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Species differences in diazepam metabolism—I. Metabolism of diazepam metabolites*
(Received 19 September 1969; accepted 2 December 1969)

THE DISTRIBUTION and metabolism of N-demethyldiazepam and N-methyloxazepam have been studied
in rats and in mice, after i.v. injection of these drugs (5 mg/kg). The levels of the compounds adminis-
tered and their disappearance are similar in blood, brain and adipose tissue of rats and mice.

The accumulation of oxazepam coming from metabolization of both the parent compounds is
observed in mice but not in rats.

Evidence is presented for the more rapid disappearance of oxazepam from rat than from mouse
tissues.

Previous studies have shown that diazepam exerts a longer lasting anticonvulsant activity in mice
than in rats.! In order to explain this species difference, the brain levels of diazepam and its meta-
bolites were investigated.2 These in vivo studies have shown that the level of diazepam is similar in
both species, while there is an accumulation of N-demethyl metabolites in mice, but not in rats.

Since the N-demethyl metabolites of diazepam, namely N-demethyldiazepam and oxazepam, exert
an anticonvulsant activity comparable to that of diazepam!-2 these biochemical findings may explain
why in mice the anticonvulsant activity of diazepam is longer lasting than in rats. Further studies were
carried out in vitro considering the diazepam is N-demethylated and hydroxylated in the reticulum
endoplasmic system of the livert: 5 in order to observe possible differences between rats and mice.
By using liver microsomal preparations it was found that the mouse liver microsomes metabolize

* This work was financially supported by the contract DHEW/PHS. NIH/PH 43-67-83.
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diazepam mostly with the formation of N-demethyldiazepam, *while rat liver microsomes form
mostly N-methyloxazepam. N-methyloxazepam is then demethylated by mouse but not rat liver
microsomes, while N-demethyldiazepam is hydroxylated to form oxazepam by both species but only
at a very low rate, at least in vitro.5 Although these results could explain the observed difference in
vivo, it was of interest to investigate the distribution and the metabolism of the considered diazepam
metabolites, N-methyloxazepam, N-demethyldiazepam and oxazepam, in both rats and mice.

Methods

1. Animals. Male Sprague~Dawley rats (body wt. 200-250 g) and Male Albino Swiss mice (body wi.
20-25 g) were used in all experiments.

2. Drug administration. N-demethyldiazepam, N-methyloxazepam and oxazepam were administered
by intravenous injection at a dose of 5 mg/kg, dissolved in a solvent containing propy! glycol, glyco-
furol, benzyl alcohol and water (30:30:2:48).

3. Chemical determinations. The preparation of blood, brain and adipose tissue extracts were made
according to the method previously described.?

Gas chromatographic analysis were carried out using a gas chromatograph Model G 1 (Carlo Erba,
Milan) equipped with a Ni 63 electron capture detector (voltage: 42 v). The stationary phase was OV,
39 on Gas Chrom Q (60-80 mesh) packed into a 4m glass column (int. diam. 2 mm, ext. diam. 4 mm).
The flow rate of carrier gas (nitrogen) was 33 ml/min and the column temperature was 245°,

The electron capture detector sensitivity for the various benzodiazepines was the following:
oxazepam 50 ng, N-demethyldiazepam 5 ng and N-methyloxazepam 90 ng per 1 ml of blood or 1 g of
tissue,

Results

1. Levels of N-demethyldiazepam and its inetabolite in blood, brain and adipose tissue of mice and rats.
In Table 1 are reported the levels of N-demethyldiazepam in blood, brain and adipose tissue of mice at
different times after drug administration. The peak of N-demethyldiazepam for blood and brain was

TABLE 1. LEVELS (4 S.E.) OF N-DEMETHYLDIAZEPAM (N.ID.DD.) AND 1TS METABOLITE OXAZEPAM (OX)
IN BLOOD, BRAIN AND ADIPOSE TISSUE OF MICE AFTER ADMINISTRATION OF N-DEMETHYLDIAZEPAM
(5 mg/kg, i.v.)

