HUMAN BRAIN NEUROCHEMISTRY AND SYMBIOTIC MICROFLORA: IMPLICATIONS FOR BIOPOLITICS
Abstract 

The article is concerned with the interrelationships between human brain neurochemistry, the microbial inhabitants of the human organism, and human behavior in relation to politics. It is emphasized that the human organism and its symbiotic microflora constantly exchange chemical messages including neuromediators, e. g. serotonin, norepinephrine, dopamine, and histamine. The microflora is responsive to alterations in the neuromediator levels of the host caused by changes in the neuropsychological status that in part depend upon political situation-related factors (e. g., stress caused by a war threat). Therefore, the state of the microflora including its qualitative and quantitative composition can be considered a novel somatic variable related to the political situation and the political activities of the human individual involved. In addition, microorganisms synthesize and release their own neuromediators and their precursors that influence the operation of the brain, the neuropsychological status, and, indirectly, human political activities and views.

Introduction

In recent years, evolutionary biology has made important progress whose results exert an appreciable influence upon our understanding of human nature. The new data obtained by biologists are of obvious relevance to political philosophy and political science, because they reveal the liaison between our species’ evolution-molded traits and behavior in relation to political activities under various conditions. This area of research forms part of the broad interdisciplinary field that concentrates on the interactions between the life sciences and political sciences and was termed “biopolitics” by a group of scholars who established the Association for Politics and the Life Sciences (APLS)1-5. It was pointed out that biopolitics was to employ concepts developed in evolutionary biology for the purpose of improving “the understanding of the political behavior of humans”.6, 7 In a similar vein, J.H. Carmen8 claimed that “the biopolitical research agenda” was centered on “connections between our species’ genetic constitution and our species’ political behavior”. Nancy Meyer-Emerick9 argued that biopolitics applied “methodology from the life sciences to study human behavior” as it manifests itself in politics.

Political behavior obviously reflects not only the impact of biological evolution but also the unique features of human beings that are characterized by reason, speech, culture, and technology. With this important reservation in mind, one can compare human political behavior to the behavior of higher animals, particularly primates. Comparable behavior forms include aggression, mating, cooperation with conspecifics.10, 11 nepotistic and sexually possessive behavior12, as well as behavior aimed at acquiring and controlling resources (including behavioral strategies based upon cheating, bluffing, and manipulating others), and defending territories. Of particular biopolitical interest are evolutionarily conserved behavioral patterns that occur both in animals and humans and have a bearing on important political phenomena, including the following points:

· Both animals and humans form dominance—submission hierarchies; dominance in human society is closely related to power, including institutionalized power characteristic of political systems

· At the same time, both human society and animal communities can use non-hierarchical organizational patterns based on egalitarianism and split leadership which is typical of modern network structures

·  Most gregarious animal species as well as the species Homo sapiens are characterized by the capacity to distinguish in-groups from out-groups; individuals typically display loyal behavior forms towards the members of their own group and aggression or avoidance behavior towards all “outsiders”. This discriminative attitude manifests itself in ethnic and regional conflicts in human society13, 14.

The behavior of both animals and humans is under the control of the nervous system, including its most complex part, the brain. Its structure reflects the evolution of our species. Getting into the depth of the brain is similar to performing an archaeological excavation. 

Evolutionary psychology15 gives special attention to the link between the operation of the brain system and the evolution of behavior. According to Cosmides and Tooby’s metaphore16, the brain is similar to a multi-purpose Swiss army knife. Like its blades, various brain parts (modules) perform specialized functions that were vital for Pleistocene people, such as finding a mate, cooperating with others and forming coalitions, hunting (including stalking prey), gathering, discriminating between kin and non-kin or in-groups and out-groups, locating resources, responding to dangerous environmental factors, protecting children, and identifying cheaters and “free riders”.15-17

The role of both ancient and new brain modules is emphasized in MacLean’s “Triune Brain” concept18 which breaks down the brain into

· the reptilian brain module that controls foraging, mating, and, importantly, social interaction, enabling primitive agonistic behavior (aggression, threatening displays), dominance, submission, and territorial behavior

· the limbic module (system) that classifies external stimuli into “agreeable or disagreeable”, i. e. is associated with affection. Unlike the reptilian brain, the limbic system enables not only agonistic (aggressive, hostile) but also loyal (friendly) behavior and the capacity to distinguish between in-groups and out-groups, which is often equivalent, or at least related, to kin/non-kin discrimination

