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Abstract 0 The biotransforniation of bromazepam, 7-bromo-I ,3- 
dihydro-5-(2-pyridyl)-2W-I,4-benzodiazepin-bone. was studied in 
four species. Four metabolites were identified and their excretion 
was quantitatively determined. The major urinary metabolites 
excreted by three women given single 12-mg. oral doses of brom- 
azepam-5-I4C were the conjugated forms of 3-hydroxybromazepam 
(I), accounting for 13-30?; of the dose, and 2-(2-amino-5-bromo-3- 
hydroxyknroyl)pyridine (IV). accounting for 4-25 yd of the dose. 
Conjugated I was also the major metabolite in three dogs and four 
groups of mice administered 14C-brornazepam. but its excretion by 
four rats was very limited. Together with I ,  Metabolite I V  and 2- 
(2-amino-5-bromobenzoyl)pyridine were detected in the excreta of 
the human. dog, rat. and mouse. Although the pyridyl N-oxide 
derivative of bromazepam was not detected as a metabolite in any 
species. thc N,-oxide was a minor metabolite in dog urine. This is 
the first reported instance of metabolic N4-oxidation of a 1,4- 
benzodiazepin-2-one. 
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anisms discussed u Benzodiazepine derivatives--metabolism of 
bromarepam in human. dog. rat. and mouse, identification of 
metabolites. mechanisms discussed 0 Biotransformation-identi- 
fication of broniarepam metabolites in human, dog, rat. and mouse 
u Metabolites, hromazepam-identified in urine and feces of 
humans. rats. dogs. and mice 

Broniazepam [7-bromo- 1,3-dihydro-5-( 2-pyridyl)-2 H -  
I ,4-benzodiazepin-2-one and formerly designated Ro 
5-33501 was reported ( I )  to possess central nervous 
systcm activity in animals and antianxiety activity in  
humans. This drug is a member of the benzodiazepine 
class of compounds whose metabolism was recently 
reviewed (2). 

In this study, the metabolites of bromazepam were 
identified and quantitated in various species to: (a) 
detect species differences in metabolic pathways, and  
( h )  compare the biotransforniation of broniazepani with 
that of other benzodiazepines. Bromazepam labeled 
with I4C i n  either the C?- or C;-position was used. 
Bronia~epam-5- '~C was preferred (but was not available 
for the initial studies in dog and mouse) because if 
metabolic cleavage of the diazepine ring occurred, re- 
sulting in the loss of atoms 2, 3. and 4, the label would 
remain with the benzoylpyridine moiety. A chemical 
cleavage of this ring by acid hydrolysis was used in  
the development of a CLC assay of bromazepam (3). 

EXPERIMENTAL 

1.abeled Drug and Determination of L+C--Prior t o  preparing each 
drug formulation, TLC with System 1 (described below) and the 
determination of the 14C migrating with authentic hromazepam 
contirmed that the radiochemical purity of both C;- and C2-labeled 
hromazepam remained at 97 and 98 7;. respcctively, throughout 
the study. Furthermore. at the end of the study. the compounds 
identified as metabolites were cochromatographed with each 
labeled bromazepam. Only one compound, 3-hydroxybroma7epani 
( I ) .  was found to be a possible contaminant of the labeled drugs, 

bromazeparn 

but only  to the extent of <0.7"/, of the 14C of bromazepam-5-14C 
and <0.3% of the "C of bromazepam-2-14C. 

The determination of radioactivity in urine, in homogenates of 
feces in 507; ethanol, in ethyl acetate extracts of both, and on 
particles of silica gel was accomplished by liquid scintillation 
spectrometry as previously described (4). 

