
Synthesis

Phenserine can be obtained by several ways:
1) Hydrolysis of physostigmine (I) with either NaOMe

in ethanol (1, 2) or NaOBu in refluxing butanol (3) (better
yield) gives eseroline (II), which is condensed with phenyl
isocyanate (III) by means of NaOMe in benzene (1, 2), Na
in benzene (4) or Na in ether/benzene (5). Scheme 1.

2) Condensation of 5-methoxy-1,3-dimethyl-2,3-dihy-
dro-1H-indol-2-one (IV) with 2-chloro-N,N-dimethylethyl-
amine (V) by means of NaNH2 in toluene gives 3-[2-(di-
methylamino)ethyl]-5-methoxy-1,3-dimethyl-2,3-dihydro-
1H-indol-2-one (VI), which is reduced with Vitride (sodium
bis(2-methoxyethoxy)aluminum dihydride) in toluene to
yield the secondary alcohol (VII). Optical resolution of
(VII) by means of (+)-2,3-di-O-(p-toluoyl)tartaric acid pro-
vides the (2S,3S)-diastereomer (VIII), which by reaction
with methyl iodide in ethyl ether affords the ammonium
salt (IX). Cyclization of compound (IX) by means of
methylamine in acetonitrile provides esermethole (X), the
methyl ether of eseroline, which is demethylated by
means of BBr3 in dichloromethane to give eseroline (II).
Finally, eseroline is condensed with phenyl isocyanate
(VIII) by means of Na in ethyl ether (6). Scheme 2.

3) Condensation of 5-methoxy-1,3-dimethyl-2,3-dihy-
dro-1H-indol-2-one (IV) with 2-chloroacetonitrile (XI) by
means of a chiral phase transfer catalyst gives 2-(5-
methoxy-1,3-dimethyl-2-oxo-2,3-dihydro-1H-indol-3-y)-
acetonitrile, which is separated into enantiomers by chro-
matography. Reductocyclization of the (S)-enantiomer
(XII) by means of Vitride affords (3aS)-N1-noresermethole
(XIII), which is submitted to a reductive methylation to
provide esermethole (X). O-demethylation of (X) by
means of BBr3 or AlCl3 gives eseroline (II), which is final-
ly condensed with phenyl isocyanate (7). Scheme 3.

Introduction

Alzheimer�s disease (AD) is one of the most common
neurodegenerative disorders leading to dementia. It
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Abstract

Alzheimer�s disease (AD) is a progressive and ulti-
mately fatal disorder predominantly affecting the elderly.
AD has no known cure and investigation continues for a
treatment and preventative therapy. To date, several
products have emerged with a variety of mechanisms of
action. Because a reduced number of cholinergic mark-
ers and cells have been found in the brains of AD
patients, researchers have hypothesized that the symp-
toms of AD may be due to a central cholinergic deficien-
cy. Thus, cholinergic therapy is considered an attractive
treatment for AD. One of the most effective types of
cholinergic therapy is inhibition of the enzyme responsi-
ble for hydrolysis of acetylcholinesterase (AChE), which
results in an increase in acetylcholine, a neurotransmit-
ter involved in memory and cognition. Phenserine tar-
trate, a phenylcarbamate of physostigmine, is one such
compound that has been shown to potently and selec-
tively inhibit AChE. Phenserine is less toxic than
physostigmine and tacrine and has been demonstrated
to increase memory and learning in rats. The compound
is more brain-selective than other agents and more
rapidly cleared from the blood, suggesting an improved
safety profile. Moreover, phenserine has also been
shown to inhibit formation of β-amyloid precursor pro-
tein, suggesting the possibility of slowing progression of
AD. Phenserine has been shown to be safe and well tol-
erated in phase I and II trials as a treatment for AD, and
phase III development is planned for the near future. L.A. Sorbera, J. Castañer. Prous Science, P.O. Box 540, 08080

Barcelona, Spain.
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20 Phenserine Tartrate

easy, routine tasks. Later, the disease attacks the cere-
bral cortex resulting in a reduction in language skills and
alterations in personality and the ability to make judge-
ments. Finally, other brain areas are affected and eventu-
ally atrophied so that the patient ultimately becomes help-
less, incontinent, bedridden and unresponsive to the
outside world (8).