· The neocortical module responsible for sophisticated communication (including speech), planning competence, logical thinking, consciousness, and the biopolitically relevant social cognitive function (SCF). It enables us to obey social norms of behavior and to respond adequately to the behavior of others. Understanding other’s emotions and intentions is also referred to as the Theory of Mind (TOM). We share the SCF and, to some extent, the TOM, with apes. They are credited with a degree of ‘Machiavellian’ intelligence and deceive, bluff, and manipulate others for quasi-political purposes, such as attaining a high social rank by securing the support of a strong coalition or illegally copulating with a female from the dominant male’s harem.10, 19,20

Both the ancient and recent brain structures constantly interact, influencing human behavior and political activities. Mental disorders often result in a patient’s behavior being largely determined by ancient brain modules that controlled the behavior of our ancestors. Importantly, some murderers demonstrate emotional rather than rational responses to external stimuli; i.e. use their limbic system instead of the neocortex. Making a decision21 to commit murder in some cases involves a peculiar “short-circuit” mechanism within the brain that bypasses the neocortex.

The interactions among various brain parts (modules) involve special informational molecules referred to as neuromediators (to be discussed in the following sections).

Neurochemical Factors: Biopolitical Implications

Neuromediators are substances that transfer impulses between nervous cells or control this process. Of primary relevance to the neurophysiological subfield of biopolitics seem to be biogenic amines such as serotonin, catecholamines (dopamine and norepinephrine), acetylcholine, and histamine; amino acids including -aminobutyric acid (GABA), glutamic acid, aspartic acid, glycine, taurin; and neuropeptides (endorphins, encephalines, dinorphines, cholecystokinine, etc.). These substances perform essential functions in the human organism, especially in the central nervous system where they regulate the sleeping—waking rhythm, hunger and satiation, mood, pain sensitivity, attention, concentration, memory, and sexual desire. They influence decision-making and problem-solving as well as various aspects of social behavior. Neuromediators are related to a number of biopolitically important phenomena, some of which are briefly discussed below. 

1. Dominance-Submission Hierarchies. Sociability. As mentioned above, hierarchies are related to political power in human society, one of the pivotal issues of political science and political philosophy. Presumably, one of the neuromediators involved in establishing and maintaining dominance-submission hierarchies is serotonin. In animal species ranging from lobsters to fireflies and vervet monkeys, the dominant male (the -male) typically contains more serotonin in its blood (hemolymph) serum than a subordinate.22, 23 Dominant vervets are also characterized by increased concentrations of 5-hydroxyindolacetic acid (5-HIAA), the product of oxidative deamination of serotonin, in the spinal fluid.24 It should be noted, however, that dominant males in monkey species other than vervets (cynomolgus and talapoin monkeys) are distinguished by lower levels of serotonin-dependent activity than subordinate males (see25). 
Besides, another important neuromediator, dopamine, is apparently involved in determining the high or low rank of an individual in a number of primate species. Dominant monkeys reveal a higher activity level of D2 receptors to dopamine than their subordinate conspecifics.26 The different relationships between serotonin activity and dominance status can be accounted for by the differences in the hierarchy types formed by respective species. Hierarchies in human society (and apparently in groups of non-human primates as well) can be subdivided into27, 28
· Agonistic hierarchies based on aggression and the demonstration of power, and 

· Hedonistic hierarchies based on attention structure, in which the dominant individual is considered to be the most interesting, intelligent, or sociable individual by others.

Dopamine is known to promote hedonistic (pleasure-seeking) behavior.  It seems likely that a prerequisite for the formation of a hedonistic hierarchy is that the dopamine levels of the members of the social group involved should be sufficiently high. Choosing the most interesting, charming, and sociable leader is actually part of hedonistic behavior. There is sociological evidence that hedonistic hierarchies transform into agonistic ones under stressful conditions caused by deprivations and overcrowding (in prisons or army barracks). The issue to raise is whether, among other factors, this transition results from a lack of dopamine caused by malnutrition.

In this context, let us briefly discuss other biopolitical implications of malnutrition or starvation. Prolonged starvation deprives a human organism the catecholamine precursor tyrosine as well as the indispensable amino acid phenylalanine (which is converted into tyrosine in the organism), resulting in apathy, anomie, and inactivity. Here we should make reference to the studies by J. Schubert that demonstrated that starvation, after an initial short period of protest, inhibits any organized political resistance because of its neurochemical impact.29 A revolutionary situation is more likely to arise when the food problem has been already solved but the people still remember how incompetent or corrupt the government has been during the crisis. 

