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SUMMARY

A rapid, sensitive and specific high-performance liquid chromatographic (HPLC) assay
was developed for the determination of 8-chloro-6-(2-chlorophenyl)-4H-imidazo-[1,5-a]-
{1,4] -benzodiazepine-3-carboxamide [I] and its 4-hydroxy metabolite, 8-chloro-6-(2-
chlorophenyl)4-hydroxy-4H-imidazo-[1,5-a]{1,4]-benzodiazepine-3-carboxamide [II] in
whole blood, plasma or urine. The assay for both compounds involves extraction into
diethyl ether—methylene chloride (70:30) from blood, plasma, or urine buffered to pH
9.0. The overall recoveries of [I] and [II] are 92.0 = 5.4% (S.D.) and 90.3 = 4.9% (S.D.),
respectively. The sensitivity limit of detection is 50 ng/ml of blood, plasma, or urine using
a UV detector at 254 nm. The HPLC assay was used to monitor the blood concentration—
time fall-off profiles, and urinary excretion profiles in the dog following single 1 mg/kg
intravenous and 5 mg/kg oral doses, and following multiple oral doses of 100 mg/kg/day of
compound [I].

INTRODUCTION

The compound 8-chloro-6-(2-chlorophenyl)-4H-imidazo-[1,52][1,4]-ben-
zodiazepine-3-carboxamide, [I] (Fig. 1), svnthesized by Walser and co-workers
[1,2], is 2 member of the imidazo-1,4-benzodiazepine class of compounds
undergoing evaluatlon as anxmlytlc agents [3]. It is structurally analogous to
mldazolam, a water squbIe mudazo-l 4-benzod1azepme in clinical evaluation
asa preoperatwe anesf.hesxa inducing agent [4,5] .-

Studies on .the biotransformation of '4C-labeled [I] by the dog [6], in-
dlcated that the compound was metabolized by hydroxylatlon producing the
4—hydroxy compound 8-chloro-6-(2-chloropheny1)-4-hydroxy—4H imidazo- [I -
a] [1 4] benzod1azepme-3-ca.rboxam1de [II], as the major pIasma metabolite
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Fig. 1. Chemical structures of compounds {1}, [II], and [TII].

(Fig. 1). Electron-capture gas—liquid chromatography (EC—GLC) used in
the determination of midazolam [7] was not applicable to the analysis of
[I] at low concentration due to poor precision and reproducibility. The pres-
ence of the carboxamide group in the molecule adversely influences the chro-
matographic behavior of the compound by EC—GLC.

High-performance liquid chromatography (HPLC) was investigated and
resulted in the development of a rapid, sensitive and specific assay for the
determination of compounds [I] and [II] in blood, plasma or urine. The
method presented herein determines compounds [I] and [II] by normal-phase
HPLC using their ultraviolet (UV) absorbance at 254 nm for quantitation. The
analogous compound, 8-chloro-6-(2-chlorophenyl)-4H-imidazo-{1,5a][1,4]-
benzodiazepine-3-carboxamide-5-oxide, [III] (Fig. 1) is used as the internal
standard. The HPLC assay was used to monitor the blood concentration—time
fall-off profiles, and urinary excretion profiles in the dog following single 1
mg/kg intravenous and 5 mg/kg oral doses, and following multiple oral doses
of 100 mg/kg/day of compound [I].

EXPERIMENTAL

HPLZC analysis of compounds [I] and [II] in blood or plasma

Column. The column used was a 0.25 m X 4.6 mm I.D. stainless-steel col-
umn containing 10-.um Partisil silica gel, generating 32,200 plates/m (What-
man, Clifton, NJ, US.A.). )

Instrumental Pparameters. A Waters Model ALC/GPC-204 high-performance
liquid chromatograph equipped with a Model 440 absorbance detector, oper-
ated at 254 nm, a Model M6000A solvent delivery system and a U6K injector
was used. The isocratic mobile phase used was methylene chloride—methanol—
ammonium hydroxide (96:3.85:0.15) at a pressure of 6.2 MPa-and a constant
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Fig. 2. Chromatograms of HPLC analysis of diethyl ether—methylene chloride extracts of
(A) control dog blood, (B) dog blood following chronic oral dosing of a 100 mg/kg/day, (C)
authentic standards recovered from control dog blood, and (D) authentic standards added
to the residue of control dog blood.

