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The treatment options for Alzheimer’s type dementia are limited to the
use of acetyl-cholinesterase inhibitors, along with memantine in some cases,
and offer variable success in the treatment of cognitive impairment and to
improve or stabilize activities of daily living, behavioral abnormalities, and im-
pairment of global function. This review examines dimebolin, a nonselective
antihistamine drug that has been used in Russia in the past for its antihis-
tamine effect and has now generated considerable interest in the treatment
of Alzheimer’s type dementia, following results in the initial trials (Doody et
al., 2008) and is currently under further evaluation. This article considers var-
ious theories proposed to explain its effect in the treatment of dementia. The
results from further trials will help to clarify the future of dimebolin as a poten-
tial treatment for chronic neurodegenerative disorders that include dementia
that affects 25 million people worldwide.

Introduction

Dimebolin hydrochloride (proposed generic name:
Latrepirdine; brand name: Dimeb0n®), is chemi-
cally 2,3,4,5-Tetrahydro-2,8-dimethyl-5-(2-(6-methyl-3-
pyridyl)ethyl)-1H-pyrido(4,3-b)indole. It was initially
used in Russia in 1983 as a nonselective antihistamine
for the treatment of skin allergy and allergic rhinitis but
eventually its use as an antihistamine declined when
more selective drugs were discovered [1-2].

A recent study by Doody et al. [3] has generated re-
newed interest in the drug. In this study dimebolin ap-
peared to have significant clinical effect on various symp-
tom domains of Alzheimer’s type dementia. Currently, at
least three studies are being performed to examine this
effect further.

Current Dementia Treatments

Dementia is a term used to describe a cluster of symp-
toms affecting not only memory but a number of other
domains including communication, reasoning, judgment,
agitation, and functional impairment that are progressive
and generally irreversible. Many patients may also display
psychotic or depressive symptomatology and changes in
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behavior (Behavioral and psychological symptoms of de-
mentia) [4].

Alzheimer’s disease is the most common type of de-
mentia. It has been estimated that 16% of aging popula-
tion above 80 years old and 7% of those above the age
of 65 have some form of dementia; this means that there
are 700,000 people with dementia within the UK and the
cost of dementia is estimated to be more than £17 billion
per year [5].

The underlying pathology in dementia syndromes may
consist of various structural and biochemical changes.
These changes may involve formation of neurofibrillary
tangles and plaque formation (common but not exclu-
sive) in those with Alzheimer’s type dementia and mi-
croinfarcts in those with vascular dementia [6]. Some
of these changes occur with aging albeit with much
less severity [7]. Furthermore, in those with lacunar in-
farcts in the basal ganglia, thalamus, or deep white mat-
ter, fewer neuropathological lesions of Alzheimer’s type
could lead to dementia, compared with those without in-
farcts [8].

The biochemical changes can involve deficits in a num-
ber of neurotransmitters affecting cholinergic transmis-
sion and these deficits are more noticeable in the nuclei
of basolateral group in Alzheimer’s type dementia [9].
The cholinergic hypothesis was based on the reduction
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in acetylcholine in the brain and deficits in the activity
of choline acetyltransferases, which correlates well with
clinical dementia ratings [10] and became the basis for
use of the first generation of antidementia drugs that
block activity of acetylcholinestrase in the brain.

The current treatment options for Alzheimer’s type de-
mentia are limited in their magnitude of clinical effect as
well as duration of action. Presently, in the United King-
dom, there are three cholinesterase inhibitors licensed
for treatment of Alzheimer’s type dementia, donepezil,
rivastigmine, and galantamine. The clinical benefit with
their use is modest and may last up to few years. They
can produce numerous side effects ranging from mild gas-
trointestinal upsets, which are common, to more severe
adverse effects that include gastric and duodenal ulcers,
gastrointestinal hemorrhage, bradycardia, seizures, and
AV block [11]. Together with higher incidence of medical
comorbidity in this population, there can be several con-
traindications to their use. The cost/effect analysis guides
that they should be used in patients with moderate de-
gree of Alzheimer’s type dementia as recommended in
NICE UK guidance [12].

A systematic review of the partial glutamate receptor
antagonist, memantine has shown a statistically signifi-
cant improvement in Alzheimer’s type dementia but clin-

Table 1 Various action pathways of dimebolin affecting memory
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ically the magnitude of the improvement was marginal
[13].

