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6-Diazo-59x0~I.,-norleucine (DON) is a glutamine antagonist and a potent 
inhibitor of Gasparagine synthetase [I., 2] and several I,-glutamine amidotrans- 
ferases concerned with purine biosynthesis [2,3] _ It has antitumor activity in a 
variety animal tumor system [4, 51. Although DON has been used clinically 
[I, 4,6], there has been no comprehensive study of the drug in man. Interest 
in DON has revived because of the effectiveness of the cIosely related azoto- 
mycin in cerWn types of cancer 17, S] and because of the hope that inhibitors 
of Gasparagine synthetase might prevent the development of CISIGXXI resistance 
to therapy with tasparaginase which has been linked to an increase in L-aspam- 
gine synthetase activity [Si. DON is currently being studied in Phase i clinical 
trials. 

Microbiological procedures have been reported for the measurement of DON 
in plasma and urine [5, 6 J . The& microbiological assays are sensitive but lack 
specificity and several endogenous intermediary metabolites have been shown 
to affect the degree of inhibition of microbial growth produced by DON [5]. 
We report a specific and sensitive assay for DON based upon the separation of 
the dansyl derivative of DON from-&her dansyl derivatives in plasma and urine 
by reversed-phase high-performance liquid chromatography (HPLC). 

EXPERIMENTAL 

One ml of rabbit plasma containing DON was mixed with 2 mi of 5 m&f 
dansyl chloride (5_dimethylaminonaphthalene-I-sulfonyl chloride; Eastman 
Kodak, Rocheser, N.Y., U.S.A.) in acetone. The mixture was incubated at 37” 
for 60 min in closed tubes and left at -20’ for 60 min. Fzecipitated proteins 
were removed by centrifuging at 10,000 g for 10 min at -10”. TVZO ml of the 
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suaew~t fluid were removed, frozen in a dry ice-acetone bath and lye- 
ph&ed. The residue was dissolved in 0.2 ml of 50% acetone in water aud 20 pi 
ta.ken for chromatography. Urine was treated in a similar manner except that 
the pH was first adjust% to 9.0. It w& not necessary to adjust the pE cf 
plasma. Reversed-phase chromatography was carried out on a C&onded Zor- 
bax RP-8 column (4.5 X 250 mm) (DuPont, VZhnington, Del., U.S.A.) with 
10% acetonitrile @urciick & Jackson Labs., Muskegon Mich., U.S.A.) in 0.01 IV 
sodium acetate buffer, pH 7.2 with a flow-rate of 1.7 ml/miu zmd a cohunn 
temperature of 55”. A HemiettPacka~ 10848 microprocessorcontro&d high- 
perfmmzace liquid chrcmatogmph and nriable wavelength UV detectorwere 

empioyed. Eiuting peaks were de+ated by their absorbmce at 254 run and 
peak areas integrated on z? Hew~ettPackard 79850B liquid chromatograph 
termind. 

A fogarithmic-ratio micro%ological assay for DON !LFing &&en’&&2 co&{ 
ACZ-C (supplied by Dr. W.J. Suling, Southern Research In&it&~, Birmingham, 
Aia., U.S.A.) as described by Cooney et al. 153 was employed for purposes of 
comparison. 

DON was administered to male New Zealand white rabbits, Beighting 2.5 to 
3 kg, hIto a marr ear vem over 30 sec. Blood was cohe&zd into hepmed 
tubes at various intervals from the other ear vein. Urine was co&&.ed from a 
catheter inserted into the bladder under light ketemine (Ketaject, Bristd Labo- 
ratories, Syracuse, N.Y., U.S.A.) anesthesia one hour prior to the study. 
The bladder was flushed at each collectiofi tith 5 ml sterile .sehne. Rabbits 
were placed in a metabohsm cage for the collection of 24h urine. Pharmaco- 
kinetic analysis of plasma drug levels was coF-ducted using the SAS NLIN 
non-linmu least squares regression analysis program [lo]. DON (NSC-7365) 
was supplied by the Division of Caucer Treatment, National Cancer Institute, 
Bethesda, Md., U.S.A., and stored desiccated at -20”. 