flow-rate of 2.1 ml/min. Under these conditions, the retention times of com-
pounds [I}, {II] and [III] were 5.1, 3.4 and 6.4 min, respectively, with capac-
ity factors (k') of 2.10, 1.05 and 2.85 for compounds [I], [II], and [III],
respectively (Fig. 2). The UV detector sensitivity was 2-10? a.u.fs. and the
chart speed on the 10-mV Hewlett-Packard recorder (Model No. 7132A) was
1.25 cm/min. Under these conditions 100 ng of [I], 60 ng of [II] and 140 ng
of [III] per 10 ul injected gave nearly full scale pen response. The minimum
detectable amount of [I] or [II] is 50 ng/ml of blood, plasma or urine.
Analytical standards. Compound [I] (C,sH,.Cl.N,O, M.W. =371.23, m.p. =

300°C), compound [II} (C,sH,,Cl,N,O,, M.W. = 387.24, m.p. = 304—307°C),
and compound [HI] (C,zH;.Cl.N,0., M.W. = 387.22, mp. = 286—288°C) of
pharmaceutical grade purity (> 99%) are used as analytlcal standards.

. _Prepare stock solutions of compounds [I], [II] and [III] in separate 10-ml
volumetric flasks by dissolving 10 mg.of each compound in 1 ml of methanol
followed by 1.ml of mobile phase (see Reagents). Sonicate if necessary for 15—
30 min for complete solubilization and dilute to volume with mobile phase.
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These stock solutions (containing 1 mg/ml) are used to prepare the following
mixed standard solutions by suitable dilutions in the mobile phase to contain
the following amounts as indicated below:

Standard Concentration (ng per 100 ul)
solution  r™ 771 [WI] (internal standard)

50 50 1400
100 100 1400
40C 200 1400
800 400 1400

1000 600 1400
— — 1400

HEgQW R

Aliguots (10 ul) of solutions A—E are injected to establish the HPLC param-
eters using the UV detector at 254 nm. Aliquots (100 ul1) of the same solutions
are evaporated to dryness, the residue dissolved in 0.1 ml of methanol and re-
constituted in 1 ml of control blood, plasma or urine as the processed standard
calibration curve for the determination of the concentration in the unknowns.
The determination of percent recovery requires that the processed standards
be compared to authentic standards (100 ul of standards A—E) which have
been added to the residue of extracted control blood, plasma or urine, to
constitute the external standard curve. This is necessary due to a chromato-
graphic enhancement effect which compounds [I], [II] and [III] exhibit; i.e.
the peak height response is 10—20% greater when the compounds are chro-
matographed in the residue of biological extracts, than when chromatographed
as pure standards.

A separate stock solution of the internal standard [III] containing 1 mg/ml
of methanol is diluted in methanol to yield a working solution F containing
14 pgfml, 100 pl of which are added only to the unknown blood or plasma
samples. It is not added to the unknown urine samples due to an interfering
peak whose retention time is close to that of compound [III]. Therefore, cal-
culations in urine are carried out using the direct calibration technique which
is discussed under Calculations.

Calibration of compounds [I], [II] and [III] by HPLC. Calibration (ex-
ternal standard) curves of the peak height ratio of [I] to [III], and [II] to
[III] vs. concentration of [I] and [II] per 100 gl of mobile phase are con-
structed. Fresh calibration curves of the external standards and of the pro-
cessed recovered standards are prepared for each day of analysis to establish
the reproducibility of the HPLC system.

