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‘If	you	understand	others	you	are	smart.	
If	you	understand	yourself	you	are	illuminated.	
If	you	overcome	others	you	are	powerful.	
If	you	overcome	yourself	you	have	strength.	
If	you	know	how	to	be	satisfied	you	are	rich.	
If	you	can	act	with	vigor,	you	have	a	will.	
If	you	don't	lose	your	objectives	you	can	be	long-lasting.	
If	you	die	without	loss,	you	are	eternal.’	

Laozi,	Daodejing	

	

When	I	was	12,	in	immediate	post-world	war	1947,	my	father	asked	me:	“What	do	
you	want	to	do	in	 life?”	 I	remember	answering:	“I	want	to	make	the	world	a	better	
place”;	 I	 also	 decided	 to	 always	 ignore	 shame	 and	 remorse.	 Despite	 obstacles,	
sideways	and	detours,	this	has	been	the	goal	on	my	compass.		

My	model	 is	Médecins	 Sans	Frontières	 (MSF,	Doctors	Without	Borders).	 	 I	 did	not	
succeed	as	much	nor	as	well	I	had	hoped	for	at	the	age	of	12,	but	I	am	not	giving	up;	
I	still	feel	no	shame,	nor	remorse.	And	I	often	reflected	on	these	words:	‘…	Because	
we	all	share	this	small	planet	earth,	we	have	to	live	in	harmony	and	peace	with	each	
other	and	with	nature.	This	is	not	just	a	dream,	but	a	necessity.	We	are	dependent	on	
each	other	 in	so	many	ways	that	we	can	no	 longer	 live	 in	 isolated	communities	and	
ignore	what’	s	happening	outside	these	communities.	We	need	to	help	each	other	when	
we	 have	 difficulties,	 and	we	must	 share	 the	 good	 fortune	 that	we	 enjoy….’	 (Tenzin	
Gyatso,	Dalai	Lama.	Acceptance	speech	of	the	Nobel	Prize	for	Peace.	December	10,	
1989)		

I	 am	 a	 nomad,	 a	wetback,	 an	 alien.	 In	December	 1944,	 in	 Geneva,	 I	was	 issued	 a	
Nansen	passport	as	a	displaced	person	stripped	of	his	identity	by	the	Vichy	regime,	
to	 cross	 the	 border	 at	 Moillessulaz.	 I	 have	 no	 roots,	 no	 homeland,	 no	 flag,	 no	
allegiance	to	a	nation	or	even	a	country,	no	faith	to	speak	of.	Certainly,	no	religion.	
After	working	close	to	and	at	times	for	politicians,	I	strongly	believe	that	‘an	honest	
politician	appears	on	the	scene	as	often	as	a	celibate	whore’	(William	Ferraiolo). Yes,	I	
am	skeptical	(Epicurus,	Aristotle)	and	cynical	(Diogenes)	–and	have	always	been	that	
way.	
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When	I	traveled	the	48	continental	States	in	1953	on	a	$99.00	Greyhound	ticket,	I	
crossed,	 in	 Alexandria,	 VA,	 the	 Mason-Dixon	 line.	 I	 had	 no	 idea	 that	 such	 a	
segregation	“line”	existed,	especially	after	what	I	had	experienced	in	Europe	barely	
10	years	earlier.		

The	driver	 called	me	while	 I	was	dozing	 in	 the	back	of	 the	bus:	 “Mister.	MISTER.	
MISTER!!!	(I	woke	up)	Come	to	the	FRONT	rows:	the	back	ones	are	for	the	colored”.	
Then	shortly	afterwards	signs	appeared.	

	

	
I	thought	I	was	living	a	bad	resurgent	nightmare.	But	no;	that	was	“the	South”	of	the	
Declaration	of	1776,	of	the	Constitution	of	1781,	of	the	country	that	welcomed	its	
European	immigrants	with	its	Statue	of	Liberty	proclaiming	"Give	me	your	tired,	your	
poor/Your	huddled	masses	yearning	to	breathe	free".	Then	I	remembered	that	shortly	
after	 the	 dedication,	 The	 Cleveland	 Gazette,	 an	 African	 American	 newspaper,	
suggested	 that	 the	 statue's	 torch	 not	 be	 lit	 until	 the	 United	 States	 became	 a	 free	
nation	"in	reality":	"Liberty	enlightening	the	world,"	indeed!	The	expression	makes	us	
sick.	 This	 government	 is	 a	 howling	 farce.	 It	 can	 not	 or	 rather	does	 not	protect	 its	
citizens	within	its	own	borders.	Shove	the	Bartholdi	statue,	torch	and	all,	into	the	ocean	
until	the	"liberty"	of	this	country	is	such	as	to	make	it	possible	for	an	inoffensive	and	
industrious	colored	man	to	earn	a	respectable	 living	for	himself	and	family,	without	
being	ku-kluxed,	perhaps	murdered,	his	daughter	and	wife	outraged,	and	his	property	
destroyed.	The	 idea	of	 the	"liberty"	of	 this	country	"enlightening	the	world,"	or	even	
Patagonia,	is	ridiculous	in	the	extreme”.		

That’s	why	I	went	back	to	Europe	that	1953	fall,	enrolled	in	pre-med,	then	Medical	
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School,	and	waited	until	1969	to	come	back	to	what	the	USA	became.		

In	1981,	we	did	not	move	from	Paris	to	Alabama,	Oklahoma,	Texas	or	South	Carolina;	
not	even	to	New	England.	We	opted	for	an	area	of	a	State	that	would	–then-	welcome	
the	 drifters,	 the	 aliens,	 the	 ones	 who	 reached	 the	 end	 of	 the	 road,	 who	 had	 had	
everything	and	burned	their	bridges,	but	also	the	geeks,	the	geniuses,	the	dreamers,	
the	 gatherers;	 where	 >25%	 of	 adults	 were	 LGBT	 {lesbian,	 gay,	 bisexual	 or	
transgender)	and	made	tolerance	more	than	a	sign	on	the	door	of	a	house;	where	
>33%	 of	 the	 population	 is	 Asian;	 where	 food	 is	 a	 rainbow	 and	 rainbows	 are	
everywhere.	We	 came	 to	 the	 San	 Francisco	 Bay	 Area,	 and	 our	 daughters	 are	 the	
proud	 and	 successful	 alumnae	 of	 the	 French-American	 International	 School	 (and	
then	of	the	University	of	California).	

I	like	places,	but	I	love	people.	If	I	travel	–and	I	did	work	in	143	countries,	so	far-	the	
five-star	hotels	or	resorts	were	never	what	I	enjoyed,	or	even	liked.	I	can	make	mine	
these	words	of	Paul	Theroux	(2013):	I	hate	vacations.	I	hate	them.	I	have	no	fun	on	
them.	I	get	nothing	done.	People	sit	and	relax,	but	I	don’t	want	to	relax.	I	want	to	see	
something.	Sit	down	and	have	a	massage,	have	a	spa,	have	a	cupcake—I	go	nuts.	If	I	
want	to	relax,	I	go	home.	Again,	Laozi	–unbeknownst	to	me-	wrote:	Go	to	the	people.	
Live	with	them.	Learn	from	them.	Love	them.	Start	with	what	they	know.	Build	with	
what	 they	 have.	 But	 with	 the	 best	 leaders,	 when	 the	 work	 is	 done,	 the	 task	
accomplished,	the	people	will	say	'We	have	done	this	ourselves.’	 	That	is	what	I	have	
tried	to	do	and	keep	my	word.	Medals,	honors,	awards	have	been	outpoured	on	me,	
while	I	never	desired,	appreciated	or	requested	any;	they	are	now	gathering	dust	in	
a	closet.	

My	late	friend	Henri	Laborit	(1914-1995)	studied	animal	and	human	behavior	and	
comportment	 for	 years	 in	 his	 attic-laboratory	 at	 the	 Hospital	 Boucicaut	 in	 Paris,	
France.	He	left	a	monumental	–still	valid-	heritage	as	articles,	books	or	film	scenarios.	
The	 two	 I	 cherish	are	his	book	Eloge	de	 la	Fuite	 (Praise	of	Flight)	 (1976)	and	his	
performance	in	the	film	of	Alain	Resnais	Mon	Oncle	d’Amérique (1980); these	can	be	
summarized	by	his	quote	(Mediterraneo	1991):	‘In	times	like	these,	escape	is	the	only	
way	to	stay	alive	and	keep	dreaming’.		

The	millions	of	refugees	flooding	the	continents	to	escape	the	madness	of	wars	are	
aiming	 at	 that.	 They	 are	my	 brothers,	 sisters,	 children,	 and	 do	 not	 have	much	 in	
common	with	the	operators	of	drones	or	the	aircraft	pilots	that	drop	fragmentation	
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or	incendiary	bombs	from	10,000	meters	on	civilians,	or	on	MSF	Hospitals	in	Kunduz	
or	Aleppo;	or	the	UN	‘peacekeepers’	who	brought	an	uncontrolled	cholera	to	Haiti,	
and	their	colleagues	who	gang-rape	7-year	old	boys	in	the	Central	African	Republic;	
the	 brain-washed	morons	who	 enroll	 to	 slit	 throats	 of	 journalists,	 stone	women,	
whack	 children	 in	 the	 Middle	 East;	 the	 traffickers	 and	 local	 police	 who	 enslave	
Rohingya	refugees	in	Thailand	or	Malaysia….	My	favorite	song	is	Le	Déserteur	(The	
Deserter)	 of	 Boris	 Vian	 sung	 by	 (my	 former	 patient)	 Serge	 Reggiani	
(https://www.youtube.com/watch?v=t5Pz-SamVAk.)		

In	The	Art	of	War	Sun	Tzu	(5th	century	BCE)	writes:	‘In	war	there	are	no	victors,	or	
losers.	Only	victims.’	I	was	a	victim;	I	stand	by	these	victims.	

	

Life’s	but	a	walking	shadow,	a	poor	player	
That	struts	and	frets	his	hour	upon	the	stage	
And	then	is	heard	no	more.	It	is	a	tale	
Told	by	an	idiot,	full	of	sound	and	fury,	
Signifying	nothing.	

William	Shakespeare,	Macbeth	
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From	 the	 Void	 (which	 is	 Truth)	 we	 come	 to	 the	 contemplation	 of	 Form	 (which	 is	
Illusion);	from	Form	is	engendered	Passion;	by	communicating	Passion	we	enter	again	
into	Form;	and	from	Form	awake	to	the	Void	(which	is	Truth).	Truth	becomes	fiction	
when	the	fiction’s	true.	

Cao	Xueqin,	Introduction	The	Dream	of	the	Red	Chamber	

	
“The	meaning	of	life—its	significance,	origin,	purpose,	and	ultimate	fate—is	a	central	
concept	and	question	 in	philosophy	and	 religion.	Both	philosophy	and	 religion	have	
offered	 interpretations	 as	 to	 how	 life	 relates	 to	 existence	 and	 consciousness,	 and	 on	
related	 issues	such	as	 life	 stance,	purpose,	conception	of	a	god	or	gods,	a	soul	or	an	
afterlife.	Different	cultures	throughout	history	have	had	widely	varying	approaches	to	
these	issues.”	

But	 even	 before	 addressing	 this	 philosophical	 quandary,	 diving	 in	 the	 abyss	 or	
journey	to	the	center	of	the	earth,	before	its	meaning,	what	is	life?	

According	to	Wikipedia:	“Life	is	a	characteristic	distinguishing	physical	entities	having	
biological	processes	(such	as	signaling	and	self-sustaining	processes)	from	those	that	
do	not,	either	because	such	functions	have	ceased	(death),	or	because	they	lack	such	
functions	 and	 are	 classified	 as	 inanimate.	 Various	 forms	 of	 life	 exist	 such	 as	plants,	
animals,	fungi,	protists,	archaea,	and	bacteria.	The	criteria	can	at	times	be	ambiguous	
and	may	or	may	not	define	viroids	or	potential	artificial	 life	as	 living.	Biology	 is	 the	
primary	 science	 concerned	with	 the	 study	 of	 life,	 although	many	 other	 sciences	 are	
involved.”	 	
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Our instincts 
We	humans	–like	most	brain-carrying	animals-	have	 two	 instincts:	survival	 (food)	
and	procreation	(sex).	Some	Western	thinkers	add	a	third	one:	worship.	

I	know	survival	well:	on	the	night	of	the	winter	solstice	1942	–at	age	 just	passed	
seven-	I	ran	next	to	my	father	in	ankle-deep	mud	to	escape	the	bursts	of	bullets	of	
the	French	gendarmes;	we	were	crossing	from	Vichy’s	France	into	Switzerland.	We	
survived,	and	the	Swiss	border	patrol	just	asked	one	question	looking	at	my	sister	
Françoise	(born	25	May	1937)	How	old	is	she?	And	then	She	just	saved	you	–being	less	
than	six-year-old.	

Then	started	our	vagrancy	through	refugee	camps	for	two	years:	broken	windows	
adorning	sanatoria	in	the	Bernese	Jura;	dilapidated	hotel	in	Champéry,	Valais;	etc.	A	
one-day	 gruel	 made	 of	 potato,	 carrot	 peels,	 cored	 cabbage	 and	 other	 discarded	
veggies	remnants,	plus	some	soaked	stale	bread	and	the	occasional	sliver	of	generic	
meat	 was	 our	 treat.	 We	 survived.	 But	 some	 older	 refugees,	 bourgeois	 used	 to	
Michelin-starred	 fare	and	shopping	at	Fauchon,	 refused	 to	 swallow	 this	 fare	 (and	
their	pride)	-and	starved	themselves	to	death.	Later	on,	I	remembered	their	cry	of	
rally:	This	is	for	pigs.	I	am	a	human	being.	They	were,	they	died;	I	survived	(I	was	born	
the	Year	of	the	Pig).	

For	procreation,	it	must	indeed	have	been	a	ravaging	drive.	It	took	me	a	few	more	
years…	 But,	 later	 on,	 I	 witnessed	 it	 at	 work	 in	 the	 desperate	 Khmer	 Rouge-run	
refugee	camp	of	Khlong	Yai,	in	Thailand	in	1973,	with	Médecins	sans	Frontières.	

Dealing	with	 “basic	 instincts”,	 humans	 have	 always	 added	 an	 extra	 dimension,	 a	
sprinkle	besides	need,	the	plus	that	makes	us	sapiens	–and	not	apes:	pleasure.		

Pleasure	describes	the	broad	class	of	mental	states	that	humans	and	other	animals	
experience	as	positive,	enjoyable,	or	worth	seeking.	It	includes	more	specific	mental	
states	such	as	happiness,	entertainment,	enjoyment,	ecstasy,	and	euphoria.	The	early	
psychological	account	of	pleasure,	the	pleasure	principle,	describes	it	as	a	positive	
feedback	mechanism,	motivating	the	organism	to	recreate	in	the	future	the	situation	
which	it	has	just	found	pleasurable	and	to	avoid	situations	that	have	caused	pain	in	
the	past.		
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The	 experience	 of	 pleasure	 is	subjective	and	 different	 individuals	will	 experience	
different	 kinds	 and	 amounts	 of	 pleasure	 in	 the	 same	 situation.	Many	 pleasurable	
experiences	 are	 associated	with	 satisfying	 basic	 biological	 drives,	 such	 as	 eating,	
exercise,	 hygiene,	 sex	or	defecation.	 Other	 pleasurable	 experiences	 are	 associated	
with	 social	 experiences	 and	 social	 drives,	 such	 as	 the	 experiences	 of	
accomplishment,	recognition,	and	service.	The	appreciation	of	cultural	artifacts	and	
activities	such	as	art,	music,	dancing,	and	literature	is	often	pleasurable.	

Studies	of	the	brain	structures	involved	in	the	experience	of	pleasure	suggest	that	
there	are	two	distinct	kinds	of	pleasure:	liking	and	wanting.	The	pleasure	center	is	
the	 set	 of	 brain	 structures,	 predominantly	 the	nucleus	 accumbens,	 theorized	 to	
produce	 great	 pleasure	 when	 stimulated	 electrically.	 Some	 references	 state	 that	
the	septum	pellucidum	is	generally	considered	to	be	the	pleasure	center,	while	others	
mention	 the	 hypothalamus	when	 referring	 to	 the	 pleasure	 center	 for	 intracranial	
stimulation.	The	experience	of	pleasure	 that	can	also	be	consciously	reported	has	
been	 linked	 to	 activation	 in	 the	orbitofrontal	 cortex,	 the	anterior	 cingulate	
cortex	and	 the	insula,	while	activity	 in	different	brain	regions,	 such	as	 the	nucleus	
accumbens,	is	associated	with	pleasure	unconsciously	expressed.	



TRACKS AND TRENDS 

  

	

	 	 	
	

9	

Pleasure	 is	 not	 a	 unitary	 experience.	 Rather,	 pleasure	 consists	 of	 multiple	 brain	
processes	including	liking,	wanting	and	learning	subserved	by	distinct	yet	partially	
overlapping	brain	networks.	

Going	 back	 where	 I	 started,	 pleasure	 is	 sometimes	 subdivided	 into	 fundamental	
pleasures	that	are	closely	related	to	survival	[i.e.	 individual]	(food,	sex,	and	social	
belonging)	 and	 higher-order	 pleasures	 (e.g.,	 art,	 money,	 and	 altruism)	 that	 are	
social,	community-oriented	and	-dependent.	

Interestingly	 Epicurus	 (341-270	 BCE)	defined	 the	 highest	 pleasure	 as	 the	 absence	
of	suffering	and	pleasure	 itself	 as	 "freedom	 from	pain	 in	 the	body	and	 freedom	 from	
turmoil	in	the	soul",	while	Siddharta	Gautama	(Buddha)	(563-483	BCE)	considered	
the	ultimate	goal	–nirvana-	to	be	the	“extinction	of	the	three	fires	or	poisons:	passion,	
aversion	and	ignorance”,	including	pleasures	within	passion.	

If	we	consider	the	chemical	mediators	involved	in	the	feeling	of	pleasure,	including	
real-life	decisions,	dopamine	has	a	 critical	 role	 in	 signaling	 the	expected	pleasure	
from	 the	 possible	 future	 events;	 we	 then	 use	 that	 signal	 to	 make	 our	 choices.	
Administration	 of	 L-DOPA	 during	 imaginative	 construction	 of	 positive	 future	 life	
events	enhances	hedonic	pleasure	derived	from	these	same	events;	this	lasted	over	
24h	in	>80%	of	subjects.	The	striatum	was	involved.	

	

Dopamine		 		Pathways	
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Happiness	is	 a	 mental	 or	 emotional	 state	 of	well-being	defined	 by	 positive	
or	pleasant	emotions	 ranging	 from	contentment	to	 intense	 joy.	A	 variety	 of	 biological,	
psychological,	eventually	religious	and	philosophical	approaches	have	striven	to	define	
happiness	and	identify	its	sources.	Pleasure	is	a	constant	component	of	happiness.	

“Together	 with	 life	 and	 liberty,	 the	 pursuit	 of	 happiness	 is	 a	 core	 human	 desire.	
Although	happiness	is	subject	to	a	wide	range	of	external	influences	we	have	found	that	
there	is	a	heritable	component	of	happiness	that	can	be	entirely	explained	by	genetic	
architecture	 of	 personality”.	 Indeed,	 a	 wide	 range	 of	 chemicals	 that	 our	 brain	
generates	affects	the	way	that	specific	genes	are	expressed	in	the	germ	cells	(eggs	&	
sperm),	and	hence	how	a	child	develops.	The	parent’s	psychology	before	conception	
can	affect	the	child’s	genes.	

But,	going	back	to	the	primary	instinct	of	survival	(and	some	more…),	the	primary	
axis	of	perception	 is	odor	pleasantness,	and	the	primary	axis	of	physicochemical	
properties	reflects	the	primary	axis	of	olfactory	perception.	Olfactory	pleasantness	
is	partially	innate.	It	takes	less	than	a	hundred	milliseconds	to	decide	if	an	odor	is	
unpleasant	or	pleasant	vs.	seconds	to	determine	if	it	is	sweet	or	flowery.	
	

	
 

The Connoisseur by Eduard von Grutzner (1919). - Photo courtesy of Wikipedia 
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When	we	decide	between	alternative	courses	of	action,	an	immediate	consideration	
is	whether	our	 choice	will	 serve	us:	make	us	happier,	 fulfil	 a	desire,	 increase	our	
comfort,	enhance	our	security	or	boost	our	wellbeing.	Will	it	bring	us	more	pleasure?	
And	if	so,	what	does	the	pleasure	come	from	–reading,	eating,	playing	or	something	
else?	 Do	 different	 sources	 of	 pleasure	 differ	 in	 quality?	 Is	 reading	 qualitatively	
different	than	eating?	And	what	about	quantity	–how	much	are	we	choosing	to	play	
or	work	or	spend	at	the	mall?	When	we	choose	between	various	forms	of	pleasure,	
how	can	we	really	compare?	

In	fact,	there	are	two	standard	ways	to	compare	different	pleasures	with	each	other	
–the	 ordinal	 and	 the	 cardinal.	 The	 ordinal	 criterion	 simply	 tells	 us	which	 of	 two	
pleasures	is	more	pleasurable,	and	nothing	about	how	much	more	pleasurable	it	is.	
The	 cardinal	 criterion,	 on	 the	 other	 hand,	 tells	 us	 how	 much	 more,	 or	 less,	
pleasurable	one	activity	is	compared	with	the	other;	for	instance,	does	someone	find	
reading	a	book	twice	as	pleasurable	as	drinking	a	Coke?	

Both	 Plato	 and	Aristotle	 compared	pleasures	 in	 the	 ordinal,	 but	 not	 the	 cardinal,	
sense.	Moreover,	in	ranking	the	pleasures,	both	held	the	philosopher’s	judgment	to	
be	 authoritative	 and	 final	 because	 of	 his	 superior	 ability	 to	 reason	 through.	 In	
his	Republic,	 Plato	 mentions	 that	 rational	 pleasures	 are	 better	 than	 spirited	
pleasures,	 which	 are	 better	 than	 appetitive	 pleasures.	 These	 three	 pleasures	
correspond	to	the	three	elements	of	the	soul:	reason,	passion	and	desire.	According	
to	Plato,	pleasure	from	reading	is	qualitatively	better	than	pleasure	from	drinking	–
but	‘how	much’	greater	it	is,	from	the	text,	remains	unclear:	

It	seems	that	to	these	three	principles	three	pleasures	correspond;	also,	three	desires	
and	governing	powers	…	There	is	one	principle	with	which	…	a	man	learns,	another	
with	which	he	 is	angry;	 the	third,	having	many	forms,	has	no	special	name,	but	 is	
denoted	 by	 the	 general	 term	 appetitive,	 from	 the	 extraordinary	 strength	 and	
vehemence	 of	 the	 desires	 of	 eating	 and	 drinking	 and	 the	 other	 sensual	 appetites	
which	 are	 the	main	 elements	 of	 it;	 also,	 money-loving,	 because	 such	 desires	 are	
generally	satisfied	by	the	help	of	money.	

In	his	Nichomachian	Ethics,	Aristotle	relates	pleasure	to	activity,	and	argues	that	the	
pleasures	 differ	 in	 value	 only	 to	 the	 extent	 that	 the	 activities	 to	 which	 they	 are	
attached	differ	 in	value.	To	Aristotle,	pleasure	 is	 the	perfection	of	 an	activity;	 the	
activity	that	is	most	perfect	is	also	most	pleasant.	
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Since	activities	differ	in	respect	of	goodness	and	badness,	and	some	are	worthy	to	be	
chosen,	others	to	be	avoided,	and	others	neutral,	so,	too,	are	the	pleasures;	for	to	each	
activity,	 there	 is	 a	 proper	 pleasure.	 As	 activities	 are	 different,	 then,	 so	 are	 the	
corresponding	pleasures.	Now	sight	is	superior	to	touch	in	purity,	and	hearing	and	
smell	to	taste;	the	pleasures,	therefore,	are	similarly	superior,	and	those	of	thought	
superior	to	these.	

Later	philosophers,	including	Francis	Hutcheson,	Jeremy	Bentham,	John	Stuart	Mill	
and	 Henry	 Sidgwick,	 also	 saw	 pleasures	 coming	 from	 different	 sources	 as	
qualitatively	different.	For	instance,	pleasure	from	drinking	is	different	than	pleasure	
from	 eating.	 Broadly,	 they	 categorized	 higher	 pleasures,	 including	 the	 arts	 and	
reading,	 and	 lower	pleasures,	 like	 food	 and	 sex.	 These	higher	 and	 lower	 types	 of	
pleasures	are	ordinally,	not	cardinally	comparable:	we	can	compare	them	in	terms	
of	 quality,	 but	 cannot	 know	 the	 separate	 value	 of	 each.	 We	 cannot	 say	 whether	
pleasure	from	reading	is	greater	than	pleasure	from	drinking,	or	by	how	much.	‘In	
my	 view,	 it’s	 very	 unlikely	 that	 qualitatively	 different	 pleasures	 are	 cardinally	
comparable,’	argues	the	philosopher	Ruth	Chang,	at	Rutgers	University.	

Our	inability	to	assign	numerical	values	to	different	kinds	of	pleasures	–in	short,	their	
cardinal	 non-comparability–	 helps	 to	 explain	why	 human	 behavior	 often	 feels	 so	
random	and	confused.	When	we	are	asked	to	choose	the	better	alternative	between	
reading	 and	 drinking	 versus	 eating	 and	 playing,	 we	 can’t	 aggregate	 the	 sum	 of	
pleasures	in	each	case	as	a	guide.	If	we	could,	we	would	simply	choose	the	case	where	
the	total	value	of	pleasure	is	higher.	However,	since	pleasures	from	reading,	eating,	
drinking	and	playing	differ	 in	quality,	aggregation	 is	 impossible,	and	 the	choice	 is	
truly	complex.	

The	 issue	 that	 looms	 large	 is	 not	 the	 multiplicity	 of	 pleasures,	 which	 is	
straightforward	–but	rather,	 the	 task	of	aggregating	a	group	of	 them	 into	a	single	
magnitude	for	purposes	of	analyses,	according	to	Amartya	Sen	of	Harvard	University.	
The	 ability	 to	 aggregate	 pleasures	 would	 help	 philosophers	 to	 analyze	 classic	
decision	 problems	 that	 have	 remained	 elusive	 until	 now.	 In	 one	 example,	 Sen	
describes	a	man	bumping	into	a	friend	he	hasn’t	seen	in	years.	Waving	goodbye	from	
his	chauffeur-driven	Rolls-Royce,	the	friend	looks	shockingly	prosperous	and	well-
heeled.	Later,	visiting	that	friend	at	his	mansion	in	Chelsea,	the	man	remarks	upon	
what	a	high	standard	of	 living	he	observes.	 ‘Not	at	all,’	 the	old	 friend	replies.	 ‘My	
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standard	of	living	is	very	low.	I	am	a	very	unhappy	man	…	I	write	poems,	damn	good	
ones	too,	but	nobody	likes	my	poems,	not	even	my	wife.	I	am	always	depressed	about	
this	injustice,	and	also	sorry	that	the	world	has	such	deplorable	taste.	I	am	miserable	
and	have	a	very	low	standard	of	living.’	The	man	has	no	reason	to	doubt	his	old	friend	
but	 feels	obliged	 to	 remark	he	 seems	confused	about	 the	meaning	of	 ‘standard	of	
living’.	To	which	the	friend	replies,	‘My	standard	of	living	high/What	a	plebeian	lie!’,	
adding	to	the	set	of	people	who	don’t	think	much	of	his	poems.	

In	 this	 instance,	one	could	define	 standard	of	 living	as	 the	aggregate	of	pleasures	
from	 economic	 wellbeing	 and	 poetry,	 which	 differ	 in	 quality	 and	 are	 cardinally	
incomparable.	The	friend	assigns	more	weight	to	pleasure	from	poetry	while	the	man	
gives	 pleasure	 from	 economic	 wellbeing	 a	 higher	 value.	 Consequently,	 their	
disagreement	over	the	quality	of	life.	In	this	case,	the	friend	–the	one	living	the	life–	
is	the	best	judge	because	only	he	knows	what	matters	to	him	and	how	much.	There	
is	no	way	to	aggregate	the	pleasures	in	Bob’s	life	unless	those	doing	the	sum	assign	
values	that	are	just	like	Bob’s.	

In	 trying	 to	 assess	pleasures	differing	 in	quality,	 the	 evaluation	of	 an	 individual’s	
well-being	must	be	done	by	that	individual	alone,	says	the	economist	Eric	Maskin	at	
Harvard.	 There	 is	 no	 absolute	 formula	 for	 calculating	 the	 pleasures	 in	 aggregate	
because	 the	 value	 is	 subjective,	 based	 on	 individual	 judgment,	 experience,	 and	
taste.		 The	mathematician	 Barry	Mazur	 at	 Harvard	 concurs:	 treating	 qualitatively	
different	pleasures	as	cardinally	non-comparable,	he	says,	has	both	descriptive	as	well	
as	predictive	advantages	over	the	view	that	we	can	weigh	the	pleasures	for	a	sum	total	
of	 them	 all.	 A	 better	 calculus	 would	 be	 allowing	 the	 pleasures	 to	 coexist,	 each	
independently	in	the	form	of	a	vector.	With	this	kind	of	maths,	the	weight	we	give	to	
each	pleasure	will	be	more	relevant	and	our	life	decisions	more	satisfying	in	the	end.	

Then	things	get	rapidly	more	complex	when	we	consider	our	source	of	energy:	food.		

As	 Jean-Anthelme	 Brillat-Savarin	 wrote:	 “The	 animals	 feed	 upon.	 Man	 eats.	 The	
educated	man	alone	knows	how	to	eat.”	Many	hunter-gatherers	still	guzzle	and	fill	up	
as	fast	as	they	can,	knowing	too	well	that	the	next	feast	may	come	very	late	in	the	
future.	With	globalization	–i.e.	imperial,	industrial	colonization-	of	our	food	supply,	
then	 processing	 and	 distribution,	 we	 are	 now	 back	 to	 guzzling	 (fast)	 food	
everywhere.		
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This	 recent	 destructive	 invasion	 is	 also	 vaporizing	 our	 outside	 connections,	 our	
social	fabric,	our	viscerally	important	traditions,	our	thirst	and	hunger	for	exploring	
and	discovery,	our	commensality,	as	well	as	>90%	of	who	each	one	of	us	is,	i.e.	our	
unique,	personal	digestive	microbiota.		

Pleasure	in,	with,	associated	to	food	is	a	very	complex,	individual,	genetic,	but	also	
socio-cultural	 combination.	 Food	 that	 we	 enjoy	 does	 improve	 our	 physical	 and	
mental	health,	and	in	disease	or	post-trauma,	helps	recovery	and	healing.	In	1970,	
Marian	Apfelbaum,	MD,	was	chairman	of	Nutrition	at	the	Hospital	Bichat,	 in	Paris,	
France.	The	hospital	 is	adjacent	 to	 the	 freeway	that	circles	Paris,	and	at	 that	 time	
there	was	no	helmet	law	for	motorcycles	or	mopeds.	Every	weekend	at	dusk,	group	
of	young	bikers	raced	on	that	beltway,	free	of	lorries	and	trucks.	Inevitably	some	lost	
control	and	ended	at	 the	nearby	 trauma	center	of	Bichat;	all	were	young,	healthy	
males,	and	their	only	misery	was	broken	bones.	They	would	recover.	