Therefore, political dictators can use food deprivation as a method of suppressing political protest, both on the individual and on the group level. It seems likely that Hitler had this method in mind when making the decision to stop supplying food to the Netherlands in 1944.

Based on the data concerning the relationship between neuromediator levels and leadership-related capacities, it seems feasible to improve the performance of political leaders by enriching their diet with ingredients containing neuromediator precursors. Unfortunately, monoamine neuromediators (dopamine, serotonin, and norepinephrine) are almost unable to cross the blood-brain barrier. However, this barrier can be overcome by the catecholamine precursor DOPA and the serotonin precursor (5-hydroxytryptophane). One method of providing a political leader’s organism with these precursors is to enhance their synthesis by gut microflora (see following sections) because they also cross the gut-blood barrier. 

The neurochemistry of sociability is of considerable interest not only in terms of hierarchy formation. Sociability and the capacity to adequately understand the other and help him (i. e. the social cognitive function mentioned above) play an important role also if non-hierarchical social organizations are established. They are exemplified by the currently widespread network structures that lack a central control unit and include a number of temporary partial leaders that deal with different subgoals of the network involved. Apart from catecholamines and serotonin, social behavior anf the social cognitive function are influenced by other mediators such as peptides. For instance,  the thymus-synthesized thymosines “enhance positive emotions and promote friendly behavior and zoosocial contacts in monkeys and apes”30.

2. Aggression, Criminal Behavior, and Political Conflicts. Hostile (agonistic) relationships inevitably occur among individuals and groups both in animal communities and human society. Wars as organized intergroup conflicts are the most destructive forms of human agonistic relationships, and analogous forms exist in animal communities (particularly in chimpanzee groups). Constant conflicts among states, political parties or pressure groups are typical of relatively peaceful epochs. There are a wide variety of forms of aggressive behavior, and their realization is promoted or inhibited by various neuromediators including serotonin, dopamine, norepinephrine, and neuropeptides (cholecystokinine fragments, corticoliberin, etc.). We shall confine ourselves to several biopolitically relevant examples of interrelationships between brain neurochemical systems and aggression. 
Of biopolitical interest is, for example, the aggressive behavior that is related to depression. Depression involves a wide variety of factors, but the contribution of neurochemical agents is indisputable. Depression is often characterized by low brain levels/activities of catecholamines (especially norepinephrine) and serotonin. Therefore, depression can be treated with preparations that increase the effective concentrations of these substances in interneuronal synapses by, e.g. blocking their re-uptake by the cells that release them. For example, Prozac (fluoxetine) blocks serotonin re-uptake.
Serotonin is involved in the interactions between the neocortex and the more ancient brain modules that take over if serotonin is lacking. The resulting behavior primitiveness associated with the dominance of subcortical structures, which may result in acts of violence. Therefore, serotonin deficiency-caused depression is often accompanied by impulsive behavior including uncontrollable aggression resulting in crime (battery, arson, and murder). Aggression can also be self-destructive, including attempts to commit suicide. Indeed, there is evidence that the activity of the serotonin system is abnormally low in suiciders’ brains24.

Crimes committed by individuals with a lack of serotonin in the brain pose a biopolitical dilemma: are the criminals to be punished or medically treated? In Great Britain, a legal precedent was created in which a female suspect with PMS resulting in serotonin deficiency was considered “situationally insane”. She was not punished but treated and rehabilitated. 
An aggression form that is characterized by increased catecholamine levels in the brain is associated with “successful aggression experience” of young children. An infant that has won a series of fights starts enjoying them and using aggression to solve his problems (such as gaining a toy belonging to somebody else). “Successful aggression experience” is imprinted on his brain.

Studies with mice demonstrated that “successful aggression experience” causes  alterations in their neuromediator systems, which enhance their fitness and readiness for further fighting and increase the motivation to display aggressive behavior.  This is associated with an increase in the activity of the dopamine and norepinephrine systems of their brain, which help the mice to cope with stress31. In human society, a series of successful fights promotes the development of special features of character that are typical of mercenaries, terrorists, and rebels.

Interestingly, the neurochemical systems of losers also undergo serious changes. However, in this case catecholamine levels decrease, while the serotonin level tends to increase31. 

