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SUMMARY 

A sensitive and specific electron-capture gas-liqtid~chrom&ographic (GLC-EZD) 
assay was developed for the determination of 8-chloro-6-(2’-fl~oropheayl)-l-rne~hyl-4H- 
imidazo(l,So)(1,4)henzodiazepine (I) or &chloro-l,4&xeth~~-6-(2’-fluorophenyl)-4H- 
imidazo(l,~a)(l,4)benzodiazepi.ne .(TI) in biood. The assay f&r both com~oumis invoEves 
m&ion into henzene-methykne chlotide (9:l)from blood buffered to pH 12.6.The 
overall recovery of I and II from blood is 86%-~5.0(S.D.) andthesensitivitylimitofde- 
tection is of the order of 2 to 3 ag of I or 11 per rniJJ.Xke of blood. 

The xn&r urinary met&o&e of I is 8chloro-6~2’-nuoroph~~-hydioxpmethyl- 
4K_imidazo(l,Sa)(l,4)benzodiazepine, (Lk) present 8s a glucuronide conjugate while 8- 
chioro-6-(2'-~~~ph~yl~-hydroxgl-l_(l~5u)(1,4)benzodiazepine,. 
(IB) and 8thloro-s-(2'-~uo~~enyl~y~o~-l_hyd(l,5~](1,4) 
benzodiazepine,(IC)areminormetaboli~.TfiemajormetaboliteIAis~~dintohen- 
zex-methylene-chloride(9:l)from uriue'buffered to pH 11.0 (after incubation with glu- 
curonidase-~Satase at ~E$5.0),andanalyzedbydifferentialpul~epolarography(DPP)in 
0.1 M phosphate buffer (p$X 31. The overall reamery of I.&is 84 f 3.0% (SD.) v&h a semi- 
tivity limit df 50 ng per n3i.W.iW of uiine. The metabolites of coinpound II have not as yet 
been elucidated. The GI&-ECD and.DPP assays we& applied to the dekrmination of 
blood LeveIs and urinary excretion indogsfollov&tgsing!e lOm&kgintravenousandoral 
doses of I and following single 6mg/kgintravenousand 10mg/kgoraldosesofD_ Blood 
&vek-of_ compound f Fe a+ eeuated in man following intxavenousinfusionofsingle 
1Omgdoses. 

IN’FRODUCFION 

The hnidam-1,4benzodiazepia=epines, Sxhloro-6-(2’-fl~orophenyL)-I-rnethyl-4H- 
imidazo(l,5a)(l,4)benxo~epine, (I)-maleate, and S-chloro-1,4-dimethyl-8- 
(2’-fhzo~ophenyl)-4H-imidazo(1,5a)(l,~)benzod&epine, (e)-hydrochloride are 
members ofa sqies of.th+ wa- soluble h~~odiazepine analogs synthesized by 

WprSer .-et: +I.: .[I1 ! Thgy @z of c&&al .iix@xest as anti~anxietg age,nts of short 
duration of activity. 
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TABLEI 

Compound ChemicalName __ Mw Ms. 

I 

IA - 

IB 

PC 

II 

III* 

Iv 

v** 

8-chloro-6-f2'-~uorophenyl)-l-nrethyl-4H-imidazo 
[1,5a][l,4]benzodiazepiue 
8-chloro-6-(2'-fhxorophenyl)-l-hydroxymethyl-4H- 
imidso[l,5a][l,4]benzodiazepine 
8-chloro-6-(2'-fiuoropheny?)4hydxoxy-l-me~hyl- 
4H%mi~[1,5a][l,4]benzod%zepine 
S-ehlcrna~2'-nuorophenyl~~y~~-l-hy~~e~y~ 
4H-imidau,[1,5a][l,4]benzodiazepiue 
8-cbloro-1,4-dimethyl-6-(2'-fluosopheny1)- 
[1,5a][1,4]benzodiizepine 
7-chloro-5-(2'-chlorophenpl)-1,3-dihydm-l-(2- 
dimethykminoethyl)-2H-1,4-benzodiazepin-2-one 
5-Aminomethyl-l-[4&oro-2-(2'-fiuorobenzoyl)- 
phenyll-2-methylimidazoledihydrochloride 
5-(l-Aminoethyl)-l-[4-shlom-2-(2'-fluorobenzoyl)- 
phenylj-2-methylimidazole 