However,	 a	 stay	 in	 a	 trauma	 center	 is	 expensive	 –even	 if,	 at	 the	 time,	 beds	were	
aligned	in	large	rooms,	with	curtains	to	provide	an	illusion	of	privacy.	And	for	young	
active	males,	staying	in	bed	was	torture:	no	fun,	no	sex,	noise,	smell,	a	boring	B&W	
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TV:	the	only	thing	they	could	think	of	was	food.	And	this	was…	“hospital	food”	akin	to	
“prison”	fare.	

Marian	Apfelbaum	knew	 that	 the	hospital	 central	kitchen	was	buying	great	meat,	
produce,	 even	 Yukon	 gold	 potatoes	 and	 Thai	 jasmine	 rice.	 But	 the	 collective	
processing	 transformed	every	marvelous	morsel	 into	 a	brown	sauce-soaked	 shoe	
sole	or	sponge.	The	kids	were	depressed	and	eventually	malnourished;	they	did	not	
heal	as	scheduled;	they	were	unruly.	Something	had	to	be	done.	The	trauma	center	
surgeon	 consulted	with	Marian	 Apfelbaum,	 and	 they	 rapidly	 agreed	 on	 a	 clinical	
study	with	one	single	outcome:	the	wounded	would	be	paired	and	the	surgeon	will	
decide	on	 the	date	of	 release.	Each	patient	was	paired	with	 another	of	 same	age,	
physical	 metrics,	 and	 fractures.	 The	 only	 difference	 was	 the	 preparation	 and	
presentation	of	the	meals.	

One	group	(#1)	was	served	the	central	kitchen	meals.	For	the	paired	other	(#2),	a	
dietician	trained	at	a	Michelin-starred	restaurant	would	go	to	the	central	kitchen,	get	
the	 same,	 identical	 products	 (nutrients,	 calories,	 etc.)	 and	 prepare	 them	with	 art,	
gusto	and	panache.	True	the	seasoning	was	different,	and	the	presentation	was	artsy,	
on	 china,	 with	 a	 real	 napkin;	 but	 that	 was	 only	 cosmetic,	 not	 structural.	 After	 3	
months,	 the	 results	 were	 obvious:	 the	 wounded	 #2	 who	 enjoyed	 the	 Apfelbaum	
starry	chef’s	meals	could	leave	the	ward	on	average	3	days	earlier	than	their	kin	#1	
who	suffered	the	usual	feed.	(More	recently,	the	Hospital	Authority	of	Hong	Kong,	
after	a	few	meetings	that	I	initiated	in	2009,	improved	dramatically	its	food	service,	
and	I	could	judge	(and	enjoy)	these	improvements	when	I	was	hospitalized	at	the	
Prince	of	Wales	Hospital	in	December	2012.)	

The	evidence	was	there,	but	research	continued,	and	in	1994	Jean-Claude	Melchior,	
MD	(former	assistant	of	Marian	Apfelbaum)	tested	the	effect	of	the	palatability	of	a	
meal	on	the	post-prandial	release	of	several	gut	hormones	or	neuropeptides	that	are	
known	to	effect	intake	and	satiety.	Hormonal	response	was	measured	in	plasma	for	
3	h	after	a	highly	palatable,	warm-to-hot	and	energy/fat-rich	meal,	or	after	the	same,	
identical	meal	served	cold	in	a	poorly	acceptable	form	(with	candle	wax-tasting	fat!),	
as	well	as	fasting.	The	early	post-prandial	pancreatic	polypeptide	and	neurotensin	
response	was	significantly	higher	after	the	highly	palatable	meal	than	after	the	cold	
one,	 meaning	 that	 the	 digestibility	 was	 much,	 much	 better,	 and	 the	 mood	 was	
drastically	improved.	
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These	 results	 –and	 many	 more-	 confirm	 that	 the	 value	 of	 food	 intake	 on	 social	
patterns,	self-esteem,	pleasure	and	enjoyment	impacts	quality	of	life.	While	nutrition	
can	provide	the	basic	need	for	nutrients,	the	loss	of	the	eating	function	is	a	distressing	
experience,	especially	given	the	cultural	focus	on	social	gatherings	and	meals.	

A	growing	population,	worldwide,	is	the	senior	crowd.	Life	expectancy	has	increased	
dramatically,	and	there	is	no	real	end	in	sight.	But	with	age	we	all	lose	taste,	smell,	

	

and	consequently	appetite.	The	risk	of	malnutrition	is	real,	with	painful,	alienating,	
expensive	 consequences.	 And	 inane	 “medical”	 restrictions	 imposed	 without	 any	
evidence	of	benefit	(e.g.	salt!)	make	matters	worse.	One	method	for	“treatment”	of	
chemosensory	losses	involves	sensory	enhancement	of	foods	with	flavors	and	MSG.	
Amplification	 of	 flavor	 and	 taste	 can	 improve	 food	 palatability	 and	 acceptance,	
increase	hunger	and	appetite	while	preventing	weight	 loss,	 increase	salivary	 flow	
and	 immunity,	 and	 reduce	 oral	 complaints	 in	 both	 sick	 and	 healthy	 elderly.	 To	
perceive	and	appreciate	food,	we	use	taste	receptors.	Besides	the	well-known	ones	
of	the	tongue,	taste	buds	comprise	three	types	of	elongated	cells.	In	the	nasal	cavity,	
solitary	chemosensory	cells	express	 the	 “taste”	 transduction	cascade	and	synapse	
onto	nerve	fibers	(red)	arising	from	the	trigeminal	nerve.	In	the	trachea,	the	“taste”-
like	 cells	 are	 brush	 cells,	 which	 release	 acetylcholine	 upon	 stimulation.	 In	 the	
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stomach,	 a	 variety	 of	 enteroendocrine	 cells	 express	 elements	 of	 the	 taste	
transduction	cascade.	Numerous	brush	cells	in	the	gall	bladder	and	bile	ducts	express	
the	canonical	taste	transduction	cascade.	In	the	upper	part	of	the	small	intestine	(e.g.,	
duodenum,	lower	right),	a	variety	of	enteroendocrine	cells	express	taste	receptors.		

The	majority	of	 individuals	can	be	classified	as	sweet	 likers	or	dislikers	based	on	
their	hedonic	 (pleasure)	 response	 to	 sucrose	 solutions	 in	 various	 concentrations;	
this	sweet	liker/disliker	is	a	robust	phenomenon	which	appears	to	generalize	over,	
but	is	restricted	to,	sweet-tasting	substances.	The	sweet	taste	–that	appears	in	the	
fetus	15-16	weeks	after	conception-	is	also	an	intense	stimulus	of	analgesia.	Sucrose	
is	 effective	 in	 relieving	 symptoms	 of	 pain	 in	 term	 and	 preterm	 infants	 during	
heelsticks	and	venipunctures;	 it	 is	 combined	with	nonnutritive	 sucking	 for	better	
results.	Oral	sucrose	is	now	recommended	in	the	NICU.	But	a	recent	UK	study	has	
demonstrated	that	this	highly	positive	effect	is	not	affecting	activity	in	neonatal	brain	
or	spinal	cord	nociceptive	circuits;	pleasure	is	more	likely	to	be	involved!		

For	more	mature	humans,	chocolate	is	the	food	with	the	greatest	impact	on	mood.	
Besides	its	hedonic	appeal	–fat,	sugar,	texture,	aroma-,	it	is	used	as	self-medication	
for	dietary	deficiencies	 (Mg),	 or	 to	balance	 low	 levels	 of	mood-neurotransmitters	
(serotonin,	dopamine).	Chocolate	contains	appetite	regulators,	and	cannabinoid-like	
fatty	acids.		

Another	recent	finding	is	that	bacteria	in	human	mouth	produce	odors	from	odorless	
sulfur	compounds	of	fruits	&	vegetables	[grapes,	onions,	bell	peppers],	causing	the	
‘retroaromatic’	 effect.	 Saliva	 traps	 the	 free	 thiols	 with	 long-lasting	 flavors.	 (The	
microbiome	(>90%	of	“us”)	will	be	addressed	in	a	following	section.)	 	
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We only eat what we like –and some 

Preparing	 food	 with	 heat	 or	 fire	is	 an	 activity	 unique	 to	 humans,	 and	 scientists	
believe	 the	advent	 of	 cooking	played	 an	 important	 role	 in	human	 evolution.	Some	
anthropologists	believe	that	cooking	fires	first	developed	around	250,000	years	ago,	
although	there	is	evidence	for	the	controlled	use	of	fire	by	Homo	erectus	beginning	
400,000	years	ago.	Cooking	was	instrumental	in	human	evolution,	as	it	reduced	the	
time	and	energy	required	for	chewing	and	much	better	digestion.	Cooking	changed	
everything:	food	became	safe,	less	perishable,	tasty	with	a	rainbow	of	novel	flavors,	
enjoyable,	 and	 resulted	 in	 increased	 size	 of	 the	 brain	 as	 well	 as	 life	 expectancy.	
Cooking	 brought	Homo	 into	 a	 new	 age!	 It	 also	 allowed	 for	more	 choices	 in	 taste,	
texture,	temperature,	blends;	and	food,	recipes	became,	for	those	who	could	store	it,	
a	 passion,	 at	 times	 an	 obsession;	whole	 cultures	 developed	 around	 specific	 local	
foods,	 source	 of	 inspiration,	 employment,	 visits	 announcing	 tourism,	 respect,	
admiration,	 celebration,	 enjoyable	 memories.	 In	 the	 seventeenth	 and	 eighteenth	
centuries	 CE,	 food	was	 a	 classic	marker	 of	 identity	 in	 Europe.	 In	 the	 nineteenth-
century	 "Age of Nationalism"	 cuisine	 became	 a	 defining	 symbol	 of	 national	 identity.	
Communication	between	the	Old	World	and	the	New	World	influenced	the	history	of	
food	 because	 of	 the	 movement	 of	 foods	 from	 and	 to	 Europe	 and	 Asia,	 such	 as	

From%Man%to….%Cook!%
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potatoes,	tomatoes,	corn,	yams,	and	beans;	what	would	be	Sichuan	cuisine	without	
chili	 peppers	 or	 maize	 of	 Mexico?	 In	 an	 interesting	 twist	 of	 history,	 the	 major	
producer	of	apples	is	China	–where	Malus	sylvestris	apple	trees	were	born	in	Xinjiang.	

But	before	we	start	dreaming	of	paellas,	bouillabaisses,	Peking	duck,	Döner	kebab,	
or	pasta	all’	arrabiatta,	we	humans	were	born	and	had	to	be	fed	STAT.	Our	first	food	
–as	mammals-	was	breast-milk.	It	was	the	only	food	for	newborns	and	infants,	and	
must	be.	Recent	research	by	the	group	of	J.	Bruce	German,	PhD	at	the	University	of	
California-Davis,	has	confirmed	that	mother’s	breast	milk	is	uniquely	suited	for	the	
child;	maternal	 colostrum	 and	milk	match	 50%	 of	 the	 child’s	 genome,	 and	 some	
components	 (microbiota,	 milk	 oligosaccharides)	 are	 uniquely	 adapted	 to	 the	
developing	infant.	

	

Soon	in	life	our	apprehension	of	the	(outside	the	womb)	world	assails	the	infant.	She	
uses	her	senses	to	appreciate	food:	smell,	sight,	taste,	texture,	and	more	individual	
transient	 perceptions	 to	 impressively	 rapidly	 develop	 a	 library	 of	 pleasures;	 this	
does	regulate	appetite,	growth	and	development,	social	attachment	and	skills,	and	
the	complex	feelings	of	digestion.	

Indeed,	 digestion	 –even	 of	 breast	 milk-	 involves	 and	 mobilizes	 an	 array	 of	
mechanisms,	brain	areas	and	functions,	diverse	senses,	multiple	organs,	chemicals,	
microorganisms,	the	whole	body	and	de	facto	the	environing	familial	community.	
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Developing	 taste	 and	 feeding	
habits	 starts	 very	 early	 in	 life,	 in	
utero!	 Researchers	 at	 the	 Monell	
Chemical	 Senses	 Center	 in	
Philadelphia	 have	 found	 that	
babies	born	to	mothers	who	eat	a	
diverse	 and	 varied	 diet	 while	
pregnant	 and	breast-feeding	are	
more	 open	 to	 a	 wide	 range	 of	
flavors	 and	 carry	 those	
preferences	 into	 childhood	 and	
adulthood.		
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In	 fact,	 changing	 food	 preferences	 beyond	 toddlerhood	 appears	 to	 be	 extremely	
difficult.	There	are	several	sensitive	periods	for	taste	preference	development,	the	
first	one	before	three	and	a	half	months	of	age,	which	makes	what	the	mother	eats	
while	pregnant	and	breast-feeding	so	important.	

This	early	exposure	leads	to	an	imprinting-like	phenomenon	such	that	those	flavors	
are	not	only	preferred	but	they	take	on	an	emotional	attachment.	This	puts	babies	
fed	formula	at	a	disadvantage	because	the	flavors	in	packaged	formula	never	change.	
Another	 recent	 study	 found	 that	 exposure	 to	 a	maternal	 junk	 food	diet	 results	 in	
children	preferring	the	same	high	fat,	high	salt,	high	sweetness	fare.	These	and	other	
studies	call	into	question	the	ethics	of	marketing	poor-quality	foods	to	children	as	
well	as	the	marketing	of	 infant	formula;	 infant	formula	is	a	booming	billion-dollar	
industry	with	three	companies	controlling	almost	98	percent	of	the	market:	Mead	
Johnson,	Abbott,	and	Nestlé	(Gerber).	

‘Functional	foods’,	or	foods	that	allegedly	deliver	nutritional	benefit	beyond	what	is	
available	 in	 natural	 foods,	 are	 a	 food	 industry	 fabrication	 to	 lure	 consumers	 to	
believe	(and	purchase)	that	their	products	are	superior	to,	or	can	replace,	natural,	
whole	foods.	Save	your	money;	eat	real	food!	

Formula	is	only	part	of	the	problem	since	breast-fed	babies	of	mothers	eating	too	
many	refined	and	processed	foods	are	also	at	risk.	Claims	by	the	“Big	Food”	industry	
that	 personal	 responsibility,	 exercising	more,	 and	 eating	 less	 are	 the	 solutions	 to	
obesity	 and	 diet-related	 disease	 are	 turned	 on	 their	 head	with	 these	 studies	 and	
many	more.	If	babies	are	developing	food	preferences	in	utero	and	before	2	or	3	years	
of	age	through	no	fault	of	their	own,	how	can	we	then	blame	them	when	they	become	
obese	children	and	adults?		
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If	we	look	at	American	or	“globalized”	(by	western	“Big	Food”	giants)	children	and	
young	 adults,	we	 can	 already	measure	 the	 irresistible	 damage	 paving	 the	way	 to	
unaffordable	 expenses	 in	 treating	 epidemics	 of	 type	 2	 diabetes,	 stroke	 and	 heart	
disease,	 cancer,	 and	many	 other	 chronic,	 invalidating	 conditions	 that	 strike	 ever	
younger	populations.	

“Big	Food”	(by	analogy	with	“Big	Tobacco”)	groups	distribute	and	sell	a	myriad	of	
products	that	you	can	see	–and	probably	consume-	every	day.	None	of	them	being	
indispensable,	or	even	acceptable.	
	

The$Dangers$of$Globaliza2on$
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Since	you	are	 reading	 this	essay,	you	assume	 that	you	are	smart	enough	 to	avoid	
entanglement	into	a	trap.	I	hope	so.	

At	the	start	of	the	21st	century	i.e.	very	recently,	a	two-tier	structure	has	arisen,	with	
a	 few	 international	 food-processing	 giants	 [see	 figure	 above]	 controlling	 a	 wide	
range	 of	well-known	 food	 brands.	 There	 also	 exists	 a	wide	 array	 of	 small	 local	 or	
national	 food	 processing	 companies.	Advanced	 technologies	 have	 also	 come	 to	
change	 food	 manufacture.	 Computer-based	 control	 systems,	 sophisticated	
processing	and	 packaging	 methods,	 and	 logistics	 and	 distribution	advances	 can	
enhance	product	quality,	improve	food safety,	and	reduce	costs.	

According	to	Global	Food	Forums	2015	Food	Trends	“Big	Food”	not	only	knows	what	
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you	consume,	buy,	give	or	spoil,	but	these	manufacturers	know	what	you	wish	to	eat,	
what	you	will	be	looking	for,	what	your	still	subconscious	desires	are.	I	urge	you	to	
look	at	that	web	page,	but	for	those	of	you	who	like	a	screenshot,	hereunder	are	some	
hints:	

- Highlight	naturalness	of	the	processed	product;	

- Bet	on	fear	of	traditional	foods;	

- Medicalization	 of	 meals	 (vs.	 heart	 disease,	 cancer,	 high	 blood	 pressure,	
obesity	[sic!])	

- Bring	‘convenience’	to	foodies;	

- Market	the	‘Millenials’;	

- Promote	ad	libitum	‘good’	ω-3	fats;	

- Proteins	will	be	whey	(usually	fed	to	cattle);	

- Fruit	‘for	color’;	

- Frozen	is	‘fresh’;	

- Rich,	chewy	and	crunch	(i.e.	more	fats	&	sweets)	

- ‘Asian	Foods’	e.g.	Korean	spicy	ramen	(with	plenty	of	palm	oil	&	synthetic	
flavors)!	

- Bitter	is	the	new	bold:	chocolate,	hoppy	beers,	cocktails	with	angostura;	

- ‘Healthy	eating’	e.g.	culinary	cannabis,	gluten-free,	vegan,	kosher,	coconut,	
Stevia,	agave	syrup,	paleo-diet-	for	ALL!	

And	what	will	decrease?	

- Bio-security;	

- Government	transparency	&	accountability;	

- High	value	agricultural	lands;	

- Public	sector	Agricultural	Research,	Development	and	Extension;	

- Wholesale	food	markets.	

At	 the	 same	 time	 (i.e.	 right	 now,	while	 you	 are	 reading	 –and	 trying	 to	 digest	my	
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exposé)	 food	 deprivation	 affects	 very	 large	 populations,	 some	 within	 a	 walking	
distance.	 It	 is	 often	 connected	with	famine,	which	 involves	 the	 absence	 of	 food	 in	
entire	communities.	This	can	have	a	devastating	and	widespread	effect	on	human	
health	 and	 mortality.	Starvation	 is	 a	 significant	 international	 problem.	
Approximately	815	million	people	are	undernourished,	and	over	16,000	children	
die	each	day	from	hunger-related	causes.	This	situation	can	only	be	addressed	–and	
corrected-	 if	 the	 system	 based	 on	 profit,	 leftover	 colonialism,	 kleptocracy	 (e.g.	
African	countries),	inept	politicians	is	changed.	Do	not	count	on	the	United	Nations	
or	its	agencies	to	help.	 	
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How do we make food our (almost) only 
source of energy? 

We	need	to	digest	it.	Digestion	is	the	breakdown	of	large	insoluble	food	molecules	
into	small	water-soluble	food	molecules	so	that	they	can	be	absorbed	into	the	watery	
blood	 plasma	 Digestion	 is	 a	 form	 of	 catabolism	that	 is	 often	 divided	 into	 two	
processes	based	on	how	food	is	broken	down:	mechanical	and	chemical	digestion.	
The	term	mechanical	digestion	refers	to	the	physical	breakdown	of	 large	pieces	of	
food	into	smaller	pieces	that	can	subsequently	be	accessed	by	digestive	enzymes.	In	
chemical	digestion,	enzymes	break	down	food	into	the	small	molecules	the	body	can	
use.	

In	the	human	digestive	system,	food	enters	the	mouth	and	mechanical	digestion	of	
the	 food	 starts	 by	 the	 action	 of	mastication	(chewing)	 and	 the	 wetting	 contact	
of	saliva.	Saliva,	a	liquid	secreted	by	the	salivary	glands,	contains	salivary	amylase,	
an	 enzyme	 which	 starts	 the	 digestion	 of	 starch	 in	 the	 food;	 the	 saliva	 also	
contains	mucus,	which	lubricates	the	food,	and	hydrogen	carbonate,	which	provides	
the	 ideal	 conditions	 of	 pH	 (alkaline)	 for	 amylase	 to	 work.	 After	 undergoing	
mastication	and	starch	digestion,	the	food	will	be	in	the	form	of	a	small,	round	slurry	
mass	called	a	bolus.	It	will	then	travel	down	the	esophagus	and	into	the	stomach	by	
the	action	of	peristalsis.	Gastric	juice	in	the	stomach	starts	protein	digestion.	Gastric	
juice	 mainly	 contains	hydrochloric	 acid	and	pepsin.	 As	 these	 two	 chemicals	 may	
damage	the	stomach	wall,	mucus	is	secreted	by	the	stomach,	providing	a	slimy	layer	
that	acts	as	a	shield	against	the	damaging	effects	of	the	chemicals.	At	the	same	time,	
that	protein	digestion	is	occurring,	mechanical	mixing	occurs	by	peristalsis,	waves	of	
muscular	contractions	 that	move	along	 the	stomach	wall.	This	allows	 the	mass	of	
food	to	further	mix	with	the	digestive	enzymes.	
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After	typically	1–2	hours	in	
humans,	the	resulting	thick	
liquid	 is	 called	 chyme.	
When	the	pyloric	sphincter	
valve	 opens,	 chyme	 enters	
the	 duodenum	 where	 it	
mixes	 with	 digestive	
enzymes	from	the	pancreas	
and	bile	juice	from	the	liver	
and	 then	 passes	 through	
the	small	intestine,	in	which	
digestion	 continues.	 When	
the	chyme	is	fully	digested,	
it	 is	 absorbed	 into	 the	
blood.	95%	of	absorption	of	
nutrients	 occurs	 in	 the	
small	 intestine.	 Water	 and	
minerals	 are	 reabsorbed	
back	 into	 the	 blood	 in	 the	
colon	 (large	 intestine)	
where	 the	 pH	 is	 slightly	
acidic	about	5.6	~	6.9.		

	

	

	

Many	 vitamins,	 such	 as	 group	 B	 vitamins,	biotin	and	vitamin	 K	(K2MK7)	 are	
produced	by	bacteria	in	the	colon	and	absorbed	into	the	blood	in	the	colon.	Waste	
material	is	eliminated	from	the	rectum	during	defecation.	

This	 is	 a	 schematic	 overview	 and	 the	 human	 digestion	 process	 is	 complex.	
The	human	gastrointestinal	tract	is	around	9	meters	long.	Food	digestion	physiology	
varies	between	individuals	and	upon	other	factors	such	as	the	characteristics	of	the	
food	and	size	of	the	meal,	and	the	process	of	digestion	normally	takes	between	24	
and	72	hours.		
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Different	 phases	 of	 digestion	 take	 place	 including:	 the	cephalic	 phase,	gastric	
phase,	and	intestinal	phase.	The	cephalic	phase	occurs	at	 the	sight,	 thought	and	
smell	of	food,	which	stimulate	the	cerebral	cortex.	Taste	and	smell	stimuli	are	sent	to	
the	hypothalamus	and	 medulla	 oblongata.	 Then	 the	 stimuli	 are	 routed	 through	
the	vagus	nerve	with	release	of	acetylcholine.	Gastric	secretion	at	this	phase	rises	to	
40%	of	maximum	rate.	Acidity	in	the	stomach	is	not	buffered	by	food	at	this	point	
and	thus	acts	to	inhibit	parietal	(secretes	acid)	and	G	cell	(secretes	gastrin)	activity	
via	D	 cell	secretion	 of	somatostatin.	 The	 gastric	 phase	 takes	 3	 to	 4	 hours.	 It	 is	
stimulated	by	distension	of	the	stomach,	presence	of	food	in	stomach	and	decrease	
in	pH.	Distention	activates	long	and	myenteric	reflexes.	This	activates	the	release	of	
acetylcholine,	which	stimulates	the	release	of	more	gastric	juices.	As	protein	enters	
the	 stomach,	 it	 binds	 to	hydrogen	ions,	 which	 raises	 the	pH	of	 the	stomach.	
Inhibition	 of	 gastrin	 and	gastric	 acid	 secretion	 is	 lifted.	 This	 triggers	G	 cells	to	
release	gastrin,	which	in	turn	stimulates	parietal	cells	to	secrete	gastric	acid.	Gastric	
acid	is	about	0.5%	hydrochloric	acid	(HCl),	which	lowers	the	pH	to	the	desired	pH	of	
1-3.	Acid	release	is	also	triggered	by	acetylcholine	and	histamine.		

The	intestinal	 phase	has	 two	 parts,	 the	 excitatory	 and	 the	 inhibitory.	 Partially	
digested	 food	 fills	 the	duodenum.	 This	 triggers	 intestinal	 gastrin	 to	 be	 released.	
Enterogastric	 reflex	 inhibits	 vagal	 nuclei,	 activating	 sympathetic	 fibers	causing	 the	
pyloric	sphincter	to	tighten	to	prevent	more	food	from	entering,	and	inhibits	local	
reflexes.		

In	 the	 small	 intestine,	 the	 larger	 part	 of	 digestion	 takes	 place,	 helped	 by	 the	
secretions	of	bile,	pancreatic	juice	and	intestinal	juice.	The	intestinal	walls	are	lined	
with	villi,	and	their	epithelial	cells	are	covered	with	numerous	microvilli	to	improve	
the	absorption	of	nutrients	by	increasing	the	surface	area	of	the	intestine.		

Then	something	critical	happens:	in	the	large	intestine,	the	passage	of	food	is	slower	
to	enable	fermentation	by	the	gut	flora	to	take	place.		 	
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We are Supraorganisms that are  
only 10% Human 

Science,	we	are	 told,	advances	one	 funeral	at	a	 time,	but	 sometimes	 it	progresses	
through	resurrections.	

[The	actual	maxim	by	German	physicist,	Max	Planck,	is	less	pithy:	“A	new	scientific	
truth	does	not	triumph	by	convincing	its	opponents	and	making	them	see	the	light,	but	
rather	 because	 its	 opponents	 eventually	 die	 and	 new	 generation	 grows	 up	 that	 is	
familiar	with	it.]”	

The	French	chemist	Antoine	Béchamp	(1816–1908)	was	a	life-long	rival	to	the	great	
microbiologist	 Louis	 Pasteur.	 Pasteur	 invented	 pasteurization	 and	 vaccines	 for	
rabies	and	anthrax	and	discovered	that	many	diseases	are	caused	by	invisible	germs.	
Béchamp	was	a	bitter	crank	who	argued	that	microbes	became	dangerous	when	the	
health	 of	 the	 host	 -its	 “terrain”	 or	 environment-	 deteriorated.	 Béchamp	 was	
comprehensively	 wrong:	 Pasteur’s	 germ	 theory	 of	 disease,	 which	 describes	 how	
sicknesses	are	caused	by	bacterial	infections	(as	well	as	by	viruses	that	invade	our	
cells),	or	else	by	genetics,	aging,	and	accidents,	is	supported	by	evolutionary	theory	
and	all	 the	observations	of	modern	medicine.	Today,	Béchamp	 is	 invoked	only	by	
anti-vaxxers	and	disciples	of	alternative	medicine	who	believe	that	food	is	medicine.	

Béchamp	 was	 comprehensively	 wrong,	 but	 not	 absolutely	 so.	 His	 idea	 that	
microorganisms	 are	 necessary	 to	 good	 health,	 and	 that	 beneficial	microbiota	 are	
pathogenic	under	the	wrong	conditions	or	in	the	wrong	place,	is	now	the	standard	
view	of	researchers	who	study	the	microbiology	of	animals	and	plants.	A	new	science	
of	 the	 microbiome	 -meaning,	 simply,	 the	 microorganisms	 in	 an	 environment-	
emphasizes	 that	 all	 plants	 and	 animals	 on	 Earth	 evolved	 in	 combination	 with	
microorganisms	and	asks	how	microbiota	interact	with	their	hosts.	Over	the	last	17	
years,	we	have	learnt	that	countless	functions	in	living	things,	from	digesting	food	to	
regulating	the	immune	system	to	germinating	seeds,	rely	on	microorganisms.	More	
recently	still,	microbiome	science	has	attracted	huge	sums	of	venture	capital	to	fund	
companies	that	treat	hitherto	intractable	diseases	or	swell	agricultural	yields.		
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What	 changed?	 According	 to	 Justin	 Sonnenburg,	 a	 professor	 of	 microbiology	 at	
Stanford	 University	 and	 the	 author	 of	 The	 Good	 Gut,	 our	 new	 emphasis	 on	 the	
functional	 importance	 of	 the	 microbiome	 is	 the	 product	 of	 three	 events.	 First,	
beginning	 in	 2001,	 scientists	 observed	 that	 mice	 with	 different	 microbiota	 had	
different	biologies,	suggesting	that	resident	bacteria	could	modulate	the	host’s	gene	
expression.	 Second,	 in	 2006,	 researchers	 demonstrated	 that	 gut	 microbes	 could	
cause	 changes	 in	 a	 host’s	 phenotype,	 such	 as	 obesity.	 Finally,	 gene	 sequencing	
technologies	developed	for	the	human	genome	project	were	turned	upon	microbes	
in	international	projects	like	the	Human	Microbiome	Project,	freeing	scientists	from	
the	 limitations	of	culturing	bacteria	and	revealing	how	microbial	genes	expressed	
themselves	in	their	hosts.	“People	realized	that	[the	microbiome]	wasn’t	some	quirky,	
beautiful	thing	in	biology,	but	was	functionally	crucial,”	says	Sonnenburg.	

Microbiome	science	is	a	revolution	in	how	humans	understand	and	control	biology.	
Pasteur’s	 theory	 of	 disease	 bequeathed	 to	medicine	 a	metaphor	 that	 germs	were	
constantly	besieging	animals	(battles	in	wars	that	were	ultimately	lost	when	bacteria	
overtook	a	corpse	and	it	decayed).	The	metaphor	was	not	the	microbiologist’s	fault;	
Pasteur	knew	we	wouldn’t	be	healthy	without	microorganisms.		

But	 as	Ed	Young	 explains	 in	 his	wonderful	 2016	book,	 “I	 Contain	Multitudes:	 The	
Microbes	within	Us	and	a	Grander	View	of	Life,	 “Microbes…	were	cast	as	avatars	of	
death.	They	were	germs,	pathogens,	bringers	of	pestilence….	[Scientists]	discovered	the	
bacteria	 behind	 leprosy,	 gonorrhea,	 typhoid,	 tuberculosis,	 cholera,	 diphtheria,	 and	
plague…	Bacteriology	became	an	applied	science,	which	studied	microbes	in	order	to	
repel	or	destroy	them.”	

