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                   Rick Rayfield

(This is mostly about the autonomic nervous system.  The limbic system should be added somewhere.)
       We can argue about whether fear is our self-perception of our fear reaction (James-Lange)  or whether the emotion of fear puts us into emotional behavior (Cannon-Bard).  Probably both things happen at different times, which is why each camp has evidence to support their explanation.   We do not simply react to our environment- we often react to things no longer present (remembering), and we are capable of synthesizing experiences (creativity, imagination) and even confusing what is real and what is imagined (some dissociation- unable to tell real from imaginary).   BUT, one thing we all have experience with is adrenaline.  We can debate whether the fear response produces the adrenaline, or whether the adrenaline produces the fear response.  But we all agree that usually if there is fear, there is adrenaline.  Remember James Bond quoting the adage, “Where there’s smoke, there’s fire.” As he fires a smoke fare to ignite a sea of gasoline and so escape his pursurers?   Where there is fear, there is adrenaline.

Adrenaline, in a fear response, is secreted from the adrenal glands right into the blood stream.  It circulates through the body in seconds.  The adrenal glands are located on the kidneys, in the small of your back.  The outside of the gland is called the cortex, like the brain. (Cortex means rind.)  We’ll come back to the adrenal cortex in a little while.  The insides is called the adrenal medulla- medulla means stem- just like the medulla and pons in the brain stem.  The vagus nerve controls the adrenal medulla’s secretion of adrenaline.
 (insert visual showing Vagus and other cranial nerves.)  

    The vagus is one of the cranial nerves which comes right from the brain, and not from the spine (most of the cranial nerves give and take messages from the head- like the optic nerves, face, mouth, hearing, etc.). Vagus means wanderer, because branches of it connect to almost every one of your inner organs.  Since it has such wide innervation, with broad and complicated effects,  it is tempting to think of it as “vague”.  But beware- the vagus does wander, but it is not vague- we are.   The autonomic and parasympathetic nervous systems are almost completely controlled/operated by the vagus nerve.  Digestion- both sensation and movement of the guts. Hair standing on end.  Heart rate. Sexual response. Defecating and urinating.  The vagus is involved.  Knowing the power of the vagus, and its lack of conscious awareness and control, leads any neurologist to think we have this unconscious system operating our body.  Duh- Freud was a neurologist.  He simply (ha ha) extended the understanding of unconscious and very complicated action of the vagus to the brain end of the nerve, and he found evidence that quite complicated social relations are tangled up unconsciously with the basic functions of oral, anal, and sexual nature.   Careful- I am not saying Freud is  simple.  I am saying that there is  a simple observation that we have  biological basis for unconscious activity.  Freud’s introductory lectures use jokes and slips of the tongue to demonstrate unconscious behavior.  He lectured top down.  As a neurologist, he might have chosen to argue from the vagus up.  But hat biology stuff would have lost his general audience as too much biology, and would have lost his neurological colleagues in debates about what we know about the vagus.

 Meanwhile, back at the adrenaline response.  Whatever startles us,  whatever causes a flight/fight reaction, the vagus tells the adrenal medulla to squirt some adrenaline into the blood stream.  (You did notice that ADRENALine comes from the ADRENALs.   The adrenal glands are attached to the kidneys, also known as the renal glands, hence ad-renal)

 (insert visual showing location of adrenals and kidneys in human torso)

