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Abstract 0 A sensitive and specific electron-capture GLC assay 
was developed for the determination of bromazepam (I), 7-bromo- 
1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one, in blood. 
The overall recovery of I from blood is 85 f 5.0?6, and the sensitivi- 
ty limit of detection is 5-10 ng I/ml blood. In the determination of 
the urinary excretion, the major urinary metabolites, 3-hydroxy- 
bromazepam (11) and 2-amino-3-hydroxy-5-bromobenzoylpyridine 
(V), are selectively extracted into ether from urine buffered to pH 
9.0 after incubation with glucuronidase-sulfatase, whereas I and 
2-amino-5-bromobenzoylpyridine (IV) are directly extractable 
from urine into ether a t  pH 9.0. The residues of the respective 
ether extracts are dissolved in 1.0 M phosphate buffer (pH 5.5) 
and analyzed by differential pulse polarography, which yields two 
distinct peaks for the benzodiazepin-2-one and the benzoylpyri- 
dine component in each fraction. The overall recovery of I and IV 
is 80 f 5.0% with sensitivity limits of 100 and 50 ng/5 ml urine, re- 
spectively; the recovery of I1 and V is about 45 f 5.0% with sensi- 
tivity limits of 100 ng each/5 ml urine analyzed. Blood levels of 
bromazepam and the urinary excretion of the unchanged drug and 
its major metabolites were determined in humans following the ad- 
ministration of single 12-mg oral doses. 

Keyphrases Bromazepam-electron-capture GLC analysis in 
blood, differential pulse polarographic analysis of major urinary 
metabolites 0 GLC, electron capture-analysis, bromazepam in 
blood Differential pulse polarography-analysis, bromazepam 
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Bromazepam, 7-bromo- 1,3 -dihydro-5- (2-pyridyl) - 
2H-1,4-benzodiazepin-2-one (I), is. a member of the 
1,4-benzodiazepine class of compounds and was syn- 
thesized by Fryer et al .  (1). The pharmacology of the 
compound has been extensively described (2-4), and 
it is of clinical interest as an antianxiety agent (5-8). 

The properties of I and the major known metabo- 
lites are given in Table I, and their chemical struc- 
tures and reactions are given in Scheme I. Studies on 
the biotransformation of I in dogs, mice, and humans 
(9) and in dogs, rats, and rabbits (10 , l l )  showed that 
the compound was mainly metabolized by hydroxyl- 
ation and hydrolysis, producing significant amounts 
of 3-hydroxy-bromazepam (11) and 2-amino-3-hy- 
droxy-5bromobenzoylpyridine (V). The parent drug 
(I) and 2-amino-5-bromobenzoylpyridine (IV) were 
excreted in lesser amounts in the urine, whereas the 
4-N-oxide (111) was isolated as a urinary metabolite 
only in the dog (9). A sensitive electron-capture GLC 
assay for the determination of bromazepam in blood, 
employing acid hydrolysis to the benzoylpyridine de- 
rivative (IV) (12), was not specific for bromazepam 
since metabolites I1 and 111, if present in blood, 
would also yield the same hydrolysis product 
(Scheme 1)- and would interfere with the specificity of 
the assay. An improved assay was developed for the 
simultaneous determination of bromazepam and its 
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3-hydroxy metabolite (11) as the intact 1,4-benzodi- 
azepin-2-ones by a modification of published proce- 
dures (13, 14). When using this modified procedure, 
it was shown that I1 was not measurable in the blood 
of subjects chronically treated with bromazepam. Al- 
though this procedure was specific for I, it was time 
consuming; therefore, a simpler assay was developed 
which measures only bromazepam and excludes me- 
tabolites 11, 111, IV, and V. The method involves 
ether extraction of I at pH 9.0 from whole blood after 
protein precipitation. The metabolites are coprecipi- 
tated with the proteins and are not recovered. The 

H 

bromazepam (I) I1 (urine) 
(blood and urine) 

(glucuronide conjugate) 
major metabolite 

Br 
I 

IV minor metabolite 
(urine) 

I11 (urine) 
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(glucuronide conjugate) 

Scheme I-Chemical reactions of bromazeparn and i ts  known 
metabolites 
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Table I-Chemical Names and Physical Properties of the  Compounds Referred to in Scheme I and in the Text 

