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BRAIN WAVES
Like Mother, Like Daughter: Maternal Effects on Reproduction
by Dr. Nicole Cameron

The ear l y env i ronment 
in f luences reproduct ive 
development, especial ly the 
timing of puberty and the onset 
of sexual behavior in girls. In 
Western societies, low socio-
economic status is associated 
with increased frequency of 
family dysfunction that predicts 
ear l i e r puber ty and sexua l 
ac t i v i ty in fema les .  
Interestingly, the quality of 
parenta l inves tment i s 
transmitted across generations. 
Thus , the qua l i ty o f the 
prevailing environment defines 
parental investment, which in 
turn is reflected in the mating 
and parental behaviors of the 
offspring.   Unfortunately, most 
of the data on the effect of early 
environmental influences on the 
development and reproductive 
function in humans remains 
correlational.   Animal research 
i s the most power fu l , 
complimentary approach to fully 
understand the mechanisms that 
program reproductive function.  

Using an animal model of natural 
variations in maternal care, we 
have been able to study the 
parental influences on the 
reproductive system and 
behavior of the female 
offspring.  

Our research uses rats, 
a rodent spec ies that 
displays a wide variety of 
maternal behaviors. We observe 
lactating dams and characterize 
their level of maternal care 
(LOW, MID, and HIGH). We 
then compare th i s to the 
reproductive function and sexual 
behaviors of the resulting female 
offspring. Natural variations in 
ra t mater na l ca re a re an 
important source of individual 
differences in neuroendocrine 
development.  Maternal care 
influences the exression of 
estrogen receptor alpha (ERα) in 
brain regions of female offspring 
where estrogen is known to 
regulate maternal care (medial 
preoptic area ; MPOA ) and 
reproductive behaviors (ventro-
medial hypothalamus; VMH). 

# Females rea red by 
LOW mothers are not only 
more sexually receptive to 
males and express more ERα 
in the VMH, but also are less 
caring for their offspring and 
expres s l e s s ERα in the 
MPOA than the fema le 
offspring of HIGH mothers.  
The d i f fe rence in ERα 
expression in these brain areas 
may be the key element that 
influences the variation in the 
behaviors of the females.

—Continued on page 3

Dear readers,
To k ick o f f the f a l l 
semester, scientists from 
Binghamton University 
discuss their research 
on love, sex, and social 
relationships.  

These emphasize the 
influence of the environment 

on brain development and 
sexual behavior. ! —Eds.

LOVE IS IN YOUR BRAIN: THE NEUROSCIENCE BEHIND LOVE AND SEX
by Justin R. Garcia

Oscar Wilde once stated:
❝Keep love in your heart. A 

life without it is like a sunless 
garden when the flowers are 
dead. The consciousness of 
loving and being loved brings a 
warmth and richness to life that 
nothing else can bring.❞

The issue of love has long 
been unders tood in the 
humanities—artists, poets, and 
musicians have found inspiration 
in the topic for thousands of 
years.  Yet, neuroscientists have 
only begun to chip the iceberg in 
terms of understanding the 
physiologica l propert ies of 

romantic love.  First off, there is 
the complex issue of defining 
“love”, followed by the difficulty 
in assessing the role of the 
evolved human brain in directing 
this constellation of responses.

—Continued on next page
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LOVE IS IN YOUR BRAIN
! - Continued &om previous 

In my research, we try to understand the 
evolutionary and neural foundations of human love 
and sex using a variety of methods.  Although there 
are multiple ways to define and categorize romantic 
love (both behaviorally and mechanistically), let us 
consider two particular varieties here: passionate 
love and companionate love.  Both are aspects of 
romantic love, not to be confused with other forms 
of non-romantic and non-sexual “love”, such as 
maternal love for a child or the deep feelings of 
affection one may feel for a sibling or close friend.

Passionate love is the set of intense feelings 
characterized by focused attention and craving for 
another.  These feelings of intense romantic 
attraction are associated with elevated dopamine 
and norepinephrine.  Studies using fMRI on 
participants who were in intense romantic love 
show heightened activation (i.e., oxygenated blood 
flow) in many regions of the brain; but the most 
notable activation is found in the ventral tegmental 
area (VTA) in response to increased dopaminergic 
(DA) activity.  This perhaps elucidates the 
characterization of craving associated with 
passionate love—much as dopamine mediates one’s 
craving for an alcoholic beverage or to gamble, so 
too does it mediate one’s craving for a particular 
romantic partner.  This highly evolved response 
allows us to focus in on one particular person in the 
crowd, thinking of them constantly, wanting them 
deeply (perhaps even unreasonably checking a 
beloved’s Facebook several times in one day in the 
unlikely event there has been a recent update!).  For 
a thorough discussion of why we fall in love and 
what happens to the brain, I highly recommend my 
colleague Helen Fisher’s book Why We Love: The 
Nature and Chemistry of Romantic Love (2004).