Oops- change topics again.  The chemical which the  body uses at the synapse between motor nerves and muscles under voluntary control is the neurotransmitter acetylcholine.  You should know that.  And nicotine, for example, is a drug that fools around with this “cholinergic” transmission.   I am simplifying, but it is generally true that outside the brain, acetylcholine is the neurotransmitter for voluntary behavior. The somatic nervous system. SNS.  The autonomic nervous system is different.  It uses a different group of neurotransmitters- the catecholamines- named dopamine, epinephrine, and norepinephrine.  They are similar and part of the same chain of chemical reactions which make them, and break them down.  (The indolamine- serotonin- is similar, but different, and GABA, and the other monoamines- which means a signle piece of amino acid- recall strings of amino acids- also called peptides- that are short are called polypeptides.  And long strings of amino acids are called- dahdah- proteins.  You should know this, I am just reminding you so that you se how these pieces all fit together even if you have forgotten the details. As long as we are here- each three bits in an DNA chain specifies an amino acid, so the order of those bits(bases) specifies the protein, which is how our genes tell us what we are, by specifying proteins that become the structure of our body- skin hair hemoglobin, hormones.  How this genetic material gets translated into proteins in the correct sequence to make a human body instead of a dinosaur will be the subject of ten Nobel prizes at least.  We call this problem genetic expression.  How do the genes get “expressed” into proteins and bodies and maybe instinctive behavior?     A few examples of it are simple on the surface.  If you have the gene for testosterone, you make male sex hormone (a protein).  If you have the gene for estrogen, you make female sex hormone (protein).  It doesn’t matter what kind of brain you have, if we give you testosterone you will act like a male of the species,  and if we load you up with estrogen, you will act like a female.  Well- at least that’s what we can show with rats and mice in the lab.  Our DNA differs from theirs by almost one tenth of a percent.

 (insert visual showing chemical structures of neurtotransmitters)

   Meanwhile, back at the adrenaline gland.  So our body has a handful of amino acids it uses for neurotransmission.  One of them, founding brain and in the body, is epinephrine, related to dopamine and norepinephrine.  Voila- epinephrine is the same chemical (amino acid) as adrenaline.  Epinephrine got named by scientists studying the brain and  the sympathetic nerves that operate the heart and muscles of the arteries and veins that control blood pressure.  Adrenaline got names by other scientists studying the adrenal glands.  Adrenaline, epinephrine-  same stuff.

  So, if you are an EMT or educated layperson,  you know that a major intervention for a person with a  stopped heart (and some other big problems) is an injection of ….. right,  epinephrine. Sometimes directly into the heart.   Basically this mimics the body’s adrenaline response, albeit with a larger dose.   Why not let the person have a normal adrenaline response?  If they are unconscious, due to injury, metabolism, etc., their brain does not tell the vagus, which does not tell the adrenals.  Furthermore, modern science can sometimes exaggerate Mother Nature, and sometimes this is good.

  So when you are startled or frightened, your vagus nerve tells your adrenal gland to release adrenaline.  The adrenaline takes a few seconds to spread through your bloodstream.  It is absorbed at all the sympathetic nervous system nerve cells, and operates or partially operates (sensitizes) those synapses.   Blood vessel walls tighten and blood pressure goes up. This is mostly in the interior, shunting blood to the skeletal muscles.  For good use in flight or fight.  Heart goes way up, until the brain can get it back into some control.  We experience this as guts tightening, heart pounding.  Even if the fear is instantly allayed.   The big guy steps out of the alley and points at you-ahhh.  Oh, it’s the police and he is saying that the bus is coming behind you.  Too late, your heart will pound for about three to five minutes, as the dose of adrenaline is cleared from your blood and those sympathetic nerves.

  To complicate things,  this bolt of sympathetic (also called adrenergic) activity makes the brain try to balance the parasympathetic system.  The parasympathetic system is cholinergic, like the SNS, but with different receptors, even though it uses acetylcholine as the neurotransmitter.  There are probably so other cholinergic-like neurotransmitters we are just learning about involved.

So when frightened, within seconds we have a biologically reaction, that once started lasts at least a few minutes.  It arouses us, both adrenergically, and parasympathetically as the body tries to maintain some balance in the face of high arousal.  Sound familiar?

