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Dear readers,

For our third and 
final issue for this 
semester’s volume of 
Brain Waves, the 
ne ws le t te r w i l l 
highlight a pervasive 
social concern that 
affects many people: 
Obesity!

The neural causes of 
obesity, the foundational 
biological underpinnings 
that allow for consumption 
and satiation, as well as the 
animal models that permit 
further study, are all covered 
in this comprehensive issue.

In order to achieve this 
level of completeness, new 
contributors are brought to 
the table, and a faculty 
member of the Psychology 
department discusses her 
research.

—MLM & LJ

BRAIN WAVES
The Gustatory System: A Neural Network for Taste
by Dr. Patricia M. Di Lorenzo

This issue of Brain Waves 
focuses on obesity, a complex 
disorder that has become a 
serious epidemic in this country.  
Understanding the causes of 
obesity requires convergent 
evidence from a variety of fields, 
including the study of gustation 
(i.e., taste).  Since taste is the 
major determinant of whether 
we eat something or reject it, the 
study of taste is important. It 
not only allows us to understand 
what people choose to eat and 
why, but to understand how 
people’s eating habits can be 
changed.  In my laboratory, we 
study how the brain encodes 
information about taste as a first 
step in understanding how we 
make decisions about food.

For the past several years, our 
research has focused on how 
neurons in the brainstem convey 
information about what tastes 
are present on the tongue.  
These cel ls , located in the 
nucleus of the solitary tract 
(NTS ) , receive information 

directly from the nerves that 
inner vate taste buds in the 
orophar yngeal area, and so 
represent the earliest stage of 
centra l process ing of taste 
information. We have pursued 
two related research strategies.  
The first was to record and 
analyze neuronal responses to 
taste stimuli bathed over the 
tongue in anesthetized rats.  The 
second involved  simulating taste 
perceptions in awake, behaving 
ra t s us ing l i ck-cont ingent 
electrical pulse trains delivered 
to the brainstem.  

From our experiments on 
anesthetized rats, we have found 
that neurons in the NTS can 
discriminate among different 
taste qualities (sweet, sour, salty 
and bitter ) using the spike 
timing, much like a Morse code 
can convey the alphabet. Cells 
that are sensitive to a broad array 
of taste stimuli are better at this 
type of “temporal coding” than 
cells that only respond to one or 
two taste qualities.
—Continued on page 3

THE ZUCKER: A RAT MODEL FOR HUMAN OBESITY
by Melanie Salamon

We’ve a l l heard the 
innumerable excuses and reasons 
people give as to why they 
cannot contro l the i r food 

consumption. But perhaps there 
is a genetic based reason as to 
why some people feel as if they 
have an insatiable appetite. By 
looking at fa/fa Zucker rats and 
ob/ob mice, scientists have been 
trying to answer just that. 

The fa/fa Zucker rats and ob/
ob mice are not ordinary rodents. 

Abnormalities in hypothalamic 
function result in some of these 
rodents we igh ing in a t an 
alarming average of one kilogram 
(near l y twice that of the ir 
siblings). These animal models 
have helped raise the issue of 
genetics in relation to obesity. 

—Continued on next page

❝I overeat because I’m 
depressed.❞

❝I overeat because I’m bored.❞
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THE ZUCKER MODEL
 - Continued $om page 1

 Studies have concluded 
that these rodents suffer from 
a faulty protein located in the 
hypothalamus called the leptin 
receptor, which results in an 
absence of specific neural 
communicat ion . When a 
particular molecule—leptin—
attaches to the leptin receptor, 
a message is sent to the brain 
that suppresses hunger. But 
for these rodents, the message 
is never received, leading to 
excessive and interminable 
eating. 
 What about inheritability? 
The question of whether or 
not one could inherit obesity 
is difficult. It is true that in 

these animal models, this 
condi t ion appears to be 
caused by the inheritance of 
one single recessive gene, but 
unfortunately this is not 
comparable to all people that 
su f fe r f rom obes i ty. 
Interact ions wi th the 
environment and society also 
play a key role in obesity’s 
pre va lence , thus making 
pred ic t ions about and 
treatments for obes i ty a 
difficult task in humans. 
 Recent sharp increases in 
obes i ty and a s soc ia ted 
condi t ions , such a s 
hypertension, type 2 diabetes, 
and atheroma (fatty deposits 
on the inner lining of arteries), 
show a need for increased 

research. Hopefully with the 
help of our best animal models 
for obesity, the fa/fa Zucker 
rats and the ob/ob mice, more 
sc ient i f i c d i sco ver ie s in 
relation to obesity and hunger 
will comeforth.

