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Determination of biological activity of alprazolam, triazolam and 
their metabolites 

VIMALA H. SETHY*, DOUGLAS W. HARRIS. The Upjohn Company, CNS Research, Kalamazoo, Michigan 49001, U.S.A. 

The benzodiazepines are psychoactive drugs with wide 
therapeutic applications as anxiolytics, anticonvulsants, 
and muscle relaxants (Zbinden 8: Randall 1967). Their site 
and mechanism of action have recently become the subject 
of extensive investigations because of the availability of 
tritium-labelled diazepam and flunitrazepam with high 
specific activity. Using these ligands. in vitro and in vivo 
binding studies have indicated that a specific high affinity 
binding site, the 'benzodiazepine receptor', in the brain 
may be relevant to the pharmacological action of the drugs 
(Mohler & Okada 1977; Squires & Braestrup 1977; 
Tallman et al 1979). 
Triazolobenzodiazepines. like alprazolam and triazolam, 

have been found to be both anxiolytic and hypnotic in man 
(Fabre & McLendon 1979; Chatwin &John 1976) in whom 
these drugs are metabolized to hydroxylated compounds 
and benzophenones, which are excreted in urine (Eberts et 
al 1980, 1981). The activity of alprazolam. triazolam and 
their metabolites on the benzodiazepine receptor is not 
known. We have undertaken to determine the activity of 
these compounds on benzodiazepine receptors by using 
[3H]flunitrazepam ([?H]FNZ) binding to crude rat brain 
membrane preparations. The results of in vitro [7H]FNZ 
binding assays were compared with the in vivo ED5Os of 
these compounds required to protect the mice against 
leptazol(pentetrazo1)- and nicotine-induced seizures and 
against hypoxic stress. 

Benzodiazepine receptor binding assays were carried out 
according to Speth et al (1979). Male Sprague-Dawley rats 
(180-200 g) were decapitated. their brains quickly removed 
and, minus cerebellum, homogenized in 10 volumes of cold 
(4 "C) distilled water. using a Brinkman Polytron PCU-110 
homogenizer for 30 s at setting No 6. and centrifuged at 

* Correspondence. 

48 000 g at 4 "C for 10 min. The pellet was washed three 
times by resuspension and recentrifugation, as described 
above. The final pellet was then suspended in 50 volumes of 
distilled water. 

[3H]FNZ binding was measured by incubating 1.0 ml 
aliquots of membrane suspension with 0.1 ml of [3H]FNZ 
(specific activity 87.9 Ci mmol-1) to give a final concentra- 
tion of 0.7 n M  for IC50 determinations (or in the range of 
0.1-3.2 nM for Scatchard analysis), 0.1 ml of water or drug, 
as indicated, and 0.8 ml of phosphate-buffered saline 
(81 mM, Na2HP04. 9.5 mM KH2P04, and 100 mM sodium 
chloride), pH 7.4, to give a final volume of 2 ml. The 
mixture was incubated for 100 min at 0-4 "C and then 
filtered under vacuum through a Whatman GF/B filter. The 
incubation tube was rinsed with 5 ml of ice cold buffered 
saline and this rinse was applied to the filter. The filter was 
finally washed three times with 5 ml amounts of buffered 
saline. The filter paper was placed in a scintillation vial 
containing 15 ml of Amersham Searle ACSR cocktail and 
the radioactivity was counted by a liquid scintillation 
spectrometer. 

Specific binding was defined as the total binding minus 
binding in the presence of 100 PM flurazepam. Specific. 
binding represented over 90% of the total binding. Data 
were subjected to Scatchard and Hill analyses to determine 
the dissociation constant (Kd),  maximum number of 
binding sites (B,,,), and Hill coefficient. The IC50 was 
obtained by logit-log plot of the data. Inhibition constant 
(Ki) was calculated by the following equation: IC501 + 
(c/Kd), where c = concentration of ligand (0.7 IIM) and 
Kd = dissociation constant (1.5 nM). The ED50 dose for 
protection of mice against leptazol- and nicotine-induced 
seizures and against hypoxic stress was determined by the 
method of Gall et al (1978) and Moffett et al (1976). 