Design of Human and Animal Studies -Three Negro females' 
(Subjects 1,  2, and 3) were not given any medication chronically 
for at least 3 weeks prior to labeled brornarepam administration. 
After obtaining informed consent. each subject received two tablets, 
each containing 6 my. of bromazepam-5-I4C with a specific activity 
of 4.3 pc./mg. The excipients (starch. lactose. microcrystalline 
cellulose2, magnesium stearate, and FD&C certified dyes) and the 
type of tablet compression [single compression using a 0.86-cm. 
(0.34-in.) flat-faced punch] were chosen to duplicate the formulation 
and sire of the tablets currently used in the clinical trials. Subject 
I ,  51 years of age and weighing 88 kg., developed influenza 4 days 
after the labeled drug was given and recovered without treatment 
with drugs. Subject 2. 36 years of age and weighing 57 kg., also 
developed influenza after a week on this  study and was treated with 
phenaropyridine hydrochloride. Subject 3, 48 years of age and 
weighing 85 kg., received aspirin and hydrochlorothiazide (50 mg.) 
oil several occasions but no chronic drug treatment during the 
study. Daily collections of urine and feces wcrc made until the 
excretion of 14C decreased to  barely measurable levels. 

Four nonfasted 11-12-kg. male dogs (beagles) were given ~ingle  
oral doses of 14C-bromazepam in gelatin capsules. Dog 1 was given 
5 mg./kg. of broniazepam-2-14C (specific activity 2.3 pc./mg.), 
whereas the remaining dogs received the same dose of bromazepam- 
5°C (specific activity 1 .O pc./mg.). Urine and feces were collected 
daily for as long as readily measurable amounts of 14C were ex- 
creted. 

Brornazepam-5-l4C (1.0 pc./mg.) was dissolved in a vehicle 
consisting mainly of 50% propylene glycol. lo"/; ethanol, 1.5% 
benryl alcohol, and an aqueous acetate buffer2 and was administered 
to four nonfasted male Charles River rats at  a dose of 2 mg./kg. 
Two 230-9. rats received an intravenous dose and two 285-g. rats 
were given the drug orally by intubation. Solutions of bromazepani- 
2-14C (27 pc./mg.) and bromazepam-5-14C (35 pc./mg.) in the same 
pareliteral vehicle, after dilution with water t o  avoid toxicity due to 
the ingredients of the vehicle, were injected intravenously into non- 
fasted Carworth Farms IS 20-g. male mice at a dose of 1.0 and 0.3 
mg./kg., respectively. Two group. of three mice each (Groups I 
and II) received the Cz-labeled drug, and two groups (Groups 111 
and I V )  were given br~mazepani-S-'~C. Each group was placed in a 
separate cage. Urine and feces were collected from the four rats and 
four groups of mice until excretion of I4C was barely mcasurablc. 

I Hospitalized in the Special Treatment Unit, Newark Beth Israel 

* Avicel. 
J This Hon'mani>-Ln Rochc Inc. formulation (F-3 I )  w a s  developed 

Hospital. Newark, N. J. 

by M r .  H. Ncwmark. 
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Table I-Excretion of Radioactivity Derived from I4C-Bromazepam by Human, Dog, Rat, and Mouse 

Duration, Excretion of I4C in Percent of Dose Administered 
Subject or Animal Dose Administered and Route Days Urinary Fecal Total 

Human 
1 12 mg. br0mazepam-5-~~C p.0. 14 59.1 2 .1  6 1 . 2  
2 12 mg. br0mazepam-5-~~C p.0. 11 74 .0  2.0 76 .0  
3 12 mg. br0mazepam-5-~~C p.0. 17 78 .6  5 . 9  81 .5  

1 5 mg./kg. b r ~ m a z e p a m - Z - ~ ~ C  p.0. 24 1 6 . 7  18 .5  65 .2  
2 5 mg./kg. br0mazeparn-5-~~C p.0. 10 52.0 25 .8  77 .8  
3 5 mg./kg. bromazepam-5-14C p.0. 4 1 5 . 5  58 .7  74 .2  
4 5 mg./kg. b r o m a ~ e p a m - 5 - ~ ~ C  p.0. 10 37.0  27 .0  64 .0  

1 2 mg./kg. broma~eparn -5 -~C i.v. 4 28 .0  59.1 87 .1  

4 2 mg./kg. b r o m a ~ p a r n - 5 - ~ ~ C  p.0. 6 19 .9  65 .0  84 .9  

Group I 1 mg./kg. bromazepam-2-1'C i.v. 4 49 .9  24.2 74.1 
Group I1 1 mg./kg. b r o m a ~ e p a m - 2 - ~ ~ C  i.v. 4 62 .3  17 .3  79 .6  
Group 111 0 .3  mg./kg. br0mazepam-5-~~C i.v. 6 58 .3  20 .5  78 .8  
Group IV 0 . 3  mg./kg. b r o m a ~ e p a m - 5 - ~ ~ C  i.v. 6 60 .9  19 .7  80'. 6 

