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MOLLER, W. E. AND A. E. STILLBAUER. Benzodiazepine hypnotics: Time course and potency of benzodiazepine 
receptor occupation after oral applicationi PHARMACOL BIOCHEM BEHAV 18(4) 545-549, 1983.--Ex vivo benzodiaz- 
epine receptor occupation by six benzodiazepine hypnotics in the mouse brain was investigated with respect to the time 
course after oral administration and with respect to the in vitro potency as benzodiazepin¢ receptor ligands. All drugs were 
administered as solutions. Receptor occupation, as indicated by the inhibition of specific Jail] flunitrazepam binding, 
occurs very rapidly after oral administratio$ of all benzodiazepines tested with about 80% or even more of maximal inhibition 
already seen within 30 rain after oral administration, llowever, the onset is somewhat faster with midazolam and 
temazepam than with the other four derivatives. The duration of benzodiazepine receptor occupation in the mouse brain 
differed markedly for the six benzodiaze~ines in agreement with their very different pharmacokinetics in this species. 
Except for midazolam, there was a good correlation between in vitro receptor affinity and ex vivo receptor occupancy, 
suggesting that all drugs except midazolam reach the receptor in the CNS similarly. Midazolam has a large first pass 
metabolism after oral administration which seems the reason for the lower ex vivo potency relative to the in vitro affinity. It 
is concluded that a fast onset of receptor occupation is a rather general property of benzodiazepines when administered 
orally as solutions. 
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THERE is convincing evidence that m o s t  of  the phar- 
macological and clinical effects of  the benzo~iiazepines are 
mediated via benzodiazepine specific receptors present in 
the central nervous system of  most vertebrate Species includ- 
ing man. Furthermore,  the affinity of  the beDzodiazepines 
for these receptor  sites seems to be the major determinant 
for the pharmacological and clinical potency O f these drugs 
[9, 13, 14]. On the other hand, a variety of  d a t ,  accumulated 
so far also indicatds that differences of  the pharmacokinetics 
of  the benzodiazepines,  e.g., onset and duration of  activity, 
might also significantly contribute to variationa of  the in vivo 
potencies of  the benzodiazepines [1,12] and might explain that 
receptor  affinity in vitro may be not in any ~case strongly 
correlated with in vivo activity. 

• . I . 

Benzodiazepine receptor  binding, usually determined in 
brain homogenates in vitro, has also been deinonstrated in 
vivo in several species [2, 3, 4, 7, 11, 15, 17, 18]. Obviously, 
the determination of  benzodiazepine receptor  Dccupation in 
vivo provides a very specific parameter  of  tl)e CNS phar- 
macokinetics,  taking into account differences of  receptor  af- 
finity as well as differences of  the pharmacokinetics.  Unfor- 
tunately, only little comparable data are availhble about the 
relationship between in vitro and in vivo recc[ptor aff'mity, 
especially after oral administration, the most Usual way of  

administration for the benzodiazepines.  Accordingly,  we re- 
port  in the present communication time course and potency 
of  receptor  occupation of  six benzodiazepine derivatives 
after oral administration using a previously described ex vivo 
technique [4]. The aim was to obtain some further data about 
the most relevant parameter  of  the CNS pharmacokinetics of  
these drugs and about the relationship between in vitro and 
in vivo potency as benzodiazepine receptor  ligands. Most of  
the derivatives are used as hypnotics in man, where a rapid 
onset of  action is desirable to ensure a fast induction of  sleep 
in insomniac patients. Oxazepam, which is considered to 
have a relative slow onset of  action in man and therefore is 
less often used as hypnotic [12], has been included for com- 
parison. 

