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BASIC FACTS ABOUT JYI
The Journal of Young Investigators (JYI) is an independent, non-profit, 
peer-reviewed, online science journal.  JYI is managed entirely by and for 
undergraduate students from across the United States and abroad.  

Recognizing the importance of science communication among 
scientists and with the general public, JYI believes that training in 
effective communication should be integral to science education.  As 
the first national, hands-on attempt to provide such training for 
undergraduates, JYI is dedicated to publishing only undergraduate 
research and science feature articles and to involving undergraduates in 
every step of the writing, editing, and peer-review processes. 

Since its founding in 1997, JYI has received financial and other support 
from the National Science Foundation, the Burroughs Wellcome Fund, 
Glaxo Wellcome Inc., Science Magazine, Science’s Next Wave, 
Swarthmore College, Duke University, Georgetown University, and 
others. JYI’s unique approach that supplements traditional 
undergraduate science education has been recognized in Science, 
Nature, EurekAlert!, Chemical Engineering News, The Chronicle on 
Higher Education, and The New York Times. 

MISSION AND PURPOSE 
JYI’s mission complements current higher education initiatives that aim 
to make students’ science education more experiential and 
research-oriented.  JYI addresses the remainder of the research process: 
communicating one’s research, reviewing and being reviewed by peers, 
writing about science for the general public, and other aspects of 
publishing and disseminating scientific information. 

SCOPE 
JYI publishes research and review articles in the biological & biomedical 
sciences, physical sciences & mathematics, engineering & applied 
sciences, and psychology & social sciences.  Additionally, all published 
news and feature articles must also involve these fields in some manner.

STAFF 
JYI is managed by a student Board of Directors, which directs the daily 
operations of the journal and runs JYI.  The Board of Directors is advised 
by former alumni and the Board of Trustees, with representatives from 
academia, business, publishing, and the non-profit sector.

CONTACT INFORMATION 
General Inquiries:           info@jyi.org 
Publication Inquiries:     eic@jyi.org 
Staff Inquiries:                  dhr@jyi.org 

www.JYI.org
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FACTS & FIGURES *

Journal Founded:  February 1997 

Publication Frequency:  Monthly 

Research Manuscripts Published:  162

Feature Articles Published:  269

Volumes Published:  19 

Issues Published:  103 

Over 60,000 unique visits per month

Over 400,000 page views per month

Number of JYI Staff: 75

JYI Staff Institutions Represented:  >50 

Number of Countries Represented:  10 
(Australia, Canada, China, Ghana, India, 
Indonesia, Nepal, Singapore, UK, USA)

           *as of 09/11/2009

JYI is a 501(c)(3) not-for-profit organization 
that is committed to the fundamental principle 
of equal opportunity and equal treatment for 
every prospective and current staff member, 
affiliate, author, or mentor. JYI does not 
discriminate on the basis of sex, gender 
identity, age, religion, race, color, national, or 
ethnic origin, disability, status of a disabled 
veteran or status of a covered-veteran in the 
administration of its policies, procedures, and 
operations of the organization, including and 
not strictly limited to article submission, 
journal publication, employment, or 

partnerships. 

Celebrating Ten Years of Undergraduate Peer-Reviewed Science Publishing JYI
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PEER-REVIEW AND TECHNICAL WRITING PROGRAM 
JYI provides the opportunity for students to write and review original research 
articles under the guidance of their faculty advisors.  Although many students 
conduct research, few are co-authors of a published manuscript and even fewer 
participate in writing the manuscript.  JYI actively encourages undergraduate 
authors to work with their research advisors to assemble, write, and submit a 
manuscript to JYI. 

After submission, manuscripts enter JYI’s peer-review process and are read by 
at least two undergraduate editors, who have been trained in how to review 
research articles and are required to work closely with their faculty advisors.  
Each student writes a standard review report, which is sent back to the author.  
The entire process promotes student-to-student and student-to-professor 
interactions, teaches students how to read and review research manuscripts, 
and improves science writing and communication for all students involved 
through feedback from JYI’s editorial staff and their faculty advisors. 

SCIENCE JOURNALISM PROGRAM 
In 2001, JYI initiated a science journalism program, which has developed into a 
writing-intensive immersion into effective science writing for the general 
public.  Students in the program compose a diverse array of articles on topics 
from science policy to recent discoveries.  

To complement their writing experience, the undergraduates also edit news 
and feature articles written by other students in the program.  Professional 
science writers from places such as The Howard Hughes Medical Institute, 
Lawrence Livermore National Laboratory, and the Journal of the American 
Medical Association serve as mentors to these undergraduate science 
journalists by reviewing articles and providing detailed, constructive feedback.  
The combined experience of writing and reviewing non-technical science 
writing prepares students for careers in science writing and as future 
contributors to a scientifically-literate public. 

SAMPLE PUBLICATIONS

Research Articles:
Computer Modeling of Physiological Conditions for Better Understanding of 
Intracranial Blood Pressure and Brain Vasculatur
http://www.jyi.org/research/re.php?id=1607

Beta-catenin Mediated Wnt Signaling as a Marker for Characterization of 
Human Bone Marrow-Derived Connective Tissue Progenitor Cells
http://www.jyi.org/research/re.php?id=190

News & Features:
fMRI Lie Detection: Is there Science Behind Deception?
http://www.jyi.org/features/ft.php?id=3510

New Mathematical Formula Could Prevent Devastation from Tsunamis
http://www.jyi.org/news/nb.php?id=3497

JYI EXECUTIVE BOARD 
Chief Executive Officer: 
Shiv Gaglani
(Harvard College)

Chief Development Officer: 
Daniel Choi
(University of Chicago)

Editor in Chief: 
Alexander Patananan
(UCLA)

Senior News and Features
Editor:  Falishia Sloan 
(Eastern Virginia Medical
 School)

Senior Research Editor: 
Matiram Pun
(University of Calgary)

Managing Editor:
Matthew Canver
(University of Pennsylvania)

Director of 
Human Resources:  Sherry Yu
(Case Western Reserve 
University)

Director of Career Center: 
Tudor Cisu
(University of Virginia)

Director of Public Relations: 
Christopher Chung
(Princeton University)

BOARD OF DIRECTORS
Selby Cull 
(University of Washington)

Holly Wong Cummings
(University of Louisville)

Andrew Medina-Marino
(California Institute of 
Technology)

Mary Patyten
(CSU Monterey Bay)

Dr.Brian Su 
(Columbia University)

T.Sibley Verbeck
(Swarthmore College)

CHAIR OF THE BOARD
Courtney Peterson 
(Harvard University)
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Founded in 1997, the JYI now has over 75 staff members,
      representing 50 institutions in 5 different countries

general info:  info@jyi.org
media info:  dpr@jyi.org

At the heart of JYI's mission, we hope to provide a forum for us, the 
undergraduate scientists, to showcase and publish our research, discuss our 
experiences, and communicate with the scientific community our thoughts, 
ideas, and concerns.
JYI aims to provide a forum across the barriers of scientific disciplines and 
fields of study

