
394 COMMUNICATIONS 

R E F E R E N C E S  

Carlsson, A , ,  Lindqvist, M. (1978) J.  Neural Transm. 43: 
73-91 

Chiodo, L. A., Antelman, S. M. (1980) Nature (London) 
287: 451-454 

Cooper, B. R., Hester, T. J., Maxwell, R. A. (1980) 

Dorris, R. L., Shore, P. A. (1971) Ibid. 179: 1G14 
J. Pharmacol. Exp. Ther. 215: 127-134 

Dorris, R. L., Shore, P. A. (1974) Biochem. Pharmacol. 
23: 867-872 

Fuller, R. W . ,  Perry, K. W. (1978) J. Neural Transm. 42: 
23-35 

Fuller, R. W., Perry, K. W.,  Bymaster, F. P., Wong, D. T. 
(1978) J. Pharm. Pharmacol. 30: 197-198 

Fuller, R. W.,  Perry, K. W.,  Snoddy, H. D. (1979) 

Hunt, P., Kannengiesser,. M.-H., Raynaud, J. P. (1974) 

Maickel, R. P. ,  Cox, R.  H.,  Saillant, J., Miller, F. R. 

Naber, D. ,  Wirz-Justice, A., Kafka, M., Wehr, T. A. 

Neuropharmacology 18: 497-501 

J. Pharm. Pharmacol. 26: 37C-371 

(1968) Int. J. Neuropharmacol. 7: 275-281 

(1980) Psychopharmacology 28: 1-5 
Offermeier, J., Potgieter, B., Du Preez, H. G., Meiring, 

P. J. (1977) S. A. Med. J. 51: 62-66 

Randrup, A , ,  Munkvad, I., Fog, R. ,  Gerlach, J . ,  Mol- 
ander, L. ,  Kjellberg, B., Scheel-Krueger, J. (1975) 
Current Developments in Psychopharmacology, Vol. 2, 
pp 207-248, Spectrum 

Randru A, ,  Braestrup, C. (1977) Psychopharmacology 
53: 38G314 

Samanin, R., Bernasconi, S. ,  Garattini, S. (1975) Eur. J .  
Pharmacol. 34: 377-380 

Samanin, R. ,  Jori, A, ,  Bernasconi, S. ,  Morpur 0, E., 
Garattini, S. (1977) J .  Pharm. Pharmacol. 29: 585-558 

Schacht, U.,  Heptner, W., (1974) Biochem. Pharmacol. 
23: 3413-3422 

Serra, G., Argiolas, A, ,  Klimek, V., Fadda, F., Gessa, 
G. L. (1979) Life Sci. 25: 415-424 

Shore, P.' A. (1976) J. Pharm. Pharmacol. 28: 855-857 
Stefanini, E., Fadda, F., Porceddu, L., Gessa, G .  L. (1976) 

Waldmeier, P. C., de Herdt, P., Maitre, L. (1974) Clin. 

Waldmeier, P. C. (1980) Experientia 36: 1092-1094 
Westerink, B. H .  C., Korf, J .  (1976) Eur. J. Pharmacol. 

Ibid. 28: 925-926 

Chem. 20: 81-83 

38: 281-291 

J. Pharm. Pharmacol. 1982, 34: 394-395 
Communicated December 17,1981 

0022-3573/82/0603942 $02.5010 
0 1982 J. Pharm. Pharmacol. 

Does ethyl-~-carboline-3-carboxylate interact with mouse brain 
benzodiazepine receptors in vivo? 

T. MENNINI*, S. COTECCHIA, S. CACCIA, S .  GARATITNI, Istituto di Ricerche Farmacologiche 'Mario Negri', Via Eritrea 62, 
20157 Milan, Italy 

~-Carboline-3-carboxylic acid ethyl ester (P-CEE) has been 
recently isolated from human urine and brain extracts from 
different animal species (Braestrup et a1 1980). On account 
of its selective affinity for benzodiazepine (BDZ) binding 
sites, in the nanomolar range, p-CEE has been related to an 
endogenous ligand for BDZ receptors in the brain (Braes- 
trup et a1 1980). 