Reagents. All reagents must be of analytical reagent grade (> 99% purity).
Potassium phosphate buffer, 1.0 M, pH 9.0, is prepared by dissolving 174.18
g of K;HPO, in 1 1 of distilled deionized water and titrating to pH 9.0 with
1.0 N hydrochloric acid. Mix well and check final pH with a pH meter. Diethyl
ether—methylene chloride (70:30) is the extraction solvent and a mixture of
methylene chloride—methanol—ammonium hydroxide (96:3.85:0.15) is used
as both the mobile phase for HPLC analysis and the solvent for preparing
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calibration standard solutions of compounds [I], [II] and [III]. Diethyl ether
(absolute), opened for no more.than five days was purchased from Mallinck-
rodt (St. Louis, MO, U.S.A.); methylene chloride and methanol from Burdick
and Jackson-Labs. (Muskegon, MI, U.S.A.); hydrochloric acid and ammonium
hydroxide from J.T. Baker (Phillipsburg, NJ, US.A.). A 1% aqueous solution
of Prosil-28 (P.C.R. Research Chemicals, Gainesville, FL, U.S.A.) is used for
siliconizing all the glassware used in the assay.

Analysis of blood or plasma

The flow diagram of the extraction procedure is shown in Fig. 3.

Into a 15-ml siliconized conical centrifuge tube (PTFE No. 13 stoppered),
add 1400 ng of compound [III] (100 ul of solution F) as the internal standard,
0.2 ml of distilled deionized water, 1.0 ml oxalated whole blood or plasma,
2.5 ml of 1 M phosphate buffer, pH 9.0 (mix well), and extract with 8 ml of
diethyl ether—methylene chloride (70:30) by shaking for 15 min on a recip-
rocating shaker (Eberbach, Ann Arbor, MI, US.A.) at 80—100 strokes/min.
Along with the samples, run six 1.0-ml specimens of control blood or plasma
(one used as a control blank and five to be used for the preparation of ex-
ternal standards) and five 1.0-m! specimens of control blood or plasma con-
taining 0.1 ml of standard solutions A—E (equivalent to 50, 100, 400, 800, and
1000 ng of [I], 50, 100, 200, 400 and 600 ng of [II], and 1400 ng of [III]
(internal standard) per 1.0 ml of blood or plasma). Centrifuge the samples at
2500 rpm (1500 g) in a refrigerated centrifuge (Model PR-J, rotor No. 253,
Damon/IEC, Needham, MA, U.S.A.) at 5°C for 10 min and transfer a 7.0-ml
aliquot of the upper organic layer into another siliconized 15-ml conical centri-
fuge tube. Evaporate the organic layer to dryness at 45°C in a N-EV AP evapo-

1.0mt BLOOD or PLASMA
+
1.4 g REFERENCE STANDARD HI
+
25m! 1M PHOSPHATE BUFFER, pH9

Extract with 80ml
Diethyl Ether—Methylene
Chlaride (70:30)

ORGANIC AQUEQUS
(7.0ml aliquot) DISCARD

Evoporate

DISSOLVE RESIDUE IN
100 u! METHYLENE CHLORIDE —
METHANOL-AMMONIUM HYDROXIDE
(956:3.85:0.15)

10,1

HPLC

Fig. 3. Flow diééra%n of the ex&acﬁon procedure for coﬁxpoﬁnﬂs [I1, [XI], and [INI] from
blaod or plasma. .
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rator (Organomation Assoc., Worcester, MA, U.S_A.) under a stream of clean,
dry nitrogen. Dissolve the residue in 100 ul of mobile phase [methylene chlo-
ride—methanol—ammonium hydroxide (96:3.85:0.15)] and inject a 10-ul
aliquot into the liquid chromatograph. Typical chromatograms of blood ex-
tracts are shown in Fig. 2. The analysis of urine is identical to that for blood or
plasma except that the addition of the internal standard [III] to the unknowns
is omitted.

