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Nicotine as a potential neuro-protective drug

® anti-oxidant effects at low ® hort halfis
SNor alT-time

concentrations I (about 2 hours)
® cognition-enhancing agent - MR T ® proven negative effects on
® well-known agonist Of x‘m'? N various other organs such
nicotinic acetylcholine aq_ H ~ as lungs
receptors (nAChR) L 1 e | = f'{ N\ ® linked to cigarettes and

i, - .

J:' the negative publicity

B ﬁ' associated with smoking
\ /' Beccafusco, Mol Interv. 2004 Oct;4(5):285-95.

Murray and Abeles, Aging & Mental
Health. 2002, 6, 129—138.

The bad things!!!

The good things!!!
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AChBP structure and nicotine binding
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Nicotine and Arthrobacter nicotinovorans pAO]1

o, o~

Lshicin= --‘_Dii HOH D= iadiinm
B fiperudy Lrleting O’QQ ‘Q*(:) - Wpanascy-Ohneel e
1
| [a HZ ChHs

D
SELND THERQ
el
MMetrsairopropy H bl Fhvdroay Mmooy oiming
eyl — Hith L,
_Ilﬂ » e

welons
[Ea
WOH
o 1

—H:0
S W
; . Lk iy ctseiocki &"N s W, 2 Oiydmoe N
wiicohre HE juz] #HAI HITWT CHL b i e

o 14 LY |1|:|-1Lrn.-JJH:-4.‘mm:|ll.wltlu
POKH ma?,/’ 1mn

[H2
§ 7 A0 i ¢
-:}‘QL W3 J'I:-r‘..-l‘l'l —= Hil + UHan

e - gl Bocuni: Melvdamno
BHEH Y Ny m!ﬁﬂ'r‘ﬂa EikaTF
T.
— - _l“'-_p. ClgH =t A0 4 o P In byl ic
. . l'\nl"'"-" ’
Arthrobacter nicotinovorans g F.’?mw,,,, ':::‘ Ko a2y
[B-Hyarey-2 8-11H J-I II ﬁ;hmv MH"P‘JUN&'“
under the electron microscope ol =
Gram positive actinobacterium % — M“
Isolated from nicotine rich soil WADPI HO
fipchna tie T fiscane SiLe recumed
J:LPJJ Btttk Bl'l.l'll.'i.'l.ﬂl.l.!L ERUIDS G 43ty ATETTR T P sl Moy dapn 0T e Te e Yol TL MR
Licap ll'.l.][llr-'-'s-LUJ...'_'E:‘ LTI L (e LLIES R L TELL o0 (LT VT LY et | ¥

i
=i rhy £ T Arrseear maangy ey vy uhigy Ad digh s Sesenanl

MINI-REVIEW

An NAD(PH-Nicotine Blue Oxidoreductase Is Part of the Nicotine
Repulon and May Protect Anthrehacter nidotinoerany [rom

¥ : Roderich Rrangdsch Owidative Stress during Nicotine Catabolism®
1R . . ot B
Microbiology and biochemistry of nicotine degradation ottt kA M




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 4. 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)
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Computational results

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

Binding Ligand

Tested Compound Energy Elficieney RYSD®

| T-Micotine 617 S N2 A |
CID 39594 .17 051 D25 A
4.l2 0,51 028 A
D-Nicotine -2 0,54 DS A
pacudonicotine .21 N52 NeE2A
L1 RYE9y L 51 LAY A

I f=hyidroxy=1 - Nicoting 1.0 051 19 A |
CID 439383 661 .51 0.21 A
.37 051 025A
hydroxy-D-Nicotine il 0.5 0754
CID 439886 R 0.5 079A
Y -0.47 076 A
d=hydroxy-N-melhvlmyosmine -5.23 037 L26A
CTD 9543128 =504 -NEe 1204
4,85 DEF 135A
2. b-dihvdroxy-N-methylmyosmine -5.23 0,37 1294
(I 9543123 =504 036 136A
=53 035 135 A
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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)
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Tested Compound M{'ilﬂr o Van der Waals gmin ICS0
refractivity volume |
6-hydroxy-L-Nicotine 48.53532 | 179.67  0.609 43.09
L/D-Nicotine 48.6942 159.98 -0.023 54.54
Cotinine 50.1631 166.14 0.230 46.532

QSAR descriptors used for the calculation of IC50
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ALEXANDRU IOAN CUZA UNIVERSITY of IASI
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.
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In-vivo effects of 6-hidroxy-L-nicotine on rat brain oxidative
status functions
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~ What next ?

- 18 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 1s specificity of this compound in
regard to nAchR subunits and what 1s the relevance of this specificity for
neurodegenerative dizorders (e.g. Alzheimer's disease)?
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