Compound Chemical Name 
~ ~~~ 

Molecular Weight Melting Point 

I 

I1 

I11 

IV 
V 

VI 

7-Bromo-l,3-dihydro-5- (2-pyridyl)-2H- 
1,4-benzodiazepin-2-0ne (bromazepam) 

7-Bromo-1,3-dihydro-3-hydroxy-5- 
(2-pyridyl) -2H-1,4-benzodiazepin-2-one 

7-Bromo-1,3-dihydro-5- (2-pyridyl)-BH- 
1,4-benzodiazepin-2-one 4-oxide 

2-Amino-5- bromobenzoylpyridine 
2-Amino-3-hydroxy-5- bromobenzoyl- 

pyridine 

2H-1.4-benzodiaze~in-2-one (methvl- 
7-Bromo-l,3-dihydro-l-methyl-5- (2-pyridyl) - 

bromazepam, reference standard f6r 
electron-capture GLC analysis) 

316.16 

332.2 

332.2 

277.12 
293.12 

330.19 

237-238.5 ' 
198-200' 

dec. 

263' dec. 

97 .5-99 ' 
190-196' 

135.5-137' 

electron-capture GLC assay employs OV-17 as the 
liquid phase, which can resolve the intact drug (I) 
from its major metabolites (11, IV, and V), even if 
they are recovered in trace amounts. The high sensi- 
tivity of the 63Ni-electron-capture detector is used in 
the pulsed dc mode for the determination of I with 
nanogram sensitivity. Methyl-bromazepam (VI) 
(Table I) is used as the reference standard in the 
assay. 

The electron-capture GLC assay was used in the 
determination of blood levels of bromazepam in hu- 
mans following the administration of a single oral 
12-mg dose. The urinary excretion of I and its major 
metabolites was determined by differential pulse po- 
larography. 

EXPERIMENTAL 

Electron-Capture GLC Analysis of Bromazepam in Blood 
Conditions for GLC Analysis-Column-The column packing 

was a pretested preparation containing 3% OV-17 on 60-80-mesh 
Gas Chrom Q' packed in a U-shaped 1.2-m (4-ft), 4-mm i.d. bo- 
rosilicate glass column. The column was conditioned at 325' for 4 
hr with "no flow" of carrier gas, followed by 12 hr a t  275" with car- 
rier flowing at 40 ml/min. The useful lifespan of such a column was 
about 4-5 months of continuous use. 

Instrumental Conditions-A gas chromatographz, equipped 
with a 63Ni-electron-capture detector containing a 15.0-mCi e3Ni 
@-ionization source was used. Argon-methane3 (9010), oil pumped 
and dry, was used as the carrier gas, with the column head pressure 
adjusted to 40 psig, the flow rate adjusted to 110 ml/min, and the 
detector purge gas adjusted to 30 ml/min. The temperature set- 
tings were as follows: oven, 245'; injection port, 270"; and detector, 
325". The conditions of column head pressure, flow rate, and oven 
temperature were adjusted so as to obtain retention times of 6.0 
and 4.0 min for I and the reference standard (VI), respectively. A 
typical chromatogram is shown in Fig. 1. The solid-state electrom- 
eter4 input was set a t  loz and the output attenuation was 32, giving 
a response of 3.2 X amp for full-scale deflection (fsd); the 
chart speed was 76.2 cm (30 in.)hr, and the time constant on the 
1.0-mv recorder5 was 1 sec (fsd). The response of. the 63Ni-elec- 
tron-capture detector (operated in the pulsed dc mode) to I 
showed maximum sensitivity at 60 v dc with a 150-psec pulse rate 
and a 10-psec pulse width. Under these conditions, 15 ng of I gives 
nearly full-scale deflection on the 1.0-mv recorder. The minimum 
detectable amount of I is 5.0-10.0 ng/ml of blood. 

Preparation of Standard Solutions-The respective benzodi- 
azepin-%ones that are required as analytical standards are listed 
in Table I. Weigh out 10.0 mg of I and the reference standard (VI) 

Applied Science Labs., Inc., State College, Pa. * Micro-Tek model MT-220, Tracor Instruments, Austin, Tex. 
Matheson. 
Model 8169, Tracor Instruments, Austin, Tex. 
Model 194, Honeywell Instruments, Fort Washington, Pa. 

into separate 10-ml volumetric flasks, dissolve, and dilute to vol- 
ume with absolute ethanol to give stock solutions (A and A )  con- 
taining 1 mg/ml. Make suitable dilutions of A and A' in benzene- 
ethanol-acetone (80:lOlO) to prepare working standard solutions 
(BI-B~) in separate 10-ml volumetric flasks containing 25, 50, 75, 
or 100 ng of I and 50 ng of VI (added as the reference standard for 
electron-capture GLC analysis) per 0.1 ml of solution. Add 1 g of 
anhydrous sodium sulfate to these solutions to maintain their an- 
hydrous state. 