METHOD 

In Vitro Receptor Binding 

Male NMRI mice (18--20 g) were killed by decapitation. 
The brains were removed and homogenized in 200 volumes 
100/zmol/l Tris-HCl buffer pH 7.4. 900/zl aliquots of  this 
tissue suspension were incubated in triplicate at 4°C for 30 
min together with 50/zl buffer containing [SH] fiunitrazepam 
(FNT) and 50/zl  buffer containing the blank (diazepam) or 
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TABLE 1 
AFFINITIES OF THE SIX BENZODIAZEPINE DERIVATIVES 

INVESTIGATED FOR THE MOUSE BRAIN BENZODIAZEPINE 
RECEPTOR IN VITRO 

Drug 

IC~0 [all] flunitrazepam [nM] 

Mean -+ S.E.M. Relative Potency 

Triazolam 2.9 +- 1.0 5.9 
Midazolam 8.0 -+ 1.0 2.1 
Diazepam 17 +_ 2 1.0 
Nitrazepam 20 +_ 3 0.85 
Oxazepam 42 _+ 8 0.4 
Temazepam 50 _+ 7 0.34 

Affinity is indicated by the inhibitory concentrations 50% (IC50) 
for specific [3H] FNT binding. IC~0 values were determined by log 
probit analysis using four to six concentrations of the displacers. 
Data are means of four to six individual determinations. Relative 
potencies are determined on the basis diazepam = 1.0. 

various displacers. The final [aH] FNT concentration was 
always 0.2 nmol/1. The incubation was terminated by rapid 
filtration through Whatman GF-B filters. The filters were 
washed three times with 3 ml ice-cold incubation buffer, 
placed in minivials, and dried for 30 min at 60°C. The radioac- 
tivity on the filters was determined by liquid scintillation spec- 
trophotometry in 4 ml Quickszint 402 (Zinsser, Frankfurt, 
FRG). Unspecific binding was determined by parallel exper- 
iments performed in the presence of 10 /xmol/l diazepam 
(blank) and accounted for less than 10% of total binding. 

Ex Vivo Receptor Binding 

Male NMRI mice (18-20 g) received orally by stomach 
tube (PO) 200 p.l saline containing the benzodiazepines and 
10-20 percent ethanol. The mice were killed by decapitation 
at different intervals after the PO administration and the 
brains were removed, cleaned, weighed and homogenized in 
3 ml ice-cold 100 ~tmol/1Tris-HCl buffer pH 7.4 within 1 min 
after decapitation. Three hundred/zl aliquots of  the homoge- 
hate were incubated together with about 2.5 pmol [aH] FNT 
(added in 50/zl buffer) and either 50/zl buffer alone or buffer 
containing diazepam as blank (final concentration 10/zmol/l) 
for 30 min at 4°C. The incubation was terminated by rapid 
filtration through Wharman GF-B filters which were washed 
three times with 3 ml ice-cold incubation buffer. For each 
mouse brain, triplicate determinations for specific and for 
unspecific binding were performed. The specific binding ob- 
tained in these experiments was corrected for brain weight 
and calculated as percentage of  specific binding obtained 
from parallel experiments using mice treated with the solvent 
only. Previous studies [4] have demonstrated that for several 
benzodiazepine receptor ligands this ex vivo binding tech- 
nique gives fairly similar results than other in vivo tech- 
niques for benzodiazepine receptor binding. Moreover, Pieri 
et al. [16] have recently reported some data about benzodi- 
azepine receptor binding of  diazepam and midazolam in the 
mouse brain in vivo, which are quite similar to our findings 
using the ex vivo technique. Accordingly, the ex vivo 
method described in this paper will not only measure all the 
receptor ligands present in the brain, but will also give in- 
formation about the receptor occupation in vivo. 

Materials 

[3HI Flunitrazepam ([ZH] FNT) specific activity 88 
Ci/mmol) was obtained from New England Nuclear 
(Dreieich, FRG). The benzodiazepine derivatives were gifts 
from the German manufacturers (diazepam, midazolam, ni- 
trazepam from Hoffmann-La Roche, Grenzach; oxazepam 
from Boehringer, Ingelheim; temazepam from Farmitalia 
Carlo Erba, Freiburg; triazolam from Upjohn, Heppenheim). 
All other chemicals were obtained from commercial 
suppliers. 

