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Living Inside Your Head:  The 2011 Nobel Conference

-- Doug Wilhide
The 47th Nobel Conference was held on the campus of Gustavus Adolphus college October 4th and 5th in St. Peter, Minnesota.  We drove down to enjoy the fun and games of heady lectures on the latest advances in neuroscience, collected under the conference theme: “The Brain and Being Human.”

The Nobel Conferences, sanctioned by the Nobel Foundation, began in 1963 with 26 Nobel laureates in attendance. This year no Nobel winners were around but there were plenty of high-power academic stars representing various fields of neuroscience.

Being in the audience is a remarkable experience.  Where else can you find 5000 people who will sit on uncomfortable seats for two days to listen to high level -- and sometimes highly technical -- lectures on esoteric subjects like synesthesia and neuroeconomics?  Especially when they don’t HAVE to be there... and magnificent autumn weather is always a temptation away just outside the lecture hall?

But people do come.  In fact this year’s conference was sold out well in advance and some of the lectures had overflow areas where people watched on big screen TVs.   It’s now possible to get access to the lectures in other ways -- they are streamed online and they are posted as an online archive, https://gustavus.edu/events/nobelconference/2011/archive.php.  

Being there in person, however, is special.  It’s the difference between listening to a symphony over the radio and being in the concert hall for the live performance.  There’s a collective energy and a sense of combined concentration:  sometimes you can almost hear the gears in all those heads grinding the data.  The Q&A sessions are often as interesting as the lectures themselves.

I take notes at these things.  Part of this is old-fogeyness:  it used to be the only way to capture what was said since there were no transcripts and the technology for posting videos online hadn’t been invented yet. Part of it is old habit -- this is how I learned as an undergrad and graduate student and it still feels right.  Part of it is just plain old -- at my age it’s easy to forget damn near everything unless there are notes to refer to.

In any case, here are my summaries of the 6 lectures we attended, along with comments and a few side observations.  Keep in mind that I’m writing these notes in semi-darkness, perched on a bleacher seat and trying to fend off writer’s cramp.  What I recorded and what the speakers actually said may have little in common.  Nevertheless, enjoy!

Day One
We leave Minneapolis as the day is beginning, the air still dark, the early sunlight just catching the tops of the trees.  There’s a buzz:  people are going to work, walking dogs, rolling trash cans down to catch the recycling truck.  Everyone seems to have a cup of coffee in hand.

It takes a while to get out of town and I am reminded once again how fortunate I have been to work from my garage for the past two and a half decades:  these traffic jams must be soul-sapping for the thousands of people who sit in them every day.  We are headed away from the city but even so we wait in lines at several junctures.  When we finally break out of the southwestern suburbs we feel free.

Jean and I have been going to the Nobel Conferences since 1997, though we’ve missed the last few.  It’s about an hour and a half to the small town of St. Peter where Gustavus Adolphus sits on a hill above the Minnesota River.  The area is known as Peaceful Valley -- somewhat ironically since this is the site of the 1862 Dakota Conflict, which resulted in hundreds of deaths and the hanging of 38 Dakota Sioux Indians, the largest mass execution in American history.

It’s still a beautiful place.  Most years in early October it feels like summer on the way down and feels like fall on the way back, but this time autumn is all around us with peak colors in the trees and fields of corn and wheat in mid-harvest.  After a wet spring and a dry summer, the past few days have been clear and glorious and temperatures have risen into the 80s.

We arrive just after 9AM and go through the familiar routines of being directed by people waving traffic wands to a parking spot in a field near the football stadium.  St. Peter is looking more lovely than ever.  Several years ago it was hit by a tornado which damaged many of the historical homes and public structures and wiped out a large portion of the old hardwood trees.  Now the buildings have been restored and the replanted trees look like they belong.  

We join the line of people heading toward the Lund Center, Gustavus’ combination arena and sports hall.  There’s a good mix: old folks like us, the women wearing comfortable shoes and carrying purses and bags, the men sporting white beards and white hair (sometimes very little of the latter); Gustavus students tumbling out of their dorms looking sleepy, the boys wearing baggy shorts and rumbled shirts, the girls wearing short shorts or impossibly tight jeans, all carrying big backpacks; busloads of high school students from around the upper Midwest being collected by their teacher/chaperones for group photos under the trees.

We are shuffled efficiently inside by Gustavus students in Nobel Conference t-shirts who scan our tickets and distribute lanyards to hook on to them.  Technology has improved since our last visit.  Instead of paper tickets that you dug out of your pocket and flashed at someone, now we have plastic ones with two kinds of scannable codes.  No more sneaking into the reserved section with the padded seats. 

Newer technology is evident in other areas as well.  There are two giant screens mounted above the crowd so you can see the speakers clearly even if you find yourself behind someone with big hair.  The graphics, lighting and sound systems are better and more professionally done -- better than those at a conference I attended in New York earlier in the year.  The cameras are remotely mounted and transmit images in high definition. 

In past conferences there was a large platform at the back of the arena with boxes of electronic equipment and a dozen or more IT technicians scurrying around.  Now there are two or three guys tucked away in a corner, watching laptops and pressing buttons.  Jean comments, “Looks like they fired the A/V department and brought in the pros.”

We find seats up in the balcony bleachers.  The Gustavus orchestra strikes up Brahms’ Academic Festival Overture and the faculty parades in, decked in their robes, colored cowls and funny hats.  People rise from their seats.  I’m not exactly sure why.  Part of it is a holdover from medieval pageantry when scholars were accorded privileges that ranked them with high-end guilds (which also accounts for the robes, cowls and funny hats);  part may be an appreciation for the dedication to intellectual pursuits these people represent;  part of it may just be common Midwestern courtesy.  It’s a little pompous, but then pomposity has always been part of the academic milieu.

The president of the college (a guy named Ohle -- seriously) drones on and on about the college and the Conference.  This is Gustavus’ 150th year and things are going well.  Lots of endowments, lots of donors to recognize, new faculty, new departments, etc.  Dr. Ohle notes that the Board and senior administration went to Sweden over the summer and renewed ties with their cultural heritage and the Nobel Foundation.  He’s wearing a weird thing on a patent leather strap around his neck -- a large brass scarab that looks like a cross between a skull and a Viking good luck talisman.  

Finally he finishes and yields to the chaplain who greets everyone with a loud “Peace Be With You!!” which draws the appropriate response from thousands of Lutherans.  The pastor came to Gustavus after starting a “missionary church” in nearby Eden Prairie, a bastion of Republican suburbanism (in need of missionary work more than most, some might say).  We offer a prayer for Ralph Steinman who won this year’s Nobel in Medicine and died before he found out.  The hall is full to overflowing.  The buzz and chatter subsides.  We finally get under way.

Lecture #1. Larry Young -- The Monogamous Brain:  Implications for Novel Therapies for Autism.
Young is a professor at Emory University School of Medicine in Atlanta and leads the Center for Behavioral Neuroscience there. He has been working with voles -- small mouse-like critters -- to try to understand why some species form strong social bonds and others do not.  This work has gained him a lot of recent exposure as he investigates molecules that affect how people may be attracted to or repelled by others.

The neurobiology of the “social brain” is very ancient and is not unique to humans.  The bonds between mother and child, father and child, mother and father, etc. are found in a wide range of animals.  Still, 98% of mammals have no social relationships beyond sex.

To understand how social bonds work, Young has been working with a couple species of voles.  Prairie voles are socially monogamous.  Once they choose a mate they form a partnership that endures, though this is not the same as being sexually monogamous.  “If a vole is wandering around on the prairie and runs into another vole they may have sex.  But the important thing is they come home to their mate at night.”   Meadow voles, on the other hand, are one-offers.  The males will mate with a female then leave and never return.  

So what explains the difference? Young stared by asking why monogamy might provide an adaptive advantage.  Sometimes a species is at the mercy of predators and it takes two parents to protect the young.  Sometimes mates are hard to find -- either because of low population density or short life spans.  You tend to stick with the one you do find. 

Sometimes mating behavior is just weird.  Young showed a slide of an odd male fish that spends half its life seeking a mate.  When it finally succeeds, it “merges” with the female, linking up organs, blood vessels, everything, until just the eyes and gonads of the male remain.

It appears that one molecule plays a key role in all of this.  It’s called oxytocin (oxy-toe-sun).  It gets produced in larger quantities at moments when bonding is important -- like when the breast is stimulated in order to produce milk.  It seems to be a factor in establishing the nurturing bond between mothers and babies.  Female “virgin rats” for instance, don’t like baby rats (they’re called “pups” -- who knew?), but increasing their oxytocin causes them to be attracted to them.  Sheep, which give birth at the same times in the year, use oxytocin to build more complex bonding structures with lambs:  there are lots of babies; I like babies;  I like my baby.

