Brain as a System of Aggregation


The Brain as a System of Aggregation of Social, Behavioral, and Biological Variables

1.1.   Introduction

In the sphere of social sciences we study the influence mainly of social variables. Why do we need to aggregate social, behavioral and biological variables? Why do we need to consider biological variables, which we do not influence directly? Because the value of the fitness of the social system is determined by the set of the above-mentioned variables, and because they are dependent on each other. Because we influence biological variables indirectly and produce delayed long-term behavioral changes, the changes of the fitness of the social system become apparent only on the big spatio-temporal scales, outside our horizon of decision-making. Thus we take no notice of them. 

The problem of the influence of social variables on a common set of behavioral and internal virtual variables of individual first was raised by [Freud 1964] in the beginning of this century. However, he excluded the most important biological variables. Later [Maturana 1980] introduced a notion of autopoiesis and described biological and social objects from a common point of view. They supposed that biological systems were autopoietic systems, and the last ones were "homeostatic systems, which have their own organization as the variable that they maintain constant". Their definition was corrected [Degtiar 1999] in such a way that biological systems were systems which strove for having homeostatic organization coordinated with long-term environment. They were successful in reaching the invariable organization relative to classes of variables connected with survival, and they were not fully successful in their endeavor to reach the invariable organization relative to other classes of variables.

The biological systems really are autopoietic - allopoietic systems, which in the process of maturation can reach different autopoietic organizations. Those organizations are the function of the mechanism of aggregation of the social, behavioral and biological variables. Depending on the external environment and the genetic system this mechanism can produce the harmonized or deformed and even ill organizations. If it is true, the understanding of the mentioned mechanism is very important because it defines a set of possible scenarios. Detailed description of this mechanism could help the understanding of the brain as a multilevel socio-biological object and on designing strategies for correction of organization that envelops it towards the harmony state. 

The main aim of this paper is the identification of the mentioned mechanism within biological system, which can help on the understanding of the brain as a mechanism of aggregation of the social, behavioral, and biological variables as well as on the designing of the strategies which influence the change of the brain through its self-organization. The methodology uses a Unified Modeling Language, which helps to describe the multilevel socio-biological objects within an easily understandable common notational system.

1.2.   Maturation of Architecture of Brain Centers

1.2.1.   The program of maturation as an irreversible process

Every bioobject inherits a set of life programs evolved in the course of natural selection. The width of this set depends on its species. The choice of fulfilled program and it adjustment depends on the environment, in which organism will mature and exist, and is implemented by mechanism of development (maturation). It can be considered as a sequence of operators (mechanisms) that implement stages of maturation. The sequence of the operators of the basic part of the set that are realized on the embryo level can not change or branch out normally. The sequence of the operators of the rest part of the set that are implemented after the birth is a subject to the local branches and commutations under the influence the environment. Just on this stage the choice of the program from given set is made. The program that are chosen in a multistage process ensures both the maturation of the organism as a whole, and the maturation of the separate organs, including the maturation of different departments of the brain. The life program of the maturation of the organism as a whole is bound up with the maturation of the endocrine system and general characteristics of the nervous system. Within some limits its operators can be adjusted by the external environment. The processes of the maturation of separate components of the nervous system that define the harmony of a behavior are the subjects to influence environment to a largest extent. They depend both on stability and direction of the nervous system, and genome characteristics.

The embryo maturation is realized in regulated environment of the uterus in the framework of the global non-changeable program. The difference in the future differentiation of the cells on this stage is determined by the differences in the influence hormonal environment, which rises in the different points of the embryo blastula in the process of mitosis. In the process of the next stages of development some genes express and repress irreversibly, i.e. they can't change the type of expression. Other can save a reversible expression. Irreversible switching of the genes means the choice of the program of the cell development that is depended on the history of its life.

The cells that irreversibly limited their direction of development are called determinate ones. The standard example of the irreversible behavior of genes is the organ formation. Small steroid hormones control the process of determination. They penetrate through a cell membrane, connect to specific albumin receptors and produce the hormonal-receptor complexes with affinity to specific genes of DNA. Those complexes are accumulated into the nuclea of the cell and after exceeding a threshold initiate transcription of the corresponding genes. The response of DNA can be multistage, i.e. a small amount of genes that have been expressed in first stage can initiate more genes on the second stage, etc. until the feedback blocks the process. The response on the same steroid hormone depends on the history of the cell [Alberts et al. 1983]. 