Aliquots (10 PI) of solutions BI-B~ are injected into the chroma- 
tograph to optimize the electron-capture detector response to I 
and VI and to establish the conditions for GLC analysis; 100-pl ali- 
quots of these standard solutions are also added to control blood as 
the internal standards, which are used to determine the overall re- 
covery of I and as the calibration curve for the quantitation of un- 
knowns (Fig. 2). 

After the electron-capture GLC conditions have been optimized 

Y 
I1 V I  I 

1 1 4  

- 6.0 ,-d 

+Retenlion Tbrne ( R ,  1 in Mins 4 
Figure 1-Chromatograms of:  (A)  control blood extract; (B) 
authentic standards of I ,  11, and VI; (C) internal standard of 
10 ng of I and 5 ng of methyl-bromazepam (reference stan- 
dard) recovered from control blood; and (D) patient blood 
extract after 12-mg oral dose of I .  

Vol. 63, No. 9, September 1974 1441 



3.0 - 

- 
? - 
p 2.0 - 

5 -  

5 -  

c 
IL 
a -  

LL 

Y 

a 

a -  

1.0 - 

- 
I I I I I I 0 

0 
2.5 5.0 7.5 10.0 12.5 15.0 0 

CONCENTRATION, ng 1/10 wl INJECTED (CONTAINING 5.0 ng V I  AS REFERENCE STANDARD) 

Figure 2-Electron-capture detector calibration curves for I using either the direct calibration method [peak area (square centime- 
ters) versus concentration (nanograms) ] or the relative calibration method [peak area ratio of bromazepam-methyl-brmazepam 
(reference standard) versus concentration (nanograms) 1. 
using the pure authentic compound, the external calibration curve 
is prepared after the injection of a 2 X 10-pl aliquot of the control 
blood extract. In practice, 10-pl injections of the external stan- 
dards are made between every two or three consecutive biological 
samples. The external standard curve is required only for the de- 
termination of percent recovery. 

Reagents-All reagents were of analytical (ACS certified) re- 
agent grade purity (>99%) and were used without further purifica- 
tion. All inorganic reagents were made up in double-distilled 
water. These included 1 M H3B03-Na2C03-KCl buffer (pH 9.0) 
prepared as previously described (12), 2 N HzS04, and 2 N NaOH. 
Ether6, benzene6, acetone7, methanol7, ethanol8, and a mixture of 
benzene-ethanol-acetone (801010) (stored over anhydrous sodi- 
um sulfate) were the other reagents used. 

Extraction of Blood for  Determination of Bromazepam- 
Into a 50-ml centrifuge tube, add 2 ml of oxalated whole blood and 
2 ml of distilled water, and mix well by inversion. Add 5 ml of 2 N 
HzS04 dropwise and slurry vigorously on a vortex supermixer to 
precipitate the protein. Along with the samples, process four 2-ml 
specimens of control blood to which 25, 50, 75, or 100 ng of I (100 
p1 of solutions BI-B4 evaporated to dryness under nitrogen) has 
been added as the internal standard. The acidified specimen (in- 
cluding the precipitate) is washed with 2 X 15-ml portions of 
etherg by shaking for 5 min on a reciprocating shaker and centri- 
fuged, and the supernatant ether layer is aspirated off and discard- 
ed. The ether-washed sample is then neutralized with 5.0 ml of 2 N 
NaOH, buffered with 2 ml of pH 9.0 borate buffer, mixed well on a 
supermixer, and adjusted to pH 9.0 with dilute alkali. The samples 
are then extracted with 2 X 10 ml of ether, centrifuged after each 
extraction at 2000 rpm (preferably at 0-4' in a refrigerated centri- 
fuge), and the ether extracts are combined successively in a 15-ml 
conical centrifuge tube by evaporating them to dryness in the 

Catalog No. 0848 and No. 1043, respectively; Mallinckrodt Chemical 

Catalog No. A-18 and No. A-412, respectively; Fisher Scientific Co., 
Works, St. Louis, Mo. 