One of Young’s experiments placed a male and two female prairie voles in adjoining cages. One of the females was injected with oxytocin and the male mated with her.  After two weeks when the male was allowed to choose which cage to enter, he went first to the unmated female and attacked her, then scurried over to his mate and cuddled.

So it appears that oxytocin is important in forming social bonds, from choosing mates to nurturing young.  But both prairie voles, who are monogamous, and meadow voles, who aren’t, have the same oxytocin.  What explains the difference?  

Young thinks it’s the receptors in the brain cells that attract oxytocin molecules.  Prairie voles have a high density of receptors around the parts of the brain that recognize “good” things -- reward centers.  Mating stimulates these receptors and the results show up on brain scans.  In fact, Young says, since voles look pretty much the same, it’s easier to identify an individual vole by its brain scan than by its appearance. 

There’s also a male version of oxytocin called vasopressin that plays a role in male bonding.  But the two molecules developed from different evolutionary backgrounds.  Young theorizes that females developed their social bonding preferences from nurturing young but male vasopressin seems to be related to behaviors such as aggression and territorial marking.  Males choose females the same way they choose territories, while females bond with males the same way they bond with their young.

How do these simple molecules lead to the complexities of social bonds?  It appears that the receptors, and where they are located in the brain, play a key role.  When the receptors are knocked out with drugs, animals can’t recognize each other and develop a kind of “social amnesia.”  Mice identify each other by sniffing.  Once they’ve determined a particular individual, social bonds develop over time.  But mice who can’t use oxytocin and vasopressin can’t tell one mouse from another and “have to start all over again” with each contact.  

Sex is rewarding and stimulates powerful hormones like dopamine.  In one experiment Young had rats push a button that allowed a female to come into their cage.  Even after the reward was removed, the rats still remembered:  “Male rats will push a button for weeks hoping a female will drop out of the ceiling.”

Oxytocin receptors help animals remember the pleasure of sex with a specific partner (who WAS that rat?!!). Young is now working on ways to isolate the genes that make this possible.  It appears that a single gene activates the oxytocin receptors and makes social bonds possible.

How did the diversity in social bond formation evolve?  Young thinks it’s a result of gene expression controlled by DNA.  Voles have almost identical DNA except for a couple gaps in some gene sequences, that Young calls “micro satellites.”    The length of the gaps determines how much oxytocin is expressed in the brain and also determines social behavior.   One piece of DNA may determine all the differences among individuals, though experience also plays a role.  Voles who are raised with both parents form stronger social bonds than voles raised with only a mother.  Human females who have suffered early childhood neglect or abuse produce less oxytocin.

What can we learn about human behavior from this work with voles? It turns out that humans also have micro satellite gaps in their DNA.  Sixteen specific lengths have been identified and they can predict the amount of oxytocin receptors in the brain.  A Swedish experiment with 1000 individuals showed that there was little effect in women, but men with longer gaps had twice the marital problems and divorces and were much more non-committal about relationships.

All of this has not gone unnoticed by marketers.  Young showed a couple ads promoting oxytocin products.  One called “LiquidTrust” claimed that if you sprayed it on before a business meeting people would be more likely to like and trust you. It sells for about $600 a bottle and, as Young noted, it doesn’t work.  The brain blood barrier doesn’t permit the oxytocin to get through.

On the other hand, nasal sprays may work a little better (some of them have been promoted at singles bars.)  In one experiment subjects who used the spray were three times more likely to look into the eyes of another person for longer periods of time.  Young refers to this as “mind reading” since humans identify each other by looking and recognizing facial characteristics rather than by sniffing.  Females generally have more empathy but males who used the oxytocin sprays were more likely to look people in the eyes and more likely to smile.

So what does all this have to do with autism?  It’s a brain disorder that affects social engagement and reciprocity, and is manifested in poor conversation and repetitive behaviors.  It appears to result from the interaction of several genes but Young hypothesizes that the ability to process social information and translate that into social behaviors may be influenced by oxytocin and its receptors.  If this is true then it may be possible to change both the processing and the behavior.

Early results of oxytocin nasal sprays for autism sufferers have shown great promise (and have gained Young and his team a lot of media attention).  But the results only last for a few minutes.  Getting more oxytocin into the brains of voles by using a carrier chemical called Mc41L have shown results that last for weeks and sometimes longer. Young is now working with the Center for Translational Neuroscience to find ways to take his vole results into clinical studies with autism patients.

Q&A.
If we eliminate anti-social behavior by using oxytocin would we also impact the diversity of social behavior?  Not that big a deal -- so far.  Some voles respond to oxytocin more than others, so there’s a spectrum of just how much impact oxytocin has. 

Why do abusive men hold on to partners they abuse rather than just let them go?  This may be explained by the evolutionary history of oxytocin/vasopressin expression.  It developed from territorialism in males and mother-young nurturing in females.  Males may see females as part of their territory and fight to defend it.

Could there be an oxytocin treatment for love sickness?  Young gets this question in almost every talk and class he teaches, usually from “a young woman who has been recently dumped by her boy friend.” The question also applies to the process of grieving over a lost partner.  It’s hard to answer because it involves parts of the brain that involve social behavior as well as parts that help us handle stress. Voles who have bonded and then one of the partners is removed show “depressive behaviors.”  In some ways social behaviors are related to addiction.  The loss of a mate produces behaviors that mirror those of addicts who are trying to get off their drugs.

What other factors beyond oxytocin levels influence social behavior?  Early life experiences play an important role (voles raised by both parents behave differently than voles raised by just the mother).  There also are differences among individuals.  Genetic differences tell us some things but experience affects how genes are expressed. 

Males run the gamut “from homebodies to hound dogs.”  Why do women who love them keep making the same mistakes in relationships rather than learning from them?  Some voles are “spontaneously nurturing.”  They will automatically like pups and giving them more oxytocin doesn’t change that.  Others who are not spontaneously nurturing, when given oxytocin, will show increased social bonding but not nurturing.  It appears that experience over time allows for more oxytocin expression but not enough to completely counter anti-social behavior.

Have any experiments been done using oxytocin with sociopaths to help increase their empathy towards others?  Not yet.  We have to remember that -- at best -- early results in humans are very short lived -- less than an hour.

Does oxytocin impact homosexual bonding?  Voles, like most mammals, don’t form bonds with others of the same gender.  However it is “probable” that the results are generalizable to other kinds of pair bonds, including friendships.

Does it make a difference with varying degrees of autistic patients? Should we look at giving oxytocin to children?  “Don’t try this at home.”  Young’s results are from very preliminary clinical trials and, again, they last for only a short time.  Most of his results have been with extreme autism patients.  Much more clinical work is needed before the promise of oxytocin in voles can be translated to treatments for humans.

Comment
A very good first lecture.  Young is an energetic speaker and is clearly “all in” with his work.  He held the attention of those 5000 people -- even the high schoolers.  His affection for the tiny voles he works with was evident and endearing -- who knew that small rat-like critters could be cute?  

A couple themes emerged that would continue to show up through the conference.  The “don’t try this at home” admonition is important.  A lot of this research is in its very early stages.  We have a natural tendency to extrapolate in a science fiction kind of way, but it’s important NOT to take neuroscience research and “translate” it into clinical practice too quickly.  Autism patients, especially children, are not the same as lab research animals. The parallels between guy and gal voles and guys and gals are intriguing, but the complexities of love, sex, pleasure and pain are not ready to be simplified into a single molecule or even a single kind of gene expression.

Young finished his talk by showing slides of his team.  Many of the speakers did this, making the point that neuroscience now requires people from a lot of different fields -- from pure science to computer science to medical clinicians.

Lunch Break
Jean and I followed the crowd out into a magnificent early autumn day.  We had brought a picnic and spread our blanket under a tree with a view over Gustavus practice fields.  Lunch was sandwiches, corn chips, fresh Minnesota apples, cookies and an excellent bottle of well-chilled sauvignon blanc.  

This particular conference is of more than usual interest.  I have been experiencing headaches for the past few months and have been looking for neuroscience answers of my own.  Brain tumor?  Migraines?  Interstellar signals?  I finally saw a neurologist the day before the conference started.  She did a preliminary evaluation and  scheduled more diagnostic and imaging checks for the next week. 

Her first guess is that the problem is due to “occipital neuralgia.”  It means that muscle spasms near my upper spine may be pressing against a nerve and causing the pain.  This may be due to arthritic degeneration in my neck and/or to exceptional muscle tightness along my spine.  Both are fairly easy to treat with muscle relaxers and massage.  We’ll see. For now it’s just more fun to say “occipital neuralgia” than “brain cancer.”