Journal of Young Investigators 
Undergraduate online research journal. Staffed entirely by undergrads from around the world. 
Peer-reviewed and published monthly

Join an international network of undergraduate science students
      
      Gain hands-on experience in:   
      Peer-review, Editing and Science Writing
          Running and Publishing a Journal
      Business and Management Skills
      Marketing and Public Relations

 

Get published! 
Work with your research advisor to write  
and submit a manuscript to JYI 
 
Network! 
Work with research programs, science students 
and institutions from around the world 
 
 
For Available positions see:  http://www.jui.org/participate.php 
For Submissions see:  http://www.jyi.org/submissions 
 

Write!
For JYI articles: features, news, career, media

Submit!
JYI accepts all areas of science
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www.JYI.org
JYI - The Premier Undergraduate Research Journal
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    MESSAGE FROM THE BOARD OF DIRECTORS 
 

 Dear JYI Reader, 
 
   JYI was conceived when Andrew Medina-Marino observed that undergraduates learn 
far too late how to write and publish science.  Along with the help of four other 
undergraduates, myself included, Andrew founded JYI in February 1997 to provide the 
first national educational experiences for undergraduates in communicating and 
publishing science.  In describing the founding of JYI, Nature magazine recounted the 
story of how the five of us undergraduates locked ourselves up in a Baltimore hotel for 
hours to construct the mission statement for an undergraduate research journal. Though 
that original mission statement signed by the five founders was only two pages long, it 
very clearly stated the intention of creating a venue that would help undergraduates 
understand the process of scientific writing, review, and publication--a mission that JYI 
still stands firmly behind to this day.    

   Over the past 12 years now, JYI has enjoyed both tremendous successes, as well as 
some difficult challenges.  One of the first serious challenges was continuity: By the time 
the five founders established the infrastructure, obtained funding, and recruited the 
original editorial staff for JYI, they were close to graduating from college. There were 
serious questions about the viability and future of JYI because of the inevitably high 
turnover rate inherent in undergraduate-run organizations.  However, these concerns 
quickly diminished, as new remarkable student leaders were recruited to replace the five 
founders.  Over the years, each new crop of student leaders have contributed to JYI's 
educational programs and have developed different ways of reaching out to 
undergraduate scientists.  For example, one of the major additions to the journal was a 
new science journalism section and the accompanying science writing program, a project 
spearheaded by Mary Patyten.  Another initiative, the JYI Science Career Center was 
born when Courtney Peterson wrote and received a grant from the Burroughs-Welcome 
Fund to start a career resource for undergraduates.  Through the constant inflow of 
innovative ideas and the most talented staff, JYI has flourished more than anyone could 
have expected    

   Now at the release of JYI's first The Best of JYI in-print issue, I marvel at the progress 
we have made and the hundreds of students JYI has affected. Since JYI was founded, 
we have published hundreds of original peer reviewed manuscripts and features articles 
with submissions from 15 different countries. These articles range from the Toxic Effects 
of Mercury on Survival Rates of the GL Strain Danio rerio (Zebrafish) to Shape 
Invariance in Supersymmetric Quantum Mechanics and its Application to Selected 
Special Functions of Modern Physics.  More importantly, several hundred 
undergraduates have been affiliated with JYI through publishing their research, serving 
as staff members, and reading articles on the JYI website.  This network of young 
scientists is priceless and is something that we hoped would naturally come out of this 
organization.  On top of this, JYI has received grant support from several institutions 
such as the National Science Foundation, the Burroughs Wellcome Fund, and Duke 
University, and JYI's accomplishments have been noted in publications such as Nature, 
the New York Times, and Chemical Engineering News   

  I can confidently say on behalf of the founders that JYI has gone above what we 
imagined the fate of this journal to be. We are astounded by the accomplishments of 
undergraduate scientists and their ability to make endeavors like this one persist. We 
thank you for successfully fulfilling JYI’s mission and look forward to even more growth 
in the years to come.  

 
Sincerely, 
Brian W. Su, MD 
Attending Spine Surgeon, Mt. Tam Orthopedic and Spine Center 
Board of Directors and Founding Member 
The Journal of Young Investigators 
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MESSAGE FROM THE CHIEF EXECUTIVE OFFICER 
 

Dear JYI Reader, 
 
   Welcome to the inaugural The Best of JYI issue! Though this is our first printed issue, 
JYI has been a strong presence in the undergraduate research community since its 
inception in 1998 - over one decade ago! In that time, we have printed over 1,150 articles 
and worked with hundreds of staff members - undergraduate and graduate students -
from six continents. Before I discuss where we are going, I want to briefly describe where 
we have come from and how that has made all of this possible.   
 

   Isaac Newton once famously said, “If I have seen further it is because I have stood on 
the shoulders of giants.”  This saying is clearly applicable in JYI’s case. We were founded 
by five undergraduates from three different universities who now include among them a 
CEO, surgeon, and PhD in molecular neuroscience. Following their examples, we have 
received hundreds of applications from intelligent and motivated young investigators all 
over the world who, after their JYI experience, go on to be scientists, professors, doctors, 
businessmen, and writers among many other careers. 
 

   It is an exciting time to be a part of JYI, especially given our prolificacy and expansion 
into audio and video content. Though we are an established organization we are 
continuously starting new projects initiatives. The issue that you are reading right now is 
an example of this. It is truly the Best of JYI. We hope that you enjoy reading it as much 
as we enjoyed putting it together. 
 

Sincerely, 
Shiv Gaglani 
Harvard University 
Chief Executive Officer 
The Journal of Young Investigators 
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MESSAGE FROM THE EDITOR-IN-CHIEF 
 

Dear Colleagues, 
 

   Welcome to The Best of JYI. Within the following pages you will find dozens of original 
research and features articles testifying to the hard work and dedication of hundreds of 
undergraduate researchers from around the world.  As you read their papers, you will 
also be exploring the rich twelve-year history of JYI.  Originally founded by just a handful 
of students, JYI has grown and prospered into the premiere international undergraduate 
research journal that it is today.  Fueled by the convictions of its staff members to make a 
difference to those around them, both locally, nationally, and internationally, JYI has 
influenced the lives of thousands of people, through offering publication opportunities to 
authors in developing nations, training students in the art of writing and critically 
analyzing scientific papers, and encouraging collaborative efforts.  However, it must be 
made clear that JYI has not obtained such influence with ease, but with the continued 
diligence and sacrifice of its staff members. 
 

   I once heard the story of a gentleman who was invited to the control tower at a major 
international airport.  As the controller was giving vectors to land for a 747-400 jumbo jet 
coming from afar, an old 737 lined up on the runway to take off.  However, it was then 
that a slight problem occurred - one of the engines of that old 737 stopped working and it 
could not take off.  Stuck on the runway, with an oncoming 747, a disaster was imminent.  
Nonetheless, with a couple of sentences stated by the calm controller, the pilot of that 
747 subsequently applied thrust and made a go around.  Imagine for a second that you 
were in the back of that 747.  Most likely you would have been shocked and concerned 
when the plane you thought would touch the ground began going back into the blue sky.  
In this situation, the only thing that you could do was trust the pilot at command.   
 