Companionate love, on the other hand, is the 
feelings of comfort and calmness we associate with 
someone who offers a sense of trust and security.  
The desire to just spend time with someone, hold 
their hand, or perhaps even cuddle with them on 
the couch are all tied to companionate love.  At the 
proximate level, these feelings of attachment and 
bonding are also tied to the neuropeptides oxytocin 
(OT) and arginine vasopressin (AVP).  Interestingly, 

a recent study by Walum and colleagues (2008) 
concluded that individuals with genetically stunted 
vasopressin reception report less overall marital 
satisfaction.  Oxytocin is a unique chemical, 
sometimes called the “cuddle hormone”.  Oxytocin 
has been well studied in voles (a small rodent which 
looks much like a mouse).  This is because there are 
two very unique species of vole with a subtle, yet 
hugely important, neural difference relevant to 
oxytocin.  In the monogamous prairie vole 
(Microtus ochrogaster) oxytocin receptor density is 
highest in several regions of the brain, compared to 
the polygamous montane vole (Microtus montanus).  
A difference in oxytocin function between the two 
species is influential for this substantial behavioral 
difference.  

In our work here at Binghamton University, we 
investigate the roles of genes in modulating these 
neurotransmitters and hormones in influencing 
expression of love and sex.  With Professors Chris 
Reiber, J. Koji Lum, Ann Merriwether, and David 
Sloan Wilson, we have studied relevant expression 
such as “hook-up behavior” and infidelity. 

—Continued on next page

The brain’s pleasure center†—is a dopaminergic 
pathway that spans from the VTA to the nucleus 
accumbens.  It is referred to as the pleasure center because 
it is natura'y activated by primary needs,  such as food 
and water, and produces feelings of euphoria and 
happiness when these are encountered by an organism.  
This natural pairing motivates an organism to engage in 
behaviors that are beneficial for them.

†For information about this brain pathway in the context of drug abuse and addiction, refer to Brain Waves vol. 1(1) (Fa' 2008).
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LOVE IS IN YOUR BRAIN
! - Continued &om previous
We support the notion that the 
motivation for love and sex are 
deep within our evolutionary 
history and thus our physiology.  
Yet , in our contemporar y 
environment, expression can be 
quiet variable.  Polymorphic 
genes that tell us something 
about ind iv idua l neura l 

differences also help shed light 
on what underlies the huge 
behavioral variation we see in 
this domain.  One of the most 
interesting suggestions coming 
from our work is that some folks 
will engage in sexual activity with 
the consc ious dec i s ion to 
completely remove it from love 
and attachment.  I neither 
endorse nor discourage such 
activity, but the struggle between 

our evolved brains and our 
modern actions is telling.  A word 
of caution, however: genital 
stimulation will cause spikes in 
dopamine, and orgasm wi l l 
initiate a cascade of responses 
that include high spikes in 
oxytocin.  Sex, albeit a pervasive 
and entertaining activity, is 
perhaps not something that can 
ever be completely “casual”.

MATERNAL EFFECTS
! - Continued &om first page 

! The influences of maternal 
care are also present during 
development, affecting even 
r udimentar y features of 
sexual development, such as 
the ano-genital distance, 
which is longer in HIGH 
females, and the timing of 
puberty, which occurs earlier 
in LOW females . These 

i l l u s t ra te that both 
morphology and physiology 
are affected by the phenotype 
of the mother. 
! In order to evaluate the 
contribution of maternal care 
to offspring phenotype, we 
did a cross-fostering study 
where HIGH mothers raised 
LOW pups and LOW 
mothers raised HIGH pups. 
This experiment showed that 
maternal care is sufficient to 
modulate maternal care in the 
adult offspring by not sexual 
beha v ior. LOW females 
raised by HIGH mothers 
displayed the same low level 
of ERα in the VMH and 
receptivity toward the male 
a s the HIGH female 
offspring. Conversely, being 
raised by LOW mothers did 
not change the sexua l 
behavior and ERα in the 
VMH of HIGH offspring. 
HIGH females consistently 
showed low levels of ERα in 
the VMH and low receptivity 
toward males even if LOW 
mothers raised them. This 
demonstrates that the HIGH 
female o f f spr ing sexua l 