As it happened, the doc was also signed up for conference.  It was comforting to find my neurologist seated in the audience right below us. 

Lecture #2.  Villayanur Ramachandran -- The Neurology of Human Nature.
This was supposed to be the opening lecture.  Ramachandran -- “Rama” for short -- is perhaps the most famous of the presenters. Director of the Center for Brain and Cognition at the University of California/San Diego, he has published four popular books on neuroscience and more than a hundred articles.  He’s been called the Marco Polo and the Sherlock Homes of neuroscience and TIME magazine named him one of the 100 most influential people in the world. 

Unfortunately he had a last minute emergency that prevented him from coming and had to give his lecture through a video transmission from La Jolla.  This was too bad because it was extremely difficult to understand what he said.  The video transmission meant he couldn’t interact with the audience.  He speaks very quickly and has a strong Indian-English accent.  My comments are sketchy, but what he had to say is important.  If you want a better transcription, check the archived talk: https://gustavus.edu/events/nobelconference/2011
Ramachandran is best known for his invention of the “mirror box.”  He worked with a patient who was experiencing extreme, intense pain in his left hand and complained of clenching his fist so tightly that the nails dug into his flesh. He couldn’t unclench the fist. The problem was complicated by a singular fact:  the patient was an amputee and didn’t have a left hand.

Ramachandran made a box with mirrors and had the patient stick his right hand into it.  He told him to make a fist and then unclench it.  The patient saw his right fist and its reflection, which looked like his missing left hand.  When he unclenched the right hand the “phantom pain” in his missing left hand disappeared immediately.  Years of suffering ended.

Ramachandran noted the complexity of the systems in the brain that turn electrical currents on and off -- there are more possible brain states than there are particles in the universe, even allowing for the supposition that we use only 1% of our brain capacity (“which is not true -- except in Texas” ... best line of the conference so far.)

We have known how various parts of the brain control our activities for hundreds of years but we have gained real insights into brain disorders only recently. Phantom pain in missing limbs is one of them, but there are others.  Ramachandran cited the case of a “completely normal” patient, the dean of an engineering school, who suddenly became obsessed with having his left arm amputated.  This condition has been noted by many theorists.  Freud thought it was sexual -- that the stump would resemble a penis. Others have proposed that it was an extreme psychological attempt to get attention.  This is “nonsense.”  But the fact remains that when patients do go through with an amputation they instantly feel better.

What is going on?  We now know that the brain constructs a map of the body, a sort of mental self-image, with different portions of the brain controlling different parts of the body. Ramachandran thinks that patients who request the amputation of a healthy limb have some part of the brain’s body image blocked.  It feels like the limb doesn’t belong to them and this is the cause of the pain.  

The hypothesis is supported by clinical experience -- patients are asked to mark where they want the amputation and then asked again a couple weeks later.  They almost always mark exactly the same place, indicating that the disorder is neural not psychological.  In other tests patients were jabbed with a small electrical probe.  They winced when the probe was above the line they’d drawn and felt nothing below it, another indication that this is a physiological not a psychological disorder.  The signals are going out from the limb to the brain but there’s no place in the brain for them to be received.

We can’t easily understand phantom pain in a missing limb or why a normal person would want a limb amputated.  But one hypothesis is that areas in the brain get confused.  The area in the brain’s body map that controls facial muscles is adjacent to the area that controls the hand.  Some amputees can describe specific feelings in missing limbs that correspond to specific areas on their face:  they feel a pain in their thumb when stuck with a small needle just below the cheekbone, for instance.

The brain appears to misinterpret signals, especially in areas of the brain map that are close to each other.  Ramachandran suggested that this may offer opportunities:  the loss of a limb may not be a complete loss if the signals from that limb can still register in other parts of the brain.

The experiments with mirror boxes show that visual signals to the brain can override misrepresented signals from missing limbs.  The patient “feels” the limb in the position it was when it was amputated.  But “seeing” it change in the mirror box initiates a visual feedback loop.  The missing limb “looks” better.  Amazingly it suddenly feels better -- the pain goes away and stays away.

Another kind of phantom pain called RSD exists in patients who have had fractured limbs.  Even after the fractures have healed some patients experience extreme, chronic pain and even swelling and inflammation.  Patients who have had paralyzed arms but feel pain in them can move their other arm in a mirror box and the paralysis and pain goes away.  Same thing for patients with fractured hands: when they move the good hand and “see” the bad hand moving,  pain, inflammation and swelling go away immediately... sometimes while the patient is watching.

Where are the neurons that control this visual loop? Monkeys were trained to guide a robotic arm in order to grab a peanut.  Their brains were scanned to find out which areas control the activity.  Then the robotic arm was disconnected.   The monkey thought it was still guiding the arm but really the arm was being guided by wires attached to its brain.  It looks like we can manipulate the brain to cause very specific movements.

In other experiments patients with a missing limb were matched with people who had normal limbs.  When the normal person was poked in the area where the patient had a missing limb the patient could feel it.  This is similar to the mirror box, and shows that the brain can use visual stimulation to create a kind of empathy with nearby areas of the brain map.

Ramachandran talked about synesthesia, the ability to mix senses.  People who have this ability say they can hear colors, or feel sound. They often claim to assign specific colors to numbers and letters and to days of the week, months, etc.  The ability seems to be stronger in creative people, weaker in more linear thinkers.

Synesthesia has been studied for hundreds of years.  Darwin thought it was very rare, but tended to run in families  Since the condition is more evident in artists and poets, many scientists thought that synesthetes were “just crazy... or, in California, high on drugs.”

But more recent experiments have shown that synesthesia is real.  When tested to find the shape of a series of #2s embedded in a field of #5s, synesthetes could decipher the shape twice as fast as others because they saw the 2s as one color and the 5s as another.  Synesthetes also have a higher “white meter”-- they see whites more prominently than others. 

So is this effect sensory or cognitive?  And what areas of the brain are responsible? An experiment with  a color blind synesthete (“which sounds like an oxymoron”) showed that the subject was still able to pick numbers out of a background field faster... and even complained that the numbers were the “wrong color.”  Since the subject has never seen colors this indicates that the brain has some kind of built-in color meter even when visual clues are absent.

It turns out that the areas responsible for determining colors and numbers are right next to each other in the brain map.  Ramachandran thinks the brain may sometimes merge them in a process of “cross-optimization,” similar to the process that lets people with phantom pain “feel” areas of a missing hand in areas of the face.  

Ramachandran thinks that creative people may have a genetic predisposition to “cross acclimate.”  They are more likely to think and talk in metaphors.  Lines like Shakespeare’s “It is the East and Juliet is the Sun” (“a phrase pregnant with overlapping metaphors”) may come from genes that let the brain connect different areas more readily than normal people -- which may provide an evolutionary advantage.  

Ramachandran thinks that these various cross-over phenomena are related.  Phantom pain, empathy and synesthesia may all show that the brain is capable of connecting disparate areas in its virtual map of the body.

Comment
I am a synesthete, though not a particularly strong one.  I have always seen numbers and letters as having specific colors.  Same thing with the days of the week and the months.  It would be interesting to test people with some kind of variable color wheel and see if the colors they assign to given numbers, letters, etc. remain constant over time.  I’m guessing they would, probably more so for people with stronger synesthesia.

There is overlap.  I see the letter “i” as white, for instance, but I see “Friday” as a mixture of its letters -- the “I” is colored a little differently by its juxtaposition with the other letters.  I see “a” as red and “o” as black.  A word like “amazon” breaks into two color blocks for me, one dominated by red, the other by black.  Interesting that the vowels tend to be more dominant color deciders than the consonants.

Jean posed a good question:  how much of this could be due to the colors used in letters and numbers when we were in kindergarten and first grade?  If it were possible to track down the suppliers of school materials from, say, 50 or 60 years ago and compare them to the colors synesthetes of a certain age see, we might discover that the colors we ascribe are really deep, early memories from learning our numbers and alphabets.

Ramachandran’s work is very important and not just because of his results relieving phantom pain in patients who had suffered for years.  The idea that the brain maps of our bodies are dynamic -- that we can sometimes cross over from one area to another -- means that we may have redundant capabilities.   It may be possible to train our brains to fill in gaps caused by injury or illness.  

Again, it was a pity that Ramachandron couldn’t be at the conference in person, and that he was so difficult to understand.  But he has published several books on his work, and for those interested, they are readily available on AMA (red) ZON (black). COM (dark grey).

Break
We didn’t stay for the Q&A session, since we couldn’t understand much of what was being said anyway.  Instead we took a break and browsed in the Gustavus bookstore.  I like checking out the course reading lists in college bookstores, just to see what today’s profs are requiring.    Gustavus seems to be building a strong neuroscience curriculum, which may account for the prevalence of Nobel conferences that deal with the brain.  Other conferences have dealt with Alzheimers and age-related issues, advances in genetics and medicine and how nature and nurture work together.