Apart from these, some other agents have also been
studied for the treatment of dementia but have not been
able to show clinically significant benefit [11]. These in-
clude Ginkgo biloba (small but statistically significant re-
sult in a meta-analysis [14], selegiline (only short-term
low-magnitude clinical improvement in a systematic re-
view) [15], estrogens (unsafe due to increased risk of
thrombosis and no clear benefit) and NSAIDs (associa-
tion between lower risk of AD and use of these drugs)
[16] and Vitamin E [17].

Dimebolin: Proposed Mechanism
of Action

Although several possible action pathways have been
proposed for the clinical effect of dimebolin on neurode-
generative diseases including Alzheimer’s type demen-
tia, the actual mechanism remains poorly understood
(Table 1).

There is some evidence suggesting that its mechanism
of action involves H; blockade [18]. This H; blocking ac-
tivity is 1.5 times stronger than promethazine but lacks

Pathway

Dose/concentration of dimebolin used

Study

Mechanism involving Hy blockade

Inhibitory effect on the deamination in basal
ganglia and hypothalamus

Inhibits neurotoxin (AF64A)- induced
neurodegeneration

Protected cerebellar neurons against the action of
B-amyloid, anticholinestrase activity,

NMDA blocking activity,

inhibition of potential-dependent Ca?* uptake

Optimizing mitochondrial pore dysfunction

NMDA receptor antagonist at high concentrations,
and at low dose acts as positive modulator of
AMPA receptors

NMDA blocking and protective effects against
glutamate-induced apoptosis

Activity on 5-HT, receptors may affect short-term
memory
Increased expression of g-amyloid excretion

Inhibitory effect on TDP-43 (TAR DNA binding)
protein aggregation in thrice-cloned
neuroblastoma cells

Data not available
100 uM in vitro

1mgl/kg body weight injected intraperitoneally

25 M concentration in cultured neurons;

IC50 = 57 uM for effect on Ca®* uptake; 1C50 = 7.9
M; and 42 M for butyrylcholine esterase and
acetylcholine esterase, respectively; NMDA
blocking activity at EC50 = 42 £+ 6 mg/kg
intraperitoneal

200 uM

Above 6 uM, blocked NMDA- induced currents,
above 0.2 uM for AMPA-modulating effect

IC 50 = 10 uM for NMDA blocking effects; and
higher concentration of 50 uM for protection
against glutamate-induced

K(i) = 26.04+/—2.5nM

(IC50 = 0.89 M)

Intraperitoneal injection 3.5 mg/kg, Extracellular
concentration of 1-10 uM

5uM

Mateeva et al. 1983
Shadurskaia et al. 1986

Lermontova et al. 2000

Bachurin et al. 2001
Lermontova et al. 2001

Bachurin et al. 2003
Grigorev et al. 2003

Wu et al. 2008

Schaffhauser et al. 2009, Ivachtchenko
et al. 2009
Cirrito et al. 2009; Gandy et al. 2009

Yamashita et al. 2009
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the sedative effects of drugs in this class (e.g., diphenhy-
dramine and promethazine).

At concentration of 107*M, in vitro, dimebolin
shows inhibitory effect on the deamination of amines
(dopamine and benzylamine). However, in lower con-
centrations of dimebolin 107> to 107, this effect on MAO
(monoamine oxidases) activity ceases. The inhibition of
MAO activity resulting in increase in dopamine and nor-
adrenaline was observed in basal ganglia and hypothala-
mus [19].

Another experimental study was conducted in rats
treated with neurotoxic agent AF64A (1-ethyl-1-(2-
hydroxyethyl) aziridinium) that has high affinity for
acetylcholine receptors and causes neuronal cell death.
Dimebolin appeared to prevent neurodegeneration and
was able to compensate for the disorder in learning that
occurred due to the neurotoxin. The effect of both tacrine
and dimebolin was beneficial on learning in this study
[20].

Dimebolin protected cerebellar neurons against the ac-
tion of beta amyloid and there was evidence of significant
anticholinestrase activity for butyrylcholine esterase and
acetylcholine esterase. It also appeared to have NMDA
(N-methyl-D-aspartic acid) blocking activity (prevented
NMDA-induced seizure activity in mice) [21]. Along with
its inhibitory effect on beta amyloid that is a recog-
nized pathological feature in Alzheimer’s type dementia,
the pathway involving inhibition of potential-dependent
Ca?* uptake may be involved in neuroprotective effect in
cultured neurons [22].