Calculations

The peak height ratio of [I] or [II] to [III] of the respective processed
standards recovered from blood or plasma is determined and plotted graphical-
ly vs. concentration (ng/ml of specimen) to establish the calibration curve.
Similarly, the peak height ratio of [I] or {II] to [III] in the aliquots of the
respective blood or plasma unknowns injected is also determined. The con-
centrations of [I] and [II] in the unknowns represented by their peak height
ratios are interpolated directly from their respective standard curves, because
the recovery factors, and therefore the peak height ratio of [I] or [II] to [III]
remains constant, irrespective of the sample aliquot injected. Thus, concentra-
tion {ng) in the unknowns interpolated from the processed standard curve =
ng [I] or [II] per 1.0 ml of blood or plasma.

If, however, the peak due to the internal standard [III] is either diluted out,
due to high concentration (> 10 pg) of [I1 or [II] in blood or plasma, or in
urine where it is omitted, then the direct calibration technique must be used
whereby a calibration curve of peak height of the recovered standards of [I] or
[II] vs. concentration (ng/ml of specimen) is plotted and used for the quantita-
tion of the unknowns. The amount of [I] or [II] per aliquot of the unknown
sample injected has to be corrected for the total volume of the sample and the
recovery factor for each compound.

RESULTS AND DISCUSSION

A sensitive and specific HPLC assay was developed for the determination
of compound [I] and [II] from 1 ml of blood, plasma or urine using UV
detection at 254 rnm for quantitation. This method enabled the rapid and
accurate quantitation of compounds [I] and [II] for routine analysis of the
large number of samples obtained during pre-clinical pharmacokinetic and
toxicological studies. The major UV absorption bands of compounds [I], [II],
and [III] occur at 215—220 nm and 255—260 nm, and are shown in Fig. 4.
The Waters Model 440 absorbance detector used in conjunction with a 254-nm
wavelength kit and a medium-pressure mercury lamp, allowed for quantitation
of [11, [II], and [III] in the nanogram range.

Normal-phase (adsorption) HPLC analysis is the method of choice, since it
is a simple threestep operation which involves selective extraction, sample
concentration, and direct analysis by HPLC which ensures optimum resolution,
peak symmetry and sensitivity of compounds [I], [II] and [III]. The shorter
retention time of compound [II] with respect to that of compound [I] is
probably due to intramolecular hydrogen bonding between the amide and
hydroxyl group in [II] making it apparently less polar than [I]. Reversed-phase
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Fig. 4. UV absorption spectra of 5 ug/ml solutions of compounds {I], [H], and [II] in
methanol.

HPLC was not practicable due to poor resolution between [I] and [II], and
poor peak shape which adversely affected the sensitivity and quantitation of
both compounds.

Compound [III] which is the N-oxide of [I], was chosen as the internal
standard in the assay, due to its similar extraction and chromatographic behav-
ior as compounds [I] and [II]. Compound [III] has not been identified as a
metabolite of [I].

Recovery, sensitivity limits and statistical validation of the HPLC assay

The overall recoveries of compounds [I] and [II] from blood, plasma or
urine are of the order of 92.0 + 5.4% (S.D.) and 90.3 £ 4.9% (S.D.), respective-
ly. The sensitivity limit of detection of [I] is 50 * 5.3 ng (S.D.) and for [II]
is 50 £+ 1.7 ng (S.D.) per ml of blood, plasma or urine, using UV detection at
254 nm.

The intra-assay variability of [I] over the concentration range of 100—1000
ng/ml of blood showed a mean coefficient of variation of 1.5% while that for
[II] . over the concentration range of 100—600 ng/ml of blood was 2.3% (Table
IA). The inter-assay variabilities of [I] and [II] showed mean coefficients of
variation of 2.6 and 2.3%, respectively (Table IB).

Application of the method to biological specimens

The HPLC method was used to determine the blood concentration—time
fall-off profiles and urinary excretion profiles in the dog following single 1 mg/
kg intravenous and 5 mg/kg oral doses of compound [I]. The blood concentra-
tion of compound [I] following the intravenous administration ranged from
0.99 pug/ml at 1 min to 0.11 pg/ml at 30 h (Table II). Following oral adminis-
tration (5 mg/kg) a peak concentration of 0.37 ug [I] per ml was observed at
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TABLEI

STATISTICAL EVALUATION OF THE HPLC ASSAY

ForA,n=4;forB,n=3.

