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Alzheimer's disease (AD) is the most common cause of dementia, responsible for 100,000 deaths annually in North America alone, 
making it the seventh leading cause of death. AD is a progressive neurodegenerative disease that manifests as mild cognitive, 
language and behavioral deficits which gradually worsens in severity and eventually leads to dementia. The progression of AD has no 
remission, nor are there any disease-stabilizing drugs currently available. The disease onset is inevitably followed by increasing 
mental and physical incapacitation, loss of independent living, institutionalization and death. In addition to the enormous emotional 
burden suffered by people with AD and their families, there exists an estimated financial burden of $172 billion per year in the U.S. 
alone (Alzheimer’s Disease Facts and Figures 2010, www.alz.org). 

AD is characterized by two hallmarks first identified 
by Alois Alzheimer in 1907: extracellular protein deposits 
known as 'amyloid' plaques and intracellular protein 
aggregates known as neurofibrillary tangles (NFTs) 
(Glenner and Wong, 1984; Wisniewski et al., 1989). These 
accumulated protein deposits results in neuronal loss 
leading to cognitive deficits observed in AD. The amyloid 
plaques are primarily composed of a protein called 
amyloid-β, or Aβ, while the tangles are composed of 
hyperphosphorylated form of tau protein. AD plaques are 
spherical structures of Aβ, 15 to 20 µM in diameter, 
surrounded by a peripheral rim of dystrophic neuritis and 
glial cells (Glenner and Wong, 1984; Masters et al., 1985).  

Aβ is proteolytically derived from a larger integral 
membrane protein called the amyloid precursor protein 
(APP). APP is a type I membrane glycoprotein containing 
the Aβ region. APP has a 28 amino acid ectodomain and 
12 to 14 amino acid transmembrane domain (Selkoe, 2001; 
Marks and Berg, 2003). APP can be processed by at least 
three secretases: α-, β-, and γ-secretases. The site of 
cleavage of each of these enzymes is shown in (Fig. 1). In 
the nonamyloidogenic pathway, α-secretase cleaves the 
APP within the Aβ domain. The cleavage within the Aβ 
domain prevents deposition of the intact amyloidogenic 
peptide. α-secretase activity generates a soluble N-terminal 
fragment of APP known as sAPP α, and its C-terminal 
counterpart remains embedded in the membrane. The 10- 
to 11-kd C-terminal product may undergo an additional 
cleavage by γ-secretase. This process leads to the 
formation of p3 and its complementary product AICD 
(Fig. 1). In the amyloidogenic pathway, the protease 
termed β-secretase initiates Aβ generation by cleaving 
APP, resulting in an approximately 12-kd membrane 
retained C-terminal fragment with the intact Aβ residues at 
its N-terminus. This results in the secretion of a truncated 
soluble APP molecule, called sAPPβ. The 12-kd fragment 
may then undergo γ-secretase cleavage within the 
hydrophobic transmembrane domain to release the 38 to 
43 residue Aβ peptides. The varying C-terminal of Aβ may 
be a feature of crucial importance because Aβ peptides 
display distinct physical properties and, in particular, 
exhibit aggregation behavior that can vary according to 

their length (Sisodia et al., 1999; Vassar, 2004; Cole and 
Vasser, 2007).  

β-secretase is an aspartyl proteases (BACE1, also 
named Asp2 or memapsin2) (Sinha et al., 1999; Vassar et 
al., 1999; Yan et al., 1999; Hussain et al., 1999; Lin et al., 
2000) whereas γ-secretase is a high-molecular-weight 
complex that cleaves its substrates within the lipophilic 
environment of the transmembrane domain (Wolfe et al., 
1999; Haass and Steiner, 2002). Being the key enzymes in 
the production of Aβ, the therapeutic inhibition of either β-
secretase or γ-secretases would essentially decrease the 
production of all forms of Aβ, including the pathogenic 
Aβ42. But this strategy has not been very successful so far 
as these enzymes play important role in the brain.  