325.77 152-154 

341.78 258-260 

341.77 i85-186 

357.78 238-240 

339.80 247-250 

(de==p.) 
376.29 178-180 

416.74 300-302 

430.77 

*'CampoundmisthereferencestandardintheGU=--ECDamay. 
**CompouudVhsnotasyetbeensynthesized. 

The_ chemical names and physical properties of I and its major metabolites 
and II are given in Table I, and their chemical structures are given -in Pig. 1. 
In vitro studies [2] on the biotransformation of I showed that the compound 
was mainly metabolized by hydroxykkion, producing significant amounts of 
the 1-hydroxymethyl, (IA) and smaller amounts of the Chydroxy (ID) and the 
l-hydroxymethyl4hydroxy (IC) analogs resp@dvely. The metabolites of 
compound II have not as yet been elucidated. The parent compounds I and II 
are amenable to rapid and sensitive electron-capture -quid chromatogra- 
phic (GLC) analysis from blood as previously demonstrated for other benzo- 
diazepines [3, 41. The assay employs OV-X as the liquid phase and a 63Ni 
ekctroncapture detector (ECD) used in conjunction with an electron-cap- 
ture hnearizer for the determination of I or II with nanogram sensitivity. The 
reference standard in the assay is 7-chloro-5(2’-chlorophenyl)-1,8dihydro- 
1-(2-dimethylanrinoe~yl~-ZH-l,4~~o~ep~-2~ne, III. 

The urinary excretion of I and its metabohtes, IA, IB and IC was determined 
- by GLC-ECD following enzymatic deconjugation and derivatization with bis- 

kimethylsilyl acetamide (BSA). The major urinary metabolite, IA, which is 
present in amour& far in excess of the minor metabohtes, was also detemined 
by differential pulse polarography (DPP). 

EXPERIMENTAL 

_GLC-ECD of I or Il in blood 
Cohmn conditions. The cohmui packing was a pm-tested phase containing 

3% OV-1 on 66-80 mesh Gas&nom :Q (Applied Science Labs.: State College, 
.’ 
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Fig.l.Chemicalstructuresofcompounds referredtokTabXeIandintst_ 

Pa, (U.S.A.) packed in a U-shaped, 4 ft X 4 mm I.D. borosilicate glass column. 
The glass cohnnn was treated before packing with a 1% solution of Siliclad 
(Clay-Adams, New York, N.Y. U.S.A.) for 10 min, thoroughly rinsed with 
distilled water and dried for at least 1 h at 100”. The packed column was con- 
ditioned at 325” under “no flow” conditions for 4 h and then at 265” for at 
least 18 h with a nitrogen flow-rate of 40 ml/n&~ 

Instrumental pmameters. A Tracer Model 222 gas chromatograph, equipped 
with a 63Ni ECD containing a 15 mCi 63Ni &ionization source wasused. Argon- 
methane (9:1), (Matheson Gas Products, East Rutherford, NJ. U.S.A.) was 
used as the carrier gas aqd the column head pressure was pre-set at 40 p.s.i.g., 
with a column flow of 65 ml/min and a detector purge of 20 ml/min. The 
temperature settings were as follows: oven, 225” ; injection port, 260” ; detec- 
tor, 325”. The conditions of flow-rate and column temperature must be ad- 
justed to obtain a retention time of 5.5-6 min for I or II. Under these con; 
ditions, the reference standard III has a retention time of 9.5-10.5 min. Typ- 
ical chromatograms for I.and III recovered from dog blood and human blood 
are shown in Figs. 2 and 3, respectively. Chromatograms for ZI recovered from 
dog blood are &n&r to those shown in Fig. 2. 