Bachurin et al. explored the possible pathway of mi-
tochondrial pore activity as this is thought to be in-
volved in regulation of Ca?* transport across mitochon-
drial membrane and some neurotoxins may permanently
open these pores leading to degeneration of neurons.
Dimebolin may be able to conserve the mitochondrial
function by blocking neurotoxin-mediated mitochondrial
pore dysfunction [23].

In cortical neurons, dimebolin affects polyamine site of
NMDA (N-methyl-D-aspartic acid) receptor and at high
concentrations, may become NMDA receptor antagonist.
At lower dose it acts as positive modulator of recep-
tors for artificial glutamate analogue, AMPA («-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid). Dime-
bolin’s NMDA antagonistic effect is weaker than that of
memantine [24].

In mice primary striatal neuronal cultures, dimebolin is
an inhibitor of NMDA (N-methyl D-aspartate) receptors
with half maximal inhibitory concentration (ICso) being
10 uM. It also inhibited glutamate-induced increase in
Ca?* levels. At 50 uM concentration, dimebolin showed
significant protective effects against glutamate-induced
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apoptosis but lower concentration of dimebolin (5 uM
and 10 uM) failed to show the same effect [25].

Dimebolin occupies 5-HT¢ receptors and this may have
effect on short-term memory [26]. This effect of dime-
bolin on the serotonergic 5-HT4 receptors is antagonistic
and may be an important pathway for its beneficial effects
on cognition [27].

Interestingly, the findings from another study recently
presented at International Conference on Alzheimer’s
disease, Vienna, Austria (July 2009), which examined the
molecular effects of dimebolin on mouse neuroblastoma
cells observed increased release of beta amyloid from
nerve terminals; this is very surprising as beta amyloid
deposition has been linked to pathogenesis of Alzheimer’s
type dementia. Increased levels of beta amyloid release
from isolated nerve terminals were not expected results
for a drug aimed to treat Alzheimer’s type dementia [28].

Dimebolin was found to have inhibitory effect on TDP-
43 (TAR DNA binding) protein aggregation in thrice-
cloned neuroblastoma cells. At 5 M concentration,
dimebolin reduced protein aggregation by 45%. The TDP-
43 pathology is a recognized finding in neurodegenera-
tive diseases like amyotrophic lateral sclerosis and front-
temporal lobar degeneration [29] and this effect may
indicate potential benefit in other neurodegenerative dis-
eases as well.

Dimebolin: Evidence of Clinical Effect in
DAT (Original Study by Doody et al.)

Doody et al. conducted a randomized placebo-controlled
double-blind trial of 183 patients with mild-to-moderate
Alzheimer’s type dementia (mini-mental state examina-
tion [MMSE] scores 10-24) at 11 sites in Russia, who
were given oral dimebolin, 20 mg three times a day
(60 mg/day) and were not given access to any other an-
tidementia medications [3].

The outcome measures included assessment of cog-
nition (ADAS-cog and MMSE), functional assessment
(ADCS-ADL), and behavior (NPI) (Figure 1). The pri-
mary analysis showed significant benefit as measured on
ADAS-cog in the patients who completed the trial. This
benefit at week 26 was —4.0 on ADAS-cog (mean drug-
placebo difference [95% CI —5-73 to —2.28]; P < 0-0001).
One hundred thirty-four patients (68 in dimebolin group,
66 in placebo group) enrolled in the 6-month blinded
extension phase of the study that showed further benefit
(at week 52) for those on dimebolin when compared
to benefit achieved at week 26 on dimebolin and also
when compared to placebo. (—6.9 compared to placebo
at 1 year). The improvement in neuropsychiatric symp-
toms that had been achieved at week 26, was maintained

