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1,3-Bis(2-chloroethyl)-1-nitrosourea (BCNU) is one of the more commonly
used nitrosoureas [1—-3], and has been shown to be effective in the treatment
of certain brain tumors [4]. There is, however, a paucity of information about
its pharmacokinetics and disposition in man, attributable partly to the lack of
specific and sensitive assays for BCNU in biological samples. In order to study
the pharmacokinetics of BCNU after intracarotid administration in patients, a
simple and specific BCNU assay sensitive enough to quantitate the drug well
into its terminal elimination phase was needed.

A spectrophotometric assay for BCNU was reported | 5], but this method
lacked sensitivity and specificity. Gas chromatography—mass spectrometry
[6] and chemical ionization mass spectrometry [7, 8] assays reported for
BCNU have the required sensitivity and specificity, but require sophisticated
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instrumentation, sample derivatization and/or labelled materials. A high-
performance liquid chromatographic (HPLC) method reportefi 'b_y Krull et al.
|9] called for a large sample volume, lacked adequate sensitivity apd used
phenytoin, a commonly co-administered drug to brain tumor patients as
internal standard. .

We present a simple, sensitive and selective assay for BCNU in plasmg using
reversed-phase HPLC. The assay is being used to study the pharmacokinetics
of BCNU in humans and monkeys following intracarotid administration.

MATERIALS AND METHODS

Reagents

BCNU was obtained from Drug Development Branch, NCI, (Bethesda, MD,
U.S.A.). Propyl paraben (PP) used as internal standard was purchased from
Sigma (St. Louis, MO, U.S.A.). Glass-distilled and certified HPLC-grade aceto-
nitrile was obtained from Burdick and Jackson Labs. (Muskegon, MI, U.S.A.).
Acetic acid (Fisher Scientific, Fairlawn, NJ, U.S.A.), diethyl ether
(Mallinckrodt, Paris, KY, U.S.A.), and ethyl alcohol (USPHS, SSC, Perry Point,
MD, U.S.A.) were all reagent grade. HPLC solvents were filtered using a
0.45-um filter (Millipore, Bedford, MA, U.S.A.) and degassed by applying
vacuum.

Apparatus

The chromatographic system consisted of a Spectra-Physics (Santa Clara,
CA, U.S.A.) Model 3500B solvent pumping system, equipped with a Schoeffel
(Kratos Instruments, Westwood, NJ, U.S.A.) Spectroflow 773 variable-wave-
length ultraviolet detector set at 230 nm. The analytical column was an Ultra-
sphere ODS reversed-phase column, 25 cm X 4.6 mm 1.D., 5 um particle size,
(Altex, Berkeley, CA, U.S.A.), and was preceded by a 7 ecm X 2 mm guard
column packed with Co:Pell ODS, 30—38 um particle size, (Whatman, Clifton,
NdJ, U.S.A.). The mobile phase was 35% (v/v) acetonitrile and 0.1% glacial
acetic acid in water. The flow-rate was 1.2 ml/min and the backpressure was 28
MPa.

Procedure

Blank control plasma was acidified by adding 4% (v/v) glacial acetic acid to a
final pH of approximately 4. Blood samples were cooled on an ice-bath as they
were drawn, they were centrifuged for 5 min at 2000 g while still cool. Plasma
was removed and acidified as above, mixed and stored on ice until frozen.

Plasma standards were made fresh in acidified plasma and samples were
thawed. To 0.5 ml plasma, treated as above, were added 1.68 ug of PP [in 5%
(v/v) ethyl alcohol in water] as internal standard. The mixture was vortexed for
5 sec and then 4.0 ml of 1.25% (v/v) absolute ethyl alcohol in diethyl ether
were added. The samples were mixed on an automatic shaker (Eberbach, Ann
Arbor, MI, U.8.A.) for 15 min and centrifuged at 2000 g for 10 min. The
ethyl alcohol—diethyl ether layer (top) was transferred to clean vials and
evaporated under a gentle stream of air at a temperature of 35°C to a dry
residue. The samples were then stored in the referigerator until assayed. This



498

residue was reconstituted with HPLC mobile phase, vortexed for 10 sec and
injected into the HPLC system.

BCNU was quantitated by comparison of peak height ratios of drug to
internal standard by means of a calibration curve. Calibration curves were
analyzed by a weighted least-squares linear regression (weight = 1/c¢?) [10].
Weighted regression analysis was utilized due to the wide range (two orders of
magnitude) of sample concentrations. Ianmo‘hfpd rpmrpeqmnq were found to be
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blased toward the h1gher concentrations w1th large errors associated with the
lower concentrations. The recoveries were determined by comparing absolute
ycak hclgubs of BCNU and PP with those of aguesus standards hqcutcd into the
chromatograph each day.

The stability of BCNU in frozen plasma (pH adjusted to 4) was determined
by freezing 0.5 mi of plasma standards II, V and VII (0.256, 2.07 and 34.7
ug/ml, respectively), With each curve done over the following month, one of
each standard was thawed and assayed. Similarly, the stability of BCNU in
refrigerated evaporated plasma extract was measured at the same three
concentrations. Plasma standards were extracted as above and refrigerated.
With each curve run over the next month, one of each standard was

reconstituted and assayed.
RESULTS AND DISCUSSION

Ethyl alcohol added to diethyl ether increased the recovery of BCNU.
However, above a certain concentration interferences also increased. The best
solvent for extraction was 1.25% ethyl alcohol in diethyl ether.

