
Wetware Hacking or Artificial Means 
of Cognition Enhancement 



What is this talk all about? 

Å There will be numerous and inevitable 
generalisations and assumptions 

Å I can't cover the entire vast area and will have to 
concentrate on its segments that  
ï I had hands-on experience with, or interesting 

personal communications about, or can offer 
limited availability sources (mostly in Russian)  

ï I prefer and like more than the rest :-) 

Å There will be quite a lot of «garage science» 
which has to be taken with a bit of salt but does, 
nevertheless, provide food for thought 

Å After all, «hacking» is in the title! 



The overall problems/issues  
Å (mostly medieval) ethics and «fair competition» nonsense 

ï See prof. Nick Bostrom's ά¢ƘǊŜŜ ²ŀȅǎ ǘƻ !ŘǾŀƴŎŜ {ŎƛŜƴŎŜέ  

Å Reluctance towards «healthy human pharmacology»/biophysical intervention 

ï However, what is a (psychologically) «healthy human»? (test the 
audience!)  

ï Are we evolutionary capable of handling the volumes of information we 
are immersed in nowadays whether we want it or not? Do we not suffer 
from a kind of «information obesity»?  

ï Nootropics are presumed to be adaptogenic, ergo/acto and stress-
protective! 

ï In the USSR they were at the front-line of treating neurotic conditions, 
and for  good reasons (and some substances classified as such do have 
weak anxiolythic or antidepressant effects)   

Å Grant-based vs state sponsored research funding 

ï The key difference between «East» and «West» 
ï Recent developments on nootropics research were funded by DARPA in 

the US τ google for «The Night of the Living Meds» 
ï Try getting a grant for anything to do with the «healthy human 

pharmacology» or equivalent  

 



«Philosophical» problems 

Å How do we clearly define the criteria of being «nootropic»?  

Å In this talk, by «cognition» I primarily mean «learning and memory». To which 
extent do we include/exclude attention, concentration, motivation, anxiety, stress, 
ŦŀǘƛƎǳŜ ŀƴŘ ƻǘƘŜǊ ŜƳƻǘƛƻƴŀƭ ŀƴŘ άǾƛǎŎŜǊŀƭέ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎ ƛǘΚ  

Å Considering the complexity and numerous levels at which «cognition» can be 
looked at, how reductionist can we really get?  

ï On the one hand, the issues in question can be reduced down to the Ohms 
law and similar basic laws of physics, chemistry and physiology 

ï On the other hand, the estimated number of states of the neuronal network 
of human brain exceeds the estimated number of all elementary particles in 
the known Universe by more than a 100 orders of magnitude (V. I. Binhi, 
2011)   

ï «there is a huge «black box» between events at the molecular level studied 
in model systems and actual behaviour of the real cells or entire organisms» 
(Schmidt, 1961) 

ï  «functions of a higher system are not the sum of the functions of the lower 
systems it consists of, but their integration. Every higher system has its own 
qualitative uniqueness created only by the organisation of this higher 
ǎȅǎǘŜƳέ όSchmalhausen, 1964)  

ï NEVERTHELESS, A MODEL SHOULD BE SIMPLE ENOUGH TO BE USABLE  



«Technical» problems 

Å Transfer from in vitro models to in vivo 

Å Transfer from animal models to human 

Å Transfer from dementia etc. patients to healthy 
humans and vice versa 

Å Objectivity and specificity of psychological tests 

Å Lack of fully objective physical/chemical 
correlates 

Å Modeling memory/learning insufficiency 

Å Taking into account age, gender, individual 
differences and environmental conditions 



This could be psychostimulation... 



This clearly is a nootropic effect 



Χ ŀƴŘ ƛǘǎ ǇǊŀŎǘƛŎŀƭ ƻǳǘŎƻƳŜ 



Wetware Networks 101 

Â Human brain = network of about a trillion hosts (100 
billions of them are neurones, but not only neurones 
are involved in memory/learning)  

Â Completely separate neuron forgets what happened to 
it 10 milliseconds ago 

Â So, what can it really learn outside the network?  

Â Processing power of the whole network is down to the 
number of interconnection updates per second 

Â In a nutshell, the main tasks of a neuron is finding, 
establishing and maintaining communication routes to 
other neurons 



? 