 PageTwo.  The adrenal medulla response is fast and short.  Happens in seconds, last for minutes.  If the stimulation persists, with continued fear or activation from the vagus, then the adrenal cortex kicks in.  The stimulus for the adrenal cortex is NOT the vagus nerve though.  The Adrenal Cortex gets a chemical signal from the hypothalamus/pituitary gland in the brain.  This part of the brain, if adrenergic stimulation lasts for more than a few minutes, secretes a polypeptide which stimulates the adrenal gland.  Small hormones (polypeptides) which stimulate another gland are called Trophic Hormones.  If you know your menstrual cycle biology, you know that follicle stimulating hormone (FSH) and luteinizing hormone (LH) are trophic hormones, telling the ovares what to do.   The polypeptide that stimulates the adrenal cortex is called ACTH, which stands for (come on- guess!)   Adrenal cortical stimulating hormone.

 (insert visual- chemical structure of ACTH)

 What does the adrenal cortex do?  Look- we are simplifying all this chemistry. Best example I think is the fact that estrogen is not a single chemical, but really a group of similar chemicals/proteins. Even the research scientists simplify things- part of scientific method, part of cognitive ability.  So I will continue this tradition.  The adrenal cortex secretes steroids-  take an endocrinology course to find about about anabolic (building) steroids versus catabolic (tearing down) steroids.  Let’s just say steroid.  Or for fun, let’s remind ourselves that these steroids come from  the adrenal cortex, and called the corticosteroids   OH THOSE!  That’s what my grandather’s doctor injected into his tennis elbow.  That’s what’s in my muscle pain cream.  That’s what is in the football team’s smoothies.  (This should not be funny, and perhaps joking about it in in poor taste given the problems of steroid use in athletes.)
  (Insert visual showing structure on size of huge steroid in comparison to ACTH)

   The steroids control the body’s response to an ongoing challenge.  They facilitate muscle growth, skin growth, all sorts of bodily changes which copes with the challenge.  Why didn’t we evolve these, or develop them in childhood to begin with?  Because they are expensive-  why have more muscle than you need- it is heavy,  why have more blood vessels than you need- you can bleed to death more easily.  The steroids are like the brain, they help the body learn from experience (or change to suit the environment).  And like the brain, the steroids can overdo it, and if they do it can be dangerous.  Athletes with too much new muscle sometime break there own bones.  Heart arrhythmias can become fatal. Etc.  So just as our brain learns what to fear, but not to far too much.   The use of steroids by Mother Nature or by Coach Maldroit needs to be moderate. (Gangs in Los Angeles use steroid to get “free” body muscle to look tough, but then end up in the hospital with health problems. Steroids are not just for Olympic athletes.)

    So, within seconds, for minutes, we have the adrenaline response.  And within minutes or an hour, we have steroid response to cope with fearful situations. This lasts for hours to days, as the body adapts.  Hans Selye describes this at the General Adaption Syndrome, because it seems to occur whether the challenge is germs, an injury, a psychological threat.   Any stress at all can trigger it.  His book about this, which I recommend- even though it leans to biology it shows how this response can become exaggerated to ill effect- is called Stress of Life.  I do not like the term stress because it has no good definition.  Is it the stressor?  Is it your reaction?  Is it your overall level of stressors or reactions?  I was on the founding faculty of the Stress Institute at Roosevelt University, but I did not like the word stress there either.  But I lived with it, just as I live with “fear”  and its vagaries. (Vagus-ries?)

 That’s almost enough to chew on for now.   Yes babies have adrenaline and steroid responses,  so do old people.  Oddly, the boys who murdered at Columbine seemed to have suppressed these responses, and so their murderous behavior was far more  caculating and effective than the professionally trained SWAT teams sent in to stop them.  We may be able to suppress these response with training- I,.e. habituate,  rather than become sensitized (PTSD).

  Do combat vets suffer when they find that they were habituated rather than sensitized to the horror?  Do they in a sense have PTSD envy, because they killed and saw horror and were not driven over the edge by it?   And why do we sometimes habituate and sometimes sensitize?   Sleep well.   

 