Dog 

Rat 

3 .. 2 mg./kg. broma~eparn -5 -~~C i.v. 4 32 .0  58 .2  9 0 . 2  
3 2 mg./kg. b r o m a ~ e p a m - 5 - ~ ~ C  p.0. 6 17.1 58 .3  75 .4  

Mouse 

Extraction of Labeled Metabolites-Aliquots of urins from each 
species and of fecal homogenates (further diluted 1 : 5  with water) 
from the dog. rat, and mouse, each containing at least lo5 d.p.m. 
of I4C, were extracted with ethyl acetate. Following the initial 
extraction at pH 9.0, the aqueous phase was incubated with a com- 
mercial preparation of b-glucuronidase and arylsulfatase', which 
was added to a final concentration of I (viv). This incubation 
at pH 5.5 and 37" for 2-3 hr.. which previously yielded maximum 
hydrolysis of conjugated benzodiazepine metabolites ( 5 ) ,  was fol- 
lowed by serial extraction at pH 9.0. 7.0, and 2.0. All pH adjust- 
ments were made by the addition of dilute acid or alkali; at each 
designated pH, two consecutive volumes of ethyl acetate, each equal- 
ing the aqueous volume, were shaken with the aqueous phases for 
approximately 10 min. each. The combined extract at each pH was 
analyzed for 14C and the extracts obtained at pH 9.0 were concen- 
trated and examined by TLC. 

TLC for Metabolite Separation, Identification, and Quantitation- 
Silica gel containing a fluorescent indicators was used for TLC with 
the following solvent systems: 1, heptane-ethyl acetate-ethanol- 
concentrated ammonia ( 5 0 : 5 0 :  10:3); 2. heptane-chloroform - 
ethanolxoncentrated ammonia (50:50:20:1): 2u and 2b, same 
solvents in the proportions of 25:75:10:0.5 and 50:50:50: I .  
respectively; 3, isopropanokoncentrated ammonia ( 100: I ) ;  4, 
heptane-chloroform-ethanol ( 5 : 5 :  I ) ;  5 ,  ethyl acetate-methyl 
ethyl ketone-thanol-concentrated ammonia (YO: 10: 10:0.5): 6 .  
benzene-thy1 acetate-ethanol-concentrated ammonia (80 :20: 
20: 1): 7, heptane-methylene chloride-ethanol-concentrated am- 
monia (50:50:25: I ) ;  7u, same solvents in proportions of 50:50:50:  
1; 8, ethyl acetate-ethanol-concentrated ammonia (95:5: 1 ) ;  9, 
chloroform-ethyl acetate-thanol-concentrated ammonia (50: 
50: 12 :3); 10, heptane-benzene-thanolxoncentrated ammonia 
(50: 50: 20:0.5); 1 1, heptanexhloroform-ethanol-acetic acid 
(10: 10: 1 :2); and 12, chloroform-ethanol-concentrated ammonia 
(95 : 5  :0.5). 

The use of one-dimensional TLC for metabolite separation 
followed by identification of the isolated metabolites by cochro- 
matography with reference compounds or by spectroscopic tech- 
niques has been described (?). Individual urinary and fecal metab- 
olites were determined by comparative two-dimensional TLC. 
In this analysis, both identification and quantitation result from 
the demonstration that, on two-dimensional TLC with at  least two 
different solvent system pairs, a consistent amount of "C extracted 
from urine or feces migrates as a reference compound added as an 
internal standard. The solvent system pairs were designated by the 
number of each system in the order used, and the reference com- 
pounds were located by viewing the developed chromatoplate 
under shortwave UV light. Silica gel containing each reference 

4 Glusulase. Endo Labs., Garden City, N. Y. 
5 Precoated chromatoplates. Camag DF-B (Carnag Inc., New Berlin, 

Wis.) and Q4F (Quantum Industrics. Fairfeld. N. J.), wcre used for 
two-dimcnsioiial TLC with Solvcnt Systems 5-6 and 10-6, respectively; 
chromatoplates prepared with SilicAR 7-GF-5 (Mallinckrodt Chemical 
Works, St. Louis, Mo.)  were used wi th  all other systems. 

compound was suspended in the fluor for the determination of 14C. 
In additional experiments. each identified metabolite added to 

water was shown by spectrophotometric a s a y  to be quantitatively 
extracted at the pH used in its extraction from the biological 
sample. This demonstrated that no  correction factor for incomplete 
extraction was required in calculating the excretion of each me- 
tabolite. 