Fairlawn, N.J. 

The purity of ether for electron-capture GLC analysis is determined by 
evaporating 20 ml to dryness, dissolving the residue in 100 pl of benzene- 
ethanol-acetone (801010). and injecting a 10-pl aliquot. The chromato- 
gram must be free of interfering peaks in the retention area following 2 min 
after injection. 

8 USP, 200 proof, Publicker Industries Inc., Philadelphia, Pa. 

water bath of a rotary evaporatorlo a t  35-40O. The residues are 
vacuum dried (over sodium hydroxide pellets) for 15 min and then 
dissolved in 100 pl of the benzene-ethanol-acetone (801O:lO) sol- 
vent mixture. A 10-pl aliquot of this solution is injected for elec- 
tron-capture GLC analysis. The peaks due to broinazepam and the 
reference standard are identified by their respective retention 
times (Fig. l ) ,  and their respective peak areas are determined ei- 
ther by measuring peak height (centimeters) X width a t  half- 
height (centimeters) using the slope baseline technique or by elec- 
tronic digital integration. 

SIDE 

' 1 I I  
5mm O.D. Tubing 

Platinum Wire 

'i 

t 
1.0 

' Micro Teflon 
Slopcock 
(Corninq No. 7320 I 

Figure 3-Schematic diagram of the semimicropolarographic 
cell. (All dimensions are in  centimeters except where noted, 
and  the platinum wire used was B & S No. 22gauge.) 

lo Buchler Evapomix, Buchler Instruments, Fort Lee, N.J 
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Calculations-The concentration of bromazepam in the ali- 
quots of the unknowns injected is calculated by interpolation from 
the internal standard curve (Fig. 2) by using either the direct cali- 
bration (peak area uersus concentration) or the relative calibration 
(peak area ratio) techniques. The sensitivity of the electron-cap- 
ture GLC assay is about 5-10 ng bromazepam/ml blood assayed. 

Differential Pulse Polarographic Analysis of Major Urinary 
Metabolites of Bromazepam 

The major urinary metabolites of I in humans are the 3-hydroxy 
metabolite (11) and the 2-amino-3-hydroxy-5-bromobenzoylpyri- 
dine metabolite (V), which are present mainly as glucuronide-sul- 
fate conjugates (9). Small amounts of the intact drug (I) and me- 
tabolite IV are also excreted. The urine specimen is first extracted 
at  pH 9.0 with ether, which quantitatively removes I and IV. The 
specimen is then titrated to pH 5.5 and incubated with glusulase 
enzyme to deconjugate metabolites I1 and V, which are then ex- 
tracted into ether after adjusting the sample to exactly pH 7.75. 

Reagents-1.0 M Phosphate Buffer (pH 5.5)-Dissolve 138.0 g 
of NaH2P04.H20 in distilled water and dilute to 1 liter. Titrate 
carefully with 1.0 N NaOH to pH 5.5 and shake well by inversion 
to effect equilibration. 

Glusulase Enzyme"-Use the diagnostic reagent (100,ooO units 
glucuronidase and 50,000 units sulfatase/ml). 

Procedure-Into a 50-ml centrifuge tube, add 5 ml of urine, 5 
ml of 1 M pH 9.0 borate buffer, and 10 ml of ether for the first ex- 
traction. Along with the unknowns, process a 5-ml specimen of 
control urine (taken preferably from the same subject prior to 
medication) and three 5-ml specimens of control urine to which 
200,400, or 600 ng each of I and IV is added as the internal stan- 
dard. Extract all samples by shaking for 10 min on a reciprocating 
shaker, centrifuge at  2000 rpm, and transfer the supernate into a 
15-ml conical centrifuge tube. Reextract the sample with another 
10 ml of ether and combine the extracts by serial evaporation at  
35-40' in the water bath of the rotary evaporator. This series of 
extracts (A) contain I and IV. The urine sample is then titrated 
potentiometrically to pH 5 by the dropwise addition of 6 N HCl 
and is buffered to pH 5.5 with 5 ml of pH 5.5 phosphate buffer 
after adding 0.2 ml of glusulase (2% of total volume). Then the en- 
tire contents are transferred into a 50-ml erlenmeyer flask. 