Sterility	is	impossible	in	nature.	Microbes	cover	everything	and	intrude	everywhere.	
Microorganisms	flourish	at	the	bottom	of	the	cold	sea	and	in	the	vents	of	boiling	hot	
springs;	bacteria	can	even	survive	in	radioactive	waste.	Between	one	to	ten	percent	
of	the	mass	and	half	the	cells	in	animals	are	microbiota.	Sterility	is	also	undesirable.	
Symbionts	 provide	 metabolic	 capabilities	 lacking	 in	 animals,	 such	 as	 vitamin	 B	
synthesis	in	termites	and	the	digestion	of	grass	in	cows,	and	they	modulate	cellular	
signaling	networks	that	regulate	functions	necessary	for	animal	health,	receiving	in	
return	nutrients	and	protection.	Many	plants	are	equally	dependent	on	microbes:	
peas,	 clover,	 soy,	 and	beans	have	nodules	on	 their	 roots	 that	host	bacteria,	 fixing	
nitrogen	 from	 the	 air	 in	 the	 plant.	 In	 payment,	 the	 plants	feed	 their	 commensal	
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friends	with	sugars.	

You,	 too:	 your	 cells	 have	 around	 20,000	 to	 25,000	 genes,	 but	 your	 microbiome	
boasts	500	times	more.	More	than	98	percent	of	your	bacteria	can	be	found	in	your	
colon;	but	other	parts	of	your	body	have	their	own	colonies	where	microbes	have	
evolved	to	survive	upon	the	oily	plains	of	your	face,	in	the	humid	swamps	of	your	
armpits,	or	on	the	slick	rocks	of	your	mouth.	Your	microbiota	are	mostly	harmless,	
but	 many	 are	 functionally	 important	 to	 you	 also,	 crowding	 out	 more	 harmful	
microbes,	 teaching	 your	 immune	 system	 to	 recognize	 enemies,	 and	 influencing	
behavior	like	your	appetite.	One	third	of	human	milk	is	composed	of	sugars	called	
oligosaccharides,	but	babies	cannot	digest	them;	the	sugars	are	food	for	microbes,	
which	 furnish	 infants	with	essential	nutrients	 that	grow	their	brains	and	proteins	
that	seal	their	guts.	

Microbiologists	often	urge	us	to	think	of	the	microbiome	as	an	organ,	and	it	is.	But	
the	truth	is	weirder:	animal	and	plants	are	multi-organismal	creatures,	composed	of	
both	animal	or	plant	cells	and	microbial	cells.	We	can	only	understand	animals	and	
plants	 by	 comprehending	 how	 they	 interact	 with	 the	 communities	 of	
microorganisms	that	live	within	and	on	their	surfaces.	But	this	insight	was	originally	
Béchamp’s;	he	understood	that	what	we	now	call	“dysbiosis”	was	just	an	imbalance	
or	maladaptation	of	the	microbiome.	He	was	the	first	to	propose	that	some	cancers	
were	caused	by	bacteria.	He	would	have	been	unsurprised	to	learn	that	a	bacterial	
overgrowth	in	the	small	intestine	leads	to	poor	absorption	of	nutrients,	which	in	turn	
cause	 unpleasant	 or	 serious	 symptoms,	 or	 that	disturbances	 of	 the	 vagina’s	
microbiome	can	 increase	 the	risk	of	 infection	by	HIV.	 In	microbiology,	 the	 idea	of	
terrain	is	today	quietly	resurgent.	Janelle	Ayres,	a	professor	of	immunobiology	at	the	
Salk	Institute,	is	seeking	to	replace	antimicrobials,	such	as	vaccines,	antivirals,	and	
antibiotics,	 used	 to	 fight	 infections	 with	 the	 beneficial	 microbes	 in	 our	 guts	 for	
“damage-control	therapeutics.”	

These	kinds	of	scientific	resurrections	occur	from	time	to	time	in	a	complication	of	
Thomas	 Kuhn’s	episodic	 model	 of	 scientific	 progress	(which	 holds	 that	 science	
advances	as	“paradigms”	are	overthrown	when	they	no	longer	explain	the	world).	
The	 18th	 century	 French	 naturalist	 Jean-Baptiste	 Lamarck	 believed	 that	
characteristics	 acquired	 in	 life	 could	 be	 inherited	 by	 succeeding	 generations,	
imagining	 that	 the	 giraffe’s	 long	neck	was	 the	 result	 of	 generations	of	prodigious	
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stretching.	The	discovery	of	the	structure	of	DNA	buried	Lamarckism,	except	in	the	
Soviet	Union,	where	it	was	Stalinist	dogma.	But	over	the	last	fifteen	years,	a	new	field	
called	 epigenetics	 has	 demonstrated	 that	methylation,	 a	 chemical	modification	 of	
DNA	 induced	 by	 the	 environment,	 can	 alter	 our	 genes:	a	 remarkable	 echo	of	
Lamarck’s	original	thesis.	

Sonnenburg	cautions,	“Many	would	say	we	still	don't	really	understand	[microbiome]	
functions	now,	but	we	do	grasp	their	importance.”	In	common	with	many	scientists,	
he	wants	to	know	a	few	things.	First,	what	is	a	healthy	microbiome	anyway?	“Humans	
evolved	with	an	ancestral	microbiome,	which	was	lost	during	industrialization.	Could	
the	Western	microbiome	 be	 a	 dysbiotic	 community	 that	 predisposes	Westerners	 to	
chronic	 diseases?”	 Second,	 how	 quickly	 can	 researchers	 develop	 the	 microbiome	
for	precision	healthcare?	“It’s	individual,	it's	connected	to	most	of	our	biology,	and	it's	
malleable:	 it	 seems	 perfect.”	 Finally,	 Sonnenburg	 wonders	 whether	 we	 want	 to	
rebuild	our	ancestral	microbiome	at	all.	Instead,	he	speculates,	we	might	optimize	
our	microbiomes	for	different	goals	at	different	points	 in	 life.	“A	marathon	runner	
might	want	something	different	from	a	pregnant	woman,	and	a	patient	who	needed	
immunotherapy	might	want	something	else.”	

In	other	words,	can	humans	cultivate	a	better	terrain	for	their	symbionts?	Put	so,	it	
doesn’t	seem	implausible.	“Nothing	 is	 the	prey	of	death,	all	 is	 the	prey	of	 life,”	said	
Béchamp.	

 
Periodical cicada. Wikipedia 

Cicadas	might	be	a	pest,	but	they’re	special	in	a	few	respects.	For	one,	these	droning	
insects	have	a	habit	of	emerging	after	a	prime	number	of	years	(7,	13,	or	17).	They	
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also	feed	exclusively	on	plant	sap,	which	is	strikingly	low	in	nutrients.	To	make	up	
for	this	deficiency,	cicadas	depend	on	two	different	strains	of	bacteria	that	they	keep	
cloistered	within	special	cells,	and	that	provide	them	with	additional	amino	acids.	All	
three	partners	–the	cicadas	and	the	two	types	of	microbes–	have	evolved	in	concert,	
and	none	could	survive	on	its	own.	

In	 the	 September	 26,	 2018	 issue	 of	 AEON,	 Derek	 J.	 Skillings	 (University	 of	
Pennsylvania)	selects	cicadas	because	of	this	partnership:	these	organisms	together	
make	up	what’s	known	as	a	holobiont:	a	of	a	host,	plus	all	the	resident	microbes	that	
live	in	it	and	on	it.	The	concept	has	taken	off	within	biology	in	the	past	10	years,	as	
we’ve	 discovered	more	 and	more	 plants	 and	 animals	 that	 are	 accompanied	 by	 a	
jostling	 menagerie	 of	 internal	 and	 external	 fellow-travelers.	 Some	 of	 the	
microorganisms	kill	each	other	with	toxins,	while	others	leak	or	release	enzymes	and	
nutrients	 to	 the	benefit	 of	 their	 neighbours.	As	 they	 compete	 for	 space	 and	 food,	
cohabiting	microbes	have	been	found	to	affect	the	nutrition,	development,	immune	
system	and	behaviour	of	their	hosts.	The	hosts,	for	their	part,	can	often	manipulate	
their	resident	microbiota	in	many	ways,	usually	via	the	immune	system.	

You	yourself	are	swarming	with	bacteria,	archaea,	protists	and	viruses,	and	might	
even	be	carrying	 larger	organisms	such	as	worms	and	 fungi	as	well.	So,	are	you	a	
holobiont,	or	are	you	just	part	of	one?	Are	you	a	multispecies	entity,	made	up	of	some	
human	 bits	 and	 some	 microbial	 bits	 –or	 are	 you	 just	 the	 human	 bits,	 with	 an	
admittedly	fuzzy	boundary	between	yourself	and	your	tiny	companions?	The	future	
direction	of	medical	science	could	very	well	hinge	on	the	answer.	

The	American	evolutionary	theorist	Lynn	Margulis,	who	popularized	the	theory	of	
symbiosis,	first	coined	the	term	‘holobiont’	in	1991.	She	was	interested	in	long-term,	
tightly	integrated	associations	such	as	those	evident	in	lichens	–the	crusty-looking	
growths	found	on	rocks	and	trees,	made	up	of	fungus	conjoined	with	algae.	Margulis	
thought	that	there	was	a	tight	analogy	between	an	egg	and	a	sperm	coming	together	
to	 form	 a	 new	 organism,	 and	 the	 coming	 together	 of	 two	 species	 to	 form	 a	 new	
symbiotic	 consortium,	 which	 she	 called	 a	 holobiont.	 Margulis	 argued	 that	 the	
interactions	within	 a	 holobiont	 aren’t	 too	 different	 from	 the	 life	 cycle	 of	 sexually	
reproducing	organisms.	The	partners	are	integrated	wholes	that	die	and	reproduce	
as	 one.	 But	 instead	 of	 sending	 out	 tiny	 cells	 to	 reproduce,	 holobionts	 send	 out	
individual	organisms	of	different	species.	
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With	this	framing	in	mind,	when	biologists	began	to	use	the	term	in	the	1990s,	they	
applied	it	to	a	few	(usually	two)	organisms.	But	the	word	took	on	a	very	different	
cast	 in	 the	 hands	 of	 the	 American	 coral	 reef	 biologist	 Forest	 Rohwer	 and	 his	
colleagues,	who	defined	a	holobiont	as	a	host	and	all	its	associated	microorganisms.	
Two	protagonists	just	aren’t	enough	when	it	comes	to	explaining	the	evolutionary	
success	of	corals.	They	are	made	up	of	clusters	of	polyps,	tiny	wiggling	things	that	get	
by	with	just	a	few	tentacles	and	a	toothless	maw.	Coral	polyps	reproduce	by	cloning	
themselves,	and	then	sticking	together	to	form	large	colonies,	supported	by	a	jointly	
fashioned	 skeleton.	 The	 most	 spectacular	 corals	 work	 hand-in-hand	 with	
photosynthetic	 algae	 that	 they	 host	 within	 their	 own	 cells.	 The	 algae	 provide	
nutrients	 via	 photosynthesis,	 while	 the	 coral	 gives	 the	 algae	 both	 food	 and	
protection.	 And	 those	 simple	 little	 polyps	 don’t	 end	 their	 symbiotic	 relationships	
there.	 Corals	 don’t	 possess	 a	 complicated	 immune	 system	 to	 fend	 off	 pathogens;	
instead,	they	seem	to	selectively	cultivate	helpful	or	benign	bacteria,	which	crowd	
out	the	harmful	microbes.	Corals	also	produce	mucus	that	appears	to	be	able	to	trap	
phages,	viruses	that	infect	and	kill	only	bacteria.	An	enemy	of	an	enemy	is	a	friend,	
after	all.	Rohwer	and	colleagues,	unaware	of	Margulis’s	 idea,	 introduced	 the	 term	
holobiont	to	capture	the	dynamics	of	coral	physiology.	Thus,	by	the	early	2000s,	the	
scientific	 literature	 contained	 two	 contrasting	 definitions.	 One	 picked	 out	 an	
organism-like	 symbiotic	 pair	 that	 reproduced,	 while	 the	 other	 identified	 an	
ecological	community	of	microbes	indexed	to	a	host.	

For	a	time,	the	ecological	account	prevailed.	But	Margulis’s	physiological	conception	
of	holobionts	was	revitalized	in	the	late	2000s	as	part	of	a	new	theory:	what’s	known	
as	the	hologenome	theory	of	evolution.	Advocates	merged	both	versions	of	holobiont	
into	something	a	bit	more	conceptually	loaded.	On	this	view,	the	ecological	notion	of	
holobiont	(the	host	and	all	its	resident	microbes)	is	given	additional	properties.	It’s	
an	entity	that’s	coherent	enough	to	have	its	own	hologenome,	made	up	of	the	host	
genome	plus	all	 the	microbial	genomes.	A	major	 implication	of	 this	 theory	 is	 that	
natural	selection	doesn’t	just	act	on	the	genome	of	individual	organisms:	it	acts	on	
the	hologenome	of	holobionts,	which	are	seen	as	single	units	that	can	evolve	at	the	
level	of	the	holobiont.	Today,	researchers	engage	in	fierce	debate	over	which	forces	
shape	holobionts	and	host-microbiome	systems.	They	can	be	roughly	split	into	two	
factions,	the	ecological	and	the	evolutionary.	On	the	ecological	side,	holobionts	are	
complex	and	dynamic	ecosystems,	in	constant	flux	shaped	by	individual	interactions	
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from	the	bottom	up.	So,	you	are	part	of	a	holobiont.	But	this	stands	in	opposition	to	
the	 evolutionary	 account,	 which	 casts	 holobionts	 as	 higher-level	 entities	 akin	 to	
organisms	or	units	of	selection	and	believes	that	they	are	shaped	as	a	whole	from	the	
top	down.	On	this	view,	you	are	a	holobiont.	

The	ecological	and	evolutionary	views	make	for	very	different	predictions	about	how	
a	holobiont	will	change	over	time.	Evolutionary	theory	predicts	that	the	parts	of	a	
unit	of	selection	will	tend	to	cooperate:	to	sacrifice	their	own	interests	for	the	good	
of	the	whole.	Ecological	theory,	by	contrast,	predicts	competition	and	exploitation:	
parts	will	cooperate	only	insofar	as	it	benefits	them.	Think	of	the	differences	between	
an	ant	colony	and	a	motley	assortment	of	insects	fighting	over	scarce	resources.	

A	dominant	view	in	medicine	treats	the	body	as	a	battleground	where	any	invaders	
are	bad	and	must	be	exterminated.	But	in	an	ecosystem,	there	are	no	bad	guys,	just	
species	playing	different	roles.	If	the	ecological	account	of	holobionts	is	true,	a	human	
host	 is	more	like	a	habitat	to	be	managed,	with	the	right	balance	and	competition	
between	different	kinds	of	microbes	being	an	important	consideration.	What	counts	
as	 healthy	 can	 depend	 on	 what	 kinds	 of	 services	 we	 want	 out	 of	 our	 attendant	
ecosystem.	If	the	microbes	in	a	holobiont	are	more	like	ants	in	a	colony,	or	genes	in	
a	genome,	they	are	parts	of	a	larger	integrated	whole.	So,	we	might	expect	stable	co-
adapted	partners	living	in	concert	across	holobiont	generations.	

However,	 the	 evolutionary	 version	 of	 holobionts	 gives	 us	 reason	 to	 stick	 to	 an	
expanded	version	of	the	‘us	versus	them’	picture	of	medicine.	It’s	just	that	now	we	
have	a	 few	more	allies	on	our	side	that	we	need	to	take	care	of.	The	evolutionary	
framework	 might	 also	 provide	 some	 justification	 for	 the	 calls	 for	 a	 return	 to	 a	
palaeomicrobiome	that	existed	before	the	modern	diet	–for	that	would	literally	help	
to	 return	 a	missing	part	 of	 ourselves.	As	 things	 stand,	 the	 evidence	 leans	heavily	
towards	a	more	ecological	interpretation	of	holobionts.	Most	of	the	partners	come	
together	anew	each	generation,	and	don’t	interact	in	the	ways	that	are	necessary	for	
higher-level	integration	into	organismic	wholes.	The	theoretical	bar	for	making	that	
transition	is	high,	and	getting	over	it	is	going	to	be	rare.	But	it	potentially	varies	from	
holobiont	 to	 holobiont.	 There	 is	 still	 a	 long	 and	 exciting	 scientific	 road	 ahead,	 as	
researchers	begin	to	unravel	the	secret	lives	and	complex	effects	of	microbes	on	the	
development,	behavior	and	evolution	of	their	hosts.	

In	2001	Joshua	Lederberg	coined	the	word	microbiome	emphasizing	the	importance	
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of	microorganisms	 inhabiting	 the	 human	 body	 in	 health	 and	 disease.	 Then	many	
scientific	 articles	 decided	 to	 distinguish	microbiome	and	microbiota	 to	 describe	
either	the	collective	genomes	of	the	microorganisms	that	reside	in	an	environmental	
niche	or	the	microorganisms	themselves,	respectively;	these	terms	are	now	largely	
synonymous.	 The	 human	 body	 contains	 over	 10	 times	more	microbial	 cells	 than	
human	cells,	although	the	entire	microbiome	only	accounts	for	about	for	1-3%	total	
body	 mass,	with	 some	 weight-estimates	 ranging	 as	 high	 as	 1,400	 grams	
(approximately	3	pounds).	Research	into	the	role	that	microbiota	in	the	gut	might	
play	in	the	human	immune	system	started	in	the	late	1990s.	The	microbiome	of	the	
gut	has	been	characterized	as	a	"forgotten	organ",	and	the	possibility	has	been	raised	
that	 "the	 mammalian	 immune	 system,	 which	 seems	 to	 be	 designed	 to	 control	
microorganisms,	is	in	fact	controlled	by	microorganisms".		
	

	
Humans	 have	 coevolved	 with	 their	 microbes	 over	 thousands	 of	 years,	 but	 this	
relationship	 is	 now	 being	 dramatically	 affected	 by	 shifts	 in	 the	 collective	 human	
microbiome	 resulting	 from	 changes	 in	 the	 environment	 and	 societal	 norms.	
Resulting	mismatches	in	host-microbe	relationships	can	lead	to	homeostatic	chaos,	
possibly	explaining	the	increased	incidence	and	prevalence	of	many	disorders	that	
have	 emerged	 with	 alarming	 frequency	 in	 the	 modern	 age. These	 recent	
perturbations	of	intestinal	host-microbe	interactions	can	lead	to	miscues	and	altered	
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host	responses	that	increase	the	risk	of	pathogenic	processes	and	promote	“western”	
disorders	such	as	inflammatory	bowel	diseases,	cancers,	obesity,	diabetes,	autism,	
and	 asthma.	 Given	 the	 current	 challenges	 and	 limitations	 in	 gene	 therapy,	
approaches	that	can	reshape	the	gut	microbiome	represent	a	reasonable	strategy	for	
restoring	the	balance	between	host	and	microbes.		

Many	challenges	lie	ahead	that	make	it	difficult	to	close	the	gap	between	the	basic	
sciences	and	clinical	application.	There	are	potential	therapeutic	strategies	that	can	
be	 used	 to	 manipulate	 the	 gut	 microbiota,	 recognizing	 that	 the	 promise	 of	
pharmabiotics	 (“bugs	 to	 drugs”)	 is	 unlikely	 to	 be	 completely	 fulfilled	 without	 a	
greater	 understanding	 of	 enteric	 microbiota	 and	 its	 impact	 on	 mammalian	
physiology.	By	 leveraging	the	knowledge	gained	through	these	studies,	we	will	be	
prepared	to	enter	the	era	of	personalized	medicine	where	clinical	inventions	can	be	
custom-tailored	to	individual	patients	to	achieve	better	outcomes. 

The	human	gut	microbiome	is	dominated	by	 four	phyla:	Firmicutes,	Bacteroidetes,	
Proteobacteria,	and	Actinobacteria.	

Firmicutes	and	Bacteroidetes	are	generally	the	most	abundant	of	the	gut	microbiota,	
followed	by	Proteobacteria	and	Actinobacteria,	with	minor	contributors,	 including	
Verrucomicrobia	 and	 Fusobacteria.	 Bacteroides	 and	 Ruminococcus	 are	 consistent	
with	enriched	intake	of	animal	sources,	while	a	plant-based	diet	favors	Prevotella.	
The	ratio	of	Prevotella	to	Bacteroides	constitutes	a	potentially	useful	index	for	clinical	
diagnosis.	 Butyrate-producing	 bacteria,	 including	 Clostridium	 groups	 IV	
(Faecalibacterium	 prausnitzii)	 and	 XIVa,	Roseburia	 spp.,	Butyricicoccus,	 and	 lactic	
acid	bacteria	(LAB),	mainly	Lactobacillus	and	Bifidobacterium,	are	believed	to	benefit	
the	 host	 through	 anti-inflammatory,	 anti-tumorigenic,	 and	 pathogen	 exclusion	
properties	that	they	possess.	
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Gut Microbiota in EU vs. Rural Africa 

As	an	acquired	and	essential	organ	of	the	body,	the	gut	microbiota	provide	a	wide	
variety	 of	 beneficial	 functions,	 including:	 i)	gleaning	 indigestible	 ingredients	 from	
food	 and	 synthesizing	 nutritional	 factors,	 such	 as	 vitamins;	 ii)	 detoxifying	 the	
deleterious	xenobiotics	and	affecting	the	host	metabotypes;	iii)	development	of	a	robust	
systemic	and	intestinal	immune	system;	vi)	providing	signals	for	epithelial	renewal	and	
maintaining	 gut	 integrity;	 and	 iv)	 secretion	 of	 anti-microbial	 products,	 which	
negatively	select	against	pathogenic	bacteria	through	the	development	of	colonization	
resistance.	These	functions	are	vital,	because	in	the	absence	of	gut	microbiota	or	with	
its	ablation	with	broad-spectrum	antibiotics,	significant	consequences	can	happen,	
e.g.	 improper	 development	 of	 the	 gut	 immune	 system	 and	 the	 development	 of	
Clostridium	difficile	antibiotic-associated	colitis,	respectively.	

Gut	 microbial	 interactions	 are	 complex	 and	 fluid,	 capable	 of	 adjusting	 to	
physiological	perturbations	that	are	encountered	on	a	daily	basis.	However,	large	or	
selective	shifts	in	the	gut	microbiota	because	of	host	pathobiology,	alterations	of	diet,	
medications,	 and	other	environmental	 triggers	 can	upset	 critical	 inter-microbe	as	
well	as	host-microbe	relationships	to	initiate	pathophysiological	processes	leading	
to	disease.		
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Gut	 microbiota	 also	 produce	 conjugated	 linoleic	 acids,	 vitamins	 (e.g.	 folate,	
riboflavin),	and	secondary	bile	acids,	all	having	local	and	systemic	effects.	Conjugated	
linoleic	acid,	derived	 from	bacterial	metabolism	of	dietary	 linoleic	acid,	has	many	
putative	 effects	 on	 host	 functions,	 including	 being	 anti-inflammatory	 and	 in	
regulating	metabolic	pathways.	

There	 is	 increasing	 evidence	 that	 the	 reach	 of	 gut	microbes	 extends	 beyond	 the	
intestine,	affecting	systemic	processes,	such	as	metabolism	and	organ	functions	of	
brain,	cardiovascular	system,	liver,	and	others.	Several	metabolomics	studies	have	
identified	 hundreds	 of	 compounds	 in	 blood	 that	 are	 specifically	 derived	 or	
dependent	 on	 the	 presence	 of	 gut	 microbes.	 These	 findings	 have	 enlarged	 our	
thinking	 about	 the	 impact	 of	 the	 gut	 microbiome,	 particularly	 in	 influencing	
developmental	processes	and	in	the	physiological	regulation	of	a	vast	array	of	tissue	
and	cell	 functions	 in	the	body.	The	development	of	gut	dysbiosis	can	set	 into	play	
processes	 that	 activate	 the	 host	 immune	 and	 inflammation	 response,	 disturb	
intestinal	homeostasis,	and	cause	metabolic	abnormalities.	

Recently	 a	 causal	 relationship	 between	 endotoxin	 producers	 in	 the	 gut	 and	
obesity/insulin	 resistance	 outcomes,	 which	 can	 be	 tracked	 by	 changes	 in	 gut	
permeability,	 serum	endotoxin,	and	 inflammatory	biomarkers,	was	demonstrated.	
Dysbiosis	 associated	 with	 various	 disorders	 can	 also	 be	 characterized	 by	 lower	
community	 diversity.	 Resulting	 alterations	 in	 both	 structural	 (membership)	 and	
functional	profiles	of	the	gut	microbiota	in	these	circumstances	are	believed	to	be	
major	 contributors	 to	 the	 etiopathogenesis	 of	 complex	 immune,	 infectious,	
metabolic,	 and	 cancerous	 disorders,	 including	 inflammatory	 bowel	 disease	 (IBD),	
neonatal	necrotizing	enterocolitis,	gastrointestinal	(GI)	cancers,	asthma,	allergy,	and	
infectious	diseases.	

Even	 in	 organs	 that	 used	 to	 be	 considered	 sterile,	 such	 as	 esophagus	 and	 lungs,	
microbiota	 have	 been	 found	 that	 may	 contribute	 to	 the	 pathogenesis	 and	
progression	of	disease.	

Other	 studies	 have	 also	 demonstrated	 widespread	 systemic	 effects	 of	 the	 gut	
microbiome	 determine	 various	 physiological	 states,	 such	 as	 cardiac	 size,	 hepatic	
gene	expression,	central	nervous	system	function,	and	behavioral	patterns.	Thus,	gut	
dysbiosis	 can	 disrupt	 host-microbe	 homeostasis	 and	 cause	 and/or	 contribute	 to	
many	human	diseases	beyond	the	digestive	system.	Alterations	of	the	gut	microbiota	
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have	been	associated	with	host	metabolic	disorders,	including	metabolic	syndrome,	
type	2	diabetes,	 and	obesity.	A	2011	study	demonstrated	 that	 richness	of	 the	gut	
microbiome	correlated	with	certain	metabolic	markers.	Akkermansia	muciniphila,	a	
mucin-degrading	 microbe	 that	 resides	 in	 the	 mucus	 layer,	 has	 been	 reported	 to	
prevent	 high-fat	 diet-induced	 metabolic	 disorders,	 including	 fat-mass	 gain,	
metabolic	endotoxemia,	adipose	tissue	inflammation,	and	insulin	resistance.	These	
effects	appeared	to	be	mediated	by	enhanced	intestinal	levels	of	endocannabinoids	
that	 control	 inflammation,	 the	 gut	 barrier,	 and	 gut	 peptide	 secretion.	 The	 results	
provide	a	rationale	for	the	development	of	a	treatment	that	uses	this	human	mucus	
colonizer	 for	 the	 prevention	 or	 treatment	 of	 obesity	 and	 its	 associated	metabolic	
disorders.	

	

The	 gut	 microbiota	 have	 been	
shown	 to	 promote	 atherosclerosis	
through	 metabolism	 of	 dietary	
carnitine	 and	 phosphatidylcholine.	
Both	are	 sources	of	dietary	 choline	
that	 is	 positively	 correlated	 with	
Bacteroides	 that	 is	 often	 associated	
with	 a	 Western	 diet.	 Choline	 is	
metabolized	 by	 gut	 microbiota	 to	
trimethylamine	 (TMA)	 that	 further	
undergoes	 hepatic	 metabolism	 to	
form	trimethylamine	oxide	(TMAO),	
the	 active	 agent	 that	 promotes	
atherosclerosis	 through	 its	
proinflammatory	properties.	

	

	At	Stanford,	Dodd	Dylan	Michael	Fischbach,	Justin	Sonnenburg,	Denise	Minack,	Stan	
Hazen,	KC	Huang,	and	their	respective	group	of	researchers	are	working	on	“figuring	
out	 what	 bugs	 make	 that	 troublesome	 intermediate	 and	 replacing	 them	 with	
doppelgangers	 that	 don’t	 make	 it.”Wine	 polyphenols,	 interacting	 with	 the	 gut	
microbiota,	prevent	this	cascade.	

The	gut	microbiota	also	appears	to	affect	the	central	nervous	system.	The	leakiness	
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of	the	intestine	appears	to	be	important	in	the	development	of	Parkinson’s	disease,	
promoting	systemic	exposure	to	intestinal	bacteria	and	their	toxins.	

Finally,	the	gastrointestinal	tract	is	sensitive	to	stress	and	stress	mediators,	including	
catecholamines.	Irritable	bowel	syndrome	(IBS)	is	a	common	disorder	through	the	
gut-brain	axis	that	might	be	triggered	by	gut	bacterial	imbalance.	The	brain-gut	axis	
allows	 bidirectional	 communication	 between	 the	 central	 nervous	 system	 and	 the	
enteric	nervous	system,	 linking	emotional	and	cognitive	centers	of	 the	brain	with	
intestinal	 functions.	 An	 association	 between	 dysbiosis	 and	 stress	 and	 depressive	
disorder	has	also	been	proposed.	

	
Microbiota-brain-gut axis communication in health and disease.  

Under healthy conditions, the predominance of symbiotic bacteria, an intact intestinal barrier, a healthy innate 
immunity controlling pathobiont overgrowth inside the intestinal tract and healthy gut function support the 
symbiotic relationship between the CNS function and gut microbiota. Under pathological stress and/or disease 
conditions, intestinal dysbiosis can adversely influence gut physiology leading to inappropriate brain–gut axis 
signaling and associated consequences for CNS functions and disease states. Stress at the level of the CNS can 
also impact on gut function and lead to perturbations of the microbiota. A change the balance of symbionts and 
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pathobionts favoring pathobiont overgrowth, results in dysbiosis. Pathobiont overgrowth leading to 
perturbations in intestinal microbiota induces inflammation and loss of barrier function (leaky gut), promoting 
increased translocation of pathogenic bacterial components from the intestinal mucosa to the systemic 
circulation, where they activate innate immunity characterized by production of pro-inflammatory cytokines, 
resulting in systemic inflammation and abnormal gut function. These mechanisms potentially lead to impaired 
CNS function such as altered neurochemistry, cognition, behavior, stress response and visceral pain. (DC dendritic 
cells). 

	

	
Potential pathways underlying the communication along the microbiota-brain-gut axis. 