The ECD linearizer-Model114460 standing current was adjusted to ~0.5-10-g 
A, the relative pulse width was adjusted to 0.15 which corresponds to 0.75 psec 
and the attenuation was se& a& 16. The chart spe@ was 30 in. per hour and 
the time constant on the l.O-mV Honeywell recorder (Model 194) was 1 set 
(f-s-d.). -Under these conditions 2.0 ng of I, 2.4 ng of II, and 1.0 ng of III 
give neqrly ..fuH scale pen response. on the l.O-mV recorder. The ~minimum 
detectable amount of I or II is 2-3 @ml of blood. 
.;Prepamtbr? ofsfandardsol&z2ms. WeightoutlO.OO mgeachofthefieebase 
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Retention Time in Minutes 

I%& 2. (xuomafograms of (A) control dog blosd extract, (B) confrol blood extract cotitain- 
ii@ added authentic standards, and (C) authentic &a&a&s of &mpounds I: and III. 

of I or II and the reference standard III into separate IO-ml volumetric flask& 
Dissolve. in 2.0 ml of acetone and make up to volume with n-hexane. These 
stock solutions contain 1.0 mg/m.l and are used to prep&e serial -I:10 dih~tioris 
in acetone-n-hexane (1:4) to yield sohfidiis contitiniri~ I-tg/mL Combine 
suitable aliquots of these solutions to-prepare workir@ -standardS Containidg 
the following concentrations per 100 ~1 cif aceizoix&xz:h&n& ’ ‘- : 

(a) Fout sqandarc solutions for compound .I, conk: G5.0,~ X0:0; @iO 
dr 20.0 ng I, and 10.0 ng of III 100 pl of each solution (Stdi ‘a$- 2, 3. and .4, 
respectively j_ . . 

(b) -Four ~&an& solutidns for -cimpotid II: cOntainiBg: 6 6- -‘X2 0 :~18,0 
and 24.0 ng II and 10.0 ng of III 100 ~1 Of each (SW A, B; Cai;a’ D; k&&i- 
vely). .,: 2.:. _I 

‘: ALiquots (100 ~1) of each standard~tiltition- bf= &tl%+%-of -IX -am? tided 
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@e&y .to i&A (do not evagiorate skIvent) as ikernal standards for recovery 
determina@ons ‘-Snd for--the_ ~_on&uction of an internal standard curve from 
tihicir&& con&&ration-in-the &owns is determined by interpolation. 

AE&ots i (10: pJ) of each of the standard Solutions of either I oi 11 are direct- 
& analyzed: by GLC-ECD to establish the external calibration curve. 

Calibration of I. ~IIxmi .III by .GLC-EcD. A caJ.ibration .(external standard) 
&e of -the peak area ratios of I or 11 to III versus concent&ion of I or 11 
per IOil ‘ptl of acetones-hexane (X:4) is constructed. The external standard 
calibratitin] curve is -used to .&tablish the parameters for GLC-ECD analysis 
whiIe the recoveied internal standanls are used to prepare a calibration curve 
for thk quantitation of the concentration of I or II in biological specimens. 
The intermal &anckds must be run v&h each set of unknowns. 

Rktention Time ih ‘Minutes -. 
..: 

@ig_ 3_&ms& 
._ -_.. _ - 

oi(Ajconhl hum&n blood eska&,(B)controlbloodexkractcon- 
'j @ning add& authentic stamlards, (C)subject post-dose blood extract,ad (Dja~thentic 

-iihdsds ofcornpaandsIzmd~ 
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Reagenfs. All reagents -were of analytical. reagent grade (> 99% purity), 
and: allinorganic reagents were preparedin distilled, deionized water. 

Saturated. solution of Na3 PO,., (pH 12.6). Add 200 g of Na3 PO4 :12H~ 0 
to 500 ml of distilledwater and stir vigorously for 30 min. Allow the cry+ 
tsls to settle to the bottom of the container and remove the supemtit 
reagent asneeded. . 