The mentioned process transfers the cell into the state of determination by methylation of cytosine of DNA. It creates irreversible mark. The scheme of methylation of the sequences of DNA that rises in the moment of determination reproduces itself in the process of mitosis of the cells of the given clone. Other mechanisms of the cell memory, e.g. the heredity of the local transformations of DNA also exist. Neurons are determined too. A lot of classes of neurons that can be distinguished by morphology are arisen.

A cell can be determinate on some variables (genetic complexes) and be non-determinate on other ones. For example, the cell can be determinate as neuron and be non-determinate relative to the choice of the kind of mediator, e.g. it can change acetylholine for noradrenaline in the case of changing environment. Determination of each variable means the methylation of cytosine of the corresponding genetic complex. After determination the determined part of the cell maturates autonomously independent on an environmental influence. Before the moment of determination its program is reversible. Determination of some variable results in the evolutionarily stable strategy (ESS) on the cell level. It is used in the process of determination of other variables and creates their dependencies.

The cell determination is the transition to the state of its autopoiesis of determined variable. It can not return to allopoietic states. The cell determination is a multistage process of a consequent determination of different gene complexes. This is extension of the set of variables which reach the state of autopoiesis. Some cells proceed through the sequence of metamorphoses before they reach the final state. The most important variables that are bound up with survival do not change determination since mitosis. 

The evolutionary stable differentiation of the cells leads to the stable difference in determination of the complexes of expressed genes of different cells and to emergence of their complementation. Therefore adjacent neurons of some nuclear grow towards complementary adjacent neurons of other and recognize their mediators and receptors. They grow towards neurons that synthesize the quantity of mediator closest to amount they need. As a result, during the embryo stage this creates the map on the level of the centers closest to isomorphic one. The net matures as a whole. The cutting out of neurons that innervate muscle or the muscle itself leads to the elimination of the complementary object. The surgical move of muscle or the part of the neuron net does not change the muscle towards which the neurons grow.

1.2.2.   The program of maturation after the birth

After the birth a maturation is the complex of the two key strategies. The first is the strategy of adaptation of the architecture and of the set of strategies towards the existing environment, the second is the strategy of increasing the force of resistance to the environment changes with the purpose of directing all resources towards reproduction, upbringing and protecting the new generation after some moment. In some moment the force of resistance exceeds the force of supporting the adaptation process and the organism switches from the first strategy to the second one. 

Why do biological systems need to be more autonomous on the scale of development, i.e. to mature towards the autopoietic state? Because in course of their growth the external and internal resources, which they need for changes of their architecture and strategies for adaptation to the environment changes, are increasing. The external energy, which is the flow of amino acids, can't overcome consequences of all irreversible processes, which are taking place on submolecular levels. In some moment on the scale of development the best strategy for genetic nets of parents is to use their resources for support the offspring, because their own expected value of the rest period of life is small. To reach this, they use the special irreversible strategy of determination. 

Because of the necessity of adaptation to unpredictable component of the environmental influence, the set of life programs written in genome evolved to ensure some degree of adaptation to a wide diversity of environments. Global adjustment is realized in course of interdependent maturation of the nervous and endocrine systems in the given environment. First, the maturation of those glands that are directed to the stimulation of maturation of phylogenetic oldest departments of the brain like the autonomic nervous system and subcortical divisions begins during the embryo stage. After the birth the mentioned departments create mighty feedback towards the endocrine glands (Figure 1, (1)) and mature in concordance with them. 

The maturation of the neuro-endocrine centers, which use the hormonal vectors directed towards maturation of those centers of unconscious sphere of the cortex and subcortex that are bound up with unconscious, but acquiring motivations and strategies of their satisfaction, starts on the next stage. The unconditional reflexes and the inner environment of the organism formed on previous stage is taking part on this stage. For example, the external environment influences the endocrine system by use of the nervous system to control the synthesis of testosterone and corticosteroids entering the blood. The centers of the nervous system on this stage mature depended on each other using feedback through endocrine system. In course of maturation the specific attitudes like motivations of unconscious sphere are arisen. Centers and attitudes connected with "learning" strategies that ensure the capability to learn matures.