The cleavage of the peptide cholecystokinine by a specific enzyme yields short fragments (CC-4 and CC-8) that cause fear and anxiety. The hypothalamus-released hormone corticoliberin, apart from stimulating the synthesis of the adrenocorticotropic hormone (ACTH), influences the brain, which results in anxiety and increased locomotive activity30. Such peptides are probably involved in controlling the behavior of crowds that are in a state of panic.  They and their synthetic analogs can potentially be used for modifying human behavior. This behavior modification can be regarded as a new kind of crime that can be committed for political or military purposes.
Role of Symbiotic Microflora

Recent studies have revealed that brain neurochemistry is controlled not only by the human organism per se, but also by microorganisms (symbiotic microflora, or microbiota) that inhabits the skin, the nose, the pharynx, the conjunctiva, the urogenital system, and the gastro-intestinal tract (GIT). Special attention has been recently given to the microflora of the GIT, and especially of the large intestine. “We have some evidence now that shows that if you mess around with the gut microbes, you mess around with brain chemistry in major ways”32. 

The GIT microflora includes representatives of 50 genera and 400-600 species. In total, we contain approximately 1014 microbial cells in the GIT, which exceeds the number of our own cells by an order of magnitude. Normally, the microflora performs a number of vital functions: it is involved in food digestion and intestinal motility regulation, provides for maintaining acidity (pH), temperature, and gas phase composition within normal limits, contributes to the barrier function of the intestinal mucosa with respect to harmful substances and pathogenic microorganisms and viruses, stimulates the activity of the immune system, and provides the organism with useful compounds such as vitamins, short-chain fatty acids, and neuromediators, which will be discussed in more detail below33-34. On the whole, the microflora of the intestinal lumen and mucosal biofilm is a special “microbial organ” that resembles the liver in terms of its weight (1 - 1.5 kg on an average) and multifunctional role.  

Nevertheless, Elia I. Metchnikov, a sagacious Russian microbiologist and immunlologist, rightfully asserted that human normal microflora is not necessarily optimal. His contention is still valid. Microflora can cause serious problems (dysbacterioses) resulting from negative changes in its qualitative and quantitative composition, such as a decrease in the concentrations of useful bacteria (bifidobacteria, lactobacilli, bacteroids, and nonpathogenic E. coli) frequently associated with an increase in potential pathogens including Clostridium difficile causing potentially lethal pseudomembraneous colitis, the pathogenic yeast Candida albicans, and purulent flora35-37. The currently increasing frequency of dysbacterioses is undoubtedly due to the frequent employment of antibiotic and hormone preparations, serious environmental problems such as the accumulation of various pollutants and especially radioactive waste, malnutrition, and stress.

Dysbacterioses have been demonstrated to result in serious problems34-37 including not only intestinal diseases (irritated bowel syndrome, Crohn’s disease, ulcerous colitis, and colon cancer), but also liver dystrophy, rheumatoid arthritis, spondylosis, multiple organ failure and mental disorders (autism, Tourette’s syndrome, ADHD, etc.).  Presumably, the influence of microflora on our physical and mental health is mediated by chemical agents including neuromediators. Before discussing this point in detail, the biopolitical implications of human symbiotic microflora should be emphasized. It can be demonstrated that human microflora is relevant to two important subfields of biopolitics outlined in classical works by A.Somit and S. Peterson (see3-5):     

· Analysis of the impact of human politically relevant psychological and behavioral features (aggressivity, sociability, dominance, anxiety, and extraversion/introversion), political activities and attitudes (e. g. conservative, reformatory, or revolutionary views) on physiological parameters of the human organism; for instance, biopoliticians measured changes in skin resistance, heartbeat rate, eye blinking tempo, blood pressure, and uric acid concentration in response to biopolitically relevant factors   

· Study of the influence of human physiology including the impact of health state, age, stress, race, gender, biorhythms, diet, undernourishment or overeating, drugs, alcohol, nicotine, etc. on social behavior and political activities.       

Symbiotic Microflora’s State as a Criterion for Evaluating Human Biopolitically Relevant Features: the Impact of Host-produces Neuromediators. 

