Psychology in the 21st Century

Mind and Body

Nature and Nurture

A roadmap to rapprochement


The nature vs. nurture debate has been brewing since classical times.  Socrates asserted that the individual was born with all the knowledge he would ever have, and that learning was a process of “remembering;” experience stimulated memories of the knowledge you were born with.  Aristotle was of the opinion that we are born tabula rasa, a blank slate which experience writes upon to determine who and what we are.  At the dawn of the Twentieth Century, Francis Galton was the first to attempt to measure intelligence, and was the first psychologist to use the terms “nature” and “nurture” to express these conflicting points of view (although Shakespeare had earlier used these exact words:  In The Tempest, Prospero says, "A devil, a born devil, on whose nature/Nurture can never stick…").  Galton believed in Nature and that a characteristic he called “eminence” could be inherited.  Eminent people were related to other eminent people, but the Popes, who adopted, did not have eminent children.  As a first cousin of Darwin, it is natural that Galton would apply Darwinian principles to the psyche.  Nonetheless, the Twentieth Century was the century of Nurture; all aspects of ones personality, intelligence, and mental health were believed to be the result of one’s stimulus, social, reinforcement, and punishment histories.


The Tabula Rasa is usually translated as the Blank Slate.  But rasa means to scrape.  In classical times, inscriptions were made on a tablet coated with bee’s wax.  To erase the tablet, or slate, meant scraping it smooth again.  Thus, tabula rasa is really the “erased” slate.  This is an apt metaphor for the history of twentieth century psychology, which had to forget (erase) what it knew of Darwin and of selective breeding, to embrace the blank slate.  In 1940 Robert Tryon inter-bred rats which were good at mazes, and inter-bred rats which were poor at mazes.  By the seventh generation of each, the dumbest pub from the “maze-bright” inter-bred rats was smarter than the smartest pup from the “maze-dull” inter-bred rats.  Yet twentieth century Psychology students were all taught that we are all born equi-potential and tabula rasa.  Robert Tryon was “erased” from the slate, or thrown “down the memory hole,” as Orwell put it.


The Nature vs. Nurture controversy is an example of a pernicious propensity of Western pedagogy.  Issues are classically framed as “either/or” paradigms.  Lamarck maintained that we inherit acquired characteristics, Darwin said that only mutations are inherited.  Which one was right?  Most issues do not fall into neat either/or paradigms, and the relationship between Nature and Nurture is no exception.  The following articles are all examples of how Nature and Nurture interact to determine who we are.  These articles are of relevance to all areas of psychology: developmental, personality, family dynamics, psychopathology, clinical, and physiological.  These articles have implications extending to Social Work and public policy.
Mothering Style and Methylation

Robert M. Sapolsky

Nature Neuroscience, volume 7, Number 8, August 2004, 791-792


This article, like the following articles, speaks to all aspects of Psychology:  family dynamics, developmental psychology, personality, physiological psychology, psychopathology, abnormal psychology, and public policy.  Here, parenting style is passed down from mother to daughter, but this transmission is extra-genetic; cross-fostered (adopted) offspring go on to exhibit the parenting style of their foster mothers.  This parenting style, in turn, affects the genetic expression of the offspring (males and females alike) and, thereby, the brain biochemistry and personality of the adult offspring.


Handling rats as pups, for just 15 minutes a day, for three weeks, makes them permanently less fearful as adults and less reactive to stressful stimuli.  Correspondingly, these animals have lower basal levels of the stress hormone corticosterone (cortisol in humans), and their levels of corticosterone do not rise as much when presented with a stressful stimulus.


A gene’s ability to be expressed (make a product) is regulated by methylation.  Methylation is the addition of a carbon and 3 hydrogens (a methyl group, CH3).  Demethylation is the removal of a methyl group.  Genes can be turned on and off by a process of demethylation and methylation; demethylating a gene turns it on.  The shape of chromosomes is maintained by proteins called histones.  When histones become acetylated (acquire an acetyl group, CH3COOH) they change shape and allowed genes to be expressed at a greater rate.

Cortisol is a stress hormone which is released by the adrenal gland in times of stress and helps us deal with the stress (tiger).  The brain tells the adrenal gland when and how much cortisol to release.  The blood takes some of this cortisol to the brain (it is the one stress hormone which can cross the blood-brain barrier).  For a hormone to work it must have a receptor to interact with.  The amygdala is a structure in the brain which regulates/generates emotion.  The amygdala has receptors for cortisol which, when stimulated by cortisol, make the amygdala more aroused, and causes the amygdala to call for the production of more cortisol.  Thus, a positive feed back loop is established.


