[bookmark: _Hlk83647385]Neurobiological perspectives on sin, conscience, and altruism
Corresponding Author – Dr Prasanna N. de Silva                                                   (MB. ChB, MRCPsych, B.Med. Biol.)                                 Monkwearmouth Hospital, Sunderland SR5 1NB
Declaration of interests – None
Abstract
This article examines notions of sin, conscience and altruism in relation to neuroscience findings pertaining to the dopamine reward circuit, the adrenergic fight and flight circuit, the glutaminergic experiential learning circuit alongside areas of the brain which provide modulation; the prefrontal lobes (planning and risk mitigation), the hippocampus (memory store) and the insular cortex (integration of information to make choices in action). Physical and Psychological means of mitigating attitudes and behaviours are also addressed. 
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Introduction
Behaviour harmful to others and given time, to oneself, has been described in religious texts as what not to do, for example the Mosaic commandments (Table 1) and more directly in secular versions (Table 2). These include impulses to kill, steal, speak untruths, harmful use of substances and get involved in sexual misdemeanours.  
The notion of sin suggests ‘hardwiring’ of these impulses in humans, perhaps from childhood. The opposite of sinful impulses, one’s ‘conscience’, is also considered to be hardwired, albeit seen as a gradually maturing facility.


Table 1. The 10 Commandments (Exodes 20:3) used by Islam, Judaism and Christianity (with contemporary applications for purposes of reflection). Also see Skeel D.A. 2011 (1) 
1. You shall have no other gods before me (celebrity worship?)
2. You shall not make idols (Hoarding goods, precious metals?)
3. You shall not take the name of the Lord god in vain (‘OMG’, ‘Christ’ expressing shock)
4. Remember the Sabbath day, to keep it holy (Working every day, work life imbalance?)
5. Honour your father and mother (exploitation of parents?)
6. You shall not murder (Character assassination, death threats on social media?)
7. You shall not commit adultery (accessing pornography?)
8. You shall not steal (use of tax shelters, insider trading?)
9.  You shall not bear false witness against your neighbour (internet gossip, rumours?)
10. You shall not covet (Trying to possess goods to achieve social status?)

Table 2 – The list of 7 deadly academic sins.  Franke, A. (2).

1. Sloth. (Including plagiarism including ‘cut and paste’)
2. Gluttony. (Alcohol and substance abuse)
3. Lust. (Sexual relationships between students and tutors / supervisors / mentors)
4. Greed. (Including financial conflicts of interest in research)
5. Pride. (Including false claims of doctorates)
6. Envy. (of other’s productivity, tenure in post and grant income)
7. Wrath. (Including retaliation towards whistle-blowers, academic opponents)

