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Abstract. Factors influencing brain uptake of benzodiaze- 
pine derivatives were evaluated in adult Sprague Dawley 
rats (n = 8-10 per drug). Animals received single intraperi- 
toneal doses of alprazolam, triazolam, lorazepam, flunitra- 
zepam, diazepam, midazolam, desmethyldiazepam, or clo- 
bazam. Concentrations of each drug (and metabolites) in 
whole brain and serum 1 h after dosage were determined 
by gas chromatography. Serum free fraction was measured 
by equilibrium dialysis. In vitro binding affinity (apparent 
K~) of each compound was estimated based on displacement 
of tritiated flunitrazepam in washed membrane prepara- 
tions from rat cerebral cortex. Lipid solubility of each ben- 
zodiazepine was estimated using the reverse-phase liquid 
chromatographic (HPLC) retention index at physiologic 
pH. There was no significant relation between brain:total 
serum concentration ratio and either HPLC retention (r = 
0.18) or binding Ki (r = - 0.34). Correction of uptake ratios 
for free as opposed to total serum concentration yielded 
a highly significant correlation with HPLC retention ( r=  
0.78, P <  0.005). However, even the corrected ratio was not 
correlated with binding Ki ( r=  --0.22). Thus a benzodiaze- 
pine's capacity to diffuse from systemic blood into brain 
tissue is much more closely associated with the physico- 
chemical property of lipid solubility than with specific affin- 
ity. Unbound rather than total serum or plasma concentra- 
tion most accurately reflects the quantity of drug available 
for diffusion. 
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Well defined, objective criteria for quantitating or predict- 
ing the clinical potency of the various benzodiazepine deriv- 
atives are not currently available. This is of importance 
for the assignment of "comparable"  dosages (or compara- 
ble plasma concentrations) of different benzodiazepines for 
therapeutic purposes or in comparative preclinical studies. 
For example, some benzodiazepines, such as triazolam, are 
administered clinically in very low doses (i.e., 0.25-0.5 mg) 
and achieve correspondingly low plasma concentrations 
(0.5 5.0 ng/ml), whereas others, such as temazepam, require 
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much higher doses (i.e., 15-30 mg), resulting in higher plas- 
ma concentrations (50-600 ng/ml), but producing compara- 
ble clinical effects (Greenblatt et al. 1983 a). However, esti- 
mates of clinically "equivalent" dosages and plasma con- 
centrations of two such drugs are generally based on experi- 
ence and impression rather than objective criteria. A second 
important problem is the need to evaluate the contribution 
of endogenously-formed metabolites to overall clinical ac- 
tivity of a parent or precursor benzodiazepine. For a 
number of benzodiazepine derivatives, administration of 
therapeutic doses leads to the formation of one or more 
metabolites that appear in systemic plasma in significant 
amounts (Klotz et al. 1980; Greenblatt et al. 1982a, 1983a, 
b; Guentert 1984; Greenblatt and Shader 1985). Since the 
quantities of these metabolites, as well as their time-course 
of appearance and disappearance, may differ considerably 
from those of the parent compound, criteria for assessment 
of the activity of these metabolites is needed. 

Differing intrinsic affinities of the various benzodiaze- 
pines for their postulated pharmacologic receptor at least 
partly underlie these differences (Tallman etal. 1980; 
Mtiller 1981 ; Skolnick and Paul 1982; Miller et al. 1987a, 
b). Nonetheless, before a benzodiazepine derivative can 
have access to its receptor site, it must reach the extracellu- 
lar water surrounding the cellular components containing 
the functional receptor. The delivery of drug to the receptor 
site is achieved via the systemic circulation, which brings 
the drug to the cerebral circulation from which it must 
diffuse into brain tissue. The extent of benzodiazepine diffu- 
sion from systemic blood into brain, and the factors in- 
fluencing this diffusion, have received relatively little atten- 
tion. The present study evaluated the extent of uptake of 
a series of benzodiazepines into mammalian brain, and as- 
sessed some physicochemical and molecular factors in- 
fluencing this process. 