Fig. 1 shows representative chromatograms from plasma extracts. Fig. 1A
is a chromatogram of blank control plasma. Fig. 1B is of a spiked plasma
standard, 0.256 pg/ml with internal standard (PP). Fig. 1C is a patient plasma
sample drawn 5 min into a 45-min, 6 mg/kg BCNU nfusion. The concentration
of this peripheral vein sample was found to be 0.380 ug/mi.
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Fig. 1. Representative chromatograms. (A) Plasma blank; (B) spiked plasma standard con-
taining 0.256 pg/ml BCNU and internal standard, PP; (C) representative patient sample
following BCNU infusion (assayed and found to contain 0.380 ug/ml BCNU) with internal
standard.
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Preliminary studies indicated that the half-life of BCNU degradation in
plasma at 37°C and pH 7.4 was about 0.25 h [7]. Since nitrosoureas are known
to be more stable around pH 4 [11], the pH of the same plasma was adjusted
to 4. The half-life increased to 5.3 h at 37°C and pH 4. For this reason, and due
to the lack of interferences from adjustment of pH, acetic acid was used to
adjust all samples prior to assay to reduce degradation.

The in vitro stability of BCNU at pH 4 in frozen plasma and in refrigerated
evaporated plasma extracts was reasonably good. However, the frozen plasma
sample chromatograms had more noise. Also after being frozen at pH 4 for
more than two or three days the thawed plasma samples were gelled rather than
completely liquid. Although these cosmetic changes did not interfere with
the assay, sample storage as the refrigerated extract for more than two days is
preferred. Samples stored in this manner showed no appreciable loss of BCNU
for over a month, but analysis as soon as possible is recommended. Patient
samples without pH adjustment were frozen for five days and assayed. BCNU
was approximately 70% intact compared to the same samples adjusted to pH 4.

TABLE 1

INTER-DAY VARIABILITY

Standard 1 11 111 v \% Vi v VIII
Concentration (ug/ml) 0101 0 256 0.592 1.01 2.07 105 34.7 752
Observed
concentration (pg/ml) 0110 0 244 0448 1.22 2.05 12 0 43 2 701
0.0870 0.286 0631 0.928 182 12.3 37.4 71.4
0.128 0189 0724 1.05 1.77 13.7 42.7 59.1
0.0992 0.266 0.633 0.923 2.32 11.3 363 651
0 0991 0.272 0 556 1.05 2.12 10.5 366 71.1
Mean 0107 0.251 0.598 103 2.02 12.0 39 2 67.4
S.D. 0.0130 0.0380 0.103 0.121 0.225 119 342 527
CV. (%) 12.2 15.1 172 117 112 9.99 870 7.83

Mean C.V. =11.7%.

TABLE II

INTRA-DAY VARIABILITY

Standard II v vl

Concentration (ug/ml) 0.256 2.07 34.7

Peak height ratios 0.0430 0.371 4.45
0.0440 0.344 3.81
0.0402 0.388 4.83
0.0428 0.347 4.64
0.0473 0.359 3.98

Mean 0 0435 0.362 432

S.D. 0.00256  0.0181 0.419

C.V.(%) 5.90 5.01 9.70

Mean C.V. = 6 87%.
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Table I shows the inter-day variability of the assay over a two-week period
(n = b) as demonstrated by observed concentrations. Observed concentrations
were calculated by entering individual peak height ratios into the equation of
the line for the entire standard curve. The coefficients of variation (C.V.) were
consistent over the whole range of the assay and their mean was 11.7%.

Table II reports the intra-day variability of the assay at three concentrations
(0.256, 2.07 and 34.7 ug/ml) as demonstrated by a comparison of peak height
ratios (n = b); again the coefficients of variation were consistent over the whole
range of the assay, and the mean found to be 6.87%.

The slope of the calibration curve was 0.203 + 0.020 (ug/ml)~! (mean =
S.D.). The mean squared correlation coefficient (r*) was 0.97 and the mean
standard error for the slope was less than 10%.

The mean recoveries of BCNU ranged from 47.6 to 73.4% (58.9 + 9.74%,
mean * S.D.). The retention times were 13.8 min and 16.9 min for BCNU and
PP, respectively. The mean signal-to-noise ratio (S/N) for STD I (0.101 ug/ml)
was 11.0. Using a S/N ratio limit of 3.0 the assay sensitivity is at least 0.050
pg/ml.

The assay presented here has been shown to be selective and sufficiently
sensitive for use in pharmacokinetic analyses. Fig. 2 is a representative concen-
tration versus time profile from a patient receiving BCNU, 220 mg/m? over
45 min. The reliability and reproducibility are demonstrated by low
coefficients of variation for both intra-day and inter-day variability.
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Fig. 2. Representative patient BCNU concentration versus time profile following 387-mg
infusion over 45 min. Samples at 180 min and following were assayed by doubling sample
volumes.
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