The organic reagents ‘used -are mixtures of the following: benzene-methyl- 
ene chloride (9:‘1), the extra&ion solvent, benzene-acetone-methanol (17:2il) 
and acetone--n-hexane (1:4), the solvents for GLC-ECD analysis which are 
stored over anhydrous sodium s-ulphate. Benzene and methylene chloride are 
nanograde (Mallinkrodt, St. Louis, Ma., U.S.A.) and n-hexane is 99 moL% 
pure, ‘W301” from Fisher (Pittsburgh, Pa., U.S.A.). 

Extmction of blood. for the detertnination of I or II by GLC-ECD. Into 

a X-ml centrifuge tube (PTFE .stoppered), add 1.0 ml of whole blood, 2.0 
ml of pH 12.6 saturated N%PO, buffer (mix well), and extract with 8 ml of 
benzene-methylene chloride by shaking at 80-100 strokes per min for 15 
min on a reciprocating shaker (Eberbach Corp., Ann Arbor, Mich., U.S.A.). 
Along with the samples, run a specimen of control blood (taken preferably 
fEom the subject prior. to medication) and four specimens of control blood 
contaiuing either 100 ~1 of standard solutions 1, 2, 3, or 4 for compound I, 
or standard solutions A, B, 6, or D for compound II added as the respective in- 
ternal standards. Centrifuge the samples for 10 min at 15OOg in a refrigerated 
centrifuge (Damon/IEC Model PRJ, Needham, Mass., U.S.A..rotor No. 253, 
2400 rpm) at 5”, and transfer a 7.5~ml aliquot of the upper organic layer in- 
to a clean 15-ml conical centrifuge tube. Evaporate to dryness at 55” in a N- 
Evap Model N-07. evaporator (Grganomation Assoc., Worcester, Mass., U.S.A.) 
under a stream of clean, dry nitrogen. Vacuum dry the residues over Drier& 
pellets in a vacuum desiccator for 15 min to remove all traces of moisture 
and dissolve the residues in 100 ~1 of benzene-acetone-methanol (17:2:1). 
Inject a lo+1 aliquot for GLC-ECD analysis.. The peaks due to I or II and 
the reference standard III are identified by their respective retention times 
(Figs. 2 and 3). 

Calculations. The concentration of I or II in the unknows represented by 
their respective peak area ratios is interpolated directly from the blood re- 
covered internal standard curves in which the peak area ratios of either I or II 
to RI are plotted~graphically versus total concentration added per millilitre 
of blood. The absolute recovery of I or II is determined from the ratio of the 
slope value [peak area/ng] of the internal to that of the external standard 
curves. 

Andysis of urinary nwdabolites of I 
Intact I is not excreted in the urine. The major urinary metabolite of I is 

the 1-hyclroxymethyl analog (IA) (Fig. 1) which is excreted as a glucurouide 
conjugate. Trio ‘other minor metabolites, the 4-hydroxy analog, (II%) and the 
l-hydroxymethyl-4-hydroxy analog, (IC) are also excreted as glucuronide 
conjugates [2]. None of the above compounds are excreted in the free or 
unconjugated form. All three metabolites are extracted into benzene-meth- 
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ylene chloride (9:l) from urine buffered to pH 11.0 (after incubation with 
glucuronidase-sulfa- at pH 5.3), the residue of which is silylated with BSA 
in aostonitrile and analyzed by GLC-ECD. Since the l-hydroxymethyl metab- 
olite (IA) is present in concentrations far in excess of the other two minor 
metabolites, it can be more conveniently analyzed by DPP in O;l M pH 3.0 
phosphate buffer as the supporting electrolyte, using the reduction peak 
of the ezomethine group for quantitation. 

