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ABSTRACT

On irradiation with short-wavelength ultraviolet light, the potential memory-enhancing compound CL 275,838 (I) and its desbenzyl
derivative CL 286,527 (metabolite IT) are cleaved into the highly fluorescent derivative CL 228,346 (metabolite IV). This reaction was
exploited for the sensitive and selective detection of these compounds in human and animal plasma, after reversed-phase high-
performance liquid chromatography on a Supelco LC18 DB column (15 cm x 4.6 mm I.D.) at room temperature. The parent
compound and its metabolites were isolated from plasma constituents using the Sep-Pak C, ; Plus cartridge, with satisfactory recovery
(76-90%) and selectivity. The detection limits were ca. 1.25, 5 and 0.3 ng/ml for I, I and IV, respectively, using 1 ml of plasma. The
validation procedure, which includes analysis of multiple ascending calibration curves based on between-day values and replicate
analysis of quality contro} samples analysed with each standard curve, indicated acceptable precision and accuracy of the method
within the concentration ranges investigated, the overall coefficient of variation and relative error being less than 10%. The method was
successfully applied to plasma samples from healthy volunteers and animals after single of multiple doses of compound 1. Metabolites 11
and IV were detectable in plasma of all species, the former at higher concentrations than the parent compound and metabolite IV.
Together with the fact that metabolite II retains much of the parent compound’s biological activity in vive and in vitro, this suggests that
it may contribute to the pharmacological effects of compound I.

INTRODUCTION refs. 1-3 for reviews). One such agent is com-

pound CL 275,838 (I) or 4,5 dihydro-4-[[4-(phen-

Over the past twenty-odd years considerable
research effort has been expended on identifying
new agents capable of enhancing memory and
learning ability in animals, in the hope of devel-
oping more effective drugs for such therapies (see
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ylmethyl)-1-piperazinyl)acetyl]-7-[3-(trifluoro-
methyl)phenyl]pyrazolo[1,5-a]pyrimidine-3-
carbonitrile dihydrochloride, which is structural-
ly (Fig. 1) and pharmacologically unrelated to
any existing drugs with similar pharmacological
properties. The compound shows activity in ani-
mal models indicative of antidepressant activity
[4,5]. It is currently undergoing extensive clinical

1992 Elsevier Science Publishers B.V. All rights reserved



110

CF3 CF3

N CN 2HCL CN

//C\ / \ 7\ / N
o) CH,N NCH: 0 CHoN NH
2 2 2

_/ _/

(n (n)

CF3 CF3

NS
CN N CN

(1) (V)

Fig. 1. Structures of compound I and its metabolites II, IIT and
Iv.

trials to test safety and clinical efficacy. Measure-
ment of its blood concentrations is certainly help-
ful in such studies.

Compound I is rapidly and extensively bio-
transformed in all the species so far investigated.
Its biotransformation occurs by two initial major
pathways, the desbenzyl derivative CL 286,527
(metabolite II) and hippuric acid being the major
metabolites excreted in urine. Other urinary me-
tabolites include CL 273,352 (metabolite I1I), its
oxidized derivative CL 228,346 (metabolite 1V)
and CL 181,783 (metabolite V). In peripheral cir-
culation and tissues, however, most of the radio-
label was accounted for by metabolite II, with
quantitative differences between species [6]. This
metabolism occurs in human too [7]. Concentra-
tions of metabolite IT should thus be included for
measurement in any clinical studies of compound
I, and in this respect a selective and sensitive
chromatographic procedure for the simultaneous
determination of the parent compound and its
main metabolite would be advantageous.

Compound I has been quantitated in body
fluids not only by radiolabeling techniques but
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also by high-performance liquid chromatogra-
phy (HPLC) with either UV detection at 254 nm
[8] or post-column oxidation of the eluate to
form a derivative that can be measured by its flu-
orescence [9,10]. On account of the extensive bio-
transformation and tissue distribution of I, the
conventional HPLC-UV method, which includ-
ed measurement of metabolite 11, 1s not sensitive
enough to quantitate plasma concentrations of
the parent compound after therapeutic doses [8].
Adequate sensitivity was achieved using post-col-
umn derivatization or photolysis with fluores-
cence detection, but these methods did not in-
clude the measurement of the desbenzyl deriv-
ative 1I [9,10].