Blood Brain Adipose tissue
Time after
N-demethyl NDD (0),4 NDD 16):¢ NDD 0ox
diazepam (ug/ml) (pg/ml) (ng/g) (ng/g) (ng/8) (vg/g)
1 min 398 4 0-12 — 816 - 0-21 — 4-17 + 008 —
5 min 1476 £ 0-09 n.d.f 6-52 4 0-12 n.d. 5:51 = 0-07 n.d.
30 min 1-31 -0-03 01040 5-55 - 005 1-53 4002 1250 +-0-62 064 - 0-04
60 min 0-47 £0:03 013 =0-002 452 1-0-18 2:374-002 11-21 -0-22 1-02 -;- 0-02
3 hr 0-12 £0:01 0-29 £ 0-01 0-62 - 001 393.--007  1-30--004 1-00 -+ 0-03
5hr n.d.* 0-21 =+ 0-0002 n.d. 075 42001 023 - 0:01 0-69 4 0:02
10 hr n.d. 0-13 + 0-007 n.d. 075 £ 0-02 n.d. 0-42 + 001

* n.d. traces (less than 5 ng/g).
1 n.d. traces (less than 50 ng/g).

reached immediately after its injection and then the levels tend to decline progressively so that after
about 5 hr only traces are measurable. In the adipose tissue there is instead a progressive increase up to
30 min after injection followed by a gradual decrease with the time.

Oxazepam, the product formed by hydroxylation of N-demethyldiazepam, was found in consider-
able concentrations beginning 30 min after N-demethyldiazepam injection.

The peak of oxazepam was reached 3 hr after intravenous injection of N-demethyldiazepam, and
even after 10 hr, when the drug administered is no longer detectable, oxazepam levels are still measur-
able in blood, brain and adipose tissue. Resuits of distribution of N-demethyldiazepam in rats (Table
2) were qualitatively similar to those obtained in mice, although in rats the rate of disappearance from
blood, brain and adipose tissue was faster than in mice.
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TABLE 2. LEVELS ( - S.E.) OF N-DEMETHYLDIAZEPAM IN BLOOD, BRAIN AND ADIPOSE TISSUE OF RATS
AFTER ADMINISTRATION OF N-DEMETHYLDIAZEPAM (5 mg/kg, i.v.)

Time after
N-demethyl Blood Brain Adipose tissue
diazepam (pg/ml) (ng/g) (ng/g)
1 min 512 £ 0-18 7-82 £ 0-37 1-04 -+ 0-05
5 min 3-29 4-0-04 6-35 4-0-09 3-88 +0-35
30 min 1-58 + 0-14 3-01 4- 0-07 17-38 + 0-76
60 min 0-098 - 0-003 059 -+ 0-007 2-45 4- 0-08
3 hr 0-007 4+ 0-0005 0-021 + 0-001 0-253 4- 0-020
5 hr 0-005 - 0-0005 0-015 4 0-0005 0-167 +4- 0-008
10 hr n.d.* n.d. 0-100 + 0-003

* n.d. traces (less than 5 ng/g).

It is of interest to note that in rats no oxazepam was present in the tissues examined, clearly showing
that no accumulation of oxazepam occurs in rats.

2. Levels of N-methyloxazepam and its metabolite in blood, brain and adipose tissue of mice and rats.
In Table 3 are shown the levels of N-methyloxazepam in blood, brain and adipose tissue of mice at
different times after drug administration. The pattern of distribution of N-methyloxazepam is similar
to that previously obtained using N-demethyldiazepam; the peak for blood and brain was reached
immediately after its injection, while for adipose tissue the peak was reached only after 30 min.
After 10 hr only traces of the drug administered are measurable.

Oxazepam, the metabolite coming from N-demethylation of the injected compound is present
already 5 min after N-methyloxazepam injection and it is still measurable after 10 hr when N-methyl-

TABLE 3. LEVELS OF N-METHYLOXAZEPAM (N.M.O.) AND ITS METABOLITE OXAZEPAM (OX) IN BLOOD,
BRAIN AND ADIPOSE TISSUE OF MICE AFTER ADMINISTRATION OF N-METHYL OXAZEPAM (5 mg/kg, i.v.)