Several pathways have been proposed to understand the communication between the intestinal microbiota and 
brain function, some of which have been summarized in this figure. These include neuroendocrine 
(hypothalamus-pituitary-adrenal axis), immune system (neuromodulating cytokines), enteric nervous systems 
and autonomic nervous systems (vagus nerve). Gut microbes produce tryptophan-related metabolites, gut 
hormones, 5-hydroxytryptamine (5-HT) from enteroendocrine cells, short chain fatty acids, and 
neurometabolites GABA, noradrenalin, and dopamine potentially modulating CNS function. Stress and emotions 
can influence the microbial composition of the gut through the release of stress hormones or sympathetic 
neurotransmitters that influence gut physiology and alter the microflora balance. (DC dendritic cell, EC 
enteroendocrine cells, ECC enterochromaffin cells). 
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Tremendous	 progress	 has	 been	 made	 in	 our	 understanding	 of	 the	 bidirectional	
crosstalk	between	the	brain	and	the	digestive	system.	This	includes	the	remarkable	
success	 in	 mapping	 the	 functional	 neuroanatomy	 of	 the	 enteric	 nervous	 system	
(ENS),	in	our	understanding	of	how	the	brain	modulates	these	ENS	circuits	and	gut	
functions,	and	in	unraveling	the	complexity	of	gut	to	brain	signaling	through	multiple	
parallel	but	interacting	communication	channels.	

Alterations	 in	 brain–gut	 interactions	 that	 are	 associated	 with	 gut	 inflammation,	
chronic	 abdominal	 pain	 syndromes,	 eating	 disorders	 and	 psychosocial	 stressors	
have	been	characterized,	even	though	the	development	of	effective	therapies	for	any	
of	these	conditions	has	been	disappointing.	By	contrast,	many	aspects	of	gut	to	brain,	
e.g.		the	role	of	this	signaling	in	emotional	and	cognitive	function,	remain	speculative	
at	this	point	but	may	guide	future	research.	

Several	 important	questions	remain	 to	be	addressed.	What	role	does	gut	 to	brain	
signaling	have	in	brain	development	during	early	life	and	what	part	does	it	play	in	
adults?	 For	 example,	 does	 gut	 to	 brain	 signaling	 early	 in	 life	 influence	 the	
development	of	adult	ingestive	behavior,	visceral	pain	sensitivity,	mood	and	affect,	
interoceptive	memory	and	intuitive	decision-making?	What	roles	do	taste	receptors	
and	the	microflora	play	in	this	interoceptive	signaling?	Does	mucosally	driven	vagal	
input	to	the	brain	play	a	part	in	brain	development?	Is	there	a	role	for	alterations	in	
microbial	signaling	to	the	gut	and	in	gut	signaling	to	the	brain	in	the	pathophysiology	
of	anxiety	and	depression,	as	suggested	by	the	common	overlap	of	several	brain–gut	
disorders	 with	 disorders	 of	 mood	 and	 affect?	 And	 what	 part	 do	 interoceptive	
memories	 and	 prediction	 errors	 play	 in	 human	 disease	 states?	 One	 of	 the	 great	
advantages	in	addressing	these	questions	is	the	fact	that	most	of	these	hypotheses	
can	 be	 studied	 in	 human	 patients,	 from	 whom	 stool	 samples	 for	 metagenomic	
sequencing	of	the	microflora	and	gut	tissue	for	analysis	of	signaling	mechanisms	can	
be	obtained	relatively	easily	by	endoscopic	biopsies,	and	brain	structure,	 function	
and	signaling	can	be	studied	with	non-invasive	neuroimaging	techniques.	

Viral	abundance	and	diversity	outnumber	that	of	bacteria	in	most	ecosystems	yet,	
with	 a	 few	 exceptions,	 characterization	 of	 the	 virome	 lags	 behind	 that	 of	 cellular	
microorganisms.	 The	 vast	 majority	 of	 viruses	 are	 bacteriophages	 that	 target	
prokaryotic	cells,	and	much	work	on	their	effects	on	structuring	the	microbiota	has	
been	performed	in	marine	systems.	These	studies	suggest	that	bacteriophages	have	
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a	 major	 effect	 by	 targeting	 the	 fastest-growing	 bacterial	 species	 (the	 “Kill	 the	
Winner”	hypothesis),	causing	a	drastic	restructuring	of	the	microbial	community	and	
increasing	its	diversity.		

	
Interactions between the human host, the intestinal microbiome, and the virome. 

Functional effects of a normal intestinal microbiome are illustrated, together with the bi-directional interactions 
between the microbiome and virome, and between the GI tract and brain via the microbiome. The panels at the 
right show the perturbations associated with various altered microbiome states: the germ-free state in laboratory 
mice, obesity in mice and humans, and human dysbiosis. (Increased parameters are shown with yellow shading 
and upward-pointing arrows; reduced parameters are shown with red shading and downward-pointing arrows.) 

However,	studies	of	 the	human	gut	virome	suggest	that	rather	different	bacterial-
phage	dynamics	may	exist	therein.	Although	the	virome	shows	greater	interpersonal	
variation	than	the	corresponding	microbiome,	intrapersonal	diversity	is	low;	virus	
particles	 and	 bacterial	 cells	 are	 present	 in	 similar	 numbers	 and	 most	 dominant	
virotypes	are	 temporally	 stable	and	exhibit	a	 temperate	 (non-lytic)	 lifestyle.	 	 It	 is	
likely	that	a	combination	of	bacterial	strain-specific	selection,	long-term	stability	of	
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the	majority	of	the	selected	virome	and	rapid	evolution	of	the	remainder	gives	rise	
to	the	extreme	interpersonal	variability	of	the	gut	virome.		

The	 exciting	 prospect	 of	 using	 the	 bacteriophage	 components	 of	 the	 virome	 to	
structure	a	healthy	microbiome	and	promote	beneficial	functions	such	as	nutrient	
biosynthesis	 would	 be	 a	 logical	 extension	 of	 such	 an	 approach	 to	 dysbiosis	
treatment.		

Our	 rapidly	 expanding	 knowledge	 of	 the	 supra-organism	 defined	 by	 the	 host	
intestine,	its	microbiome	and	virome	should	enable	us	to	turn	the	possibility	of	such	
therapies	into	reality	in	the	coming	future.	Moreover,	the	general	approach	of	linking	
our	knowledge	of	this	supraorganism	to	ecological	concepts	relating	to	homoeostasis	
and	the	modulation	of	a	habitat	by	its	resident	organisms	will	be	beneficial	for	our	
understanding	 of	 the	 ecosystem	 state	 changes	 in	 the	 GI	 tract	 that	 we	 can	 now	
monitor	so	readily.	

In	summary,	host-microbe	interactions	have	health	and	disease	promoting	effects	in	
the	 gut	 and	 also	 in	 distal	 organs.	 The	 effects	 can	 be	 mediated	 by	 a	 plethora	 of	
microbe-derived	 effector	 molecules	 that	 include	 metabolites,	 immune	 and	
inflammatory	 modulators,	 MAMPs	 (microbe-associated	 molecular	 pattern),	 and	
secreted	 small	 natural	 products.	 Perturbations	 of	 physiological	 host-microbe	
interactions	 can	 have	 significant	 consequences	 to	 immune	 and	 metabolic	
homeostasis	at	both	the	local	and	systemic	level.	The	new	“steady-state”	created	by	
these	events	can	become	chronic	and	difficult	 to	break	because	of	self-reinforcing	
host	and	microbial	processes	that	are	set	into	play.	
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Reaching	for	the	high	hanging	fruit	where	discovery	lies	requires	a	multi-disciplinary	
team	effort,	involving	basic,	translational,	and	clinical	investigators	who	each	bring	
something	 to	 the	 table.	 The	 next	 phase	 of	 research	 investigation	 of	 the	 gut	
microbiome	should	be	guided	by	specific	biological	questions	relevant	to	the	clinical	
aspects	 and	 natural	 history	 of	 the	 disease,	 utilizing	 the	 full	 spectrum	 of	 ‘omic’	
technologies,	bioinformatic	analysis,	well-designed	(mostly)	 individualized	human	
studies	and	(possibly)	experimental	models.		

More	than	2,000	years	ago,	the	semi-mythical	father	of	medicine,	Hippocrates	of	Kos,	
challenged	 the	 spiritualists	 of	 his	 time	with	 a	 bold	 claim	 about	 the	 nature	 of	 the	
human	 mind.	 In	 response	 to	 supernatural	 explanations	 of	 mental	 phenomena,	
Hippocrates	insisted	that	‘from	nothing	else	but	the	brain	come	joys,	delights,	laughter	
and	sports,	and	sorrows,	griefs,	despondency,	and	lamentations’.	 In	the	modern	age,	
Hippocrates’	 words	 have	 been	 distilled	 into	 a	 Twitter-friendly	 pop-neuroscience	

Gut$Microbiota,Interplay,&,Consequences,
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slogan:	 ‘We	 are	 our	 brains.’	 This	message	 resonates	with	 recent	 trends	 to	 blame	
criminality	on	the	brain,	to	redefine	mental	illness	as	brain	disease	and,	in	futuristic-
technological	circles,	to	imagine	enhancing	or	preserving	our	lives	by	enhancing	or	
preserving	our	brains.	From	creativity	to	drug	addiction,	there	is	barely	an	aspect	of	
human	 behavior	 that	 has	 not	 been	 attributed	 to	 brain	 function.	 To	many	 people	
today,	the	brain	seems	like	a	contemporary	surrogate	for	the	soul.	

But	 lost	 in	 the	 public’s	 romance	 with	 the	 brain	 is	 the	 most	 fundamental	 lesson	
neuroscience	must	teach	us:	that	the	organ	of	our	minds	is	a	purely	physical	entity,	
conceptually	 and	 causally	 embedded	 in	 the	 natural	 world.	 Although	 the	 brain	 is	
required	for	almost	everything	we	do,	it	never	works	alone.	Instead,	its	function	is	
inextricably	 linked	 to	 the	 body	 and	 to	 the	 environment	 around	 it.	 The	
interdependence	of	these	factors	is	masked	however	by	a	cultural	phenomenon	I	call	
the	 ‘cerebral	 mystique’	 –	 a	 pervasive	 idealization	 of	 the	 brain	 and	 its	 singular	
importance,	which	protects	traditional	conceptions	about	differences	between	mind	
and	 body,	 the	 freedom	 of	 will	 and	 the	 nature	 of	 thought	 itself.	 The	 mystique	 is	
expressed	 in	multiple	 forms,	 ranging	 from	ubiquitous	 depictions	 of	 supernatural,	
ultra-sophisticated	 brains	 in	 science	 fiction	 and	 the	 popular	 media	 to	 soberer,	
scientifically	supported	conceptions	of	cognitive	function	that	emphasize	inorganic	
qualities	or	confine	mental	processes	to	neural	structures.	This	idealization	is	almost	
reflexively	 adopted	 by	 laypeople	 and	 scientists	 alike	 (including	 me!)	 and	 it	 is	
compatible	with	both	materialist	and	spiritual	world	views.	The	cerebral	mystique	
might	help	to	increase	enthusiasm	for	neuroscience	–	a	valued	consequence	–	but	it	
drastically	limits	our	ability	to	analyze	human	behavior	and	address	important	social	
problems.	

The	widespread	analogy	of	 the	brain	 to	a	computer	contributes	powerfully	 to	 the	
cerebral	mystique	by	distancing	the	brain	from	the	rest	of	the	biology.	The	contrast	
between	a	machine-like	brain	and	the	wet,	chaotic	mess	we	have	throughout	the	rest	
of	our	bodies	sets	up	a	brain-body	distinction	that	parallels	the	historical	mind-body	
distinction	drawn	by	 early	 philosophers	 such	 as	René	Descartes.	 In	 keeping	with	
Western	religious	notions	of	the	soul,	Descartes	in	the	17th	century	postulated	that	
the	mind	is	an	ethereal	entity	that	interacts	with	the	body	but	does	not	join	with	it.	
With	his	timeless	axiom	‘I	think,	therefore	I	am’	Descartes	placed	the	mind	in	its	own	
universe,	autonomous	of	the	material	world.	To	the	extent	that	the	brain	resembles	
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a	machine,	we	can	more	easily	imagine	removing	it	from	our	heads,	preserving	it	for	
eternity,	 cloning	 it	 or	 sending	 it	 through	 space.	 The	 digital	 brain	 thus	 seems	
separable	 from	 the	 body	 in	 both	 its	 substance	 and	 causal	 relations,	 much	 like	
Descartes’s	detached	spirit.	It	might	be	no	accident	that	some	of	the	most	influential	
inorganic	analogies	to	the	brain	were	introduced	by	physical	scientists	who	in	their	
later	 years	 took	 to	 the	 problem	 of	 consciousness	 in	 the	 way	 that	 elderly	 people	
sometimes	take	to	religion.	John	von	Neumann,	the	computer	pioneer,	was	the	best-
known	of	these;	he	wrote	the	influential	book	The	Computer	and	the	Brain	(1958)	
shortly	 before	 his	 death	 in	 1957,	 inaugurating	 this	 enduring	 analogy	 at	 the	 very	
dawn	of	the	digital	age.	

Brains	 are	 undoubtedly	 somewhat	 computer-like	 –computers,	 after	 all,	 were	
invented	 to	 perform	 brain-like	 functions–	 but	 brains	 are	 also	 much	 more	 than	
bundles	of	wiry	neurons	and	the	electrical	impulses	they	are	famous	for	propagating.	
The	function	of	each	neuroelectrical	signal	is	to	release	a	little	flood	of	chemicals	that	
helps	to	stimulate	or	suppress	brain	cells,	in	much	the	way	that	chemicals	activate	or	
suppress	functions	such	as	glucose	production	by	liver	cells	or	immune	responses	by	
white	blood	cells.	Even	the	brain’s	electrical	signals	themselves	are	the	products	of	
chemicals	 called	 ions	 that	move	 in	 and	 out	 of	 cells,	 causing	 tiny	 ripples	 that	 can	
spread	independently	of	neurons.	

Also,	distinct	from	neurons	are	the	relatively	passive	brain	cells	called	glia	(Greek	for	
glue)	that	are	roughly	equal	in	number	to	the	neurons	but	do	not	conduct	electrical	
signals	in	the	same	way.	Recent	experiments	in	mice	have	shown	that	manipulating	
these	 uncharismatic	 cells	 can	 produce	 dramatic	 effects	 on	 behavior.	 In	
one	experiment,	a	research	group	in	Japan	showed	that	direct	stimulation	of	glia	in	a	
brain	region	called	the	cerebellum	could	cause	a	behavioral	response	analogous	to	
changes	more	 commonly	 evoked	 by	 stimulation	 of	 neurons.	 Another	 remarkable	
study	showed	that	transplantation	of	human	glial	cells	 into	mouse	brains	boosted	
the	animals’	performance	in	learning	tests,	again	demonstrating	the	importance	of	
glia	in	shaping	brain	function.	Chemicals	and	glue	are	as	integral	to	brain	function	as	
wiring	and	electricity.	With	these	moist	elements	factored	in,	the	brain	seems	much	
more	 like	 an	 organic	 part	 of	 the	 body	 than	 the	 idealized	 prosthetic	many	 people	
imagine.	

Stereotypes	about	brain	complexity	also	contribute	to	the	mystique	of	the	brain	and	
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its	distinction	from	the	body.	It	has	become	a	cliché	to	refer	to	the	brain	as	‘the	most	
complex	 thing	 in	 the	 known	 Universe’.	 This	 saying	 is	 inspired	 by	 the	finding	that	
human	brains	contain	something	on	the	order	of	100,000,000,000	neurons,	each	of	
which	makes	about	10,000	connections	(synapses)	to	other	neurons.	The	daunting	
nature	of	such	numbers	provides	cover	for	people	who	argue	that	neuroscience	will	
never	decipher	consciousness,	or	that	 free	will	 lurks	somehow	among	the	billions	
and	billions.	But	the	sheer	number	of	cells	in	the	human	brain	is	unlikely	to	explain	
its	extraordinary	capabilities.	Human	livers	have	roughly	the	same	number	of	cells	
as	brains,	but	certainly	don’t	generate	the	same	results.	Brains	themselves	vary	in	
size	over	a	considerable	range	–by	around	50	per	cent	in	mass	and	likely	number	of	
brain	 cells.	 Radical	 removal	 of	 half	 of	 the	 brain	 is	 sometimes	 performed	 as	 a	
treatment	for	epilepsy	in	children.	Commenting	on	a	cohort	of	more	than	50	patients	
who	underwent	this	procedure,	a	team	at	Johns	Hopkins	in	Baltimore	wrote	that	they	
were	 ‘awed	by	the	apparent	retention	of	memory	after	removal	of	half	of	 the	brain,	
either	half,	and	by	the	retention	of	the	child’s	personality	and	sense	of	humor’.	Clearly	
not	every	brain	cell	is	sacred.	

If	one	looks	out	into	the	animal	kingdom,	vast	ranges	in	brain	size	fail	to	correlate	
with	apparent	cognitive	power	at	all.	Some	of	the	most	perspicacious	animals	are	the	
corvids	–crows,	ravens,	and	rooks–	which	have	brains	less	than	1	per	cent	the	size	of	
a	human	brain,	but	still	perform	feats	of	cognition	comparable	to	chimpanzees	and	
gorillas.	Behavioral	studies	have	shown	that	these	birds	can	make	and	use	tools,	and	
recognize	 people	 on	 the	 street,	 feats	 that	 even	many	 primates	 are	 not	 known	 to	
achieve.	Within	individual	orders,	animals	with	similar	characteristics	also	display	
huge	differences	in	brain	size.	Among	rodents,	for	instance,	we	can	find	the	80-gram	
capybara	brain	with	1.6	billion	neurons	and	the	0.3-gram	pygmy	mouse	brain	with	
probably	fewer	than	60	million	neurons.	Despite	a	greater	than	100-fold	difference	
in	brain	size,	these	species	live	in	similar	habitats,	display	similarly	social	lifestyles,	
and	do	not	display	obvious	differences	in	intelligence.	Although	neuroscience	is	only	
beginning	to	parse	brain	function	even	in	small	animals,	such	reference	points	show	
that	it	is	mistaken	to	mystify	the	brain	because	of	its	sheer	number	of	components.	

Playing	 up	 the	machine-like	 qualities	 of	 the	 brain	 or	 its	 unbelievable	 complexity	
distances	it	from	the	rest	of	the	biological	world	in	terms	of	its	composition.	But	a	
related	 form	of	 brain-body	distinction	 exaggerates	 how	 the	brain	 stands	 apart	 in	
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terms	 of	 its	autonomy	from	 body	 and	 environment.	 This	 flavor	 of	 dualism	
contributes	to	the	cerebral	mystique	by	enhancing	the	brain’s	reputation	as	a	control	
center,	receptive	to	bodily	and	environmental	input	but	still	in	charge.	

Contrary	to	this	idea,	our	brains	themselves	are	perpetually	influenced	by	torrents	
of	sensory	input.	The	environment	shoots	many	megabytes	of	sensory	data	into	the	
brain	every	second,	enough	information	to	disable	many	computers.	The	brain	has	
no	 firewall	 against	 this	 onslaught.	 Brain-imaging	 studies	 show	 that	 even	 subtle	
sensory	 stimuli	 influence	 regions	 of	 the	 brain,	 ranging	 from	 low-level	 sensory	
regions	where	input	enters	the	brain	to	parts	of	the	frontal	lobe,	the	high-level	brain	
area	that	is	expanded	in	humans	compared	with	many	other	primates.	Many	of	these	
stimuli	seem	to	take	direct	control	of	us.	For	instance,	when	we	view	illustrations,	
visual	 features	 often	 seem	 to	 grab	 our	 eyes	 and	 steer	 our	 gaze	 around	 in	 spatial	
patterns	that	are	largely	reproducible	from	person	to	person.	If	we	see	a	face,	our	
focus	darts	reflexively	among	eyes,	nose	and	mouth,	subconsciously	 taking	 in	key	
features.	When	we	walk	down	the	street,	our	minds	are	similarly	manipulated	by	
stimuli	in	the	surroundings	–the	honk	of	a	car’s	horn,	the	flashing	of	a	neon	light,	the	
smell	of	pizza–	each	of	which	guides	our	thoughts	and	actions	even	if	we	don’t	realize	
that	 anything	 has	 happened.	 Even	 further	 below	 our	 radar	 are	 environmental	
features	that	act	on	a	slower	timescale	to	influence	our	mood	and	emotions.	Seasonal	
low	light	levels	are	famous	for	their	correlation	with	depression,	a	phenomenon	first	
described	by	 the	South	African	physician	Norman	Rosenthal	soon	after	he	moved	
from	sunny	Johannesburg	to	the	grey	northeastern	United	States	in	the	1970s.	Colors	
in	our	surroundings	also	affect	us.	Although	the	idea	that	colors	have	psychic	power	
evokes	New	Age	mysticism,	careful	experiments	have	repeatedly	linked	cold	colors	
such	as	blue	and	green	to	positive	emotional	responses,	and	hot	red	hues	to	negative	
responses.	In	one	example,	researchers	showed	that	participants	performed	worse	
on	 IQ	 tests	 labelled	 with	 red	 marks	 than	 on	 tests	 labelled	 with	 green	 or	 grey;	
another	study	found	that	subjects	performed	better	on	computerized	creativity	tests	
delivered	on	a	blue	background	than	on	a	red	background.	Signals	from	within	the	
body	influence	behavior	just	as	powerfully	as	influences	from	the	environment,	again	
usurping	 the	 brain’s	 command	 and	 challenging	 idealized	 conceptions	 of	 its	
supremacy.		

A	 particularly	 powerful	 pathway	 for	 reciprocal	 brain-body	 interactions	 is	 the	 so-
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called	hypothalamic-pituitary-adrenal	(HPA)	axis,	named	for	a	set	of	structures	both	
inside	 and	 outside	 the	 brain	 that	 together	 coordinate	 the	 storied	 fight-or-flight	
response.	Activation	of	the	HPA	axis	is	often	triggered	by	fear-related	brain	signals	
that	lead	to	secretion	of	cortisol	and	adrenalin	from	a	gland	that	sits	on	top	of	the	
kidneys.	 These	 hormones	 lead	 to	 a	 range	 of	 bodily	 changes	 that	 affect	 breathing,	
heartrate,	sensory	acuity	and	many	other	variables,	providing	feedback	to	the	brain	
and	closing	a	circuit	of	mutual	brain-body	interaction.	In	some	cases,	the	HPA	axis	
can	be	engaged	 from	outside	 the	brain,	 as	 in	pregnancy,	when	a	 surge	of	 cortisol	
originates	on	its	own	from	the	placenta.	The	HPA	axis	provides	one	of	the	routes	by	
which	our	emotional	states	more	generally	are	coupled	to	body-wide	changes	that	
extend	 far	 beyond	 the	 brain.	 Monitoring	 of	 externally	 observable	 physiological	
parameters	such	as	skin	conductance	and	respiration	has	long	supported	the	idea	
that	 various	 emotions	 produce	 distinct	 responses	 relevant	 to	 how	 emotions	 are	
perceived.	In	a	2014	study,	a	group	of	researchers	led	by	Lauri	Nummenmaa	at	Aalto	
University	 in	 Finland	 asked	 participants	 to	 describe	 bodily	 sensations	 that	 they	
associate	with	14	distinct	emotions.	The	result	was	a	stunning	set	of	‘bodily	maps’	of	
the	emotions,	revealing	variegated	patterns	of	increased	and	decreased	sensitivity	
associated	with	 feelings	of	anger,	 fear,	happiness,	depression,	 love	and	so	on.	The	
subjects’	ability	to	report	their	sensations	emphasizes	that	bodily	changes	are	part	
of	 how	 the	 emotions	 are	 experienced,	 and	 not	 just	 passive,	 downstream	
consequences	of	emotion-related	brain	activity.	

An	amazing	finding	of	recent	years	is	the	fact	that	microbes	living	in	the	intestines	
are	also	part	of	the	physiological	network	that	determines	our	emotions.	Changing	
the	 gut	microbial	 population	 by	 eating	 bacteria-rich	 foods	 or	 undergoing	 an	 off-
putting	procedure	called	a	fecal	transplant	can	alter	characteristics	such	as	anxiety	
and	 aggression.	 A	 key	experiment	was	 performed	 in	 mice,	 where	 a	 two-way	
exchange	of	gut	microbes	between	the	normally	shy	BALB/c	mouse	strain	and	the	
more	outgoing	NIH	Swiss	strain	was	enough	to	flip	the	two	personalities.	In	human	
organ-transplant	 patients,	 both	 cognitive	 and	 emotional	 effects	 are	 also	
commonplace.	 Some	 of	 these	must	 do	with	 correcting	 the	medical	 condition	 that	
required	the	transplant	in	the	first	place.	For	instance,	liver	or	kidney	failure	causes	
a	 buildup	 of	 toxins	 such	 as	 ammonia	 in	 the	 blood;	 this	 in	 turn	 causes	 cognitive	
difficulties	 that	 can	 be	 corrected	 by	 replacing	 the	 diseased	 organ.	 But	 even	
procedures	 such	 as	 stomach	 stitching,	which	 does	 not	 cure	 a	 disease,	 are	 said	 to	
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cause	personality	shifts	in	about	50	per	cent	of	patients.	

Such	examples	illustrate	the	extent	to	which	what	happens	in	the	brain	is	interwoven	
with	what	goes	on	in	the	body	and	the	environment.	There	is	no	causal	or	conceptual	
boundary	between	the	brain	and	its	surroundings.	Aspects	of	the	cerebral	mystique	
–idealized	 views	 of	 the	 brain	 as	 inorganic,	 hypercomplex,	 self-contained	 and	
autonomous–	fail	when	we	look	more	closely	at	what	the	brain	is	made	of	and	how	
it	operates.	The	integrated	involvement	of	brain,	body	and	environment	is	precisely	
what	 makes	 having	 a	 biological	 mind	 different	 from	 having	 a	 soul,	 and	 the	
implications	 of	 this	 difference	 are	 tremendous.	 Most	 importantly,	 the	 cerebral	
mystique	fosters	a	misleading	sense	that	the	brain	is	the	prime	mover	of	our	thoughts	
and	actions.	As	we	seek	to	understand	human	conduct,	the	mystique	prompts	us	to	
think	first	of	brain-related	causes	and	pay	less	attention	to	factors	outside	the	head.	
This	leads	us	to	overemphasize	the	role	of	individuals	and	underemphasize	the	role	
of	contexts	across	a	range	of	cultural	phenomena.	

In	 the	 arena	 of	 criminal	 justice,	 for	 instance,	 some	 writers	 suggest	 that	 the	
perpetrator’s	 brain	 should	 be	 blamed	 for	 transgressions.	 This	 argument	 often	
invokes	the	case	of	Charles	Whitman,	who	in	1966	committed	one	of	the	first	mass	
shootings	in	the	US,	at	the	University	of	Texas.	Whitman	had	reported	psychological	
disturbances	in	the	months	leading	up	to	the	crime,	and	an	autopsy	later	revealed	
that	a	 large	tumor	had	been	growing	near	a	part	of	his	brain	called	the	amygdala,	
which	 is	 involved	 in	 stress	 and	 emotional	 regulation.	 But	 although	 advocates	 of	
blaming	the	brain	would	argue	that	Whitman’s	brain	tumor	might	have	caused	his	
crime,	the	larger	reality	is	that	Whitman’s	act	occurred	against	a	background	of	many	
other	predisposing	factors:	growing	up	with	a	violent	father,	the	recent	divorce	of	his	
parents,	Whitman’s	repeated	career	rejection	and	court	martial	from	the	army,	his	
substance	abuse,	great	physical	stature,	and	access	to	high-powered	weaponry.	Even	
the	high	temperature	on	the	day	of	the	crime	–	99	degrees	Fahrenheit	(37	degrees	
Celsius)	–might	have	contributed	to	Whitman’s	aggressive	behavior	on	 the	 fateful	
day.	 Blaming	 the	 brain	 for	 criminal	 behavior	 offers	 an	 escape	 from	 outmoded	
principles	of	morality	and	retribution,	but	it	still	neglects	the	extended	network	of	
influences	likely	to	contribute	to	any	given	situation.	In	the	current	discussion	about	
the	causes	of	violence	in	the	US,	it	is	more	important	than	ever	to	maintain	a	broad	
view	of	how	multiple	factors	work	together	in	and	around	each	individual;	mental	
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problems,	gun	access,	media	influences	and	social	alienation	can	all	play	their	parts.	
In	other	contexts,	we	miss	analogous	factors	when	we	attribute	drug	addiction	or	
adolescent	misbehavior	to	the	brain,	or	when	we	credit	the	brain	for	creativity	and	
intelligence.	 In	 each	 case,	 an	 idealized	 view	 that	 simply	 locates	 good	 and	 bad	
personal	 qualities	 in	 the	 brain	 is	 remarkably	 like	 old-fashioned	perspectives	 that	
assigned	virtue	and	vice	to	the	metaphysical	soul.	An	updated	view	should	instead	
accept	that	any	act	of	brilliance	or	depravity	arises	from	a	combination	of	brain,	body	
and	environment	working	together.	

The	cerebral	mystique	has	significance	for	the	way	that	our	society	grapples	with	the	
problem	of	mental	illness.	This	is	because	of	the	widespread	drive	to	redefine	mental	
illnesses	as	brain	disorders.	Proponents	argue	that	doing	this	places	psychological	
problems	in	the	same	category	as	influenza	or	cancer	–	sicknesses	that	don’t	evoke	
the	 social	 stigma	 commonly	 associated	with	 psychiatric	 disorders.	 There	 is	 some	
evidence	 that	using	 the	 language	of	brain	disorders	 in	 fact	 lowers	 the	barrier	 for	
mental-health	patients	 to	 seek	 treatment,	 an	 important	benefit.	 In	other	 respects,	
however,	reclassifying	mental	illnesses	as	brain	disorders	can	be	highly	problematic.	
For	patients,	attributing	mental	problems	to	intrinsic	neurological	defects	incurs	a	
stigma	of	its	own.	Although	people	with	‘broken	brains’	might	not	be	held	morally	
accountable	or	told	to	‘just	get	over	it’,	the	sense	that	they	are	irredeemably	flawed	
can	be	just	as	damaging.	Biological	flaws	can	be	harder	to	fix	than	moral	lapses,	and	
people	with	brain	dysfunction	 are	dangerous	or	 even	 less	 than	 fully	human.	This	
attitude	 reached	 extremes	 under	 the	 Nazis,	who	murdered	 thousands	 of	mental-
health	patients	as	part	of	their	‘euthanasia’	program	during	the	Second	World	War,	
but	it	persists	in	more	subtle	forms	today.	A	large	analysis	of	changing	attitudes	to	
mental	 illness	 in	 2012	 found	 that	 there	 was	 no	 increase	 in	 social	 acceptance	 of	
patients	 with	 depression	 or	 schizophrenia,	 despite	 increasing	 awareness	 of	
neurobiological	 contributions	 to	 these	 conditions.	 Regardless	 of	 its	 social	
implications,	blaming	the	brain	for	mental	illnesses	might	be	scientifically	inaccurate	
in	many	cases.	Although	all	mental	problems	involve	the	brain,	the	underlying	causal	
factors	 can	 be	 elsewhere.	 In	 the	 19th	 century,	 the	 sexually	 transmitted	 bacterial	
disease	 syphilis	 and	 the	 vitamin-B	 deficiency	 pellagra	 were	 among	 the	 greatest	
contributors	 to	 insane-asylum	 populations	 in	 Europe	 and	 the	 US.	 A	 more	
recent	study	estimated	 that	as	many	as	20	per	cent	of	psychiatric	patients	have	a	
bodily	disorder	that	might	be	producing	or	worsening	their	mental	condition;	 the	



TRACKS AND TRENDS 

  

	

	 	 	
	

54	

maladies	include	heart,	lung	and	endocrine	problems,	all	of	which	have	cognitive	side	
effects.	 Epidemiological	 surveys	 have	 found	 remarkable	 correlations	 between	
incidence	of	mental	illness	and	factors	such	as	ethnic	minority	status,	being	born	in	
a	city,	and	being	born	at	certain	times	of	year.	Although	these	correlations	are	not	
well-explained,	they	emphasize	the	likely	role	of	environmental	factors	well	beyond	
the	 brain	 in	 bringing	 about	 psychiatric	 problems.	 We	 must	 be	 sensitive	 to	 such	
factors	if	we	want	effective	treatment	and	prevention	of	mental	disorders.	At	an	even	
deeper	 level,	cultural	conventions	circumscribe	the	notion	of	mental	 illness	 in	the	
first	 place.	 Just	 50	 years	 ago,	 homosexuality	was	 classified	 as	 a	 pathology	 in	 the	
American	Psychiatric	Association’s	authoritative	compendium	of	mental	disorders.	
In	Soviet	Russia,	political	dissidents	were	sometimes	confined	based	on	psychiatric	
diagnoses	that	would	horrify	most	observers	today.	Nevertheless,	sexual	preference	
or	failure	to	bow	to	authority	in	pursuit	of	a	righteous	cause	are	both	psychological	
traits	for	which	we	could	imagine	finding	biological	correlates.	That	does	not	mean	
that	homosexuality	and	political	dissidence	are	brain	diseases.	Society	rather	than	
neurobiology	 ultimately	 defines	 the	 bounds	 of	 normality	 that	 determine	mental-
health	categories.	