Experimental data in animals indicate that fi-CEE has 
pharmacological activity opposite to that of diazepam 
(Jones & Oakley 1981), it produces a dose-dependent 
increase of the 50% protective dose (PD50) of diazepam 
against leptazol (pentetrazo1)-induced convulsions and it 
lowers the seizure threshold in mice (Tenen & Hirsch 
1980). Recently, Hirsch & Lydigsen (1981) reported that 
fi-CEE displaces [3H]flunitrazepam from mouse brain 
benzodiazepine receptors in vivo. In the present study we 
investigated whether fi-CEE displaces [3H]diazepam bound 
to mouse brain, when given at doses required to antagonize 
the antileptazol effect of diazepam. 

Treatment schedules were as reported by Tenen & 
Hirsch (1980) and the presence of convulsions was evalu- 
ated in a separate group of mice. Female CD mice (Charles 
River, Italy), 25-30 g, were pre-treated with either 0.9% 
NaCl (saline) or fi-CEE, 10 mg k g l  intravenously, and 
5 min later intraperitoneally with vehicle or diazepam at 

* Correspondence. 

two different doses. Twenty minutes later, the animals were 
injected intravenously with 35 mg k g l  of leptazol or 
25 pCi [3H]diazepam (S.A. 87.6 Ci mmol-l, New 
England Nuclear). In vivo [3H]diazepam binding was 
assayed according to Williamson et al (1978). Mice were 
injected in the lateral tail vein with 25 pCi of [3H]diazepam 
in 0.2 ml of saline, and decapitated 1 min after injection. 
Brain and cerebellum were immediately removed, hemisec- 
ted and homogenized in 50 volumes of ice-cold Tris HCI 
buffer (50 n M ,  pH 7.4) using an Ultra-Turrax TP18-10 
(20 s, full speed). One half of the tissue was homogenized 
in Tris-HC1 buffer containing 3 p~ diazepam, and incu- 
bated at 0 "C for at least 30 min, to determine non-specific 
binding. 0.5 ml aliquots of the tissue homogenate were 
filtered through Whatman G F B  filters, washed twice on 
the filters with 5 ml of ice-cold Tris-HCI buffer and counted 
in 10 ml Dioxane scintillator (Supelchem). 

Percentage of specific binding is defined as the amount of 
radioactivity specifically retained on the filter divided by 
the total amount of radioactivity present in the tissue 
aliquot (homogenate) x 100. In these conditions, p-CEE 
did not significantly affect brain diazepam levels (Table l ) ,  
indicating that its antagonism of diazepam's effect cannot 
be explained on pharmacokinetic grounds. 

As shown in Table 2, diazepam produced dose- 
dependent occupancy of BDZ binding sites in mouse brain. 
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Table 1. Brain levels (pg gl) of diazepam and desmethyl- 
diazepam 20 min after i.p. injection of diazepam. 

pretreatment Treatment Desmethyl- 
(mg kgli.v.) (mg k g ’  i.p.) Diazepam diazepam 

0.32 17.13s.d. 7.4 55.14s.d. 11.94 

3.8 43.42s.d. 15.77 2Us.d.31 
0.321 10.80s.d. 2.39 40.78s.d. 6-54 

3.81 27.61 s.d. 4.9 21027s.d. 38.4 

Data are means with s.d. of 4 animals per group. The differences were not 
significant by Student’s 1-test. Diazepam and desmethyl-diazepam were 
determined by g.1.c. as described by Caccia et al (1980). 

&CEE was injected in 10 ml kg of saline plus few drops of Tween 80. 