RESULTS 

Excretion of Radioactivity by Each Species-The excretion of 
I4C is summarized in Table 1. The total excietion of 14C by the 
human subjects ranged from 61 to 857; of the dose, with almost 
all of this radioactivity excreted in the urine. While the total excre- 
tion of 14C by dogs was i n  this same range. a greater amount of the 
dose was excreted in the feces. The markedly high fecal excretion 
of orally administered 14C by Dog 3 (597; of the  dobe) suggested 
that absorption of labeled bromarepam was impaired in this animal. 
In rats, the high fecal excretion of radioactivity was seen after both 
oral and intravenous administration of CJabeled drug. suggesting 
that biliary excretion was important in this species. In mice given 
either bromazepam-2-14C or b r o m a ~ e p a m - 5 - ~ ~ C  intravenously, the 
excretion of radioactivity was similar to that obtained with man and 
dog: urinary excretion of 14C predominated and the recovery of the 
dose was not complete. 

The reason for the incomplete excretion of all of the administered 
radioactivity, most evident in the human and dog. is not clear at this 
time. Since this loss is not limited to the administration of the Cr 
labeled drug. it  is not due to extensive metabolic cleavage of the 
diazepine ring and elimination of the C2-carbon as carbon dioxide. 

I I1 

I 
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OH Table 11-Metabolite Identification by Comparative 
Two-Dimensional TL,C 

Percent 
of "C 

Migrating 
as 

Reference Labeled Metabolite Reference 
Compound SourceY TLC Systems Compound 

I Dog 1 urine 1-2 95 
3-1 90 

Dog 2 urine 5 6  73 
8-9 80 

2b-7a 74 
I V  Subject 3 urine 10-6 44 

20-3 45 
2-1 1 45 

111 Dog 2 feces 5 6  
2-7 

12 
14 

8-9 12 

0 Ethyl acetate extracts obtaincd by extraction at pH 9.0 of the glusu- 
lase-trcalcd urine or feces were cochromatographed with reference com- 
pounds. 

Apparently. a portion of the drug-derived "Cis excreted very slowly. 
Identification of Urinary Metabolites-Reference compounds of 

interest were 3-hydroxybromazepam [I. 7-bromo-l.3-dihydro-3-hy- 
droxy-5-(2-pyridyl)-?H-I.4-benzodiazcpin-2-one], 4-oxide deriva- 
tive [II .  7-bromo- 1.3-dihydro-5-(2-pyridyl)-2H-- 1.4-benzodiazepin-2- 
one 4-ohide], pyridyl N-oxide derivative [7-bromo-I .3-dihydro-5-(2- 
pyridyl-2-oxide)-2H-- I ,4-lxnzodiatepin-2-one]. 2-(2-aniino-5-bromo- 
benzoq1)pyridine ( I  11). and 2-(2-amino-5-bromo-!-hydroxybenzoyl)- 
pyridine (IV). Evidence for I being a metabolite had been obtained 
in an earlier investigation (unpublished) of broma~epam nietab 
olisrn in the dog. tvidence that IV is a urinary metabolite in the 
dog and rabbit was reported (6) during the present studies. Com- 
pound I 1  and the pyridyl N-oxide derivative allowed differentiation 
between metabolic oxidation at the 4-nitrogen and pyridyl nitro- 
gen. respectively. 

Preliminary one-dimenkional TLC of extracts of dog urine sug- 
gested that I. 111, and I V  were metabolites. Representative results 
from two-dimensional TLC, which confirmed their status as metab- 
olites and allowed for their quantitation, are shown i n  Table 11. 
The consistent migration of 14C with the designated reference 
compound in extracts choxn because of their relatively high con- 
tent of the metabolite in question is evident. 