β-secretase participates in the proteolytic processing 

of neurolegulin 1 and, also acts as a ligand for members of 
the ErbB family of receptor-tyrosine kinases (Hu et al., 
2006; Willem et al., 2006). This signaling pathway has 
numerous roles in the central nervous system (CNS), 
including synapse formation, plasticity, neuronal 
migration, myelination of central and peripheral axons, and 
regulation of neurotransmitter expression and function 
(Falls, 2003; Michailov et al., 2004). Similarly the 
protease, γ-secretases has several substrates like APLP 1 
and 2, Notch 1-4, Notch ligands, p75 (NTR), ErbB4, E- 
and N-cadherins which are involved in numerous functions 
in the CNS like neurogenesis, neuritic growth (Sestan et 
al., 1999) and neural stem cell maintenance (Hitoshi et al., 
2002), as well as synaptic plasticity and long-term 
memory, which have been related to cognitive function 
(Poirazi and Mel., 2001; Shors et al., 2001). Therefore, 
complete inhibition of β-secretase and γ-secretase as a 
therapeutic approach to treat AD might be risky owing to 
its vast number of substrates; although partial inhibition 
can prove to be very useful. 



 

 

Fig. 1. APP metabolism by the secretase enzymes. 

APP is sequentially cleaved by BACE1, the β-secretase, and γ-
secretase, a complex comprised of presenilin, nicastin, Aph1 and Pen2, to 
generate Aβ. BACE1 cleavage of APP is a prerequisite for Aβ formation 
and is putatively the rate-limiting step in Aβ genesis. BACE1 cleavage of 
APP forms the N-terminus of the peptide, and two cleavage fragments are 
liberated: APPsβ, a secreted ectodomain, and C99, a membrane bound 
fragment. C99 is the substrate for γ-secretase, and C99 cleavage generates 
the AICD together with the C-terminus of Aβ. Aβ formation is precluded 
by the activities of α-secretase, which has been identified as TACE, 
ADAM9 and ADAM10. α-secretase cleaves APP to generate the secreted 
ectodomain, APPsα and membrane bound fragment, C83. C83 is 
subsequently cleaved by the γ-secretase complex to yield the 3 KDa 
fragment, P3 and the AICD. 

 

Fig. 2. Neuropathology of Alzheimer's disease. 

 (A) Low power amyloid plaques, (B) high power amyloid plaque, 
(C) neurofibrillary tangles, silver stained, and (D) electron micrograph of 
neurofibrillary tangles composed of hyperphosphorylated tau (Courtesy 
of Sisodia and St. George-Hyslop, 2002). 

The chief peptide component of the AD plaque, Aβ, 
has been isolated as a peptide of 40 to 43 amino acids in 

length (Younkin, 1998; Selkoe, 2001). Brain Aβ has both 
soluble and insoluble species with aggregation states from 
monomer to higher molecular-weight oligomers. Soluble 
brain Aβ is predominately a random coil and an α -helical 
folded peptide. Insoluble Aβ is β-sheeted and forms either 
fibrillar or amorphous deposits. These Aβ fibrillar 
aggregates are thought to act as a nidus for subsequent 
deposits of other proteins, including α-antichymotrypsin, 
components of the complement cascade, and Apo E, and 
Apo J (Cataldo et al., 2004). It is believed that β-sheet 
formation is the general mechanism of aberrant protein 
aggregation leading to AD (Walsh et al., 1999). In 
addition, C-terminal fragments are considered more 
harmful than N-terminal fragments of Aβ, which may 
induce the development of dystrophic neurites by a toxic 
effect rather than by physical injury (Lin et al., 2001; 
Kasa et al., 2003). Several reports have showed evidence 
that there could be two distinct pools of Aβ: an 
extracellular pool which is thought to cause dystrophic 
neuritis and neuroinflamation and the intracellular pool 
causing neurotoxicity and cell death especially the 
cholinergic neurons (Christensen et al., 2008). Recent 
studies also suggest that soluble Aβ oligomers extracted 
directly from AD brain impairs synaptic structure and 
function, and that the Aβ N-terminus is the key sequence 
causing the cognitive impairment (Cleary et al., 
2005; Shankar et al., 2008). Aβ can also stimulate 
inflammatory responses from microglia that can inhibit 
neuritic outgrowth, and can activate protein 
phosphorylation, which is neurotoxic (Selkoe, 2001). In 
addition, oxidation of Aβ can promote aggregation by 
peptide cross-linking (Dikalov et al., 2003), a potentially 
important factor in light of increasing evidence of the 
involvement of oxidative stress in AD. Exposure of 
neurons, cell lines, or endothelial cells to high 
concentration of aggregated Aβ causes cell death, although 
it has been suggested that low concentrations of Aβ are 
neurotrophic (Bush et al., 2000). Altogether, it is thought 
that the deleterious effect of Aβ can cause the pathogenic 
features that lead to AD. Moreover, Aβ accumulation in 
the brain during AD could be dependent on the misbalance 
of production and turnover of this peptide, with neprilysin 
and insulin degrading enzyme (IDE) known to be 
important Aβ degrading enzymes in the brain (Eckman and 
Eckman, 2005). 