AD is characterized neuropathologically by abnormal
protein deposits in the brain and cerebral vasculature
which include extracellular amyloid plaques or so-called
senile plaques consisting mainly of amyloid β-protein (Aβ)
and intracellular neurofibrillary tangles which are made
up of tau protein. Aβ plays a crucial role in the pathogen-
esis of AD. It is the amyloidogenic 39-42 residue fragment
which results from the cleavage of β-amyloid precursor
protein (APP). Another important pathogenic component
of AD is the inflammation which accompanies amyloid
accumulation and several inflammatory molecules pro-
duced by neurons, astrocytes and microglia can be local-
ized in AD lesions. These molecules include complement
proteins, inflammatory cytokines, acute-phase reactants,
proteases and protease inhibitors, and many exhibit neu-
rotoxic effects, thus also contributing to the progressive
neuronal loss manifesting in AD (8, 10, 11).

The actual causes of AD are unknown although
genetic disposition and environmental factors (e.g., expo-
sure to aluminum, zinc, lead and other metals) have been
implicated in development of the disorder. Strong evi-
dence exists pointing toward a genetic component.
Apolipoprotein E allele ε4 (ApoE-ε4) on chromosome 19
is associated with an increase in neurofibrillary pathology

accounts for about one-half to two-thirds of all cases. AD
is a progressive and ultimately fatal disorder that pre-
dominantly affects the elderly. It affects parts of the brain
that control memory, thought and language. Currently, the
number of individuals worldwide suffering from AD has
been estimated to be 15 million and this number includes
approximately 4 million in the U.S. alone, where 360,000
new cases are reported each year. Until a cure or pre-
ventative therapy is discovered, it is estimated that 45 mil-
lion people will be afflicted by the disorder worldwide by
2050. The prevalence of the disease doubles every
5 years after the age of 65. For example, in the U.S. the
prevalence of AD among individuals aged 65 or older
is 8% while the rate is 30% among those aged 85 or
older (8, 9).

AD is classified according to age onset (before or after
age 60) and mode of occurrence (familial or sporadic).
Late-onset AD is the most common type, typically occur-
ring after age 60 although degenerative processes in the
brain may be evident as early as 20 years prior to emer-
gence of symptoms. Symptoms of AD include gradual
memory loss, reduced ability to perform routine tasks, dis-
orientation regarding space and time, difficulties in learn-
ing, loss of language skills, impaired judgement, rapid
mood changes and alterations in personality. It appears
that AD disrupts normal thinking and memory via a block-
ade of signaling between neurons. The disease general-
ly begins with mild cognitive impairment as the neurons in
the part of the brain that controls memory (i.e., hip-
pocampus-entorhinal complex) are destroyed, resulting in
short-term memory loss and difficulties in performing
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(IC50 = 27.9 ± 2.4 nM) against a human erythrocyte AChE
preparation. Phenserine was more selective for and more
potently inhibited AChE from human brain frontal cortex
(IC50 = 36 ± 3 nM) and caudate nucleus (IC50 = 21 ± 1 nM)
as compared to BChE from human brain frontal cortex
(IC50 = 2500 ± 1100 nM) (12-15). The in vitro inhibitory
activity of phenserine against a several AChE and BChE
preparations is summarized in Table I.

Phenserine was also effective in inhibiting AChE in
vivo. In rats, a single i.v. dose (1 mg/kg) resulted in
steady-state inhibition of plasma AChE (76.5% within
5 min of dosing and over 50% for at least 8 h postdosing;
half-life > 8.25 h). At 240 min, AChE in cerebrospinal fluid
was inhibited  by more than 90% as compared to 60%
observed for plasma AChE. In contrast, BChE was inhib-
ited by less than 30%. In addition, phenserine (2 and
4 mg/kg i.p.) enhanced ACh levels in the striatum 193 ±
38 and 344 ± 111%, respectively, at 10 min postdosing;
these levels remained significantly increased (187 ± 23
and 208 ± 15% at 90 min, respectively) as compared to
pretreatment levels (16, 17).