201



Dimebolin in Dementia

A
20—
-8 Dimebon
154 @ Placebo
-.E. 5
E 10 4 Clinical
improvement
E o054 2
B oot-- T eeeeau s .i ............
£, }
E 51 p<0-0001 Dimebon versus placebo Chirical
= 1.0 P<0-0001 Dimebon improved over baseline deterioration
p=0-13 Placebo worsened from baseline
-15 T T T T 1
Baseline Week & Week12  Week18  Week 26
B
20 5
1.5 -
¥ Clinical
5 104 improvement
] P
.E 05 -
E 1 T T L L L L L T T e
-
g 1.0 - : Clinical
S i
£ .15 Pp=0-002 Dimebon versus placebo deterioration
= 50| P=002  Dimebonimproved over baseline :
T p=002  Placebo worsened from baseline
=25 T T 1
Baselina Week 12 Week 26
1.5
i Clinical
ey improvement
£ 054
B B R i e
B 04
E 05 TN
£ Placebo
§‘ 10+ - E Clinical
k- ;SD — , deterioration
E 25 4 p=0-006 Dimebon versus placebo
= p=0-05 Dimebon improved over baseline
30+ p=0-02 Placebo worsened from baseline
35 T T 1
Baseline Week 12 Week 26

Figure 1 Mean change in the MMSE (A), ADCS-ADL (B), and NPI (C) from
baseline to week 26;MMSE, mini-mental state examination. ADCS-ADL,
Alzheimer’s disease cooperative study—activities of daily living. NPI, neu-
ropsychiatric inventory. Error bars show SE (with permission from Doody
etal)
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at 1 year (Table 2), as measured by NPI. There was slight
improvement shown on Clinician’s Interview-based Im-
pression of Change plus Caregiver Input (CIBIC plus) and
functional assessment (ADCS ADL), but this was found to
be statistically insignificant.

The occurrence of adverse effects was similar in dime-
bolin and placebo groups and the most common side ef-
fects were dry mouth, depressed mood, or depression in
14% patients. This compares to dimebolin’s adverse effect
in concert study (dimebolin with donepezil vs. placebo)
where the commonest adverse effects were fatigue, ab-
dominal distension, and falls [30].

It is not clear if the placebo-treated patients (in clini-
cal studies) of Alzheimer’s type dementia get significantly
different care in Russia from those in other parts of the
world.

Current Trials of Dimebolin

There are two trials examining dimebolin in dementia,
one with concurrent use of donepezil and another is
placebo-controlled study. There are also studies evaluat-
ing its possible benefit in other neurodegenerative disor-
ders, for example, Huntingdon’s disease.

Medivation is currently doing Phase 3 clinical
trial of dimebolin in Alzheimer’s type demen-
tia (The Connection Study) in the United States.
http://www.connectionstudy.com/) this study has com-
pleted enrolling patients for Phase 3 trial of dimebolin
in patients with mild-to-moderate Alzheimer’s type
dementia. This is an international, double-blind, placebo-
controlled safety and efficacy study and is designed to
confirm the positive findings of the former dimebolin
study that showed statistically significant improvements
over placebo in memory, thinking, activities of daily
living, behavior, and overall function. This study enrolled
patients at sites in the United States, Europe, and South
America.

Table 2 Summary of effects of dimebolin on primary outcomes measures at 6 and 12 months LOCF, last observation carried forward (data with permission

from Doody et al. [3])

Dimebolin 6 mn

Difference from placebo at 6 months

Dimebolin at 12 months Difference from placebo at 12 months

ADAS-Cog ~ —1.9(—2.92t0o —0.85)  —4.0 (—5.73 to —2.28; P < 0.0001)
MMSE 1.8(1.14t02.39) 2.2 (1.37 t03.12; P < 0.0001)
ADCSADL 1.3 (—0.09 to 2.70) 3.4 (1.27 t0 5.42; P = 0.002)

NPI —1.0(—2.62t00.56)
CIBIC plus 3.7(3.52t03.91)

—3.6(=6.05to —1.08; P = 0.006)
0.6 (—0.92to —0.31; P < 0.0001)

—0.9 (—2.05t0 0.23)
0.7 (—0.05 to 1.44)
—0.4(=2.0t0 1.2)
0.6 (—1.34t0 2.60)
4.0 (3.83 t0 4.26)

—5.5(=7.56 to —3.51; P < 0.0001)
2.1(1.04 t0 3.21; P = 0.0002)
4.4(1.79t0 6.99; P = 0.0014)
—3.3(=6.10t0 —0.45; P = 0.0201)
—0.7 (—0.98to —0.31; P = 0.0014)