RESULTS 

The affinities of  the 6 benzodiazepine derivatives investi- 
gated for the mouse brain benzodiazepine receptor in vitro 
(see the IC50 values in Table 1) are similar to previous find- 
ings in other species including man [7, 9, 14]. Compared with 
diazepam, triazolam and midazolam are more (about 6 or 2 
times, respectively) potent, nitrazepam is similar, and 
oxazepam and temazepam are less than half as active at the 
receptor in vitro than diazepam (Table 1). Thus, the in vitro 
potencies of  the 6 benzodiazepines vary by more than one 
order of magnitude. 

When diazepam is given orally to mice as a solution at a 
dose of  7.5/~mol/kg which corresponds to its EDs0 in various 
pharmacological tests [7,9], inhibition of benzodiazepine re- 
ceptor binding in the mouse brain can be seen very rapidly 
(Fig. 1). Specific [all] FNT binding is reduced by about 30% 
already 5 min after oral administration and the maximal in- 
hibition by this dose (about 50%) is reached already 10 min 
after administration (Fig. 1). The maximal effect remains 
relatively stable for the period of  I0 rain to 2 hr after adminis- 
tration and after that time inhibition decreases slowly with an 
apparent biological half-life of  about 14 hr as determined 
from the linear phase in the half-logarithmic system (Fig. 1, 
right). When mice received the diazepam derivative 
temazepam (3-hydroxydiazepam) at an oral dose of 21.8 
tzmol/kg, which is similar to the diazepam dose relative to 
the receptor affinity in vitro (Table 1), some differences in 
respect to the inhibition of specific [3H] FNT binding ex vivo 
were observed (Table 2). The onset of  receptor occupation is 
faster for temazepam than for diazepam, with about 30% 
inhibition seen already 2 min after oral administration and 
about 80% of maximal inhibition present already 5 rain after 
administration, at which time the diazepam effect accounts 
for only 50% of the maximal effect. Maximal inhibition by 
this dose of temazepam (70% inhibition of specific [aH] FNT 
binding) is somewhat higher than that of  the comparable 
(relative to the receptor affinity in vitro) dose of  diazepam, 
giving a first indication for a slightly higher in vivo potency 
of temazepam compared to diazepam (Table 2). Similar to 
diazepam, the maximal effect of temazepam is relatively stable 
over the period of 10 rain to 2 hr after oral administration, 
after which time the effect also decreases. Compared with 
diazepam, the time course is much slower with an apparent 
biological half-life of about 30 hr, which is in agreement with 
the faster elimination of diazepam compared to temazepam 
in the mouse [8]. This contrasts sharply to the conditions in 
man, where diazepam is eliminated much more slowly than 
temazepam [1]. The reason seems to be that, in contrast to 
man [5,6], temazepam is metabolized in the mouse to a con- 
siderable extent to oxazepam and that oxazepam has an ex- 
ceptionally long elimination half-life in the mouse [8]. 

Similar experiments on the time course of benzodiazepine 
receptor binding ex vivo were performed for all 6 benzodiaz- 
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FIG. 1. Time course of benzodiazepine receptor occupation ex vivo after oral administration of diazepam (7.5/zmol/kg). Left: Inhibition of 
specific [aH]FNT binding at various time intervals after oral administration o fa  diazepam solution (inset: same data for the time from 2-60 min 
after administration). Data are means±S.E.M, of four to six individual determinations. Right: Benzodiazepine receptor occupation by 
diazepam at various time intervals after oral administration expressed as percent of the maximal effect (inset: same data for the time from 2-60 
min after administration). 