T h e Zu c k e r R at— l a c k s a 
functional form of the leptin receptor 
that is required to maintain balanced  
metabolism and energy intake.

by Nicole M. Colombo
As a result of our country’s demand for high 

food productivity we now live in a society that 
consumes mass amounts of food hormones. 
Farmers give their livestock growth and steroid 
hormones so they gain weight rapidly and can 
be sold faster.  In addition, cows are given 
estrogen hormones to produce excess milk. 
The same idea is applied to our fruit and 
vegetable crops when they are given nitrogen, 
phosphorus and potassium (N-P-K) to create 
greater yields. But does quantity produce 
quality? 

In mass producing crops we get an 
overabundance of unnatural fats, carbohydrates 
and empty calories. We also see a huge decrease 
in the produce’s nutritional value. The USDA 
on l y recogn izes f i ve t race e lements : 
magnesium, zinc, copper manganese and 
selenium out of sixty or more. Thirteen known 
nutrients are only replaced when necessary and 
the amounts of six of them—vitamin A, 
vitamin C, iron, calcium, riboflavin, and 

thiamine—have been massively decreasing over 
the past fifty years. For instance, potatoes have 
lost 100% of their vitamin A, 57% of their 
vitamin C, 28% of their calcium, 50% of their 
riboflavin, and 18% of their thiamine. Another 
shocking truth is that the ratio of vitamin C in 
oranges today, compared to those fifty years 
ago, is 1:8. In other words, to get the same 
amount of vitamin C, you would have to eat 
eight oranges instead of one! That is a lot of 
extra calories and sugar to burn off !  

Our bodies are able to make us crave foods 
that have an abundance of the vitamins and 
nutrients we are lacking in our diet until the 
nutritional need is satisfied. Essentially, we are 
being forced into eating more food by our own 
bodies. With all the extra calories and fats we 
are consuming, in addition to our country’s 
increasing lack of exercise, it’s no wonder why 
more and more people are becoming obese. 

Just remember the next time you go 
grocery shopping to spend a little extra money 
buying the organic produce.

HORMONAL FOODS: QUANTITY VERSUS QUALITY
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by Dylan Campbe%
The human digestive tract 

i s host to a p le thora o f 
microscopic organisms that 
aid in functions ranging from 
improving immune function 
to metabolism. Research has 
shown that in tes t ina l 
microflora may have an effect 
on obesity as well. Two groups 
of bacteria dominate the 
digestive tract, originating 
from the phyla Bacteroidetes 
and Fi rmicutes . Recent 
research suggests that the 
ratios of abundance of these 
two types of bacteria are 
linked with obesity. The study 
discovered that the relative 
proportion of Bacteroidetes 
appeared to be decreased in 
obese people and increased in 
lean people. It is also known 
that the body is able to shift 
this ratio, increasing the 
amount of Bacteroidetes with 

we ight lo s s ( the s tudy 
confirmed this with two types 
of low-calorie diet). 

