_ The method presented in this report enables the rapid and accurate 
determination of procarbazine at the nanogram Ievel after HPLC separation from 
its onIy electro-o_xidimble degradation product, HL 

Reagents 
Procarbazine hydrochIoride and compounds II-LV were reference staudard 

quality (HofEnann-La Roche, NutIey, NJ., USA.). Ammonium phosphate mono- 
b&c, used as the electrolyte in the mobile phase, was analytical reagent grade 
(Mtinckrodt, St. Louis, MO., U.S.A.). An aqueous solution of 0.1 M ammonium 
phosphate monobasic was prepared by dissoking the appropriate amount of salt in 
distiiIed, deionized water_ The pH of this sohrtion was adjusted to pH 7.0 _t 0.1 with 
small amounts of reag@ grade @IO%) ammonium hydroxide (J. T. Raker, Phihips- 
burg, NJ., U.SA.). ‘ihe methanoi used in the mobile phase was certified ACS 
grade (Fisher Scientifk, F&r Lawn, NJ., USA.)_ 

Chomatographic system 
The HPLC system consisted of it Mitton Roy MiniPump (Laboratory Data 

ControI, Riviera Reach, Fla., U.S.A.), a Model 7120 sample injector valve with IO-PI 
loop (Rheodyne, Berkeley, Calif, U.S.A.), a Partisil PXS IO/25 PAC (250 x 4.6 mm 
I.D.) coiumn (Whatman, Clifton, NJ., USA_) and a Model TL-3 electrochemkd 
detector with carbon paste working electrode (Bi0anzdytica.l Systems, West Lafayette, 
Ind., U.S.A.). The applied potential of i-O.75 V FerstL silver/silver chIoride reference 
&ctrocie was controlled with a IModel 174 polarographic amdyzer (EG & G Princeton 
Applied Resea& Princeton, NJ., U.S.A.)_ 

The sensitivity and seketivity of the eketrochemical detector wss compared to 



that of a Modei SF770 Spectroflow Monitor 25%nm uhwiolet detector (SchoeEel, 
Westwaod, NJ., U.S.A.). 

The mobile phase consisted of 0.1&f ammonium phosphate monobasic, pH 7- 
methanol (9 : 1) and was d-rated with nitrogen before use. Ambient temperature and 
an eluent flow-rate of 0.4-0.5 ml/min were employed. 

Proce&res 
Amber glassware was used for all procarbazine hydrochloride solutions 

because of the compound’s light sensitivity*. 
Standard solutions of procarbazine hydrochloride were prepared by accurately 

weighing the bulk compound, dissolving it in de-aerated mobile phase and making 
appropriate subdilutions with deaerated mobile phase for the desired concentration_ 
For an injection of 100 ng of procarbaxine hydrochloride (equivalent to about 
86 ng of procarbazine, the species acma.iiy detected), 5 mg of the bulk compound 
was dissolved in 25 ml of mobile phase and 5 ml of tbe resulting solution was 
subdiruted to 100 ml with mobile phase. A lO-~1 volume of this final solution was 
injected onto the column. 

Mixtures of procarbazine hydrochloride and its electroactive degradation 
product, III, were prepared by weighing an appropriate amount of each compound 
into the same vessel and dissolving the solid mixture in deaerated mobile phase. 

For the detection of procarbazine in biological fluids, pools of normal human 
urine and normal human plasma (HoEmann-La Roche) were filtered through a 
0.45pm lIlter (Millipore, Redford, Mass., U.S.A.). Known amounts of procarbazine 
hydrochloride were then dissolved in the filtered fluid and an injection into the 
HPLC system was made. The urine and plasma were refrigerated between uses. 

RESULTS AND DISCUSSEON 

Fig. 2 depicts a typical chromatogram of procarbazine utilizing the described 
HPLC system with electrochemical detection. Baseline separation was achieved 
between the parent compound and its only electro-oxidizable degradation product, 
III. By spiking samples of procarbaxine hydrochloride with various amounts of III, 
it was shown that good resolution was retained even with very large amounts of III 
present (Fig_ 3)_ 

Since a large portion of the procarbazine hydrochloride dosage is rapidly 
converted &r viro to several metabolic products, detector sensitivity is critical for the 
determination of parent compound; Clinical report+’ have indicated that typical 
amounts of unchanged procarbazine found in human blood and urine are in the 
region of a few to several hundred ng per ICI ~1. Oliverio et al.’ reported that the 
method using multiple chloroform and aqueous extrnctions followed by W spec- 
troscopy yielded accurate results for procarbazine concentrations greeter than 
100 ng/lO ~1. Utilizing HPLC with electrochemical detection, amounts below 
100 n&LO ~1 can be precisely and routinely determined. 

The precision of the electrochemkal detector response to procarbazine was 
determined by making a number of sample injections at the 70-80 ng procarbazine 
level and measuring the resulting peak heights. A relative average deviation of 
f 1.8 % and a relative standard deviation of 62.3 % were obtained (Fable I). Replicate 
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Two drawbacks of&e carbon paste ekctrochemicd deteaor should be noted. 
Fii organic soiven~~, especially if greater than 20% of tke mobiIe phase, tend to 
degrade Ehe carbon paste rapidly. Evefi w&k the sy3em in this report (IO % mdkanol), 
changes in the electrode response were noted after a few days ofuse. Dairy resurfacing 
of the eiearodc_(a quite sin@e task mpiring abont 2 min) eliminated tb.is problem 
Second, tke_cahon paste e&x&ode was ratker slow to attain a constane background 
(zlrrenz; equ.iGbration of &is ctlrrent reqired from several minutes for CM in 
flow-rate to several kowis for daily starr-up at kigk semtivity se#ings, 

Since tke completion of &@s work, ag ekx%r~kemicaI detedor witk a~ ghsy 
c&on elec&ode, similar in design and -&ectrockemigal ~&pmse as tke catbaa paste 
detector but relatively free of tke above-mentioned problegs, has been CQ~ 



isxtiodd fBiodytical Systems). Glassy carbon electrodes are more stable to noa- 
aqueous so&eats aad equilibrate considerably more rapitiy with solvent changes, 
&w-rate changes and daily swt-up. 

The method dczscriw permits the rapid dete rmination ofpmcarbazine hydro- 
cbioride in buffer solution, plasma or uiue down to 2 ng on-coIumn_ The elcctro- 
chemiciI detect& exbiiits linear response to concentration and good precision at the 
nanogrvn level and demonstrates superior sensitivity (factor of 20) to a 254-nm W 
cfetecfor. The excdent resohtion and selectivity futures of the eIectrochemicaI 
detector snini&z or, in some cases, eliminate the pretreztment of biological samples 
prior to chromatography. 
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