The mechanisms involved 

Å If we don't know the mechanisms involved we easily 
get lost in the flood of empiric observations 

Å And then we can fall prey to snake oil pushers and 
«overenthusiastic» marketing that can be 
«economical with truth» 

Å Those familiar with neuroscience please bear with 
the following part of the talk as it will be very boring 
for you 

Å Yet this is the bare minimum one should be aware 
of prior to understand the rest of it 



What and how do we «route»? 

Â hǳǊ έƴŜǘǿƻǊƪ ǘǊŀŦŦƛŎέ ƛǎ ǎƛƳǇƭȅ ŜƭŜŎǘǊƛŎŀƭ ŎǳǊǊŜƴǘ 
Â It flows in accordance with the conservation rule: least 

resistance = maximum conductance 
Â Lǎ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ǇǊŜǎŜƴǘ όέŎŀōƭŜέ ǇƭǳƎƎŜŘύΚ 
Â Is the conductance (Siemens, Ohm-1) favourable? 
Â This is our wetware «routing metric», it determines where 
ŀƴŘ Ƙƻǿ ǘƘŜ έǘǊŀŦŦƛŎέ ǿƛƭƭ Ŧƭƻǿ όǘƘŜ ŀǊǘƛǎǘǎ ŀƳƻƴƎǎǘ ȅƻǳ Ŏŀƴ 
envision a flow of water that takes available, suitable path) 

Â Between neurones it depends on the neuronal membranes 
polarisation as neurones are not wires directly connected 
to each other: ~ -60 mV = resting membrane potential, 
depolarisation = current, hyperpolarisation = no current  

Â Na+, Ca2+ in -> current, K+ out or Cl- in -> no current. Hence 
it is an electrochemical rather than just electrical process   



The «ping!» 

Â ¢ƘŜ ƭƻǿ ŦǊŜǉǳŜƴŎȅ έǇŀƛǊƛƴƎ ǇǊƻǘƻŎƻƭέ Ŏƻƴǎǘŀƴǘƭȅ 
operates between the connected neurones 

Â It is a steady, constant flow of low frequency 
stimulation 

Â It indicates two interconnected neurones that 
functional connection is in place 

Â It does not determine where the major higher 
frequency traffic flow goes 

Â But is still important for maintaining the 
connections = neurite outgrowth and synapse 
formation 

Â Here we will predominantly deal with the higher 
frequency flow 
 



Neurone-to-neurone interactions  
Â Feedback modulation: other neurones are informed 

about any traffic flow route change: 
Â Via direct coupling to neighbouring neurons 
Â Via highly diffuse chemical modulators (NO, CO etc.)  

Â The feedback is propagated further down the neuronal 
chain 

Â Neuronal chains: where «-» and «-» do give «+» 
Â {ȅƴŀǇǘƛŎ ƎŀǘƛƴƎΥ ŀ έƎŀǘŜƪŜŜǇŜǊέ ƴŜǳǊƻƴŜ ŀǘ ƧǳƴŎǘƛƻƴ 

plays the role of a transistor 
ïInhibitory gating (biological noise filters) 
ïPermissive gating (biological AND gate) 
ïSome neurones will fire simply when freed from 

inhibition 



...and on a more global scale 

Â Neural pathways in the brain have different local 
learning rules, depending on 
Â Neurons location 

Â Neurons types 

Â Hierarchical zones with variations in assigned path 
όέǊƻǳǘŜέύ ƛƳǇƻǊǘŀƴŎŜ 

Â Specificity of effects depending on these zones 

Â Coherence (phase!) and covariance (time!) between 
zones and entire brain areas (seen on EEG) 

Â The «binding problem/factor»: how is this all 
effectively integrated into the whole? (we will return 
to it later on numerous times)  



The hebbian learning theory 

Â Donald Hebb (1949): if the firing of two neurons is 
associated the synaptic strength between them must 
increase (so-called Hebbian learning rule)  - «neurones that 
fire together wire together» 

Â {ȅƴŀǇǘƛŎ ǿŜƛƎƘǘ ƻŦ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ƴŜǳǊƻƴǎ έƛέ ŀƴŘ έƧέ ƛǎ 
ҟW
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. (r ς firing rates, k ς the learning rate constant) 