 

   I bring this story up to illustrate the commitment and dedication of our staff and the 
authors whose publications you read today.  In life, there is a season for everything: a 
time to cast away stones, and time to gather stones together; a time to get, and a time to 
lose; a time to keep, and a time to cast away; a time to rend, and a time to sew; a time to 
keep silence, and a time to speak.  Throughout these changing seasons, which may be 
the undergraduate career for some, all that one can really do is maintain faith, remain 
focused, and persevere.  But, it is during these periods that we must consider them that 
have endured contradictions by others against themselves, such as in the case of Albert 
Einstein, Isaac Newton, and Galileo Galilei, lest we be wearied and faint in our minds.  
Wherefore seeing we also are compassed about with so great a cloud of witnesses, such 
as our friends, families, and colleagues, let us lay aside every weight that so easily 
besets us in this New Year and decade, and let us run with patience the race that is set 
before us.   
 

   As you hold the The Best of JYI in your hands today, I would encourage you to read the 
articles, be amazed by the various initiatives accomplished, and rejoice in the efforts of 
people from around the world joined by a common cause.  However, I would also 
encourage you to look deeper in the text presented before you, realizing and appreciating 
the personal sacrifice, dedication, and hard work that has gone into each word you read 
in this publication.  To the readers who are in a season or rejoicing, who may have been 
published in this journal or others, I give you my personal congratulations.  But to those 
undergraduates, working diligently in a lab somewhere to make a difference in the lives of 
others, I say this - no chastening or difficulties in the present seem to be joyous, but 
grievous.  Nevertheless, persistence and faith through these times yield bountiful fruit 
unto them which are exercised thereby.  As the Editor-in-Chief, I am excited to be a part 
of JYI and a witness to the amazing accomplishments that have occurred at this 
organization over the years.  To the reader, I hope that this printed edition of JYI proves 
to be an encouragement to you, and that the year 2010 be a prosperous time filled with 
growth and opportunity.   

 

With kindest regards,  
Alexander Nikolich Patananan  
University of California, Los Angeles 
Editor-in-Chief 
The Journal of Young Investigators 
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MESSAGE FROM THE SENIOR RESEARCH EDITOR 
 

Dear JYI Reader, 
  
   Ten years ago, when the Journal of Young Investigators (JYI) launched as a web-only 
showcase for undergraduate research there were not many undergraduate journals 
present. However, because most professional international journals are print-based, this 
student-led initiative of web-only publishing was significantly questioned. The idea of 
launching a print-version of JYI was quite often discussed among staff members, often 
leading to intense debates. Nevertheless, after more than 10 years since our original 
publication, JYI finds itself as a mature and time-tested journal. In addition, many of those 
professional journals that started with print-only versions have gone online to reduce the 
cost of publishing and make the research accessible to everyone around the globe. As a 
result of which, we have been going for the print version on the celebration of our ten 
years of publication. But this is not the usual and traditional print publication! This is The 
Best of JYI for the last ten years from both the Research and Features Departments. 
 

   We aptly realize that there are many undergraduate students from around the world 
participating in a variety of research projects. Although publication is an inherent part of 
research, many undergraduates simply do not have the experience to publish in highly 
competitive professional journals. This is where JYI bridges the gap. Primarily, JYI 
focuses on streamlining and guiding authors and researchers to shape their manuscript 
scientifically. It is the team work, detailed guidance and communication at JYI that has 
kept our international staff together even though we all belong to different scientific and 
engineering specialties. In both of these arms, the researcher undergraduates and JYI 
staff are involved to improve their research skills, publication and leadership in the field. 
 

   In academia research and publications do not only consist of original research 
publications but also reviews, perspectives, news, and features and most recently 
through blogging. At JYI, this issue has been addressed via the incorporation of a News 
and Features Department. This department works hand-in-hand with other departments 
at JYI. For example, we have recently launched some the joint ventures, such as our 
Pandemic Swine Flu (H1N1) publication. The Best of JYI is an effort from all of our 
Departments. Besides interdepartmental projects, JYI also has other landmark 
collaborations, such as the 2009 Informer MEDICON Conference, the First Annual JYI 
Virtual Poster Competition, and collaborations with the United States Department of 
Energy’s Journal of Undergraduate Research.  
 

   The challenges are not yet over and we have may other dimensions to address. The 
undergraduate research and its manuscript preparation need to be mature. The 
communication skill has to be sharpened. We need to balance between professional 
publishing and guiding principles to the authors. Neither of them to be compromised and 
we need to make sure the authors are properly guided and encouraged. This is a bit 
tricky in the background that we all are students and we have our own mission going on 
along with this. Here, the training of JYI will make the staff more efficient and particular 
on their assignment and commitment. This is a subtle and intricate mechanism of our 
journal. As we step into the next decade of publication, we will launch JYI with a fresh 
campaign among undergraduates, more global, and work for indexing it in the future. 

 
              Sincerely, 

Matiram Pun 
University of Calgary 
Senior Research Editor 
The Journal of Young Investigators 
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MESSAGE FROM THE SENIOR NEWS  
AND FEATURES EDITOR 

 
Dear JYI Reader, 
 
   When I was tasked with choosing just a few select feature articles for this first inaugural 
The Best of JYI issue, I knew I had a daunting task in front of me - not only because of 
the volume of articles that have accrued over the past 10 years, but also because of the 
immense quality of these science articles which have been published in JYI’s News and 
Features Department.  I was sure it would be like a spacewalk - I would see and observe 
wonderful, majestic sites within the expansive folds of JYI’s archives, wanting to grab it 
all and yet being able to grasp an arm’s breath at best.   
 

   Despite the awesome threshold set before me, however, I tallied forth, and was able to 
choose what I thought was a good representation of the quality and vast subject matter 
explored by JYI’s staff over the past years.  What I was not expecting when I set forth 
through this journey was the immense interest and, at times, awe that I felt as I searched 
through the articles.  10 years may not seem like too much, but to the ever-evolving that 
is science, it is nearly an eternity.  How interesting it was to read past articles on a variety 
of topics concerning stem cells, and to observe the evolution of knowledge that took 
place in the science world and was thus mirrored in the articles….from an article focusing 
on “Defining Stem Cells”  to an article discussing “The Buzz with Stem Cells”, to articles 
discussing the possibility of treating Diabetes Type I with stem cells, and later to news of 
major advancements towards the curing of Lou Gehrig’s Disease using stem cells that 
was included in our  annual “Scientific Breakthroughs of 2008” compilation. 
 

   There are more advancements in stem cell therapy that have taken place thus far and 
will take place in the near future - but look how far we’ve come so far in the journey - and 
much of it has been chronicled through the years by scores of JYI writers.  This is one of 
the fundamental reasons I believe JYI is such an integral part of the undergraduate 
science education - it truly does address the necessity of peer-to-peer scientific 
collaboration and knowledge propagation amongst undergraduates around the world. 
One of the best characteristics of science is the fact that what one scientist has 
contributed to the world is just that - a contribution to the world - and this this can start as 
early as an exploratory article on a new concept called “stem cells” published in an online 
undergraduate science journal.  Years (or months) from now, when stem cell therapy has 
been studied and is readily utilized to treat and cure disease, elementary school students 
will do research and try to imagine a world where such a tool was as-of-yet unknown. 
What today may seem farce in the scientific community may very well seem common 
place to the lay person of tomorrow - right Dr. Buzz Aldrin?  