Methods 

Procedures for  animal experiments. Experimental animals 
were adult male Sprague Dawley rats (15~340 g) housed 
under diurnal lighting conditions with free access to food 
and water. Animals received a single intraperitoneal dose 
of the following benzodiazepines: alprazolam, triazolam, 
lorazepam, flunitrazepam, diazepam, midazolam, desmeth- 
yldiazepam, or clobazam (Table 1). Each drug was admin- 
istered to eight to ten different animals, and each animal 



Table 1. Summary of benzodiazepines administered and measured in serum and brain 

Administered Dose (mg/kg) Present in serum and brain Reference to analytic method 
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Alprazolam 2.5 -Alprazolam 

Triazolam 1.25 -Triazolam 

Lorazepam 2.5 -Lorazepam 

Flunitrazepam 1.25 -Flunitrazepam 

Diazepam 10.0 -Diazepam 
-Desmethyldiazepam 
-Oxazepam 

Midazolam 50.0 -Midazolam 
-1-Hydroxy midazolam 1 
-4-Hydroxy midazolam 

Desmethyldiazepam 12.5 -Desmethyldiazepam 
-Oxazepam 

Clobazam 50.0 -Clobazam 
-Desmethylclobazam 

Greenblatt et al. 1981 b, 1983d 

Greenblatt et al. 1981 b, 1983d 

Greenblatt et al. 1978 

Greenblatt et al. 1982c 

Greenblatt et al. 1980 

Arendt et al. 1984 

Greenblatt et al. 1980 

Greenblatt 1980 

1 Also termed 1-hydroxymethyl midazolam 

received only one drug. Animals were sacrificed by decapi- 
tation 1 h after drug administration. The whole brain was 
immediately dissected free, weighed, and stored at - 3 0  ° C 
until the time of assay. A sample of blood was simulta- 
neously obtained from the carotid artery. The blood was 
allowed to clot, centrifuged, and the serum separated and 
frozen at - 4 0  ° C until the time of assay. 

Analysis of benzodiazepines in serum and brain. Whole brain 
samples were mechanically homogenized in 0.9% sodium 
chloride using a glass-glass homogenizer. Whole brain con- 
centrations of each benzodiazepine and its metabolites were 
determined by electron-capture gas-liquid chromatography 
after addition of a suitable internal standared (Table 1). 
Previous studies have demonstrated that benzodiazepine 
concentrations in cerebral cortex are within 5% of those 
measured in whole brain (Miller LG, Greenblatt D J: un- 
published data). Serum concentrations were analyzed by 
similar methods. 

Following measurement of total serum benzodiazepine 
concentrations, the remaining serum was pooled into 3 ali- 
quots. After addition of tracer amounts of radiolabelled 
benzodiazepine derivatives, samples were subjected to equi- 
librium dialysis at 37 ° C for 18 h (Moschitto and Greenblatt 
1983). The extent of serum protein binding was determined 
as the ratio of radioactivity present in the dialysate divided 
by that remaining in the serum. The free concentration of 
each benzodiazepine was determined as the product of the 
total concentration multiplied by the free fraction. Previous 
studies have demonstrated that benzodiazepine free fraction 
is independent of total concentration (Moschitto and 
Greenblatt 1983). 

Determination of binding affinity. Cerebral cortices from 
adult male Sprague Dawley rats (150-175 g) were homoge- 
nized in 20 volumes (w/v) of ice cold 0.32 M sucrose using 
a Teflon-glass homogenizer. The homogenate was centri- 
fuged at 1000 g for 10 rain at 4 ° C. The supernatant was 
recentrifuged at 20 000 g for 20 min at 4 ° C, and the pellet 
resuspended in 20 volumes of ice cold 50 mM Tris-HC1 
buffer (pH = 7.4) with a Polytron (Brinkman Instruments). 