GLC--ECD ‘analysis. The parameters used in the assay in blood were used 
with the following modifications: column, 6- ft. X 4* mm ID.; borosilicate 
glass column containing 5% OV-1 on 100-120 mesh Gas-Chrom Q; oven 
temperature, 250” : column flow, 75 ml/min. The conditions of flow-rate 
and column temperature must be adjusted to obtain a retention time of 9.4 
min for compound I and 12.4, 13.5 and 16.7 min for the TMS derivatives of 
compounds .I& IB, and IC, respectively. No reierence standard is used in 
this assay, 

Standard solutions. The analytical standards required are given in Table I. 
Dissolve a weight equivalent to 10.0 mg (free base) of compounds I, IA; 

IB, and IC separately in 10 ml of methanol to yield stock solutions contain- 
ing 1 mg/ml. Make serial 1:lO dilutions of these stock solutions to yield work- 
ing solutions in the following concentrations: Std, 5, containing: 7 ng I, 7 ng 
IA, 4 ng II3, 5 ng IC; Std. 6, containing: 14 ng I, 14 ng L4,8 ng IB, 10 ng XC; 
Std. 7, containing: 21 ng I, 21 ng IA, 12 ng ng ID, 15 ng IC: and Std. 8, con- 
taining: 28 ng I, 28 ng IA, 16 ng I33,20 ng IC per 100 yl of methanol. 

Aliquots (100 ~1) of each standard solution are added directly to urine as 
intezz standards for recovery determinations and for the construction of an 
internal standard curve as their TMS derivatives, from which the concentration 
in the unknowns are determined by interpolation. 

Aliquots (100 ~1) of each standard solution are also directly silylated and’ 5 
~1 aliquots are analyzed by GLC-ECD as the respective TMS derivatives to 
establish the external calibration curve. 

Exlrezction of urine. Into a 15ml conical centrifuge tube add 0.2 ml of 
urine, 0.8 ml of 0.2 nlr (pH 5.3), sodium acetate buffer, and 1% (v/v) (10 ~1) 
of Glusulase enzyme preparation containing 100,000 units of &glucuronidase 
and 50,000 units of sulfatase per ml (Endo Labs., Garden City, N-Y., U.S.A.). 
The tubes are gently sgitated to mix the reagents homogeneously, then stop- 

- pered loosely and placed in a Dubnoff incubation shaker (Precision Scientific, 
Chicago, Ill. U.S.A.) at 37 o for 2 h to effect enzymatic deconjugation. Along 
with the unknowns, process a 0.2 ml specimen of control urine and four 0.2 
ml qectinens of control urine containing 100 ~1 of standard solutions 5,6,7, 
or 8. Cool the samples TV room temperature, add 2 ml of 1.0 M (pH 11.0) 
phosphate.buffer, and extract with 8 ml of benzene-methylene chloride (9:l). 
Centrifuge the samples as in the blood assay and transfer a 7.5~ml aliquot of 
the supematant into another l5-ml tube, evaporate to dryness and vacuum 
dry the residue for 15 min in a vacuum dessicator. Dissolve the dry residue in 
100 ~1 of BSA (Pierce, Rockford, Ill., U.S.A.) in acetonitrile (1:4) to form the 
TMS derivatives of compounds IA, ID, and IC. Compound I does not deriva- 
tize and- is determined as its intact moiety. Inject a 5+1 aliquot for GLC-ECD 
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analysis. The peaks due to I and LJle TMS derivatives of IA, IB, and IC are 
identified by their respective retention times (Fig. 4). 

Calculations. The concentration of compound I and the TMS derivatives of 
compounds IA, IB and IC in the unknown is determined by interpolation 
from the calibration curve of the internal standards processed along with the 
unknowns, using the direct calibration (peak area versus concentration) tech- 
nique. The percent recovery of the internal standards is determined by com- 
paring the slope value [peak area (cm* ) per ng of compound] of the internal 
standards to that of the external standard curve. 