phenotype is robust and not 
s t r i c t l y in f luenced by 
maternal care.
! When we collected plasma 
from the fetus just before 
birth, we found that HIGH 
offspring were exposed to 
more testosterone in the 
uterus, as compared to LOW 
offspr ing .  Testosterone 
exposure during development 
is known to modulate sexual 
differences, puberty, sexual 
beha v ior s and ERα 
expression in adults. Our 
current hypothesis is that 
testosterone exposure during 
de ve lopment in HIGH 
females protect s the i r 
reproductive phenotype from 
the effects of lower level 
maternal care, possibly by 
modulating ERα expression 
in the VMH. 
! Our research will continue 
to evaluate the contribution 
of maternal care and the 
genet ic and i n u t e r o 
environments on the HPG 
axis and sexual behavior in 
order to better understand 
the i r ro le s in fema le 
development.

Estrogen Receptors—are not 
only expressed in peripheral tissue, 
but also in brain tissue.  Neurons are 
sensitive to this steroidal hormone, 
and prompt female sexual behavior 
when stimulated.  This receptor is 
expressed in the VMH and estradiol-
binding leads to lordosis in female 
rodents.   Females lacking a functional 
receptor do not engage in this 
behavior.
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By Junaid Nomani
! As you may know, babies 
are very sensitive and needy; 
what you may not know is the 
importance of early social 
a t tent ion on bra in 
de ve lopment . Lack o f 
attention during infancy and 
childhood can have major 
soc ia l and inte l l ec tua l 
repercuss ions . If r a i sed 
without proper attention and 
care, infants can grow to 
become soc ia l l y and 
intellectually handicapped. 
! Human history shows that 
children from wealthy, well-
educated families mature into 
more academically successful 
individuals, as compared to 
ch i ldren ra i sed in 
underprivi leged families. 
Recent studies illuminate 
some of the reasons for this 
relationship. Children raised 
in economica l l y poor 
environments tend to have 
parents preoccupied with 
providing basic needs, such as 
food and shelter. Since they 
are focused on providing 
these necess i t i e s , many 
parents are unable to provide 
adequate social stimulation to 
their children during a crucial 
stage in neural development.
! This critical stage, known 
as “pruning”, occurs during 
the early years of a child’s 
development. At nine months 
of age, babies are born with 
over 1,000 trillion synapses in 
the brain—far more than they 
wi l l e ver need . As 

development occurs, different 
areas of the brain rapidly lose 
many of these connections, 
allowing it to function more 
ef fect ive l y. If a chi ld i s 
depr ived o f cer ta in 
experiences during this phase, 
some areas of the brain may 
be left underdeveloped. For 
example, congenital cataracts 
must be removed as early as 
possible because retinal-brain 
connections will not form 
properly if visual stimuli are 
unavai lable prior to and 
during the pruning phase. 
Furthermore, if an infant or 
child is rarely spoken to 
d i rect l y (o verhear ing 
conversations and listening to 
the TV do not count), is 
exposed to few toys, or does 
not ha ve the chance to 
explore and experiment with 
the world, essential neural 

pathways that promote 
learning for the remainder of 
the child’s life may not form.  
! Additionally, if a child 
develops a view of a world 
that is not supportive or 
responsive to his or her cries 
and needs, he or she will 
develop a desperate form of 
energy expenditure. Under 
these conditions, energy will 
be devoted to basic needs 
ins tead o f g rowth and 
development. As a result, that 
ch i ld w i l l ha ve se r ious 
difficulties interacting with 
people and objects in his or 
her environment. Healthy 
cognitive and social skills will 
fail to form as the child’s 
bra in ignores important 
stimulation. This is supported 
by the obser vat ion that 
almost all successful people 
who have faced challenging 
lives have had at least one 
very supportive relationship 
with an adult beginning early 
in life (Hawley, 5). 
! Although this may imply 
that the brain cannot be 
changed after a certain age, 
the bra in s t i l l r emains 
some what p l a s t i c in to 
adu l thood and e ven 
throughout old age. New 
neural connections are always 
being made regardless of age 
in a process known a s 
synaptogenesis. 