This procedure was repeated twice before the pellet was 
frozen at - 2 0  ° C. Just prior to assay, the frozen mem- 
branes were resuspended in 20 volumes of ice cold 50 mM 
Tris buffer and recentrifuged at 20000 g for 15 min at 4 ° C. 
This procedure was repeated 3 times before diluting the 
membrane with 50 mM Tris HC1 buffer (pH = 7.4) to yield 
a membrane suspension with a protein concentration of 
approximately 2 mg/ml). The protein concentration was 
measured by the Lowry method. Membrane suspension ali- 
quots (0.2 ml) were incubated for 60 rain at 0 ° C with ap- 
proximately 1 nM (3H)-flunitrazepam (specific activity: 
92.3 Ci/mM; New England Nuclear, Boston, MA), in 
0.5 ml of an incubation medium which contained 50 mM 
Tris-HC1 buffer (pH =7.4) and various concentrations of 
the benzodiazepines to be tested. After reaching equilibrium 
(60 min), the samples were filtered under vacuum through 
Whatman GF/B filters and immediately washed twice with 
5 ml ice cold buffer. Radioactivity was measured by liquid 
scintillation spectroscopy. Ki values were derived from ICso 
values according to Cheng-Prusoff equation: 

IC5 o Ki= 
1 +S/K. 

where S is the concentration of (3H)flunitrazepam and Kd 
is the apparent dissociation constant (0.85 nM) calculated 
by Scatchard analysis in separate experiments (McPherson 
1983). Each Ki value is the mean of two to three determina- 
tions. 

Determination of liquid chromatographic (HPLC) retention. 
Retention time on a HPLC system (Arendt etal. 1983; 
Greenblatt et al. 1983c) was determined using a reverse- 
phase C18-microBondapack column (Waters Associates, 
Milford, MA). The mobile phase was methanol-acetoni- 
trile-0.001 M sodium acetate buffer (25: 25: 50), having a 
final pH of 7.4. The mobile phase flow rate was 1.5 ml/min. 
Methanolic solutions of the pure benzodiazepines were se- 
quentially injected, with column effluent quantitated by ul- 
traviolet detection at 254 nm. All analyses were performed 
at room temperature. 

HPLC retention times for individual drugs were ex- 
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Table 2. Summary of benzodiazepine lipophilicity, receptor affinity, and brain uptake 

Drug HPLC retention Receptor Ki Brain:total serum Free fraction Brain:unbound serum 
index 1 concentration ratio in serum concentration ratio 

Midazolam 1.544 0.44 2.52 0,074 33.91 
Diazepam 1.000 9.57 3.34 0.133 26.05 
Desmethyldiazepam 0.793 5.58 3.14 0.142 22,18 
1-OH midazolam 0,713 2.23 0.85 0.103 8.29 
Triazolam 0.643 0.47 5.48 0.239 19,52 
4-OH midazolam 0.593 6.61 0.93 0.215 4,28 
Alprazolam 0.544 4.24 0.92 0.349 2.62 
Lorazepam 0.482 1.64 2.56 0.157 t 6,01 
Oxazepam 0,453 11.53 3.52 0.171 20,30 
Clobazam 0.397 222.5 2.25 0.377 5,96 
Flunitrazepam 0.310 1.66 1.15 0.193 5,97 
Desmethylclobazam 0,289 2843.0 2.30 0.289 7,95 

1 Relative to diazepam 

pressed as the ratio to the retention time for diazepam, 
yielding a retention index. 

Statistical analysis. F o r  each benzodiazepine derivative in 
each animal,  the ratio of  the whole bra in  concentrat ion 
to the total  concentrat ion in serum, as well as the whole 
brain to unbound  (free) serum concentrat ion,  was calcu- 
lated. The mean uptake rat io for each drug (and metabol i tes  
when appropr ia te)  was then calculated across the eight to 
ten animals that  received that  individual  drug. Mean  uptake 
ratios were then assessed by correlat ional  analysis in rela- 
t ion to the H P L C  retention index as well as to the apparen t  
K~ value. 