Also detected in the initial examination of dog urine by one- 
dimenhional TLC was a directly extractable metabolite, which was 
purified first by TLC with System 1 and then by TLC of the eluted 
metabolite with System 2. The spectra resulting from low-resolution 
mass spectrometry6 of a 4-mcg. sample of this metabolite showed 
that oxygen had been added to the bromazepam molecule and in- 
dicated. from the strong loss of m/c. 16. that this metabolite was 
either the 4-oxide (11) or a pyridyl N-oxide derivative of bromaze- 
Pam. Two-dimensional TLC. in which the isolated metabolite was 
cochromatographed with each isomer, clearly supported the identi- 
tication of this metabolite as 11. 

This result was unexpected because metabolic N-oxidation of a 
benudiarepine at the 4-position had not previously been reported. 
Further evidence for this structure was obtained by characterizing 
the bcnzoylpyridine formed on acid hydrolysis of the metabolite. A 
SUmcg. sample of isolated metabolite was hydrolyzed in 6 N sul- 
furic acid. and the benroylpyridine was extracted as previously 
described (3) .  When tested by TLC (System 4) and GLC7 [using a 
1.82-m. ( 6  ft.) 37; OV-17 column with inlet, column, and flame- 
ionization detector temperatures of 275, 240. and 2WC, respec- 
tively], the metabolite hydrolysis product chromatographed as 
authentic 111, supporting the identification of the intact metabolite 
as 11. 

The pyridyl N-oxide derivative was sought as a urinary or fecal 

A Consolidated Electronics Corp. 21-1 10 mass spectronieter pro- 
duced thc spectra. which were interpreted by Ms.  J. Pao and Dr. w. 

Micro-Tck gas chromatograph, model MT-220, Tracor, Inc. .  
Austin.  Ten. 

nCnr. 

Br c=o Br c=o 

111 IV 

metabolite in all four species investigated. However, no measura- 
ble or consistent amount of the 14C of any extract examined mi- 
grated with this reference compound, thus indicating that it  was not 
a metabolite of bromazepam. 

Quantitative Profile of Bromazepam and Metabolite Excretion- 
The extractability of the urinary metabolites of each species IS pre- 
sented in Table 111. The urinary metabolites of man and dog are 
excreted mainly as conjugates hydrolizable by glusulase to labeled 
compounds extractable at pH 9.0. This is not true for the rat and 
mouse. In the rat, roughly one-quarter of the urinary is extract- 
able at pH 9.0, both before and after glusulase treatment; in the 
mouse, the directly extractable 14C represents the major metabolite 
fraction. An appreciable amount of urinary 14C is extracted at pH 2.0 
in both the rat and mouse. Fecal samples from dogs, rats. and mice 
were also extracted and, in general, less 14C was extractable at each 
pH than was found for the respective urine samples. 

The metabolites were quantitated in the pH 9.0 extracts obtained 
before and after glusulase treatment. As seen in Table IV,  the 
excretion of unchanged bromazepam by each species accounted 
for only 1- 20,: of the dose. The major urinary metabolites excreted 
by the human subjects were the conjugated forms of I and I V .  Sub- 
ject 2 differed from the other two in excreting a larger amount of I 
(31 of the dose) and a smaller amount of 1V (only 4% of the dose). 

In Dog 3, in which most of the 14C was excreted in the feces, 73% 
of the fecal 14C was found to be unchanged bromazepam. Since the 
absorption of bromazepam in this animal was severely limited. only 
data from the other three dogs were used to compile the average 
excretion values shown in Table IV.  The major urinary metabolite 
was conjugated I(20n/, of the dose). A small amount of urinary 11 
was also excreted by dogs, and the dog was the only species in 
which measurable amounts of I1  were found in the urine. 

Compound 1 was not excreted as a major metabolite by the rat, 
in contrast to the human and dog. Since only small amounts of 111 
and 1V were also found in the urine, most of the 14C excreted by 
rats remained unidentified. The dominant metabolite excreted by 
mice was 1, accounting for 367< of the dose. However, in contrast to 
its excretion mainly as a urinary conjugate by the human and dog, 
urinary I was excreted by the mouse primarily unconjugated. Very 
little 111 and IV and no detectable amounts of I 1  were excreted by 
the mice; almost all radioactivity not excreted as I remained un- 
identified. 