ep ine  der iva t ives .  T he  da ta  a re  s u m m a r i z e d  in Tab le  2. All 
b e n z o d i a z e p i n e s  were  g iven  oral ly  as so lu t ions  at  doses  simi- 
lar  to  d i a z e p a m  on  a mo la r  bas is  and  re l a t ive  to the  r e c e p t o r  
affinity in vi t ro  (Table  1), e x c e p t  midazo lam,  w h o s e  dose  
was twice  o f  the  ca lcu la ted  dose  in o rde r  to r each  b e t w e e n  50 
and  70% inhib i t ion  of  specif ic  [all] F N T  binding  in v ivo  [16]. 
The  da ta  were  t r a n s f o r m e d  as de sc r ibed  for  d i a z e p a m  and  
t e m a z e p a m  (Fig. 1) and  severa l  p a r a m e t e r s  o f  the  t ime  
c o u r s e  of  b e n z o d i a z e p i n e  r e c e p t o r  o c c u p a t i o n  were  calcu-  

la ted and  are  s u m m a r i z e d  in Table  3. All b e n z o d i a z e p i n e s  
p r o d u c e d  max ima l  inhib i t ion  ( b e t w e e n  55 to 75%) o f  specif ic  
[aH] F N T  binding wi th in  20 to 60 rain af te r  oral  admin is t ra -  
t ion.  The  t ime to r e a c h  50% of  the  peak  ef fec t  was  less  t han  
10 min  for  all 6 de r iva t ives  bu t  was  only  a b o u t  3 min  in the  
case  o f  m i d a z o l a m  and  t e m a z e p a m  (Table  3). N i n e t y  pe r cen t  
o f  max ima l  inh ib i t ion  was  found  a f te r  m i d a z o l a m  and  
t e m a z e p a m  wi th in  less t han  10 min,  was  r e a c h e d  by  
d i azepam,  n i t r azepam,  and  t r i azo lam in a b o u t  20 min,  bu t  in 

T A B L E  2 

TIME COURSE OF INHIBITION OF SPECIFIC [UH] FNT BINDING IN THE MOUSE BRAIN EX VIVO AFTER ORAL ADMINISTRATION 

Drug 
(tzmol/kg) 2 5 10 

Specific [3HI Flunitrazepam Binding in Percent of Controls 

Time after PO Administration 

(min) (hr) 

20 30 40 1 2 4 8 16 24 

Diazepam 8 4 ±  4 72-~ 5 50-+ 7 5 0 _  3 4 6 ±  5 4 4 ±  5 44___ 3 45 ± 2 55--_ 2 64 ± 7 7 4 ±  3 82 ± 6  
(7.5) 

Midazolam 7 4 ±  5 4 8 ± 4  4 9 ±  2 4 4 ±  4 5 7 ±  2 5 4 ±  3 5 4 ±  5 63 ± 4 6 7 ±  5 74 ± 5 9 7 ± 4  9 8 ±  1 
(7.5) 

Nitrazepam 8 0 ±  9 65-+ 4 48_+ 1 52 ± 9 4 6 ±  4 4 2 ±  2 4 4 ± 4  4 4 ±  4 5 0 ±  5 62 ± 2 83 ± 5 93 ± 2 
(9.0) 

Oxazepam 8 7 ±  5 6 9 ± 9  5 6 ±  5 4 9 ±  6 47 ± 4  3 2 ± 2  38 ± 3 3 5 ±  5 3 7 ± 6  45 ± 6 4 9 ± 4  6 0 ±  2 
(18,8) 

Temazepam 73 ± 8 43 ± 7 37__+ 3 3 5 ±  5 31 ± 2  3 8 _  3 3 0 ±  I 33 ± 2 3 4 ± 4  3 7 ±  2 4 6 ±  1 5 8 ± 2  
(21.8) 

Triazolam 91 ± 1 7 6 ±  6 3 4 ±  8 3 6 ±  4 3 0 ±  2 2 7 ±  2 25 ± 2 35 ± 2 37 ± 2 63 ± 4  93 ± 5  8 5 ± 2  
(1.5) 