Results 

Table 2 shows values of  each variable for each drug. There 
were wide variat ions among drugs in l ipophilici ty based 
on the H P L C  retention index (from midazolam, 1.54, down 
to desmethylclobazam, 0.29), in binding Ki (from midazo-  
lain, 0.44, and tr iazolam, 0.47, up to desmethyMobazam,  
2843.0), in serum free fraction (midazolam, 0.07, up to clo- 
bazam, 0.38) and in bi:ain to unbound  serum concentrat ion 
ratio (midazolam, 33.9, down to alprazolam, 2.6). 

Linear  regression analysis indicated no significant rela- 
t ionship between whole brain:  total  serum concentrat ion ra- 
tio versus H P L C  retention index (r = 0.18) or versus binding 
K~ (r=-0.34). However,  correct ion of  uptake  rat ios for 
the free as opposed to total  serum concentrat ion yielded 
a highly significant relationship between whole bra in :un-  
bound  serum uptake rat io and H P L C  retention index (r = 
0.78, P < 0.005; Fig. 1). Again,  there was no significant rela- 
t ionship between binding K~ and b r a i n : u n b o u n d  serum up- 
take rat io ( r =  -0 .22) .  

Discussion 

Differences among benzodiazepines in the intensity of  phar-  
macodynamic  action at  any given dose or  serum concentra-  
t ion depend in par t  on differences in their affinity for the 
functional  receptor (Tal lman et al. 1980; Mfiller 1981 ; Skol- 
nick and Paul 1982; Miller  et al. 1987a, b). However,  drug 
molecules must  first become available to extracellular water  
surrounding the receptor before the drug-receptor  interac- 
t ion is possible (Borea and Bonora  1983). The H P L C  reten- 
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Fig. 1. Relation between in vitro lipophilicity based on the HPLC 
Retention Index and the whole brain versus unbound serum con- 
centration ratio for 12 benzodiazepines. Line was determined by 
linear regression analysis (see Table 2 for individual values), r=  
0.78 ; P < 0.005 ; t = Midazolam; 2 = Diazepam; 3 - Desmethyldia- 
zepam; 4 = l-Hydroxy Midazolam; 5 = Triazolam; 6 = 4-Hydroxy 
Midazolam; 7 = Alprazolam; 8 = Lorazepam; 9 = Oxazepam; 10 = 
Clobazam; 11 = Flunitrazepam; 12 = Desmethylclobazam 

tion index is an in vitro measure of  benzodiazepine l ipophil-  
icity which in previous studies has been a better predic tor  
of  in vivo benzodiazepine dis tr ibut ion than the octanol  :- 
buffer par t i t ion coefficient (Arendt  et al. 1983, Greenbla t t  
et al. 1983c). The high correlat ion of  this H P L C  retention 
index and the ratio of  whole brain divided by free serum 
concentrat ions suggests that  the physicochemical proper ty  
of  lipid solubility is closely associated with a given benzo- 
diazepine's  capacity to diffuse from the systemic circulation 
into bra in  tissue. Also of  critical importance is the extent 
of  benzodiazepine binding to serum protein, inasmuch as 
only the unbound  concentrat ion in serum of  p lasma is avail- 
able for diffusion out  o f  the vascular  system to peripheral  