As part of the effort to develop the drug, we
have therefore set up a relatively simpie yet high-
ly selective HPLC procedure with fluorescence
detection, which is sufficiently sensitive to mea-
sure the plasma concentrations of compound I
and its metabolites IT and IV that might be met in
clinical studies. The procedure relies on solid-
phase extraction of the compounds, resolution
on a reversed-phase column and post-column
photolysis to convert the parent compound and
its main metabolite II into the highly fluorescent
derivative IV. The use of selective photochemical
reactors for post-column derivatization has been
recently reviewed [11].

EXPERIMENTAL

Chemicals

Compound I, its metabolites 4,5-dihydro-4-
[[1-(piperazinyljacetyi]-7-[3-(trifluoromethyl)-
phenyl)pyrazolo[1,5-ajpyrimidine-3-carbonitrile
D, 4,5-dihydro-7-[3-(trifluoromethyl)phenyl]-
pyrazolo[1,5-a]pyrimidine-3-carbonitrile  (III),
7-[3-(trifluoromethyl)phenyl]pyrazolo[1,5-a}-pyr-
imidine-3-carbonitrile (IV) and pyrazolo[l,5-a]-
pyrimidine-3-carbonitrile-4,5-dihydro-5-oxo-7-
[3-(trifluoromethyl)phenyl] (V) and the internal
standard (1.S.), 5-methyl-7-[3-(trifluoromethyl)-
phenyl]pyrazolo[1,5-a]pyrimidine-3-carbonitrile,
were of pharmaceutical grade, supplied by Amer-
ican Cyanamid Company (Pearl River, NY,
USA).



Stock solutions of compound I, its metabolites
and the 1.S. were prepared weekly in acetonitrile
at a concentration of 1 mg/ml. Standard solu-
tions (1 ug/ml) were prepared from stock solu-
tions by dilution with acetonitrile.

Acetonitrile for extraction was HPLC grade
and was obtained from Omnia Res (Milan, Ita-
iy). Other chemicais (methanoi, monosodium
phosphate, Farmitalia—Carlo Erba, Milan, Italy;
phosphoric acid, E. Merck, Darmstadt, Germa-
ny) were of analytical-reagent grade and were
used without further nurification
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Sample preparation

The sample preparation procedure was a mod-
ification of the previously developed solid-phase
extraction of compound I from human plasma
[9]. Briefly, the Sep-Pak C,g Plus (360 mg) car-
tridge (Waters Assoc., Milford, MA, USA) was
pre-wetted with 5 ml of acetonitrile, 5 ml of ace-
tonitrile—water (50:50, v/v) and 5 ml of distilled
water. Then 1-2 ml of human plasma or 0.2-1
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1.8.), were added, and the cartridge was washed
with 5 ml of distilled water, 5 ml of acetonitrile—

water (20:80, v/v), 1 ml of 0.01 M hydrochloric
acid (which allows the subsequent extraction of
the desbenzyl derivative II) and 0.35 ml of aceto-
nitrile. The compounds of interest were removed
by eluting the cartridge with 2 mi of acetomnitrite;
then evaporated to dryness in vacuo. The residue
was dissolved in 0.2 ml of the mobile phase and
centrifuged in Eppendorf polypropylene tubes at
12 600 g for 5 min, and the clean supernatant was
set in a sample tray for automatic m]ectlon and
ana]vcnr] l“x HPT
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tion with ﬂuorescence detection. A 190-ul sample
was used for each analysis.

Instrumentation

A Waters system equipped with a Wisp-712
sample processor and a Model 510 solvent-deliv-
ery system (Waters Assoc.) were used. A re-
versed-phase column (Supelco LC 18 DB, 15 cm
X 4.6 mm I.D., 5 ym particie size), maintained at
room temperature, and a Newguard RP 18 pre-
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pont, Santa Clara, CA, USA) were fitted. The
mobile phase was acetonitrile-methanol-0.1 M
NaH,P0,-0.02 M H;PO, (22:26:26:26) deliv-
ered isocratically at a flow-rate of 1.0 ml/min. The
mobile phase was filtered through a 0.45-um filter
and degassed under vacuum before use.