 
Sincerely, 
Falishia Sloan 
Eastern Virginia Medical School 
Senior News and Features Editor 
The Journal of Young Investigators 
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MESSAGE FROM THE DIRECTOR OF   
THE CAREER CENTER 

 
Dear JYI Reader, 

  
   The Best Of issue of the Journal of Young Investigators is an exemplary display of 
undergraduate research which commemorates a decade of quality research, technical 
writing, and the overall success of this student-run journal itself. Browsing through these 
papers, one will find early signs of scientific maturity, commitment, and imagination. As 
these traits are essential in becoming a professional researcher, there is no doubt that 
the link between undergraduate research and future scientific achievement is strong. 
There is, indeed, much hope for the future of our global scientific community.        
 

   Apart from this splendid compilation of research publications, JYI has broadened its 
horizon with the inception of the Science Career Center (SCC). As a department of JYI, 
the SCC lives up to the mission of the organization, but has its own particular goals as 
well. Specifically, the Science Career Center serves both to prepare undergraduates for 
careers in science and to make students aware of the plethora of vocational opportunities 
that are available within the realm of science. By interviewing professionals in a diverse 
array of fields and particularly leaders in science, the SCC provides relevant articles and 
resource that hopefully inspire undergraduates to think about careers in those areas.                                                    

   Currently, there are several ongoing initiatives taking place within the Science Career 
Center of JYI. The primary project is the creation and maintenance of an organized, user-
friendly, and comprehensive list of summer undergraduate research opportunities. With 
over 150 summer fellowships and internships already in more than ten fields of science, 
this is the most complete list available on the Internet for undergraduates. Another such 
proposal through the SCC has been a possible collaboration with the U.S. National 
Institutes of Health, Science Magazine’s ScienceCareers.org, and Nature Magazine’s 
NatureJobs.org. This proposal would entail either a mentorship program with 
professionals in science or a facilitated process through which college students can 
easily find jobs or laboratories to work at soon after graduation.                                                         
 

   Since JYI is a journal led entirely by students, we have courses and research activities 
at our undergraduate schools that often get in the way of such projects and initiatives. 
Having said this, the journal, particularly the Science Career Center, is always looking for 
motivated undergraduates to work as Career Researchers and Editors. This is an 
excellent opportunity for students to become involved in the international science 
community, to network with leaders in science, research, and medicine, and to contribute 
to the journal’s mission of promoting undergraduate science training and research. You 
find all available positions, as well as requirements and expectations, at 
http://www.jyi.org/participate.php. 
      

Sincerely, 
     Tudor Cisu 
     University of Virginia 
     Director of the Career Center  
     The Journal of Young Investigators 
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Novel H1N1 Influenza: The Study of a Pandemic 
 

Meet the Authors 

                                                   
 
 
 
 
 
 
“I had a little bird 
Its name was Enza 
I opened the window 
And in-flu-enza” 

 
--Children‟s Skipping Rhyme,  

Spanish Influenza Pandemic of 1918 
 
 
    
 

t is an old rhyme that describes the situation 
in 1918, during the first wave of influenza 
pandemic. What started as a mild common 

cold soon spread worldwide, killing an estimated 
40 million people and shattering the previous 
notion that the flu was not a mortal illness (Pan-
demic).  The results were devastating.  The 
pandemic killed more people than World War Ι, 
and more people than 4 years of the Bubonic 
plague.  (Molly Billings, 1997)  Since, two other 
influenza pandemics have occurred:  the 1957 
Asian Influenza and the 1968 Hong Kong Influ-
enza.  While both were terrible, the 1918 influ-
enza has been the only flu pandemic associated 
with mortality measured in 1000 per 100,000 
population ( Belshe 2005).  
   In October of 1918, something unusual hap-
pened after the Iowa Cedar Rapids Swine Show.  
Most of the pigs at the show were infected with a 
respiratory disease that was similar to the sea-
sonal flu experienced at the time by humans. 
Occurring at the same time as the human influ-
enza pandemic, it was widely believed that the 
virus had adapted to the pigs. It was not until 
1931, however, that this was proven when Rob-

ert Shope, a veterinarian, infected healthy pigs 
by transmitting the virus containing secretions 
from sick pigs.  Shope`s next experiment 
showed that the serum from adults could neu-
tralize the swine influenza virus strain.  He fur-
ther went on to prove in 1931 that secretions 
isolated from almost everyone who was older 
than 12 years protected the mice from challenge 
with the virus isolated from the pig in 1930. The-
se experiments showed that a virus anitigenical-
ly similar to the pandemic virus had been in the 
human population and had origin in the 1918 
pandemic strain. (Shanta M. Zimmer and Donald 
S. Burke 2009)  
   So, when the news of the swine flu broke out 
in April 2009, the fear was palpable. Soon 
“swine flu” was the buzz word in international 
health and travel. Globally, it has been respon-
sible for more than a hundred thousand con-
firmed cases and about eight hundred deaths 
(World Health Organization 2009). This article 
will aim to understand the basics of H1N1 virus 
and how it affects humans: the path physiology 
and the pharmacology involved in treatment.  

 
What is Swine Flu?  
   “Flu” refers to the contagious respiratory ill-
ness caused by the influenza virus. The influen-
za virus belongs to the family Orthomyxoviridae 
and is a RNA virus. It has three genera: A, B 
and C. Genus A is responsible for pandemics 
though all three can infect humans. The virus 
particle is 80 to 120 nanometers in diameter and 
spherical in shape (ICTVdB Management 2006). 
The structure of the virus is shown in Figures 1 
and 2.  

I 
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Figure 1: Structure of Influenza virus  

 

 
Figure 2:  Structure of Influenza Virus  

 
   The viral envelope contains two main types of 
glycoproteins: hemagglutinin (H) and neuramini-
dase (N). Hemagglutinin anchors the virus to 
any cell it seeks to enter while neuraminidase 
helps the invading viruses to digest their way 
through mucous secretions as they approach 
the host cell (Watts 2009). These proteins are 
responsible for adaptation of the virus to a host 
cell and often are responsible for generating an-
tibodies that are directed against them. The he-
magglutinin comes in 16 structural subtypes and 
nine types of neuraminidase. The nomenclature 
of the influenza virus is based on antibody re-
sponses to these glycoproteins.  The avian in-
fluenza A virus is H5N1.  The „swine flu‟ virus is 
H1N1 influenza A virus.  It was originally termed 
“swine flu” virus because initial laboratory testing 
suggested that the genes of the novel virus are 
very similar to the genes normally found to pass 
amongst North American pigs (CDC 2009a). But 
further study has disproved this notion, and it is 
now appropriately called as novel H1N1 influen-
za virus or simply, H1N1.  
 