DISCUSSION 

The excretion of conjugated 3-hydroxylated derivatives is prom- 
inent in humans and dogs, but not in rats, administered various 1.4- 
benzodiazepin-2-ones (2). The present results show that bromaze- 
pam also fits this pattern. In addition, the finding that Metabolite I, 
although mostly unconjugated, is a major urinary metabolite of 
bromazepam in the mouse suggests that this species metabolizes 
bromazepam as do the human and dog. The difference in the 
pattern of metabolites excreted by the mouse and rat may hold true 
for benzodiazepin-2-ones in general. Recently, a considerable frac- 
ticn of an intravenous dose of either diazepama or desmethyl- 
diazepam was found (7) to be zecreted in the bile of the mouse, but 
not in the bile of the rat, as the conjugated 3-hydroxy metabolite, 
oxazepamg. 

In the rat the preferred metabolic reaction apparently is hydrox- 
ylation of benzodiazepines a t  the para-position of the 5-phenyl ring 
(2). This is also true for oxazepam metabolism in the rat (8). How- 
ever, since the major metabolites of bromazepam in the rat were not 

Diazepam is the active ingrcdient in Valium, Hoffmnnn-La Roche 

'Oxazepani is the active ingredient in Serax. Wycth Labs., Inc.. 
Inc.. N u I ~ c ~ ,  N. J. 

Radnor. Pa. 
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Table 111-Extractability of the Urinary Radioactivity Excreted by Human. Dog. Rat, and Mousea 

Serial Extraction with ________ Percent of Urinary Radioactivity in Each Extract*-------- -- 
Ethyl Acetate Human (3)< Dog (4Ic Rat ( 4 ) ~  Mouse (4)c 

Preglusulase 
at  pH 9.0 6 . 4  f 0 . 7 5  10 f 1 . 9  24 f 2 . 8  48 * 1 . 9  

Postglusulase 
22 =k 2 . 4  a t  pH 9.0 63 f 7 . 4  63 f 9 . 7  21 3~ 6 . 2  

at pH 7.0 6 . 5  f 2 . 0  5 . 6  f 1 . 0  8.0  f 3 . 6  3 . 1  -5 0 . 2  
at  pH 2.0 9 . 2  f 1 . 8  4 . 0  f 1 . 1  18 f 2 . 5  17 11 2 . 2  

Total 85 83 71 90 

In  cach instance, the sample extracted was pooled urine representing over 909; of the final amoun t  of l+C eliminated in the urinc. Since the cx- 
tractability within each species appeared to be unatfected by thc position of I'C labeling o r  the route  of "C-broniazepam adniinistratioll. the meall f 
standard deviation is presented. c Numbcr o f  individual subjects or animals whose urine was extracted. 

Table 1V-Excretion of Bromazepam and Metabolites by Human, Dog, Rat. and Mouse 

_______ __ __-_______ Percent of Do= Excrete& ~- - -- .- __ ~- 
--Human Urine--- 

Mouse (4) - 
Component ject 1 ject 2 ject 3 Urine Feces Urine Feces Urine Feces 

Bromazepam 1 . 1  1 . 2  1 . 8  NegLb 1 . 6 4 ~ 0 . 2  0 . 7 k 0 . 4  1 . 0 f O . 3  0 . 6 & 0 . 1  0 . 5 + 0 . 1  
2 2 . 7  + 2 . 6  4 .1  f 0 . 9  I (Nonconjugated) 0 . 5  1 . 6  0 . 7  Negl. 1 . 7  f 0 . 7  1 . 6  =k 0 . 3  Negl. 