Table 3. Evaluating possible clinical importance of benzodiazepine metabolites 

Quantitative importance Lipophilicity Brain: Receptor Ki 
(HPLC Retention Index) free serum ratio 
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I. Diazepam and metabolite desmethyldiazepam 
Parent drug: 

diazepam + 1.00 26.1 9.6 

Metabolite: 
desmethyldiazepam + 0.79 22.8 5.6 

I1. Clobazam and metabolite desmethylclobazam 
Parent drug: 

clobazam + 0.40 6.0 222.5 

Metabolite: 
desmethylclobazam + + 0.29 8.0 2843.0 

IlI. Midazotam and metabolite a-hydroxy and 4-hydroxy midazolam 
Parent drug: 

midazolam + 1.54 33.9 2.23 

Metabolite : 
1-hydroxy midazolam + 0.71 8.3 2.23 

Metabolite: 
4-hydroxy midazolam _+ 0.59 4.3 6.61 

tissues (Greenblatt et al. 1982b; Sellers etal .  1982). Al- 
though the correlation between H P L C  retention and un- 
bound uptake ratio was high, there was no significant corre- 
lation with total serum benzodiazepine uptake ratio. 

Thus the objective assignment of  comparable dosages 
or plasma concentrations of  different benzodiazepines, or 
the assessment of  the importance of  endogenously formed 
metabolites, should involve the simultaneous consideration 
of  molecular as well as physicochemical factors. Since spe- 
cific binding affinity as well as tissue uptake characteristics 
of  benzodiazepines are highly comparable between rats and 
humans (Sieghart et al. 1985; Scavone et al. 1987), data 
from one species may in part  be extrapolated to the other. 
Evaluation of  the importance of  the metabolic products 
of  three benzodiazepines - diazepam, clobazam and mida- 
zolam - serves to illustrate the process. During multiple- 
dose therapy with diazepam, steady-state serum or plasma 
concentrations of  its metabolite desmethyldiazepam are 
equal to, or slightly exceed, those of  diazepam, indicating 
quantitative importance of  this metabolic product  (Eatman 
et al. 1977; Greenblatt et al. 1981 a, 1984; Abernethy et al. 
1983; Ochs et al. 1983). Desmethyldiazepam lipophilicity 
is close to that o f  diazepam, the brain: unbound serum 
concentration ratio for the two compounds is similar, and 
the binding affinity of  desmethyldiazepam actually exceeds 
that of  diazepam (Table 3). Taken together, these data indi- 
cate that desmethyldiazepam most  probably does contrib- 
ute to overall clinical activity during chronic therapy with 
diazepam. A second example is the benzodiazepine cloba- 
zam. During chronic treatment with clobazam, its demethy- 
lated metabolite (desmethylclobazam) is also of  quantitative 
importance, with steady-state desmethylclobazam concen- 
trations exceeding those of  clobazam by twofold or more 
(Greenblatt et al. 1983e; Ochs et al. 1984). The brain:un-  
bound serum concentration ratios of  clobazam and des- 
methylclobazam are similar, but the binding affinity of  des- 
methylclobazam is more than tenfold lower than that of  
clobazam (Table 3), making it unlikely that desmethylclo- 

bazam adds an important  component  to the overall clinical 
action of  clobazam. Finally the benzodiazepine midazolam 
has two hydroxylated metabolites (Table 1). Following ad- 
ministration of  midazolam to humans, serum or plasma 
concentrations of  1-hydroxymidazolam are similar to those 
of  the parent compound,  while concentrations of  4-hydroxy 
midazolam are considerably lower (Arendt etal .  1984; 
Reves et al. 1985). Due to their lower lipophilicity, both 
the 1- and 4-hydroxy metabolites have considerably lower 
brain:free serum uptake ratios than that of  midazolam, 
and both metabolites likewise have reduced binding affinity 
(higher Ki) compared to the parent drug (Table 3). There- 
fore these metabolites are unlikely to be clinically impor- 
tant. 

Acknowledgements. We are grateful for the collaboration of: Ron 
F. Mucha, Mark J. Millan, Christoph Pittius, Annemarie Ab- 
leitner, Joseph M. Scavone, and Richard I, Shader. 

Supported in part by Grant MH-34223 and AG-00106 from 
the United States Public Health Service. 