The high affinity specific binding of ["H]FNZ was 
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Table 1. Effect of alprazolam and its metabolites on 
[3H]flunitrazepam binding to crude rat brain membrane 
preparations. 

Table 2. Effect of triazolam and its metabolites on 
[7H]flunitrazepam binding to crude rat brain membrane 
preparations. 

ED5lJmg kg-I i .p.  
1 

Hvpoxic 
Compound K, (nM) Leptazol Nicotine stres5 
Diazepam 5 ,3  11.7 0. I I 11.2 
Al razolam 3.4 (1. I3 0.056 lbO7 

CHydroxyalprazolam 24 0.7 I).? 11.6 
01. 4-Di- 34 ZX 3.7 6-2  

Comp. 1 510 1Z.h 4n >so 

wRydroxyalprazolam 4.4 0 . 2 2  II.11X 1). I 

hydroxvalprazolam 

saturable with respect to ligand concentration. The Scat- 
chard analysis of whole brain minus cerebellum gave a 
straight line with a regression coefficient of 0.99. a 
dissociation constant of 1.50 ? 0.10 nM, and a B,,, of 
445 ? 30 fmols mg-1 protein (mean ? s.e. n = 12). A Hill 
plot gave a coefficient of 1.01. indicating that there was no 
positive or negative cooperativity in ligand binding. These 
observations agree with those reported by Speth et al 
( 1979). 

The relative potency of diazepam, alprazolam and its 
metabolites is shown in Table 1. The K, of diazepam was 
5.3 nM. This value is identical to that reported by Chang & 
Snyder (1978). Alprazolam (K, = 3.7 nM) and 01- 
hydroxyalprazolam (Ki = 4.2 nM) had high affinity for 
binding to benzodiazepine receptors. Both of these com- 
pounds were also found to be very potent in protecting mice 
against leptazol- and nicotine-induced seizures and against 
hypoxic stress. 4-Hydroxyalprazolam and a-4- 
dihydroxyalprazolam had relatively low affinity for binding 
to benzodiazepine receptors with Ki's of 24 and 34 nM 
respectively. Both of these hydroxylated metabolites of 
alprazolam also had low protective activity against in vivo 
tests. The benzophenone metabolite. compound 1. was 
practically inactive in the receptor binding assay and was 
very weak in in vivo tests. 

Triazolam and a-hydroxytriazolam were potent inhibi- 
tors of [3H]FNZ binding, with K,'s of 0.54 and 0.73 nM. 
respectively. In agreement with this. both triazolam and 
a-hydroxytriazolam were potent in protecting mice against 
leptazol- and nicotine-induced seizures and against hypoxic 
stress. a-4-Dihydroxytriazolam and 4-hydroxytriazolam 
had 37 and 18% receptor binding activity. respectively, 
compared with the parent compound. In the in vivo test 
also, these compounds had low protective activity com- 
pared with triazolam. The benzophenone metabolites. 
compounds 2. 3 and 4, were inactive in ['HIFNZ binding 
assays. Correspondingly, compounds 2 and 3 were also 
inactive in leptazol- and nicotine-induced seizures and in 
hypoxic stress tests in mice (Table 2). 

The high binding affinities of alprazolam and triazolam. 
as determined by ['HIFNZ binding assays. indicate that 
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both of these compounds may mediate their biological 
actions by binding to benzodiazepine receptors. The 
decreased binding affinities of the metabolites of alpraz- 
olam and triazolam correlates well with their decreased 
protective activity against leptazol- and nicotine-induced 
seizures and against hypoxic stress. The lowered biological 
activity of alprazolam and triazolam metabolites as deter- 
mined by both the in vitro and in vivo tests indicates that 
these triazolobenzodiazepines undergo a biological deacti- 
vation. The in vitro ["]FNZ binding assay serves as a 
quick and simple method for determining the biological 
activity of triazolobenzodiazepines and any change that 
may occur in their activity as a result of metabolism. 
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