I (Conjugated) 12.8 29.8 12 .5  1 9 . 9  f 8 . 9  1 . 3  f 0.5 Negl. Negl. 8 2 zk 1 . 3  1 . 1  - 0 . 4  
I 1  (Nonconjugated) Negl. Negl. Negl. 2 .5  f 1 . 4  NegLC Negl. Negl. Negl. Negl. 
I I I d  1.7 Negl. 3 . 5  Negl.< 0 . 9  f 0.4c  0 . 6  + 0.1  Negl. 1 . 6  ?Z 0 . T  Negl. 
I ve 10.2 3 . 9  2 4 . 6  2 . 5  =k 1 . P  1 . 7  I l . 6 c  1 . 4  t 0 . 6  Negl. 0 . 9  -t O . l r  Negl. 
UnidentifiedI'C 31.4 36.8  33.4 19 6 _t 1 . 8  16.7 f 3 . 0  18.2 k 5 . 6  55 8 1; 5 . 7  2 2 . 0  I 2 . 0  13.2 + 1 .9  
Total 14C 57.7  73 .3  76 5 44.5 * 7 . 7  2 3 . 9  f 1 . 6  22 5 t 6 6 56 .8  i- 5 . 6  56 0 + 5 . 1  18.Y i 2.Y 

_-._. Rat(4). -- -- Excreted Sub- Sub- Sub- - - - -  Dog (3) 

a The  values presented. individual values for the three subjects and mean f standard deviation for thc number of animals shown in parentheses for 
each species. were obtained from the analysis of pools o f  urine or feces which accounted for a t  least 90"; of  the excreted by cach route. 111 addi- 
tion to the solvent systems shown in Table 11. System 11-12 was used(parricularly in thequantitation of MetaholiteIV).  h Negl. indicates that less than 
0.5% of  the dose was excreted. c Average o f  results from two animals. d Compound 111 was found nxiinly i n  the postglusulasc extract, indicating its 
apparent excretion as a conjugate. Compound IV was found mainly in the postglusulase extract o f  urinc and in thc preglusulase e.xtract of feccs. 

identified, there is no evidence for hydroxylation of the 5-pyridyl 
ring in this species. 

Metabolic cleavage of the diazepine ring of medazepamlo (9) and 
nitrazepanill (10) to form both a benzophenone and a phenolic 
benzophenone hydroxylated orrlro to the amino function has been 
found in the human. Therefore, the excretion of 111 and IV as me- 
tabolites of bromazepam in the human is not surprising. From the 
magnitude of conjugated IV excretion by the three women (4, 10, 
and 25% of the dose), i t  is evident that both 3-hydroxylation and 
benzoylpyridine formation must be considered important pathways 
in the human. 

One novel pathway, the formation and urinary excretion of 
bromazepam N,-oxide (11). occurred i n  the dog but not in the 
human, rat, or mouse. Although the reduction of the N4-oxide 
function of a benzodiazepin-bone 4-oxide (demoxepam) was shown 
to occur in the dog ( I  I) ,  oxidation of this diazepine ring nitrogen has 
not been reported until now. Interestingly. the pyridyl nitrogen of 
bromazepam was apparently not oxidized since the pyridyl N-oxide 
derivative was not detected as a metabolite in any of the four 
species. Whether or not N4 oxidation is a metabolic reaction unique 
to bromazepam cannot be known until a thorough search for the cor- 
responding N4-oxide metabolites of other benzodiazepines is made. 

The present quantitative findings are similar to recent data1* 
obtained from two human subjects given 6 mg. of bromazepani-5- 
I4C intravenously; the subjects excreted 10 and 1576 of the dose in 
the urine as I (mostly conjugated) and 167; as IV (again mostly 
conjugated) in 24 hr. In addition. the rat excreted I. 111. and IV as 
urinary metabolites, with IV, at 4-5 :,; of the dose, being excreted to 
a greater extent than the other two. 
On the basis of the result: obtained to date. i t  is apparent that the 

metabolites excreted by humans were also excreted to some extent 
by the dog, rat, and mouse, whereas only the dog excreted 11. 

10 Medazepam is the active ingredient in Xobrium. F. HotTmann- 

1 '  Nitrazepam is the active ingredient in Mogadon. F. Hoffmann- 

1 2  J. Raaflaub and J. Speiser. F. Holfmann--Lo Roche and Co., Basle, 

La Roche and Co.. A. G.. Bask. Switzerland. 

La Roche and Co.,  A. G.. Basle, Switzerland. 

Switzerland, unpublished data.  
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