Human microflora is responsive to alterations in the host’s neurophysiological and psychological state. For example, anger and fear cause a transient increase in the number of  Bacteroides fragilis subsp. theaiotaomicron cells within the bacterial population of human feces34. Characteristic bacterial species such as Anaerofustis stercohominis, Anaerotruncus colihominis, Clostridium bolteae, and Cetobacterium someria  accumulate in a child’s excrement at a late stage of autism38.  Alzheimer’s disease is of some biopolitical interest because a number of political leaders (for example, Ronald Reagan and probably Boris Yeltsin) suffered from it. Curiously enough, this disease results in the accumulation of the antigens of the bacteria Treponema socranskii and T. pectinovorum in the brain cortex and subcortical structures such as the pons and the hippocampus38. 

Fascinating data have been obtained concerning the response of our symbiotic microflora to social stress. These data are of obvious biopolitical importance because research on stress, particularly caused by political events, used to be one of the focal points of the neurophysiological subfield of biopolitics since the 1960’s. Thomas Wiegele evaluated physiological stress by analyzing the voice of politicians who made speeches during political crises, exemplified by J.F. Kennedy’s speech concerning the Berlin wall or L.Johnson speech about the Tonkin crisis. Other stress evaluation techniques included measuring the electrical conductivity of palms that drastically increased during stress (because of intense sweating), e. g., in the early 1960’s when people were worried about the nuclear war threat.    

There is evidence that stress changes the qualitative and quantitative composition of the microflora of the people involved. Studies on stress caused by separating young rhesus macaques from their mothers revealed that maternal separation resulted in statistically significant changes in fecal microflora. The number of lactobacilli decreased in their feces, starting from day 2 of separation, while the concentration of pathogens (Shigella spp. and Campylobacter spp.) increased34. Accumulation of potential pathogens with a decrease in the number of useful bifidobacteria and lactobacilli was also observed in Russian cosmonauts after a long space flight, which was probably due to social stress , despite the possible contribution of a low-fiber diet38.  

In their turn, the microbes can influence the host organism’s state. Some of them can relieve the stress, and this is one of the functions of useful microbes such as bifidobacteria and lactobacilli. They have been traditionally used to prepare fermented milk products such as yogurts. Presently, these useful bacteria form part of special drug preparations (probiotics) that improve the health and the psychological state of patients by overcoming dysbacterioses and introducing normal microflora into the intestines.
However, Metchnikoff’s idea that normal microflora is not optimal should be re-emphasized at this point. Some components of our microflora can aggravate stress by causing an infectious disease. The pathogen Helicobacter pylori is activated and causes ulcer if a human individual sustains severe stress39. Social stress in mice influences the behavior of their microflora: skin and gut microbes start migrating to lymph nodes40. Forasmuch as stress can be caused by political factors, the changes in the behavior of microorganisms in response to stress, including their aggression against the host (infection), are to be considered somatic indicators of political problems and crises.  
Several hypotheses concerning the stress effects on the microflora have been suggested in the literature34:

· Stress causes an increase in the pH (a drop in the acidity) of the stomach content, a disruption of intestinal motility, and an increase in the bicarbonate concentration of the duodenum; hence, unfavorable conditions are created for normal microflora including lactobacilli, and the niches vacated by them are occupied by less beneficial microorganisms

· Stress results in decreasing the immunoglobulin A content in the human organism, which compromises the immune defense against potential pathogens 

· The response to stress involves releasing catecholamines (epinephrine, norepinephrine, and, to a lesser extent, dopamine) into the bloodstream; they exert their influence on the microflora, which is of particular interest in terms of the role of neuromediators in host-microflora interactions.

Among the above catecholamines, norepinephrine and dopamine are major neuromediators. Studies with mice revealed that the release of norepinephrine into the bloodstream caused by damaging noradrenergic nervous cells with a neurotoxin drastically increased the number of bacterial cells in the cecal wall and lumen, with E. coli as the predominant species41. Norepinephrine and other catecholamines can exert an indirect influence on the microflora by suppressing immunoglobulin A synthesis and/or release. They also stimulate intestinal motility and bile flow, which promotes the growth of such bacteria as Bacteroides. This apparently accounts for the above data on an increased Bacteroides content in the feces of angry or frightened individuals.    

Importantly, catecholamines also produce a direct stimulatory effect on the growth of microorganisms, including such pathogens as Yersinia enterocolitica causing intestinal inflammatory diseases, virulent E. coli strains that are responsible for intestinal infections and other serious problems including sepsis, and Pseudomonas aeroginosa causing suppuration in various organs42-44.  Norepinephrine is the most efficient stimulator of the growth of the bacteria. It also intensifies the formation of  toxic substances (Shiga-like toxins-I and II) and the K99 adhesin involved in the attachment to the host mucosa of pathogenic E. coli strains. 