Blood Brain Adipose tissue
Time after
N-methyl N.M.O N.M.O (8).¢ N.M.O. 0OX
oxazepam (ug/ml) (pg/mi) (ug/g) (ng/g) (pg/2) (ng/g)

1 min 3-54 +0-23 0-17 +0-01 698 - 0-54 — 1-64 +-0-22 —

5 min 1-39 -+ 0-25 0-40 + 0-02 5254063 056 -001 6204041 0404003
30 min 0-84 004 0-56 4- 003 263 £ 020 412 +£014 8601032 0424002
60 min 015002 072 +005 044 - 001 5064018 327+014 1524003

3 hr n.d.* 0-14 40003 021 -1-0-02 0-84 -£ 0-02 0-28 -- 0-005 0-54 + 0-01

5 min n.d. 0-13 4- 0-01 n.d. 056 -0:01 021 ::0:01 0-53 £ 0-01
10 hr — 0-13 L 0-001 n.d. 0-53 4 0-01 n.d. 0-45 £ 0-02

* n.d. = not detectable (less than 90 ng/g).

TABLE 4. LEVELS (I- S.E.) OF N-METHYLOXAZEPAM (N.M.O.) AND ITS METABOLITE OXAZEPAM (OX) IN
BLOOD, BRAIN AND ADIPOSE TISSUE OF RATS AFTER ADMINISTRATION OF N-METHYLOXAZEPAM (5 mg/kgi.v.)

Biood Brain Adipose tissue
Time after
N-methyl N.M.O. (0).¢ N.M.O. (0),¢ N.M.O. oX
oxazepam (pg/ml) (pgfmi) (1g/g) (1g/g) (1g/8) (1g/g)

1 min 5:70 £ 0-04 — 9:40 1- 0-26 — 593 4-0-08 —

5 min 1-74 £+ 0-02 n.d.* 804 4-0-34 1-78 + 0-01 573 --0-08 1-28 4+ 0-04
30 min 1-:28 +0-05 0-21 +0-01 1-20 +£0-19 046 +-0:005 3-57 5-0-17 0-23 L 0-01
60 min 024 +0-03 009 001 052-+002 0-32 00t 1-37 + 0-04 0-19 - 0:01

3 hr n.d.t — n.d. —_— n.d. —

* n.d. traces (less than 90 ng/g).
1 n.d. traces (less than 50 ng/g).
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oxazepam has disappeared. The rate of accumulation of oxazepam iz vivo from N-methyloxazepam
is faster than from N-demethyldiazepam.

The same experiment, carried out in rats, is shown in Table 4.

Blood and brain levels of N-methyloxazepam are similar to those seen in mice but in the adipose
tissue the peak of N-methyloxazepam was reached immediately (from 1 to 5 min after injection).

Oxazepam is present in detectable amounts only between 5 to 60 min after N-methyloxazepam
injection.

3. Levels of oxazepam in blood, brain and adipose tissue of mice and rats. After intravenous injection
of oxazepam into mice, the highest blood and brain concentrations are observed between 1 and 5 min,
while in adipose tissue the peak is reached at 30 min. Thereafter a gradual decline in level occurs up to
10 hr after administration, in all tissues examined. The disappearance of oxazepam from blood, brain
and adipose tissue of rats (Table 6) was relatively rapid since only traces were present 5 hr after oxaze-
pam injection.

TaBrE 5. LEVELS (- S.E.) OF 0xAzEPAM (OX) IN BLOOD, BRAIN AND ADIPOSE TISSUE OF MICE AFTLR
ADMINISTRATION OF OXAZEPAM (5 mg/kgi.v.)

Blood Brain Adipose tissue
Time after
oxazepam (0).4 OX
(ng/ml) (ng/g) (vg/®)
1 min 3-16 - 0-05 3-59 4+ 0-05 3:16 4- 0-09
5 min 2:08 4 0-05 14-30 £ 0-17 3-50 + 0-04
30 min 1-51 £ 0-05 684 +0-12 7:35 £ 0-12
60 min 1-10 + 0-02 5-21 4- 0-03 421 +0-18
3 hr 071 + 0-05 3-12 + 0-01 147 -+ 0-01
5 hr 047 + 0-02 278 £ 0-02 1-38 +0-01
10 hr 0-20 + 0-01 2:25 +0-02 1-14 4+ 0-01

TABLE 6. LEVELS (- S.E.) OF 0XAZEPAM (OX) IN BLOOD, BRAIN AND ADIPOSE TISSUE OF RATS AFTER
ADMINISTRATION OF OXAZEPAM (5 mg/kg i.v.)

