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Imidazopyrazole [2,3-dihydro-1H-imidazo(1,2-6)pyrazole, NSC 51143,
IMPY1 is an investigational antineoplastic agent which selectively inhibits
DNA synthesis [1]. Pre-clinical studies have shown IMPY to have significant
anti-tumor activity especially against LI210 leukemia cells, including those
variants resistant to similar chemotherapeutic agents [2]. The suggested mech-
anism of action is inhibition of ribonucleotide reductase and in mice the drug
showed the capacity to synchronize tumor, bone marrow and duodenal crypt
cells in the S phase of the cell cycle [3]. Phase I clinical trials of this novel
agent have been initiated in children and adults with initial doses of 150 mg/
m?* body surface area [41, and an obvious need to collect early pharmacologic
disposition data exists.

A limited number of methods for determining IMPY in biological media
have been preliminarily reported, including liquid scintillation of radiolabelled
drug [5], radioimmunoassay [6] and electron-capture gas chromatography
(GC) [7]. The former two methods require reagents not readily available and
lack evidence of specificity, while the latter suffers from the lack of ruggedness
generally associated with electron-capture detection when applied to analysis
of biological specimens. We have recently reported a GC method employing
nitrogen-specific detection [8] which has been used in support of phase I
clinical and pharmacokinetic studies of IMPY in children. While this has
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proved sensitive enough to support phase I clinical and pharmacokinetic
studies of IMPY in children, the overall reliability and ruggedness of high-
performance liquid chromatography (HPLC) has prompted development of
the present method which has comparable sensitivity and improved repro-
ducibility.

EXPERIMENTAL

Chemicals and reagents

IMPY was obtained from the National Cancer Institute (Bethesda, MD,
U.S.A)) and used directly. The internal standard, 2,3-dihydro-l-benzoyl-
imidazo(1,2-6)pyrazole (¢-IMPY), was synthesized using a modification of a
known reaction [2] in which a two-fold molar excess of benzoyl chloride
(Gold Label;: Aldrich, Milwaukee, WI, U.S.A.) was added slowly to 10 ml of
a solution of 500 mg of IMPY in 2.5 N sodium hydroxide solution in an ice
bath. After standing for 10 min, this was heated at 50°C for 10 min then
cooled, and the resulting precipitate was separated and recrystallized three
times from methanol. The structure was confirmed by ultraviolet and infra-
red speciroscopy, nuclear magnetic resonance and GC—mass spectrometry.
The m.p. was 165—166°C. The structures of IMPY, ¢-IMPY and the penta-
fluorobenzoyl (PF¥FB) derivative of IMPY are shown in Fig. 1. Acetonitrile
was HPLC grade (Omnisolve; MCB, Cincinnati, OH, U.S_A), all other chem-
icals and solvents were reagent grade. Distilled water was purified by passing
it through a reverse-osmosis four-filter system (Millipore, Bedford, MA,
U.S.A)). Stock standard soiutions of IMPY were prepared in purified water
at concentrations of 10—100 pg/ml. Internal standard solutions were pre-
pared in methanol at a 100 pg/ml concentration. These were refrigerated at
4°C and found to be stable for several weeks.
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Fig. 1. Chemical structures of imidazole-pyrazole (IMPY, I), 2,3-dihydro-1-benzoylimidazo-
(1,2-6)pyrazole (¢£-IMPY, TI), and the derivatized drug (PFB-IMPY, III).

Chromatographic conditions and instrumentation
A Waters Assoc. (Milford, MA, U.S.A.) Model 202 liquid chromatograph
equipped with a Model U6K injector and a Model 440 UV detector was used
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for the analyses. Chromatography was performed on a 25 ecm X 4.6 mm I.D.
stainless-steel RP-8, 5 um, Ultrasphere (Altex, Berkeley, CA, U.S.A.) column
with an MPLC 3-cm, 10 um precolumn (Brownlee, Santa Clara, CA, U.S.A.).
The mcbile phase consisted of acetonitrile—water (45:55) at a flow-rate of
1.5 ml/min and a pressure of 71.4 bar. The separation was run at ambient
temperature at a wavelength of 254 nm.