These data are consistent with the idea that active pathogenic microflora is evolutionarily predisposed to thrive in the GIT during serious infectious stress and, therefore, prefers norepinephrine, the main substance released by the organism under stress. Other tested substances, including epinephrine, dopamine, and its precursor DOPA failed to stimulate bacterial growth or were less efficient than norepinephrine, i. e. they produced a significant stimulatory effect only at very high concentrations. For instance, norepinephrine stimulated the growth of the pathogenic E. coli strain JPN10 (O44:H18) at a concentration of 3 M micromoles per liter, whereas dopamine produced a similar effect at a concentration of 100 M45.  As for other neuromediators, serotonin was almost without effect, slightly increasing growth of the intestinal pathogen Aeromonas hydrophila at a concentration as high as 1000 M46.
As far as symbiotic (nonpathogenic, “friendly”) E. coli  strains are concerned, they seem to prefer a different neuromediator mixture, based on the data obtained with the strain E. coli K-12 MC410047-49. Serotonin that is normally contained in the chromaffin granules of  GIT mucosal cells is as efficient as norepinephrine in terms of stimulating the growth of microflora. Dopamine that is a minor component of the host response to infectious stress, stimulated E. coli growth and biomass accumulation to a greater extent than norepinephrine. Histamine, a characteristic factor of local inflammation (that also results in producing additional amounts of serotonin), was the most efficient of the tested neuromediators.

Presumably, the nonpathogenic strain E. coli K-12 MC 4100, in contrast to pathogenic strains, is adapted not to serious infection, but to light local inflammation. It is characterized by the synthesis and release of histamine and serotonin and, to a lesser extent, of catecholamines that extrude into the intestinal lumen from nerve terminals damaged by inflammation. The light local inflammation of the intestinal mucosa may be due to microtrauma caused, e. g., by rough food.

What is the mechanism of action of the monoamine neuromediators on bacterial populations? Lyte et al.42-44 attribute their influence on microorganisms to the facilitation of iron ion transfer into the cell by chelating iron by catechol rings. Accordingly, the effect is expected to be produced by the amines that possess the catechol structure, i. e. dopamine and norepinephrine, not serotonin and histamine. However, the strongest stimulatory effect is caused by the catechol ring-lacking histamine, according to our data; a statistically significant effect is also produced by serotonin. Hence, the effects produced by the neuromediators do not necessarily require a catechol structure. 

The two catecholamines (dopamine and norepinephrine) produce opposite effects on the “sociability” of bacteria on a solid medium49: dopamine increases the percentage of solitary cells, while norepinephrine, like serotonin and histamine, increases the percentage of compact cell groups.  These differences may be due to different effects of the amines on the adhesive properties of bacterial cells. It was also revealed that serotonin and dopamine, but not norepinephrine, accelerate the respiration of E. coli cells with succinate48.

Taking into account the difference between the effects of two chemically similar compounds -- dopamine and norepinephrine (that only contains an extra OH group in the side chain) -- we suggest that these effects at least partly result from specific interactions involving receptors on the surface of bacterial cells that individually recognize neuromediators. In a similar fashion, animal and human cells use different groups of membrane receptors to bind dopamine and norepinephrine. They possess D receptors (D1, D2, D3, etc.) for dopamine and -adrenoreceptors for norepinephrine. In line with this hypothesis, the stimulatory effects of norepinephrine and dopamine on the growth of pathogenic enterobacteria (E. coli O157:H7, Salmonella enterica, and Yersinia enterocolitica) are prevented by an -adrenoblocator and an animal cell-characteristic dopamine antagonist, respectively50.   

Hence, host-released substances exemplified by neuromediators exert a significant influence on the growth rate and other variables of microflora. Since changes in the neurophysiological and psychological state of humans (e. g., caused by stress) alter the concentrations and activities of these chemical agents, our microflora is expected to be responsive to whatever happens to us, including our reactions to political news.  

The question to raise is whether the microflora also influences the host’s state and whether microflora-released neuromediators produce an effect on the host.