DPP a?zuiysis 
Conditions for polarogmphic analysis. A Model 174 polarographic analyzer 

with a Model 172A drop timer (Princeton Applied Research Corp., Princeton, 
NJ., U.S.A.) were used in the differential pulse mode in conjunction with a 
three-electrode semi-micro polarographic cell consisting of a dropping mer- 
cury electrode (DME), a saturated calomel electrode (SCE) and a platinum 
wire as the auxihary electrode as previously described [5] _ The pulse ampli- 
tude was -50 mV, the drop time was 2.0 set, and the drop-rate was 2.42 mg/ 
,~c. (m2/3W6 = 1.803). The current range was between 0.5 and 5.0 PA for 
a peak response of full scale deflection, the scan range was 1.5 V, and the 
scan-rate was 1 mV/sec. The samples were scanned between -0.450 V and 
-0.750 V versus SCE, and the polarograms were recorded on a Houston Om- 
&graph Model 2200-3-3 (X-Y) recorder (Houston Instruments, Be&ire, 
Texas,‘U.S.A.). The analyticzzl peak due to the reduction of the azomethine 
group (>C,= NY) of IA occurs at -0.640 V versus SCE in a supporting elec- 
trolyte consisting of 0.1 M (pH 3) phosphate buffer containing 0.005% methoxy- 
polyethyleneglycol-550 as the maximum suppressor_ Typical polarograms 
for’the analysis of IA in urine are shown in Fig. 5. 

Sample prepamtion. Into a 50 ml centrifuge tube add 2.0 ml of urine and 3 
ml of 0.2 M (pH 5.3) sodium acetate buffer. Adjust to pH 5.0 with glacial 
acetic acid and mix well on a Vortex super. mixer. Add 1% by volume of Giu- 
sulase e.nzyme preparation and shake gently to produce a homogeneous mix- 
ture. Along with the samples process a 2.0 ml specimen of control urine and 
separate 2.0 ml specimens of control urine containing 0.4, 0.8, 1.2 or 1.6 pg 
of IA as the internal standards. Stopper the tubes and place in a Dubnoff me- 
tabolic shaking incubator at 37” for 2 h. Cool the samples to room tempera- 
ture and adjust the pH to 11.0 (using a pH meter) by titrating the samples 
dropwise with 2.5 M NaOH and adding 1 ml of 1 M (pH 11) phosphate buffer. 
Extract the samples with 16 ml of benzene-methylene chloride (9:l) by 
shaking for 10 min at a moderate speed on a reciprocating shaker. Centrifuge 
the samples in a re&igerakd centrifuge at 5” for 5 min at 1500 g, and transfer 
a 14ml aliquot of the upper organic layer into a 15-ml conical centrifuge 
tube. Evaporate to dryness at 55” under a stream of clean, dry nitrogen. Dis- 
solve the residues in 100 ~1 of methanol and add 2 ml of 0.1 M (pH 3) phos- 
phate buffer containing 0.005% methoxypolyethyleneglycol-550 as the maxi- 
mum suppressor. Mix well in a Vortex action- mixer and deoxygenate the 
samples for 1 to 2 min with nitrogen bubbled through’ a microporosity filter 
stick (No. &D-5385-01) coarse porosity (SGA Scientific Inc., Bloomfield, NJ., 



SO 

CURRENT 

f 
O.OSpr 

L 

C 

0 

A 

: ,.:_. . . . . 
_. . 

: 

-0.550 -0.650 

POTENTIAL. VOi_‘TS 

-0.750 

vs.SCE 

Fig. 5. DPP of de-conjugated compound lA. (A) Control Urine, (B) authentic sfstdard re- 
covered from urine, (C) authentic standard, (D) O-12 h post-dose urine. 

U.S.A.). Traz&er the deoxygenatid sample into the polaro~phic cell contain- 
ing the three operational electrodes. and analyze the samples for IA by scan- 
ning betkeen -0.450 a+ -0.750 V versus SCE (Fig. 5)_ 

Calculations. The current bA) resultjng from IA and its overall recovery is 
determined as described previously [5]. The concentration of IA in f&e un- 
knowns is determined by interpolation from its respective &ernal standard 
curves, m&ing the necewwy corrections for the aliqtiots @ken. 