I' Endo Laboratories, Inc., Garden City, N.Y. 

Figure 4-Differential pulse po-  
larograrns of: (a) I and IV and 
(b) 11 and V obtained i n  1.0 M 
p W  5.5 phosphate buffer as the 
supporting electrolyte. Key:  A ,  
control urine blank; B ,  authentic 
standard mixture; and C, authentic 
compounds recovered from urine. 

The three extracted control urine specimens are treated in the 
same manner and are now spiked with 1, 2, or 3 pg each of I1 and 
V, the major conjugated metabolites. Stopper all flasks loosely 
with cotton and place in an incubation shaker12 and incubate a t  
37O for 2.5 hr with mild shaking. After incubation, cool the samples 
to room temperature and adjust the solution to pH 7.75 (using a 
pH meter) by titrating the sample dropwise with 6 N NaOH. 
Transfer this solution quantitatively into a 50-1111 stoppered centri- 
fuge tube and extract twice with 15 ml of ether by shaking for 10 
min and then centrifuging for 5 min. Combine the ether extracts in 
a 15-ml conical centrifuge tube by successive transfer and evapora- 
tion to dryness as before. This series (B) contains the conjugated 
metabolites I1 and V. The residues of both series A and B are solu- 
bilized with 100 pl of methanol, dissolved in 2 and 4 ml, respective- 
ly, of 1 M phosphate buffer (pH 5.5), and deaerated for 5 min with 
nitrogen bubbled through the sample with a sintered-glass (frit- 
ted) tube. Two milliliters of each solution is transferred into the 
semimicropolarographic cell13 (Fig. 3), which contains the three 
operational electrodes, and analyzed by differential pulse polarog- 
raphy. 

Conditions for Polarographic Analysis-A polarographic an- 
alyzer'* equipped with a drop timer15 was used in conjunction with 
a three-electrode polarographic cell comprised of a dropping mer- 
cury electrode, a saturated calomel electrode, and a platinum wire 
as the auxiliary electrode, as previously described (15). The drop 
time was 1.0 sec, and the drop rate was 2.74 mg/sec, where 
(m2/3)(t1/6) = 1.958. The current range was set at 0.5 or 1 ramp for 
a peak response of full-scale deflection, the scan range was 1.5 v, 
and the scan rate was 2 mv/sec. The samples were scanned be- 
tween -0.350 and -0.700 v versus the saturated calomel electrode, 
and the polarograms were obtained on an X-Y recorder16. The 
peak potential, Ep, due to the reduction of the azomethine 
(>C5=N4-) group of I and its 3-hydroxy metabolite (11) occurs a t  
-0.535 and -0.555 v versus the saturated calomel electrode, re- 
spectively, whereas the peak due to the reduction of the carbonyl 

12 Dubnoff. Precision Scientific, Inc., Chicago, Ill. 
l3 Designed by M. R. Hackman and M. A. Brooks, Hoffrnann-La Roche 

I4 PAR model 174, Princeton Applied Research Corp., Princeton, N.J. 
I5 PAR model 172A, Princeton Applied Research Corp., Princeton, N.J. 
*6 Houston Omnigraph model 2200-3-3, Houston Instruments, a division 

Inc., Nutley, NJ 07110 (1972). 

of Bausch & Lomb, Inc., Bellair, Tex. 
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Figure 5-Calibration curves for the differential pulsepolarographic analysis of: (a) I and IV, and (b) 11 and V. 

(>C=O) group of metabolites, IV and V, occurs a t  -0.630 and 
-0.635 v uersus the saturated calomel electrode, respectively (Fig. 
4). The two analytical peaks are well resolved, with a peak-to-peak 
separation of nearly 100 mv. Therefore, series A, containing a mix- 
ture of I and IV, and series B, containing a mixture of I1 and V, can 
be analyzed and the two peaks readily distinguished. 

Calculations-The current (microamperes) resulting from each 
peak and the overall recovery of each compound are determined as 
described previously (15,16), while the concentration of each com- 
ponent in the unknowns is determined by interpolation from the 
respective internal standard curves (Fig. 5). 