But it’s hard to see that in the bookstore.  The courses with the most varied reading lists seemed to be business classes.  Math classes were well represented as were classes in pre-med areas.  English was disappointing.  Most of the courses featured short works and anthologies -- a class on 19th century literature included just the Norton Anthology of Romanticism, not the whole thing.  There was only one class that included full length novels:  a course on Harry Potter.

Of course this is not a sound way to evaluate the quality of a college curriculum.  But I wonder.   Bloomington is a suburb of Minneapolis and has a Bloomington West high school that sends a lot of students to Gustavus. Gustavus has a reputation of being “Bloomington South” -- sort of an advanced high school. I hope I’m wrong. The students who wandered past saying, “Oh, this is the book section.  We don’t do books...” did little to enhance my confidence.

Lecture #3.  Helen Mayberg -- “Mapping Depression Circuits:  Foundation for New Treatment Strategies Using Direct Brain Stimulation.”
The separation of science from the arts and humanities has been around for a long time, especially in academia.  But science arose from poetry and Goethe proposed that “when times change the two realms can meet again as friends.”  This is happening now as we begin to study the science of emotions with new tools and new theories.  

Mayberg, who is both an MD and a neuroscience researcher at Emory University on Atlanta (and a colleague of Larry Young), thinks this is a great time to be in the field.  She is working in the area of “translational neuroscience” -- taking the discoveries of pure research and translating them into clinical practice.

Mayberg studies how depression is mapped in the brain.  She began her talk with a caution, an echo of Young’s:  do NOT try this at home.  Her work is highly speculative and experimental and not ready for full scale application. She is aware that popularization of her work can lead to a dangerous false optimism.

She opened with a quote from William Styron, the writer and novelist (Sophie’s Choice, Confessions of Nat Turner) who suffered from depression and wrote a book about it, Darkness Visited.  Styron described his symptoms in great detail.  He called depression “a positive, active, anguish” and a chronic “psychic pain” and argued that those who had not had the disease could not really know what it feels like.

Depression has been diagnosed since the days of Hippocrates, but treatments have been rare an ineffective.  Doctors used to bleed depressed patients, shock them, tie them up and condemn them to hospitals with appalling conditions.  Depressives have trouble sleeping, loss of appetite, constant fatigue and recurring thoughts of suicide.  Even today, with better treatments, only 40% get better and half of those are prone to relapse. We have no biomarkers for depression, no pathology and few models for how to get patients out of depressive episodes.

Mayberg has been experimenting with deep brain stimulation -- implanting electrodes in specific areas of the brain and seeing if electronic pulses can help depressives.  This sounds drastic but it’s only been possible because of recent neuroscience advances. Dopamine was discovered to play a role in mood operation and the drug L-dopa had some success in treating depressed patients.  But mood altering drugs have only been available for the past 50 years or so.  Since the 1930s we’ve known that discrete areas of the brain control specific activities, but it’s only been since the 1990s that we’ve begun to figure out how parts of the brain work with other parts and how synergies among neurons operate.  Neurosurgery also has become much more precise in the past decade.  

So if we know what parts of the brain affect mood and depression, and we’re now capable of planting something very close to those areas, why not try specific kinds of stimulation at specific areas in the brain?  Mayberg calls this “neuromodulation” and the goal is to see how different circuits in the brain are affected.

The originator of most of this research was an eighteenth century French doctor named Paul Broca.  He is best known for having identified Broca’s Area, a region in the frontal lobe that controls speech and other “higher” functions.  Broca and later researchers found that if they “disconnected” this area through surgery they could alleviate the suffering of some depressives.

But why? Many stroke patients suffer from depression and you can map the areas of the brain that have been affected by the stroke.  But not all stroke patients become depressed.  Depression may be caused by multiple areas of the brain working in a kind of network. 

Mayberg and her associates have isolated the network that seems to be a factor in all kinds of depression disorders.  They call this “area 25.”  Healthy people, when they’re “blue” or having sad thoughts, show aberrant activity in this region, though only for short periods.  Depressed patients show the activity all the time.

Some drugs work on Area 25.  Prozac, for instance, goes to this area and “tunes” it down for a while.  But so do placebos when the patients think they’re getting Prozac.  Some psychological treatments -- “talk therapy” -- work on this area too. Even magnetic stimulation can work for short periods of time.  But not all people respond to these treatments and extreme depressives are least likely to be affected.

If you can talk it down or drug it down, maybe you could modulate the circuits in Area 25 with a current.  But “this IS brain surgery” and Mayberry wanted to be sure to “cause no harm and do things right.” She experimented only with four extremely depressed patients, carefully selected because nothing else had worked for them.  A special device was attached to the skull to guide a neurosurgeon in implanting a hair-thin set of electrodes in precisely the right position.  This was done with just a local anesthetic so the patient was awake and responsive.

When the first electrode was turned on with Patient 1 nothing happened.  But when the second electrode was turned on the patient instantly felt better.  She began chatting with the doctor, was more interested in what was going on, said the room seemed brighter, and formed more complex sentences.  She felt “like spring.”

Mayberry was encouraged.  Either nothing happened or something good happened.  But nothing bad happened.  This made it possible to experiment with other patients.  Six more patients were treated with the deep brain stimulation implants.  Mayberry tried continuous current and interrupted currents at various frequencies.  Four of the six “got really better.”  PET scans showed that Area 25 had been tuned down and stayed that way.

Twenty patients have now been treated this way and result are mixed.  Half of them got better and stayed better and there were no side effects.  But the treatment doesn’t work all the time and two of the patients eventually committed suicide.  Mayberry noted that depression is a malignant disease: it spreads and gets worse.  Some patients may have different areas of the brain involved and treatment in one area may not have affected other critical areas.

“So what actually did we do?”  The experiments showed that deep brain neuromodulation can work but it’s still not clear how or why.  Patients who had the electrodes on all the time sometimes experienced “the dwindles” -- they were not clinically depressed but they still had variable low moods.

Mayberry thinks that Area 25 may be “an intersection” that controls multiple areas that affect depression.  Some of these are only millimeters apart.  Placing the electrodes even a little off can affect success.  But when it works, it works well.  One patient, who complained of feeling like he was constantly in a room full of screaming children, said it was “like the kids had left the building.” Another was able to live on her own and even found a job after not being able to work for years.

Patients are becoming collaborators with the researchers as Mayberry links the neuroscience to the clinical practice.  Each new patient reveals more about how these parts of the brain work.  The next steps are to continue to figure out how to “re-set” the brain so it can use its plasticity, along with rehab therapy, to heal itself.  “We want to help these people remember what it is to be well” so their brains can retrain themselves.

Q&A.
Will this deep brain stimulation therapy work on “regular” patients?  It’s too soon to tell.  Mayberry works with only the worst of the worst at this stage because they have not responded to other kinds of treatments and are in desperate pain every day.  “But we’re kind of in a Mr. Magoo stage...” bumbling around when it comes to understanding why and how things work.  

The dynamics of the brain are very complex.  The electrodes have to be placed at exactly the right place and the current has to be just right and even when those things are right the brain can change and everything has to be reset.

We still don’t understand the interplay among critical areas of the brain.  The network that appears to control things like depression seems to vary in different patients.  Sometimes one will respond to current from electrode 1 and sometimes from electrode 2 and this can change even with the same patient.  

The brain has evolved in such a complex way that its networks are not built the way you might wish if you were an engineer starting from scratch. Mayberry’s team tries to get a feeling for “the state of the network” as they work with patients and tune the modulation to fit.  

What about mounting the electrodes outside the skull so you wouldn’t have to do invasive brain surgery?  It doesn’t work very well.  The electrodes are very small and they need to be very close to the area that gets stimulated.  There have been attempts at “transcranial stimulation” but the signals are hard to focus on the areas that need them.

How valuable are brain scans when diagnosing depression?  Mayberry is not diagnosing depression.  Her patients already have had years of diagnosis for their condition and have tried every other available treatment without success.  Scans are “very helpful” to find out what is going on in specific areas of the brain but they can also “play havoc with your theories.”   Sometimes when she expects to see a decrease in activity she’ll see an increase.  You have to be “agnostic” as a researcher and go where the data leads you.  Scans are just a tool.  They don’t replace other kinds of therapies.  “We can find out some things, but we still need to let the psychiatrists do their jobs.”

What about cultural factors?  How do they play into this research?  Mayberry’s results are “pretty much constant across cultures.”  Different cultural backgrounds may result in varying feelings about depression -- and even different names for the symptoms -- but the disease is still the same.