Â bŜǳǊƻƴǎ ōƻŘȅ w Ϥ Ŏƻƴǎǘŀƴǘ ҐҔ ŎƻǳƭŘ ōŜ ǾƛŜǿŜŘ ŀǎ ŀ άǇƭŀƛƴ 
ōƻǊƛƴƎ ǿƛǊŜέ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǘŀƭƪΗ 

Â Lǘϥǎ ǘƘŜ ǎȅƴŀǇǎŜǎ ǿƘŜǊŜ ǘƘŜ ƛƴǘŜǊŜǎǘƛƴƎ άǊƻǳǘƛƴƎέ ŘŜŎƛǎƛƻƴǎ 
are really made, and it is synaptic activity (changes of 
membranes potentials) that mainly reflects on EEG readings 

Â Neuronal plasticity (adaptability) is largely determined by the 
synaptic plasticity (synaptogenesis, synapses reshaping, etc.) 



Wetware Networks 101 

έ! ǊŜŎŜǇǘƻǊ ƛǎ ǎƻƳŜǿƘŀǘ ǎƛƳƛƭŀǊ ǘƻ ŀ ŘŀŜƳƻƴ 
listening to a port» 



The synapse as a simple electronic 
scheme 

ÅtǊŜǎȅƴŀǇǘƛŎ LƴǇǳǘ Ҧ /ƻƴŘǳŎǘŀƴŎŜ wŜƎǳƭŀǘƛƻƴ Ҧ 
bŜǳǊƻƴŀƭ aŜƳōǊŀƴŜ Ҧ LƴǇǳǘ !ƴŀƭȅǎŜǊ Ҧ hǳǘǇǳǘ 



Glutamate vs GABA 



Glutamate & GABA receptors 
Â Ionotropic vs metabotropic receptors 

Â Ionotropic receptor is a chemically activated ion 
channel (there are also voltage-activated ones)  

Â Metabotropic receptors couple to enzymes 

Â Glutamate-activated ion channels form our 
neuronal coincidence detection units 

Â It takes a pair of these receptors to do the job 

Â They belong to two different types called NMDA 
and AMPA (there are also Kainate receptors) 

Â GABA A receptors are ionotropic, they let Cl- in 

Â GABA B receptors are metabotropic / inhibitory  



NMDA basics 

ÅNMDA receptor is probably the most sophisticated 
receptor ever to evolve, AMPA is tidbit simpler 



Coincidence detection 101 
Â NMDA has some rather unique peculiarities 

Â It can let both Na+ and Ca2+ through 

Â It is voltage-gated, but only for Ca2+ (the reason being 
Mg2+ stuck in the bottleneck)  

Â !ŎǘƛǾŀǘƛƻƴ ƻŦ ba5! ƻƴ ƛǘϥǎ ƻǿƴ ŘƻŜǎ ƴƻǘ έǇǊƻǾƛŘŜ 
ŜƴƻǳƎƘ ǾƻƭǘŀƎŜέΣ ǎƻ ƻƴƭȅ bŀ+ can pass 

Â Simultaneous co-activation of neighbouring NMDA and 
AMPA allows Ca2+ to pass as well 

Â This is our coincidence, based upon the phenomenon of 
NMDA being both ligand and voltage-gated  ion channel 

Â Multiple regulatory sites enforce local rules/fine tune 



All right, how do we overclock our 
wetware? 



Wetware Overclocking 101 

ü increase the amount of connections between 
neurons (neuronal sprouting) so that there are more 
routes and links for our έǘǊŀŦŦƛŎέ to go through 

ü increase conductance through the connections to 
provide a "fatter pipe" and stabilize new routes 

ü both approaches are directly correlated and depend 
on each other! 

ü At higher levels we have to look at activating or 
inhibiting specific neuronal pathways or entire brain 
areas 

ü Coherence, covariance and the «binding factor» 
heavily come into the play 



Brainbuilding? 

Â Neuronal Plasticity: the 
higher is the traffic load 
the more our neuronal 
networks are used to it  

Â ... and the higher is   their 
capacity for data 
processing and storing 

Â ¢ƘǳǎΣ έbrainbuildingέ ƛǎ 
not much different from 
muscle building in 
principle 

 



LTP and LTD 

Â Long Term Potentiation (LTP) and Long Term 
Depression (LTD) underline Hebbian Learning Rule 

Â/ŀƴ ƭŀǎǘ ŦƻǊ ƳƻƴǘƘǎ όέƳŜƳƻǊȅ ŜƴƎǊŀƳǎέ 
formation!)  