Microflora as a Biopolitically Relevant Factor Influencing Health, Psyche, and Social Behavior (Including Political Activities): the Contribution of Microbial Neuromediators

Microorganisms provide our organism with valuable substances such as amino acids, proteins (including enzymes), vitamins (e. g., of the B group), carbon acids, and cyclic nucleotides (cAMP and cGMP). Microorganisms also supply intestinal cells with energy, strengthen the immunity system by activating blood immune cells, and are involved in regulating the operation of the GIT33, 34, 38. 

They produce regulatory substance including neuromediators. The human inhibitory neuromediator -aminobutyric acid (GABA), involved in blocking the transmission of impulses in a number of parts of the nervous system, is synthesized by normal intestinal microflora. Severe stress, or antibiotics administered by a surgeon, change the composition of the microflora, resulting in decreased GABA synthesis and an increased pain sensitivity of the colon51. This causes the irritated bowel syndrome and, probably, plays a role in the development of inflammatory bowel diseases such as ulcerous colitis and Crohn’s disease. Symbiotic microflora also releases the neuromediators -alanine  and glutamic acid51. There is evidence in the literature that it produces serotonin and histamine.51, 52

 As for symbiotic E. coli (strain K-12 MC 4100), it contains 0.1 to 1 micromole of norepinephrine, dopamine, and serotonin per kg of biomass53. These data have been obtained using high performance liquid chromatography (HPLS) with electrodetection. Norepenephrine is the dominant neuromediator, and maximum concentrations of all the three tested neuromediators occur at the initial stages of the culture’s growth (during the lag phase). Importantly, these neuromediators were detected by us in E. coli cells grown on the synthetic M-9 medium that contains no neuromediators per se. Hence, the neuromediators were synthesized inside the cells, and not taken up from the medium.

During the late stages of the growth of E. coli, norepinephrine, dopamine, and serotonin are released by its cells into the culture fluid, where they are present at concentrations of 0.01-0.1 M53. Although these concentrations of extracellular neuromediators are low, they are sufficient to produce specific effects on human cells that carry receptors binding them. Interestingly, these or still lower neuromediator concentrations are characteristic of media inside the animal or human organism. For instance, rat blood contains 0.0001-0.0003 M catecholamines54. This testifies to possible physiological effects of neuromediators released by the intestinal symbiont E. coli. Probably, other representatives of the symbiotic microflora are also involved in producing substances that produce effects on the host organism. 

It should be noted that the E. coli cell density was about 5.108 cells/ml in our experiments, i. e. it was comparable to that in the human gut (that contains up to 108 colony-forming units in 1 ml33, 38). 
Apart from the neuromediators per se, the biomass and culture fluid of E. coli  also contained their precursors and utilization products50. Of particular interest seems to be the fact that not only the biomass, but also the culture fluid contains over 1 M DOPA, the catecholamine precursor, at the late stages of the growth of the E. coli culture. The release of  such large DOPA amounts into the medium by the symbiont E. coli  raises the question whether it can exert a considerable influence on the whole human organism including its nervous system. DOPA crosses the gut-blood and blood-brain barriers. In the brain, DOPA is converted to dopamine and thereupon to norepinephrine, the substances discussed in the preceding sections in terms of the biopolitical implications of brain neurochemistry.

It should be re-emphasized that dopamine and norephrine regulate important brain processes. They are involved in locomotion, affection, sociable and dominant behavior, as well as aggression. Hence, the release of micromolar amounts of DOPA by E. coli cells enables it to exert an important influence on human psyche and behavior, including political participation in various capacities and situations. 

Interestingly, HPLC yielded data that neuromediators are actually widespread in the microbial world55. The bacterium Bacillus sutilis that is frequently detected on the human skin contains dopamine and norepinephrine, while the dangerous pathogen Staphylococus aureus is apparently rich in dopamine and serotonin. 

In the light of the data on bacterial catecholamines and particularly their precursor DOPA that can penetrate into the brain, we should reconsider the effects of starvation  on political activities postulated by J. Schubert29 (see above). Since DOPA is released by E. coli on the synthetic medium which contains glucose (3 g/l) as the sole organic substrate, it seems likely that the brain can be supplied with some amounts of catecholamines even in the absence of the amino acids tyrosine and phenylalanine in the food, as long as the bacterium itself is viable. 