Age and gender, however, do play a role.  Before puberty, boys and girls have about the same rates of depression.  After puberty more females become depressed and in more ways.  People over 60 also are more likely to become depressed, often in the context of other late life illness.

How does it work?  “I dunno.  Next question.”   At this point Mayberry can offer only speculation.  Area 25 is rich in serotonin and serotonin transporters.  It’s affected by stimulating drugs like dopamine.  It’s possible that the electrical stimulation changes the oscillation of brain currents and changes the brain’s rhythms.  

Could this be an effective treatment for children with mental disabilities?  The child’s brain is very dynamic and is affected by all kinds of stimuli.  Early childhood trauma, abuse and other environmental factors come into play.  “I wouldn’t operate on a child” with this procedure.  It’s just too early in the process to know if it’s the right treatment.

Comment
Mayberry is an interesting and effective presenter, a mix of high-level scientific researcher and down-to-earth realist.  She struggles with, in her words, “chronic overtalking” but her run-on monologs usually include useful information.

This is not the case with everyone. Jean noted how annoying some of the panelists were when their questions ran on and on until it was difficult to determine what, exactly, was being asked.  

I suggested that this is par for the course among academics for a number of reasons.  When you regularly have to lecture before an audience of students you find ways to drag out a five-minute point so it can fill fifteen minutes.  Academics sometimes think along multiple lines at once and what seems simple gets more complex to them.  There’s also the matter of “air time.”  Academic discussions -- from graduate seminars to colloquia -- can get competitive.  The best way to hold the floor sometimes is to couch your statement within a question.

In any case, Mayberry did a good job of fielding questions, both from the panel and the audience.  Her research has shown much promise for patients who experience real, anguished suffering that doctors can’t fix in other ways.  But she is quick to remind everyone not to leap ahead too quickly.  Working in both pure research and clinical practice make her keenly aware of how important it is to “get things right” before you try things on patients.

One final note:  the Nobel conference has been criticized in the past for the paucity of female participants.  Its especially true with the physical sciences:  there are fewer outstanding women in those fields; Marie Curie is not available.  This year’s event however included 8 speakers, five men and three women.  

Break
The final lecture of the first day was by Aniruddh Patel on “Music and Biological Evolution.”  It sounded interesting but we are old and our brains can only get a handle on so much information.  We decided to skip Patel’s talk in favor of a comfortable hotel room, another bottle of well-chilled wine, dinner and a playoff baseball game.  (You can view Patel’s lecture here: https://gustavus.edu/events/nobelconference/2011)

We drove down through Peaceful Valley to Mankato, about 12 miles south, crossed the Minnesota river, headed up the hill and found our room at the Country Inn, just outside of town.  We’ve stayed here for most of the conferences we’ve attended.  I’d recommend it -- nothing fancy, a typical motel, but comfortable.  There’s a small pool and a good whirlpool as well a nice walkway that winds around past the edge of cornfields.  The autumn light was still beautiful and the moon was half full and shining brightly in the evening sky. It’s been five years since our last visit, but the area seemed reassuringly familiar.

We stopped at the adjacent TGI Fridays for dinner (not recommended:  there are better places around, but you have to drive to them) then came back to watch Detroit play Tampa Bay.  We were asleep long before the outcome was decided.

Day Two
We were up early and hit the breakfast bar at the Country Inn.  Better than some -- eggs, toast, juice, coffee, rolls, fresh apples.  Then we drove the back way to St. Peter.  It’s a pretty country road that winds above the east side of the Minnesota river valley through fields and woods.  About 11 miles into town.  The weather was so fine we talked about maybe bringing bikes next year. 

Lecture #4.  John Donoghue, Merging Mind to Machine:  Brain Computer Interfaces to Resore Lost Function.
Donoghue is a professor at Brown and is famous for his work with amputees.  He crosses over between neuroscience and engineering, trying to find ways for the brain to control prosthetic devices, an especially important job for returning veterans.  He works with the VA, among other organizations.

He has developed something called the “Braingate,” a device that is implanted in the brain and picks up signals from neurons that are then transmitted to prosthetic devices in an attempt to “restore mobility to the disabled.”  

He thinks we are coming into an “Age of Neurotechnology” where things that used to seem like science fiction are actually being realized.  There are already many devices that are in widespread use.  Millions of people now have pacemakers that help patients with arhythmic heartbeats. Cochlear implants help deaf patients hear.  “Bionic eyes” are in early stages of development.  They consist of tiny electrodes implanted into the cornea that stimulate patterns in the brain from signals received by a miniature camera worn like a pair of glasses.

Even Parkinsons patients have been helped.  Donoghue showed a remarkable video of a woman with Parkinsons walking down a hallway.  She was shaking and could hardly move her feet.  After she had a tiny stimulator implanted deep in her brain, she was shown walking down the hallway perfectly normally.  He cautions that this is only a masking of the symptoms, not a cure, and the effects are very short lived, but the change in this patient was extraordinary.

There are two problems that need to be solved for neurotechnology to work.  First, we need to get information INTO the brain to replace lost sensory information.  Second, we need to get information OUT of the brain so it can restore movement. The Braingate is a kind of “brain-computer interface.”  

People who are paralyzed have a disconnection between their brain and their spinal cord, which carries brain signals to the muscles.  There are many causes for a break between the brain and body parts it’s trying to control -- stroke, injury, limb loss, diseases like ALS.  There are between 5 and 6 million Americans who suffer some kind of paralysis.

Donoghue’s goal is to get the brain to communicate through different channels.  Braingate is an attempt to match “brain speed” with “machine speed,” -- to bypass the muscles and get brain signals directly to robotic operating systems.  Robotics have been one of the areas of tremendous improvement over the last few decades.  Donoghue showed video of a robotic arm that could pick up a bottle of water, unscrew the cap, pour the water into a wine glass and lift it as if it were going to take a drink.  This has tremendous significance for paralyzed veterans who must depend on others for everything they do -- even getting a drink of water. 

We’ve known for 100 years that specific areas of the brain control specific parts of the body.  “Penfield maps” show exactly which area controls which functions.  The brain emits two kinds of signals.  “Brain waves,” which can be measured outside the skull, are like EEGs, but they’re not very detailed -- “sort of like the roar of the crowd” at a football game.

To get more specific, down to the level, say, of what the coach is saying to the quarterback while the crowd is roaring, we need to be able to measure more detailed signals inside the brain.  This requires implanting a microelectrode that can measure signals from neurons.  They show up as “spikes” on an oscilloscope screen.

The Braingate is a kind of “multiserver” that holds about 100 microelectrodes on a device about the size of a baby aspirin.  They can record and transmit dozens, even hundreds of neuron spikes.

Donaghue’s team did a “proof of concept” experiment, implanting a Braingate into monkeys who had learned how to play simple video games.  When they connected a pointer to a specific place, they got a reward (“They seem to prefer apple juice.”)  Then the controls were disconnected (similar to Ramachandran’s experiments).  The monkeys thought they were still controlling the game, but they were really moving the pointer through brain signals transmitted from the Braingate.

In 2004 the experiment was put into a clinical trial with five people who were tetraplegics.  They had Braingates implanted and were asked to imagine a specific movement like clenching and unclenching a hand.  The spikes were analyzed so the researchers could determine which areas controlled which movements.  One area seemed to correlate with a movement left, another with a right movement, still others with up and down.

One patient, Matthew, (the patients have been featured in several articles and TV shows so their names are public) was asked to look at a prosthetic limb that had been hooked up to receive signals from his Braingate.  He was asked to imagine closing and opening his hand.  The prosthetic hand made the movement.  Mattew’s response?  “Shit!”

Matthew also was shown performing another complex task: using a robotic hand controlled only by his thoughts he was able to draw a circle.  It was rough, but it had never been done before by a tetraplegic and it involves a lot more complicated movement than drawing straight lines.

The next questions for Donoghue’s team were: can you implant something this complicated into the brain safely?  Can you get the brain to transmit the right signals over time?  Can you get the whole system reliable enough to last?  So far it looks technically possible to implant a device in the brain and get it to transmit signals that can be translated into movement.

The next steps are just getting underway.  Donoghue showed pictures of early pacemakers -- huge boxes of computers pushed around on carts.  Modern pacemakers are much more sophisticated and are about the size of a silver dollar.  The goal is to take the Braingate technology and do something similar.  They want to remove the “plug” that is attached to the patient’s head to connect to the Braingate, remove all the computers, and remove the computer technician.

So how are they doing?  Donoghue says he’s “a thousand years ahead of Star Trek,” but still behind Star Wars.  He noted a Star Trek scene set in the year 3012 where the paralyzed Captain Pike still had the brain plug.  But in a scene from Star Wars, Luke Skywalker gets a complete replacement for the hand cut off by a light saber and moves  freely. “We’re not where Luke was... yet.”