Â NMDA/AMPA pairs activation is critical 



The pharmacological approaches 



{ŜǘǘƛƴƎ ŎǊƛǘŜǊƛŀ ŦƻǊ ŀ έǘǊǳŜέ ƴƻƻǘǊƻǇƛŎΚ 

Â Should promote neuronal sprouting 
Â Cellular foundation for higher data throughput and 

retention 

Â Resilient and redundant connectivity links 

Â Should promote LTP 
Â Electrochemical foundation for higher data 

throughput and retention 

Â Should not overstimulate glutamatergic 
transmission to cause excitotoxicity 

Â Should not have any significant effects outside the 
brain  



Getting emotional? 

Â Noradrenaline and dopamine signalling can promote 
LTP formation, serotonin also can affect it 

Â Emotional arousal, excitement, motivation, reward 

Â When present while learning, they indicate positive 
cooperation between glutamatergic and catecholamin-
ergic (dopamine, noradrenaline etc.) signalling 

Â However, the key transmitter for LTP maintenance and 
promotion is still Glutamate όέŎƻƴǘǊƻƭƭŜŘέ by GABA)  

Â The same applies to LTD: «unlearning/forgetting» is 
largely active and must be done in a right way 



The rule of a thumb (in my opinion, 
anyway) 

Â Caffeine, Cocaine, Amphetamines, Amphetamine-like 
έǎƻŦǘέ ǎǘƛƳǳƭŀƴǘǎ όwƛǘŀƭƛƴ ŜǘŎΦύ  are not nootropic 

Â In search for nootropic effects do not mess with the 
reward/punishment system (dopamine/serotonin) 

Â Psychostimulants are not nootropic... 

Â Psychostimulants are not nootropic... 

Â Psychostimulants are not nootropic... 

Â All work and no play makes Jack a dull boy... 

Â All work and no play makes Jack a dull boy... 

Â All work and no play makes Jack a dull boy...  

 





Smoking?! 

Â Nicotine. Ouch....! 

Â Increases release of 
glutamate in the brain 

Â Receptors, on which it acts 
are important in memory 
formation 

Â Septohippocampal 
pathway stimulation 

Â Attention & memory «+» 

Â Even neuroprotection 

Â But can we replace it?  



Replacing nicotine 

Â Antialzheimers drugs like Tacrine affect cholinergic 
transmission but have too many side effects for healthy 
human use being close relatives of carbamate insecticides  

Â Choline precusor supplementation  

Â Choline chloride + Niacin + Zinc 

Â Or DMAE (dimethylaminoethanol)  as a precusor 

Â Lƴ Ƴȅ ŜȄǇŜǊƛŜƴŎŜ ƻƴƭȅ ƎƻƻŘ ŀǘ ǊŜƳƻǾƛƴƎ ǘƘŜ έƳŜƳƻǊȅ ōƭƻŎƪέ 

Â bƻǘ έǘǊǳŜέ ƴƻƻǘǊƻǇŜǎ ōȅ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ǳǎŜŘ ƛƴ ǘƘƛǎ ǘŀƭƪ 

Â Effects of nicotine outside the brain are significant 

Â But some do use nicotine patches for memory improvement 



Piracetam and Ko 

Â The first (since 1972) nootropes: ampakines  

Â Bind to a modulatory site on AMPA receptors 

Â Increase the time of these ion channels staying open, 
thus the conductance is enhanced 

Â Do not open the channels by themselves ς so no 
excitotoxicity can happen 

Â Do promote neuronal sprouting 

Â Piracetam, pramiracetam, aniracetam, oxiracetam, 
nefiracetam, feniracetam, noopept and so on 

Â Newer experimental ampakines from Cortex 
Pharmaceuticals: CX717, CX1739, Ampalex etc.   



The «superconnection» state 

Å Transcallosal potentials increase (Giurgea) 

Å Increase in EEG coherence between brain hemispheres 

Å Increase in the amplitude of the dominant brain wave, theta burst (rat), alpha/beta (?) 

Å Visual discrimination studies with functional ipsilateral hemisphere suppression in rats 
τ memory loss/learning impairment due to supression effectively countered 

Å All points to the enhancement of the «binding factor» (so-called «superconnection») 



Sprouting under the microscope 