The hippocampus is another brain structure which has cortisol receptors.  When these cortisol receptors are stimulated by cortisol, the hippocampus inhibits the release of additional cortisol.  Thus a negative feed back loop is established which regulates cortisol expression and puts a limit on cortisol release and on emotional arousal.


High levels of licking and grooming cause the genes in the hippocampus which code for the production of corticosterone (cortisol) receptors to become demethylated.  This results in better control of corticosterone/cortisol release, and, since corticosterone/cortisol contributes to emotional responses, better regulation of one’s emotional response.  This better regulation of corticosterone/cortisol receptor expression leads to a less emotionally labile animal.  Also, high levels of licking and grooming cause the histones surrounding the corticosterone receptor gene to become acetylated, thus enhancing the production of this receptor, and, thus, greater emotional stability throughout life.

There is a critical period for these effects of mothering; beyond a certain age, such licking and grooming has no effect on adult emotional reactivity.
Role of Genotype in the Cycle of Violence in Maltreated Children
Avshalom Caspi, Joseph McClay, Terrie E. Moffitt, Jonathan Mill,

Judy Martin, Ian W. Craig, Alan Taylor, Richie Poulton

Science, Volume 297, August 2002, 851-854


Galton, the father of intelligence testing, was the first psychologist to focus on individual differences.  In this article, Caspi et al. ask why children who are subject to maltreatment turn out differently.  Again, the answer lies in the interaction of nature and nurture.


During trauma, many stress hormones are released from the adrenal gland.  These stress hormones activate the body to help the individual deal with the stressor.  Three of these stress hormones, dopamine, NOR-epinephrine, and epinephrine, elevate heart rate, blood pressure, respiration to help you run away from the tiger.  (These three compounds are categorized as catecholamines, reflecting their structure.)  William James, at the dawn of the twentieth century, was one of the first to recognize that the subjective experience of emotions was, in large measure, do to sensory feedback from the body, which reflected the body’s state of arousal.  Patients with damage to this sensory feedback often report diminished emotional reactivity.  Indeed, one of the newest treatments for drug-resistant depression is to implant an electric stimulator in the body which stimulates the sensory fibers of the vagus nerve, which reports the state of many internal organs.  Hence, these three hormones, although they can’t get into the brain, nevertheless affect our emotional state, by producing bodily arousal.

Well, the tiger is gone, and this bodily arousal needs to be turned off.  An enzyme in the blood, monoamine oxidase, destroys these stress hormones.  Enzymes are proteins which catalyze, speed up, chemical reactions; anything ending in “ase” is an enzyme.  In addition to being catecholamines, these three stress hormones are also monoamines (compounds containing a single amine [NH3] structure.  Hence, these stress hormones are subject to degradation (breakdown) by monoamine oxidase (MAO).  There are two forms of this enzyme, MAO-A and MAO-B.

The gene that codes for MAO-A has a promoter region, which determines how much MAO the gene makes in a given time, and, hence, the concentration of MAO-A in the blood.  This promoter region is polymorphic (“many forms”; in this case, two forms, or alleles).  One form of this promoter region causes the gene to make more MAO-A than does the other form.  If you inherit the efficient form from each parent you will make appreciable more MAO-A than if you inherit the inefficient form from each parent.

If a child suffers a traumatic event stress hormones will be released into the blood by the adrenal gland to prepare you for “Fight or Flight”.  This bodily arousal was taken by William James, at the dawn of the Twentieth Century, to be the subjective experience of emotions; the distress you are feeling at the time of trauma is the experience of your racing heart and trembling hands.  The more MAO-A in your blood, the faster these hormones are broken down.  Hence, the more MAO-A, the less intense your emotional experience and the sooner you get over it.  Effectively, the more MAO-A, the less trauma you experience.
The authors of this paper measured the amount of MAO-A in the blood of adults who had suffered trauma as a child.  Overall, this group had higher frequencies of various behavioral and psychological pathologies that the general public.  However, there was variability within this group; some individuals appear to have succumbed to the trauma (developed pathologies), while others were robust (symptom free).  Those with high levels of MAO-A tended to be robust, those with low levels tended to develop pathologies.  Those with genetically programmed high levels of MAO-A would appear to have suffered less subjective trauma at the time of abuse (although the level of abuse was probably the same across groups), and were less prone to pathology later on; a dramatic interaction of nature (genetically determined levels of MAO-A) and nurture (or lack thereof).

