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Summary-Memantine (I-amino-3,5-dimethyladamantan) was tested as an antagonist of N-methyl-D- 
aspartate (NMDA) receptors on cultured superior collicular and hippocampal neurones using the patch 
clamp technique and its actions were compared to those of Mg *+ ions, ketamine, dextrorphan, dextro- 
methorphan, phencyclidine and dizocilpine (MK-801). Memantine (2-33 PM) concentration-dependently 
antagonized responses to NMDA 100 PM with an IC, of 2.92 + 0.05 PM. In contrast, current responses to 
(S)-a-amino-3-hydroxy-5-methyl4isoxazolepropionic acid (L-AMPA 5&lOO~M) and y-amino butyric acid 
(GABA 10 PM) were unaffected by Memantine 8 PM. Memantine 8 PM caused a non-parallel shift of the 
NMDA concentration-response curve to the right in a manner indicative of uncompetitive open channel 
block. The effects of memantine were similar to ketamine in that both antagonists were weakly use- and 
strongly voltage-dependent. In contrast, MK-801, phencyclidine and dextrorphan showed much slower 
kinetics that was reflected in their marked use- and weaker voltage-dependency. The antagonistic effects 
of memantine were not reversed by increasing concentrations of glycine (O.l-1OOpM) ruling out the 
possibility of an interaction of memantine with the strychnine-insensitive glycine modulatory site associated 
with the NMDA receptor-channel complex. Memantine (l-100 PM) also selectively antagonized responses 
to NMDA (40 PM) in the cortical wedge preparation with IC, of 12.9 * 1.5 PM. 

Key words-N-methyl-D-aspartate (NMDA), (S)-a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
(AMPA), dizocilpine (MK-801), y-amino butyric acid (GABA), memantine (I-amino-3,5-dimethyl- 
adamantan), ketamine, phencyclidine (PCP), dextrorphan, dextromethorphan, Mg* + , patch clamp, 
culture, superior colliculus, hippocampus. 

Memantine (I-amino-3,5-dimethyladamantan) has 
similar beneficial effects to classical N-methyl-o- 
aspartate (NMDA) receptor antagonists in animal 
models of spasticity and Morbus Parkinson (Richter, 
Fredow and Liischer, 1991; Schmidt, Zadow, 
Kretschmer and Hauber 1991) and is used clinically 
in Europe in the treatment of these disorders 
(Grossmann and Schutz 1982; Wesemann, Sontag 

Q and Maj, 1983; Schneider, Fischer, Clemens, 
Balzereit, Fiinfgeld and Haase, 1984). It has also 
recently been shown to improve cognition and 

1 vigilance in patients with dementia-related deficits 
(Ditzler, 1991; Giirtelmeyer and Erbler, 1992). 

There is considerable in vitro evidence that mem- 
antine acts as an antagonist of NMDA receptors by 
interacting with the phencyclidine (PCP) recognition 
site in the channel of the NMDA receptor complex. 
Thus, high nanomolar concentrations of memantine 
displace the binding of [‘Hldizocilpine (3H-MK-801) 
to the PCP site (Kornhuber, Bormann, Retz, Hubers 
and Riederer, 1989; Kornhuber, Bormann, Hubers, 
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Rusche and Riederer, 1991) and low micromolar 
concentrations block current responses of cultured 
neurones to NMDA in a use- and voltage-dependent 
manner and prevent NMDA-induced increases in 
intracellular Ca2+ (Bormann, 1989; Chen, Pellegrini, 
Aggarwal, Lei, Warach, Jensen and Lipton, 1992). 
Furthermore, memantine concentration-dependently, 
and non-competitively decreases glutamate- and 
NMDA-stimulated acetylcholine release from rabbit 
striatal slices in a Mg2 + -sensitive manner with an I&, 
of about 4 PM (Lupp, Liicking, Koch, Jackisch and 
Feuerstein, 1992). Finally, NMDA receptor-mediated 
toxicity in cultured neurones is blocked by low 
micromolar concentrations of memantine (Erd6 and 
SchPfer, 1991; Chen et al., 1992; Osborne and Quack, 
1992). 

Similar concentrations to those effective in the 
above mentioned in vitro models have been measured 
in the central nervous system of humans and rats 
after systemic administration of therapeutically 
relevant doses of memantine (Wesemann et al., 1983; 
Spanagel, Eilbacher and Wilke, 1992). Moreover, 
memantine selectively reduces single unit responses 
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