Aβ42 has a greater propensity to aggregate owing to 
two additional hydrophobic residues (Ile41 and Ala42) at 
the C-terminus (Jarrett et al., 1993) and its assembly into 
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fibrils does not occur in a linear fashion; rather, distinct 
aggregation intermediates or oligomers are formed, which 
either give rise to fibrils or do not (Wetzel, 2006). The 
structural form of Aβ is influenced by a variety of intrinsic, 
as well as extrinsic factors that cause conformational 
transition of Aβ from a random-coil to the predominantly 
β-sheet structure. These factors include peptide 
concentration (Barrow et al., 1992), low pH 
(Matsunaga et al., 2002; Petkova et al., 2004), metal ions 
(Drago et al., 2007), high cholesterol (Kakio et al., 
2001; Yanagisawa and Matsuzaki, 2002) and pressure 
(Lin et al., 2002). Moreover, temperature-dependent 
transition of Aβ40 plays an important role in the structural 
transformation from α-helix and random-coil to β-sheet 
form in aqueous solution by heating above 37°C (Gursky 
and Aleshkov, 2000) or at 45°C (Lin et al., 2003). 

Hence, in terms of therapeutic development, drugs 
targeted towards Aβ aggregation and fibrillization may 
have the most favorable outcome. Inhibitors aimed at 
halting aggregation or disrupting preformed aggregates 
will be very useful in terms of therapeutics. Neurochem's 
tramiprostate - a small molecule reported to bind to Aβ 
monomers and maintain it in a non-fibrillar form 
progressed into Phase III clinical trials, but did not 
demonstrate sufficient efficacy. Hence, in addition to being 
highly efficacious, the therapeutic compound must be non-
toxic and have 'drug-like' characteristics, i.e. be readily 
absorbed, able to cross into the brain, and remain in the 
body for an extended period of time.  

 

Fig. 3. Amyloid-β aggregation 

Native Aβ adopts a random-coil structure. Fibrillogenesis is 
initiated when Aβ undergoes a conformational change to a misfolded 
intermediate. This intermediate undergoes a conformational change to a 
β-sheet rich intermediate. (A) This intermediate is unstable, and 

aggregates in a rate-limiting step into higher-order oligomers composed 
of multiple monomer units. Recruitment of additional monomers results 
in the formation of protofibrils, which assemble further into insoluble 
fibrils. (B) An alternative pathway of aggregation includes the formation 
of “off-pathway” oligomers, which are assembly-incompetent, and do not 
form fibrils. 