The	cerebral	mystique	exaggerates	the	brain’s	contribution	to	human	behavior,	and	
for	 some	 it	 also	 prompts	 remarkable	 visions	 of	 the	 brain’s	 role	 in	 the	 future	 of	
humanity	itself.	In	technophilic	circles,	there	is	increasing	talk	of	‘hacking	the	brain’	
to	improve	human	cognition.	This	notion	evokes	the	kind	of	sophisticated	but	semi-
subversive	intervention	one	might	make	into	a	fancy	smartphone	or	a	government	
server,	but	the	reality	 is	usually	more	like	the	type	of	hacking	one	would	perform	
with	a	machete.	Some	of	the	earliest	brain	hacks	involved	the	purposeful	destruction	
of	parts	of	the	brain,	famously	as	part	of	the	now-extinct	psychosurgery	procedures	
that	 inspired	Ken	Kesey’s	novel	One	Flew	Over	the	Cuckoo’s	Nest	(1962).	The	most	
advanced	of	today’s	brain	hacks	involve	surgically	implanting	electrodes	for	direct	
stimulation	 or	 recording	 of	 brain	 tissue.	 These	 interventions	 can	 restore	 basic	
function	 to	patients	with	 severe	movement	disorders	or	paralysis	–	an	 incredibly	
impressive	feat,	but	still	a	world	away	from	enhancements	to	normal	abilities.	This	
distance	has	not	stopped	entrepreneurs	such	as	Elon	Musk	or	the	US	defense	agency	
DARPA	from	investing	heavily	in	technology	that	they	hope	will	one	day	routinely	
hardwire	healthy	human	brains	to	computers.	
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But	this	exuberance	is	largely	the	product	of	an	artificial	distinction	between	what	
goes	on	inside	versus	outside	the	brain.	The	philosopher	Nick	Bostrom	of	the	Future	
of	Humanity	Institute	in	Oxford	points	out	that	‘most	of	the	benefits	you	could	imagine	
achieving	 through	 [brain	 implants]	 you	 could	 achieve	 by	 having	 the	 same	 device	
outside	of	 you,	and	 then	using	your	natural	 interfaces	 like	 your	 eyeballs,	which	 can	
project	100	million	bits	per	second	straight	 into	your	brain’.	 Indeed,	most	of	us	are	
familiar	with	the	kind	of	cognitive-enhancement	aids	that	live	in	our	desks,	pockets	
and	 handbags,	 boosting	 our	 memory	 and	 communication	 capabilities	 without	
touching	a	neuron.	It	is	debatable	whether	connecting	smartphone-like	devices	more		

In	 the	 medical	 realm,	 early	 efforts	 to	 restore	 vision	 in	 blind	 people	 using	 brain	
implants	 quickly	 gave	 way	 to	 much	 less	 invasive	 approaches	 involving	 retinal	
prostheses,	 which	 leverage	 the	 body’s	 natural	 physiology	 for	 early	 processing	 of	
visual	 information.	Cochlear	implants	that	restore	hearing	in	deaf	patients	rely	on	
the	similar	strategy	of	interfacing	with	the	auditory	nerve	in	the	ear,	rather	than	the	
brain	 itself.	 Except	 in	 the	 most	 impaired	 patients,	 prostheses	 for	 restoring	 or	
enhancing	movement	 also	 benefit	 from	 interfaces	 to	 the	 body.	 To	 give	 amputees	
control	 over	 mechanized	 artificial	 limbs,	 a	 technique	 called	 ‘targeted	 muscle	
reinnervation’	allows	physicians	to	connect	loose	peripheral	nerves	from	the	missing	
original	limb	to	new	muscle	groups	that	in	turn	communicate	with	the	device.	For	
enhancing	motor	 function	 in	healthy	people,	 powered	exoskeletons	developed	by	
companies	such	as	Cyberdyne	in	Japan	communicate	with	the	wearer	through	skin-
surface	 electrodes,	 also	 accepting	 input	 from	 the	 brain	 through	 indirect	 but	
evolutionarily	 honed	 channels.	 In	 each	 of	 these	 examples,	 the	 brain’s	 natural	
interactions	with	the	body	help	the	person	use	the	prosthetic,	leveraging	rather	than	
denying	the	continuity	between	brain	and	body.	

The	most	 extreme	 direction	 in	 futuristic	 brain	 technology	 is	 the	 drive	 to	 achieve	
immortality	through	the	postmortem	preservation	of	human	brains.	Two	companies	
now	offer	to	extract	and	preserve	the	brains	of	dying	‘clients’,	who	do	not	wish	to	go	
gentle	 into	 the	 good	 night.	 The	 organs	 will	 be	 stored	 in	 liquid	 nitrogen	 until	
technology	advances	 to	 the	point	 (now	nowhere	 in	sight)	where	 the	brain	can	be	
restored	to	function	in	some	form	or	analysed	in	sufficient	detail	to	‘upload’	the	mind	
into	a	 computer.	This	venture	 takes	 the	cerebral	mystique	 to	 its	 logical	 endpoint,	
fully	embracing	the	fallacy	that	human	life	is	reducible	to	brain	function	and	that	the	
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brain	 is	 just	 a	 physical	 embodiment	 of	 the	 soul.	 Although	 seeking	 immortality	
through	brain	preservation	does	 little	harm	to	anything	other	than	a	few	people’s	
bank	accounts,	this	fringe	pursuit	also	epitomizes	why	demystifying	the	brain	is	so	
important.	The	more	we	feel	that	our	brains	encapsulate	our	essence	as	individuals,	
and	 the	more	we	believe	 that	our	 thoughts	 and	actions	 simply	emanate	 from	 the	
bundle	of	flesh	in	our	heads,	the	less	sensitive	we	will	be	to	the	role	of	the	society	and	
environment	around	us,	and	the	less	we	will	do	to	nurture	our	shared	culture	and	
resources	–	whether	in	the	context	of	criminal	behavior,	creativity,	mental	illness	or	
any	other	aspect	of	human	life.	The	brain	is	special	because	it	does	not	distil	us	to	an	
essence,	it	unites	us	to	our	surroundings	in	a	way	a	soul	never	could.	If	we	value	our	
own	experiences,	we	must	protect	and	strengthen	the	many	factors	that	enrich	our	
lives	from	both	inside	and	outside,	so	that	as	many	people	as	possible	can	benefit	
from	them	now	and	in	the	time	to	come.	We	must	realize	that	we	are	much	more	than	
our	brains.	
	

	
Nicolle R Fuller - Science Source 

The	human	gut	 is	 lined	with	more	 than	100	million	nerve	 cells—it’s	practically	 a	
brain	unto	itself.	And	indeed,	the	gut	actually	talks	to	the	brain,	releasing	hormones	
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into	the	bloodstream	that,	over	the	course	of	about	10	minutes,	tell	us	how	hungry	it	
is,	or	that	we	shouldn’t	have	eaten	an	entire	pizza.	But	a	new	study	reveals	the	gut	
has	a	much	more	direct	connection	to	the	brain	through	a	neural	circuit	that	allows	
it	to	transmit	signals	in	mere	seconds.	The	findings	could	lead	to	new	treatments	for	
obesity,	eating	disorders,	and	even	depression	and	autism—all	of	which	have	been	
linked	to	a	malfunctioning	gut.	

The	study	reveals	“a	new	set	of	pathways	that	use	gut	cells	to	rapidly	communicate	
with	…	 the	 brain	 stem,”	 says	Daniel	 Drucker,	 a	 clinician-scientist	who	 studies	 gut	
disorders	at	the	Lunenfeld-Tanenbaum	Research	Institute	in	Toronto,	Canada,	who	
was	not	involved	with	the	work.	Although	many	questions	remain	before	the	clinical	
implications	become	clear,	he	says,	“This	is	a	cool	new	piece	of	the	puzzle.”	

In	 2010,	 neuroscientist	 Diego	 Bohórquez	 of	 Duke	 University	 in	 Durham,	 North	
Carolina,	made	a	startling	discovery	while	looking	through	his	electron	microscope.	
Enteroendocrine	cells,	which	stud	the	lining	of	the	gut	and	produce	hormones	that	
spur	 digestion	 and	 suppress	 hunger,	 had	 footlike	 protrusions	 that	 resemble	 the	
synapses	 neurons	 use	 to	 communicate	 with	 each	 other.	 Bohórquez	 knew	 the	
enteroendocrine	cells	could	send	hormonal	messages	to	the	central	nervous	system,	
but	he	also	wondered	whether	they	could	“talk”	to	the	brain	using	electrical	signals,	
the	way	that	neurons	do.	If	so,	they	would	have	to	send	the	signals	through	the	vagus	
nerve,	which	travels	from	the	gut	to	the	brain	stem.	

He	and	colleagues	injected	a	fluorescent	rabies	virus,	which	is	transmitted	through	
neuronal	synapses,	into	the	colons	of	mice	and	waited	for	the	enteroendocrine	cells	
and	their	partners	to	light	up.	Those	partners	turned	out	to	be	to	vagal	neurons,	
the	researchers	report	on	September	20,	2018	in	Science.	

In	 a	 petri	 dish,	 enteroendocrine	 cells	 reached	 out	 to	 vagal	 neurons	 and	 formed	
synaptic	 connections	 with	 each	 other.	 The	 cells	 even	 gushed	 out	 glutamate,	 a	
neurotransmitter	involved	in	smell	and	taste,	which	the	vagal	neurons	picked	up	on	
within	100	milliseconds—faster	than	an	eye	blink.	

That’s	much	faster	than	hormones	can	travel	from	the	gut	to	the	brain	through	the	
bloodstream,	Bohórquez	says.	Hormones’	sluggishness	may	be	responsible	for	the	
failures	of	many	appetite	suppressants	that	target	them,	he	says.	The	next	step	is	to	
study	 whether	 this	 gut-brain	 signaling	 provides	 the	 brain	 with	 important	
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information	about	the	nutrients	and	caloric	value	of	the	food	we	eat,	he	says.	

There	 are	 some	 obvious	 advantages	 to	 superfast	 gut-brain	 signaling,	 such	 as	
detecting	toxins	and	poison,	but	there	may	be	other	perks	to	sensing	the	contents	of	
our	guts	in	real	time,	he	says.	Whatever	those	are,	there’s	a	good	chance	the	benefits	
are	ancient	-gut	sensory	cells	date	back	to	one	of	the	first	multicellular	organisms,	a	
flat	creature	called	Trichoplax	adhaerens,	which	arose	roughly	600	million	years	
ago.	

Additional	clues	about	how	gut	sensory	cells	benefit	us	today	lie	in	a	separate	study,	
published	today	 in	Cell.	Researchers	used	 lasers	 to	stimulate	 the	sensory	neurons	
that	 innervate	 the	gut	 in	mice,	which	produced	rewarding	sensations	 the	rodents	
worked	 hard	 to	 repeat.	 The	 laser	 stimulation	 also	 increased	 levels	 of	 a	 mood-
boosting	neurotransmitter	called	dopamine	in	the	rodents’	brains,	the	researchers	
found.	

Combined,	 the	 two	 papers	 help	 explain	 why	 stimulating	 the	 vagus	 nerve	 with	
electrical	 current	 can	 treat	 severe	 depression	 in	 people,	 says	 Ivan	 de	 Araujo,	 a	
neuroscientist	at	the	Icahn	School	of	Medicine	at	Mount	Sinai	in	New	York	City,	who	
led	the	Cell	study.	The	results	may	also	explain	why,	on	a	basic	level,	eating	makes	us	
feel	 good.	 “Even	 though	 these	 neurons	 are	 outside	 the	 brain,	 they	 perfectly	 fit	 the	
definition	of	reward	neurons”	that	drive	motivation	and	increase	pleasure,	he	says.	
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Should Evolution Treat Our Microbes as 
Part of Us? 

How does evolution select the fittest “individuals” when they are 
ecosystems made up of hosts and their microbiomes?  

Biologists debate the need to revise theories. 

 
Microbiome science has revealed the deep interdependencies of animals and plants on their microbial 

partners, prompting calls for an expansion of evolutionary theory. 
 
Twilight	 falls	on	 the	Tanzanian	plain.	As	 the	sky	 turns	a	deeper	purple,	a	 solitary	
spotted	hyena	awakens.	She	trots	along	the	border	of	her	clan’s	territory,	marking	
the	boundary	with	a	sour	paste	from	under	her	tail.	She	sniffs	a	passing	breeze	for	
hints	of	itinerant	males	interested	in	mating,	giving	little	attention	to	her	stomach’s	
rumbling	over	the	remnants	of	the	previous	night’s	hunt	or	the	itch	on	her	flank.	The	
lone	hyena	chooses	what	she	will	do	next	to	make	her	living.	Except	she	is	not	alone.		
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Kevin Theis, a microbiologist at Wayne 
State University, believes that 

evolutionary science needs to look at 
host-microbe systems as a whole. 

Courtesy of Kevin Theis 

That	paste	she	secretes	is	produced	not	by	her	own	
cells	 but	 by	 billions	 of	 bacteria	 housed	within	 her	
scent	 glands.	 The	 scents	 on	 the	 breeze	 from	
potential	 mates	 also	 come	 from	 unique	 microbial	
concoctions.	A	diverse	array	of	bacteria	that	line	her	
gut	 are	 helping	 to	 break	 down	 her	 meal.	 Others	
assist	her	immune	system	in	fending	off	the	hordes	
of	parasites	and	pathogens	trying	to	invade	her	skin	
and	other	tissues.	Who	precisely	is	it,	then,	trying	to	
survive	on	the	Tanzanian	plain?	Can	we	consider	the	
fates	 of	 the	 hyena	 and	 the	 microbes	 within	 her	
independently?	 Or	 does	 their	 interaction	 form	
something	 new,	 greater	 than	 each	 part	 alone?	
“We’ve	underestimated	the	potential	contribution	of	
microbes	to	traits	we’ve	been	studying	for	decades	or	
centuries,”	 said	 Kevin	 Theis,	 a	 microbiologist	 at	
Wayne	 State	 University	 who	 studies	 the	 paste-
making	microbes	of	the	hyena.		

“If	 the	 genes	 for	 these	 important	 traits	 are	 actually	 in	 the	microbiome	and	not	 the	
animal	 itself,	 then	we	 need	 to	 take	 a	 systems-level	 approach	 and	 look	 at	 the	 host-
microbe	system	as	a	whole.”	

Look	closely	enough	at	any	plant	or	animal	and	you	will	discover	a	riot	of	bacteria,	
fungi	 and	 viruses	 forming	 a	 complex	 and	 interconnected	 ecosystem.	 A	 recent	
explosion	of	research	reveals	how	deeply	we	rely	on	our	microbial	patterns	to	keep	
our	bodies	 functioning,	 raising	profound	questions	 about	what	 it	means	 to	 be	 an	
individual.	 Vital	 functions	 like	 digestion	 and	 immunity	 were	 long	 assumed	 to	 be	
under	 the	 purview	 of	 individual	 organisms,	 as	 capabilities	 developed	 and	 were	
refined	 through	 evolution	 by	 natural	 selection	 -the	 differential	 survival	 and	
reproduction	of	individuals.	But	if	our	bodies	are	less	an	autocracy	of	identical	cells	
and	more	a	coalition	of	multitudes,	how	can	we	explain	their	evolution?	

Some	 biologists	 are	 calling	 for	 a	 radical	 upgrade	 of	 evolutionary,	 arguing	 that	
prevailing	 ideas,	 developed	 from	 the	 study	 of	 bigger,	 more	 easily	 understood	
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organisms,	don’t	fit	nicely	into	this	new	world.	Others	contend	that	existing	theory	
just	needs	to	be	applied	more	carefully.	All	agree	that	the	micro	and	macro	worlds	
are	inescapably	interdependent,	and	that	biologists	must	explore	the	frontier	of	their	
interconnections.	

Never Alone 
	“We	have	never	been	individuals”	proclaimed	a	2012	paper	in	The	Quarterly	Review	
of	Biology	by	Scott	Gilbert,	a	developmental	biologist	at	Swarthmore	College,	and	his	
colleagues.	 This	 bold	 assertion	 echoed	previous	 calls	 for	 a	 reconceptualization	 of	
complex	 organisms	 as	 new	 kinds	 of	 individuals	 -	 holobionts.	 The	 term	 holobiont	
encompasses	a	host	animal	or	plant	and	all	its	constituent	microbes.	All	genes	within	
a	holobiont,	belonging	to	host	or	microbes,	constitute	the	“hologenome.”	Holobionts	
and	 hologenomes	 are	 “incontrovertible	 realities	 of	 nature,”	 wrote	 Theis	 and	 his	
colleagues	in	the	journal	mSystems.	Hologenomes	contain	vastly	more	genes	than	the	
host	 genome	 alone,	 and	 since	 at	 least	 a	 fraction	 of	 the	 microbial	 genes	 have	
significant	bearing	on	the	survival	and	reproduction	of	the	host,	we	need	to	consider	
the	hologenome	as	a	possible	unit	of	selection	if	we	want	to	understand	the	evolution	
of	the	holobiont.		

Seth Bordenstein, an evolutionary biologist at Vanderbilt University, argues that the ubiquity of host-
associated microbes in nature suggests that “holobionts” need to be recognized as meaningful units. 

Courtesy of Seth Bordenstein - Vanderbilt University 

	

	

“First	 and	 foremost,	 I	 think	 of	 the	 holobiont	 and	
hologenome	 as	 structural	 definitions,”	 said	 Set	
Bordenstein,	 an	 evolutionary	 biologist	 at	 Vanderbilt	
University.	 	Along	with	other	researchers,	Bordenstein	
argues	 that	 fresh	 language	 is	 needed	 to	 refer	 to	 this	
entity,	given	the	ubiquity	of	host-associated	microbes	in	
nature.	 “We	 accept	 the	 chromosome	 or	 the	 genome	 as	
structures.	The	next	level	up	is	the	hologenome,”	he	said.	
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“The	 secondary	 question	 is:	 Does	 the	 hologenome	 matter?”	 he	 continued.	 No	 one	
knows	 what	 proportion	 of	 the	 microbiome	 will	 influence	 host	 fitness;	 many	 are	
surely	just	along	for	the	ride.	But	if	there	is	some	degree	of	cooperation	-for	instance,	
if	the	host	provides	shelter	or	nutrients	for	some	microbes	that	in	return	metabolize	
products	 the	 host	 can’t	 make	 on	 its	 own	 —	 then	 they	 are	 more	 than	 just	 two	
organisms	occupying	the	same	space.	They	are,	to	a	degree,	functionally	integrated.	
And	 that	 raises	 the	 question	 of	 whether	 the	 hologenome	 might	 also	 matter	
evolutionarily.	

The	 tighter	 the	 integration,	 the	 more	 closely	 intertwined	 the	 fates	 of	 host	 and	
microbe	become.	For	such	holobionts,	Bordenstein	says,	you	can’t	understand	the	
evolution	of	either	the	host	genome	or	the	microbial	genomes	in	isolation	because	
the	community	of	organisms	as	a	whole	shapes	the	traits	of	the	individual.	“We	need	
to	understand	what	the	microbes	make,	what	the	host	makes	and	potentially	how	those	
products	work	together,”	he	said.	The	holobiont,	he	argues,	adds	up	to	more	than	the	
sum	of	the	host	and	microbes.	Out	of	their	interaction	emerges	a	coherent	entity	that	
natural	selection	might	act	on	alongside	other	units	of	selection,	like	the	individual	
or	a	gene.	

Proponents	of	this	hologenomic	concept	of	evolution	argue	that	if	there	is	a	fidelity	
across	 generations	 between	 hosts	 and	 microbes,	 then	 the	 holobiont	 embodies	 a	
coming	together	of	numerous,	disparate	evolutionary	lineages	into	a	singular	being,	
a	 coalition	of	many	 that	 contributes	 to	 the	 functional	 integrity	of	 the	whole.	Only	
when	considering	the	holobiont	as	a	single	entity	capable	of	being	shaped	as	a	unit	
by	natural	selection	can	we	make	sense	of	its	complexities.	
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Variation and Heritability 
What	might	 it	mean	for	a	holobiont	to	evolve	through	natural	selection?	How	can	
traits	emerging	from	the	holobiont	as	a	whole	rather	than	from	any	individual	line	of	
cells	in	it	be	“chosen”	by	nature	and	spread	in	the	population?	The	classic	recipe	for	
evolution	by	natural	selection	begins	with	a	population	of	individuals	with	varying	
characteristics	 that	 affect	 the	 number	 of	 viable	 offspring	 they	 are	 likely	 to	 have.	
Those	characteristics	must	be	inheritable	-that	is,	passed	on	with	some	fidelity	from	
generation	to	generation.	A	trait	could	hypothetically	double	some	lucky	individual’s	
lifespan	 and	 number	 of	 offspring,	 but	 unless	 that	 trait	 gets	 passed	 on,	 it’s	 an	
evolutionary	dead	end.	

Lucy Reading-Ikkanda - Quanta Magazine 

Do	holobionts	meet	those	
criteria	 for	 evolving	
entities?	 Microbes	 and	
host	genomes	can	interact	
in	 ways	 that	 profoundly	
affect	 host	 fitness.	 But	
whether	 we	 inherit	 our	
microbiome	 in	 something	
like	 the	 way	 we	 inherit	
our	 genome	 remains	 a	
point	 of	 contention.	
Parents	 do	 pass	 along	
microbes	 to	 their	
offspring.	 For	 example,	
females	of	some	species	of	
stink	 bug	 nestle	 a	 fecal	
pellet	 near	 freshly	 laid	
eggs	 to	 serve	 as	 the	
larvae’s	first	meal,	thereby	
inoculating	 them	 with	
their	 mother’s	 gut	
microbiome.	
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Typically,	human	babies	not	born	by	cesarean	section	acquire	their	mother’s	vaginal	
microbes	 en	 route	 to	 the	 outside	world.	 Mom’s	microbes	 also	 rub	 off	 on	 a	 baby	
through	 close	 contact	 and	 breastfeeding.	 Although	 eventually	 the	 microbial	
community	changes	as	the	child	moves	more	freely	through	the	world,	these	early	
microbes	 play	 an	 outsize	 role	 in	 immune	 system	 development.	 Not	 all	 the	
microbiome	is	transferred	from	parent	to	offspring,	but	according	to	Bordenstein,	it	
doesn’t	 have	 to	 be.	 “Nobody	 I	 know	 expects	 the	 microbiome	 to	 be	 inherited	 in	 its	
entirety,	faithfully,”	said	Bordenstein.	But	if	a	significant	portion	of	it	is,	he	and	others	
argue	that	those	interactions	and	their	evolution	might	be	understood	as	a	unit	of	
selection.	

Poking Holes in Hologenomes 
Other	researchers	think	the	hologenome	concept	of	evolution	stretches	the	notion	of	
a	selectable	unit	to	the	point	of	incoherence.	“Just	because	the	microbes	are	there	with	
one	organism	at	one	time	does	not	mean	they	are	a	unit	of	selection,	especially	if	they	
are	 not	 passed	 on	 vertically,”	 said	 Joan	 Strassmann,	 an	 evolutionary	 biologist	 at	
Washington	University	in	St.	Louis	who	studies	microbes.	

	“I	 don’t	 want	 to	 make	 the	 strong	 claim	 that	 vertical	 transmission	 is	 absolutely	
necessary,	 but	 it’s	 certainly	 the	most	 likely	mechanism	 to	 lead	 to	 the	 cumulative	
evolution	 of	 the	 partnership	 as	 a	 whole,”	 said	 Derek	 Skillings,	 a	 philosopher	 of	
biology	at	the	University	of	Pennsylvania	and	the	City	College	of	New	York.	Skillings	
and	other	critics	argue	that	there	just	isn’t	enough	evidence	of	vertical	transmission	
of	 symbionts	 to	 allow	 for	 the	 holobiont	 to	 be	 a	 coherent	 evolutionary	 individual.	
Many	of	a	host’s	microbes	are	acquired	from	the	outside	environment,	not	from	its	
parents.	Even	when	the	environment	is	shared,	there	is	little	reason	to	assume	that	
a	parent’s	microbes	will	make	 it	 to	 its	offspring.	Even	 if	 they’re	 the	same	sorts	of	
microbes,	 the	 direct	 line	 of	 vertical	 transmission	 is	 still	 necessary	 to	 form	 an	
evolutionary	individual.	

Skillings	further	argues	that	the	repeated	co-occurrence	of	species	in	nature	does	not	
imply	 that	 they	 have	 shared	 interests.	 Consider	 a	 host	 and	 a	 parasite	 locked	 in	
perpetual	conflict:	Every	generation,	they	come	together	and	attempt	to	subvert	each	
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other.	 You	 could	 even	 imagine	 a	 familial	 line	of	hosts	being	 infected	by	 the	 same	
familial	 line	 of	 parasites.	 Nevertheless,	 persistent	 as	 this	 relationship	 is,	 Skillings	
argues	that	you’re	only	going	to	understand	it	by	considering	each	lineage’s	interests	
separately.	Proponents	of	 the	hologenome	concept	acknowledge	that	cooperation,	
conflict	and	even	neutrality	can	influence	the	evolution	of	the	holobiont,	making	the	
disagreement	less	about	the	facts	of	the	matter,	and	more	about	how	to	approach	
them.	Strassmann	argues	that	focusing	solely	on	what’s	happening	in	the	holobiont	
misses	 much	 of	 the	 microbes’	 story.	 Many	 host-associated	 microbes	 spend	
significant	chunks	of	their	lives	outside	their	host,	in	an	environment	where	they’re	
subject	to	very	different	selection	pressures.		

Joan Strassmann, an evolutionary biologist at 
Washington University in St. Louis, thinks that a 

hologenome concept of evolution pushes the 
idea of selectable units too far.  

Courtesy Joe Angeles-Washington University 

The	holobiont	idea,	she	says,	puts	blinders	on	
our	 understanding	 of	 the	 evolution	 of	 these	
microbes,	 focusing	 attention	 on	 the	 host	
environment	 and	 neglecting	 other	 habitats	
that	could	shape	a	microbe’s	character.	

Critics	of	holobiont-centered	 theories	are	not	
discounting	 the	 importance	 of	 studying	 the	
interconnections	between	microbes	and	hosts,	
but	 they	 think	 the	 holobiont	 framework	 is	
almost	 always	misleading.	 They	 envision	 the	
holobiont	as	an	ecological	community,	not	an	
evolutionary	 individual.	 The	 knowledge	 that	
symbiotic	 relationships	 with	 microbes	 are	
important	“doesn’t	mean	we	have	to	completely	
forget	what	we	know	about	how	evolution	and	
natural	selection	operate,”	Strassmann	said.	

	

But	 translating	 existing	 ecological	 and	 evolutionary	 theory	 to	 this	 new	microbial	
world	 is	 more	 easily	 said	 than	 done,	 cautions	 Britt	 Koskella,	 a	 biologist	 at	 the	
University	of	California,	Berkeley.	Many	of	these	theories	were	built	to	explain	how	
plants	 and	animals	 interact	 and	 coexist,	 and	 “there	are	well-understood	aspects	 of	
microbial	ecology	that	just	don’t	fit	here,”	she	said.	
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Take	ecological	succession,	a	framework	for	evaluating	how	a	community	assembles	
over	time.	The	state	of	a	plant	community	on	a	new	island,	for	example,	may	depend	
much	more	on	the	order	in	which	species	arrived	and	the	niches	they	filled	than	on	
the	local	evolution	of	the	plants,	because	evolution	is	usually	so	much	slower.	But	
bacteria	 evolve	 much	 faster	 than	 plants	 and	 animals,	 and	 they	 can	 swap	 genes	
instantaneously	via	horizontal	gene	transfer.	“Now	you	must	consider	the	possibility	
that	a	microbe	could	arrive	and,	whether	by	mutation	or	horizontal	 transfer,	 fill	all	
available	 niches	 before	 anyone	 else	 shows	 up,”	 Koskella	 said.	 Bacterial	 succession	
might	work	 in	 different,	 counterintuitive	ways	 from	 traditional	 succession.	Other	
differences	 to	 consider,	 according	 to	 Koskella,	 include	 the	 influence	 of	 a	 host’s	
immune	system	over	its	microbiome	and	microbes’	ability	to	dynamically	alter	their	
environment.	She	argues	that	theoreticians	need	to	think	through	basic	assumptions	
made	by	their	models	and	consider	whether	they	apply	equally	well	to	microbes,	and	
empiricists	 need	 to	 test	 the	 predictions	 of	 those	 models.	 “Cross-talk	 between	
empiricists	and	theoreticians	is	really	important,”	Koskella	said.	“The	data	are	just	so	
complex,	 and	 we’re	 very	 quickly	 moving	 beyond	 intuition.”	 Settling	 empirical	
questions,	such	as	how	often	a	substantial	portion	of	the	holobiont	is	inherited,	and	
how	 stable	 communities	 are	 across	 generations,	 will	 help	 sharpen	 intuition	 and	
inform	 theoretical	work.	 “We	 can	 keep	 just	 asking	 questions	 and	 getting	 data,	 but	
without	 theory,	 you	 don’t	 really	 know	 how	 to	 begin	 interpreting	 or	 testing	 all	 this	
complexity,”	Koskella	said.	
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“It’s the Song, Not the Singer” 
One	radical	idea	seeks	to	forge	a	third	way	forward	by	turning	the	problem	on	its	
head.	Forget	about	 the	particulars	of	which	microbes	are	doing	 the	 interacting	or	
whether	they’re	vertically	or	horizontally	transmitted,	its	proponents	say	-just	focus	
on	 the	 interactions,	 the	 stable	metabolic	 processes	 enacted	 by	 various	microbial	
players.	