RESULTS AND DISCUSSION 

The chromatographic analysis of bromazepam (I) and metabo- 
lite I1 manifested certain problems. Authentic standards of I and 
methyl-bromazepam (reference standard, VI), dissolved in ben- 
zene-ethanol-acetone (801010) and analyzed by electron-capture 
GLC, indicated that although the two compounds were resolved, 
the peak of I showed excessive tailing. The chromatograms ob- 
tained from blood extracts containing both I and VI showed signif- 
icantly improved, well-resolved Gaussian-shaped peaks for both 
compounds at  the same retention times as before (Fig. l ) ,  but with 
enhanced sensitivity to the electron-capture detector. 

Table 11-Blood Levels of Bromazepam in Three Human 
Subjects following Administration of a Single 
12-mg Oral Dose 

Subject D.L.P. (m) G.A.V. (m) R.R.E. (m) 
Weight, kg 68.10 104.42 87.62 

-Dose, mg/kg 0.176 0.115 0.137 

Hours 
Postdosing Blood Concentration, r g  Bromazepam/ml 

0 .5  0 .12  0.05 0 . 1 3  
1 0.12 0.08 0 . 1 3  
2 0 .12  0 . 1 1  0 . 1 3  
4 0.10 0.10 0 .13  
6 0.10 0 .10  0.12 
8 

12 
24 
30 
36 
48 
72 

0.10 0 .10  0 . 1 3  
0.09 0.07 0 . 1 3  
0 .05  0 .05  0.08 
0 .03  0.03 0 .06  
0 .02  0 .02  0.05 
0 .01  0 . 0 1  0.02 
N.M.0 N.M. 0 .01  

N.M. = not measurable, <0.01 &ml. 
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These phenomena suggested that components in the blood ex- 
tract probably form an adsorption complex with exposed active 
sites on the column, thereby reducing adsorption losses of I and VI 
and resulting in more symmetrical peaks with enhanced detector 
response. Consequently, pretreatment of the column by injecting 
control blood extracts is essential for obtaining reproducible analy- 
sis of I. 

The electron-capture GLC behavior of metabolite I1 was not re- 
producible when injected as the pure solution or from a blood ex- 
tract. Although authentic I1 was well resolved from I with a separa- 
tion of about 3 min and was quite sensitive to the electron-capture 
detector, its overall recovery from blood (40-50%) and reproduc- 
ibility (f10-15%) were unsatisfactory. Attempts at preparing the 
trimethylsilyl derivative of 11, using mixtures of either hexameth- 
yldisilazane and trimethylchlorosilane or bis(trimethylsily1)aceta- 
mide in pyridine, did not yield reproducible derivatization and 
were not pursued further. 

It has been reported that 3-hydroxy-N-desalkyl-1,4-benzodi- 
azepin-2-ones such as oxazepam and lorazepam (17, 18) undergo 
thermolytic rearrangement during GC-mass spectrometric analy- 
sis, resulting in the formation of their respective quinazoline-car- 
boxaldehydes. A similar thermolytic rearrangement may be re- 
sponsible for the poor overall recovery and reproducibility of I1 
during electron-capture GLC analysis. Although I1 is a major uri- 
nary metabolite, it is not present in blood (in the free or directly 
extractable form) even on chronic administration of I in any signif- 
icant amount, so its quantitation can be omitted. 

The N4-oxide metabolite (111) was not isolated as a metabolite in 
humans or in mice, although it was excreted as a minor metabolite 
by the dog (9). Authentic 111, when analyzed by electron-capture 
GLC, gave a peak with the same retention time as I. It is possible 
that i t  can undergo either a loss of oxygen to form I or a thermoly- 
tic rearrangement to give an epoxide (17) with the same retention 
time as I. Since this compound is not recovered in the final sample 
extract, it does not interfere with the determination of I. The ben- 
zoylpyridines IV and V, even if recovered in trace amounts, are 
eluted with the interfering peaks of the solvent front and cannot 
be quantitated under these conditions. The electron-capture GLC 
assay is, therefore, specific for the intact drug. 