The kinetics of inhibition of human erythrocyte AChE
and rat brain AChE were evaluated in 2 studies. In the
first study, phenserine (0.025-0.40 µM) was shown to
dose-dependently inhibit human erythrocyte AChE with
an IC50 value of 0.0453 µM. The Km for the hydrolysis of
the substrate, acetylthiocholine iodide, and the Vmax in
this preparation were determined to be 0.124 mM and
0.980 µmol/min/mg protein, respectively. Phenserine-
induced inhibition of AChE was concluded to be noncom-
petitive, with a Ki value estimated to be 0.048 µM (16). In
the second study, the inhibitory activity of phenserine was
compared with tolserine against rat brain membrane-
bound AChE. Both agents inhibited AChE in a dose-
dependent manner (IC50 = 411 and 195 nM, respectively).
The Km for hydrolysis of acetylthiocholine iodide and the
Vmax were 0.037 mM and 0.038 µmol/min/mg protein,
respectively. It was concluded that inhibition for both
agents was of a mixed type in this preparation and the
Ki values were estimated to be 311.3 nM for phenserine
and 250.2 nM for tolserine (18, 19).

The efficacy of phenserine in improving cognition in
vivo has been demonstrated in both young and elderly
rats. Administration of phenserine (1.5, 3, 4, 5, 7.5 or 10
mg/kg i.p. 60 min before maze training) to young rats
(3 months old) was shown to attenuate scopolamine
(0.75 mg/kg 30 min before training)-induced learning
impairment in a shock-motivated T-maze. All doses of
phenserine except for 7.5 mg/kg improved error perfor-
mance, run time, shock frequency and shock duration.
The 7.5 and 10 mg/kg doses were associated with side
effects such as chewing, grooming and shakes and ani-
mals treated with the 10 mg/kg became very aggressive
(16). Treatment with phenserine (0.25, 0.5 or 0.75 mg/kg
i.p. 24 after training) also attenuated learning impairment
in the shock-motivated 14-unit T-maze induced by the
NMDA receptor antagonist, 3-(±)2-carboxypiperzin-4-yl)
propyl phosphonic acid (CPP; 9 mg/kg i.p. 24 h after train-
ing). Although all phenserine doses were effective, the

and is linked to an enhanced risk of late-onset (sporadic)
AD; risk increases with the number of copies of the allele
present. However, this mutation is not solely responsible
for the development of AD. Another gene linked to late-
onset AD is A2M. This gene encodes the plasma protein
α2-macroglobulin (αM2) which binds soluble Aβ and
mediates its degradation. Other mutations linked to the
disorder include mutations in presenilin-1 (PS1) and pre-
senilin-2 (PS2) genes on chromosome 14.1 and the APP
genes on chromosome 21 (8).

The search for a cure and preventative therapy for AD
continues with a variety of products having different
mechanism of action (e.g., antiinflammatory, hormonal
replacement and Aβ-targeted therapies among others)
emerging. One type of treatment that is particularly attrac-
tive is cholinergic therapy. The brains of AD patients have
a reduced number of cholinergic cells and cholinergic
markers (i.e., reductions in presynaptic cholinergic recep-
tors and levels of acetylcholine [ACh] and choline acetyl-
transferase [ChAT]) and researchers have hypothesized
that a central cholinergic deficiency causes the symptoms
of AD. Cholinergic therapy includes 3 approaches:
enhancement of ACh production; interference with ACh
degradation through inhibition of acetylcholinesterase
(AChE); and cholinergic muscarinic agonissm at postsy-
naptic brain neurons. To date, the most effective choliner-
gic therapy is inhibiting the enzyme responsible for
hydrolysis of ACh. ACh is a neurotransmitter implicated in
memory and cognition, and therefore increasing ACh lev-
els would be extremely beneficial in patients with AD (8).

Phenserine tartrate, a phenylcarbamate of physostig-
mine first prepared in 1916 (4), is one such AChE inhibitor
that has been shown to potently and selectively inhibit
AChE (greater than 50-fold selectivity over butyrylcholin-
esterase [BChE]). When compared to other marketed
agents for AD, phenserine is more brain-selective and is
more rapidly cleared from the blood. It has a brain-to-
blood ratio of 10:1. Thus, phenserine can result in maxi-
mum therapeutic effects in improving memory without
severe and bothersome side effects. In fact, phenserine
was shown to be less toxic than both physostigmine and
tacrine. Moreover, in addition to its potent action on
AChE, phenserine has also been shown to inhibit APP
formation, suggesting the possibility of slowing the pro-
gression of AD. Phenserine was selected for further
development as a treatment for AD.

