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Memantine – a success story

Wojciech Danysz
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Memantine (1-amino-3,5-dimethyladamantane) was in

1987 an unknown drug, prescribed mainly in Ger-

many for organic brain syndrome, but in 2009 it be-

comes a blockbuster with sales over 1 billion dollar

and a second most often prescribed drug for Alz-

heimer disease world wide. I am not claiming to be an

author of this success, but I believe to provide modest

contribution to it and I was a witness of it having in-

sight into different aspects from this process. I would

like to share this story with the audience providing

some facts not widely know and hoping that it will be

found interesting.

The first scientific description of this compound

was made in the 1960’s by Lilly and then again at the

beginning of the 1980’s by Dupoint. However, its

mechanism of action i.e. antagonism of NMDA recep-

tors first reported by Kornhuber and colleagues in the

late 1980’s.

Memantine blocks NMDA receptor with an average

affinity of c.a. 1 µM which is within therapeutic range

of plasma levels, by binding to a site within the chan-

nel pore. As NMDA receptors activation is required

for many forms of learning of memory this mecha-

nism of action (MoA) might seem difficult to compre-

hend. However, it should be kept in mind that mother

nature herself invented the first endogenous NMDA

receptor antagonist, magnesium which is present at

concentrations blocking this receptor and is vital for

normal neuronal functioning and for neuronal plastic-

ity. Magnesium functions as a filter by preventing ac-

tivation of NMDA receptors by a moderate increase in

glutamate whilst it leaves the channel and allows ions

to flow following high synaptic activity connected

with depolarization – due to strong voltage-dependency.

Such a filter is necessary for the role of NMDA recep-

tors in mediating neuronal plasticity.

It has been hypothesized, that, signal-to-noise ratio

for NMDA receptors bearing neurons may be de-

creased in Alzheimer’s disease. According to one of

the hypothesis on the MoA of memantine this can be

corrected by memantine which has some features

similar to magnesium but is less voltage dependence

and shows slower channel blocking kinetics. This has

been confirmed by several experiments in vitro showing

that memantine can restore LTP impaired by a direct ac-

tivation of NMDA receptors by NMDA, by removal of

endogenous magnesium or by application of A�.

Symptomatological activity in animal models

Memantine has been shown to improve impaired LTP

and learning. In old rats, memantine prolonged the du-

ration of LTP in vivo. Similarly, memantine reversed

impairment of LTP produced by reduction of magne-

sium and NMDA.

In the one trial passive avoidance task, memantine

reversed impairment produced by NMDA. In rats with

a low level of training in the water radial maze fol-

lowed by a test trial 24 hr later, memantine improved

the performance. Memantine also improved reference

memory (but not working memory) in the radial arm

maze in rats following entorhinal cortex lesion.

In APP23 mice with established cognitive deficits,

memantine improved performance in the Morris wa-

ter maze. In the same test, in APP/PS1 double trans-

genic mice, memantine improved acquisition.

Neuroprotective activity in animal models

Memantine has been shown to be neuroprotective in

various models relevant for chronic neurodegenera-

tive disease. Memantine prevents neurodegeneration
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produced by A� and ibotenate. Infusion of memantine

also prevented LPS-induced lesion of the NBM in rats.

Memantine also showed Neuroprotective activity in

transgenic mice models of AD such as APP23 mice,

Tg 2576 mice, and triple transgenic mice (APP/PS1

/Tau).

Clinical data

In mild to moderate Alzheimer’s patients memantine

significantly attenuated symptomatic decline as a mono-

therapy following 24 weeks of treatment as evaluated

by CIBIC-plus (cognition, behavior, daily living skills)

and ADAScog (cognition).

In moderate to severe stages, a slower decline was

observed in patients treated with memantine for 28 weeks

as measured by ADCS-ADL scales. There results were

subsequently confirmed by 24 weeks extension trial.

In summary, these clinical data provide evidence

that memantine is able to improve the cognition and

daily living skills of demented patients relative to pla-

cebo. In addition to a cognitive benefit, additional

clinical trials showed positive effects of memantine

upon activities of daily living and behavioral distur-

bances in the Alzheimer’s patients.

Antiplatelet drugs in cardiology – new, newer, the newest ones

Krzysztof J. Filipiak
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Novel adenosine diphosphate (ADP) P2Y12 antago-

nists, including prasugrel, ticagrelor, cangrelor and

elinogrel, are in various phases of clinical develop-

ment. Prasugrel is registered in USA nad European

Union (Efient, Effient). Ticagrelor (Brilanta) is going

to be registered late in 2010, while cangrelor and elino-

grel are still under investigation. These ADP P2Y(12)

antagonists have advantages over clopidogrel and ti-

clopidine ranging from faster onset to greater and less

variable inhibition of platelet function. As far as tica-

grelor is concerned, they can have different side ef-

fects form older drugs like clopidogrel and ticlopid-

ine. Novel ADP P2Y(12) antagonists are under inves-

tigation to determine whether their use can result in

improved antiplatelet activity, faster onset of action,

and/or greater antithrombotic effects than clopidogrel,

without an unacceptable increase in hemorrhagic or

other side effects. Prasugrel, a novel third-generation

oral thienopyridine, is a specific, irreversible antago-

nist of the platelet ADP P2Y12 receptor. Preclinical

and early phase clinical studies have shown prasugrel

to be characterized by more potent antiplatelet effects,

lower interindividual variability in platelet response,

and faster onset of activity compared to clopidogrel.