The column eluate was led into a photochem-
ical reaction unit “Beam Boost” (International
Chromatography Technology, Frankfurt, Ger-
many). Photooxldahcn was accomplished in a re-
action coil (10 m % 0.3 mm I.D.) made of an
inert fluorinated polymeric material and coiled
around the UV lamp (254 nm). The irradiation
time was 60 s. A Shimadzu RF 530 fluorescence
monitor was used at an excitation wavelength of
335 nm, and a Corning CS3-73 sharp-cut filter
(cut wavelength 416436 nm) was used in the
emission path. The detector was coupled to a C-
R6A  Chromatopac Shimadzu integrator
(A.STR.AN, Shimadzu) for the determination of
peak heights.

Validation procedur
Drug-free
compound
(2.5-100 ng/ml) and IV (0.31-12.5 ng/ml) were
analysed concurrently with each set of quality
control (QC) samples. Standard -calibration

curves were constructed by linear least-squares

plasma containing known amounts
d I (1.25-25 ng/ml), metabolites 1T

Q

pot
00 n

- regression analysis of the plot of the peak-height

ratios between the two compounds and the 1.S.,
against their concentrations in biological samples
(internal standard method).

The intra-assay precision across the working
range was checked by replicate analysis of QC
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sion was checked by preparing QC samples con-
taining small, medium and large amounts of the
parent compound and its metabolites at the start
of the validation study. With each day’s analysis,
these QC samples were assayed with standard
samples, and the calculated concentrations were
compared.

Daily standard curves with six concentrations
across the working range were measured in dupli-
cate, with QC samples injected between the two
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pound 1 and its metabolites in the QC and biolog-
ical samples were determined by interpolation
from the calibration curves using peak-height ra-
tios obtained from the samples.

Application

Studies in healthy human subjects. Plasma sam-
ples were obtained from male volunteers, aged
between 20 and 43 years and within 15% of nor-
mal body weight, with normal clinical and bio-
chemical profiles who received single (50- or 100-
mg tablets) and multiple doses (50 or 100 mg dai-
ly for two weeks) of compound I orally. Each
subject was given a full explanation of the pur-
pose of the study and signed an informed consent
form approved by the local ethical committee.
The study was conducted at Clinica Zucchi
(Monza, Italy). A venous blood sample was
drawn before (time 0) and at various times after
the first and last doses. During the multiple-dose
schedule “trough” blood samples were collected
before each morning dose on days 4, 7, 10 and 14.
Each sample was processed to produce plasma,
which was stored frozen (—20°C) until analysis.
Model-independent methods [12] were applied
for the pharmacokinetic analysis of the parent
compound and its metabolites.

Studies in animals. Compound 1 was adminis-
tered orally to male CD-COBS rats, weighing ca.
300 g (Charles River, Como, Italy), and male
beagles (11-15 kg) (S. Morini, S. Polo D’Enzo,
Italy) at the lowest doses used in long-term toxic-
ity studies (50 and 2 mg/kg for rats and dogs,
respectively). Blood specimens were obtained by
venipuncture (dog) or through a cannula previ-
ously implanted in the jugular vein (rat) at preset
times from 15 min to 24 h after administration of
compound 1.

RESULTS AND DISCUSSION

Fluorescence detection

Compound 1 (which shows no native fluo-
resence) is rapidly transformed by short-wave-
length UV radiation into a derivative, IV, which
can be measured by its strong fluorescence with
maximum emission at 416-436 nm [9]. The same
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reaction occurs under alkaline conditions, prob-
ably involving hydrolysis of the acyl group of
compound I at position 4 of the pyrazolopyrimi-
dine moiety, followed by oxidation of the prod-
uct of hydrolysis [10]. Similar photooxidation
and rapid reaction were seen for metabolites 11
and III, whereas V was apparently not converted
into any fluorescent species. This, and the fact
that the extraction characteristics of metabolite V
differed from the other compounds (see below),
precluded its simultaneous determination in hu-
man plasma. Metabolite 111, on the other hand, is
unstable, being converted spontaneously into 1V,
so this putative metabolite could not be deter-
mined either.

Chromatograms of the photolytic decomposi-
tion product of the parent compound and its pu-
tative metabolites using post- (A) and pre-col-
umn (B) photolysis and fluorescence detection is
shown in Fig. 2. The peak of the fluorescent me-
tabolite IV was identified on the basis of the chro-
matographic retention time of the authentic com-
pound.