Evolution of influenza virus  
   The „swine flu‟ virus is related to the 1918 
H1N1 influenza virus (Zimmer and Burke 2009).  

In fact, all of the influenza A pandemics that we 
have experienced since 1918 and nearly all 
cases of influenza A worldwide have descended 
from the 1918 Spanish Influenza pandemic 
(Morens).  However, while related, they are not 
the same virus.  Over a period of time, influenza 
viruses undergo remarkable changes in struc-
ture by means of mutation, known as “drift and 
shift,” or through “genetic reassortment.”  
(Morens, Taubenberger and Fauci 2009) If two 
viruses infect the same cell, they may exchange 
their genetic material during replication in a pro-
cess known as reassortment. Moreover, reas-
sortment can occur between viruses that infect 
different species. Because of this reassortment, 
new varieties of viruses are continuously pro-
duced, the process of which is exhibited in Fig-
ure 3. Because the human immune system has 
never been exposed to these novel strains, it is 
possible for it to become overwhelmed, resulting 
in prolonged illness, more severe symptoms 
than the seasonal flu, and, in some cases, 
death.   

     
Figure 3:  Reassortment of influenza virus 
 
   The current novel H1N1 virus has two genes 
from flu viruses that are usually found in pigs in 
Europe and Asia, in addition to avian genes and 
human genes.  Hence, scientists also call the 
H1N1 virus a “quadruple reassortant” virus 
(Center for disease control and prevention 
2009a). Therefore, although the influenza virus 
of 1918 pandemic and the current „swine flu‟ 
virus are both H1N1, but they are different in 
terms of the amino acids that make up their he-
magglutinin proteins and the genetic material 
they contain.  The „swine flu‟ virus is the strain 
S-OIV of the H1N1 Influenza virus (Zimmer and 
Burke 2009). 
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How severe is the current H1N1?  
   The influenza pandemic in 1918 had a case 
fatality rate of 2.4% (,Jeffery K. Taubenberger 
and David M. Morens,2006); pandemics occur-
ring afterwards had lesser case fatality ratios.  In 
general, death due to influenza epidemic is often 
less than 0.1%.  The Center for Disease Control 
and Prevention reports that complications result-
ing from seasonal viruses cause around 36,000 
deaths in a year in the U.S. and are responsible 
for around 200,000 hospital admissions.  Initial 
data suggests that the current H1N1 virus is rel-
atively mild, with a case fatality ratio around 
0.5%, similar to the upper range of that seen for 
seasonal influenza (Garske et al 2009). 
    The proposed marker of pathogenicity of 
H1N1 virus is a coding sequence for the small-
est of the viral proteins, PB1-F2.  This sequence 
was present in the viral strains causing the 
Spanish Influenza pandemic of 1918 in addition 
to the pandemics of 1957 and 1968, but is miss-
ing in the current H1N1 virus (Wang and Palese 
2009).  However, there are some aspects of the 
current H1N1 virus which makes it more aggres-
sive than the usual seasonal flu virus.  Recent 
studies have shown that the H1N1 virus causes 
more severe infection in the lungs than is ex-
pected from a seasonal flu (Itoh et al 2009). It 
has been known to cause severe illness, acute 
respiratory distress syndrome, and death in pre-
viously healthy young-to-middle-aged individuals 
(Perez-Padilla et al 2009).  
     Dr. Jonathan Yewdell, MD,PhD, of the Na-
tional Institutue of Allergy and Infectious Dis-
ease, National Institutes of Health (NIH), says 
that while the flu does not currently appear to be 
as severe as some others, it could potentially 
exhibit a high pathogenicity due to the lack of 
immunity amongst people against the virus re-
sponsible for the swine flu.  “There is little exist-
ing immunity to the swine origin influenza virus 
(SOIV),” said Dr. Yewdell.  “The transmission 
rates are likely to be extremely high.  Currently 
circulating strains seem to be of relatively low 
pathogenicity, but this can change with just a 
few mutations.” 
   Mirroring the concerns of Dr. Yewdell is Arteal-
ia A. Gilliard, representative from the Centers for 
Disease Control (CDC).  “There is merit behind 
concern for novel H1N1,” she states.  “This is a 
mild to moderate disease that is spreading ill-
ness rapidly from person to person.  It has 
caused a range of illness, and in some cases, 
death.”  
   
 

Symptoms and the at risk population  
   The symptoms of infection with H1N1 virus is 
similar those of the seasonal flu.  Fever, cough, 
sore throat, runny or stuffy nose, body ache, 
headache, chills, and fatigue occur in most pa-
tients, and few may experience diarrhea and 
vomiting (CDC 2009a).  The danger signs of the 
illness in both adults and children include diffi-
culty breathing, persistent vomiting, and flu-like 
symptoms which resolve but are replaced by 
fever and a worse cough.  In most cases, the 
symptoms resolve within a week or so after the 
illness.  As a general rule, viral infections and 
their severity are more common in people with 
weakened immunity; hence, children less than 5 
years old, elderly people older than 65 years, 
and often pregnant women are expected to fare 
worse than others.  In addition, people with pre-
existing medical illnesses such as asthma and 
diabetes have worse symptoms.  Health care 
professionals who may be in direct contact with 
the flu patients are also at risk.  However, the 
age group at risk in terms of mortality for the 
current H1N1 virus is between 5 and 64 years of 
age, which is in contrast to that which is  normal-
ly seen in seasonal influenza, where an estimat-
ed 90% of influenza-related deaths occur in 
people 65 years or older.  Figure 4 shows the 
mortality rates observed in different age groups 
amongst 268 patients studied in United States 
(Center for disease control 2009c).  
 

 
Figure 4: Age-wise mortality in patients in-
fected with novel H1N1 influenza in United 
States among 268 patients  
   