RESULTS AND DIscussION 

A sensitive z&d specific GLC-ECD assay was developed for the .determina- 
tion of compounds 1 or II. from 1 ml or less of_ blood. Compound I undergoes 
biotransformation in the dog -&4 in man yi&i.ng three urinary &e&ho&es. 

The parent drug I is equally well. e#xa&ed from blogd at pH 9, ,$I, or 42.6, 
into benzenemethylene &loride (9:I). Extraction a$ pe: Ii.6 selded _chroma- 
togramq devoid of interfering peaks in the re$en+n areas .q$ &&t&t and:.was 
therefore chosen as. the pH of -choice for extra@qn from blood-; The &hqry 
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met+lites IA, IB, and IC are quzmtitatively extracted at pH 11. The _metab- 
elites of compound 11 have not as yet been characterized. 

‘Pke GLC-ECD kehaviour of compounds I or 11 manifested adsorption los- 
ses upon ‘chromatographic analysis. These losses were corrected by deactivating 
the glass column with a 1% solution of Siliclad in water. Compound HI was 
chosen as the reference standard for the bbod-assay due to its simiisr GLC- 
ECD and extraction behaviour to compounds I and H, Under the above opera- 
tional conditions, the life span of the column is usually 5-6 months of conti- 
nuous use. 

Recouery and sensitivity Iimi& of the GLC-ECD ms5y 
The overall recovery of I and 11 from blood is 86 f 5.0% (S.D.),.and the 

sensitivity Jimit is of the order of 2 to 3 ng of I or H per millilitre of blood. 
The direct extraction procedure is limited to 1 ml or‘less of blood. 

The overall recovery of compound I and the TMS derivatives of IA, IB and 
IC from urine is 92 t 5.3% (SD.) with sensitivity limits of IO-15 ng of each 
compound per milhlitre of urine analyzed. 

DPP analysis 
The analysis of 1,4_benzodiazepines by DPP is well .documented [5, 6, 71. 

Compounds r and 11 exhibited two polarographie peaks in 0.1 M sulphuric 
acid but only one peak in buffers ranging from pH 3 to pH 4. This phenome- 
non is due to the hydrolysis of the [>C5= Ni ] azometkine %bond to yield 
“open ketones”, compounds IV and V (Fig.. I). DPP was used to determine 
the rate of hydrolysis of compounds I and II in acidic solutions, its reversibih- 
ty and stability in solutions of varying pH_ 

It was found that an equilibrium exists between the parent compounds I 
and H and their respective open ketones, IV and V, that this equilibrium is 
strongly pH dependerzt and that from pH 3.0 through pH 11.0 (pH 11 is used 
for extraction) only the intact compounds are present. Similar phenomena 
of pH dependence on chemical stability were reported for flurazepam 161; 

The overall recovery of metabolite IA from urine determined by DPP is 
84.3 f 3% (S.D.). The sensitivity limit is 50 ng of IA per milkhtre of urine 
using a 2 ml specimen per analysis. 

Application of the GLC-ECD md DPP assays in biorogical specimens 
Studies in the dog. Blood level profiles of compound I were determined in 

a dog following the intravenous and oral admini&ation of a 10 mg/kg dose of 
compound I, whereas those of compound II were determined in a dog follow- 
ing a 6 mg/kg intravenous dose, and a 10 mg/kg oral dose, respectively. The 
blood levels -of compounds I and H following the intravenous administration 
were measurable through 12 and 30 h, respectively. After a 10 mg/kg oral 
dose, peak levels of 0.99 gg/ml were observed at 30 min for compound I 
whereas peak-levels of -2;87 &nKWem observed at l-5 h for compound II, see 
Figs. 6 and 7, respectively. 

?The_ur@ry excretion of compound I and IA, IB and IC was determined by 
DPP ‘followmg the XO,mg/kg hxtraveno& 'and .oral doses of I. Dire&extraction ., . 
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at pH II.0 showed that bss than 0.3% of the administered dose was excreted 
as _I, IA, LB, snd IC in the unconjugated form. 