Sample preparation and chromatography
A Sep-Pak C;s Plus cartridge was used to
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Fig. 2. Chromatograms of the photolytic decomposition product
of compound I (10 ng amount injected) and its metabolites I1 (10
ng), IV (2 ng) and V (50 ng) using (A) post- and (B) pre-column
photolysis and fluorescence detection. 1.S. = internal standard.



S. Caccia et al. | J. Chromatogr. 581 (1992) 109-117

clean up plasma samples. The parent compound
and its metabolites II and IV could be isolated
simultaneously on these cartridges by applying
the sample at physiological pH and using a dilute
hydrochloric acid solution and subsequent elu-
tion with acetonitrile. As mentioned above, how-
ever, this procedure precluded the simultaneous
extraction of the putative metabolite V (retention
time 14 min) because its recovery was so inconsis-
tent.

Under these conditions the overall mean re-
covery, determined by comparing the peak-
height ratios measured in extracts of human plas-
ma spiked with the parent compound (1.25-25
ng/ml) and its metabolites II (5-100 ng/ml) and
IV (0.31-6.25 ng/ml) with the peak-height ratios
for acetonitrile-diluted compound standards, was
76 £ 7% for compound I and 81 + 8 and 90 +
7% for metabolites II and IV, respectively, with
no significant dependence on concentration over
the range investigated. Results were similar in ex-
tracts of rat plasma (0.2-1 ml) and dog plasma
(0.5-1 ml), the recovery and selectivity both be-
ing relatively unaffected (data not shown).

Examples of chromatograms of extracts from
a drug-free plasma and plasma from a healthy
volunteer given 50 mg of compound I orally and
containing 3 ng/ml compound I, 18 ng/ml metab-
olite I and 0.4 ng/ml metabolite IV, are shown in
Fig. 3. Approximate retention times were 7.8 min
for metabolite 11, 16.5 min for compound I, 22
min for metabolite IV and 31.4 min for the L.S.
We observed no interfering peaks in several sam-
ples of drug-free plasma from healthy subjects
and patients. No interferences were found when
drug-free plasma spiked with all the four com-
pounds and some common anxiolytics (diaze-
pam, nordiazepam, flurazepam, chlordiazepox-
ide, oxazepam, buspirone), antidepressants (imi-
pramine, trazodone, fluoxetine), antipsychotics
(haloperidol, chlorpromazine, prochlorperazine)
and other drugs that might be administered to
elderly patients (propranolol, atenolol, cimeti-
dine, amiodarone, prazosin, flecainide) were
processed at concentrations typically encoun-
tered in clinical samples according to this proce-
dure.
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Fig. 3. Chromatograms of extracts from (A) drug-free plasma
and (B) plasma from a volunteer given a 50-mg tablet of com-
pound I and containing (24 h after dosing) 3 ng/ml unchanged
compound, 18 ng/ml metabolite II and 0.4 ng/ml metabolite I'V.
I.S. = internal standard (2.5 ng/ml).

Chromatograms of drug-free extracts from rat
plasma (A) and dog plasma (C) are shown in Fig.
4. As with human plasma, there are no peaks that
could interfere with analysis of the parent com-
pound and its main metabolites. Also shown are
chromatograms of the plasma extracts (1 h after
dosing) from a rat (B) and a dog (D) given com-
pound I orally; in both species the parent com-
pound (25 and 16 ng/ml in rat and dog, respec-
tively) was rapidly and extensively biotrans-
formed to metabolite 11 (45 and 46 ng/ml, respec-
tively) and to a lesser degree to metabolite IV (9
and 9 ng/ml, respectively).