References 

Abernethy DR, Greenblatt DJ, Divoll M (1983) Prolonged accu- 
mulation of diazepam in obesity. J Clin Pharmacol 23 : 369-376 

Arendt RM, Greenblatt DJ, deJong RH, Bonin JD, Abernethy 
DR, Ehrenberg BL, Giles HG, Sellers EM, Shader RI (1983) 
In vitro correlates of benzodiazepine cerebrospinal fluid uptake, 
pharmacodynamic action, and peripheral distribution. J Phar- 
macol Exp Ther 227:95-106 

Arendt RM, Greenblatt DJ, Garland WA (1984) Quantitation by 
gas chromatography of the 1- and 4-hydroxy metabolites of 
midazolam in human plasma. Pharmacology 29:158-t64 

Borea PA, Bonora A (1983) Brain receptor binding and lipophilic 
character of benzodiazepines. Biochem Pharmacol 32: 603-607 

Eatman FB, Colburn WA, Boxenbaum HG, Posmanter HN, Wein- 
feld RE, Ronfeld R, Weissman L, Moore JD, Gibaldi M, Kap- 
lan SA (1977) Pharmacokinetics of diazepam following multi- 
ple-dose oral administration to healthy human subjects. J Phar- 
macokinet Biopharm 5:481-494 



76 

Greenblatt DJ (1980) Electron-capture GLC determination of clo- 
bazam and desmethylclobazam in plasma. J Pharm Sci 
69:1351:1352 

Greenblatt D J, Shader RI (1985) Clinical pharmacokinetics of the 
benzodiazepines. In: Smith DE, Wesson DR (eds) The benzo- 
diazepines: current standards for medical practice. M.T.P. 
Press, Lancaster, UK, pp 43-58 

Greenblatt D J, Franke K, Shader RI (1978) Analysis of lorazepam 
and its glucuronide metabolite by electron-capture gasqiquid 
chromatography: use in pharmacokinetic studies of lorazepam. 
J Chromatogr 146: 311-320 

Greenblatt DJ, Ochs HR, Lloyd BL (1980) Entry of diazepam 
and its major metabolite into cerebrospinal fluid. Psychophar- 
macology 70:89-93 

Greenblatt D J, Laughren TP, Allen MD, Harmatz JS, Shader RI 
(1981a) Plasma diazepam and desmethyldiazepam concentra- 
tions during long-term diazepam therapy. Br J Clin Pharmacol 
11:35~0 

Greenblatt DJ, Divoll M, Moschitto LJ, Shader RI (1981 b) Elec- 
tron-capture gas chromatographic analysis of the triazoloben- 
zodiazepines alprazolam and triazolam. J Chromatogr 
225 : 202-207 

Greenblatt D J, Shader RI, Abernethy DR, Ochs HR, Divoll M, 
Sellers EM (1982 a) Benzodiazepines and the challenge of phar- 
macokinetic taxonomy. In: Usdin E, Skolnick P, Tallman JF, 
Greenblatt D, Paul SM (eds) Pharmacology of benzodiaze- 
pines. MacMillan, London, pp 257-269 

Greenblatt DJ, Sellers EM, Koch-Weser J (1982b) Importance of 
protein binding for the interpretation of serum or plasma drug 
concentrations. J Clin Pharmacol 22:259-263 

Greenblatt DJ, Ochs HR, Locniskar A, Lauven PM (1982c) Au- 
tomated electron-capture gas chromatographic analysis of flu- 
nitrazepam in plasma. Pharmacology 24: 82-87 

Greenblatt DJ, Shader RI, Abernethy DR (1983a) Current status 
of benzodiazepines. N Engl J Med 309:354-358, 410416 

Greenblatt DJ, Divoll M, Abernethy DR, Ochs HR, Shader RI 
(1983b) Benzodiazepine kinetics: implications for therapeutics 
and pharmacogeriatrics. Drug Metab Rev 14:251-292 