Differential pulse polarography has been successfully applied to 
the determination of several types of drugs in their intact form 
such as benzodiazepines (19, 20), the nitroimidazoles (21), and py- 
rimidine-containing compounds (16). Others such as glibornuride 
(a tolylsulfonylurea) (15), phenobarbital, and diphenylhydantoin 
(22) were determined as their nitro derivatives. The 1P-benzodi- 
azepin-2-ones and their benzophenones can be quantitated in the 
submicrogram range due to the ease of reduction of the (>C5= 
N4-) azomethine group of the former and the (>C=O) carbonyl 
group of the latter in dilute acids and to the relatively high sensi- 



Table 111-Excretion (0-72 hr) of Bromazepam and Its 
Major  Urinary Metabolites in Humans Determined by 
Differential Pulse Polarography 

Dose 
Administered = 

Percent of 12 m g  

mg Re- % of 
Subject I I1 I V  V covered Dose 

Dose Excreted as ~ 

D.L.P. 2 . 5  2 2 . 6  0 . 3 5  4 6 . 6  8 . 6 5  7 2 . 1  
G.A.V. 1 . 9  2 7 . 8  0 . 7 5  29.9 6 . 9 1  5 7 . 6  
R.R.E. 1 . 8  3 4 . 8  0 . 2 1  3 9 . 5  9.19 7 6 . 6  

tivity (microamperes per microgram) achieved. Consequently, I, 
11, IV, and V can be selectively extracted as mixtures of I and IV 
and of I1 and V, successively, and quantitated with a minimum of 
cleanup because the coextracted impurities do not interfere in the 
potential region of interest. The use of the semimicropolarographic 
cell (20) (Fig. 3) with a minimum sample volume of 2 ml, a longer 
drop time of 1 sec, and a slower scan speed of 2 mv/sec contributed 
to increasing the reduction current generated and, consequently, 
the overall sensitivity of the assay. 

The polarographic analysis of a mixture of authentic standards 
of I and IV (Fig. 4a) and of I1 and V (Fig. 46) in 1.0 M pH 5.5 phos- 
phate buffer shows two well-resolved analytical peaks for I a t  
-0.570 v and IV at  -0.670 v versus the saturated calomel electrode 
and for I1 at  -0.535 v and V a t  -0.645 v versus the saturated calo- 
mel electrode (polarogram B). The same compounds recovered 
from urine again showed well-resolved peaks but with different Ep 
potentials. The peak potential Ep for I, IV, and V showed a shift 
toward a more positive potential, with the peak for I now at  -0.535 
v, for IV at  -0.630 v, and for V at -0.635 v versus the saturated 
calomel electrode, whereas the peak for I1 shifted to a more nega- 
tive potential a t  -0.555 v versus the saturated calomel electrode 
(polarogram C). These peak shifts are probably due to physico- 
chemical interactions with impurities extracted from control urine 
(polarogram A). The calibration curves of authentic (external stan- 
dards) of I, 11, IV, and V and of the same compounds as internal 
standards recovered from urine (Fig. 5) show the linearity of the 
assay and its higher sensitivity for the benzoylpyridine metabolites 
IV and V, respectively. 

The overall recovery of I and IV, which are extracted directly 
into ether from urine buffered to pH 9.0, was 80 f 5.0%. No mea- 
surable amounts of I1 and V were present in this extract, as deter- 
mined by electron-capture GLC analysis. Therefore, any interfer- 
ence is minimal and can be neglected. 

Metabolites I1 and V are extracted after enzymatic deconjuga- 
tion and analyzed as a mixture (Fig. 4b) .  Although the recovery of 
I1 and V into ether from urine buffered to pH 7.75 was only 45 f 
5.0%, the concentration of each present in the urine of treated 
subjects was sufficiently high for accurate quantitation. The over- 
all recovery can be increased significantly (>75%) by using either 
ethyl acetate or methylene chloride (dichloromethane). It is 
achieved, however, at the expense of greatly increased impurities 
coextracted with the compounds of interest and precludes polaro- 
graphic analysis without extensive cleanup of the sample. 

Blood Levels of Bromazepam in Humans Determined by 
Electron-Capture GLC Analysis-Blood levels were determined 
in three subjects (in a pilot study) following the oral administra- 
tion of a single 12-mg dose of the clinically used tablet formula- 
tion. The blood data (Table 11) indicate the presence of measur- 
able levels from 30 min to 72 hr postdosing, thereby demonstrating 
the clinical utility of the method. The assay was used to determine 
the blood levels in humans following single 12-mg oral doses and 
chronic administration of oral doses ranging from 3 to 9 mg/day 
over a 30-day dosing period in the evaluation of the pharmacokine- 
tic profile of the drug in humans17. Blood specimens analyzed for 

l7 S. A. Kaplan et al.. Hoffmann-La Roche Inc., Nutley, NJ 07110, un- 
published data on file. 