	

“It’s	the	song,	not	the	singer”,	said	W.	Ford	Doolittle,	an	
evolutionary	 biologist	 at	 Dalhousie	 University	 in	
Nova	Scotia.	He	 and	his	 former	Dalhousie	 colleague	
Austin	Booth	originated	this	idea	and	gave	it	its	name,	
abbreviated	ITSNTS,	by	inverting	the	title	of	a	Rolling	
Stones	 song.	 They	 argue	 that	 it	 captures	 what’s	 so	
compelling	about	the	 idea	of	holobionts,	namely	the	
stable	 networks	 of	 interaction	 patterns	 among	
disparate	 lineages,	 without	 ascribing	 a	 special	
evolutionary	identity	to	them.	Instead,	the	processes	
themselves	form	a	sort	of	evolutionary	lineage.	
	

W. Ford Doolittle, an evolutionary biologist at Dalhousie University in Nova Scotia, is one of the 
authors of a new evolutionary concept in which stable patterns of metabolic interactions among hosts 

and microbes — but not necessarily the organisms themselves — might serve as a unit of selection. 
Courtesy of Ford Doolittle 

Doolittle	and	Booth	begin	from	the	observation	that	gut	microbiomes	contain	a	wide	
diversity	of	species	and	strains	across	many	bacterial	taxonomic	groups	but	exhibit	
a	remarkable	conservation	of	core	functions	performed	by	those	organisms.	These	
networks	 of	 different	 players	 participate	 in	 metabolic	 cycles,	 in	 which	 a	 set	 of	
bacteria	converts	nutrients	to	metabolites,	which	get	picked	up	by	other	bacteria	to	
produce	a	different	metabolite,	which	gets	used	by	the	host,	and	the	cycle	continues.	
Many	of	these	functional	steps	can	be	carried	out	by	myriad	strains	present	in	the	
gut,	making	any	given	strain	potentially	 redundant.	But	 the	 cycle	 itself	 continues,	
regardless	 of	 which	 cells	 are	 enacting	 it.	 Doolittle	 illustrates	 the	 idea	 using	 the	
nitrogen	 cycle.	 Atmospheric	 nitrogen	 gets	 churned	 through	 a	 series	 of	 chemical	
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states	 by	 a	 diverse	 assortment	 of	 bacteria,	 plants	 and	 decomposers	 like	 fungi	
performing	 different	 reactions.	 Each	 step	 in	 the	 cycle	 can	 be	 carried	 out	 by	
innumerable	species	that	all	belong	to	a	kind	of	“functional	guild,”	but	the	process	
itself	remains	remarkably	stable.	Once	these	networks	exist,	they	create	a	niche	for	
other	microbes	to	occupy.	The	cycle	becomes	a	sort	of	structure	for	various	lineages	
to	grab	onto,	a	way	for	them	to	make	a	living.	“If	you	make	the	leap	and	think	of	these	
interaction	networks	…	as	populations	of	entities,	you	can	begin	to	understand	them	as	
units	of	selection,”	Booth	said.	“It	turns	traditional	ways	of	thinking	about	evolution	on	
its	head.	The	materialistic	 basis	 of	 lineages	 takes	a	back	 seat.”	Doolittle	 and	Booth	
liken	 this	 to	 the	way	 songs	perpetuate	 themselves	 as	 cultural	 entities.	 “There	are	
songs	which	have	lasted	for	a	long	time	basically	because	a	lot	of	people	were	happy	to	
sing	them,”	Doolittle	said.	Individual	singers	come	and	go,	but	even	in	cultures	where	
written	and	recorded	music	don’t	exist,	the	songs	survive	by	recruiting	appropriate	
talent	 in	 new	 generations.	 Similarly,	 once	 a	 metabolic	 network	 exists,	 diverse	
lineages	of	organisms	can	evolve	to	perform	some	of	the	interactions	and	processes	
that	 define	 it	 -and	 evolution	 can	 support	 that	 association	 because	 it	 is	 selfishly	
advantageous	 for	 the	 individuals,	 or	 genes,	 within	 the	 various	 lineages	 to	 do	 so.	
Processes	being	selected	via	differential	persistence	is	certainly	an	unusual	idea,	but	
not	 unprecedented.	 Cultural	 evolution	 of	 ideas	 in	 the	 form	 of	 “memes,”	 while	
controversial,	 is	 seen	by	many	as	 at	 least	plausible	 (the	meme	 concept	was	 itself	
inspired	by	 the	biological	 concept	of	genes).	 In	 this	 case,	 the	 idea	or	meme	 is	 the	
metabolic	interaction,	and	it	persists	based	on	its	ability	to	recruit	microbes	to	carry	
it	out.	

It	remains	to	be	seen	how	useful	this	framework	might	be	for	studying	the	holobiont,	
and	significant	kinks	remain	to	be	ironed	out.	The	notion	that	differential	persistence	
is	analogous	to	differential	reproduction	might	seem	strange	to	many	evolutionary	
biologists,	and	it’s	still	far	from	clear	how	to	define	a	metabolic	network.	

Fertile Ground 
Spirited	 argument	 over	 how	 evolution	 fundamentally	 works	 is	 nothing	 new.	
“Evolution,	if	you	look	at	the	history	of	the	idea,	has	always	been	beset	with	these	kinds	
of	 debates,”	 Booth	 said,	 referring	 to	 early	 debates	 about	 whether	 evolution	
proceeded	gradually	or	in	fits	and	starts.	“It’s	safe	to	say	that	the	microbial	revolution	
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has	been	impactful	 in	that	it	throws	so	many	of	the	traditional	ideas	out,	or	at	least	
casts	 them	 in	 a	 new	 light,”	 Booth	 said.	 “I	 think	 we’re	 just	 beginning	 a	 field	 here,”	
Bordenstein	said.	He	points	to	the	early	days	of	genetics.	“Those	early	questions	were	
so	basic	-what	is	a	gene?	How	are	genes	inherited?”	Biologists	are	just	starting	to	get	
a	handle	on	the	basic	questions	of	microbe-host	interactions.	“Who’s	there?	What	is	
the	 complexity	 of	 the	 holobiont	 and	how	do	 its	 parts	 function	 together?	We	have	a	
century’s	worth	of	work	ahead	of	us	to	figure	this	out.”	Strassmann	agrees.	“It’s	really	
important	that	we	keep	talking	to	each	other.	We	have	so	much	exploring	to	do.”	
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Food and Microbiota are intimately and 
intricately interwoven 

We	do	need	fuel	(energy)	to	live	and	survive.	We	do	enjoy	food	because	we	depend	
on	the	harmony	between	our	physical	being,	our	biological	processes,	our	chemical	
safe	reactions,	and	our	affects,	desires,	pleasure,	social	interactions,	and	much,	much	
more.	We	are	at	the	same	time	a	complex	microcosm	and	an	infinitesimal	part	of	the	
multiverse	macrocosm.		

Among	 some	 of	 the	most	 vibrant	 and	 entrenched	 practices	 are	 the	 ones	 that	we	
learned	 and	 embraced	 in	 our	 early	 childhood.	 They	 left	 an	 indelible	 series	 of	
messages	that	get	revived	in	our	dreams,	our	family	or	social	gatherings,	our	late-in-
life	requests	as	Jean-Anthelme	Brillat	Savarin	wrote:	“The	pleasures	of	the	table	are	
for	every	man,	of	every	land,	and	no	matter	of	what	place	in	history	or	society;	they	can	
be	a	part	of	all	other	pleasures	and	they	last	the	longest,	to	console	us	when	we	have	
outlived	the	rest.”	He	meant	the	ones	that	were	shaped	by	our	family	fare,	our	cultural	
festivities,	our	fond	memories	of	a	happy	fulfillment.	These	are	critical	-much	more	
that	the	spiritual	or	religious	veneer	that	we	plated	and	tackled	later	in	life.	

The	novella	“Babette’s	Feast”	by	the	Danish	writer	Karen	Blixen	–a.k.a.	Isak	Dinesen-
is	 set	 in	 the	 1870s,	 describing	 an	 austere	 religious	 sect,	 whose	 members	
“…renounced	the	pleasures	of	this	world,	for	the	earth	and	all	that	it	held	to	them	was	
but	a	kind	of	illusion,	and	the	true	reality	was	the	New	Jerusalem	toward	which	they	
were	longing”.	Martine	and	Phillipa	are	the	unmarried	daughters	of	the	founder	of	
the	religious	sect	who	have	a	French	maid-of-all-work,	Babette,	appearing	from	war-
torn	Paris	under	mysterious	circumstances.	Upon	her	arrival,	 the	pious	daughters	
are	anxious	to	avoid	any	“…	French	 luxury	and	extravagance”	and	therefore	at	 the	
time	explained	that	they	“…	were	poor	and	that	to	them	luxurious	fare	was	sinful.	Their	
own	food	must	be	as	plain	as	possible”.	As	it	happens,	their	worries	are	allayed;	and	
for	next	12	years,	Babette	serves	them	such	that	the	whole	community	applauds	and	
acquiesces.	When	 Babette	 unexpectedly	wins	 in	 the	 French	 lottery,	 they	 become	
afraid	she	may	leave	them.	Accordingly,	the	sisters	agree	that	Babette	may	cook	them	
a	 special	 dinner	 celebrating	 the	 100th	 anniversary	 of	 the	 sect’s	 founding	 father.	
Unbeknownst	to	the	sisters,	Babette	used	to	be	a	cordon	bleu	cook:	she	prepares	a	
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sumptuous	 once-in-a-lifetime	 meal,	 leaving	 the	 guests	 questioning	 their	 lifelong	
denial	of	mortal	pleasures.		
	

	

In	the	novella,	this	cathartic	meal	is	not	described	in	much	detail,	following	the	vow	
of	the	devout	guests	“…	not	to	utter	a	word	about	the	subject”.	But	Danish	director	
Gabriel	Axel’s	Oscar-winning	film	adaptation	tries	hard	to	use	visuals	to	convey	the	
splendor	of	the	dinner	but	still	falls	short	of	conveying	the	multisensory	experience	
of	 a	 fine	 meal.	 Blixen,	 by	 contrast	 suggests	 that	 it	 is	 “…	when	 man	 has	 not	 only	
altogether	forgotten	but	has	firmly	renounced	all	ideas	of	food	and	drink	that	he	eats	
and	drinks	in	the	right	spirit….	None	of	the	guests	later	on	had	any	clear	remembrance	
of	it.	They	only	knew	that	the	rooms	had	been	filled	with	a	heavenly	light	as	if	a	number	
of	small	halos	had	blended	into	one	glorious	radiance.	Taciturn	old	people	received	the	
gift	of	tongues;	ears	that	for	years	had	been	almost	deaf	were	opened	to	it.	Time	itself	
had	merged	into	eternity.	Long	after	midnight	the	windows	of	the	house	shone	like	gold,	
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and	golden	song	flowed	out	into	the	winter	air”.	Babette’s	feast	becomes	a	route	to	
intense	well-being,	 and	 the	 pleasure	 is	 not	 just	 about	 the	 food	 but	 instead	 about	
providing	unity	and	transcendence	for	the	virtuous	dinner	guests	who	all	leave	the	
meal	changed,	suddenly	awake	to	the	potential	of	earthly	pleasures.		

Babette’s	Feast	demonstrates	that	food	is	also	one	of	our	main	routes	to	pleasure.	
The	science	of	pleasure	has	made	great	strides	in	recent	years,	due	not	in	small	parts	
to	using	food	as	a	pleasure-eliciting	stimulus.	Research	has	uncovered	many	of	the	
fundamental	 brain	 mechanisms	 governing	 eating	 and	 pleasure	 in	 general.	 It	 has	
helped	 understand	 the	 brain’s	 complex	 resource	 allocation	 problems	 with	 food	
competing	 with	 other	 rewards	 for	 time	 and	 resources;	 the	 brain	 must	 make	
important	decisions	of	how	best	to	balance	exploration	and	exploitation	to	ensure	
survival.	 Eating	 is	 a	 complex	 process	 that	 involves	 many	 different	 factors	 over.	
Furthermore,	pleasure	research	has	shown	that	food,	sex	and	social	interactions	are	
fundamental	 to	 our	 survival	 and	 these	 basic	 stimuli	 take	 priority	 in	 resource	
allocation.	It	has	also	shown	the	unity	of	pleasure	processing	of	different	rewards,	
with	food,	sex,	social	and	higher-order	stimuli	(such	as	music	and	money)	in	a	unified	
pleasure	 system.	 Gastronomy	 expands	 on	 these	 findings	 and	 creates	 exciting	
experiences	and	great	pleasure.	The	rise	of	molecular	gastronomy	and	gastrophysics	
has	afforded	chefs	with	unprecedented	control	over	the	production	of	novel	flavors	
and	textures	of	food.	These	experiences	are	by	their	very	nature	multisensory	and	
like	all	experiences	highly	dependent	on	expectation	and	prior	experiences.	All	foods	
are	ultimately	dependent	on	the	state	of	 the	diner’s	brain	and	body,	and	both	the	
science	and	art	of	cooking	stand	to	benefit	much	from	future	collaborations	between	
scientists	and	chefs,	especially	in	so	far	this	research	can	help	increase	the	pleasure	
of	eating	and	well-being.		

Babette’s	Feast	shows	how	a	sumptuous	dinner	can	bring	about	much	pleasure	and	
transform	 lives.	 While	 it	 is	 true	 that	 creating	 great	 art	 –as	 Babette	 vividly	
demonstrates-	 takes	skills	and	years	of	practice,	 it	 is	also	 important	 to	remember	
that	every	moment	and	every	bite	of	food	carries	within	it	the	possibility	of	pleasure.	
The	brain	 is	built	 for	pleasure	and	 it	 is	 through	pursuing	 the	variety	of	pleasures	
rather	than	the	relentless	single-minded	pursuit	(hedonism)	or	denial	of	pleasure	
(asceticism)	that	a	life	well-lived	can	be	constructed.	
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The Human Instinct of Procreation is Much 
More than Just That 

	

	

I	am	not	certain	that	Henry	Miller	would	have	approved	this	entry	of	Wikipedia	on	
‘Sex’,	 but	 here	 are	 some	 excerpts:	 ‘Sexual	 intercourse,	 or	 coitus	 or	 copulation,	 is	
principally	 the	 insertion	 and	 thrusting	 of	 a	male's	 penis,	 usually	when	 erect,	 into	 a	
female's	 vagina	 for	 sexual	 pleasure	 or	 reproduction,	 or	 both.	 This	 is	 also	 known	
as	vaginal	 intercourse	 or	 vaginal	 sex.	 Other	 forms	 of	 penetrative	 sexual	 intercourse	
include	penetration	of	the	anus	by	the	penis	(anal	sex),	penetration	of	the	mouth	by	the	
penis	or	oral	penetration	of	the	female	genitalia	(oral	sex),	sexual	penetration	by	the	
fingers	(fingering),	and	penetration	by	use	of	a	dildo	(including	a	strap-on	dildo).	These	
activities	involve	physical	intimacy	between	two	or	more	individuals	and	are	usually	
used	 among	 humans	 solely	 for	 physical	 or	 emotional	 pleasure	 and	 commonly	
contribute	to	human	bonding.		

A	variety	of	views	concern	what	constitutes	sexual	intercourse	or	other	sexual	activity,	
which	 can	 also	 impact	 views	 on	 sexual	 health.	 Although	 the	 term	sexual	 intercourse,	
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particularly	the	variant	coitus,	generally	denotes	penile-vaginal	penetration	and	the	
possibility	 of	 creating	 offspring	 (which	 is	 the	 fertilization	 process	 known	 as	
reproduction),	it	also	commonly	denotes	penetrative	oral	sex	and	particularly	penile-
anal	 sex.	 Non-penetrative	 sex	 acts,	 such	 as	 non-penetrative	 forms	 of	 cunnilingus	 or	
mutual	 masturbation,	 have	 been	 termed	 outercourse,	 but	 may	 additionally	 be	
considered	sexual	intercourse.	The	term	sex,	often	a	shorthand	for	sexual	intercourse,	
can	mean	any	 form	of	 sexual	 activity.	 Because	 people	 can	 be	 at	 risk	 of	 contracting	
sexually	transmitted	infections	during	sexual	activities,	though	the	transmission	risk	is	
significantly	reduced	during	non-penetrative	sex,	safe	sex	practices	are	advised’.		

Male	and	female	bodies	of	every	species	are	designed	with	the	built-in	capability	to	
attract	 a	 sexual	 partner.	What	 sets	 human	 sexuality	 apart	 from	 animal	 and	 plant	
sexuality	is	our	capacity–or	even	drive–to	discover	how	to	give	and	receive	pleasure	
through	sexual	activity.	

In	humans	–as	well	as	in	some	other	mammals-	Sex	is	not	only	procreation.	In	fact,	it	
is	 seldom	practiced	 for	 that	 purpose.	Human	 Sex,	 like	 Food,	 is	 first	 and	 above	 all	
Pleasure.	 And	 pleasure	 in	 sex	 involves	 a	 very	 complex	 set	 –most	 of	 them	 still	
undiscovered-	 of	 chemical,	 physical,	 psychological,	 social,	 urgent	 or	 repressed,	
memorized	or	invented,	enjoyable	or	even	painful	messages.	Sex	is	a	multiverse	that	
each	one	of	us,	from	birth	to	death,	never	stops	to	explore,	cope	with,	crave	or	long	
for,	immerse	into	or	regret	forever.	Sex	is	possibly	a	much	more	important	instinct	
than	survival	a.k.a.	food.		

Is	sex	for	pleasure	uniquely	human?	We	are	apes.	We	are	animals.	We	are	made	of	
the	same	organic	molecules	as	all	life.	We	metabolize.	We	procreate.	We	die.	But	we	
are	also	human	beings.	We	have	language	and	culture.	We	self-reflect	and	ponder	the	
future.	We	have	medicine.	We	use	advanced	tools,	like	televisions,	smart	phones,	and	
computers.	

We	also	have	sex.	

We	 have	 a	 lot	 of	 sex.	 In	 human	 culture,	 sex	 is	 so	 much	 more	 than	 a	 means	 of	
reproduction.	Sex	is	emotional.	Sex	is	communicative.	Sex	is	fun.	And	when	it	comes	
down	to	it,	for	most	of	us,	sex	just	feels	good.	We	have	sex	for	pleasure	significantly	
more	often	than	we	have	sex	for	reproductive	purposes.	Is	this	one	of	those	things	
that	makes	us	uniquely	human?	Here's	where	 things	get	complicated.	How	do	we	
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know	what	feels	good	to	an	animal?	It's	not	like	they	can	tell	us.	Perhaps	all	animals	
have	 sex	 for	 pleasure.	 Perhaps	 we	 are	 all	 hard-wired	 to	 experience	 pleasurable	
feelings	during	the	act	of	sex	for	the	very	purpose	of	procreation.	I	sincerely	doubt	
that	most	animals	know	sex	leads	to	offspring.	They	probably	do	it	because	it	feels	
good.	 Science	 has	 done	 a	 pretty	 good	 job	 of	 exploring	 and	 explaining	 precisely	
how	sex	 feels	so	good	to	us.	But	answering	 the	question	of	why	it	 feels	so	good	 is	
seems	to	be	a	matter	of	conjecture.	Granted,	if	it	didn't	feel	good,	we	might	not	do	it.	
And	if	we	didn't	do	it,	there	wouldn't	be	any	of	us	here	to	have	this	discussion.	

One	indication	that	animals	enjoy	sexual	activity	is	the	act	of	masturbation.	We've	all	
seen	dogs	do	it.	Male	dogs	will	pretty	much	hump	anything	they	can	wrap	their	legs	
around.	Masturbation	 in	horses	 is	also	quite	common.	There's	even	a	seminal	(no	
pun	intended)	paper	on	squirrel	masturbation.	In	fact,	a	lot	of	animals	go	solo.	Birds,	
walruses,	 sheep,	 turtles,	 elephants,	 bears,	 and	 many	 more	 species	 have	 been	
observed	 engaging	 in	 autoeroticism.	 Porcupines	 have	 even	 been	 witnessed	 to	
fashion	vibrators	out	 of	 sticks.	 Interestingly,	 although	 these	 animals	 have	 been	
documented	to	play	with	themselves,	it	is	exceedingly	rare	that	they	actually	get	off.	
That	is,	masturbation	to	the	point	of	orgasm/ejaculation	appears	to	be	a	fluke	outside	
of	the	human	species	(except	maybe	in	squirrels).	

What	makes	us	so	different	that	our	masturbatory	experiences	are	"goal-oriented"	
when	other	animals'	are	not?	And	why	is	our	masturbation	frequency	significantly	
higher	than	that	of	other	species?		Some	hypothesize	that	it	is	because	humans	have	
the	unique	ability	to	form	mental	representations	of	erotic	material.	It	may	be	the	
case	that	what	sets	us	apart	is	our	ability	to	write,	produce,	edit,	and	even	star	in	our	
own	mental	porn.	

We	 know	 that	 masturbation	 may	 not	 be	 considered	 sex,	 per	 se.	 Dolphins	 and	
Bonobos	are	other	mammals	that	have	sexual	intercourse	for	pleasure.	It	appears	as	
though	 this	 is	 almost	 true,	 depending	 again	 on	 how	 one	 defines	 sex	 for	
pleasure.	Dolphins	have	 been	 observed	 to	 have	 sex	 during	 all	 stages	 of	 the	 female	
menstrual	cycle,	not	just	ovulation.	But,	as	they	have	been	apt	to	do	lately,	our	favorite 
ape relatives,	the	bonobos,	should	be	included	in	this	conversation.	Bonobos	get	it	on	
year	 around	 as	 well.	 As	 far	 as	 we	 know,	 no	 other	 animal	 species	 has	 been	
documented	to	engage	in	full-on	intercourse	even	when	females	aren't	in	heat.	So,	in	
a	way,	when	our	 thoughts	 and	behaviors	 are	dominated	by	non-stop,	 year-round	
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sexual	urges,	we	aren't	really	acting	on	animalistic	impulses.	We	are	doing	something	
that	is	almost	uniquely	human.		

But	animals	other	than	humans	have	no	awareness	that	their	sexual	activities	are	
connected	with	reproduction:	they	engage	in	sex	because	they're	biologically	driven	
to	do	so,	and	if	the	fulfillment	of	their	urges	produces	a	physical	sensation	we	might	
appropriately	 call	 "pleasure,"	 it	 isn't	 the	 least	 bit	 affected	 by	 the	 possibility	 (or	
impossibility)	of	producing	offspring.	We	are	also	discounting	cases	in	which	animals	
do	engage	 in	 sex	 even	 though	 reproduction	 is	 an	 impossibility,	 because	we	 claim	
there	are	other	"purposes"	(of	which	the	animals	themselves	are	unaware)	at	play.	
(For	example,	 the	 females	of	some	species	of	birds	will	 invite	males	 to	mate	with	
them	even	after	they	have	laid	their	eggs,	but	we	ascribe	a	purpose	to	this	behavior:	
this	is	a	biological	"trick"	to	fool	males	into	caring	for	hatchlings	they	didn't	father.)	
We	also	employ	subjective	terms	such	as	"willingly"	and	"regularly"	in	claiming	that	
bonobos	 and	 dolphins	 are	 the	 only	 other	 animals	 who	 "willingly	 (and	 regularly)	
engage	in	sex	with	each	other	even	when	there	is	no	possibility	that	offspring	will	be	
produced	as	a	result,"	and	even	then,	it	may	be	the	case	that	these	species	have	some	
other	"purpose"	for	doing	so	that	we	haven't	yet	discovered.		

Perhaps	 the	most	 important	 concept	 to	 be	 learned	 here	 is	 that	 although	 humans	
naturally	tend	to	think	of	their	behavior	as	"normal"	and	consider	the	habits	of	other	
animals	to	be	departures	from	the	norm,	in	many	ways	—	especially	in	our	sexual	
behavior	—	we	are	quite	exceptional.		
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Some	claim	that	‘We	have	sex	more	for	connection	than	for	procreation	or	pleasure’.	
Many	seemingly	simple	questions	are,	on	close	inspection,	not	at	all	easy	to	answer.	
We	want	sex because	our	continued	existence	as	a	 species	depends	on	 it.	Children	
come	from	sex,	one	learns.	And	the	thing	about	the	stork	is	just	a	story.	But	the	facts	
on	the	ground	undermine	this	assumption.	First,	people	continue	to	engage	in	sex	
long	after	they	have	stopped	having	children.	Often,	their	sex	lives	actually	get	better,	
because	there	are	no	more	worries	about	unplanned	pregnancies.	

Which	leads	us	to	the	following	fact:	most	sex	happening	right	now	around	the	world	
is	not	procreative.	On	the	contrary,	most	of	those	getting	busy	at	this	moment	would	
be	shocked	and	upset	to	find	that	their	joyful	acrobatics	have	resulted	in	pregnancy.	
An	 intense	 interest	 in	 sex	 and	 eroticism	 is	 not	 necessarily	 linked	 to	 heightened	
interest	 in	producing	offspring.	 In	 fact,	 those	 interests	are	often	 inversely	related.	
Moreover,	many	sexual	behaviors	we	commonly	engage	in,	even	in	the	fertile	years,	
are	not	related	to	reproduction	at	all.	If	sex	is	for	reproduction,	how	is	the	mechanism	
of	sexual	pleasure	organized	regarding	anal	or	oral	sex?	And	why	are	you	holding	
hands	with	your	boyfriend?	Children	do	not	come	of	it.	Besides,	you	also	hold	hands	
with	 your	 three-year-old	 niece.	What's	 going	 on	 here?	 And	what	 is	 reproductive	
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about	 someone	 pulling	 your	 hair?	 In	 fact,	 why	 does	 the	 business	 of	 genital,	
reproductive	 pleasure	 spread	 to	 all	 kinds	 of	 remote	 areas	 not	 related	 to	
reproduction,	 such	 as	 shoulders	 (very	 sexy	 in	 the	 nineteenth	 century),	 the	 neck	
(sexual	 attraction	 in	 Japanese	 culture),	 or	 breasts	 (contemporary	 American	
obsession)?	And	if	a	man	has	a	biological	urge	to	find	a	good	mother	for	his	offspring,	
why	do	men	routinely	differentiate	between	a	‘sexy’	woman	and	a	‘motherly’	one,	and	
prefer	the	former	to	the	latter?	

Now	you	say,	“Let’s	forget	all	the	biology.	Why	complicate	things?	Sex	feels	good.	It	is	
a	pleasure.	I	have	sex	for	fun.”	But	that	argument	is	unsatisfactory	as	well.	It	turns	out	
the	desire	for	physical	pleasure	is	NOT	the	most	important	reason	for	sexual	activity.	
Research	shows	that	the	physical	pleasure	of	genital	stimulation	is	not	necessarily	
an	important	component	in	the	decision	to	have	sex.	The	truth	is,	many	people	are	
having	sex	right	now	without	pleasure	or	any	expectation	of	it.	If	it’s	pleasure	you	
want,	 if	 you	 desire	 a	 nice	orgasm,	 you'll	 get	 there	 faster—and	 cheaper,	with	more	
certainty	and	less	risk	of	pregnancy	and	disease—through	masturbation.	So	why	are	
you	 having	 sex	 with	 your	 partner?	 And	 why,	 when	 you	 do	 masturbate,	 are	 you	
fantasizing	about	him	(or	about	someone,	anyway)?	

It	turns	out	that	the	deep	experience	of	sexual	pleasure	depends	somehow	on	the	
presence,	and	conduct,	of	others.	A	brutal	illustration	of	this	principle	can	be	found	
in	prostitution.	On	its	face,	prostitution	is	a	cold	business—the	epitome	of	(mostly	
male)	selfish	pleasure	seeking.	The	customer	buys	physical	sexual	release	for	money,	
plain	and	simple.	But	the	customer	can	give	himself	an	orgasm,	for	free.	So	why	pay?	
And	why	is	the	customer's	enjoyment	increased	if	the	prostitute	produces	the	sounds	
of	enjoyment	and	sexual	arousal?	If	the	client's	motivation	is	selfish	sexual	release,	the	
satisfaction	of	a	biological	urge,	why	does	it	matter	to	him	if	the	prostitute	is	aroused?	
What	excites	him	about	the	thought	that	she	is	enjoying	herself?	Fundamental	social,	
interpersonal	dynamics	are	apparently	present	even	here,	inside	the	most	alienated	
transaction.	Beyond	 that	 sex	 is	 not	 automatically	 enjoyable.	Remember	 your	 first	
sexual	experience.	It	was	not	fun.	Or	take	for	example	the	business	of	kissing.	What	
is	fun	in	exchanging	saliva	and	dinner	remnants	with	someone	else?	Even	if	we	focus	
on	the	genitals,	most	of	the	sexual	organs	are	very	sensitive	to	touch—for	better	or	
worse.	If	someone	touches	your	genitals	clumsily,	or	when	you're	not	ready	or	do	not	
want	to	be	touched,	the	contact	will	be	painful,	offensive,	and	disgusting,	not	exciting	
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and	pleasurable.	Good	sex	is	learned;	you	must	work	for	it.	It	does	not	show	up	on	its	
own.	And	it	is	not	just	about	you	alone.	Sexual	pleasure,	it	seems,	is	set	up,	operated,	
defined,	and	organized	by	external	factors.	Human	sexuality	can	be	fully	understood	
only	in	a	social	context.	Human	beings,	fundamentally,	are	distinctly,	spectacularly	
social.	Lonely	and	 isolated,	we	cannot	survive,	 let	alone	thrive.	For	us,	power	and	
meaning	emerge	through	making	connections.	Sexual	desire	is	not	chiefly	aimed	at	
physical	pleasure	or	the	production	of	children,	but	at	connectedness	with	others.	
Sexual	pleasure	is	fundamentally	a	social	construct,	an	emergent	property	of	social	
exchange.	

We	 construct	 our	world	 in	 an	 ongoing	 series	 of	 complex	 'interaction	 rituals'	 that	
enable	our	existence	(physical)	and	give	it	meaning	(mental,	spiritual).	All	aspects	of	
our	lives	are	conducted	through	these	ceremonies.	Conversations	between	friends,	a	
day's	work,	a	football	game,	a	family	dinner—all	these	are	interaction	rituals.	They	
may	 be	 different	 in	 content,	 but	 they	 are	 similar	 in	 their	 underlying	 social	 and	
psychological	 processes:	 they	 all	 involve	 gathering	 people	 into	 a	 group	 whose	
members	are	aware	of	each	other,	directing	their	attention	to	a	common	interest,	
sharing	a	strong	emerging	emotion,	and	defining	clear	boundaries	between	'us'	and	
'them'.	