The major urinary metabolite of I, IA, is present as a glucuronide or sulfate 
conjugate and accounts for 4.82% and 5.49% of the 10 mg/kg intravenous and 
oral doses respectively (Table II). The metabohtes of compound II have not 
as yet beeti chara&‘;erized. 

S&dies in man. A pilot study was conducted in which five healthy vohm- 
teem were adminkkred a single 10 mg intravenous infusion of I as the m&ate 
salt at a rate of 10 mg/min for one minute (total dose IO mg free base). Blood 
samples were collected from the five objects and pooled urine specimens were 
co&c&d from subjects 3,4, and 5. 

URINARY EiXCR?ZJ?ION OF IA 22U THE DOG FOLLOmG INTRAVENOUS AND 
ORAL ADTdE’J2STRAmON OF A 10 MG/KG DOSE OF IXEALEATE 

Determined by DPP after enzymatic deconjugation. mm. = not me asureab2e (<50 ngfml of 
urine). 

Excretion period 01) I of dose excreted as IA 

O-24 3.2 4-76 
24-48 L-36 0.73 
43-72 0.26 P.sn 

Total 4.82 5.49 

(A) Blood level profile. The blood concentration data for subjects f-5 are 
plotted semilogaritbmically versus time in Fig. 8. 

The blood level profile indicates an initial rapid disposition of I, with blood 
levels declining 5 to 10 fold witbin the first hour foJ&ving adminktmtion of 
the dose. The drug is also rapicUy eJ.iminaH from the-body, with “apparent” 
half-lives ranging from 1.3 to 2.2 h in the five subjects studied. 

(B) Urinary excretion profile. Urine specimens from subjects 3, 4, md 5 
were analyzed for intact I, IA, LB and IC in the directly ext;ractable unconju- 
gated form using the GLC-ECD assay. No measurable levels of either the in- 
tact drug or any of the above metabohtes were seen in these subjects (Fig. 
4D). The levels (if any) were below the sensitivity limit of the GLC-ECD as- 
say (less than 10 to 15 ng/ml of urine). The samples were r&analyzed by GLC- 
ECD following ghrcuronidase-sulfatase incubation, 

Trace amounts of LB and approximately 1% of the do.& as IC were seen in 
the conjugated fra&on. The major metabolite was IA (Fig. 4E) which account- 
ed for approxhnately 50% of the admWs&red dose, of which up to 96% was 
excreted during the first twelve hours. Since this compound was excreted in 
.~~~~ farin : eFq..of .$e. ?$a. -9 minor rqetabsWx fie m egc~e- 
..tioq pr@&jof #IA1~as.det+r&n&~by DPP and the d&z $ummarked in -Table 

_ 
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URINARY EXCRETION OF. IA’IN ti FOIkO&NG A lo-MG INTRAVENOUS IN- 
FUSION OF IMALEATE 

.’ 

Determined -by DPP after 
_:. : 

enzymatic deconjugation. r&. = not m easureable (< 50. ng/ml 
of urine>: . . I. 

Excretion period (h) QoDose mti ‘_ _: 

Sabject 3 Subject 4 Subject 5 

O-12 4’1.0 43.2 27.1 
12-24 11.4 1.7 14.0 
2448 3.8 IlJa. 3.8 
48-72 1.0 n.In. s3.m. J 

Total 57.2 44.9 44.9 

CORRELATION OF GLt-ECD AND DPP IN THE ANALYSIS OF IA IN URINE 

Correlation coefficient r = 0.99 

Subject Escretion period Concentrations pg/ti or urine 
00‘ 

GLC-ECD DPP 

3 .O-12 1.20 1.20 
3 12-24 0.98 0.95 
4 O-12 1.37 1.44 
4 12-24 0.15 0.14 
5 O-12 1.35 1.23 
.5 12-24 1.17 1.17 
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