Phenylalanine is contained in meat (especially pork), fowl, eggs, caviar, fish, sea food, soybeans and other legumes, hard cheese, cottage cheese, sunflower seeds, and nuts. It turns out that if these kinds of food are missing, this does not prevent the political activities of the people involved, unless they are deprived of any food. It is a historical fact, however, that even during a prolonged food shortage period not all people suffer from a complete lack of food; some of them succeed in surviving by eating nettle, aise-weed, fat-hen, and other phenylalanine-lacking “alternative” food. The E. coli bacterium and other intestinal symbionts might give these people, despite the malnutrition, a real chance to engage in political activities including collective protest actions and even a mutiny.  

Presumably, certain historical events could be reconsidered from this perspective. During the revolution in Russia in 1905-1907, workers and peasants, who suffered from serious malnutrition and whose scarce food lacked phenylalanine, were nevertheless capable of political activities. There was, for example, a demonstration on January 9, 1905 in Saint-Petersburg when the demonstrators tried to submit a petition to the czar (soldiers opened fire at the demonstrators, and this “Bloody Sunday” marked the beginning of the revolution). In contrast, a still more severe period of starvation in the 1930’s caused by peasant “collectivization” by the Bolshevists was characterized by a complete apathy, anomie, and political inactivity of the starving peasants. The difference between the two historical periods may be due to the fact that in the 1930’s (but not in 1905-7) the people had no food at all. Hence, their intestinal bacteria had no chance to survive and to supply their host with some amount of catecholamines. 

Therefore, the classical views expressed by J. Schubert29 may be called into question in the light of the recent data on neurochemicals released by symbiotic microorganisms. 

Hence, microflora-produced neuromediators and their precursors, as well as a large number of other biologically active substances can produce important effects on the human organism. Besides neurochemicals, much attention is given in the literature to vitamins, immunostimulators, and short chain fatty acids. These products of the microflora are involved in regulating a wide variety of processes in the GIT and the whole human organism. Indisputably, microbial substances affect not only the health, but also the psyche and social behavior of the human host. That is the reason why the studies conducted in this field are of paramount biopolitical importance. 

Apart from intestinal microorganisms, human skin microflora is also of relevance in this context. These microorganisms for the individual odors of humans. Although the skin microflora of all humans includes typical bacterial species (e. g., Streptococcus epidermidis, Propionibacterium acnes, and Micrococcus luteus), its exact composition is individually variable56. This variability is partly due to different social and environmental conditions, including different stress levels. Nevertheless, a significant contribution is made by individually variable hereditary factors. These are genes that influence the efficiency of the immune system. They determine the exact composition of skin microflora that produces volatile substances partially responsible for the individual odor that is (mostly subconsciously) perceived by others57.

There is evidence that the degree of the similarity or difference between the odors of two individuals seems to influence their relationships under various circumstances58 including political situations. This can be exemplified by face-to-face contacts between political leaders and their adherents, although this is still a controversial issue. Both humans and mice apparently prefer mates whose odor is moderately different from their own59.

Interestingly, both male and female pheromones are produced by the human body in collaboration with microorganisms. The male organism only produces a pheromone precursor to be processed by armpit-inhabiting corynebacteria, in order to synthesize the active pheromone. In similar fashion, pheromone precursors in the vaginal fluid are processed by specific bacteria to yield the female pheromone that makes male subjects in an experiment consider ugly females to be beauties60.

In summary, this paper deals with one of the most fascinating and controversial areas of research forming part of the larger interdisciplinary field of science that combines the life sciences and political science. This subfield uses the data and concepts of the life sciences that enable us to elucidate the impact of evolutionarily conserved brain structures (modules), neurochemicals, and symbiotic microflora on human psyche and social behavior. Special emphasis is placed upon sociability, leadership qualities, aggressivity, and other personal features that are of paramount importance for the turbulent political life of the present-day world. The subfield discussed by us is related to practically important research areas that are still to be developed. For instance,  our knowledge of the relationship between symbiotic microflora and human social behavior can help us develop  new diets for political leaders including novel microbial preparations (probiotics) that would optimize brain neurochemistry, stimulate creative activity, and enhance their leadership qualities.   In particular, increasing the levels of brain serotonin, dopamine, and norepinephrine using drugs and diets that promote the growth of beneficial bacteria can help some politicians get rid of anxiety. Anxiety manifests itself, for instance, in trembling hands (which was characteristic of Yanaev, the leader of the self-proclaimed provisional government in Russia in 1991) and creates a disadvantageous public image of the politicians involved.      
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