Although AD had already been described about 100 
years ago and despite enormous research efforts, at present 
only few symptomatic treatment options exist for the more 
than 25 million patients worldwide. The available drugs 
used in the treatment of AD mainly aim at increasing the 
cholinergic activity or decreased N-methyl-D-aspartate 
(NMDA) function (using Memantine) of the remaining 
healthy neurons, but none of them address the underlying 
cause of the disease. One of the therapeutic approaches 
developed was vaccination against the N- and C-terminals 
of Aβ. Passive immunization against the C-terminal 
increased brain-soluble Aβ42/43, decreased insoluble Aβ40 
and Aβ42/43 and reduced plaque formation (Asami-
Odaka et al., 2005). However, the appearance of severe 
side effects during clinical trials has warranted the need for 
improved safety and efficacy. Moreover, certain anti-
inflamatory agents had modest effect in the clinical trials 
with side effects. While all these factors may be of little 
help for those where the disease has already struck, they 
may offer some incentives for those at risk. Nevertheless, 
it is evident that effective therapeutics is urgently needed, 
and it is hoped that anti-amyloid strategies will offer a 
significant step towards a causal therapy. 

Results and Discussion 

Aβ induced toxicity in mice hippocampal cultured 
neurons 

Mouse hippocampal neurons were treated with Aβ 
and neuronal viability was assessed using a colorimetric 
assay that converts MTT [3-(4,5-dimethylthiozolyl)-2,5-
diphenyl-tetrazolium bromide] from yellow to a blue 
formazan crystal by dehydrogenase enzymes in 
metabolically active cells. Mouse primary hippocampal 
cultured neurons are vulnerable to Aβ25–35 or Aβ1–42-
mediated toxicity, as evident from a reduction in MTT 
values. (Fig. 4). As reported earlier a concentration-
dependent (0.01–20 μm) effect of Aβ25–35 and Aβ1–42 over a 
24-hr treatment revealed a significant decrease in MTT 
values from 1 μm onwards, reaching a plateau at 10 μm 

concentration of Aβ1–42 or 20 μm concentration of Aβ25–35 

(data not shown). Exposure of 10 μm Aβ1–42 or 20 μm 
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Aβ25-35 to cultured neurons decreased MTT values in a 
time-dependent (1–72 hrs) manner, with a significant 
reduction in cell viability observed at 12 hrs and reaching 
maximal effect (50% decrease) at 2 days post-treatment 
(Fig. 4).  

 

 

Fig. 4. Aβ-induced toxicity in mouse primary hippocampal 
cultured neurons. 

Histograms show the time course effect of Aβ25-35 and Aβ1–42 on 
viability of hippocampal cultured neurons as revealed by (A and B) MTT 
reduction. Both the forms of Aβ causes significant toxicity to the 
hippocampal cultured neurons. Data are presented as % of control 
(means ± SEM) and were obtained from three to five separate 
experiments, each performed in triplicate.  *P < 0.05 and **P < 0.001. 

 

Fig. 5. Aβ-induced neuronal apoptosis in mouse primary 
hippocampal cultured neurons. 

Effects of Aβ treatment on neuronal apoptosis in mouse primary 
hippocampal cultured neurons as evident by Hoechst 33258 labeling. 
Representative pictomicrographs show a relative increase in Hoechst 
33258 labeled apoptotic nuclei following treatment with 10 μm Aβ1–42 for 
48 hrs. Each experiment was performed in triplicates and these pictures 
are representative images of the results obtained. 

A range of in vitro studies have shown that Aβ 
peptides can induce toxicity by triggering intracellular 
apoptotic cascade in a variety of cell lines and primary 
mouse and human cultured neurons. The toxic potency of 
the peptide is related to its ability to form specific 
oligomeric forms and/or insoluble aggregates which 
depend to some extent on the concentration of Aβ peptide 
used (Ribe et al., 2004; Smith et al., 2006). In a parallel 
series of experiments, neuronal apoptosis was assessed by 
using the nuclear marker Hoechst 33258 as described 
earlier (Song et al., 2008). The Aβ toxicity on hippocampal 
cultured neurons was supported by an increase in the 
number of Hoechst 33258-positive apoptotic condensed 
nuclei (Fig. 5). Our results show that Aβ25-35 and Aβ1–42 can 
induced significant toxicity in mice hippocampal cultured 
neurons in a dose and time dependent manner. 