Pharmacological Actions

A number of in vitro studies have compared the abili-
ty of phenserine to inhibit AChE and BChE with (�)-
physostigmine and other carbamate analogues. Although
phenserine was not as potent as (�)-physostigmine
against electric eel AChE (IC50 = 350 ± 90 vs. 61 ± 187
nM), it was more selective than the latter agent for AChE
as compared to human plasma BChE (1300 ± 400 vs.
14 ± 6 nM). Comparable inhibitory activity was observed
for phenserine (IC50 = 24 ± 6 nM) and (�)-physostigmine
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22 Phenserine Tartrate

cessing. This study used human astrocytoma cells
(U373) transfected with 5� UTR-CAT which contains 90
nucleotides of the 5�-untranslated region (UTR) of APP
mRNA in front of the reported chloramphenicol acetyl
transferase gene (CAT). The 5�-UTR of APP contains an
important IL-1 responsive element and the TGF respon-
sive box (CAGA box). Treatment of cells with phenserine
(25 g/ml for 44 h) decreased CAT activity fused to the
5�-UTR of APP; CAT activity of the CAT reporter fused to
a control vector was unaffected. In contrast, treatment of
transfected cells with TGFβ1 (5 ng/ml) increased CAT
activity. From these results, it was suggested that
phenserine controls translation of APP mRNA via a puta-
tive IL-1 responsive element and/or TGF element (23).

Phenserine was shown to reduce APP in vivo. The
efficacy of phenserine (2.5 mg/kg s.c. b.i.d. for 7 days) in
reducing lesion-induced increases in secreted APP was
demonstrated in rats with scopolamine-induced lesions of
the nucleus basalis of Meynert. Phenserine treatment sig-
nificantly reduced levels of secreted APP in the cere-
brospinal fluid (CSF) of lesioned rats. Further analysis of
brains showed that phenserine, an acetyl-selective
cholinesterase inhibitor, was 70-fold more selective for
cortical AChE than BChE (IC50 = 22.2 ± 1.4 vs. 1552 ±
272 nM). In contrast, the nonspecific cholinesterase
inhibitor diisopropyl fluorophosphate (DFP; 1.5 mg/kg
s.c.) which is 9-fold more selective for BChE, potently
reduced both brain cortical AChE and BChE (IC50 =
38 ± 1.5 and 4.3 ± 2.6 nM, respectively), but did not alter
APP levels in CSF of lesioned rats (25).

Pharmacokinetics

The pharmacokinetics of phenserine (1 mg/kg i.v.)
were determined in rats. The Cmax of the agent following
a single dose was 117 ± 19 ng/ml at 5 min and the agent

lowest dose was the most potent in significantly decreas-
ing the number of errors as compared to control CPP-
treated rats (20).

Phenserine also displayed marked activity in amelio-
rating learning in aged rats (21-22 months). Chronic treat-
ment of aged rats with phenserine (1-3 mg/kg i.p. for
5 days) significantly reduced the number of errors made
in the shock-motivated 14-unit T-maze as compared to
controls. Although minimal motoric side effects such as
fine tremor were observed in a few rats treated with the
high (3 mg/kg) dose, no side effects were associated with
doses of 1-2 mg/kg. Other performance variables such as
run time, shock frequency and duration were also
decreased in phenserine-treated rats although the effects
were less consistent than those observed for the reduc-
tion in errors (21).