   In addition, with the current H1N1 virus, preg-
nant women are four times more likely to be 
admitted to a hospital due to severe H1N1 dis-
ease than the general population (Jamieson et 
al 2009). The mortality rate is also higher in 
pregnant women. These infections in women 
can also lead to preterm births, anomalies and 
abortions (CDC2009d). Obesity (BMI>30), not 
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recognized as a risk factor in other forms of sea-
sonal influenza, is seen as a risk factor for de-
veloping flu- related complications in novel 
H1N1 influenza infection. The exact cause is 
unknown.  
   The different group affected has not gone un-
noticed by the CDC, whose representative notes 
the similiarities between the age patterns of the 
1918 virus and the current H1N1 virus.  “The 
1918 virus seemed to have disproportionately 
affected people between the ages of 5-14 - they 
had the highest infection rates, but the lowest 
death rates.  Similarly, people under the age of 
25 have seen the most illness and hospitaliza-
tion, but have low death rates as a result of the 
2009 novel H1N1 virus.  We still don't know why 
the 1918 virus affected so many young people, 
and we don't yet know why the 2009 virus is do-
ing the same.”    Ms. Gilliard also states that 
those who are over 65 and exhibit some immuni-
ty to the virus may do so due to exposure to the 
similar 1957 pandemic flu virus.  “The evidence 
suggests the possibility that older groups may 
have had some immunity from the virus, proba-
bly from exposure to a similar virus….This flu 
virus is unique because it is causing wide-
spread illness outside of the normal flu season, 
and it seems to be affecting certain groups more 
than others - for example, 50% of the people 
who have been hospitalized as a result of novel 
H1N1 are under the age of 25.  If people over 
the age of 65 are immune to novel H1N1, it 
might be because of exposure to the 1957 pan-
demic flu virus, which had some similar antigen-
ic characteristics to the 2009 flu…But there are 
lots of other possibilities, so we don't know for 
sure.”   
   According to Dr. Yewdell, the observance that 
the current H1N1 virus affects a different age 
group than does the regular seasonal flu may be 
due to differences in existing immunity to the 
virus.  “Some of the age-related difference are 
likely due to differences in existing immunity,” he 
asserts.  “Some are probably due to differences 
in innate immunity.  Age generally decreases 
immunity across the board.”  Dr. Yewdell states 
the goal for this current H1N1 virus is to vac-
cinate children, with the aim to make more peo-
ple immune to the disease and therefore more 
resistant to catching and spreading it, known as 
“herd immunity.”  “Current thinking is that chil-
dren provide a critical reservoir and vehicle for 
spreading epidemic flu—the idea is to vaccinate 
them (they also respond to vaccines better than 
the elderly) to provide herd immunity,” Dr. 
Yewdell explains.   

Spread of the virus, immunity and prevention 
   The spread of the H1N1 flu occur in the same 
way as the seasonal flu: through droplet infec-
tion and through direct contact. The infectivity 
period is believed to be a day before the symp-
toms develop and seven days thereafter (Center 
for Disease Control 2009a).  Despite the popular 
name of “swine flu,” the H1N1 strain has less to 
do with swine than initially thought.  The disease 
is transmitted like any other flu, and, hence, is 
not transmitted by eating pork meat.  Since the 
virus is already pandemic, it is important that 
people practice essential and effective basic 
hygiene measures, such as hand-washing for 20 
seconds with hot and soapy water, not re-using 
tissues, and properly disposing of tissues 
(O‟Dowd 2009). Covering your mouth and nose 
while sneezing is extremely important, and it is 
advisable to use alcohol-based hand cleaners, 
especially after coughing and sneezing, to both 
protect yourself and avoid infecting other people. 
In addition, avoiding contact with other people 1 
week after the illness can greatly decrease the 
chance of infecting others (CDC 2009a). 
    While experts agree that it is better to avoid 
coming in close contact with people with symp-
toms of the flu, some have decided to take a 
different and expert-deposed approach by hold-
ing “swine flu parties.”  These “parties” are gath-
erings in which people who are not yet infected 
with the H1N1 flu come in close contact with 
those who do have the flu in hopes of catching a 
milder, less dangerous form of the virus and 
thus the immunity that will come afterwards, as 
opposed to catching the virus later on in the 
year, when it may have increased in severity.   
While maybe shocking at first, this approach of 
pre-empting the more serious form of a given 
illness and building immunity on the milder form 
has been utilized for years with illnesses from 
smallpox to the chicken pox.  Experts have ve-
hemently spoken against this method for the 
current H1N1 virus, as it cannot be predicted if 
the resulting infection will be mild or severe.  Ms. 
Gilliard, CDC Representative, speaks strongly 
against these “parties.”  “Novel H1N1 can cause 
a range of illness - from very mild, in which peo-
ple get better on their own, to severe, in which 
people require hospitalization or die.  Each per-
son is different and is affected by the influenza 
virus differently - trying to catch the disease on 
purpose is very dangerous, and could be dead-
ly.”  The Center for Disease Control (CDC) has 
officially recommended against holding swine flu 
parties, stating:   
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“CDC does not recommend "swine flu parties" as a way 
to protect against novel H1N1 flu in the future. While the 
disease seen in the current novel H1N1 flu outbreak has 
been mild for many people, it has been severe and even 
fatal for others. There is no way to predict with certainty 
what the outcome will be for an individual or, equally 
important, for others to whom the intentionally infected 
person may spread the virus. 

CDC recommends that people with novel H1N1 flu avoid 
contact with others as much as possible. They should 
stay home from work or school for 7 days after the on-
set of illness or until at least 24 hours after symptoms 
have resolved, whichever is longer.” (Center for Disease 
Control, 2009a) 

Treatments 
   Antiviral drugs Oseltamivir and Zanamivir are 
currently recommended for the treatment of 
novel H1N1 infection. They reduce the duration 
of the illness and prevent serious complications.  
   Both Oseltamivir and Zanamivir are what sci-
entists call “neuraminidase inhibitors.”  They 
work by inhibiting the activity of neuraminidase, 
which is a glycoside hydrolase enzyme that 
works on neuraminic acids by cleaving their gly-
cosidic linkages.  By cleaving these linkages, 
viral neuraminidase allows the virus to penetrate 
cells.  By inhibiting the activity of viral neuram-
inidase (a common goal for preventing flu infec-
tion), these two treatments prevent cellular infec-
tion by the virus.  Inhibiting neuraminidase also 
decreases the probability that the illness will oc-
cur and the severity of the illness should it de-
velop, due to the fact that neuraminidase is also 
responsible for efficient spread of the virus and 
the intensity of the illness.  (Couch 2000).   
   While there is great promise for these vac-
cines, there have been reports of resistance. 
Reports have suggested that the virus is re-
sistant to Ostelamavir in most of the parts of 
Norway, whereas it is susceptible to this drug in 
parts of Japan. Ironically, Japan has one of the 
highest per-capita usages of the antiviral drug 
Ostelamavir, while in Scandinavia it is rarely 
used (Kent A .Sepkowitz, 2009).  This interest-
ingly odd pattern goes against the notion that 
drug resistance is normally parallel to drug over-
use.  The CDC representative states that while 
it‟s true that a flu virus may be resistant to one 
antiviral, it does not mean it will be resistant to 
other antivirals.  “Influenza is very unpredictable, 
and the virus is constantly evolving and moving 
forward.  Some of these changes can result in 
viruses being resistant to one or more of the an-
tiviral drugs that are used to treat or prevent 
them.  The good news is that so far, influenza 
viruses that are resistant to one antiviral, are not 
resistant to all antiviral.  A major part of the 