I1 indicated that it was not present in any significant amounts fol- 
lowing both single and chronic oral dosing. 

Urinary Excretion of Bromazepam and Its Major Metabo- 
lites-The urinary excretion of bromazepam and its major metab- 
olites following single 12-mg oral doses was determined by differ- 
ential pulse polarography (Table 111). The data indicate that I1 
and V were the predominant metabolites excreted, accounting for 
a total of about 58-77% of the administered dose, along with lesser 
amounts of the intact drug (I) and its benzoylpyridine derivative 
(IV) over the 72-hr excretion period. 

REFERENCES 

(1) R. I. Fryer, R. A. Schmidt, and L. H. Sternbach, J. Pharm. 
Sci., 53,264(1964), and US. pat. 3,100,770 (Aug. 13, 1963). 

(2) G. Zbinden and L. 0. Randall, Advan. Pharmacol., 5, 
213( 1967). 

(3) W. Schallek, W. Schlosser, and L. 0. Randall, Advan. 
Pharmacol. Chemother., 10,119(1972). 

(4) L. 0. Randall and B. Kappell, in “The Benzodiazepines,” 
S. Garattini, E. Mussini, and L. 0. Randall, Eds., Raven, New 
York. N.Y., 1973, pp. 27-51. 

(5) J. H. Biel, in “Annual Reports in Medicinal Chemistry,” C. 
K. Cain, Ed., Academic, New York, N.Y.; 1967, pp. 11-23, 

(6) E. Stovehill, H. Lee, and T. A. Ban, Dis. Nerv. Syst.,  27, 
411(1966). 

(7) R. J. Kerrv. F. A. Jenner. and I. B. Pearson. Psvchosomat- . ”  
ics, 13,122(1972).- ’ 

and W. Landis, Curr. Ther. Res., 15,679(1973). 

Pharm. Sci., 62,1776(1973). 

(8) K. Rickels, J. A. Pereira-Ogan, H. R. Chung, P. E. Gordon, 

(9) M. A. Schwartz, E. Postma, S. J. Kolis, and A. S. Leon, J .  

(10) H. Sawada, Experientia, 28.393(1972). 
(11) H. Sawada, H. Yano, and A. Kido, J. Pharm. SOC. Jap., 92, 

(12) J. A. F. de Silva and J. Kaplan, J .  Pharm. Sci., 55. 

(13) J. A. F. de Silva and C. V. Puglisi, Anal: Chem., 42, 

1237(1972). 

1278( 1966). 
- 

1725(1970). 

t o n .  Sci.. 11.547(197 ). 
(14) J. A. F. de Silva, I. Bekersky, and C. V. Puglisi, J.  Chroma- 

715) J: A:F. de Silva and M. R. Hackman, Anal. Chem., 44. 
1145(1972). 

(16) M. A. Brooks, J. A. F. de Silva, and L. M. D’Arconte, ibid., 
45,263(1973). 

(17) W .  Sadee and E. van der Kleijn, J.  Pharm. Sci., 60, 
135( 1971). 

(18) A. Forgione, P. Martelli, F. Marcucci, R. Fanelli, E. Mussi- 
ni, and G. C .  Jommi, J. Chromatogr., 59,163(1971). 

(19) M. A. Brooks, J. A. F. de Silva, and M. R. Hackman, Amer. 
Lab., 5(9), 23(1973). 

(20) M. R. Hackman, M. A. Brooks, J. A. F. de Silva, and T. S. 
Ma, Anal. Chem., 46,1075(1974). 

(21) J. A. F. de Silva, N. Munno, and N. Strojny, J.  Pharm. Sci., 
59,201(1970). 

(22) M. A. Brooks, J. A. F. de Silva, and M. R. Hackman, Anal. 
Chim. Acta, 64,165(1973). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received February 22,1974, from the Department of Biochem- 
istry and Drug Metabolism, Hoffmann-La Roche Inc., Nutley, NJ 
07110 

Accepted for publication May 7,1974. 
The authors are indebted to Dr. J. D. Moore for the supervision 

of the clinical study at  the Deer Lodge Research Unit, Deer Lodge, 
Mont., and to Mr. R. McGlynn for the drawings of the figures. 

To whom inquiries should be directed. 

Vol. 63, No. 9, September 1974 / 1445 