The Dopamine Reward Circuit
The main reward circuit in the brain is based on Dopamine (DA) as a neurotransmitter (3). The brain produces DA in the Substantia Nigra of the brain stem linking bidirectionally with the higher centres of the cerebral cortex. 
On receipt of instructions based on sensory stimuli, via the relay station; the Thalamus, Dopamine is actively transported predominantly to the Pre-Frontal areas of the brain to assist planning of activities. To a lesser extent DA is directed at the mesolimbic system in the Mid Brain, which is linked with experiencing a reward (the ‘thrill’); with these sensations recorded by the main memory store, the hippocampus, as well as leading to efforts to prologue or repat the reward sensation.  
Unfortunately, repetitive thrill-seeking behaviour produces both ‘tolerance’ (needing more intense stimuli) and ‘dependence’ (needing the activity to be carried out more frequently, with dopamine deficit experienced as a negative emotion.  There is increasing evidence that humans swap from one thrill inducing behaviour to another, when the original activity is thwarted. For example, cross-sensitisation between carbonated sweetened drinks, alcohol, stimulants, and processed foods is a common finding (4). 
Interestingly, altruistic thoughts and actions also produce a Dopamine based thrill (5), leading to repetition of such behaviours. Similarly swapping between different altruistic acts occur (a cross sensitised morality, as it were). 
The Adrenergic ‘fight or flight’ System
The main neurochemical pathway associated with behaviour described as ‘fight or flight’ is the Adrenergic circuit (6). The source chemical Norepinephrine (NEp) is produced in the at the locus coeruleus of the brain stem.  Thereafter NEp is supplied to the motor areas (frontal cortex and cerebellum) as well as to the limbic system, especially the Amygdala (linked to and sited in front of the memory organ the hippocampus). This causes a fear sensation being experienced with the frontal lobe deciding whether to fight or escape. The fight response can secondarily release Dopamine and be perceived as a thrill, habituating aggressive behaviours. Fight or flight behaviours can be helpful in security but can also result in a negative outcome for the person concerned (for example aggression in response). 
The Serotonergic ‘chilling’ system (7)
The Serotonergic (5HT) system can downregulate both Dopamine and Norepinephrine. Over 80% of Serotonin is mainly produced in the gut by various bacterial species, although a local brain supply is available via the raphe nucleus in the brain stem).  This local supply is distributed to the prefrontal and limbic cortex.  The Vagus cranial nerve, which manages communication between the gut, heart and brain, also modulates the adrenergic and dopaminergic brain system. 
‘Hardwiring of learning via Glutamate (8) and synaptic pruning (9)
Glutamate is the most prevalent of neurochemical in the brain, available from embryonic life (before formation of Dopamine and Epinephrin pathways). It is the main ‘learning’ chemical perpetuating synapses devoted to recalling, rehearsing, and practicing a behaviour. Glutamate assists continuing learning, allowing modification of previous learning; repeated practice of behaviours is accommodated to ensure efficiency and lack of errors in application. 
Helping Glutamate to hardwire learning, synaptic pruning; carried out by the scavenger cells Microglia, assists by phagocytosing (swallowing) unused synapses. Synaptic pruning occurs in periods; a global pruning process between ages of 8 and 11 (learning to become streetwise and avoid trauma) and between the ages of 18 and 25 (gaining insight about how others feel about one’s behaviour, allowing working collaboratively). 
In keeping with the presence of Glutamate from embryonic life, it could be assumed that ‘caring behaviours’ in terms of maternal nourishment and protection from harm would be learnt and hardwired during the early childhood (10), with neglect associated with immoral behaviour in later life (11). 
Conscience (12)
The main restraint on sinful behaviour is one’s ‘conscience’, an instinctive awareness that certain behaviours are unhelpful to others and, given time, to oneself. The experience of being protected and nurtured by adults during early childhood, moral teaching in school settings, alongside modelling by other humans should develop one’s conscience (13).  Furthermore, learning from how others would experience one’s behaviour, the so called ‘theory of mind’ (14) would also assist development of conscience. 
Conscience can perhaps be seen as glutaminergic suppression of dopaminergic / adrenergic drives; with this process of suppression commencing in early childhood, with further kindling achieved by gaining religious insights or utilising psychological techniques such as mindfulness training (15). Alternatively, mitigation of ‘sinful’ activity could potentially be induced via prayer to a ‘higher power’ (16). 
The experience of conscience has not been comprehensively investigated neurobiologically, with most research efforts focusing of consciousness or self-awareness. One interesting aspect of conscience is the presence of ‘guilt’ or ‘shame’; before and after a sinful act is contemplated, and as a driver to force altruistic acts. Two pilot studies (17, 18) involving functional imaging has suggested that guilt and shame share similar sites of activation involving prefrontal, temporal and limbic areas, with specific activation of the amygdala and Insula in experiencing guilt and the anterior cingulate and Para hippocampal areas (surrounding the hippocampus) activated during experiencing shame