—Continued on next page

EARLY PARENTAL RELATIONSHIPS: IMPACTS ON BRAIN DEVELOPMENT

Synapses—are gaps between 
neuron and the site of inter-neuronal 
signaling.  Through a process of 
synaptogenesis, these synapses are 
f o r m e d .  T h i s p r o c e s s o c c u r s 
throughout out life, su.esting it is 
one of the physical changes that 
subserve memory and learning in 
children and adults.  Thereby, the 
brain remains plastic to a certain 
degree throughout an organism’s life.
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The Binghamton University Neuroscience Club (formerly The Psychobiology Club) is a student run organization chartered by 
the Binghamton University Student Association (SA).  Neither the SA, the department of psychology and all affiliates, 
nor Binghamton University endorse the content that appears in this newsletter.  Likewise, information found here does 
not represent the opinions of the club’s executive board or the newsletter's editors.  Footnoted logos are copyrighted; 
all other images that appear here are either a part of public domain (refer to <http://www.wikimedia.org>) or released 
on the wishes of the owner(s).

The Current Executive Board: Lauren Jarchin and Michael L. Miller, co-Presidents; Adrienne Maturo, 
Treasurer; Deborah Lynn, Secretary;  and Victor Alarcon, Jr., Public Relations. Newsletter’s Editor-in-
Chief: Jaime Eberle.
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# Lifestyle factors, such as 
diet, sleep, exercise, stress 
management, and proper 
stimulation, still play a major 
part in optimizing brain 
function and new research is 
revealing ways to make the 
brain more plastic.
! It seems as if the brain is a 
large skyscraper: it needs a 
good foundation, but it can 
stil l change considerably 
throughout i t s l i fet ime. 
However, without proper 
parenting from birth through 
childhood, this foundation 
may be f au l ty and 
u n d e r d e v e l o p e d —
permanently limiting the 
“building.” 

Michael L. Miller1,*, Lauren Jarchin2, and the Clubʼs Executive Board" " " " "
1Integrative Neuroscience Program and 2Department of Biological Sciences, Binghamton University, New York 13902

Each year, the Society  for Neuroscience sponsors an outreach program known as 
Brain Awareness Week (BAW). This year, the students of the Binghamton 
University Neuroscience Club participated in this week-long event with various on- 
and off-campus programs. Among them included a novel BAW fencing tournament 
that attracted over 50 people from local and regional fencing clubs. Participants and 
observers from non-science backgrounds asked members questions about the 
nervous system. The Club also printed and distributed their own newsletter. Titled 
Brain Waves, students and faculty contributed short research-based articles that 
highlighted on- and off-campus research in an interesting and non-technical 
fashion. Previous topics included drug-addiction, learning and memory, genetic 
engineering, among others. With respect to BAW, during the tournament, t-shirts 
were sold, displaying fencing neurons and the slogan “get the point across”. In 
addition to the tournament, the Club held other informational tabling sessions on 
campus in the student union, and more importantly, visited local public and private 
elementary schools. On two separate occasions, third- through fifth-graders were 
taught about the central nervous system, particularly  the structure and function of 
the brain through entertaining activities. The children enjoyed hands on activities, 
such as play-doh neurons, cerebrospinal fluid science experiments, and brain 
origami. The mission of BAW is to raise awareness of the human nervous system 
and to get people to actively think about the brain. The Binghamton University 
Neuroscience Club accomplished this with novel programs designed for broad non-
scientific audiences.

Binghamton University Fencing Tournament
! To kick-off Brain Awareness Week, the Club co-hosted the first ever Brain Awareness Fencing 

Tournament with the universityʼs fencing club.
! Over 50 people participated in or observed the tournament.
! Active club members answered questions about the nervous system and distributed SfNʼs 

literature and pamphlets.
! Throughout the tournament, an informational booth hosted a poster about the brain and itʼs 

function.
! The Club sold personalized neuron t-shirts to instill lasting awareness that would outlive the 

weeklong programs.
! The first volume of Brain Waves (issues 1 – 3) was printed and distributed for the first time!

Brain Waves is a student-run newsletter that is published 
monthly by the Clubʼs executive board.  Monthly publications 
are electronic, but after each academic semester, the past 
three issues are then re-printed and distributed in physical 
form:
! Students and faculty contribute short research-based 

articles.
! Articles highlight on- and off-campus research in an non-

technical, yet interesting fashion.
! Each monthly issue focuses on a particular topic from a 

psychobiologistsʼ perspective.
! As neuroscience is an interdisciplinary field, faculty and 

student contributors come fromvarious fields: 
Psychobiology, biological sciences, chemistry, and 
psychology, among others.

" Broadly, the newsletter is designed to introduce 
interesting, brain-related topics to the universityʼs student 
body.