For MMSE and ADCS-ADL, higher scores indicate better performance. For ADAS-cog, CIBIC-plus, and NPI, higher scores indicate worse performance.
ADAS-cog, Alzheimer’s disease assessment scale—cognitive subscale; MMSE, mini-mental state examination; ADCS-ADL, Alzheimer’s disease cooperative
study—activities of daily living; NPI, neuropsychiatric inventory; CIBIC-plus, clinician’s interview-based impression of change plus caregiver input.
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The Concert study (sponsored by Medivation, Inc. and
Pfizer Inc.) is aimed at evaluation of effects of dime-
bolin when given in addition to donepezil for 12 months
compared to placebo and donepezil. This Study is in Phase
3 trial. The Phase 1 data showed that the dimebolin was
well tolerated when used in combination with donepezil
[30].

The DIMOND trial, which is a randomized, double-
blind, placebo-controlled Phase 2 trial, is taking place at
some 15 research centers in the United States and United
Kingdom and it completed recruitment in 2008. It will
evaluate effect of dimebolin on Huntingdon's disease, an-
other neurodegenerative disease.

Discussion

Cognition has been assessed using ADAS cog on a scale of
0-70 with increased score indicating more severe impair-
ment in cognition [31].

In a Cochrane review, the effect of donepezil compared
to placebo showed benefit as measured on Adas Cog dif-
ference of —2.80 points, MD 95% CI —3.74to —2.10, (P <
0.00001) [32]. There was a difference of 4 points [95% CI
—5.73 to —2.28] at 26 weeks when dimebolin was com-
pared with placebo [3], which suggests that dimebolin
is at least as effective as donepezil in the treatment of
Alzheimer’s type dementia.

Although the Ca?* stabilizing effect may explain some
of the biochemical effects in these cultures, this required
a higher concentration of 50 uM. In studies on pa-
tients with Alzheimer’s type dementia by Doody et al.,
with patients receiving 20 mg tablets, the concentrations
are likely to be lower than 0.6 uM, which raises doubt
whether this pathway is responsible for its clinical ef-
fects and therefore the foremost mechanism of clinical ef-
fect is likely to be either based on H; histamine blockade
(which requires low concentrations, with half maximal
inhibitory concentration IC50 = 3.4 nM) or an unknown
pathway [25].

Further evaluation of long-term effects of dimebolin on
extracellular levels of B-amyloid is also required follow-
ing the interesting finding that in the short-term dime-
bolin increases levels of g-amyloid, which does not fit
well with current understanding of pathogenesis of de-
mentia [33].

Conclusion

Taking into account that the burden of dementia is
steadily increasing, it is crucial to investigate new treat-
ment strategies that are effective against cognitive and
other symptoms of Alzheimer’s type dementia. Several
different strategies are being tested in parallel, for ex-
ample, active immunization against amyloid-g 42 (Af)
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as a treatment for Alzheimer’s type dementia. Dimebolin
seems to be able to take up the challenge and it is yet to
be seen if this evolves as a useful treatment alternative.

In drug safety studies conducted with animals, it ap-
pears to have no local irritating effects on gastrointesti-
nal system and at levels up to 5 mg/kg had no significant
toxic effects on rats guinea pigs and dogs when given in
the dose of 5 mg/kg, and caused reversible changes in
liver and kidney at higher dose of 10 mg/kg and 70 mg/kg
[34]. In human studies completed so far the side effect
profile is not much worse than current treatment options
available.

It is possible that H; blockade may be an important
pathway but limited data on H; blockade affecting mem-
ory informs otherwise. There is some evidence from an-
imal studies that impairment of working memory func-
tion with clozapine is linked to H; receptor antagonism
[35] and that the pharmacological blockade of H; recep-
tors (using pyrilamine, a selective H, receptor antagonist)
induce deficits in working memory [36] with marginal
improvement in reference memory on the 16-arm radial-
arm maze (RAM) in rats [35].

Despite of lack of clarity about the exact pathway in-
volved, the clinical effect appears significant. Good tol-
erability and safety profile of dimebolin warrants its
further examination. Further research would help to con-
firm clinical efficacy, tolerability, and examine molecular
mechanisms of its actions in greater depth, which will
help improve understanding of neurodegenerative dis-
eases like Alzheimer’s type dementia.
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