In	 this	 context,	 sex	 is	 an	 interactive	 ritual,	 and	 it	 follows	 the	 rules.	 In	 a	 sexual	
encounter,	 a	 small	 group	 gathers	 (usually	 two).	 Participants	 are	 aware	 of	 the	
presence	of	the	other,	and	their	attention	is	directed	to	the	common	interest	(they	
'make	love').	Participants	share	a	powerful	emotion,	in	this	case	sexual	arousal,	and	
construct	a	clear	definition	of	‘us'	and	'them',	('us'	are	in	here	having	sex,	and	‘them’	
are	outside;	they	should	not	watch	us,	interrupt	us,	or	even	know	all	the	particulars	
about	that	we’re	doing).	

The	results	of	such	 interaction	rituals	are	also	predictable:	 the	solidarity	between	
participants	increases	(in	bed,	we’re	faithful	to	each	other),	the	mental	energy	builds	
up	 (I	 am	 deeply	 in	 love).	 From	 the	 encounter,	 especially	 if	 it’s	 repeated,	
canonical	memories	will	 be	 chosen	 to	 symbolize	 the	 relationship	 to	 the	 partners,	
certain	objects	will	be	imbued	with	a	sacred	quality	(a	wedding	ring),	and	certain	
gestures	will	be	chosen	to	clarify	the	boundaries	of	the	relationship--demarcate	what	
is	ours	only	and	distinguishes	us	from	others	(only	we	can	touch	each	other	there).	
A	 thorough	 understanding	of	 sexuality	 is	 only	 possible	 if	 we	 look	 at	 it	 from	 the	
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perspective	of	the	social	context,	rather	than	examining	it	from	the	perspective	of	the	
individual.	The	dancer	becomes	such	by	virtue	of	the	existence	of	the	dance.	You	and	
your	 lover	 do	 not	 bring	 your	 sexual	 pleasure	 to	 the	 relationship.	 You	 get	 sexual	
pleasure	from	the	relationship.	Your	body	parts	do	not	charge	the	relationship	with	
sexual	pleasure.	The	interaction	charges	your	body	with	sexual	pleasure.	Pleasure	is	
not	derived	from	the	physical	stimulation	of	the	genitals	or	from	the	possibility	of	
giving	 birth	 to	 the	 next	 Albert	 Einstein.	 In	 its	 most	 fundamental	 sense,	 sexual	
pleasure	is	derived	from	the	synchronized	cooperation	between	people.	The	whole	
of	 human	 contact	 is	 larger	 than	 the	 sum	 of	 its	 participating	 individual	 parts—
possessing	 better	resilience,	 greater	wisdom,	 and	 deeper	 delights.	 Therefore,	 we	
seek	that	whole	everywhere,	including	in	sex.	

At	the	end	of	the	day,	sex	is	truly	pleasurable	because	through	it	we	may	transcend	
our	aloneness	and	form	a	meaningful	bond	with	(an)other	human	being(s).	

We	are	all	different.	Whether	we’re	attracted	to	the	opposite	sex,	the	same	sex	or	
both,	the	truth	is:	We	learn	how	to	experience	sexual	pleasure	for	pleasure’s	sake	by	
understanding	 our	 own	 sexual	 desires	 and	 responses.	 Our	 enjoyment	 of	 specific	
sexual	behaviors	and	practices	varies	from	one	individual	to	another.	For	example,	
pornography	may	be	irresistible	to	some	people	and	repugnant	to	others.	The	point	
is	 that	 no	 matter	 what	 stimulates	 our	 individual	 sexual	 desires	 or	 which	 sexual	
practices	we	use	to	satisfy	them,	we	are	all	sexual	beings.	How	we	choose	to	behave	
as	sexual	beings	is	up	to	us.	But	sex	has	been	shown	to	promote	better	sleep	habits,	
a	more	effective	immune	response,	less	stress,	more	happiness,	etc.	Sex	is	a	healthy	
bodily	 function.	Our	 bodies	 thrive	 on	 the	 chemicals	 released	during	 orgasm,	 so	 a	
healthy	sex	life	is	indeed	part	of	a	healthy	body.	 	
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The Science of Orgasms 
Orgasms	 are	 a	 truly	 altered,	 if	 fleeting,	 state	 of	 consciousness.	 And	most	 people	
(though	not	all)	experience	them	somewhat	regularly.	So,	it's	a	bit	surprising	how	
seldom	we	 talk	 about	 orgasms	 publicly	—	 and	 scientifically,	 how	 little	we	 know	
about	them.	

Researchers	 have	 asked	 people	 to	 lie	 in	 fMRI	machines	 and	 bring	 themselves	 to	
orgasm.	 "There's	 just	 a	 lot	 we	 still	 don't	 understand	 about	 orgasms,"	 says	 Barry	
Komisaruk,	 a	 Rutgers	 neuroscientist	 who	 studies	 the	 topic.	 As	 Julia	 Heiman,	 an	
Indiana	 University	 sex	 researcher,	 once	 put	 it	 to	 New	 Scientist,	 "The	 amount	 of	
speculation	 versus	 actual	 data	 on	 both	 the	 function	 and	 value	 of	 orgasm	 is	
remarkable."	Komisaruk,	working	with	sex	researcher	Beverly	Whipple,	has	spent	
decades	 asking	 men	 and	 women	 to	 lie	 down	 in	 an	 fMRI	 machine	 and	 bring	
themselves	to	orgasm.	Other	labs	have	used	PET	scanners	and	other	techniques	to	
see	what's	 going	 on	 inside	 the	brain	 of	 someone	having	one.	All	 these	 studies	—
intended	to	establish	basic	knowledge	that	could	eventually	help	people	who	have	
trouble	 achieving	 orgasm—	 are	 small,	 and	 their	 findings	 might	 not	 hold	 for	
absolutely	 everyone.	 But	 they've	 uncovered	 a	 number	 of	 surprising	 observations	
about	how	orgasms	work.	

Orgasms literally take over your brain 
Komisaruk's	 experiments	 have	 shown	 that	 in	 both	men	 and	women	 approaching	
orgasm,	a	predictable	series	of	events	occur	in	the	brain.	Not	surprisingly,	as	sexual	
stimulation	occurs	 it	 leads	 to	activation	of	brain	 regions	known	 to	be	 involved	 in	
processing	our	sense	of	touch.	
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Areas of the sensory cortex that respond to stimulation to the clitoris, cervix, and vagina. 
Komisaruk et al 2011. 

From	there,	however,	several	seemingly	unrelated	brain	areas	—such	as	the	limbic	
system	 (involved	 in	 memory	 and	 emotions),	 the	 hypothalamus	 (involved	 in	
unconscious	 body	 control),	 and	 the	 prefrontal	 cortex	 (involved	 in	 judgment	 and	
problem	 solving)	—join	 in,	 with	 one	 after	 another	 showing	 heightened	 levels	 of	
activation.	By	the	time	you	actually	experience	an	orgasm,	"more	than	30	major	brain	
systems	 are	 activated,"	 Komisaruk	 says.	 "It's	 not	 a	 local,	 discrete	 event.	 There's	 no	
'orgasm	center.'	It's	everywhere."	

Female and male orgasms look more similar than you'd expect 
While	 there	 are	 some	 clear	 physiological	 differences	 between	 female	 and	 male	
orgasms	 (female	 orgasms	 last	 about	 20	 seconds,	 rather	 than	 10,	 for	 instance),	
experiments	 at	 the	 Rutgers	 lab	 and	 elsewhere	 have	 shown	 that	 in	 the	 brain,	 an	
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orgasm	 is	 an	 orgasm,	 regardless	 of	 someone's	 sex.	 "We	 see	 all	 the	 same	 regions	
activated,"	 Komisaruk	 says.	PET	 scan	 research	 conducted	 at	 the	 University	 of	
Groningen	in	the	Netherlands	has	come	to	the	same	conclusion.	

Komisaruk	points	to	an	old	study	from	the	1970s	that	suggested	this	commonality.	
In	it,	researchers	asked	participants	to	write	down	descriptions	of	what	it	felt	like	to	
have	an	orgasm.	Then	they	removed	all	mention	of	specific	body	parts	and	asked	a	
panel	 of	 70	psychologists,	 sex	 therapists,	 and	 gynecologists	 to	 identify	whether	 a	
man	or	a	woman	wrote	each	description.	The	judges	were	unable	to	identify	them	at	
rates	any	better	than	chance.	

	
There's	heightened	activity	in	a	range	of	brain	areas	during	orgasm.	

Orgasms seem to act as a painkiller 
Earlier	experiments	conducted	by	Whipple	and	Komisaruk	suggested	that	orgasms	
and	sexual	stimulation,	as	a	whole,	might	cause	people's	pain	tolerance	to	increase.	

The	 pair	 determined	 this	 with	 a	 machine	 that	 squeezed	 a	 person's	 finger	 with	
steadily	increasing	force	until	it	hurt.	When	women	were	asked	to	masturbate,	their	
pain	 tolerance	went	up	by	nearly	50	percent.	Whipple	and	Komisaruk	also	 tested	
various	sorts	of	distractions	as	controls,	and	determined	 it	wasn't	simply	that	 the	
masturbation	distracted	the	women,	but	that	it	actually	affected	their	perception	of	
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the	pain.	Subsequent	research	by	Whipple	even	suggested	that	vaginal	stimulation	
during	childbirth	increases	pain	tolerance	—and	that	the	agony	of	childbirth	would	
be	even	worse	without	this	mechanism.	All	this	is	somewhat	surprising	given	that	
the	researchers'	fMRI	scans	have	found	heightened	activity	in	a	pair	of	brain	regions	
(the	insula	and	anterior	cingulate	cortex)	that	are	known	to	be	involved	in	pain.	But	
Komisaruk	suspects	the	scans	might	actually	be	showing	inhibitory	activity	in	these	
areas	—that	 is,	 neurons	 firing	 as	 part	 of	 networks	 that	 block	 perception	 of	 pain,	
rather	than	transmit	it.	

Orgasms might also shut down fear and impulse control 
The	 PET	 scan	 experiments	 by	 the	 University	 of	 Groningen	 group	 also	 found	
significantly	decreased	activity	in	the	amygdala,	a	brain	region	that's	crucial	for	our	
perception	of	fear,	and	the	orbitofrontal	cortex,	an	area	involved	in	impulse	control.	
Lead	author	Gert	Holstege	has	 interpreted	this	as	evidence	that	at	 the	moment	of	
orgasm,	 perception	 of	 fear	 and	 ability	 to	 control	 impulses	 are	 both	 shut	 down	
entirely.	But	there	could	be	other	explanations,	especially	since	PET	scans	measure	
brain	activity	over	the	course	of	several	minutes.	"I	think	what	they're	seeing	is	simply	
the	 arousal	 system	 shutting	 off	 after	 the	 orgasm,"	 says	 Kim	 Wallen,	 an	 Emory	
psychologist	who's	conducted	work	on	orgasms.	

Some people can bring themselves to orgasm just by thinking about it 
A	number	of	people	have	the	ability	to	make	themselves	orgasm	with	their	thoughts	
alone	—they	 don't	 need	 to	 physically	 stimulate	 themselves	 or	 have	 sex	 to	 do	 it.	
Whipple	 and	 Komisaruk	 have	 seen	 several	 women	 achieve	 this	 inside	 the	 fMRI	
machine.	 “Their	 brain	 activity	 is	 very	 similar	 to	 women	 who	 have	 orgasms	 from	
physical	self-stimulation,"	Komisaruk	says.	This	even	includes	heightened	activity	in	
the	sensory	cortex,	the	area	that	primarily	responds	to	touch.	"Just	thinking	about	
stimulation,	it	turns	out,	is	a	very	potent	way	of	stimulating	this	region,"	he	says.	
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The idea that women can only orgasm through clitoral stimulation is a myth 
There's	 a	 big	 myth	 that	 goes	
back	 to	 the	 Kinsey	 Reports	 (a	
series	 of	 reports	 published	 in	
the	 1950s	 by	 male	 sex	
researchers),	 which	 holds	 that	
women	 can	 only	 experience	
orgasm	 as	 a	 result	 of	 direct	
stimulation	 to	 the	 clitoris.	 But	
though	 it's	 the	 source	 of	 most	
female	 orgasms,	 some	 women	
have	 long	 reported	
experiencing	 vaginal	 orgasms,	
as	well.	Whipple	and	Komisaruk	
have	 uncovered	 new	 evidence	
for	 this.	 They	 recruited	
participants	 who	 had	 severed	
spinal	 cords	 (the	 result	 of	
accidents),	 which	 paralyzed	
them	 below	 the	 waist	 and	
prevented	 any	 transmission	 of	
sensation	from	their	clitorises.		

	

The	vagus	nerve,	which	conducts	sensation	from	the	
vagina	and	cervix	and	runs	outside	the	spinal	cord,	might	
also	contribute	to	orgasms.	(Georgia Highlands College)	

However,	 these	women	were	 still	 able	 to	 bring	 themselves	 to	 orgasm,	 and	 fMRIs	
suggested	that	their	vagus	nerves	—which	connect	the	brain	to	the	uterus	and	the	
cervix	 but	 run	 outside	 the	 spinal	 cord—	 were	 responsible	 for	 transmitting	
stimulation	from	the	vagina.	

This	doesn't	mean	there's	a	specific	organ	called	the	"G-spot"	(its	existence	 is	still	
hypothetical),	but	it	confirms	that	stimulation	to	areas	other	than	the	clitoris	can	lead	
to	orgasm.	

Lots of people have trouble orgasming at all 
Most	 of	 this	 work	 is	 motivated	 by	 the	 fact	 that	 a	 fair	 percentage	 of	 people	 —
disproportionately	 but	 not	 exclusively	 women—	 have	 trouble	 orgasming	 at	 all.	
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Scientists	 still	 don't	 understand	 all	 the	 causes	 of	 this	 condition,	 formally	 called	
anorgasmia.	 Many	 cases	 might	 just	 be	 a	 result	 of	 someone	 never	 getting	 the	
necessary	 stimulation	 (from	 either	 a	 partner	 or	 oneself),	which	 is	why	 some	 sex	
coaches	 have	 had	 success	 with	 masturbation	 classes	 for	 people	 with	 chronic	
anorgasmia.	 Lots	 of	 people	 who	 take	 certain	 types	 of	 antidepressants	 (namely,	
selective	 serotonin	 reuptake	 inhibitors,	 or	 SSRIs)	 also	 have	 trouble	 achieving	
orgasms	as	a	side	effect,	and	it's	been	found	that	for	both	men	and	women,	Viagra	
can	 be	 an	 effective	 treatment.	 But	 there	 are	 other	 people	 who	 experience	 the	
problem	without	any	apparent	cause.	Study	of	twins	suggests	that	genetics	may	be	
involved.	 	
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The Use of Power and Religion to Control, 
Repress, Organize Food and Sex Needs –

and the Dire Consequences 
Repression	has	been	a	 tool	used	by	many	coercive	powers	–political,	 traditional,	
social,	military,	religious,	etc.-	ignoring	or	deliberating	fighting	to	annihilate	our	most	
basic	instincts.	

The	first	group,	and	still	most	important	repressive	institutions	are	the	Abrahamic	
monotheist	religions	of	West	Asian	origin:	Judaism	(1st	millennium	BCE),	Christianity	
(1st	century	CE)	and	Islam	(7th	Century	CE)	who	altogether	claim	54%	of	the	world’s	
population	as	faithful.	None	is	based	on	or	even	recognizes	a	scientific	–or	nature-	
based	 approach	 to	 humankind:	 evolution,	 physiology,	 biochemistry,	 pathology,	
socio-economy,	etc.	All	are	dogmatic	and	based	on	‘revelation’	texts	that	were	already	
irrelevant	and	obsolete	at	the	time	of	their	promulgation.	

For	 food	restrictions,	 Judaism	and	 Islam	have	strict	dietary	 laws,	with	permitted	
food	known	as	kosher	in	Judaism,	and	halal	in	Islam.	These	two	religions	prohibit	the	
consumption	of	pork;	Islam	prohibits	the	consumption	of	alcoholic	beverages	of	any	
kind.	Halal	restrictions	can	be	seen	as	a	modification	of	the	kashrut	dietary	laws,	so	
many	kosher	foods	are	considered	halal;	especially	in	the	case	of	meat,	which	Islam	
prescribes	must	be	slaughtered	in	the	name	of	God.	Hence,	in	many	places	Muslims	
used	 to	 consume	 kosher	 food.	 However,	 some	 foods	 not	 considered	 kosher	 are	
considered	halal	in	Islam.		

The	 Roman	 Catholic	 Church	 believes	 in	 observing	 abstinence	 and	 penance.	 For	
example,	all	Fridays	through	the	year	and	the	time	of	Lent	are	penitential	days.	The	
law	of	abstinence	requires	a	Catholic	from	14	years	of	age	until	death	to	abstain	from	
eating	meat	on	Fridays	in	honor	of	the	Passion	of	Jesus	on	Good	Friday.	The	United	
States	Conference	of	Catholic	Bishops	obtained	the	permission	of	the	Holy	See	for	
Catholics	in	the	U.S.	to	substitute	a	penitential,	or	even	a	charitable,	practice	of	their	
own	 choosing.	Eastern	 Rite	 Catholics	have	 their	 own	 penitential	 practices	 as	
specified	by	the	Code	of	Canons	for	the	Eastern	Churches.	
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The	Seventh-day	Adventist	Church	(SDA)	embraces	numerous	Old	Testament	rules	
and	 regulations	 such	 as	 tithing,	 Sabbath	 observance,	 and	 Jewish	 Food	 laws.	
Therefore,	they	do	not	eat	pork,	shellfish,	or	other	foods	considered	unclean	under	
the	Old	Covenant.	The	"Fundamental	Beliefs"	of	the	SDA	state	that	their	members	"are	
to	adopt	the	most	healthful	diet	possible	and	abstain	from	the	unclean	foods	identified	
in	the	Scriptures.”		

In	 the	Christian	 Bible,	 the	 consumption	 of	 strangled	 animals	 and	 of	blood	was	
forbidden	by	Apostolic	Decree	and	are	still	forbidden	in	the	Greek	Orthodox	Church;	
as	late	as	the	eighth	century,	Pope	Gregory	the	Third,	in	731,	forbade	the	eating	of	
blood	or	things	strangled	under	threat	of	a	penance	of	forty	days.		

Jehovah's	Witnesses	abstain	 from	eating	blood	and	 from	blood	 transfusions	based	
on	Acts	15:19–211.	

All	these	interdictions	and	strict	regulations	refer	to	a	divine	universal	command	or	
intervention	without	any	consideration	for	 individual	physiology,	 food	availability,	
preservation,	 famine	and	other	disasters	 that	destroyed	 food	supply,	affordability	
[penalizing,	even	killing	the	poor],	and	always	 insisting	on	the	penance	 for	 ‘sinful’	
pleasures.	Obviously	the	rich,	power	kleptocrats	(including	all	forms	of	clergy)	made	
themselves	exempt	at	will	as	described	as	 feasts	and	orgies	 in	 the	Bible,	 from	the	
Passover	meal	(Exodus	12),	the	lavish	Persian-inspired	dinners	(Book	of	Esther	5:4-
8	and	7:1-8),	or	the	‘miracle’	wedding	feast	at	Cana	(John	2:1-11).		

Then	there	were	the	popes	of	the	Borgia	family:	Alessandro	VI	and	his	son	Cesare,	
host	 of	 the	 infamous	 Banquet	 of	 Chestnuts.	 Cardinal	 Cesare	 brought	 “fifty	 honest	
prostitutes”	into	his	chambers	to	dance	with	dinner	guests	(clothed	and	nude),	then	
forced	the	courtesans	to	pick	up	chestnuts	scattered	on	the	floor	on	hands	and	knees.	
Then,	a	contest	was	held,	with	prizes	for	those	who	could	have	the	most	sex	with	the	
prostitutes.	
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Emir	Timur	feasts	in	the	Gardens		
of	Samarkand	

	
	

Pope	 Leo	 X	 reigned	 during	 the	
Rinascimento,	 and	 feasted	 on	 stuffed	
peacocks,	chickens	covered	in	gold	leaf,	
parrot	 tongues,	but	Leo	added	his	own	
weird	 twist.	 He	 was	 a	 man	 of	 famous	
good	 humor,	 staging	 comedies	 in	 the	
Vatican	and	regularly	inviting	“buffoons”	
to	eat	with	him.	Once,	Leo	X	decided	to	
entertain	his	guests	by	making	his	court	
fool	eat	a	leather	jacket	“stewed	in	savory	
sauce.”	

On	the	Muslim	side,	we	still	have	echoes	
of	 the	 feasts	 organized	 by	 Saladin	
(Salahedînê	 Eyûbî)	 after	 winning	 the	
battle	 of	 Hattin	 (1187),	 or	 the	 ones	 in	
the	 gardens	 of	 Samarkand	 by	 Timur	
(Tamerlane)	(1325-1405).	

At	 a	 time	 when	 pigs	 were	 infested	 with	 parasites,	 and	 there	 was	 no	 method	 of	
preservation	of	perishable	food	in	the	Middle	East,	one	can	accept	these	edicts.	But	
since	then	(~1000	BCE-700	CE)	the	world	has	changed	and	food	safety	is	practiced	
in	most	countries,	 irrespective	of	the	religious	ukases.	The	food	restrictions	might	
not	be	harmful	per	se,	but	may	prevent	access	to	necessary	energy	sources	during	
natural,	or	man-made	catastrophes	or	famines.	During	recent	(and	current)	conflicts	
and	civil	wars,	populations	were	starved	to	death	–mostly	children	and	women-	due	
to	these	religious	taboos,	while	food	supplies	were	left	to	rot,	or	fed	the	rats.	

Against	Sex,	 repression	has	been	–and	 remains-	 constant,	 irrepressible,	 even	 in	a	
(more)	 tolerant	 environment.	 The	 persecution	 of	 anyone	 who	 deviates	 from	 the	
canon	du	jour	risks	prison,	or	–still	in	seven	countries-	death.	The	historical	texts	of	
the	 Western	 world	 are	 replete	 with	 sermons,	 interdictions,	 torture,	
beheadings/burning/hanging/stoning;	 these	 days	 American	 Evangelical	
Missionaries	have	taken	the	lead	in	Uganda	and	other	parts	of	Africa	to	impose	the	
death	penalty	on	all	homosexuals.	And	much	worse	remains	in	the	books	–legal	and	
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religious-	 of	 communities	 and	 states	 that	 claim	 “love,	 tolerance,	 salvation,	 family	
values”	and	some.	

It	is	true	that	what	constitutes	sexual	repression	can	be	subjective	and	vary	greatly	
between	cultures	and	moral	systems.	Some	ideologies	seek	to	repress	certain	forms	
of	 sexual	 expression,	 such	 as	homosexuality.	 Some	 cultures	 even	 use	 violent	
practices	such	as	female	genital	mutilation,	honor	killings	or	stoning	in	an	attempt	to	
regulate	 sexual	 behavior.	 But	 Christianity	strongly	 discourages	 homosexual	
behavior,	 and	many	 forms	of	 Islam	have	 strict	 sexual	 codes	 that	 include	banning	
homosexuality,	 demanding	 virginity	 before	 marriage	 accompanied	 by	 a	 ban	 on	
fornication.	 Various	 countries	 (ALL	 of	 them	members	 of	 the	 United	Nations,	 and	
signatories	of	the	Universal	Declaration	of	Human	Rights!)	have	laws	against	sexual	
acts	outside	marriage.	In	countries,	such	as	Saudi	Arabia,	Pakistan,	Afghanistan,	Iran,	
Kuwait,	Maldives,	Morocco,	Oman,	Mauritania,	United	Arab	Emirates,	Sudan,	Yemen,	
any	form	of	sexual	activity	outside	marriage	is	illegal.	

Female	 genital	mutilation	 (FGM),	 also	 known	 as	 female	 genital	 cutting	 or	 female	
circumcision,	 "comprises	all	 procedures	 that	 involve	partial	 or	 total	 removal	of	 the	
external	female	genitalia,	or	other	injury	to	the	female	genital	organs	for	non-medical	
reasons".	 The	 practice	 is	 concentrated	 in	 27	 countries	 in	 Africa	 as	 well	 as	 Iraqi	
Kurdistan,	Yemen	and	Indonesia;	and	more	than	325	million	girls	and	women	today	
are	estimated	to	have	been	subjected	to	FGM.	It	does	not	have	any	health	benefits,	
and	has	serious	negative	effects	on	health,	including	complications	during	childbirth.	
“FGM	is	often	motivated	by	beliefs	about	what	 is	considered	proper	sexual	behavior,	
linking	 procedures	 to	 premarital	virginity	and	 marital	 fidelity.	 FGM	 is	 in	 many	
communities	believed	to	reduce	a	woman's	 libido	and	therefore	believed	to	help	her	
resist	"illicit"	sexual	acts”	[	WHO	Mediacenter].	

Various	 cultures	 attempt	 to	 repress	 homosexual	 sexual	 expression.	 The	 Catholic	
Church	is	one	of	them,	and	since	1542	the	Supreme	Congregation	of	the	Roman	and	
Universal	 Inquisition	 has	 tried	 to	 eradicate	 heresy,	 including	 homosexuality,	 an	
abomination.	

As	of	2014,	same-sex	sexual	acts	are	punishable	by	prison	in	70	countries,	and	in	five	
other	 countries	 and	 in	 parts	 of	 two	 others	 homosexuality	 is	 punishable	 with	
the	death	 penalty.	 Apart	 from	 criminal	 prosecution,	 LGBT	 (Lesbian	 Gay	 Bisexual	
Transgender)	 individuals	may	also	face	social	stigmatization	and	serious	violence.	



TRACKS AND TRENDS 

  

	

	 	 	
	

92	

Most	restrictions,	punishments,	imprisonment	or	killings	are	perpetrated	on	women	
–many	still	children.	

But	 –at	 least	 in	 some	 parts	 of	 the	 United	 States-	 we	 observe	 changes:	 while	
Unitarianism	and	Universalism	are	terms	used	to	express	Christian	theological	ideas,	
since	the	1950s	Unitarian	Universalism	has	changed	to	be	less	focused	on	Scripture	
and	the	traditions	of	Christianity	and	started	to	draw	from	a	wider	range	of	sources.	
Several	UU	congregations	have	undertaken	a	series	of	organizational,	procedural	and	
practical	 steps	 to	 become	 acknowledged	 as	 a	 "Welcoming	 Congregation":	 a	
congregation	 that	 has	 taken	 specific	 steps	 to	 welcome	 and	 integrate	 (LGBT)	
members.	 UU	 ministers	 perform	same-sex	 unions	and	 now	same-sex	
marriages	where	legal	(and	sometimes	when	not,	as	a	form	of	civil	protest).	On	June	
29,	 1984,	 the	 Unitarian	 Universalists	 became	 the	 first	 major	 church	 "to	 approve	
religious	blessings	on	homosexual	unions."	Unitarian	Universalists	have	been	in	the	
forefront	 of	 the	work	 to	make	 same-sex	marriages	 legal	 in	 their	 local	 states	 and	
provinces,	as	well	as	on	the	national	level.	Gay	men,	bisexuals,	and	lesbians	are	also	
regularly	ordained	as	ministers,	and	a	number	of	gay,	bisexual,	and	lesbian	ministers	
have,	 themselves,	 now	 become	 legally	 married	 to	 their	 partners.	 In	 May	
2004,	Arlington	 Street	 Church	was	 the	 site	 of	 the	 first	 state-sanctioned	 same-sex	
marriage	in	the	United	States.	The	official	stance	of	the	UUA	is	for	the	legalization	of	
same-sex	marriage—"Standing	on	the	Side	of	Love."	In	2004	UU	Minister	Rev.	Debra	
Haffner	 of	The	 Religious	 Institute	 on	 Sexual	 Morality,	 Justice,	 and	
Healing	published	An	Open	Letter	on	Religious	Leaders	on	Marriage	Equality	to	affirm	
same-sex	marriage	from	a	multi-faith	perspective.	In	December	2009,	Washington,	
DC	Mayor	Adrian	Fenty	signed	the	bill	to	legalize	same-sex	marriage	for	the	District	
of	Columbia	in	All	Souls	Church,	Unitarian	(Washington,	D.C.).	

A	particularly	horrible	practice	is	honor	killings.	An	honor	killing	is	the	homicide	of	a	
member	of	a	family	or	social	group	by	other	members,	due	to	the	perpetrators'	belief	
that	 the	 victim	 has	 brought	 shame	 or	 dishonor	 upon	 the	 family	 or	 community,	
usually	 for	 reasons	 such	 as	 refusing	 to	 enter	 an	arranged	 marriage,	 being	 in	 a	
relationship	 that	 is	 disapproved	 by	 their	 relatives,	 having	sex	 outside	 marriage,	
becoming	the	victim	of	rape,	dressing	in	ways	which	are	deemed	inappropriate,	or	
engaging	in	homosexual	relations.	According	to	a	UN	Expert	Group	Meeting	on	good	
practices	 in	 legislation	to	address	harmful	practices	against	women:	“They	[honor	
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killings]	stem	from	the	deeply-rooted	social	belief	that	male	family	members	(in	some	
cases,	mothers	and	other	women	are	involved	in	planning	or	carrying	out	honor	crimes)	
should	control	the	sexuality	of	or	protect	the	reputation	of	women	in	the	family,	and	
that	they	may	contain	their	movements	or	kill	them	for	blemishing	family	honor,	even	
when	rumors	or	false	gossip	are	the	reason	for	public	suspicion”.	 	
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And what about Love? 
A	 dozen	 brain	 regions,	 working	 together,	 create	 feelings	 of	 passionate	 love.	
Stephanie	Ortigue	of	Syracuse	University	and	her	colleagues	worldwide	compared	
MRI	studies	of	people	who	indicated	they	were	either	in	love	or	were	experiencing	
maternal	or	unconditional	love.	The	comparison	revealed	a	"passion	network"—the	
red	regions	shown	here	at	various	angles.	The	network	releases	neurotransmitters	
and	other	chemicals	in	the	brain	and	blood	that	create	the	sensations	of	attraction,	
arousal,	pleasure…and	obsession.	

	

Conversely,	psychiatrists	might	someday	help	individuals	who	become	dangerously	
depressed	after	a	heartbreak	by	adjusting	those	chemicals.	Passion	also	heightens	
several	cognitive	functions,	as	the	brain	regions	and	chemicals	surge.	“It’s	all	about	
how	that	network	interacts,”	says	Stephanie	Ortigue	who	led	the	study.	The	cognitive	
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functions,	in	turn,	“are	triggers	that	fully	activate	the	love	network.”	Tell	that	to	your	
sweetheart	on	Valentine’s	Day…	

	
What	happens	to	your	brain	on	love?	Is	there	such	a	thing	as	“casual	sex”?	What	do	
we	get	wrong	about	male	and	female	sexuality?	