CDC's flu surveillance program is to test the dif-
ferent influenza viruses circulating in a particular 
year and to determine which antiviral is the best 
fit.”  In this regard, vaccines when available will 
be of great use in preventing the acquisition of 
the H1N1 virus.   
   With regards to a perhaps common miscon-
ception, the available seasonal flu vaccine does 
not protect against novel H1N1 influenza infec-
tion.  Dr. Yewdell states that this current H1N1 
flu is from a different lineage of flu, and therefore 
the regular seasonal flu vaccine will not “cover” 
the H1N1 flu, and people should get vaccinated 
if they can.  “The HA is from a different lineage.  
There is little antigenic cross-reactivity between 
SOIV HA and current HAs…they probably di-
verged more than 50 years ago.”  Stating that he 
believes a vaccine generated with the SOIV HA 
would be effective, Dr. Yewdell also notes that a 
vaccine against the current H1N1 virus will have 
to focus on its comparative antigenicity—or abil-
ity to evoke an immune response—with other 
current flus.  “The key to vaccines is matching 
the antigenicity of the vaccine with the circulat-
ing strains,” he states.   
   Dr. Yewdell finally advises: “Get vaccinated if 
possible.”  Ms. Gilliard concurs, suggesting that 
people visit the CDC website (www.cdc.gov) in 
order to find detailed information on how to pro-
tect themselves from the flu: “Check the CDC 
website for tips on how to prevent the spread of 
flu….cover your coughs and sneezes, wash your 
hands with soap, avoid touching your nose and 
mouth, and to stay away from sick people.  And 
if you fall within the recommended groups - get 
the seasonal and novel H1N1 vaccines as soon 
as they become available.”   
   A vaccine for novel H1N1 influenza is ex-
pected in the United States by mid-fall of this 
year—Ms. Gilliard of the CDC says, “We hope to 
have a vaccine ready in October.”  She also 
stresses that, “the CDC's Advisory Committee 
on Immunization Practices has recommended 
that people younger than 25 receive the novel 
H1N1 vaccine as soon as it becomes available.”  
Initially, it is planned to be given to the popula-
tion that is at a higher risk of developing serious 
complications. These groups include pregnant 
women, people who live with or care for children 
younger than 6 months of age, health care and 
emergency services personnel with direct pa-
tient contact, children 6 months through 4 years 
of age, and children 5 through 18 years of age 
who have chronic medical conditions (CDC 
2009b).  
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Conclusion  
   The novel H1N1 influenza virus is spreading 
through many countries around the world, and 
the number of cases is increasing every day.  
According to various reports in different parts of 
the world, the disease might not be as bad as 
initially feared.  Still, this is something that will 
not be known for sure until much later, and it is 
important for people to continuously monitor this 
virus and for the scientific community to regular-
ly look for any mutation or reassortment in the 
current H1N1 virus.  A high level of prepared-
ness is necessary to prevent a high mortality 
occurring from a sudden change in pathogenicity 
of this virus. What are the mechanisms that 
causes these changes, the factor related to in-
fectivity, transmissibility and or the sheer audaci-
ty of these primitive forms to challenge the high-
er or developed human race appears to be 
complex and poorly understood. Perhaps the 
facts that not long after the world had contained 
the Avian Flu, another type of Influenza had 
slipped under the radar, across the boundaries 
causing mass hysteria is bewildering enough. 
But even if it is the descendant of the 1918 pan-
demic virus, we have to believe that we have 
come a long way from the innovations and facili-
ties that were at disposal to the mankind in 
1918, and the virus might not wreak as much 
havoc as the initial wave of Influenza did in that 
fateful year of 1918.  
 
Special thanks to the CDC and to Dr. Jon 
Yewdell, NIH, for their contributions to this  
article.   
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fMRI Lie Detection: Is There Science  
Behind Deception? 
 
Karuna Meda 
University of Pennsylvania 
 

 
eception is a fascinating, yet 
un-settling, trait that pervades 
all cultures and societies, fes-

tering in the fissures of fragile human 
relations. Lies can take various forms, 
whether it is the blatant manipulation 
of facts or subtle omissions; in either 
form, deception is the concerted sup-
press-ion of the truth. The search for 
the truth – or the lack thereof - is 
something social scientists have pur-
sued for centuries, in an effort to re-
lieve the distrust and deceit that des-
tabilize social relations. However, it is 
difficult to identify a liar with consis-
tency and certainty. What behavioral 
markers does one look for? Shifty 
eyes, a shaky voice, and trembling 
hands are not sufficient evidence in 
the context of a courtroom prosecu-
tion. It is true that the anxiety of deceit 
is channeled in these peripheral phys-
ical actions, but it was necessary for 
those interested in detecting decep-
tion to approach the highly subjective 
issue of deception in a more objective 
fashion. Consequently, these efforts 
turned to the purely objective ap-
proach– ‗expert‘ science. Thus the 
following seminal questions were 
posed- is there science behind lying? 
Are there certain biological processes 
directly involved in deception? More 
importantly, is there a way to detect 
these physiological parameters? Nu-
merous scientists and technologies 
have been utilized by social scientists 
and lawmakers to answer these ques-
tions. 
   The world‘s first ―physiological‖ lie 
detector was the polygraph. The ma-
chine was the mainstay of forensic lie 
detection for almost a century before 
scientists began looking at the true 
purported source of lying- the brain. 
The introduction of electroencephalo-
graphy (EEG) provided great insight 
into the potential advantages of using 
neurophysiologic measures to ob-
serve the process of deception in the 
brain. The latest ―neurotechnology‖ 
that has hit the lie detection scene is 

fMRI. Scientists claim that fMRI or 
functional magnetic resonance im-
aging can detect increased blood 
flow to key areas of the brain that 
are supposedly implicated in the 
―thought process of lying‖. This 
forces the quandary - how far can 
one equate neurobiology and emo-
tional thought processes involved in 
deceptive behavior? Furthermore, at 
what ethical expense are we willing 
to use this new technology to invade 
the brains of the potential liars? The 
following discourse explores these 
issues while evaluating whether 
fMRI is the ultimate lie detector that 
the world has been waiting for. 
  
Lie Detection: A Coveted Tech-
nology 
   A coveted technology, lie detec-
tion has become somewhat of a cul-
tural icon; TV shows like the foren-
sic dramas and numerous crime-
drama movies attract large au-
diences. But what does lie detect-
ion mean in the context of global 
interests and crime? Without doubt, 
the power to detect deception would 
provide a perceivably safer haven 
for social relations. 
    The origins of the first lie detector 
are murky; scientists had conducted 
numerous experiments since the 
18th century in various espionage 
efforts. However, the first modern 
polygraph machine can be traced 
back to a student in experimental 
psychology at Harvard University – 
William M. Marston – prior to 1921 
[1]. In the same year, August Voll-
mer of California Police Department 
encouraged Dr. John A. Larson, a 
psychiatrist at Berkeley, to modify 
Marston's polygraph and develop a 
technique for continuous recording 
of physiological responses. Leonard 
Keeler, a Berkeley police officer, 
later patented the technology and 
helped publicize its use [2]. 
   The instrument made the first 
permanent record of blood pressure, 

pulse, and respiration. The theory was 
that a person who is lying exhibits in-
voluntary physiological responses 
such as increased blood pressure, 
perspiration, breathing, and heartbeat. 
Thus, the polygraph transformed our 
understanding of truth and lies – these 
concepts now had a corporeal mean-
ing. Lawmakers were certainly con-
vinced, and during the 1960s and 70s, 
the polygraph business raked in mil-
lions of dollars and was used routinely 
in police interrogations and as ―expert 
witnesses‖ [3] in court trials. Over the 
next decade, the technology moved 
into the realm of military and security 
agencies. 
   The excitement surrounding the po-
lygraph began to fade, however, as 
people began to question the scientific 
validity of the technology. One of the 
major failings of the technology was 
the interpersonal bias between the 
examiner and examinee; it is very 
easy for the examiner to misinterpret a 
subject‘s reaction to a particular ques-
tion. Furthermore, there were a num-
ber of ways one could ‗trick‘ the ma-
chine, by using antiperspirants on fin-
gertips, biting one‘s tongue, or any 
other action that can suppress a de-
tectable physical reaction to the ex-
aminer‘s questions. Perhaps the most 
significant drawback of the polygraph 
was that it only recorded peripheral 
rather than central nervous system 
physiological measures of deception; 
that is, it only represents outward 
emotional manifestations of lying and 
not the true cognitive source—the 
brain. Today, polygraphs are almost 
never admissible in a court of law [4]. 
  