RESULTS AND IHSCUSSION 

The comiitions of dansylation described in Experimental were determined to 
_ be optimum for the formation of the dansyl derivative of DON in plasma and 
ur+& The dausyl derivative of DON was completily resolved from other dansyl 
derivatives in plasma as a peak eluting at approximately 30 min (Fig. 1). Dansyl 
chloride and less po$r dausyl derivatives were removed from the column by 
gradually ,_ increasing the acetonitrile in the solvent mixture to 100% over 
Z2 min. ThQ pticedure was necessary for consistent cohmm performance. The 
assay could..detect 1.0 ,ug DON per ml. A representative standard curve for 
DON added to .plasme z’s shown hr Fig. 2. Dan@ DON care a&o be detected 
fiuorometricalZy with an excitation waveleng&h of 340 run. DON was found to 
be relatively unstable in solution and ah biological samples were frozen after 
co&&ion aird assayed within 24 h. 

Plasma decay curves for DON following administration to rabbits at doses of 
400 and 600 mg/m2 .(23 and 34 m&kg) are shown m mg. 3 (the anticipated 
starting dose for the chaical study is 390 m&m’). The I-iPLC assay.g~e shghtly 
lower values for pIesma DON at later time points but o&erwise the two assays 
gave similar plasma decay curves. The bprer limit of detection of DON irr rabbit 
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Fig. 1. Chromatogram of rabbit plasma to which DON had been added to give a concentra- 
tion of 25 pg/mL The plasma was derivatized and chromatographed by reversed-phase HPLC 
es described in the text. The peak formed by DON is shaded and identified by D. The Lase- 
line under the peak is the chromatographic pattern of tile same plasma not containing DON. 

Fig. 2. Standard curve for DON in plasma deteermirred by reversed-phase HPLC. 
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Fig. 3. &sma levels of DON following the intravenous administration to rabbits of DON at 
doses of (A) 400 mgh’ (23 mg/kg) and [R) 600 mg/mf (34 mg/kg). 0, Determined by 
reversed-phase HPLC; 0, determined by the microbiological procedure. Ths Lines are the 
computer plots of the data: -, for the EiPLC data; - - -, for the miciobio!ogical data. 
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and human p’asma- by the microbiiogic& procedure was 1.0 &g/ml, a ~%?Wti- 
QT cm.qxm&~e to the HPLC asay. A-ring of&me bzcfxstit overg~~& inme- 
&My adjaamt to the c&k tu w&h the p&ma was apphe~J hmited the sen& 
tivity of the assay. This overgrowth did not occur with mouse plasma which 
was used for the development of the or&inaJ assay ]5]. The removeI ,of DON 
from the plasma treasured by the HBLC assay was biphasic with mem pfianna- 
cokinetie parameters of t#, 11.1 mill; TV,+’ 85.8 Inin; VD”, 2&i tijkj$ vj$?> 
880 ml/kg and a de-e of 5.3 ti/m.i~/kg tidy weight, Xo DON cstid be 
det?ebd in tie mine with either the chemical. or microbiologican assays. 

Cooney Ed & [Sj u&g 2 microbiological assay, reported a monoexponential 
de&ne in plasma DON with an apparent haIf-life of ca 30 min, following intra- 
petitmeal .zdG&&tiorr of DON to mice. Studies by Ma@ et al [S], using a 
microbiological assay, showed biexponential &ssa decay with a rapid distri- 
butive phase and a slower post-distibutive phase wi&h a haJ.fhfe of l-2 h in 

patients given DON intravenously. In the prosent study the agreement between 
+he plasma concentration of DON as determined by the HPLC assay specific for 
DON and the microbioIogicaI assay suggest that in the rabbit, metabohtes with 
growth inhibitory proper&s are no& present in large amounts in plasma or 
urine. A slowly e!uting peak (elution time ca. 52 min) was detected by the 
JXPLC assay. The area of tMs peak, which has yet to be identi&d, increased 
wi5h time. 

Separation of dansyl amino acids by HFLC has been reported on ion-ex- 
chance resin ill], polyamide 1121 I silica [13], and more recently reversed- 
phase media 1143. None of these methods has been applied to amino acids in 
biologiti &ids. With the method we have developed, dansyl DON ten be sepa- 
rated under &ocratic condirons from other d.ansyX derivatives including amino 
acids within reMiveIy short periods of time. 
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97273A and Grant 15063 F.F., N.C.I., N.I.H., and a grant from the Nation& 
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