Donoghue summarized his research.  We know that the brain’s motor cortex remains active even after an injury.  We know that just thinking about moving activates the brain.  So we have the signals ready to use.  We know we can implant devices into the brain that will last for years and can do useful things when channeled through a computer.  

We may even be able to implant something lie a pacemaker into the brain -- electrodes attached to tiny pumps, for instance, that would send out molecules of chemicals when an epileptic is about to have a seizure.

But the Age of Neurotechnology is just beginning.  It requires a “detailed conversation with the brain” and synergistic work among researchers in engineering, physics, medicine and neuroscience as well as clinicians.

Q&A.
So how many neurons does it take for the brain to get a specific action to take place?  A lot. Each cell stores a lot of data and we’re still learning how that information gets used.  Different neurons fire, for instance, when we’re planning to perform an action (like opening or clenching a hand) than when we actually do it.

Is there a learning curve?  Can people get better at using brain transmitters to control motion?  Not much.  The Braingate has to be reset and recalibrated every day because the signals it picks up change.  Matthew can now draw a circle, but it’s not like he’s drawing better circles every day.

Is there a way to do this without such an invasive procedure?  Not so far.  Devices that pick up EEG waves from outside the skull have been around since the 1930s but they are not capable of controlling motion.  The Braingate is as minimally invasive as possible and Donoghue’s team is working on making it even less so.  It’s not great right now, but it is sill a huge advancement and restores some kinds of movement -- and dignity -- to patients who otherwise would have none.

What about using his technology to improve the performance of normal people?  Donoghue met a gamer at Google who, only half jokingly, talked about getting a Braingate implant and a third arm so he would be “invincible.”  There’s a whole field emerging that is known as “post-humanism” or “transhumanism.”  It’s mostly science fiction for now, but it’s spurring discussions in areas like brain implants, plastic surgery and ethics.

Could something like the Braingate be used to restore memory loss?  An interesting question.  In one experiment when Donoghue’s team was installing a Braingate in an obese man to help control “morbid overeating impulses,” he suddenly started recalling old memories.  Apparently the electrodes had tapped into memory tracks.  But memory is a complex, deep brain function.  Dementia patients, for instance, can often remember things from the past but not recent activities.  To help them we need to enhance the ability to remember new things. 

Can we use this neurotechnology to help with neurogenesis -- for instance, to help the brain build new prosthetic brain maps of the body?  Not yet.  Each neuron has as many as 5000 inputs and outputs and their signals move at light speed.  We would need to know what each one does and then be able to use something like fiberoptics to duplicate how each neuron works.

What are the biggest technological hurdles now?  “First, tell me how the brain works.”  Neuroscience has made amazing progress in the last couple decades but we’re still a long way from answering that basic question.  We still don’t know how many neurons it takes to control a motor response.  Second, we need to find out how long these kinds of devices will last in the body.  Right now Donoghue is implanting a device that is still linked to an external “plug” and tied to an array of computers controlled by a technician.  The Pacemaker is the model of going from big and clunky to small and elegant, but implanted electrodes in the brain aren’t there yet.  Finally we need better batteries.  This is brain surgery and it’s risky.  We can’t be going in and out of people’s brains just to change their batteries.

Can neurotechnolgy help patients with stroke damage beyond paralysis? Strokes usually damage fibers in the white matter of the brain.  This technology is aimed more at the grey matter.  It takes 15-20 areas of the brain to control a simple movement like reaching out to take a drink of water and getting control of signals with that level of complexity is still in the future.  However there have been some interesting recent experiments with monkeys trying to use “pre-motor” signals -- where the brain is planning to do something.  We may be able to substitute “virtual stimulation” for the real thing and get the brain to respond to that.

What does it cost?  So far it’s expensive.  A Braingate implant costs at least $60,000.  But Donoghue compares it to the model of the cell phone.  The early ones were bigger, expensive, and not very useful.  The more recent ones are smaller, cheaper and a lot more useful.

What do his patients think about when they think about moving a limb?  The brain is conscious of a lot of things, but not very much about itself.  Try a simple experiment:  think about opening and closing your left hand without actually doing it.  Can you tell what you’re thinking?  We have no real insight into how our brain thinks about itself.

What do the computers do?  They code for things like force, direction and speed.  Once they get the signal from the brain they translate that into movements in a robotic device. Picking up a glass, pouring water into it and raising it to lip level requires a very complex series of software commands.

Why not just work directly with the spinal cord?  The spinal cord is very small and contains millions of nerve pathways in an area about the size of a pencil.  It’s hard enough to implant something in a precise area of the brain and much too difficult to get it right in an area as condensed as the spinal cord.

Does it matter if patients are left or right handed?  So far there’s no indication of a difference.  You find out which areas of the brain control specific functions in each patient and work from there.

Comment
This talk really stirred a lot of panel and audience members.  Even though neurotechnology is in its infancy, the early results have been so impressive and the promise is so great that a lot of people can’t help but imagine the future. 

But the challenges are also great and overlap fields ranging from robotics and computer science to neurosurgery and clinical application.   The promise of “transhuman” cures -- where we can restore mobility from the brain all the way to the limbs and other functions it controls -- is a long way off.  

Break
Jean and I drove down the hill to Patrick’s Bar.  In past years we have walked down then climbed back up to the campus.  But the weather was warming up -- temperatures hit 81 degrees on this October day -- and we wanted to get back for the next lecture on time.

Patrick’s is a popular local sports bar in St. Peter.  Nothing special -- tables and booths made from pieces of an old bowling alley, a good selection of beers and better-than-most bar food.  We calorie splurged on a steak sandwich, a chicken wrap and a couple of Summit pale ales. Then we cruised back up in air-conditioned comfort and found our way back to the lecture hall.

A couple items of interest caught my eye.  Gustavus has a very nice Olympic-sized swimming pool which is part of the lecture hall complex. Both the men’s and women’s swim teams were practicing, dozens of young people in swimsuits, goggles and tight plastic hats.  They jumped off from the starting blocks in waves across 12 lanes.  Yet they didn’t run into each other. It was a hypnotizing exercise in precision: the swimmers reach the end of their lane, do their turns and kicks, and swim under or around the next wave of approaching swimmers.

In the hall the bleachers were dark as the Gustavus jazz band played -- the best of the batch of concert groups.  The seats were filling up and every one seemed to contain a body and a bright light -- cell phone screens shining like tiny TVs and illuminating the hunched-over faces of their owners.

Some of the lectures -- especially after lunch and into the late afternoon -- were not completely full, but this next one was as packed as the first morning. I had been looking forward to it: neuroeconomics just sounds so interesting!

Lecture #5.  Paul Glimcher -- The Neurobiology of Decision Making.
Freakonomics changed the game for a lot of thinking about how to apply economic theory.  Steven Leavitt and his pal Stephen Dubner took an economist’s looked at a wide range of issues and came up with some conclusions that were as unexpected as they were data-based.  

One example:  violent crime rates in the U.S. have fallen over the past few decades because there are fewer violent criminals... and there are fewer violent criminals partly because of Roe v Wade, which caused fewer people to be born into poor, urban situations.  Another example:  the structure of organized crime in Chicago turns out to be very similar to the corporate structure of McDonald’s, with a lot of the profit going to top “executives” and not much going to legions of lower tier workers.

Neuroeconomics is a natural companion to this kind of thinking.  It applies economics-like equations to neurobiological data in an attempt to define the brain’s architecture for decision making.  Paul Glimcher is one of its leading advocates.  He’s a professor at NYU and directs its Center for Neuroeconomics.

The key question he seeks to answer is why we choose to do what we do.  He tries to answer this by combining principles of macroeconomic theory with what biologists have been able to discover about how the brain makes decisions.  This goes beyond economic choices -- why we decide to buy or sell stocks -- and extends into other areas like how and why we choose a spouse.

The discussion about making decisions goes back to Descartes who said in his 1664 “Treatise on Man” that there are two key factors: reflection, and volition combined with sensory input.  He suggested that there was a stimulus-response connection.  This simple model was expanded and refined  by researchers working in robotics and neurobiology who filled in some of the gaps about how sensory signals get to the brain and then how the brain processes them and decides to act.

Economists work with a different language and a different way of thinking.  Nobel winner Paul Samuelson devoted much of his research to how people make choices.  In a famous experiment preferential values were assigned to an apple, an orange, and a pear.  “Tom” likes apples best, oranges second best and pears least.  “Stephanie” doesn’t value any of them more than another. If Tom has an orange he might decide to trade it -- plus some money -- to “Stephanie” who has an apple.  Both end up happy:  Tom has his apple and Stephanie has his money and the orange.  If Tom has a pear he might trade it to Stephanie, plus some money, to buy back his orange.  Again, both are satisfied because Tom has his preferred fruit and Stephanie has his money.