The basis for this seems to 
depend upon the energy-
reabsorbing potentials of 
d i f fe rent ra t ios o f 
Bacteroidetes and Firmicutes. 
These bacteria play an integral 
role in the digestion of fatty 
acids and polysaccharides. In 
experiments where the gut 

f lora of obese mice were 
transplanted into recipient 
mice , we ight ga in wa s 
observed, even when the level 
of food consumption was 
decreased. Based upon these 
f indings in mice , human 
studies were conducted. The 
same results were found: the 
Bacteroidetes increased in 
number, wherea s the 
Fi rmicutes decrea sed in 
number, as the subjects lost 
we ight . The change wa s 
“division-wide”, meaning that 
the overall diversity of the 
bacteria remained, without 
any population blooms or 
ext inct ions o f bacter i a l 
species. The discovery of a 
correlation between intestinal 
microorganisms and obesity 
could lead to the advent of 
new therapeutic treatments, 
and perhaps help subdue the 
obesity epidemic. 

GUT FLORA: A MICROBIAL LINK TO OBESITY

D ig es t i v e Fl o ra—p l a y an 
important role in digestion and 
consumption.  

THE GUSTATORY SYSTEM
 - Continued $om page 1

In addition, when two taste stimuli evoke 
the same taste quality, such as two sugars or two 
sa l t s , neurons use tempora l coding to 
differentiate between them.  Interestingly, 
when mixtures of two taste qualities are 
presented, the resulting temporal code is a 
combination of the temporal codes for each of 
the components.  We are now moving our 
research toward recording taste responses from 
awake, behaving rats as they voluntarily lick 
taste stimuli from a spout.
 Our second line of research involves 
electrical stimulation of the brainstem.  After 
implanting electrodes into the taste-responsive 
portion of the NTS, we train the animals to lick 
water in an experimental chamber.  On the 

training day, each lick produces a 1.0 sec 
electrical pulse train delivered to the NTS.  
This pulse train is patterned after the temporal 
pattern of spikes recorded in an NTS cell of 
another rat in response to either sucrose or 
quinine.  These pulse trains were either sucrose 
or quinine “s imulat ions .”  After many 
experiments we found that rats can actually 
identify the appropriate taste quality of these 
simulations.  Randomly shuffled pulse trains are 
treated very differently and do not evoke 
specific taste sensations.  

In sum, we believe that our experiments 
provide convincing evidence that temporal 
coding is a mechanism used by the brainstem to 
convey information about taste and that this 
information is “meaningful” in that it can guide 
behavior.
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by Elizabeth Newe%
I can only tell you about 

my experience, which will 
differ from another student 
elsewhere. My typical day 
begins at 8:30 a.m. when I 
wake up for my classes which 
start at 9. There are about 130 
of us in the M1 year here, and 
about 90% a t tend c la ss . 
Currently we have 7 classes for 
the quarter, one of which just 
finished up. A normal day 
consists of two to four of 
these subjects. However, it is 
not as regulated in schedule as 
co l lege—ever y day has a 
different agenda and it does 
not always last until 5 p.m. 

Like college, each medical 
school has different schedules, 
ob ject i ves , f acu l ty 
personalities, curriculum, 
exam schedules, etc. Here at 
Rush , we ha ve ma in l y a 
midterm/f ina l set-up for 
exams. For the exams we have 
ample time to study; we do 
not need to go to every class if 
we feel we learn better by 
book than by lecture. We are 
given many resources to learn 
from so we can choose what 
works best for us. This, along 
wi th the midterm/ f ina l 
scheduling, allows us to have 
more free time as well. As is 
typical for any medical school, 
this free time will decrease 
significantly as the years 
progress. Fortunately, as long 
as you know how to manage 
your time you can still enjoy a 

substantial amount of free 
time. 

While we do have free 
time, there is more time spent 
studying at medical school 
than in college. However, for 
most of us it seems that we 
enjoy it more because we are 
finally learning what we need 
to become physicians. In 
addition to studying, most 
students are in tutoring, in 
f ac t a round 90% a re in 
tutoring groups where we 
review the laboratory courses 
(current ly Histology and 
Anatomy) and take a practice 
practical.  The faculty for our 
courses is wonderful and will 
take out several hours out of 
their day for each individual 
who needs he lp . Ha v ing 
suppor t i ve and persona l 
faculty is something I love 
about this school.  In addition 
to the wonderful faculty, the 
student body is what floors 
me. Of the schools I have seen 
over the years visiting and 
working at, I am still amazed 
by the happiness o f the 
s tudents here . Ever yone 
cooperates and works together 
to help each other out; the 
attitude and generosity of 
everyone is incredible. All of 
these factors make the days 
great and studying easier and 
more enjoyable. 