Compound Amount added Amount found Coefficient of
{ng) (ng + S.D.) variation (%)
A. Intra-assay variability
{1} 100 946+ 28 2.9
400 4033+ 40 0.9
800 8145+ 7.1 0.9
1000 987.6 = 11.1 1.1
i Average = 1.5
[aj 100 96.8+ 3.0 31
200 197.7+ 2.0 1.0
400 4126 + 14.1 34
600 5929 =+ 10.1 1.7
Average = 2.3
B. Inter-assay variability
[1] 100 101.8+x 6.4 6.2
400 393.4 + 10.4 2.6
800 811.7+ 8.1 09
1000 993.1 = 5.7 0.6
Average = 2.6
o} 100 104.2+ 435 4.3
200 191.7+« 6.7 3.5
400 4027+ 42 1.0
600 600.0x 14 0.2

Average = 2.3

0.5 h (Table II), with drug concentrations measurable through 10 h. Compound
[II] was non-measurable following either single-dose administration of com-
pound [1].

The urine concentration of directly extractable (unconjugated) [I] was non-
measurable in the two dogs following the 1 mg/kg intravenous administration
(0—48 h), whereas following the 5 mg/kg oral dose, urinary excretion of direct-
ly extractable parent drug [I] accounted for 16.3% of the dose in one dog, and
2.1% of the dose in the second dog (Table III). The metabolite [II] was non-
measurable in all cases. Attempts at measuring the conjugated fraction of [I]
and [II] were hampered by extracted endogenous impurities.

The assay was also used to monitor the blood concentrations of compounds
{I1 and [II] following multiple oral dosing in the dog (Table IV). Blood
specimens were obtained from six dogs at 1, 3 and 6 h on day 15, following
consécutive daily doses of 100 mg/kg of compound [I]. The maximum con-
centrations of compound [I1 occurred at.1 h and ranged between 0.10 and
0.25 ug/ml of blood. Compound [II] was measurable at every time point with
maximum concentrations occurring at. 3 h, except for dog A, whose maxima
occurred at 1 h. Maximum concentrations of compound [II] were consistently
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TABLE II

CONCENTRATIONS OF COMPOUND {I] IN DOG BLOOD FOLLOWING THE ADMINIS-
TRATION OF INTRAVENOUS AND ORAL DOSES OF COMPOUND ({1}

Time Concn. (ug [I] per ml of bload)

Intravenous Oral
Dose 1 mglkg Dose 5 mglkg

1 min 0.99 N.S.T*
2.5 min 0.87 N.S.T.
5 min 0.84 N.S.T.
10 min 0.83 0.13
15 min 0.74 N.S.T.
20 min 0.69 0.31
30 min 0.73 0.37
45 min 0.59 0.35
1h 0.47 0.33
15h 0.57 0.32
2h 0.58 0.31
3h 0.55 0.26
4 h 0.50 0.24
6h 0.32 0.16
8h 0.31 0.12
i0h 0.27 0.10
24 h 0.15 N.M**
30h 0.11 N.M.
48 h N.M. NM.

*N.S_T. = No sample taken.
**N_M. = Non-measurable (<50 ng/ml).

TABLE III

URINARY EXCRETION OF DIRECTLY EXTRACTABLE (UNCONJUGATED) [I] IN
TWO DOGS FOLLOWING INTRAVENOUS AND ORAL DOSES OF COMPOUND (I1

Excretion Percentage of dose excreted as directly extractable [I]

E?rwd (l,l) Dog A DogB
Intravenous Oral Intravenous Oral
Dose 1 mg/kg Dose 5 mg/kg Dose 1 mg/kg Dose 5 mglkg
0—24 ~ NM* 16.11 N.M. 2.05
24—-48 “NM. ) 0.16 N.M. NM.
Total -~ .. N.M. 16.27 N.M. 2.05 -

:‘fN,M. A=,Non-mea.surable (<50 ng/ml).
hlgher than those of compound [I] R a.nd ranged between 0.12 and 0.35 ug/ml
of blood. = - .