But what if there’s a possibility that Stephanie won’t deliver?  That alters the value of the trade in Tom’s thinking, essentially devaluing Tom’s choices.  This kind of complexity comes into play every day in financial market places -- you may like one stock more than another that you own, but you’re not completely sure if it will increase in value so you might not decide to sell the one you have and buy the one you want.

These kinds of choices have been examined with monkeys, using the areas of their brains that become active when they make decisions.  They get rewarded when they look at a particular image and rewarded less when they look at another. They are rewarded with small amounts of juice (Glimcher’s  monkeys prefer berry-berry juice rather than the apple juice used by Donoghue -- “It might be the difference between New York-based monkeys and Providence-based monkeys.”)  An area of the brain called LIP appears to be critical in how they make decisions.  A high firing rate in the LIP means the monkeys expect a higher reward; a low firing rate means they expect a lesser reward.

Glimcher has taken the LIP area of the brain, mapped it out and “flattened” the map with  computer imaging.  The result is a topographic map that shows activity as three-dimensional peaks.  When a decision has to be made between two options activity peaks in two areas.  As the subject decides between the options the peaks rise or fall in relation to each other.  If many options are available, the peaks “compete” with each other until one dominates.  That indicates a choice has been made.

Game theory, which was developed and refined by the mathematician John Nash (“A Beautiful Mind”), uses an experiment called “work or shirk.”  Graduate students had to decide if it was better to go to work and get a reward, or stay at home and sleep -- shirk -- because the reward wasn’t enough to overcome the desire to sleep.  It’s similar to the decision making that is used in the game rock-paper-scissors.  The apparent value is exactly the same for each choice, so why do people choose one or the other?  (Glimcher says that scissors will win 80% of the time, rock only 20%, but people choose each about equally.)

Glimcher used a chart to explain the work or shirk decision.  Obviously the supervisors would prefer that the grad students show up for work.  If they check up on shirking grad students, the students decided to come into work more often than if they know there will be no consequence for staying in bed.  But there is a lot of variability -- both among individuals and within the brain.  Decision making neurons don’t always fire at the same rate and the more active they are the more variability there is with decision making. Time of day can make a difference and so can a cup of coffee.

There’s a further complication.  Once an individual has made a choice he may not act on it.  So how do we find out what parts of the brain are responsible for both making a choice and taking action?

Gimcher’s research has shown that many areas of the brain are involved and they work together to construct the value of a decision.  How does one decide, for instance, between taking an offer of $20 today or waiting 30 days and getting $22, or $50 in 60 days?  It’s a matter of patience and assigning a value to time.  Experiments with mice, pigeons, monkeys and humans all produce the same results:  as delays in getting the reward increase, the value of an increased reward decreases.  Glimcher calls this “temporal discounting.”  Even the most patient subject will take the smaller reward sooner rather than wait longer for a bigger one.

In one case several grad students were tested.  The most patient was one enrolled in an MD/PhD program.  She was much more likely to defer for a higher reward later.  Another was “a semi-professional sky diver.”  This student had a very steep discounting rate -- he wanted the money quickly, even when the reward for waiting increased.

Glimcher has tracked brain scans and thinks that different kinds of choices cause the brain to assign different levels of value -- higher or lower peaks on the brain maps.  These show what we like most and what we like least and the size of the peaks show a kind of ranked order of preference.  

When we decide among choices one peak comes to dominate but it may not result in action.  However if a deadline is given (“Your department chair says you must have your budget in by Friday”) the lesser peaks decline and the higher peak becomes higher until it’s the only one left.  This prompts action.

Descartes laid the groundwork for this kind of investigation but Samuelson’s premise -- that we are all economic organisms -- has taken it into a more sophisticated realm.  Add in the work of neuroscientists over the last two decades and now we can know which areas of the brain get involved with decision making and how those decisions lead to action.  But it takes high level interdisciplinary insights from all of the fields involved.

Q&A.
Does it matter how long you have to make a decision?  Some monkeys make a quick decision and some take their time. But if they know there’s a short time frame (the image they must choose is left up for only a few seconds) they will all react more quickly.

What part of the brain decides that it must decide now rather than later?  No idea.  It may be tied to recognition of authority:  do I really have to choose, or is this just another gambit?

How was it working with grad students and undergrads?  Difficult.  Sometimes, especially with undergraduates, they fall asleep in the scanner, negating the experiment... “At $400 an hour for an MRI this is annoying.”

What about making decisions in the absence of a clear reward?  Take the case of someone being offered a slice of chocolate cake or a salad.  The body opts for the glucose shot of the cake, but if the person is on a diet he might choose the salad.  In this case a “restrictor” part of the brain overrules the “natural” choice.  Patience may also play a role:  the cake provides more instant gratification but the salad might offer increased life expectancy.

Do genetics play a role?  Not clear.  There have been a few experiments with bees and rats and it appears that the same areas of the brain are involved even with different genetic strains, but for now it’s just a guess.

Does the nature of the reward matter?  Well, with humans, we know that fruit (apples, oranges, pears, etc.) won’t last over a period of months, so we discount their value over time.  But with money that’s not a problem, yet the results are still the same in both kinds of experiments.

What about other kinds of value -- beyond fruit or juice or money?  What about the “softer” values of love or happiness?  In one experiment monkeys were “paid” with a shot of juice to look at other monkeys. Monkeys tend to look at higher ranking monkeys but when they were paid more to look at lower ranking ones they did.  This made it possible to assign specific values to different individuals.  Looking at a higher ranking monkey meant they were giving up some of their juice reward.

Male monkeys didn’t “pay” to look at female monkeys and the researchers couldn’t figure out why.  Then someone remarked “you’re showing them the wrong end of the monkey.”  When this was corrected male monkeys paid more to look at females. The experiment was “a kind of monkey porn” and was humorously dubbed “monkey pay per view.”

What about males looking at males? It didn’t matter which end of the monkey they were shown:  “There’s not enough berry berry juice in the world to get them to look at that.” 

What role does novelty play?  Are new rewards different from familiar ones?  Different parts of the brain come into play here. Studies have shown that older people are more risk averse than younger ones.  And there’s evidence of “ambiguity aversion.”  Older people are less likely to take risks when there’s some ambiguity about the rewards.  Part of this is due to experience:  older people know more and feel less need to experiment.

This research seems important to neuroscience, but is it really relevant to economic theory?  Yes, and it will become more so as it sheds light on the gaps in economic theory.  For example, take the case of two executives, each making $100,000 and both expecting bonuses.  One expects $30,000, the other expects a more modest $10,000.  They both get $20,000.  The second exec is delighted and commits to work even harder.  The first one is annoyed and quits.  There’s nothing in economic theory that accounts for this now, but neuroeconomics  may be able to provide answers.

What about brain plasticity?  Research has shown, for instance, that the brains of undergraduates are still developing.  Does this impact how their brains make decisions?  We now know that the brain continues to change from adolescence into the early 20s.  But so far we haven’t tracked how those changes affect decisions.  However it’s a legitimate concern.  We know more about undergraduates and monkeys than we know about everything else.  This is a very limited universe.  We need to expand experiments to broader categories.

Can you use stimulation to make the brain favor a particular choice?  If you could, you could implant electrodes into Wall Street traders and control the market.  But this doesn’t seem likely.  The factors that activate areas in the brain responsible for making decisions are too complex.  Another reason is “the paradox of choice” -- the more choices you have the less likely you are to act. When test subjects were given the choice of six bottles of jams, 30% chose one and were highly satisfied with their choice.  Asked to choose from 24 bottles, only 3% made a choice and half of them were dissatisfied with the one they chose.  This is just too complex a process to allow for accurate manipulation of parts of the brain.

Comment
I took a series of economics classes as an undergraduate and found that if I’d taken a couple more I could have added an economic BA to my degree in English.  I didn’t, but I’ve been fascinated with the way economists think ever since. It’s a different way of understanding the world than through language and literature, though both use data and metaphor.

I’ve read some of the work on neuroeconomics and had some vague idea that it tracked how economic decisions were made in the brain.  This is partly true, but Glimcher’s talk cleared up a lot of things up.  The reason neuroeconomics matters is that it’s about decision making, and the reason I find it interesting is that it forces an interplay between the disparate fields of neurological research and economic theory.

One small criticism.  Several speakers made reference to Descartes and his ideas about mind and body.  Some of those theories have been widely discounted now.  An excellent book, Descarte’s Error, by the neuroscientist Antonio Damasio, makes the case that Descarte’s separation of mind and body is mistaken, that the brain and body are mutually dependent in ways Descartes didn’t know.  