A lot of the students here 
also share the love of the 
locat ion of the school—
Chicago. It is great to be here 
for the future c l in ica l 

experiences offered in the 
many hospitals which are 
within walking d istance . 
Currently we have a course 
that lasts two years in which 
we work with a preceptor 
once a month. While we can 
become familiar with the 
c l inical s ide of medicine 
through student organizations, 
shadowing, and internships, 
this course provides us with 
this experience no matter 
what our extracurr icu lar 
activities are and allows us to 
beg in to understand the 
patient-doctor relationship. 
Each of the students has an 
individual preceptor that helps 
them out. Everyone enjoys 
this course and the other 
courses, and we each have our 
strengths and weaknesses. 

With all of this in mind, a 
lot of us had a reason of why 
we went into medicine that we 
found either in college, before 
college, or afterwards. 
—Continued on next page

Medical school—a form of 
h i g h e r - e d u c a t i o n m a n y 
psychobiolog y g raduates from 
Binghamton University wi%  pursue 
in order to get their medical degree.

FIRST YEAR MEDICAL SCHOOL: THE EXPERIENCE OF A CLUB ALUMNUS
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by Jasmine Deng
Ima g ine be ing hungr y, 

regardless of how much food you 
have eaten. For those with 
Prader-Willi syndrome (PWS), 
this is an everyday reality. Prader-
Willi syndrome is a genetic 
disorder in which seven genes on 
chromosome 15 are unexpressed. 
The disorder is usual ly not 
inherited, but instead is caused 
by a deletion of genes on paternal 
chromosome 15. Infants of PWS 
display hypotonia, poor growth, 
and delayed development. By 
childhood, patients develop an 
insatiable appetite and begin to 
constantly overeat. Their hunger 
leads to rapid weight gain and 
eventually morbid obesity. A 
variety of physical attributes are 
associated with PWS. Facial 
characteristics typically seen in 
PWS patients include narrow 
bifrontal diameter, almond-
shaped and somet imes up -
slanting palpebral fissures, and 
downturned mouth. Patients also 
have short stature, small hands 
and feet, decreased muscle mass, 
and underdeveloped genitalia. In 
fact, most PWS patients are 
infertile.

How does PWS create such 
an overwhelming appetite? A 
larger amount of ghrelin, a 
hormone that controls hunger, is 
found in patients with PWS. 
Thi s hormone b inds to a 
receptor similar to the receptor 
growth hormone binds to. It is 
produced in the stomach and 
stimulates hunger when released. 
Ghrelin levels have been found to 
be higher during starvation and 
weight loss. Thus, this hormone 
functions to conserve energy and 
prevent weight loss. Higher levels 
of ghrelin may be one of the 
main mechanisms by which PWS 
triggers excessive hunger.

There is no cure for PWS 
and treatments for its symptoms 
are extremely limited. Obesity is 
the greatest health risk to those 
with the disorder. Friends and 
family must closely monitor the 

caloric intake of the patient, 
since the food compulsions are 
overwhelming. Most families are 
forced to lock up food cabinets 
and refrigerators—constituting 
more of an eating regimen than a 
treatment. Appetite suppressants 
are not effective in treating food 
compulsions in PWS. On the 
other hand, growth hormone 
may be useful in alleviating some 
symptoms and impro v ing 
strength and reaction time in 
PWS patients. It also reduces fat 
composition in the body and 
increases the patient’s height. 
There were no adverse side 
effects seen in a study in which 
participants received growth 
hormone.  Hopefully within the 
near future, ghrelin blockers can 
be produced and there can be a 
more direct treatment for the 
hunger in PWS.