Validation studies

The relationships between the peak-height ra-
tios of I, Il and IV to the 1.S. and the amount of
the compound added to plasma were always line-
ar, with a mean coefficient of correlation (r) ap-
proaching unity for the parent compound (r =
0.998 £+ 0.003, » = 6) and its metabolites II
(0.996 £ 0.005) and IV (0.998 + 0.003). The
slope of these curves, prepared over a period of
three weeks, ranged from 0.088 to 0.091 (mean
0.0890 + 0.0009) for the parent compound (aver-
age regression equation: y = 0.089x + 0.002),
0.150 to 0.154 (mean 0.1522 + 0.0021) for me-
tabolite II (y = 0.152x + 0.094) and 0.622 to
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Fig. 4. Chromatograms of extracts of drug-free plasma samples
(A, 0.2 ml; C, 0.5 ml) and plasma of rats and dogs treated with
compound I (50 mg/kg and 2 mg/kg, respectively) containing (1
h after dosing) 25, 45 and 9 ng/ml and 16, 46 and 9 ng/ml of the

parent compound and its metabolite IT and IV, respectively, in
the rat (B) and dog (D).

0.694 (mean 0.6578 + 0.0305) for metabolite 1V
(y = 0.658x + 0.031). The lower limit of quanti-
tation (the lowest concentration of the standard
curve that can be measured with acceptable accu-
racy and precision) was approximately 1.25, 5
and 0.3 ng/ml for I, IT and IV, respectively, using
1 ml of plasma. This limit can be reduced still
further (0.63, 2.5 and 0.15 ng/ml for the parent
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compound and its two metabolites, respectively)
by using 2 ml of plasma. At these concentrations
the coefficient of variation (C.V.) was 4.3% for
the parent compound and 14.6 and 5.6% for me-
tabolites II and IV, respectively. For all higher
concentrations the C.V. was less than 10% for all
compounds. Previous studies have established
that compound 1 is sufficiently stable in human
plasma for up to 24 h at room temperature and
up to three months at —20°C[10]. However, deg-
radation of I and IT occurs in rat plasma only 4 h
after storage at 23°C, indicating that the maxi-
mum time for handling rat samples at room tem-
perature should be limited to 2 h [8].

Human plasma QC samples containing the
equivalent of 1.25-25 ng/ml compound I, 2.5~
100 ng/ml metabolite II and 0.31-12.5 ng/ml me-
tabolite IV were assayed with each of the HPLC
chromatographic runs in support of this study.
The mean C.V. of intra-assay precision was 3.1-
6.2% for the parent compound and 3.2-8.2 and
3.8-5.9% for metabolites II and IV, respectively
(Table I). The mean C.V. of inter-assay precision
(Table II) indicate that the method had good re-
producibility, the C.V. being less than 10% at all
concentrations tested. The relative error (R.E.) of
these QC samples, (F — A4)/4 x 100, calculated
using the deviation of the concentration found
(F) from the nominal value (4), indicated inter-
assay variation from 0.8 to 6.4% from —1.6 to
1.6% and from 0.8 to 9.7%, respectively, for
compound I and its metabolites II and IV.

Clinical applications

The utility of the analytical procedure was es-
tablished by analysing plasma samples from
healthy male volunteers who received single and
multiple oral doses of compound I as tablets.
Mean plasma concentration-time curves of com-
pound I and its metabolites IT and IV after a sin-
gle oral dose of the drug (50 mg) are shown in
Fig. 5. Peak plasma concentrations (Cmax) Of
compound I were reached within 4 h of dosage in
all subjects (n = 10). The mean Cnax Was 21 ng/
ml but varied considerably between subjects
(from 3 to 45 ng/ml). The Cnax of metabolites II
and 1V ranged from 5 to 39 ng/ml (mean 18 ng/
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TABLE 1

SUMMARY OF QUALITY CONTROL RESULTS FOR COMPOUND I AND ITS METABOLITES 11 AND IV IN HUMAN
PLASMA FROM THE WITHIN-DAY VALIDATION STUDY

Results are mean and S.D. (n = 4).

Concentration added Concentration found Coefficient of Accuracy
(ng/ml) (ng/ml) variation (%) (%)

Parent compound

1.25 1.29 (0.08) 6.2 3.2
S 4.87 (0.17) 3.5 -2.6
25 24.85 (0.77) 3.1 -0.6
Metabolite IT
5 4,99 (0.41) 8.2 -0.2
20 20.02 (0.81) 4.1 0.1
100 99.11 (3.21) 3.2 -0.9
Metabolite IV
0.31 0.34 (0.02) 5.9 9.7
1.25 1.28 (0.05) 39 2.4
6.25 6.09 (0.23) 3.8 -26

ml) and 0.3 to 2.8 ng/ml (mean 1.5 ng/ml), respec-  16.4-49.9 h (mean 27.9 h) for the metabolites 11
tively. The plasma elimination half-life was in the  and IV.