Synaptecx-227 and Aβ25-35-induced toxicity 

To determine the potential neuroprotective role of 
Synaptecx-227, hippocampal cultured neurons were 
treated with various concentrations of Synaptecx-227 (1 : 
2500, 1:5000) with 20 μm Aβ25-35, and then cell viability 
was assessed using MTT or live/dead assay. Our MTT 
results, show that Synaptecx-227 (1:2500) can 
significantly protect cultured neurons against Aβ-induced 
toxicity. When compared to the untreated control, the 
viability of cells treated with Synaptecx-227 was increased 
by 25% and 26% for 24 and 48 hrs respectively (Fig. 6). 
Neuronal viability was also assessed using Live/Dead 
assay kit containing calcein AM and ethidium homodimer 
(EthD-1) as the fluorescent probes. Calcein AM is a cell-
permeant dye that fluoresces in live cells with a functional 
intracellular esterase, whereas EthD-1 is a membrane-
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impermeable DNA-binding dye that is excluded from live 
cells with an intact plasma membrane. Our experimental 
data shows increased EthD-1 positive dead cells in the Aβ 
treated samples (red). While the samples that were treated 
with Syneptecx-227 show relatively lesser number of 

EthD-1 positive dead cells (Fig. 7).  As the effect of 

Synaptecx-227 is more pronounced at (1:2500) dilution, 
this concentrations was selected for the subsequent 
experiments. The results obtained from the above 
experiment indicates that Synaptecx-227 (1:2500) can 
considerably improve survival of neurons treated with Aβ. 

 

 

Fig. 6. Effects of Synaptecx-227 on Aβ25–35 -induced toxicity. 

Mice hippocampal cultured neurons were treated with 20 μm Aβ25–

35 in the presence or absence of different concentrations of Synaptecx-227 
and cellular viability was assessed by MTT reduction. Synaptecx-227 
offers significant protection to the hippocampal cultured neurons treated 
with Aβ from 24 hrs. Data are presented as % of control (means ± SEM) 
and were obtained from three to five separate experiments, each 
performed in triplicate. *P < 0.05 and **P < 0.001. 

 

 

Control Aβ Aβ+Synaptecx-227 

Fig. 7. Effects of Synaptecx-227 on Aβ25–35 -induced toxicity. 

Mice hippocampal cultured neurons were treated with 20 μm Aβ25–

35 in the presence or absence of Synaptecx-227 (1:2500) and cellular 
viability was assessed by Live/dead assay. Note that treatment of 
hippocampal cultures with Synaptecx-227 (1:2500) can significantly 
protect the neurons against Aβ-mediated toxicity as evident by decreased 
number of EthD-1 positive neurons. Each experiment was performed in 
triplicates and these pictures are representative images of the results. 

Synaptecx-227 post-treatment and Aβ25-35-induced 
toxicity 

There are no effective treatment available in the 
market for a pre-existing diagnosed case of Alzheimer’s 
disease and most of the available drugs are targeted 
towards alleviating the symptoms. To evaluate if 
Synaptecx-227 is effective for the treatment of pre-
diagnosed AD conditions, Synaptecx-227 was treated to 
the cells pre-insulted with Aβ for 24 hrs. Synaptecx-227 
was added to cultured hippocampal neurons after 24 hrs of 
exposure to 20μm Aβ25–35 and the viability of neurons were 
measured using MTT. Synaptecx-227 mediated minimal 
cell survival at 60 hrs but at 72 hrs, it was able to 
significantly protect the cultured hippocampal neurons 

pretreated with Aβ (Fig. 7).  As evident by our results, 

Synaptecx-227 (1:2500) rescued the cultured hippocampal 
neurons even after 24hrs of Aβ pre-treatment.  

 

Fig. 8. Effects of post treatment of Synaptecx-227 on Aβ25–35 -
induced toxicity.  