Gas ckmmatogmphm beimmor of [T ] o
Although ‘the sensitive and spemfic -gas chromatographlc analysm of the 1 ,4-
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TABLE IV

CONCENTRATIONS OF COMPOUNDS {I] AND [I} IN DOG BLOOD FOLLOWING
MULTIPLE ORAL DOSING FOR 15 DAYS

Dose: 100 mg [I]/kg/day.

Dog Time Concn. (zg/m! of blood)
k) [

1 0.15 0.23
A 3 0.07 0.22
6 NM* 0.13
1 0.10 0.08
B 3 0.07 0.12
6 0.05 0.10
1 0.13 0.16
C 3 0.07 0.18
6 N.M. 0.11
1 0.13 0.11
D 3 0.08 0.16
6 NM. 0.08
1 0.25 0.27
E 3 0.18 0.35
6 0.05 0.27
1 0.12 0.10
F 3 0.06 0.15
6 NM. 0.08

*N_M. = Non-measurahle (<50 ng/ml}.

benzodiazepines using electron-capture detection is well documented [8], it
was not applicable per se to the determination of [I] at low concentrations.
The EC—GLC assay developed for midazolam [7] was initially applied to the
determination of [I] which showed tailing on both OV-1 and OV-17 liquid
phases, albeit with intrinsic high sensitivity to electron-capture detection. The
chromatograms also indicated ghosting or memory effects on GLC analysis
probably due to adsorption in the system resulting in poor precision and
reproducibility especially at low concentration. The compound -also showed
adsorption losses on glassware which was circumvented by treatment with
Prosil-28®, a siliconizing agent. It was apparent that both derivatization of the
compound and clean up were necessary to improve its chromatographic behav-
ior. Since back extraction of benzodiazepines into acid from a biological ex-
tract is an effective means of sample clean up, this step was investigated. It was
noted that back washing the compound with dilute acid (0.1 N hydrochloric
acid) resulted in a sharp symmetrical Gaussian shaped peak with enhanced
electron-capture detector sensitivity (500 pg for full scale response at 0.5-10°°
A),on a 122 m X 4 mm L.D., 3% OV-17 column at 245°C, indicating some
form of rearrangement to a less polar moiety (Fig. 5). The authentic compound
gave a tailing peak with a 4 9-min retention time (Fig. 5, trace A) whereas the
acid-washed compound showed a sharper (Gaussian shaped) peak with a shorter
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Fig. 5. Chromatograms of the EC—GLC analysis of (A) authentic [I];(B) authentic [I] after
treatment with 0.1 N hydrochloric acid indicating a rearrangement product with a shorter
retention time; (C) authentic [I] extracted from blood, after dilute acid treatment, indicat-
ing a similar rearrangement product.

retention time of 4.5 min (Fig. 5, trace B), suggesting a rearrangement product.
Similar behavior was observed for the compound recovered from blood after
back extraction into acid (Fig. 5, trace C).

The partial ring opening of 1,4-benzodiazepines in dilute acids (e.g. 0.1 N
hydrochloric acid) due to hydrolysis of the 4,5-azomethine group to yield the
open ketone was demonstrated by differential pulse polarographic (DPP)
analysis [7,9]. Similarly the DPP analysis of [I] indicated that 50% hydrolysis
of [I] in 0.1 N hydrochloric acid was achieved in approximately 30 min, based
on the polarographic reduction of the 4,5-azomethine group [10]. At equilib-
rium approximately 70% of [I] is in the open ketone form. Although this reac-
tion is reversible upon-alkalination for most benzodiazepines [7,9], compound
[I}, however, after standing in acid, and then alkalinized (pH 7.0 or 13.0)
(which should undergo cyclization back to the expected- parent compound),
apparently undergoes a rearrangement to a new product, as indicated by a
greatly diminished polarographic reduction peak for the 4,5-azomethine group.
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These leads are under investigation for the development of a more sensitive
EC—GLC assay (potential sensitivity of 250—300 pg/ml) for future clinical
pharmacokinetic evaluation.
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