" Ultimately, it is designed to facilitate psychobiology 
students into undertaking research of their own.

Previous topics included:
! Communication and language
! Drug abuse and addiction
! Obesity and gustation
! Learning and memory
! Psychotherapeutics
! Genetics
! Brain disorders and

awareness.
Future topics include:
! Study-enhancing drugs, like caffeine
! Social relationships and cooperation
! Rare neurological diseases and novel treatments

Special thanks to the Clubʼs faculty mentors, specifically Dr. Patricia M. Di Lorenzo 
for guiding the Clubʼs executive board throughout the years, and Dr. Carol Miles for 
her assistance leading up to and during Brain Awareness Week (March 2009).  We 
also thank the Society for Neuroscience's Public Education and Communication 
Committee, as they provided free literature and pamphlets for BAW.  Lastly, we are 
grateful for the financial support provided by the Student Associationʼs convocation 
committee and Harpur Collegeʼs Office of the Dean.  At the time of BAW, the Clubʼs 
executive board was: Michael L. Miller and Lauren A. Jarchin (co-presidents), 
Deborah Lynn and Jasmine Deng (programming coordinators), Victor Alarcon, Jr. 
(public relations), Adrienne Maturo (treasurer), and Jaime Eberle (Editor-in-Chief, 
Brain Waves).  Some programs adapted from http://www.sfn.org/NERVE.
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The Binghamton University Neuroscience Club is a student 
organization chartered by the Universityʼs Student 
Association. 

! Purpose—We prepare students for future careers in 
science, medicine, research, and other allied health 
professions.

! Responsibilities—Executive Board members offer 
academic advising and peer counseling on coursework 
and available research internships. 

! Past accomplishments:
! Faculty Workshops—Professors regularly give short 

discussions about their research.
! Loneliest Road Campaign—In 2007, we raised funds 

for pediatric patients with Stage IV Neuroblastoma.
! Community Service—We volunteer regularly at the 

local Salvation Army Soup Kitchen.
! Brain Awareness Week (BAW)—Last year, the Club 

hosted several on- and off-campus programs.
! Brain Waves—The club publishes a newsletter every 

month about neuroscience.
! Long term goals:

! Expand the Brain Waves readership and contribution 
pool.

! Develop lasting relationships with SfN and add new 
programs to next yearʼs BAW at Binghamton.

Copyright Information Here

*Corresponding authorʼs e-mail: mmiller2@binghamton.edu

Studentsʼ Union Tabling and Faculty Discussions
! The Club invited two faculty members from the psychology and biological 

sciences departments.
! They discussed their research on gustation, from two different perspectives, 

behavioral and physiological.
! Students from the humanities attended, and this is significant, because students 

from these disciplines are not exposed to neuroscience in their courses.
! A taste demonstration using Jelly Beans was exhibited.
! Members of the Club also setup an informational booth in the Studentʼs Union 

during BAW.
! During the tabling session, members answered questions about the brain and 

they demonstrated the Jelly Bean taste experiment with other students.
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Active members distributed SfN literature 
and Brain Waves.

Public School and Community Outreaches
! Members of the Club went to two schools during BAW: St. Johnʼs Elementary 

School and Thomas Jefferson Elementary School (both Binghamton, NY).
! Volunteers talked about the human nervous system with third through fifth graders.
! A poster board was made that simplified the discussion, highlighting the 

relationship between brain function and structure.
! With the teachersʼ assistance, hands-on demonstrations were also performed:

! Students explored the retinaʼs blind spot —As their gaze moved laterally, 
they watched a mark on paper disappear.

! Play-doh Neurons—Students constructed networks of neurons made of 
play-doh, and the volunteers briefly discussed the networkʼs function and 
structure.

! Brain Origami—Sheets of paper where printed with the names of brain 
structures and matching functions.  Students  were shown how to fold these, 
making a fun game also a learning experience.

To follow the Clubʼs activities, visit our website:
http://www.binghamtonsa.org/Neuro

Full text and more information are available on-
line, at the Clubʼs homepage (see About Us)

Friday, October 16, 2009

Brain Awareness Week—is a week long outreach initiative held annua'y 
during March.  It was incorporated into Club programs last semester,  including 
on- and off-campus teaching events.  A Club member was awarded a travel 
grant to present these efforts at the Society for Neuroscience conference in 
Chicago (October 2009, poster below).  The programs’ publicity and acclaim 
exemplify their importance, so congratulations to those that participated in May.
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