This has broader implications.  Descarte’s ideas were expanded into a “Cartesian” world view -- everything (not just brain and body) can be understood as either/or.  What we’ve found is that there’s often a lot of interplay between the two sides of most things and that using the concept of a spectrum is more accurate:  it’s not a matter of either/or but of more or less.

Still, this was a highlight of the conference.  Glimcher is enviably positioned -- he gets funding from scientific organizations as well as economic ones.  He’s as much in demand by Wall Street firms as he is for scientific gatherings like this one.  I suspect that the overflow crowd included a lot of Gustavus business majors who weren’t interested in the other talks.

Break
The neuroeconomics talk, while it did absolutely nothing to help our portfolio, did run long, so there wasn’t time to do much before the final afternoon lecture.  We made a last pass at the Gustavus book store, and hung out in the beautiful weather with other conference attendees.  Then we returned to the hall. Attendance was lower for this talk so we had a good choice of seats.

Lecture #6.  Martha Farah -- “21st Century Neuroscience:  From Lab and Clinic to Home, School and Office.”
Farah is a professor at Penn and directs its Center for Neuroscience and Society. She has impressive credentials as a neuroscience researcher (MIT, Harvard, Carnegie Mellon) but her main task at this conference was to discuss the ethical dimensions of the subject.

She began by recapping “the 6000 years of neuroscience history” from the ancient Greeks, through Descartes and into the modern era.  She noted that we have seen treatment for brain disorders go from literally drilling holes in people’s heads to doing brain scans with MRI machines.

Up until recently the developments in neuroscience could be classified into two areas:  general science -- studies of how the brain works, and applied medical science -- translating that knowledge into clinical practice to treat mental disorders.

But the 21st century offers something new.  Now we’re applying what we’ve learned from neuroscience to areas other than medical treatments.  We’re using what we now know about the brain to change education theories about, for example, how and when kids learn to read.  We’re using neuroeconomics “to help sell soap.” Neuroscience has become relevant in legal areas -- where does responsibility lie in cases where people with damaged brains commit crimes?  We’re also using developments in neuroscience in the military to make more effective soldiers and weapons.

Why is this happening now?  Because it’s only been in the last few years that we’ve had the tools to understand, at a neuron level, how cognition works and how to apply our findings to social and psychological issues.  From education to warfare we now have a neural basis for understanding how humans think, feel and behave.  

Farah thinks this has led to some “neuroscience weirdness.”   Psychopharmacology, for instance, uses drugs to help make mentally ill people better.  But drugs are now being used to “make normal people better than normal.”  Prescription drugs prescribed for ADD are used by students as study aids.  A 2001 study showed that 30% of college students used drugs to help them stay awake and study.  The figure has most likely gone up in the last decade. “I’m sure it happens here at Gustavus as well.”

The trouble with drugs like modafinal, which was originally designed to combat narcolepsy, is that it lets you stay awake and alert for days at a time, but it doesn’t let the body recover.  You may feel fine but your body is still sleep-deprived. People with  “extreme jobs” -- combat soldiers, long distance truck drivers, Wall Street traders -- take drugs like this to gain an advantage, but their bodies pay a price.

Psychopharmaceuticals are being used for other unintended applications.  Drugs intended to help aging boomers combat memory loss are being used to enhance memory and attention by younger people.  Drugs like oxytocin which seem to stimulate trust and generosity are being sold to help close business deals.  Drugs designed to reduce the effect of high testosterone levels are being discussed as “therapeutic justice” for sex offenders.

As we find new ways to “tweak the brain for pleasure and profit” in non-medical ways we run into new kinds of ethical issues. One of them is the freedom both to use and not to use brain enhancers.  Is it OK for some students to use enhanced ways to get better grades if they put non-users at a disadvantage? We don’t approve of physical enhancers being used by baseball and football players or bicyclists and gymnasts.  We think this is “cheating.” Are mental enhancers ethically different?

And what about the freedom NOT to use these drugs?  Should we be able to choose not to take anger management drugs?  If a soldier opts out of taking modifinal he may put his comrades at risk and be accused of dereliction of duty.  If it’s OK for high-stress workers to take drugs that help them be more productive, are we penalizing workers who choose not to take those drugs?  Can we require certain kinds of workers to take drugs that help them stay alert?  What about the doctor you see in an emergency at 3AM who’s been on duty for 24 hours? Is it cheating if he’s taking drugs to help heal you?

What does “posthuman” mean for our humanistic sense of ethics?  If we can implant electrodes in the brain to control lost motor skills, is it OK if we expand that to better control “normal” functions?  It sounds like something out of Orwell’s Brave New World but the possibilities are not as remote as they once were.

Brain imaging has opened the door to non-medical applications of neuroscience.  One company is using brain scans to help determine the difference between what people say and what they’re really thinking.  This has tremendous potential for marketers and the firm has been hired by political campaigns.  It’s worrisome to think that “democracy may be shaped by brain scans.”  

We’ve always assumed we have a right to our private thoughts, even in the most extremely controlled societies.  But maybe not if we have to have our brains scanned to see what we’re really thinking.  Do we want brain scans to reveal our sexual preferences?

There are a lot of questions about the accuracy of all this, but what does “accuracy” mean?  The very notion of using an MRI adds a level of scientific credibility to results in some arenas like courtrooms. Is MRI evidence really “testimony,” and if so how much accuracy is “good enough?”  Are brain scans overly persuasive to juries and judges?

On a broader level, neuroscience challenges our worldview in many ways.  Francis Crick, the co-discover of the DNA molecule, famously argued that “we are our brains.”  This challenges long-held notions of dualism.  Most of us -- and nearly every religion -- assume that there is something more than the material part of being a person. We separate what we call our soul or our spirit from our physical presence.

This is a deeply rooted intuition whether we’re religious or not.  The idea that we are only our brains challenges the most important part of our sense of self:  the mystery.  If we can know everything about our brain, then there is no validity to our non-material aspect or, indeed, to religious beliefs that involve any kind of “afterlife.”

But it also may be the case that religion is NOT contradicted by neuroscience.  Most religions allow that the physical part of ourselves is important to the spiritual part.  Whatever we choose to believe we still have moral and legal responsibilities.  Still a “kind of nihilism waits around the corner.”  Fahal ended with a quote from Steven Weinberg, a Nobel-winning theoretical physicist. “The more the universe seems comprehensible, the more it seems pointless.”

Comment
Every Nobel Conference has at least one speaker who focuses on ethics and this year there were two.  Nancy Murphy, a theology professor from southern California, gave the lecture at the final dinner, “Did My Neurons Make Me Do It?  A Philosophical and Cognitive Science Analysis of Moral Responsibility.”  You can see her talk here:  http://www.youtube.com/playlist?list=PLA1D7BD1295076BB1
I get annoyed at these ethical exercises.  They seem less rigorous in their thinking than the more objective talks, more rooted in belief and unsupported assumptions -- arguments without data.  There’s also an underlying notion that scientists don’t have ethics and so we need ethicists to tell us right from wrong.  This notion is demonstrably incorrect:  in many cases the scientists themselves are much more aware of the ethical issues around their work than self-appointed ethical arbiters.

Farah’s talk was not the worst I’ve heard, but it was fuzzier than the other lectures.  I’ve grown weary of ethicists (as well as moralists, humanists, and others like them) who only pose questions rather than attempting answers.  It’s not that I think the answers are easy, but I think that taking a stand and defending it is a better way to sharpen our thinking.  We may not agree, but if we only ask questions we don’t move the discussion forward. 

We didn’t stay for the Q&A.  The day was getting long and we were driving home.  Jean and I discussed some of the ethical issues Fahal raised as we drove out of Peaceful Valley and into the stunning late light of this beautiful spell of fall weather.  We did agree that some of Fahals’s questions offer at least the possibility of answers.

Is it fair for students to take drugs to get better SAT scores and grades?  No.  If we’re going to condemn college athletes who take physical enhancing drugs, why would we not also condemn students who take mental enhancers?  The idea of an even playing field seems to apply to both. 

Do we want that 3AM doctor to be on mental alertness drugs or dead tired?  There are other choices -- like having enough competent medical staff to handle the shifts.  The more important ethical issue in this case lies with the hospital that doesn’t employ enough staff.

We stopped briefly at Belle Plain to visit the John Deere dealer, which has a good selection of replica toys.  This is their busy season and I watched a tired-looking farmer searching for a replacement part for his combine. I don’t think he was using psychopharmaceuticals to get the lower forty done.  

I bought a miniature version of a 1946 John Deere tractor, the year I was born. I’ll turn 65 in a few days.  I don’t think the universe is pointless, but it’s easy to slip into a nostalgia for simpler, more innocent times.