If an awry environment prevented some center from some stage of maturation, it would be used in the other structures and could turn an irreversible determination. If the environment, e.g. by use the strong drug, which replaces the mediator like endorphin, stimulates the neurons that use this mediator to switch out genes that synthesizes it, the return to the stage of synthesis after refusal to use drugs becomes very difficult, and individual becomes the drug dependable. 

Domains of cortex connected with speech (Vernicke area, Broca's area, etc.) are increasing during maturation in nine times. Motor-speech, speech-hearing, speech-visual associative areas are developing. Brain's areas, which later participate in a semantic analysis of the words (local centers from prefrontal, motor, parietal and occipital cortex), increase in size and create a lot of connections. Attitudes that are connected with language and thinking are given rise. The centers of the cortex use feedback to influence the neuro-endocrine centers. 

On the early stage of development the pay function of a child is utilitarian. In course of development the common part of inclusive fitness is maturing, and the young person begins to open up towards the local world around him. The architecture of genetic nets of the neurons and the neuron nets of limbic system matures adjusting the level of satisfaction of its needs to the level that the family provides the child. This creates the future level of the child claims. If during the process of maturation in disharmonised family some variables of genetic nets of neurons are determined, it will be very difficult or impossible to return them with the aim to harmonize. 

The maturation of attitudes of conscious and unconscious spheres that are bound up with the systems of values and norms of the social system and with professions is coordinated with the maturation of the endocrine strategies. The last can occur to be a carrier of the changed hormonal vector due to disharmonised environment and genome. The set of matured attitudes of the cortex defines the character of the person. 

The different kinds of awry of the social and intellectual environment stimulate in one of the branches the maturation of the centers of the conscious with different architecture of neuron nets that realizes attitudes for different strategies of thinking, which are bound up with different languages of thinking and different bases and priorities, and the attitudes for different internalized ethics. This gives birth the big divergence of irreversible matured individuals that ensures great advantages and great shortcomings for society at the same time. They are bound up with existence a bulk of individuals, which neuronal nets matures in the framework of inadequate dogmas of thinking, inadequate maps of the world. The neuron nets responsible for the conscious are not determined fully till the end of climacteric period. Due to this fact they save some ability for changes. 

Because in the process of maturation of some strategy other strategies need to be used, the maturation of one strategy is a condition of maturation of other. In result we have the complex of the strategies, or life program. There exists a consequent set of states of readiness that must ensure the reproduction of new generations.

1.2.3.   Details of the program of Maturation

Diagrams of Unified Modeling Language [Booch et al. 1997] were used to describe the architecture of the neuro-endocrinal system. Important features of the architecture are the feedback loops. These are executed by the endocrine system, represented by the hypothalamus, hypophysis, adrenal, and thyroid glands, and the gonads, with their associated hormones.
The maturational organism consists of a set of processes organized in a definite temporal sequence, commencing with the genetic system initiating a set of stereotypes for each stage of maturation. The instructions for every stereotype are executed by a corresponding neuronal reflectory net that matures under influence of a hormone vector and a complementary environment for this net. Different centers have different genetic nets, i.e. sets of interactions for expressed genes, which create different potential barriers for switching by the same set of steroids. Therefore, the amounts of steroids in the different cells have to accumulate to different values to exceed the threshold of switching for the net to enable it to change the neuron into a new state resulting in a changed behavior for the organism as a whole. 