Mice hippocampal cultured neurons were treated with different 
concentrations of Synaptecx-227 after 24hrs of pre-treatment with 20 μm 
Aβ25–35 and cellular viability was assessed by MTT reduction. Synaptecx-
227 offers significant protection to the Aβ pretreated hippocampal 
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cultured neurons. Data are presented as % of control (means ± SEM) and 
were obtained from three to five separate experiments, each performed in 
triplicate. *P < 0.05 and **P < 0.001.      

Synaptecx-227 and Aβ25-35/ Aβ1-42 induced toxicity 

As most of our experiments were performed using 
Aβ25–35, we validated the potency of Synaptecx-227 using 
Aβ1-42 which is the most toxic Aβ isoform. Hippocampal 
cultured neurons were treated with the most potent 
concentrations of Synaptecx-227 (1 : 2500, 1:5000) with 
20 μm Aβ25-35, or 10 μm Aβ1-42 and then cell viability was 
assessed using MTT. Our data reveal that even though the 
Aβ1-42 is more toxic when compared to Aβ25–35, the 
protective effect offered by Synaptecx-227 was 
comparable (Fig. 9). This could be due to the usage of 
twice the concentration of Aβ25–35 in this study to match 
the toxicity offered by 10 μm Aβ1-42. 

 

Fig. 9. Effects of Synaptecx-227 on Aβ25–35 and Aβ1-42 -
induced toxicity.  

Mice hippocampal cultured neurons were treated with 20 μm Aβ25–

35 and 10 μm Aβ1–42 in the presence or absence of Synaptecx-227 and 
cellular viability was assessed by MTT reduction. Synaptecx-227 offers 
significant protection to both Aβ25–35 and Aβ1–42 treated hippocampal 
cultured neurons. Data are presented as % of control (means ± SEM) and 
were obtained from three to five separate experiments, each performed in 
triplicate. *P < 0.05 and **P < 0.001. 

Synaptecx-227 and Aβ1-42 fibrils 

 Aβ peptides are prone to self-aggregation, in vivo 
and in vitro (Wolfe et al., 1999; Herreman et al., 2000). 
Mature amyloid fibrils are filamentous with a cross β-sheet 
structure. Aggregation of physiologically produced soluble 

Aβ to insoluble, neurotoxic fibrils is a crucial step in the 
pathogenesis of Alzheimer's disease. As Aβ aggregates 
impair neuronal viability and function (De Strooper et al., 
1998), drugs that inhibit the aggregation process may serve 
as effective therapeutics.  

We evaluated the effect of Synaptecx-227 on  Aβ 
oligomerization by the well-known thioflavin T assay. The 
fluorescence of thioflavin T (ThT) at 490 nm is enhanced 
dramatically in the presence of Aβ aggregates. We 
aggregated the 10 µM concentration of Aβ1-42 at 370C with 
or without Synaptecx-227 (1:2500). The samples were 
incubated for different time intervals (0, 12, 24, 48, 60 or 
72 hrs) and the Aβ aggregation was measured using the 
ThT assay. Our results indicate that the aggregation of 
Aβ1-42 increased exponentially with time. Whereas in the 
samples that were incubated with Synaptecx-227 (65-70% 
decrease) showed a drastic decrease in the ThT florescence 
and their florescence did not increase with increasing 
incubation time unlike the Aβ samples (Fig. 10). Samples 
treated with Synaptecx-227 had lower ThT florescence 
indicating higher potency of this compound to inhibit or 
decrease the Aβ1-42 fibril formation.  

 

Fig. 10. Effects of Synaptecx-227 and both together on Aβ1–42 
– aggregation.  