Extraction procedure

To 1.0 ml of a serum sample or standard in a 15-ml centrifuge tube were
added 7 ml of dichloromethane, 50 ul of internal standard solution (5 ug of
#-IMPY), 2 g of sodium chloride and 1 ml of 1.0 A carbonate buffer, pH 10.5.
The tube was mechanically shaken for 30 min, centrifuged at 850 g for
10 min and the organic layer was filtered through Whatman No. 1 paper into
a clean tube containing 1.7 g of sodium sulphate. This was vortexed for 1 min,
allowed to stand for 10 min and the organic phase transferred to a tube con-
taining 5 ul of pentafluorobenzoyl chloride. This was heated at 50°C for 30
min and then 0.5 ml of methanol was added. The tube was again heated at 50°C
for 15 min to react the excess acylating reagent and then evaporated to dry-
ness under dry air at room temperature. The residue was redissolved in 2 ml
of dichloromethane and shaken with 5 ml of 1.0 M carbonate buffer, pH 10.5.
The organic layer was transferred to a 5-ml conical centrifuge tube, evaporated
to dryness under dry air and reconstituted in 50 ul of methanol; 5—20 ul were
injected into the liquid chromatograph.

Quantitation

Standard curves were generated over the range 0.1—20 pg/ml in serum and
IMPY concentrations were determined by calculating peak-height ratios of drug
to internal standard.

Mass spectrometric analysis

The structure of the derivatized IMPY was assessed using a gas chromato-
graph—mass spectrometer—computer system (Hewlett-Packard Model 5992B/
9825A, Santa Clara, CA, U.S.A.). GC was performed using a coiled glass col-
umn (1.2 m X 2 mm I.D.) packed with 3% OV-1C61 on 100—120 mesh Gas-
Chrom @ (Applied Science Labs., State College, PA, U.S.A.) operated iso-
thermally at 170°C with an injector temperature of 250°C. The instrument
was equipped with a jet separator and used a 70-V electron-impact ionization
source.

Rabbit pharmacokinetic studies

The procedure was used to analyze the in vivo disposition of IMPY ad-
ministered intra-arterially at doses of 250—1000 mg/m? to New Zealand
white rabbits. Serial blood samples were drawn from an indwelling ear artery
canula up to 12 h after drug administration. The plasma was immediately
separated from the cells and quick-frozen in a methanol—dry-ice bath (—68°C)
antil analyzed for IMPY.
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RESULTS AND DISCUSSION

Typical chromatograms from a human serum blank and spiked human
serum are shown in Fig. 2. Under the analytical conditions described, reten-
tion times for ¢-IMPY and derivatized IMPY were 3.5 and 6.9 min, respec-
tively. No significant interferences from extracted blank rabbit and human
serum were observed. Peak shape was generally symmetrical and allowed cal-
culation of IMPY concentrations from peak-height ratio measurement. Stan-
dard curves prepared from spiked human and/or rabbit serum were linear over
the range 0.1—20 ug/ml (r = 0.997). Between-run reproducibility and recovery
were examined over this working concentration range with typical coefficients
of variation in the 3—7% range (see Table I). The practical limit of sensitivity
from a 1.0-ml serum sample which produced a 3:1 signal-to-baseline-noise ratio
was 80 ng/ml. This is within the same magnitude as that reported in a gas
chromatographic electron-capture procedure [7] and in our own GC—nitrogen-
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Fig. 2. High-nerformance liquid chromatograms of (A) extracted serum blank and (B)
human serum standard spiked with 2.52 ug/ml IMPY and internal standard at an attenua-
tionof 0.02aufs.