fMRI: Cartographer of Cognition? 
   Functional magnetic resonance im-
aging - or Fmri - enables researchers 
to create maps of the brain in action 
as it process thoughts, sensations, 
memories, and motor commands. 
Since its introduction to experimental 
medicine ten years ago, fMRI has 
been successfully used in the progno-
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sis of diseases like Alzheimer‘s and 
schizophrenia, and the evaluation of 
drug treatments. fMRIs have also 
been used in conjunction with neuro-
surgery to localize dam-age [5]. More 
recently, researchers have claimed 
that fMRIs have given insight into the 
cognitive operations behind such 
complex and subtle behavior such as 
deception. 
   Daniel Langleben, a psychiatrist at 
the University of Pennsylvania, was 
one of the first scientists to research 
the technology‘s applications in de-
ception. His foray into the area was, 
however, inadvertent. ―When I was 
studying adolescent boys with ADHD, 
I was intrigued by the observation that 
these children had difficulty lying. 
Children with ADHD have impulse 

control problems, they cannot inhibit 
their reactions. As a result, the truth 

that is sitting there in their brains, 
just bubbles out‖. From this starting 
point, Dr. Langleben began to study 
whether there was a biological dif-
ference between ‗truth‘ and ‗lie‘, us-
ing fMRI. 
   So, how exactly does fMRI project 
an ‗accurate‘ representation of a 
‗truth‘ and a ‗lie‘? In an interview, 
James Loughead, professor of neu-
ropsychology at Penn and one of 
Langleben‘s collaborators, eluci-
dated how brain fMRI is performed 
by placing the head or the entire 
body in the bore of an MRI scanner, 
built around a powerful electrical 
magnet (whose magnetic field is 
around 105 times stronger than the 
Earth‘s). The polarized magnetic 
field causes the hydrogen nuclei in 

water in the body to resonate and 
emit radiofrequency signals that are 

eventually reconstructed into a three-
dimensional image that reflects the 
relative concentrations of the hydro-
gen nuclei in the tissues.  
   ―The key quantification that an fMRI 
gives us is the haemodynamic re-
sponse or the Blood Oxygen Depen-
dent Level (BOLD),‖ Dr. Loughead 
explained. ―When local oxygen de-
mand rises in response to increased 
electrical activity and metabolism, the 
BOLD signal changes. The BOLD sig-
nal can there-fore tell us in which 
areas of the brain neurons are most 
active in response to various expe-
riences‖. As an example, Dr. Loug-
head points to the BOLD pattern for a 
finger-tapping task. This simple task 
can be localized to the primary motor 
cortex consistently on a single subject 
basis—there is little or no room for 
error in this detection. 
   ―Lying is an involuntary action; it‘s 
not something you can suppress,‖ 
Loughead explained. ―You need to 
exercise a system that is in charge of 
regulating and controlling your beha-
vior when you lie more than when you 
say the truth‖. Langleben and Loug-
head used the Guilty Knowledge Test 
(GKT) in which subjects were given 
envelopes with a playing card in it, 
and they were asked to lie about the 
identity of the card. Once in the scan-
ner, the subjects were shown a series 
of pictures of playing cards, including 
the one they had in their pocket, and 
they pressed ‗yes‘ or ‗no‘ to each card. 
When it came to the card they were 
hiding, they would say ‗no,‘ and this 
would constitute a lie, as is displayed 
in Figures 1a and 1b.  
   ―The basis of the test is a robust 
human response to salience‖, says 
David Seelig, a graduate student in 
Langleben‘s lab. ―If you were to 
present suspects with various murder 
weapons, including the one found at 
the crime scene, the reaction to sa-
lience is something that can be de-
tected by the fMRI, and researchers 
can see which suspects show an in-
creased brain response to the real 
weapon‖.  
   One safety precaution is that no 
metal objects can be worn or brought 
near the fMRI machine during operat-
ing hours; there have been disasters 
where the insuperable magnetic field 
of the scanner has essentially ripped 

Fig. 1a. A segment from the computerized GKT adapted for event-related fMRI. Each ―Truth‖ (2 of 
Hearts), ―Lie‖ (5 of Clubs), and ―Control‖ (10 of Spades) was presented 16 times, each Non-Target 
card—twice. Stimulus presentation time was 3 s, interstimulus interval—12 s, total number of 
presentations—88. Order of presentation was pseudorandom (randomly predetermined). (Brain 
Activity during Similated Deception- an Event Related Functional Magnetic Resonance Study, 
Langleben et al, 2001) 

Fig. 1b: fMRI results of CIT meta-analysis (Lie > Truth). Image thresholded at voxel-height 
probability of p < 0.001, and cluster-probability of p < 0.05. Results are z-statistic maps displayed 
over MNI T1 anatomical template in radiological convention. Significant clusters of activation located 
in bilateral IFG, IPL, SFG, Dorsal ACC, MTG, and precuneus. (Hakun JG, Seelig D, Ruparel K, 
Loughead JW, Busch E, Gur RC, Langleben DD. 2008. ;"fMRI investigation of the cognitive 
structure of the Concealed Information Test.‖; Neurocase:14(1):59-67) 
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out a patient‘s metal replacement, 
such as a pacemaker or any metal 
prosthetics.  
   According to the studies conducted 
by Langleben and Loughead, the 
parts of the brain that are most active 
during deception are the inferior fron-
tal gyrus and the inferior parietal lobe 
(together they make up the prefrontal 
parietal network important in detecting 
salience) and bilateral frontal cortex. 
The increased blood flow to these 
areas, as represented by the BOLD 
patterns, indicated that these areas 
were working harder in telling a ‗lie‘ 
than they were in telling the ‗truth‘. 
Langleben and Loughead have pro-
vided the desired cognitive markers 
that neuroscientists, psychologists, 
lawmakers and the general public 
have been looking forever since the 
downfall of the polygraph. Their data 
also, however, raises some important 
questions—is deception in such an 
instructive manner (that is, the subject 
is essentially instructed to lie) really 
deception? As Seelig explains, the 
fMRI does not measure two important 
components of lying—the emotional 
response and the intention of the ‗liar‘ 
to instill false belief in another person. 
―Telling a story is very different from 
simply responding to ