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Alzheimer’s disease (AD) is the most common type of senile dementia, a neurodegenerative disease 
characterized by progressive memory loss and cognitive impairment in the elderly. Pathological 
characterization of AD includes extracellular deposition of senile plaques; formation of intracellular 
neurofibrillary tangles; and lesions of cholinergic neurons together with synaptic alterations in cerebral 
cortex, hippocampus, and other brain regions.
Plants have formed the basis of sophisticated traditional medicine systems among which are Ayurvedic, 
Unani, Chinese etc. These systems of medicine have given rise to many drugs still in use today. Many 
active pharmacological compounds from herbal medicines have been identified for the treatment of 
various diseases, including diabetes, microbial infections, allergy, inflammation, and cancer. In addition, 
many medicinal plants have been claimed to enhance human health by stimulating blood circulation and 
by supplementing vital energy. Thus, medicinal plants provide a good source of drugs for screening that 
may be beneficial for AD patients. 
Here, we studied an Asiatic plant traditionally used since decades as tonic and a wellbeing medicine. 
Thanks to our Green-Extraction platform (Greenform© Neuro-Sys SAS 2016) we generated and standardized 
a simplified plant exact (SPE) called NSP01-E well analytically characterized. NSP01-E was proved to 
highly protect neurons from induced degeneration (amyloid, glutamate, or mitochondria toxins, oxidative 
stressors…). 
The aim of this mechanistic study was to better understand the protective effect of NSP01-E. Using primary 
cortical neuronal culture injured with Aβ (a well validated in vitro model of AD), the effect of NSP01-E on 
TrK/MEK, Pi3K/AKT, iNOS, PPARγ pathways and apoptosis cascade was investigated.

 Introduction

Culture of rat primary cortical neurons: Rat cortical neurons (E15) were cultured as described by Callizot 
et al., 2013. Briefly, the cells (80 % neurons / 20 % glial cells) were seeded at a density of 30,000 per 
well in 96-well plates (for immuno-staining) and of 170,000 per well in 24-well plates (for Western-blot 
(WB) analysis). Plates were pre-coated with poly-L-lysine and cultured at 37°C in an air (95 %) – CO2 
(5 %) incubator.

Pharmacological treatments: The primary cortical neurons were treated with Aβ solution (20 µmol/L = 
~2 µmol/L of oligomers) after 11 days of culture. The cells were pre-incubated (1 h) with NSP01-E before 
the Aβ application. In addition, cells were pre-incubated with the following inhibitors (each antagonist 
was tested at the concentration previously checked having no effect on the cell culture) 2 h before the 
Aβ application : 
• ABT-199: a Bcl-2 selective inhibitor.
• BEZ235:  a dual ATP-competitive Pi3K and mTor inhibitor.
• FTS:  farnesylthiosalicylic acid selectively disrupts the association of chronically active Ras proteins  

  with the plasma membrane.
• L-NAME: (Nitro- L -arginine methyl ester)  precursor to NOS inhibitor, L-NNA - requires bio-activation to  

  become a fully functional inhibitor.
• T0070907: selective PPAR-γ antagonist.

Immunostaining: 24 h after Aβ treatment, cells were fixed by a solution of ethanol (95 %) / acetic acid 
(5 %). The cells were incubated with monoclonal anti-microtubule-associated-protein 2 (MAP-2). That was 
revealed with Alexa Fluor 488 goat anti-mouse IgG. The immuno-labelled cultures were examined with 
MetaXpress (Molecular Devices) at X 20 magnification (the total culture well was analyzed). Survival of 
neuron of all well was automatically evaluated (n = 6 per condition). 

Western-Blotting: 24 h after Aβ treatment, cells were lysed with lysis buffer. Total protein amount was 
dosed. 1 mg/ml of each condition (n = 3) was used for automatic WB analysis (Simon™; ProteinSimple).
All reagents were prepared and used according to manufacturer’s recommendations  
(www.proteinsimple.com). Anti-phospho-ERK1/2, anti-caspase 3, anti-Cytochrome C antibodies were 
used for WB analysis.

 Methods

 Results
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Effect of NSP01-E on MAP-2 positive neuron injured with 
Aβ (24 h, 20 µmol/L) in presence of antagonists.

Protective effect of NSP01-E on cortical neurons injured 
with Aβ:
We observed a strong neuro-protective effect against the 
Aβ induced injuries. We observed that NSP01-E partly 
acted through RAS/RAF (FTS inhibitor), and inducible 
iNOS pathway (L-NAME inhibitor). Additionally, the PPARγ 
survival pathway (T0070907 inhibitor) seemed to be 
activated. But more interestingly, AKT pathway (BEZ235 
inhibitor) and anti-apoptosis effector Bcl2 (ABT-199 
inhibitor) were essential to its neuroprotective effect.

Cytochrome C, Caspase 3 and ERK 1/2 phospho evaluation:
A previously shown in literature, Aβ induced a strong increase of Cytochrome C 
followed by a caspase-3 activation. A significant reduction of this mitochondrial 
stress as well as of apoptosis pathway (Caspase 3) was observed in presence 
of NSP01-E (applied 1 h before Aβ). 
The activation of the ERK1/2 pro-survival pathways was observed in presence 
of NSP01-E.

 Conclusions
We observed that NSP01-E partly acted through 
• RAS/RAF/ERK1/2 and PPARγ survival pathways. 

In addition :
• AKT pathway and anti-apoptosis effector Bcl2 

were essential to its neuroprotective effect. 
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