range of 10.4-39.2 h (mean 18.4 h) for the parent Consistent with the elimination half-life, the
compound and 11.2-45.0 h (mean 20.2 h) and parent compound and its metabolites slowly ac-

TABLE 11

SUMMARY OF QUALITY CONTROL RESULTS FOR COMPOUND I AND ITS METABOLITES II AND IV IN HUMAN
PLASMA FROM THE DAY-TO-DAY VALIDATION STUDY

Results are mean and S.D. (n = 8).

Concentration added Concentration found Coefficient of Accuracy
(ng/ml) (ng/ml) variation (%) (%)

Parent compound

1.25 1.33 (0.10) 7.5 6.4
5 5.04 (0.34) 6.8 0.8
25 25.31 (0.92) 3.6 1.2
Metabolite 11
5 5.08 (0.43) 8.5 1.6
20 19.68 (1.47) 7.5 -1.6
100 102.15 (1.84) 1.8 2.2
Metabolite IV
0.31 0.34 (0.02) 5.9 9.7
1.25 1.26 (0.06) 4.8 0.8

6.25 6.06 (0.14) 2.3 —-3.0
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Fig. 5. Mean plasma concentration—time course of compound 1
(@) and its metabolites II (OJ) and IV (A) after oral adminis-
tration of a 50-mg tablet of compound I to ten healthy adult
male volunteers.

cumulated during chronic administration,
achieving steady-state concentrations (Css) with-
in four to seven days. Plasma Cj; values of metab-
olite I were, on average, four to five times those
of compound 1, although there was some inter-
subject variability in the metabolite-to-parent
drug ratio, as expected from the single-dose ki-
netic results (Table III shows the C, values in
healthy subjects given daily 50- or 100-mg tablets
of compound I for two weeks). Together with the
fact this metabolite retains much of the parent
compound’s biological activity in vivo and in vitro

TABLE 111

STEADY-STATE PLASMA CONCENTRATIONS OF COM-
POUND 1 AND ITS METABOLITES II AND IV IN
HEALTHY MALE VOLUNTEERS

Compound I was administered daily for two weeks as tablets.
Results are mean and S.D. (n = 95).

Dose Steady-state plasma concentrations (ng/ml)
(mg)
Compound I Metabolite II Metabolite I11
50 8.8 (6.1.) 404 (21.0) 0.7 (0.3)
100 229(5.2) 85.0 (15.6) 2.4(0.7)

S. Caccia et al. | J. Chromatogr. 581 (1992) 109—117

(T. Mennini and R. Samanin, personal commu-
nication), this suggests that it may contribute to
the pharmacological effects of compound 1. Me-
tabolite IV too has activity in vitro in some bi-
ological systems, but since it hardly reached 10%
of the parent compound Cy, it would add little to
the pharmacological action of compound 1. As
with centrally acting drugs in general [13], how-
ever, the contributions of each metabolite to the
central activity will depend not only on their in-
trinsic activity but also on the extent to which
they enter the brain compared with the parent
compound.

CONCLUSIONS

An HPLC procedure with post-column fluo-
rescence photolysis has been developed and vali-
dated to measure the plasma concentrations of
compound I and its metabolites II and IV that
might be met in monitoring and pharmacokinetic
studies. The method is selective and has detection
limits of 1.25, 5§ and 0.31 ng/ml for I, II and 1V
respectively, using 1 ml of plasma. The assay is
linear in the range of concentrations tested, with
mean C.V. and R.E. values generally below 10%.
The method may be applied to assay rat and dog
plasma in pharmacological and toxicological
studies, achieving substantially better sensitivity
than UV detection [8] and with some advantage
over the post-column derivatization technique
[11] (i.e. no mixing problems, less pump noise
and no need for an extra pump). Moreover, it can
be aplied to determine the brain concentrations
of these compounds, after appropriate homoge-
nization of the tissue (0.1 M hydrochloric acid,
data not shown). Although the chromatographic
run takes more than 30 min because four com-
pounds are separated isocratically, a sample
processor can be used to do the chromatographic
analysis overnight.
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