PRADER-WILLI SYNDROME: AN ENDLESS APPETITE

The application process is 
normally the hardest portion 
to medica l schoo l . 
Binghamton University was a 
great place for college, the 
faculty was wonderful and I 
found the small seminars the 
most memorab le o f my 
courses. The program prepares 

you well for the sciences on 
the MCAT, but like every 
other college the amount of 
material you need to learn in 
the curriculum is miniscule to 
what you learn in medical 
schoo l . Once you a re 
accepted, and if you are in for 
the right reasons, you should 

love every minute. This will 
allow you to excel, and while 
you may not be the best in the 
class at everything, as you 
might have been in college, 
you will do well in what you 
love. At least that is what I 
have found for myself thus far. 

G h re l in— i s a s i g n a l i n g 
n e u r o p e p t i d e t ha t m e d i a t e s 
communication between the gut and 
the brain regarding consumption.  
Ghlrelin’s action is orexigenic, 
meaning its presence is associated 
with hunger,  as we%  as increased 
food consumption.
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Our next issue—February!

Language

Monday Tuesday Wednesday Thursday Friday

10:00 - 11:00 10:00 - 11:00

10:45 - 11:45 11:00 - 12:00 Work-Study

12:00 - 1:00 12:00 - 1:00

1:30 - 2:30

3:00 - 4:00

Peer-Advising: Office Hours

DR. CAROL MILES ON NEUROETHOLOGY
by The Neuroscience Club Executive Board
❝Neuro- refers to neurons, and ethology is the study of animal behaviour, so 

neuroethology is a branch of science that seeks to understand the neural basis of 
natural animal behaviour…❞

Dr. Miles’ discussion focused on the neural 
mechanics behind bat audition. The auditory 
system of the moth—a stereotypical prey of the 
bat—was described to an even greater extent.

The bat’s enhanced ability to localize sound is a 
direct consequence of its nocturnal lifestyle. Since 
the bat is virtually blind, its auditory sense is its 
ma in method o f percept ion .  Through 
echolocation, the bat achieves sound localization 
by first transmitting high-frequency sound waves.  
These longitudinal waves are reflected off surfaces 
in the environment and are then returned to the 
bat.  At this point, they are received by both ears at 
subtly different times. Since these waves are high 
frequency, their short wavelength allows the bat to 
use the ear-specific time differences to measure 
direction.  Likewise, known as the doppler effect, 
the apparent shift in frequency caused by the 
relative movement of the bat with respect to the 
surroundings. allows the bat to account for 
distance.  Utilizing these capabilities, the bat is 

able to localize food to a high enough resolution to 
catch a flying moth.

As we know from any introductory biology 
course, evolution does not occur in a closed 
vacuum. Adaptive pressures have been imposed on 
the moth to develop passive and active methods to 
escape the bat’s biosonar senses.  Thus, to a certain 
extent, studies have shown that moths respond 
adamantly to artificial high-frequency waves that 
mimic the bats’.  These responses may take the 
form of rapid nose-dives, the extent of which—
both its speed and degree—is dependent on the 
intensity of the artificial noise-burst.  Of even 
greater significance, recent evidence has shown 
that moths emit their own high-frequency pitches 
that interfere with the bats’ echolocation.

The research reported here epitomizes the 
application of this field to our understanding of co-
evolutionary forces, especially their influence on 
predator-prey relationships.

—International Society for Neuroethology

http://mybookofrai.typepad.com
http://mybookofrai.typepad.com
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Appendices: Extended reviews, etc.
IMPLANTABLE GASTRIC STIMULATION AS A TREATMENT FOR MORBID OBESITY
by  Michael L. Mi%er

The clinical uses of electrical stimulation have been broad.  For 
instance, electrical stimulation of the brain was initially used as a 
crude attempt to cure psychiatric disorders, such as schizophrenia.  
More benign uses include electrical stimulation of the vagus nerve 
(Cranial Nerve X) to treat epilepsy, and more recently, to treat drug-
resistant clinical depression.  Another novel application of electrical 
stimulation—one that shows empirical promise—is electrical gastric 
stimulation, or simply implantable gastric stimulation (IGS).  Unlike 
previous implementations of electrical stimulation, this procedure 
seeks to curb food intake, thus ameliorating the extent of morbid 
obesity.