TABLEI
RECOVERY AND BETWEEN-RUN VARIABILITY OF IMPY-SPIKED SERUM SAMPLES
IMPY added IMPY found n SD. C.V.
(ugiml} (ug/mi)
0.10 0.113 4 0.0044 3.9
248 242 4 0.065 27
7.23 713 4 0374 5.3
i2.25 11.96 4 01026 0.9
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Fig. 3. Serum time course of IMPY in a rabbit receiving a 250 mg/m? intra-arterial bolus
determined by GC analysis (¢) and by HPLC (e) analysis.

detection procedure [8]. The entire procedure reported here required about
" 4 h and allows analysis of 20—25 specimens per analyst per working day.

The present procedure and the nitrogen-detection GC procedure [8] were
compared by drawing and analyzing duplicate serum samples from a rabbit
receiving 250 mg/m> IMPY as an intra-arterial bolus. The comparative results
are seen in Fig. 3. The overall reliability of the HPLC procedure was betier in
our laboratory, probably due to the relative instability of the derivatized
bromo-IMPY, which is used as the internal standard in the GC procedure.
Between-run reproducibility was also substantially better in the present pro-
cedure.

The identity of the derivatized IMPY chromatography peak was confirmed
by collecting the appropriate mobile phase fraction and, following solvent
removal, subjecting the material reconstituted in methanol to GC—mass spec-
trometric analysis for comparison with authentic PFB-IMPY, which had been
prepared in our laboratory. These were identical and demonstrated a parent
peak at m/e 303 and a base peak at m/e 195, which corresponds to the pen-
tafluorobenzoyl fragment. Other characterlstlc peaks occurred at m/e 167,
108 and 81, as seen in the proposed fragmentation pattern in Fig. 4.

The pharmacokmetlc behavior of IMPY was determined in rabbits receiving
intra-arterial doses ranging from 250 to 1000 mg/m?. The serum time course
was followed up to 12 h and was fitted to a two-compartment open model
using the non-linear regression program AUTOAN/NONLIN [10]. The param-
eters derived for three animals.each, at the 250 mg/m ‘and 1000 mg/m? dose,
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Fig. 4. Proposed mass fragmentation of 2,3-dihydro-l-pentafluorobenzoyl-imidazo(1,2-6)-
pyrazole (I1I). See text for conditions.

TABLEII

PHARMACOKINETIC PARAMETERS FOR IMPY IN RABBITS FOLLOWING INTRA-
ARTERIAL BOLUS DOSES

Three animals were used at each dose level.

Paramster* 1000 mg/m?* dose 250 mg/m? dose
(mean * SDj (mean + S.D.)
a (min ') 0.105 = 0.074 021 + 014
B8 (min™) 0.007 = 0.002 0.008 + 0.003
fyg (min) 1098+ 249 87.9+ 23.0
E,, (min) 0.040 = 0.05 0.134: 018
k,, (min™) 0.043 = 0.03 0.048 = 0.052
k., (min™) 0.028 + 0.011 0.026 + 0.013
Vg (kg} 092+ 0.98 0.233 + 0.33
Va,,, (/kg) 331+ 192 2.27 = 0.37
Dose (mg) 237 + 26 50220

*Symbolism for pharmacokinetic parameters is that of AUTOAN [10].

are illustrated in Table II. There are at present no data from rabbit studies in
the literature to allow comparison. There has been a report by Malspeis et al.
[7]1 that IMPY, administered as an intravenous dose of 250 mg/m? to a single
dog, demonstrated saturability in its kinetics and that typical log—linear dis-
appearance was not observed until 2 h following the dose. The wide dose range
selected here was designed, in part, to examine whether this could be demon-
straied in rabbits. The data indicate widely varying parameter estimates be-
tween animals but do not suggest any non-linear kinetic behavior. More studies
are needed in animals and humans to examine this issue.

In our previous paper describing the GC—nitrogen-detection analysis of
IMPY, it was observed that the measured IMPY from a spiked serum sample
declined significantly if allowed to stand unfrozen for a few hours [8]. This
phenomenon was observed in the present procedure as well and all specimens
should be rapidly frozen after collection to avoid the introduction of error
caused by some unknown in vitro degradation of IMPY in serum.
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