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Nicotine as a potential neuro-protective drug

The good things!!!

The bad things!!!

 anti-oxidant effects at low 
concentrations 
cognition-enhancing agent
well-known agonist of 
nicotinic acetylcholine
receptors (nAChR)
Murray and Abeles, Aging & Mental 
Health. 2002,  6, 129–138.

 short half-time
(about 2 hours)
 proven negative effects on
 various other organs such 
as lungs
 linked to cigarettes and 
the negative publicity 
associated with smoking

Beccafusco,  Mol Interv. 2004 Oct;4(5):285-95.



AChBP  structure and nicotine binding

Acetylcholine receptor nAChR PDBID 
2BG9

Acetylcholine binding protein AChBP 
PDBID 1UW6

  

      
      

      
      

      
      

  



Nicotine and Arthrobacter nicotinovorans pAO1

Arthrobacter nicotinovorans
 under the electron microscope

Gram positive actinobacterium
Isolated from nicotine rich soil



Purpose of the study and experimental design 

Identification of potential neuro-protective agents with biotechnological 
applications derived from the A. nicotinovorans metabolites 

A. Computational screening of all the A. nicotinovorans nicotine metabolites by:

- in-silico docking with nAChBP – AutoDock and ADT, Olson Laboratory, U.S.A. 
                                                                                                       (Morris et. al., 1998, J. Comp. Chem.19: 1639-1662)

- QSAR evaluation of the anti-oxidant properties (Rastija et. al., 2009, Eur. J. Med. Chem. 44, 400–408)

B. In-vivo evaluation of the identified compounds on:

- short-term memory by means of Y-maze task 

- working and reference memory by means of radial arm-maze task

- oxidative stress levels in the temporal lobe measuring the extent of some lipid 
peroxidation products like malondialdehyde (MDA) and defense enzymes such as superoxide 
dismutase (SOD) and glutathione peroxidase (GPX)



Computational results

In-silico targeted docking – rigid receptor subunits A and B from PDB ID 1UW6
- targeted region -  a cube of aprox. 150 Å3 centered on Tyr143
- flexibile ligands – 3D structures obtained from Pub Chem database

from subunit A 



`

The binding pose of 6-hydroxy-L-Nicotine (A) and nicotine (B) as depicted by in-silico docking experiments 
(image created with UCSF Chimera, Pettersen et. al.,  J Comput Chem. 2004 Oct;25(13):1605-12)

QSAR descriptors used for the calculation of IC50



In-vivo effects of 6-hidroxy-L-nicotine on rats cognitive 
functions

Animals and drug administration
 male Wistar rats (3-4 months old)
 6-hidroxy-L-nicotine was injected intraperitonealy, 0.3 mg/kg b.w, daily, for 7 consecutive days. Control animals received i.p. an equal 
volume of sterile saline (1 ml/kg b.w.)
 rats were trained after 7 continuous days of 6-hidroxy-L-nicotine administration. 

Y-maze task Values are mean ± S.E.M. (n=10 

animals per group),  *p<0.0001 vs. control group

Radial arm-maze task Values are mean ± S.E.M. (n=10 animals 

per group),  *p<0.0001 vs. control group



NUMELE FACULTĂŢII, DEPARTAMENTULUI SAU TITLUL PREZENTĂRII

In-vivo effects of 6-hidroxy-L-nicotine on rat brain oxidative 
status functions

Values are mean ± S.E.M. (n= 10 animals per group), *p<0.05 vs. control group



What next ?

- is 6-hidroxy-L-nicotine able to cross the blood-brain barrier? 

- does 6-hidroxy-L-nicotine still retain the systemic toxicity of nicotine? 

- taking into account that nAchRs exist in various pentameric subtypes (Wu and 

Lukas, 2011, Biochemical Pharmacology 82, 800–807), what is specificity of this compound in 
regard to nAchR subunits and what is the relevance of this specificity for 
neurodegenerative dizorders (e.g. Alzheimer's disease)?



http://www.bio.uaic.ro/cercetare/contracte/PD337-Mihasan/pd337.html
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