Morbid obesity is a metabolic-consumption disorder of varying 
etiology.  In short, it is an inability to store and/or use energy 
efficiently, followed by an excessive accumulation of body-fat.  Of 
importance, several related health consequences known as co-
morbidities follow obesity, including but not limited to cardiovascular 
disease, osteoarthritis, and diabetes.  Thus, clinically defined as a 
body-mass index exceeding 30 kg/m2, obesity is a growing social 
concern in the United States.  For instance, epidemiological surveys have shown increasing rates of 
prevalence, and this trend is not expected to lessen in the immediate future.  Due to this, a science that 
seeks to treat obesity is developing at a rapid rate, and for the most part, the procedures produced from this 
discipline mainly include surgical and behavioral regimes.  For instance, current bariatric procedures include 
adjustable gastric banding, Roux-en-Y gastric bypass, gastric sleeving, and biliopancreatic bypass.  While 
these regimes do show high rates of effectiveness, their surgical nature embeds in them an inherent degree 
of invasiveness that either (a) restricts one’s ability to be treated and/or (b) causes adverse side effects in of 
themselves.  With this rationale in mind, it seems apparent that a more pervasive and less invasive obesity-
treating system is in order.  Being of pace-maker-like size, the implantable gastric stimulator fits this bill and 
therefore may be a highly useful obesity-treating option.

As this is a novel treatment option, possible mechanisms of action are currently speculative.  Although 
true, there is a growing body of evidence to support that electrical stimulation works upon several biological 
processes.  In more detail, the electrical stimulation may exert its effect directly on the peripheral nervous 
system, thereby correcting gastrointestinal activity.  In line with this notion, gastric stimulation has been 
shown to affect the gastric slow wave.  It has been used to treat nausea and vomiting caused by gastroparesis
—a condition marked by impaired slow waves.  Another mechanical explanation is the stimulator’s effect on 
fundic relaxation, of which has been suggested to cause satiation in the patient.

Likewise, electrical stimulation may indirectly impact the central nervous system—via the vagus nerve—
thereby inducing feelings of satiation.  Originating from the Latin word wandering, as its name implies, the 
vagus nerve extends throughout the body, connecting the brain to the viscera.  For this reason, the nerve is a 
major component of the braingut axis, and en route it innervates key organs, such as the heart and lungs.  
The electrical currents passed through the IGS device are believed to simulate these satiation signals, which 
the brain interprets as fullness, thereby decreasing consumption and overall weight.

The Gastric Stimulator—is of 
equal size to the cardiac pacemaker 
shown above, and is implanted 
using so-ca%ed minima%y-invasive 
laparoscopic techniques
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IMPLANTABLE GASTRIC STIMULATION
In concordance with this notion, neurohormonal activity is heavily expressed at 
the vagogastric junction (i.e., synapse between the vagus nerve and the 
stomach), and these hormone/receptors are co-localized centrally—in the brain.  
For instance, cholecystokinin and leptin are anoretic—appetite suppressing—
compounds produced by intestinal cells and adipocytes, respectively.  
Responding receptors are expressed in the brain, particularly in regions that 
directly synapse with the afferent vagal projection.  Such regions include the 
nodose ganglion and the nucleus of the solitary tract (NTS), as well as 
hypothalamic nuclei involved with appetite (e.g., arcuate nucleus).  To drive this 
point home, vagal activity is correlated with satiation, and electrical stimulation 
has been associated with increases in vagal activity.

 The use of implantable gastric stimulation to treat obesity shows promise in that it may lead 
to decreases in consumption, as well as the prevalence of obesity-related co-morbidities.  Unlike other 
surgical procedures, electrical stimulation does not permanently alter the structure or function of the gastric 
system, and as a laparoscopic procedure, it is a less invasive compared to current surgical treatments.  Thus, 
research investigating the mechanisms of action is further warranted to provide a deeper understanding of 
its clinical significance and to allow for its rapid therapeutic application.
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