Greenblatt D J, Arendt RM, Abernethy DR, Giles HG, Sellers 
EM, Shader RI (1983 c) In vitro quantitation of benzodiazepine 
lipophilicity: relation to in vivo distribution. Br J Anaesth 
55 : 985-989 

Greenblatt D J, Divoll M, Shader RI (1983 d) Automated gas chro- 
matographic determination of plasma alprazolam concentra- 
tions. J Clin Psychopharmacol 3 : 366-368 

Greenblatt DJ, Divoll M, Puri SK, Ho I, Zinny MA, Shader RI 
(1983e) Reduced single-dose clearance of clobazam in elderly 
men predicts increased multiple-dose accumulation. Clin Phar- 
macokinet 8 : 83-94 

Greenblatt DJ, Aberuethy, DR, Morse DS, Shader RI, Harmatz 
JS (1984) Clinical importance of the interaction of diazepam 
and cimetidine. N Engl J Med 310:1639-1643 

Guentert TW (1984) Pharmacokinetics of benzodiazepines and of 
their metabolites. Prog Drug Metab 8 : 241-386 

Klotz U, Kangas L, Kanto J (1980) Clinical pharmacokinetics of 
benzodiazepines. Prog Pharmacol 3 (No. 3): 1-72 

McPherson GA (1983) A practical computer-based approach to 
the analysis of radioligand binding experiments. Comput Progr 
Biomed 17 : 107-114 

Miller LG, Greenblatt DJ, Shader RI (1987a) Benzodiazepine re- 
ceptor binding: influence of physiologic and pharmacologic fac- 
tors. Biopharm Drug Dispos 8 : 103 114 

Miller LG, Greenblatt D J, Paul SM, Shader RI (1987b) Benzodia- 
zepine receptor occupancy in vivo: correlation with brain con- 
centrations and pharmacodynamic actions. J Pharmacol Exp 
Ther 240: 516-522 

Moschitto LJ, Greenblatt DJ (1983) Concentration-independent 
plasma protein binding of benzodiazepines. J Pharm Pharmacol 
35:179-180 

Mfiller WE (1981) The benzodiazepine receptor: an update. Phar- 
macology 22:153 161 

Ochs HR, Greenblatt D J, Eckardt B, Harmatz JS, Shader RI 
(1983) Repeated diazepam dosing in cirrhotic patients: cumula- 
tion and sedation. Clin Pharmacol Ther 33:471-476 

Ochs HR, Greenblatt DJ, Liittkenhorst M, Verburg-Ochs B (1984) 
Single and multiple dose kinetics of clobazam, and clinical ef- 
fects during multiple dosage. Eur J Clin Pharmacol 26: 499-503 

Reves JG, Fragen RH, Vinik HR, Greenblatt DJ (1985) Midazo- 
lain: pharmacology and uses. Anesthesiology 62:310-324 

Scavone JM, Friedman H, Greenblatt DJ, Shader RI (1987) Effect 
of age, body composition, and lipid solubility on benzodiaze- 
pine tissue distribution in rats. Arzneimittelforschung 37:2-6 

Sellers EM, Naranjo CA, Khouw V, Greenblatt DJ (1982) Binding 
of benzodiazepines to plasma proteins. In: Usdin E, Skolnick 
P, Tallman JF, Greenblatt D, Paul SM (eds) Pharmacology 
of benzodiazepines. MacMillan, London, pp 271-284 

Sieghart W, Eichinger A, Riederer P, Jellinger K (1985) Compari- 
son of benzodiazepine receptor binding in membranes from 
human or rat brain. Neuropharmacology 24:751-759 

Skolnick P, Paul SM (1982) Benzodiazepine receptors in the central 
nervous system. Int Rev Neurobiol 23 : 103-140 

Tallman JF, Paul SM, Skolnick P, Gallager DW (1980) Receptors 
for the age of anxiety: pharmacology of the benzodiazepines. 
Science 207:274-281 

Received September 18, 1986 / Final version March 6, 1987 