Aβ1–42 (10 μm) was incubated with or without Synaptecx-227 at 
370C for various time periods and the Aβ aggregation was evaluated as an 
increase in thioflavin T fluorescence. ThT fluorescence was dramatically 
decreased in the Aβ1–42 samples treated with Synaptecx-227. Data are 
presented as arbitrary units (means ± SEM) and were obtained from three 
to five separate experiments, each performed in triplicate. *P < 0.05 and 
**P < 0.001 

In order to further understand if Synaptecx-227 was 
capable of preventing the progression of fibril formation or 
efficient in breaking the preformed fibrils, Synaptecx-227 
was incubated with Aβ1–42 fibrils that was pre-aggregated 
for 46.5 hrs at 370C. The potent concentrations of 
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Synaptecx-227 (1:2500) was added to the preformed fibrils 
and the amount of ThT florescence was measured. Our 
results indicate that after 1.5 hr of incubation with 
Synaptecx-227, the amount of ThT fluorescence 
dramatically decreased in the Aβ1–42 pre-aggregated 
samples (Fig. 11), which would suggest that this 
compound is efficient in breaking the preformed Aβ1–42 

fibrils seen during the later stages of Alzheimer’s disease. 
In addition, Synaptecx-227 prevented the further fibril 
formation. In all our aggregation experiments, the 
Synaptecx-227 reduced 65-70% of preformed fibrils as 
evidenced by the reduction in the ThT florescence.  

 

Fig. 11. Effects of Synaptecx-227 on pre-aggregated Aβ1–42.  

Aβ1–42 (10 μm) was pre-aggregated for 24 hrs and were then treated 
with or without Synaptecx-227 for various time periods and Aβ 
aggregation was measured as an increase in thioflavin T fluorescence. 
ThT fluorescence was dramatically decreased in the pre-aggregated Aβ1–

42 samples treated with Synaptecx-227. Data are presented as arbitrary 
units (means ± SEM) and were obtained from three to five separate 
experiments, each performed in triplicate. *P < 0.05 and **P < 0.001 

Electron microscopy: Synaptecx-227 and Aβ1-42 fibrils 

In order to validate the ThT assay data, we performed 
Electron Microscopy (EM) on the in vitro Aβ1–42 samples. 
Aβ1–42 samples were incubated alone or with Synaptecx-
227 (1:2500) and samples were visualized using electron 
microscopy. The EM data shows that Aβ1–42 forms strong 
fibrils after 48 hrs of incubation at 370C (Fig. 12: A). 
Whereas the Aβ1–42 samples that were incubated with 
Synaptecx-227, showed a significant decrease in Aβ1–42 

fibril like structures (Fig. 12: B). In addition, the Aβ1–42 

samples that were incubated for 5 days showed very dense 
Aβ1–42 fibrils. And when the Aβ1–42 samples were co-
incubated with Synaptecx-227 for 5 days, there was a 

significant decrease in Aβ1–42 fibril like structures (Fig. 12: 
C, D). Similar results were also obtained for pre- 
aggregated Aβ1–42 samples that were incubated with 
synaptecx-227 (data not shown). Our results noticeably 
indicate that Synaptecx-227 is very efficient in clearing the 
Aβ1–42 fibrils, further confirming the ThT assay data. 

 

Fig. 12. Effects of Synaptecx-227 on Aβ1–42-aggregation.  

Electron microscopy images of 10 μm Aβ1–42 treated with or 
without Synaptecx-227 at 370C for various time periods. Representative 
pictomicrographs indicate that Synaptecx-227 is very efficient in 
reducing the Aβ fibril formation. Each experiment was performed in 
triplicates and these pictures are representative images of the results. 

Synaptecx-227 and γ-secretase activity  

Presenilin proteins and APP are frequently mutated in 
familial Alzheimer's disease (AD), and presenilin controls 
the γ-secretase-mediated processing of APP. The level of 
γ-secretase activity controls the amount of Aβ formation 
from the APP intermediate fragment C99 (see Fig.1). 
Familial AD-associated mutations in presenilin lead to a 
specific increase in production of more fibril-prone Aβ42 
variant (Hardy, 1997), the peptide species linked to the 
early pathological changes seen in AD (Iwatsubo et al., 
1994; Näslund et al., 2000). Hence, it is of interest to 
develop pharmaceutical approaches that modulate the level 
of γ-secretase activity acting on APP. In this study we 
measured the γ-secretase activity using the Yeast-based β-
galactosidases reporter assay for monitoring γ-secretase 
cleavage on APP. 

