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I thank Professor Manev for his comments 
relating his work on RADA (receptor abuse-
dependent antagonism)1 in 1990 to my recent 
article on PAT (pathologically activated 
therapeutics)2.  In point of fact, my recent 
Perspective mentions that such drugs aimed 
to decrease overuse of receptors have been 
around for a quite a while — specifically, 
work on dilantin and lidocaine dating back at 
least to the early 1970s is mentioned. The idea 
was revisited for glutamate excitotoxicity in 
our 1988 and 1990 publications3–5. However, 
the mere idea of treating receptor overuse 
in glutamate excitotoxicity, as brought up 
previously by our group and by Professor 
Manev, misses the main point of my recent 
article: what is important here is the idea, 
first promulgated by my former graduate 
student H.-S. Vincent Chen in his 1990 doc-
toral thesis at Harvard Medical School and 
subsequently in our 1992 publication6, that 
a unique mechanism of action is needed in 
order to produce a clinically-tolerated drug to 
combat excitotoxicity. Our group has recently 
termed one such mechanism as ‘UFO’ drugs, 
representing an Uncompetitive/Fast Off-rate 
form of inhibition that preferentially blocks 
increasing (pathological) activity of a recep-
tor, because of the uncompetitive nature of 
the antagonism, but allows normal activity 
to continue.  For normal synaptic activity to 
remain relatively unaffected, the drug must 
have a fast off-rate and therefore not  
accumulate at the receptor.  

Although not mentioned in the comments 
of Professor Manev, the PAT/UFO strategy 
has already met with considerable success, as 
witnessed by the recent clinical approval of 
the NMDA (N-methyl-d-aspartate)-receptor 
antagonist memantine by both the Food 
and Drug Administration (FDA) in the 
United States and the European Medicines 
Agency (EMEA) of the European Union.  
We reported back in 1990 and 1992 that the 
PAT requirements were met in the case of 
memantine for excitotoxicty because of its 
UFO mechanism of open-channel block of 
NMDA-receptor-associated ion channels6. 

Thus, memantine blocks excessive (predomi-
nantly extrasynaptic) NMDA-receptor- 
operated channels while relatively sparing 
normal (synaptic) neurotransmission associ-
ated with NMDA-receptor stimulation6–11.  
Our group believes that in order to produce 
additional clinically-tolerated therapeutic 
agents, this UFO mechanism of action will 
become a cornerstone of future drug develop-
ment, not only for drugs that act in the brain 
but for other types of pharmaceuticals as well.
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