This is where the authors and I part company.  These three catecholamine stress hormones are also neurotransmitters in the brain, and they are broken down by MAO-A in the brain.  In the brain, these neurotransmitters participate in arousal, and would be elevated at times of trauma.  The authors measured MAO-A in the blood, as a reflection of brain concentrations of MAO-A.  However, the correlation between substances such as MAO-A in the blood and in the brain is very weak.  The authors interpret their data as reflecting brain neurotransmitter metabolism differences at the time of trauma, whereas I believe they reflect stress-hormone differences in the body, but outside the brain, at this time.  Notice that only boys/men are used in this study.  The gene which codes for MAO-I is on the X-chromosome.  If a boy inherits the MAO-A gene with an inefficient promoter region from his mother, he’s out of luck; he has only one X-chromosome.  If this happens to a girl, an efficient gene on the X-chromosome from her father should provide her with high levels of (trauma protective) MAO-A.  If there is a ten percent chance of inheriting the weak form of the gene, then the pathological risks should be ten times higher for males than females.  Notice that males have higher rates of many of these pathologies than do females?
Influence of Life Stress on Depression:
Moderation by a Polymorphism in the 5-HTT Gene
Avshalom Caspi, Karen Sugden, Terrie E. Moffitt, Alan Taylor, Ian W. Craig,
HonaLee Harrington, Joseph McClay, Jonathan Mill, Judy Martin, Antony Braithwaite, Richie Poulton

Science, Volume 301, July 2003, 386-389


Neurons communicate with one another with specialized compounds called neurotransmitters.  One such neurotransmitter is serotonin.  This communication must be turned off, otherwise everything you ever saw would be permanently visualized.  There are two ways in which neurotransmitter communication is turned off.  One is by enzymatic degradation; enzymes in the synapse, the gap between the sending and receiving cells destroy the neurotransmitter.  The other way to turn off synaptic communication is when the sending cell recovers the neurotransmitter molecules.  This process is called reuptake.  Reuptake back into the sending cell is mediated by a transporter molecule, which binds to the neurotransmitter and then pulls it back into the (sending) cell.  Serotonin is abbreviated 5HT (for 5-hydroxytryptamine, its chemical name), and the serotonin transporter is abbreviated 5HTT.

The gene that codes for this transporter has a promoter region which determines how much transporter is made from this gene.  This gene exhibits a polymorphism: there are two forms (alleles) of this promoter region, a short form (in length), which isn’t very efficient, and a long form, which is efficient.  If you inherit two copies of the short form (homozygous, short/short), your brain is going to make much less of this transporter.  If you inherit two copies of the long form (homozygous, long/long), your brain is going to make a lot of this transporter.  If you inherit one of each form (heterozygous, long/short), your brain will make an intermediate amount of the transporter.

Over eighty four percent of recurrent bouts of Major Depression are preceded by a stressful event.  A similar relationship may exist for Bipolar Affective Disorder and stress.  Given that we all are confronted by stress, why is it that some people succumb and other are resilient?


The authors assessed the number of major stressful events between the age of twenty one and twenty six.  They found that the risk of depression at age twenty six went up exponentially for s/s subjects, as the number of stressful events increased.  There was no increase in risk for l/l subjects.  The impact of incremental stress of the l/s group was somewhere in between.  In the absence of major stressor the risk for depression was equally low for each of the three groups.  This is a stunning interaction between nature (genes) and nurture (stress).  Per the previous article on MAO-A, the authors found that the long/long form of the 5HTT gene protected against elevated risk of depression following childhood abuse.

There are some glaring ambiguities which the authors do not address.  Subjects with inefficient serotonin transporters are at greater risk for depression.  But Prozac, and other SSRI antidepressants, work by making the serotonin transporter inefficient.  Shouldn’t the subjects with the short/short form of the gene, and inefficient 5HTT, be less prone to depression?  Perhaps, if all your life you have inefficient reuptake (turning off) of serotonin neurotransmission, the target, or receiving, cell become desensitized to serotonin, thus predisposing you to depression.  SSRIs would then be needed to elevate serotonin communication above normal to offset the desensitization.  Another possibility stems from the fact that the serotonin transporter also functions to pack the releasing vesicles (in the sending cell) with serotonin.  An inefficient transporter would result in less serotonin being released in the first place.  Thus the locus of the genetic predisposition to depression would not be in the synapse, where serotonin is undergoing (diminished) reuptake transport back into the sending cell, but at the vesicles, prior to (diminished) release.  I asked Caspi and Moffett about this when they presented these data to the Psychology Department at the Twin Cities campus, and the response was, “Huh?”  They didn’t realize that 5HTT has two roles in the brain.  Nevertheless, I’m jealous of their work!