The maturation of the center commences with the initiation of those genes that are responsible for changing architecture of the neuronal net, i.e. for its self-organization. If the results of the process of self-organization remain unchanged for a long time, the spatial structure determinates. The potential barriers to transforming the cell into the target state increases, and it is impossible to proceed it to the desired state. Therefore, in order to choose adequate direction of self-organization, the set needs to be influenced by the environment, in which the organism will reside in the future, during critical instances. 
Normally, the system of social control (SSC) exerts an influence on the organism through the somatosensory cortex, from where the information is transferred to the association cortex (Figure 1). If the influence of environment is such that the center of the cortex can not find the appropriate strategy for survival in its repertoire of adjustments for the neuron net, the internal level (Nuclea_client) gives up the regulation of the neuron net of this center and transforms it to the allopoietic state [Degtiar 1999]. This means that initially, the neurons of the Nuclea_supplier_1 try to use the existing genetic net to adjust a set synapses. If the complete architecture of the local communicational neuronal net exists, neurons begin to use strategies of forming conditional reflectory nets in the framework of already architecturally molded neuronal net. The genetic net of neuron in the process of forming synapses in long-term uses the strategies of forming two classes of receptors: exiting and inhibiting, and of growth of synapses. In short-term it may use the strategies of synapses habituation and sensibilisation, and of adaptation of their effector activity. This creates the basis for learning. 
If the use of those strategies were not succeeding, the Nuclea_client sacrifices the architecture of this center and transforms the genetic net to the allopoietic state. This means that second, neurons try on genetic level to sacrifice the architecture of the genetic net of all neurons and to switch them to express genes that induce the growth of neurites towards better Nuclea_supplier_2 and to suppress genes that support axons that are deemed unnecessary at that particular time. The axons have special state of growth. In this state genetic net produces brain-derived neurotrophic factor (BDNF) and nitric oxide (NO). BDNF protects growth cones of neurites from the effects of NO, which involves in the elimination of mistargeted axons. Producing both BDNF and NO, but not either factor alone, genetic net ensures minimal retraction or extension of growth cones [Ernst et al. 2000]. 
One can see also that the selection of a Nuclea_supplier by the Nuclea_client depends on their states, which are determined by the history of different inputs from somatosensory cortex and thalamus. It also depends on the history of different outputs from the endocrine system. The different Nuclea_suppliers compete for the neurite and the change in the architecture of the association cortex is a result of this competition, depending on which the Nuclea_client was supported more by external environment and endocrine system during its life. The more nucleus has been supported the higher rates of growth and maturation it will have. At the same time, the direction and a speed of maturation of the endocrine system also depend on the outputs from the cortex and hypothalamus even though its development starts earlier. Therefore, we can speak of the process of self-organization of an organism.
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Figure 1. Simplified Collaboration Diagram for life cycle of an organism

The strategy of emergence of communication net on the base of the described strategy of growth of neurites, which optimizes criterion of a local maximum of the fitness, because of localization of sources of mediators and localization of their diffusion, is not ensured the emergence of the adequate neuron net and presents only its first approximation. The emergent neuron net is very excessive. Therefore the next is the state of optimization of its architecture on the base of a more global criterion of maximum of the fitness of the net. A set of neurons and innervated muscles that uses impulse activity, which rises after fixing of communication net, is involved in the interaction. Contradictions between local maximums appear in convulsive contractions of the muscles of the embryo. As a result more than 50% of motoneurons and a lot of synapses of the embryo eliminate during several weeks. Perhaps, the strategy of elimination is the shift of equilibrium between BDNF and NO in favor of BDNF at winning competition neurons and in favor of NO at neurons that looses competition. Thus, this stage of maturation occurs in course of its self-organization after the growth of the communication net, but without environment influence.

The birth, which is accompanied by mighty influence of the endocrine system, transfers the neuron net into the new state, at which the next stage of maturation becomes perceptible to influences of environment. The main part of forming this net occurs in sensitive period, when maturation is stimulated by endocrine system. If the sensor systems have not adequate stimulation, the corresponding neuron net will mature in irreversible deformed architecture. For example, if one eye of a cat or a monkey has not stimulation, the growth of secondary axons from the retina of this eye towards the neurons of the strips of the visual cortex that serve another eye will result in architecturally defective visual cortex [Hubel et al., 1977].

1.3. Conclusion

The dynamical multi-leveled autopoietic - allopoietic approach, as an overarching description of maturation of biological and social systems using a common set of variables, can be a basis for the study of the brain as aggregation system. It helps us to consider the individual as a system, which autopoietic states mature in the process of differentiation and determination of the architecture of his genetic and neuronal nets and define his decisions. It helps us to understand that our hierarchical social systems consist from individuals that mature towards different autopoietic - states, which are in contradiction with each other. This leads to hard social conflicts [Degtiar 2000]. The principal challenge is the development of a system of social control, which ensures the harmony in the process of maturation, or at least movement towards the harmony between the social structure and the structure of the nervous system (both gross and intercellular). 
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