0-CEE, at a dose of 10 mg k g l ,  which reportedly raises the 
PD 50 of diazepam of leptazol-induced convulsions from 
0.32 to 3.8 mg k g l  (Hirsch & Lydigsen 1981), did not 
significantly occupy mouse brain BDZ receptors labelled 
with tracer amounts of [3H]diazepam; and consequently, 
does not seem to affect diazepam occupancy of BDZ 
receptors when either 0.32 or 3.8 mg k g l  of diazepam were 
given to mice. Similar results were obtained in cerebellum 
(data not reported). 

When given at higher dose (32 mg k g l  i.v. 25 min before 
[3H]diazepam, P-CEE displaces [3H]diazepam binding 
from mouse brain and cerebellum (40 and 60%, respec- 
tively), confirming the data reported by Hirsch & Lydigsen 
(1981). The greater displacing effect found by these authors 
may be explained by their different experimental condi- 
tions, principally the fact that they gave P-CEE 10 min 
before [3H]flunitrazepam. On account of the rapid metab- 
olism of P-CEE, 10 min after i.v. injection is the time at 
which its pharmacological effect is maximum (Jones & 
Oakley 1981). However, the aim of our experiments was to 
find the possible sites of antagonism by P-CEE of diaze- 
pam’s antileptazol effect. Therefore we gave P-CEE 5 min 
before diazepam, time at which it effectively antagonizes 
the activity of 0.32 mg k g l  of diazepam, as shown in 
Table 2. 

The present data clearly show that in similar pharmaco- 
logical conditions (protection against leptazol convulsions), 
obtained with either saline + 0.32 mg k g l  diazepam or 
0-CEE + 3.8 mg k g l  diazepam, a different proportion (39 
and 58% respectively) of BDZ binding sites was occupied. 
However, different pharmacological conditions (protection 
or no protection against leptazol-induced convulsions), 
obtained with either saline + 0.32 mg k g l  diazepam or 
the same dose of diazepam plus 10 mg k g l  P-CEE, 
resulted in the same fraction (39%) of BDZ receptors being 

Table 2. Effect of pretreatment with either saline or P-CEE 
on in vivo diazepam occupancy of mouse brain receptors. 

Leptazol- 
induced Percentage Percentage 

Pretreatment Treatment convulsions [3H]diazepam receptor 
(m$ kg1,i.v.) V e f i c ~ l .  (m k i.v.) (no. of 516 mice) 26.2s.d.5.4 bound occupancy - 
Saline 

Saline Diazepam (0.32) 5/17’ 16.1 s?. 4.8b 39 

B-CEE (10) Diazepam (0.32) 16/18.. 15.9s.d. 1.5b.C 39 

Saline Diazepam (3.8) 0/6 12.4s.d. 3.0b.d 53 

B-CEE (10) Diazepam (34)  4/12. 10.9s.d. 2 9 . c  58 

- (10) 
P-CEE (10) Vehicle 616 22.9s.d. 5.9a 

(7) 

(6) 

(6) 

(9) 

Data are mean values with s.d.; number of mice is given in parenthesis. 
Different from controls P = 0.05 

**  Different from Saline p = 0.001 1 Fisher’s exact test. 

d) P <0.05 different from diazepam (0.32) 

a] no. significantly different from controls 
b P <O 01 different from controls 
c) no. significantly different from saline 

Mann Whitney Rank 

occupied by diazepam. This suggests that no simple 
correlation can be established between the pharmacological 
activity of benzodiazepines and their occupancy of BDZ 
binding sites labelled in vivo with tracer amounts of 
[3H]diazepam. It is therefore tempting to speculate that 
the BDZ binding sites responsible for their anticonvulsant 
action, at which presumably P-CEE selectively interacts, 
represent only a small fraction of total BDZ receptors in the 
brain, or preferentially involve a particular class of BDZ 
receptors that are not revealed by the present approach. 
P-CEE was kindly supplied by Dr R. Roncucci, Clin-Midy, 
Montpellier, France. We thank Marco Gobbi and 
Marinella Ballabio for valuable technical assistance. 
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