Our Yeast-based reporter system has been validated 
using the known Nonsteroidal anti-inflammatory drugs 
(NSAID's) that are known to alter the γ-secretase activity. 
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As reported earlier, NSAID, Sulindac Sulphide does 
inhibit the γ-secretase activity whereas Naproxen does not 
affect the γ-secretase activity (Takahashi et al., 2003) (Fig. 
13). Moreover, the effective concentration of Synaptecx-
227 (1:2500) in the cultured hippocampal neurons caused a 
decrease in the γ-secretase activity as measured by β-
galactosidases activity, but these values did not reach 
significance (Fig. 14). To optimize the concentration of 
Synaptecx-227 in yeast system we used lower as well as 
higher concentrations of the compound. Interestingly, four 
times lower concentration of Synaptecx-227 was effective 
in lowering the γ-secretase activity significantly (Fig. 15).  

 

Fig. 13. Effects of known NSAID's on γ-secretase activity. 

 Yeast cells overexpressing the intact γ-secretase components and 
APP were treated with known NSAID's that do (sulindac sulphide) or 
don't (Naproxen) inhibit γ-secretase activity. These data indicate that this 
Yeast expression system could be used to assess the affect of Synaptecx-
227 on γ-secretase activity. Data are presented as arbitrary units 
(means ± SEM) and were obtained from three to five separate 
experiments, each performed in triplicate. *P < 0.05 and **P < 0.001  

 

 

Fig. 14. Effects of Synaptecx-227 on γ-secretase activity. 

Yeast cells overexpressing the intact γ-secretase components and 
APP were treated with Synaptecx-227 and the γ-secretase activity was 
measured with the increase in β-galactosidases activity. The results 
indicate that Synaptecx-227 can reduce the γ-secretase activity. Data are 
presented as arbitrary units (means ± SEM) and were obtained from three 
to five separate experiments, each performed in triplicate. *P < 0.05   

 

Fig. 15. Effects of lower concentrations of Synaptecx-227 on 
γ-secretase activity.  

Yeast cells overexpressing the intact γ-secretase components and 
APP were treated with Synaptecx-227 and the γ-secretase activity was 
measured as the increase in β-galactosidases activity. The results indicate 
that Synaptecx-227 can significantly reduce the γ-secretase activity. Data 
are presented as arbitrary units (means ± SEM) and were obtained from 
three to five separate experiments, each performed in triplicate. *P < 0.05 
and **P < 0.001 

The results indicate that, Synaptecx-227 exhibits a 
25-35% inhibitory effect on the β-galactosidases reporter 
output. It is known that depression of Aβ output by only 
12% reduces amyloid plaque burden by 50% and delays 
the synaptic deficits in transgenic mice (McConlogue et 
al., 2007). 

Conclusion  
Given the increased incidence of AD with age, and 

the aging of our population, estimates suggest that by the 
year 2050, there will be 11-16 million cases of AD in the 
United States, unless medical breakthroughs identify ways 
to prevent or more effectively treat the disease 
(Alzheimer’s Disease Facts and Figures 2010, 
www.alz.org). 

Data obtained so far indicate that Synaptecx-227 

 is not toxic to cultured hippocampal neurons 
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 can protect 26 to 30% of cultured hippocampal 
neurons against Aβ induced toxicity  

 is also able to protect 20% of the neurons pre-
insulted with Aβ   

 can inhibit 70-75% of Aβ aggregation   

 can also induce the disaggregation of the 
preformed Aβ fibrils by 65-70% 

 can reduce 25-35% of γ-secretase activity  

Synaptecx-227 could be a complete package for 
the treatment of AD encompassing Aβ disaggregation, 
decreased Aβ production, increased neuronal survival 
and is exceptionally promising as it can not only limit 
progression of existing pathology but can also be used 
in the treatment of pre-existing conditions. 
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