In addition to its potent action in inhibiting the acetyl-
cholinergic system resulting in cognition enhancement,
phenserine has been shown in a number of studies to
inhibit APP formation. The effects of phenserine (5 or 50
µM for 16 h) on intra- and extracellular APP and Aβ pro-
duction in human neuroblastoma cells lines (SK-N-SH,
SH-5Y-5Y) and human astrocytoma cells (U373) were
examined. Treatment with the agent markedly decreased
intra- and extracellular APP protein levels in both neurob-
lastoma and astrocytoma cells in a time- and dose-
dependent manner. In addition, secreted Aβ was also sig-
nificantly decreased in neuroblastoma cells by 14% and
34% at 8 and 16 h, respectively. APP synthesis was
found to be significantly reduced with phenserine treat-
ment (about 50%). However, treatment with the agent
had no effect on APP mRNA levels in astrocytoma cells.
Because phenserine reduced APP protein expression
without altering message levels, it was concluded that the
agent modulates APP expression at a posttranscriptional
level (22-24).

A further study in vitro has elucidated a novel mecha-
nism of action by which phenserine modulates APP pro-

Table I: In vitro activity of phenserine tartrate (from Prous Science Integrity®).

Activity Material Parameter Value Ref.

AChE affinity Brain, rat Kd 0.311 µM 19
AChE inhibition Electrophorus electricus IC50 0.350 ± 0.090 µM 12
AChE inhibition Brain, rat Ki 89.2 nM 19
AChE affinity Brain, rat IC50 0.411 µM 19
BChE inhibition Plasma, human IC50 1.30 ± 0.400 µM 12
AChE inhibition Striatum, human IC50 0.021 ± 0.001 µM 13
AChE inhibition Cortex, human IC50 0.036 ± 0.003 µM 13
AChE inhibition Erythrocytes, human IC50 0.024 ± 0.006 µM 14
AChE inhibition Erythrocytes, human IC50 0.024 ± 0.006 µM 13
AChE inhibition Plasma, human IC50 0.024 ± 0.006 µM 33
BChE inhibition Erythrocytes, human IC50 1.56 ± 0.045 µM 33
BChE inhibition Plasma, human IC50 1.30 ± 0.085 µM 14
AChE inhibition Electric organ, Torpedo IC50 0.350 ± 0.090 µM 13
BChE inhibition Plasma, human IC50 1.30 ± 0.400 µM 13
BChE inhibition Cortex, human IC50 2.50 ± 1.10 µM 13
AChE inhibition Erythrocytes, human IC50 0.045 µM 18
AChE inhibition Erythrocytes, human Ki 48 nM 18



sitive to short-term memory changes, revealed that while
placebo-treated patients� scores declined by 6.8 points,
those treated with phenserine improved by 9.7 points. A
significant improvement was also observed with phenser-
ine treatment in the maze assessment (seconds to com-
plete) of the extended ADAS-cog. Overall ADAS-cog
scores after 12 weeks of treatment improved by 2.57
points in the phenserine groups as compared to only 0.72
points on placebo. After the 4-week washout period,
ADAS-cog scores returned to baseline in those patients
previously treated with phenserine, indicating a reversal
of treatment effects (29).

In the above study, phenserine was well tolerated. Of
the phenserine-treated patients, 63% reported 1 or more
adverse events as compared to 50% of placebo patients.
Three phenserine-treated patients and 1 placebo-treated
patient withdrew for dizziness. Only 1 serious adverse
event resulting in withdrawal was reported but was unre-
lated to treatment. The most common adverse event
reported was dizziness seen in 4.2% and 17% of the
patients in the phenserine groups treated with b.i.d.
doses of 5 and 10 mg, respectively; with the exception of
the 1 patient who withdrew for dizziness, this adverse
event was not reported in other placebo-treated patients.
Nausea was reported in 4.2% and 8.5% of patients treat-
ed with 5 and 10 mg b.i.d. phenserine, respectively, as
compared to 0% with placebo. In addition, 4 (8.5%), 3
(6.4%) and 3 (6.4%) patients in the 10 mg b.i.d. group
developed peripheral edema, skin disorder and sinus
bradycardia, respectively. No patients on placebo experi-
enced peripheral edema or skin disorder, although the
rate for sinus bradycardia was 8.3%. It was concluded
that the adverse events observed were consistent with
those for other marketed anticholinesterase agents
although the incidence was less (30).

Phenserine continues to undergo phase II trials as a
treatment for AD and phase III development is planned
for the near future (31, 32).

Source

Axonyx, Inc. (US).
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