Data are means of four to six individual determinations. 
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TABLE 3 
KINETIC PARAMETERS OF THE OCCUPATION OF BENZODIAZEPINE RECEPTORS 

IN THE MOUSE BRAIN 

Diazepam Midazolam Nitrazepam Oxazepam Temazepam Triazolam 

Emax (%) 56 56 58 68 70 75 
tmax (min) 40 20 40 40 60 60 

ts0~ (min) 5 3 9 6 3 7 
(rain) 15 7 15 35 9 20 

t~t2 (hr) 14 5 7 >35 30 6 

E0.5 hr (%) 96 78 93 78 99 93 
EL0 hr (%) 100 82 97 91 100 100 
Es h~ (%) 64 46 66 81 90 49 
E24 hr (%) 32 4 12 59 60 20 

Emax and tmx are intensity (in percent inhibition of specific [3HI FNT binding ex vivo) and time after 
oral administration of the maximal effect (see Table 2). ts0~, and tgo~ are the time after administration to 
reach 50 or 90% of maximal inhibition, respectively, tit2 is the biological half life of the inhibition of 
benzodiazepine receptor binding in vivo. Eo.5 hr to E24 hr are inhibition of benzodiazepine receptor 
binding ex vivo in percent of the maximal effect at different time intervals after oral administration. 

the case of  oxazepam was not found before 30 min after oral 
administration (Table 3). Thus, distinct differences can be 
seen for the onset of  benzodiazepine receptor occupation by 
the 6 benzodiazepines after oral administration. However,  
these differences might be not very relevant from a more 
practical point of view, since all 6 derivatives show between 
80 and 100% of the maximal inhibition already 30 min after 
administration (Table 3). 

On the other hand, more significant differences of the ex 
vivo receptor occupation are present 8 or  24 hr after oral 
administration (Table 3). Accordingly, the biological half- 
lives of  benzodiazepine receptor  occupation ex vivo of  the 6 
benzodiazepines vary considerably, with values between 5 
and 7 hr for midazolam nitrazepam, and triazolam, of  about 
15 hr for diazepam, but of  more than 30 hr for oxazepam and 
temazepam. Thus, there might be large differences in the 
elimination of  the 6 benzodiazepines in the mouse, which 
however,  do not parallel the conditions in man [1,12]. 

As mentioned above, all 6 derivatives exhibit 80% or 
more of  their maximal effect at 30 min after oral administra- 
tion (Table 3). Therefore, we determined the potency of 
these drugs as inhibitors of  specific [3H] FNT binding ex vivo 
at 30 rain after oral administration. The doses of  the benzodi- 
azepines required to produce 50% inhibition of  specific [aH] 
FNT binding under these conditions are summarized in Ta- 
ble. 4. Similar to the conditions in vitro (Table 1) the ex vivo 
potencies range over more than one order of  magnitude (Ta- 
ble 4) with triazolam being considerably more potent than 
diazepam and all other compounds being similar or slightly 
less potent than diazepam. But more important, the ratios 
between the relative potencies in vitro and ex vivo vary only 
about twofold for diazepam, midazolam, oxazepam, ni- 
trazepam, and temazepam (Table 4). Thus, for the deriva- 
tives investigated, in vitro affinity for the receptor  seems to 
be the most important determinant for ex vivo potency, even 
after oral administration. Although temazepam seems to be 
somewhat more active ex vivo compared to the other de- 
rivatives, the only important exception is midazolam which 
is about four times more potent in vitro than ex vivo (Table 
4). At present, we interpret the relative low ex vivo activity 

by assuming that the fraction of  the administered drug which 
reaches the brain is smaller than that of  the other five ben- 
zodiazepines. 

DISCUSSION 

Ex vivo receptor occupancy occurs very rapidly after oral 
administration of  benzodiazepine solutions. Although there 
are significant differences of  the time courses of receptor 
occupation for the 6 benzodiazepines investigated, e.g.,  the 
extremely fast onset in the case of  midazolam and 
temazepam and the considerably slower onset in the case of 
oxazepam, these differences might be less important from a 
therapeutical point of  view, since all six derivatives reach 
80% or  even more of  maximal inhibition within 30 rain after 
oral administration. 