Recent findings from TRITON TIMI 38 trial in acute

coronary syndromes (ACS) showed prasugrel to be

more efficacious in preventing ischemic events in pa-

tients with ACS undergoing percutaneous coronary

intervention (PCI); however, this is achieved at the

expense of an increased risk of bleeding. Prasugrel

provides more rapid and consistent platelet inhibition

than clopidogrel. PLATO trial showed ticagrelor to be

better than compared clopidogrel without greater risk

of bleeding. However in CURRENT OASIS 7 trial

clopidogrel showed better efficacy when doubled in

doses at the admission and during the first week of

ACS. The lecture compares these novel drugs show-

ing how big progress is expected to happen due to

their use in the every day practice of cardiology.
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Antiepileptic drugs and developing brain

Pavel Mareš
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There are two points of view:

1. Anticonvulsant action of antiepileptic drugs at differ

ent developmental stages;

2. Action of antiepileptic drugs on brain development.

Ad 1. Majority of antiepileptics exhibit only quan-

titative changes of their action during ontogeny but

some qualitative changes could be also found. As ex-

amples of quantitative changes could serve benzodi-

azepines and topiramate. Lower doses were necessary

to affect pentetrazol-induced seizures at early stages

of development than in adult rats. Similar effect was

observed with an antagonist of NMDA receptors di-

zocilpine (MK-801). Qualitative changes of action

against pentetrazol-induced convulsions were found

in antiepileptic drugs with various mechanisms of ac-

tion: a common pattern was formed by a specific ac-

tion against the tonic phase of generalized tonic-

clonic seizures during first three postnatal weeks

(with some minor variations) in rat pups and complete

suppression of generalized seizures in adult animals.

Twenty-five-day-old rats formed a transitory group

with variable results. Such a change was found with

primidone, felbamate, tiagabine and gabapentin. Spe-

cific action was found with phenytoin: is was able to

suppress tonic phase of generalized seizures at all de-

velopmental stages examined but a little higher dose elic-

ited generalized clonic seizures in the youngest age

groups, never in 25-day-old and adult rats. Studies with

another model – cortical epileptic afterdischarges indicate

that developmental changes are also model-specific.

Ad 2. Gale’s laboratory demonstrated that a single

dose of phenytoin, phenobarbital and valproate in-

creased programmed cell death in immature rat brain;

the same effect was observed with a very high dose of

carbamazepine. On the other hand, lamotrigine, topi-

ramate and levetiracetam did not exhibit this effect.

More complicated situation was shown if combina-

tions of drugs were studied as models of polytherapy.

Our laboratory performed studies of behavioral ef-

fects of topiramate and lamotrigine repeatedly admin-

istered to immature rats. No adverse effects were

found, lamotrigine study was extended to electro-

physiological testing of seizure susceptibility and

again there was no significant worsening compared to

control siblings.

Data on action of antiepileptic drugs in immature brain

are sparse and more models of epileptic seizures as well

as action on brain development remain to be studied.

Neurobiology and psychopharmacology of the soul?

Jerzy Vetulani
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The soul, a concept present in all historical human

cultures, is defined by philosophers and theologians

as in essential element of movement in every human

being, an internal embodiment of the basic causative

principle of divine origin. For neurobiologists, such as

Jan Piltz (1870–1930), the soul, consciousness and

brain activity are synonymous, and those terms will

be used alternatively here. The problem of material

nature of the soul and its dependence on the body was

the subject of debate since centuries. Presently, neuro-

biologists assume that body and soul are closely

linked, as properly functioning brain is necessary for

proper expression of the soul, and on the other hand

nonmaterial interventions, such as learning or psycho-

therapy, may induce changes in the material neuronal

structures.
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The human soul evolved with the evolution of the

body, and the increase in the size and complexity of

the brain allowed for development of use of tools, fire,

speech, religion and culture. The evolution of the brain

is still continuing and most probably our psychical ca-

pabilities will still evolve, as suggested by Flynn effect

– the global IQ increase from generation to generation.

The contact between the external world and con-

sciousness is provided by senses and the integrity of

the path: sensory receptors � thalamus � cortex �

thalamus � effectors is a condition sine qua non of

full expression of human spiritual possibilities, and ir-

reversible damage to the thalamus results in perma-

nent coma. The functional state of consciousness may

be presently assessed using neuroimaging. Such stud-

ies, combined with other techniques, permitted an in-

sight in material basis of such phenomena as memory,

consciousness and morality, and permit to understand

the essence of functional impairments resulting in

psychical disturbances. They proved, among others,

that adequate psychotherapy, similarly to pharmaco-

therapy, alters physical functioning of the brain.

Psyche, similarly like the body, may get ill, and

such sickness, mental diseases, may be cured with

material means, such as drugs, shocks or surgery as

well as with psychotherapy. Psychiatric diseases since

the mid-20th century were linked with functional dis-

turbances of particular neurotransmitter systems, and

studies in this direction brought about enormous de-

velopment of pharmacotherapy of psychiatric conditions.

Till now new anxiolytics and hypnotics are searched

among gabamimetics, antidepressants – among drugs en-

hancing intrasynaptic concentration of monoamines, par-

ticularly of serotonin, and antipsychotics – among com-

pounds blocking dopamine receptors and modulating

activity of dopaminergic neurons. However, modern psy-

chopharmacology steps beyond the magic circle of neu-

rotransmitters, and looks for compounds that increase

neuronal plasticity or enhance the activity on neurotro-

phins. Such search takes place, obviously, in the field of

geriatric neuropsychopharmacology, but also, e.g., look-

ing for novel antidepressants.

Presently new vistas are opening: it is suggested that

several psychiatric disorders result from disturbances in

the activity of vast brain circuits, linking distant cortical

and subcortical structures. Such studies lay a foundation

for modern psychosurgical procedures of blocking the

hyperactive chains of those circuits. The most important

message is that modern psychoneurobiology and psy-

chopharmacology not only allow for effective therapy

of several hitherto incomprehensible and incurable

psychiatric disorders, but also contribute importantly

to understanding the nature of human being.
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