Blood Brain Adipose tissue
Time after
oxazepam (0), ¢ (0,4 (0).¢
(ug/mi) (1g/g) (1g/8) .
1 min 1-63 4+ 0-09 3-:06 + 0-05 0-88 4 0-03
5 min 1-50 4 0-04 4-50 4+ 0-03 3-:30 £ 005
30 min 0-55 4-0-02 290 £ 0-02 2-57 4- 0-04
60 min 0-23 4- 0-01 1-43 4+ 0-05 2:09 4 0-05
3 hr 0-06 + 0-002 0-20 4- 0-0005 0-14 4- 0-005
Shr n.d.* n.d. n.d.

* n.d. traces (less than 50 ng/g).

Discussion

N-Demethyldiazepam, one of the principal metabolites of diazepam in mice but not in rats, dis-
appears from the blood stream and accumulates in the brain and adipose tissue similarly in the two
animal species. Although the levels of N-demethyldiazepam are at given times (for example 3 hr after
N-demethyldiazepam administration) several fold higher in mouse than in rat tissue, the very low
levels of N-demethyldiazepam in rats in vivo after administration of diazepam are not likely to be duc
to a rapid disposition of N-demethyldiazepam.

These findings confirm therefore that the observed low rate of formation of N-demethyldiazepam
when diazepam is incubated with rat liver microsomal enzymes® is the limiting factor for the lack of
accumulation of N-demethyldiazepam in rats.

N-Methyloxazepam disappears also from the blood stream and accumulates in the brain of rats and
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mice at about the same rate. However, the pattern of accumulation in the adipose tissue is different
in the two animal species because N-methyloxazepam enters more slowly in the mouse than in the rat
adipose tissue.

Both N-demethyldiazepam and N-methyloxazepam may be respectively hydroxylated or N-
demethylated to form the common metabolite oxazepam.3. 4 In rats there is no accumulation of oxaze-
pam from N-demethyldiazepam while only limited concéntrations are present in blood, brain or
adipose tissue when N-methyloxazepam is given. On the contrary in mice high concentration of
oxazepam are formed and accumulated for several hours both from N-demethyldiazepam and
N-methyloxazepam. The reason for accumulation of oxazepam in mice and not in rats may be related
to the different rate of disappearance of this metabolite from plasma and tissues in these two species.
In fact when oxazepam was injected into rats it disappeared in about 3 hr while in mice with the same
dose of oxazepam, it was still present in blood and tissues even after 10 hr.

It is possible therefore to conclude that in mice oxazepam is retained for longer time than in rats.
This may explain why the administration of diazepam results in the presence of oxazepam only in
mice and not in rats.® These metabolic findings also help to explain the longer duration of anticon-
vulsant action exerted by diazepam in mice than in rats.!

Istituto di Ricerche Farmacologiche ‘“Mario Negri”, F. Marcucct
Via Eritrea 62, 20157 Milano, Italy E. MussiNt
R. FANELLI

S. GARATTINI

R [¢)
e
/\]/ - \CHR
CP !
K)\%N/
4
()
N
R R:
CHs H Diazepam
H H N-Demethyldiazepam

CHz OH N-Methyloxazepam
H OH Oxazepam

REFERENCES

1. F. Marcuccr, A. GUalTang, J. KveTiNa, E. Mussint and S. GARATTINL, Europ. J. Pharmac. 4, 467
(1968).

. F. Marcucct and E. MussiNi, Br, J. Pharmac. Chemother. 34, 667P (1968).

. G.ZsiNDEN and L. O. RANDALL, in Advances in Pharmacology (Eds. S. GARATTINI and P. A. SHORE)
Vol. 5 pp. 213-291, Academic Press, New York (1967).

. J. KvetiNa, F. Marcucct and R. FANELLL, J. Pharm. Pharmac. 20, 807 (1968).

. M. A. ScuwarTz and E. Post™ma, Biochem. Pharmac. 17, 2443 (1968).

. F. Marcucci, R. FANELLI, E. MussiNt and S. GARATTINI, Europ. J. Pharmac. in press (1969).

. F. Marcuccl, R, FaNeLL and E. Mussing, J. Chromat. 37, 318 (1968).

. F. Marcuccr, R. FANELLY, E. Mussint and S. GARATTINI, to be published.

W N

(o BEN o SRV N