Brain regions advising choice of behaviour
The Pre-Frontal Cortex (19) is mainly responsible for planning and sequencing activity, and assisted by the cerebellum and basal ganglia, smoothing motor and emotional performance. In addition, its subcomponents have additional roles. The Ventromedial Prefrontal cortex (VMPFC) is involved in risk mitigation; predicting the likelihood of being caught when carrying out a ‘sinful’ behaviour and mitigating such risk. The Dorsolateral Pre-Frontal Cortex (DLPFC) is responsible for recognising other’s motivations and values, ensuring success of one’s actions.  
In terms of maintain (or perpetuating) behaviour, a ‘reverberating’ circuit’ (20) has been demonstrated on functional imaging. This consists of the VMPFC, the Thalamus (the relay station), Anterior Cingulate (equivalent of a steering wheel) and Hippocampus (the memory store) Various compulsive behaviours (self-harm, obsessional compulsive behaviour, addictions) appear to share this common circuit for behaviours perpetuation. 
Brain region controlling choice – the Insula.
The main site of the brain ultimately making choices on behaviour is buried under the external surface of the cortex; known as the Insula (21); which gathers and integrates all sensory perceptions as well as external stimuli, creating the 3-dimensional representation of oneself, in order to assist choices on action. However, the likelihood of a particular response is determined by previous similar episodes and consequences; information supplied to the Insula by the hippocampus and amygdala. 
Extrinsic modulators of ‘sinful’ behaviours
Optimal functioning of the gut biome (22) and subsequent Vagal nerve input to the brain stem can have a modulating influence on anxiety / fear mediated behaviour (23). Indeed, improvements in the gut biome involving dietary fibre (prebiotics) and additional bacterial species ingestion (probiotics) are being considered for behaviour modulation, including faecal transplantation from an appropriate doner (24).  
The main psychological approach used to modulate behaviour is a combination of progressive muscular relaxation coupled with guided imagery (25); essentially modulating behaviour by slowing down thinking and gaining better awareness of thoughts, impulses and emotions. This allows the person to insight about triggers and motivations for behaviour. 
The other approach is to gain insight about one’s underlying values and behaviours is using psychedelics such as Psilocybin, producing an enhanced awareness of mental activity (26). However, these can result in ‘bad trips’ involving frightening hallucinations and ideas of persecution. 
Religious approaches to modulate behaviour
The Abrahamic religions (Judaism, Christianity, Islam) approach sinful behaviour as being inimical to faith in, and respect of, God the creator of humans (27). 
The main recommendation is to seek repentance of one’s sinful thoughts and behaviours alongside avoidance of environmental cues, minimising accessibility of addictive substances and being watchful of potential relapses. This approach of avoidance and vigilance has also used by secular organisations such as Alcoholics Anonymous, with a similar faith in a ‘higher power’ based on an understanding that addictive behaviour cannot be controlled by ones will. 
The above religions appear to have contradictory opinions on altruistic behaviours; Christianity decries ‘good works’ believing this is not the path to communing with God; whilst the others do believe in maximising altruistic behaviours. Perhaps the idea that altruistic behaviours could be equally addictive to sinful impulses (both mediated by the Dopamine reward circuit) might be relevant in this debate.
Conclusion
On currently available evidence, neuroscience cannot answer the question whether the mind or brain takes a lead in generating altruistic or sinful thoughts and actions; both consciousness and brain activity appear to ‘co-produce’ thoughts and behaviour, with the Insula being the probable site of coordination and, in effect, the final decision maker in terms of behaviour. Neuroscience does however provide understanding of the physiological processes involved in reward driven behaviour; both of an altruistic and harmful nature via the Dopamine pathway. 
Learning through the availability of Glutamate from foetal life, coupled with synaptic pruning periods in childhood and adolescence suggests a developmental predisposition to sinful activity from childhood; the concept in Christianity of ‘original sin’.  However, glutaminergic learning linked with nurturing maternal care and protective adults can also lead to more altruistic behaviours in later life. Therefore, ‘original’ sin or goodness can both be the outcome of the same substrate; perhaps depending on nurturing and protection during foetal and perinatal life. There is emerging evidence of specific areas of the brain associated with guilt and shame (a proxy of consciousness), but these findings need replication, especially in other cultural settings. 
Pragmatic research is needed to compare the effectiveness of various religious and secular approaches to combat compulsive ‘sinful’ behaviours, and how to build a conscience. Research should include the value of synergism on combining approaches and the influence of personal preferences in outcomes. 
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