It’s	 a	 fascinating	 question.	 Helen	 Fisher,	 a	 biological	 anthropologist,	 and	 her	
colleagues	put	over	100	people	who	had	recently	fallen	in	love	into	the	brain	scanner	
to	understand	what’s	going	on	 in	their	brains.	They	found	that	 in	almost	all	cases	
there	was	activity	in	a	tiny	little	part	of	the	brain	called	the	ventral	tegmental	area	
(or	VTA).	 It	 turns	out	 that	 this	brain	 system	makes	dopamine,	which	 is	 a	natural	
stimulant,	and	then	sends	that	stimulant	to	many	other	brain	regions.	That’s	what	
gives	you	the	focus,	the	energy,	the	craving,	and	the	motivation	to	win	life’s	greatest	
prize:	a	mating	partner.	

The	sex	drive	is	largely	orchestrated	by	testosterone	in	both	men	and	women,	but	
romantic	love	is	orchestrated	by	the	dopamine	system.	Romantic	love	is	a	basic	drive	
that	evolved	millions	of	years	ago	to	focus	your	mating	energy	on	just	one	individual	
and	start	the	mating	process.	The	sex	drive	motivates	you	to	look	for	a	whole	range	
of	partners,	but	romantic	love	is	about	focusing	your	mating	energy	on	one	person	
at	a	time.	
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You	can	think	of	love	as	an	intense	obsession,	but	it’s	an	addiction.	You	think	about	
them	all	the	time;	you	become	sexually	possessive;	you	get	butterflies	in	the	stomach;	
you	can	read	their	emails	and	texts	over	and	over	again.	But	it’s	an	addiction	because	
Helen	Fisher	et	al.	found	that,	in	addition	to	the	dopamine	system	being	activated	in	
the	brains	of	people	in	love,	they	also	found	activity	in	another	part	of	the	brain	called	
the	nucleus	accumbens.	

This	part	of	the	brain	is	activated	in	all	forms	of	behavioral	addiction	-whether	it’s	
drugs	or	gambling	or	food	or	kleptomania.	So,	this	part	of	the	brain	fires	up	in	people	
who	have	recently	fallen	in	love,	and	it	does	function	like	an	addiction.	Which	is	why	
romantic	love	is	a	far	more	powerful	brain	system	than	the	sex	drive.	

Casual	 sex	 is	 not	 casual	 because	 when	 you	 have	 sex	 with	 somebody,	 and	 it’s	
pleasurable,	it	drives	up	the	dopamine	system	in	the	brain.	That	can	push	you	over	
the	threshold	into	falling	in	love.	And	when	you	orgasm,	there’s	a	flood	of	oxytocin	
and	vasopressin.	Those	neurochemicals	are	linked	with	the	attachment	system	in	the	
brain.	So,	there	are	all	these	potential	chemical	triggers	that	can	get	activated	when	
you	have	sex	with	someone,	whether	it’s	“casual”	or	not.	Something	like	one	third	of	
people	who’ve	had	a	 “friends	with	benefits”	 relationship	have	 fallen	madly	 in	 love	
with	 that	 person.	 Casual	 sex	 is	 not	 casual:	 It	 can	 trigger	 these	 brain	 systems	 for	
romantic	love	and	feelings	of	attachment.	

We	get	a	lot	wrong	about	male	and	female	sexuality.	We	think	men	want	to	have	sex	
with	everything	 that	walks,	but	 that’s	not	 true.	They’re	much	pickier	 than	people	
think.	We	 also	 got	 it	wrong	 that	women	are	not	 interested	 in	 sex.	Among	people	
under	 the	age	of	40,	women	are	apparently	 just	as	adulterous	as	men.	Women	 in	
college	have	more	sex	than	men	in	college	do,	largely	because	women	have	the	pick	
of	the	place	when	they’re	in	college,	and	men	don’t.	The	idea	that	men	need	or	desire	
sex	more	than	women	is	a	fantasy.	

Men	fall	in	love	faster	than	women	do	because	they’re	so	visual,	and	they	fall	in	love	
more	 often.	 Men	 like	 public	 displays	 of	 affection	 more	 regularly,	 which	 sounds	
romantic	 but	 isn’t.	 This	 is	 probably	 a	 form	of	mate	 guarding,	 a	way	 of	 informing	
everybody	that	“she’s	with	me.”	Men	want	to	introduce	women	they	fall	in	love	with	
to	friends	and	family	sooner.	Men	also	want	to	move	in	with	a	woman	that	they’re	in	
love	with	sooner.	Men	have	more	intimate	conversations	with	their	girlfriends	and	
wives	 than	women	 do	with	 their	 husbands	 and	 boyfriends	 because	women	 have	



TRACKS AND TRENDS 

  

	

	 	 	
	

97	

their	intimate	conversations	with	their	girlfriends,	not	necessarily	with	their	man.	
Men	are	also	2.5	times	more	likely	to	kill	themselves	when	a	relationship	is	over.	That	
is	something	that	the	press	and	the	public	have	wrong.	

Women	appeal	 to	 their	networks:	 they	will	 threaten	 suicide,	 but	 often	 they	don’t	
follow	through	or	they	do	try	to	kill	themselves	and	fail.	But	men	do	the	job.	This	has	
to	 do	 with	 how	 differently	 men	 and	 women	 express	 their	 emotions.	 Women’s	
emotions	are	always	dribbling	out	and	tend	to	be	more	emotionally	expressive.	Men	
hide	their	emotions,	probably	because	for	millions	of	years	it	was	not	adaptive	for	
men	to	express	their	frailty	or	their	fear.	Their	job	was	to	protect	the	group.	Their	
job	was	to	protect	the	wife	and	family.	Their	job	was	to	go	out	and	kill	very	dangerous	
wild	animals	and	bring	home	dinner.	

Under	those	circumstances,	it’s	not	adaptive	to	be	expressing	your	fear,	your	anger,	
your	surprise,	your	vulnerability.	So,	men	are	better	at	containing	their	emotions,	but	
they	are	also	more	predisposed	to	what	we	call	emotional	flooding.	Unlike	women,	
they	hold	their	anger	in,	but	eventually	that	anger	builds	up	and	explodes.	Gay	men	
fall	in	love	just	as	often	as	straight	men.		

This	basic	brain	physiology	is	only	part	of	the	experience.	But	when	it	comes	to	love,	
people	seem	to	think	this	comes	from	the	supernatural.	It	doesn’t.	It’s	one	of	the	most	
powerful	brain	systems	humanity	has	evolved.	

People	pine	for	 love,	 live	for	 love,	kill	 for	 love	and	die	for	 love.	Everywhere	in	the	
world,	people	have	love	songs	and	love	poems,	and	most	places	also	have	novels,	TV	
series,	 ballets,	 operas,	 symphonies,	 myths,	 legends,	 and	 even	 holidays	 for	 love.	
Everywhere	people	also	stalk,	murder	and/or	kill	themselves	over	love.	

There	are	three	brain	regions	that	become	active	when	you	are	in	a	long-term,	loving	
relationship.	 A	 brain	 region	 linked	 with	 empathy,	 a	 brain	 region	 linked	 with	
controlling	your	own	stress	and	your	own	emotions,	and	a	brain	region	linked	with	
what	Helen	Fisher	calls	“positive	illusion,”	the	ability	to	overlook	what	you	don’t	like	
about	somebody	and	focus	on	what	you	do.	

You	want	a	happy	marriage?	Do	all	those	things	that	psychologists	and	others	might	
suggest,	but	this	is	what	the	brain	says:	Express	empathy,	control	your	own	emotions,	
and	overlook	the	negatives	in	your	partner	and	focus	on	the	positives.	
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Love and Romance 
According	to	Wikipedia,	 love	 is	a	variety	of	different	 feelings,	states,	and	attitudes	
that	ranges	from	interpersonal	affection	("I	 love	my	mother")	to	pleasure	("I	 loved	
that	meal").	It	can	refer	to	an	emotion	of	a	strong	attraction	and	personal	attachment.	
It	can	also	be	a	virtue	representing	human	kindness,	compassion,	and	affection—"the	
unselfish	loyal	and	benevolent	concern	for	the	good	of	another".	It	may	also	describe	
compassionate	and	affectionate	actions	towards	other	humans,	one's	self	or	animals.		

Non-Western	 traditions	 have	 also	 distinguished	 variants	 or	 symbioses	 of	 these	
states.	 This	 diversity	 of	 uses	 and	meanings	 combined	with	 the	 complexity	 of	 the	
feelings	involved	makes	love	unusually	difficult	to	consistently	define,	compared	to	
other	emotional	states.		

Love	in	its	various	forms	acts	as	a	major	facilitator	of	interpersonal	relationships	and,	
owing	to	its	central	psychological	importance,	is	one	of	the	most	common	themes	in	
the	creative	arts.		

The	 word	 "love"	 can	 have	 a	 variety	 of	 related	 but	 distinct	 meanings	 in	 different	
contexts.	Many	other	languages	use	multiple	words	to	express	some	of	the	different	
concepts	that	in	English	are	denoted	as	"love";	one	example	is	the	plurality	of	Greek	
words	 for	 "love"	 which	 includes	 agape	 and	 eros.	 Cultural	 differences	 in	
conceptualizing	love	thus	doubly	impede	the	establishment	of	a	universal	definition.		

Love	 may	 be	 understood	 as	 a	 function	 to	 keep	 human	 beings	 together	 against	
menaces	and	to	facilitate	the	continuation	of	the	species.		

Biological	models	of	sex	tend	to	view	love	as	a	mammalian	drive,	much	like	hunger	
or	thirst.	Helen	Fisher	divides	the	experience	of	love	into	three	partly	overlapping	
stages:	lust,	attraction,	and	attachment.	Lust	is	the	feeling	of	sexual	desire;	romantic	
attraction	determines	what	partners	mates	 find	attractive	and	pursue,	conserving	
time	 and	 energy	 by	 choosing;	 and	 attachment	 involves	 sharing	 a	 home,	 parental	
duties,	mutual	defense,	and	in	humans	involves	feelings	of	safety	and	security.	Three	
distinct	 neural	 circuitries,	 including	 neurotransmitters,	 and	 three	 behavioral	
patterns,	are	associated	with	these	three	romantic	styles.		

Lust	 is	 the	 initial	passionate	sexual	desire	 that	promotes	mating	and	 involves	 the	
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increased	 release	 of	 chemicals	 such	 as	 testosterone	 and	 estrogen.	 These	 effects	
rarely	last	more	than	a	few	weeks	or	months.	Attraction	is	the	more	individualized	
and	romantic	desire	for	a	specific	candidate	for	mating,	which	develops	out	of	lust	as	
commitment	 to	 an	 individual	 mate	 forms.	 Recent	 studies	 in	 neuroscience	 have	
indicated	that	as	people	fall	in	love,	the	brain	consistently	releases	a	certain	set	of	
chemicals,	 including	 the	 neurotransmitter	 hormones,	 dopamine,	 norepinephrine,	
and	 serotonin,	 the	 same	 compounds	 released	 by	 amphetamine,	 stimulating	 the	
brain's	pleasure	center	and	leading	to	side	effects	such	as	increased	heart	rate,	loss	
of	appetite	and	sleep,	and	an	intense	feeling	of	excitement.	Research	has	indicated	
that	this	stage	generally	lasts	from	one	and	a	half	to	three	years.		

Since	the	lust	and	attraction	stages	are	both	considered	temporary,	a	third	stage	is	
needed	 to	 account	 for	 long-term	 relationships.	 Attachment	 is	 the	 bonding	 that	
promotes	 relationships	 lasting	 for	 many	 years	 and	 even	 decades.	 Attachment	 is	
generally	 based	 on	 commitments	 such	 as	 marriage	 and	 children,	 or	 on	 mutual	
friendship	based	on	things	like	shared	interests.	It	has	been	linked	to	higher	levels	of	
the	 chemicals	 oxytocin	 and	 vasopressin	 to	 a	 greater	 degree	 than	 short-term	
relationships	have.	 Enzo	Emanuele	 and	 coworkers	 reported	 the	protein	molecule	
known	as	the	nerve	growth	factor	(NGF)	has	high	levels	when	people	first	fall	in	love,	
but	these	return	to	previous	levels	after	one	year.		

Psychology	 depicts	 love	 as	 a	 cognitive	 and	 social	 phenomenon.	 Robert	 Sternberg	
formulated	 a	 triangular	 theory	 of	 love	 and	 argued	 that	 love	 has	 three	 different	
components:	 intimacy,	commitment,	and	passion.	Intimacy	is	a	form	in	which	two	
people	share	confidences	and	various	details	of	their	personal	lives,	and	is	usually	
shown	in	friendships	and	romantic	love	affairs.	Commitment,	on	the	other	hand,	is	
the	expectation	that	the	relationship	is	permanent.	The	last	and	most	common	form	
of	love	is	sexual	attraction	and	passion.	Passionate	love	is	shown	in	infatuation	as	
well	as	romantic	love.	All	forms	of	love	are	viewed	as	varying	combinations	of	these	
three	components.	Non-love	does	not	include	any	of	these	components.	Liking	only	
includes	intimacy.	Infatuated	love	only	includes	passion.	Empty	love	only	includes	
commitment.	Romantic	love	includes	both	intimacy	and	passion.	Companionate	love	
includes	intimacy	and	commitment.	Fatuous	love	includes	passion	and	commitment.	
Lastly,	consummate	love	includes	all	three.	American	psychologist	Zick	Rubin	sought	
to	 define	 love	 by	 psychometrics	 in	 the	 1970s.	 His	work	 states	 that	 three	 factors	
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constitute	love:	attachment,	caring,	and	intimacy.	

Evolutionary	 psychology	 has	 attempted	 to	 provide	 various	 reasons	 for	 love	 as	 a	
survival	 tool.	Humans	are	dependent	on	parental	help	 for	a	 large	portion	of	 their	
lifespans	compared	to	other	mammals.	Love	has	therefore	been	seen	as	a	mechanism	
to	promote	parental	support	of	children	for	this	extended	time	period.		

Recently	there	have	been	attempts	to	find	the	equation	of	love.	One	such	attempt	was	
by	 Christian	 Rudder,	 a	 mathematician	 and	 co-founder	 of	 online	 dating	 website	
OKCupid,	 one	 of	 the	 largest	 online	 dating	 site.	 The	 mathematical	 approach	 was	
through	the	collection	of	large	data	from	the	website.	Another	interesting	equation	
of	love	is	found	by	in	the	philosophical	blog	'In	the	Quest	of	Truth'.	Love	is	defined	as	
a	measure	of	selfless	give	and	take,	and	the	author	attempted	to	draw	a	graph	that	
shows	the	equation	of	love.	

	

Love in Chinese and other cultures 

 
"Ai,"	 the	traditional	Chinese	character	for	 love	(愛)	consists	of	a	heart(心,	middle)	
inside	of	"accept,"	"feel,"	or	"perceive,"	(受)	which	shows	a	graceful	emotion.	It	can	
also	be	interpreted	as	a	hand	offering	one's	heart	to	another	hand.	

Two	philosophical	 underpinnings	 of	 love	 exist	 in	 the	 Chinese	 tradition,	 one	 from	
Confucianism	 which	 emphasized	 actions	 and	 duty	 while	 the	 other	 came	 from	
Mohism	that	championed	a	universal	 love.	A	core	concept	 to	Confucianism	 is	Ren	
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("benevolent	love",	仁),	which	focuses	on	duty,	action	and	attitude	in	a	relationship	
rather	than	love	itself.	In	Confucianism,	one	displays	benevolent	love	by	performing	
actions	such	as	filial	piety	from	children,	kindness	from	parent,	loyalty	to	the	king	
and	so	forth.		

The	concept	of	Ai	 (愛)	was	developed	by	the	Chinese	philosopher	Mozi	 in	 the	4th	
century	 BCE	 in	 reaction	 to	 Confucianism's	 benevolent	 love.	Mozi	 tried	 to	 replace	
what	he	 considered	 to	be	 the	 long-entrenched	Chinese	over-attachment	 to	 family	
and	 clan	 structures	with	 the	 concept	 of	 "universal	 love"	 (jiān'ài,	兼愛).	 In	 this,	 he	
argued	directly	against	Confucians	who	believed	that	it	was	natural	and	correct	for	
people	to	care	about	different	people	in	different	degrees.	Mozi,	by	contrast,	believed	
people	in	principle	should	care	for	all	people	equally.	Mohism	stressed	that	rather	
than	 adopting	 different	 attitudes	 towards	 different	 people,	 love	 should	 be	
unconditional	and	offered	to	everyone	without	regard	to	reciprocation,	not	just	to	
friends,	family	and	other	Confucian	relations.		

Later	 in	Chinese	Buddhism,	 the	 term	Ai	(愛)	was	adopted	 to	 refer	 to	 a	passionate	
caring	love	and	was	considered	a	fundamental	desire.	In	Buddhism,	Ai	was	seen	as	
capable	 of	 being	 either	 selfish	 or	 selfless,	 the	 latter	 being	 a	 key	 element	 towards	
enlightenment.	

In	 contemporary	 Chinese,	Ai	 (愛)	 is	 often	 used	 as	 the	 equivalent	 of	 the	Western	
concept	of	love.	Ai	is	used	as	both	a	verb	(e.g.	wo	ai	ni	我愛你,	or	"I	love	you")	and	a	
noun	 (such	 as	aiqing	愛情 ,	 or	 "romantic	 love").	 However,	 due	 to	 the	 influence	 of	
Confucian	Ren,	the	phrase	'Wo	ai	ni'	(I	love	you)	carries	with	it	a	very	specific	sense	
of	responsibility,	commitment	and	loyalty.	Instead	of	frequently	saying	"I	love	you"	
as	 in	 some	Western	 societies,	 the	 Chinese	 are	more	 likely	 to	 express	 feelings	 of	
affection	in	a	more	casual	way.	Consequently,	"I	like	you"	(Wo	xihuan	ni,	我喜欢你)	is	
a	more	common	way	of	expressing	affection	in	Chinese;	it	is	more	playful	and	less	
serious.	This	 is	also	 true	 in	 Japanese	 (suki	da,	好きだ).	The	Chinese	are	also	more	
likely	to	say	"I	love	you"	in	English	or	other	foreign	languages	than	they	would	in	their	
mother	tongue!	

In	Persian,	Rumi,	Hafiz	and	Sa'di	are	icons	of	the	passion	and	love	that	the	Persian	
culture	and	language	present.	The	Persian	word	for	love	is	eshgh,	derived	from	the	
Arabic	 ishq,	 however	 is	 considered	 by	 most	 to	 be	 too	 stalwart	 a	 term	 for	
interpersonal	love	and	is	more	commonly	substituted	for	'doost	dashtan'	('liking').	In	
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the	Persian	culture,	everything	is	encompassed	by	love	and	all	 is	for	love,	starting	
from	 loving	 friends	 and	 family,	 husbands	 and	wives,	 and	 eventually	 reaching	 the	
divine	love	that	is	the	ultimate	goal	in	life.	Over	seven	centuries	ago,	Sa'di	wrote:	

	

The	children	of	Adam	are	limbs	of	one	body	
Having	been	created	of	one	essence.	
When	the	calamity	of	time	afflicts	one	limb	
The	other	limbs	cannot	remain	at	rest.	
If	you	have	no	sympathy	for	the	troubles	of	others	
You	are	not	worthy	to	be	called	by	the	name	of	"man".	

 
The	Japanese	language	uses	three	words	to	convey	the	English	equivalent	of	"love".	
Because	"love"	covers	a	wide	range	of	emotions	and	behavioral	phenomena,	there	
are	 nuances	 distinguishing	 the	 three	 terms.	 The	 term	 ai	 (愛 ),	 which	 is	 often	
associated	with	maternal	love		or	selfless	love,	originally	referred	to	beauty	and	was	
often	 used	 in	 religious	 context.	 Following	 the	Meiji	 Restoration	 (1868),	 the	 term	
became	 associated	 with	 "love"	 to	 translate	 Western	 literature.	 Prior	 to	 Western	
influence,	the	term	koi	(恋)	generally	represented	romantic	love,	and	was	often	the	
subject	of	the	popular	Man'yōshū	Japanese	poetry	collection.	Koi	describes	a	longing	
for	a	member	of	the	opposite	sex	and	is	typical	interpreted	as	selfish	and	wanting.	
The	term's	origins	come	from	the	concept	of	lonely	solitude	because	of	separation	
from	a	loved	one.	Though	modern	usage	of	koi	focuses	on	sexual	love	and	infatuation,	



TRACKS AND TRENDS 

  

	

	 	 	
	

103	

the	Manyō	used	the	term	to	cover	a	wider	range	of	situations,	including	tenderness,	
benevolence,	and	material	desire.	The	third	term,	ren'ai	 (恋愛),	 is	a	more	modern	
construction	that	combines	the	kanji	characters	for	both	ai	and	koi,	though	its	usage	
more	closely	resembles	that	of	koi	in	the	form	of	romantic	love.		

In	Turkish,	 the	word	"love"	comes	up	with	several	meanings.	A	person	can	love	a	
god,	a	person,	parents,	or	family.	But	that	person	can	"love"	just	one	special	person,	
which	they	call	the	word	"aşk."	Aşk	(a	word	of	Arabic	origin)	is	a	feeling	for	to	love,	
or	being	"in	love"	(Aşık),	as	it	still	is	in	Turkish	today.	The	Turks	used	this	word	just	
for	their	loves	in	a	romantic	or	sexual	sense.	If	a	Turk	says	that	he	is	in	love	(Aşık)	
with	somebody,	it	is	not	a	love	that	a	person	can	feel	for	his	or	her	parents;	it	is	just	
for	one	person,	 and	 it	 indicates	 a	huge	 infatuation.	The	word	 is	 also	 common	 for	
Turkic	languages,	such	as	Azerbaijani	(eşq)	and	Kazakh	(ғашық).	

 

Romance (love) 
Romance	 is	 the	 expressive	 and	 pleasurable	 feeling	 from	 an	 emotional	 attraction	
towards	another	person	associated	with	sexual	attraction.	It	is	eros	rather	than	agape,	
philia,	 or	 storge.	 In	 the	 context	 of	 romantic	 love	 relationships,	 romance	 usually	
implies	 an	 expression	 of	 one's	 strong	 romantic	 love,	 or	 one's	 deep	 and	 strong	
emotional	 desires	 to	 connect	 with	 another	 person	 intimately	 or	 romantically.	
Historically,	the	term	"romance"	originates	with	the	medieval	ideal	of	chivalry	as	set	
out	in	its	chivalric	romance	literature.	

Humans	have	a	natural	inclination	to	form	bonds	with	one	another	through	social	
interactions,	be	it	through	verbal	communication	or	nonverbal	gestures.	

The	debate	over	an	exact	definition	of	romantic	love	may	be	found	in	literature	as	
well	 as	 in	 the	 works	 of	 psychologists,	 philosophers,	 biochemists	 and	 other	
professionals	and	specialists.	Romantic	love	is	a	relative	term,	but	generally	accepted	
as	 a	 definition	 that	 distinguishes	 moments	 and	 situations	 within	 intimate	
relationships	to	an	individual	as	contributing	to	a	significant	relationship	connection.	
The	addition	of	drama	to	relationships	of	close,	deep	and	strong	love.	
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Psychologist	 Charles	 Lindholm	 defined	 love	 to	 be	 "...an	 intense	 attraction	 that	
involves	 the	 idealization	 of	 the	 other,	 within	 an	 erotic	 context,	 with	 expectation	 of	
enduring	sometime	into	the	future."		

	

Anthropologist	Helen	Fisher,	in	her	book	Why	We	Love,	uses	brain	scans	to	show	that	
love	 is	 the	 product	 of	 a	 chemical	 reaction	 in	 the	 brain.	 Norepinephrine	 and	
dopamine,	among	other	brain	chemicals,	are	responsible	for	excitement	and	bliss	in	
humans	as	well	as	non-human	animals.	She	is	famous	for	the	use	of	fMRI	to	study	the	
brain	 activity	 of	 a	 person	 "in	 love",	 discovering	 the	 importance	 of	 the	 ventral	
tegmental	area	and	the	caudate	nucleus	in	this	biological	drive.	Fisher	concludes	that	
these	reactions	have	a	genetic	basis,	and	therefore	love	is	a	natural	drive	as	powerful	
as	hunger.	 	
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Trying to make sense of Life, Food, Sex, 
Love, Romance, and then Some 

‘Love	is	of	all	passions	the	strongest,	for	it	attacks	simultaneously	the	head,	the	heart	
and	the	senses.’	Laozi	

Much,	most	of	my	thinking	as	transcribed	is	descriptive,	science-based,	controversial	
for	 some,	 subject	 to	 interpretation,	 obsolescence	 and	 revision,	 and	 –above	 all-	
anonymous	and	probably	boring.	 I	know	it	and	feel	 frustrated:	 I	have	never	been,	
despite	my	apparently	extrovert	attitude,	confident	in	my	feelings.	A	non-believer,	a	
skeptic	 by	 nature,	 a	 very	 private	 mind,	 I	 shun	 the	 usual	 display	 of	 tastes,	 likes,	
passions	or	emotions.		I	decided	to	leave	this	area	open	to	each	of	you;	and	I	would	
feel	embarrassed	by	your	flurry	of	contrite	avowals.	

You	can	think	about	all	that	material	and	babble,	or	just	discard	it.		

‘Embracing	Dao,	you	become	embraced.	
Supple,	breathing	gently,	you	become	reborn.	
Clearing	your	vision,	you	become	clear.	
Nurturing	your	beloved,	you	become	impartial.	
Opening	your	heart,	you	become	accepted.	
Accepting	the	World,	you	embrace	Dao.	
Bearing	and	nurturing,	
Creating	but	not	owning,	
Giving	without	demanding,	
Controlling	without	authority,	
This	is	love’.			

Laozi	

 

Can we hope to find a Meaning to Life? 
You	can	and	will	answer.	I	cannot.	And	–in	truth-	I	am	not	sure	that	I	shall	ever	be	
able,	or	even	interested.	This	quest	started	with	a	need	to	make	sense	of	the	large	
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amount	 of	 recent	 information	 in	 different	 areas	 that	 I	 consider	 to	 be	 critical;	 the	
choice	was/is	mine,	and	it	is	selective.	‘The	further	we	go,	the	less	we	know’	(Laozi).	
But	all	of	us	try	to	share	what	we	assume	is	current,	valid	knowledge.	We	strive	to	
convince,	teach,	even	convert	to	what	we	proclaim	as	truth.	But	‘the	truth	is	always	
something	 that	 is	 told,	not	 something	 that	 is	known.	 If	 there	were	no	speaking	or	
writing,	there	would	be	no	truth	about	anything.	There	would	only	be	what	is’	(Susan	
Sontag).	Even	‘what	is’	is	factual.	Facts	are	what	we	observe,	absorb,	and	integrate	
within	the	mass	of	acquired	knowledge	or	creeds,	and	‘Science	is	the	Ignorance	of	the	
Expert’	(Richard	Feynman).	We	are	never	outside	ourselves;	frozen	in	time,	able	to	
judge,	dissect	these	facts.	We	change	constantly,	without	predictability.	

Our	instinctive	drift	is	to	quantify.	Then	our	education	system	is	based	on	metrics.	
Our	 life	 is	 always	 measured,	 judged	 by	 arbitrary	 numbers	 that	 claim	 to	 be	 just,	
trustable	and	reliable.	For	centuries,	we	trusted,	worshiped	Euclidean	geometry	and	
number	 theory.	 Then	 came	 Newtonian	 physics,	 that	 still	 reign	 over	 the	 sensory	
observable	 world.	 But	 everything	 we	 know	 is	 made	 of	 atoms,	 with	 subatomic	
particles,	and	the	laws	of	Euclid	and	Newton	do	not	apply	anymore.	Even	biology	in	
many	 (most,	 maybe	 all)	 areas	 is	 governed	 by	 quantum	 biology.	 Statistical	
probabilities,	 rather	 than	 laws	 that	 determine	 things	with	 certainty	 govern	 these	
quantic	areas.	This	uncertainty	and	indeterminacy	at	the	subatomic	level	probably	
permit	humans	to	exercise	free	will.	Determinism	or	fate	do(es)	not	seem	to	exist	or	
ever	be	predictable.			

This	 could	 sound	 depressing	 but	 remember:	 ‘Life	 is	 a	 series	 of	 natural	 and	
spontaneous	changes.	Don’t	resist	them;	that	only	creates	sorrow.	Let	reality	be	reality.	
Let	things	flow	naturally	forward	in	whatever	way	they	like’	(Laozi).	The	Daodejing	
that	I	quote	often	was	written	in	the	6th	Century	BCE,	and	it	stuck	me	by	its	insights	
into	recent	(21st	Century	CE)	scientific	discoveries	with	philosophical	implications.	I	
wish	I	had	been	exposed	to	this	text	long	ago…	
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Chinese	historian	and	philosopher	Tu	Weiming	states	 “the	distinctiveness	of	being	
human	lies	in	continuity	with,	rather	than	rupture	from	Heaven,	Earth,	and	the	myriad	
things”.	He	then	says:	

“The	body	so	conceived	is	an	attainment.	We	do	not	own	our	bodies.	We	become	our	
bodies;	 as	we	 learn	 to	 sit,	 stand,	walk,	 run,	 and	 talk,	we	 are	 empowered	 to	 express	
ourselves	 through	 our	 bodies.	 Although	 ontologically	 we	 are	 our	 bodies,	 in	 an	
existential	sense,	we	must	learn	to	become	our	bodies.	The	Confucian	idea	of	the	living	
body	as	the	primary	datum	and	an	irreducible	reality	is	diametrically	opposed	to	the	
Cartesian	view	that	the	body,	contrasted	with	the	thinking	mind,	is	not	essential	for	self-
identity.	 For	 the	 Confucians,	 the	 body	 is	 the	 proper	 home	 for	 the	 heart-and-mind.	
Furthermore,	the	heart-and-mind	manifests	itself	through	the	lived	body	and	expresses	
its	 true	 nature	 by	 the	 experiences	 and	 feelings	 of	 the	 body.	 This	 is	 the	 reason	 that	
Mencius	asserted	that	only	the	sage	could	bring	the	bodily	form	to	fruition:	‘our	body	
and	 complexion	are	given	 to	us	 by	Heaven.	Only	a	 sage	 can	give	his	 body	 complete	
fulfillment.”	

This,	I	suggest,	is	commensurability.	

Yet,	the	two	basic	instincts	of	survival	and	sex/love	are	still	governing	my	body,	my	
mind,	and	–for	how	long?	-my	life.	But	maybe	this	is	all	wrong;	maybe	the	goal	is	the	
absence	of	craving,	desire,	passion,	the	dissolution	of	these	instincts;	maybe	it	should	
be	Nirvana	–or	42.	
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