It is quite clear that the duration of receptor occupancy in 
the mouse will differ fundamentally from that in man due to 
the large differences of the metabolism of these drugs in the 
two species [1, 8, 12]. On the other hand, the mechanisms of 
absorption in the gastrointestinal tract and the penetration 
into the brain might differ less between man and mouse. 
Thus, one feels entitled to speculate that the time courses of 
receptor occupation in man might also be not very different 
when all six drugs are given orally as solutions. 

Unfortunately, we do not know about comparable data on 
the time course of  absorption in man for the benzodiazepines 
given as solutions. However,  significant differences of the 
time course of  absorption can be seen in man when the drugs 
are taken orally as tablets [12]. This has been studied in 
detail for the drug temazepam [5,6] which is now sold as a 
soft gelatin capsule containing the drug in a dissolved form. 
Absorption of  temazepam in man from the soft gelatin cap- 
sule is nearly as fast as absorption from a temazepam solu- 
tion with peak plasma levels already seen 30 min after admin- 
istration [5,6] which is remarkable similar to our observa- 
tions in the mouse. When given as tablets or  hard gelatin 
capsules,  time course of absorption of temazepam was con- 
siderably slower, obviously due to the slow dissolution of the 
compound [5,6]. Thus, our present studies support the con- 
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TABLE 4 
EX VIVO POTENCIES OF THE BENZODIAZEPINES AS BENZODIAZEPIN 

RECEPTOR LIGANDS 

EDso [SH] Flunitrazepam (/zmol/kg) 

Drug Means -4- S.E.M. (mg/kg) Relative Potency 

Triazolam 0.7 -+ 0.18 (0.24) 9.0 (0.7)* 
Diazepam 6.3 -+ 0.9 (1.8) 1.0 (1.0) 
Nitrazepam 7.4 -+ 1.8 (2.1) 0.85 (1.0) 
Temazepam 8.8 -+ 1.3 (2.6) 0.72 (0.5) 
Midazolam 10.6 -+ 1.5 (3.5) 0.59 (3.6) 
Oxazepam 16.8 _+ 3.1 (4.8) 0.38 (1.0) 

Given are the oral doses needed to reach 50% inhibition of benzodiaze- 
pine receptor binding ex vivo 30 min after oral administration (EDso). EDs0 
values were determined by Jog probit analysis using three different doses of 
the benzodiazepines. The data are means of four individual determinations. 
Relative potencies were determined on the basis diazepam = 1.0. 
*Relative potency in vitro/relative potency ex vivo. 

cept to give benzodiazepines in a dissolved form [5] to 
ensure fast onset of action in man. Moreover, the data indi- 
cate that fast absorption is a rather general property of the 
benzodiazepines when given orally as solutions and seems to 
be present even in the case of oxazepam which is considered 
to he relatively slowly absorbed if given as tablets in man [12]. 

The relationship between in vitro and ex vivo potency 
does not differ very much for the benzodiazepines investi- 
gated except for midazolam, indicating similar 
biovailabilities and suggesting that ex vivo receptor affinity 
is closely related to in vitro affinity. Midazolarn is a consid- 
erably less potent inhibitor of specific [all] FNT binding ex 
vivo than in vitro, possibly because the fraction of the oral 

dose which reaches the brain is smaller that that of the other 
five benzodiazepines. This goes parallel with the conditions 
in man, where a large first pass metabolism has been found 
[10]. The metabolites, although of similar potency at the re- 
ceptor in vitro, are much less active in vivo than midazolam, 
presumably due to their reduced ability to penetrate the 
blood-brain bam'er [16]. Similar factors may account for the 
relatively weak in vivo potency of midazolam in the mouse. 
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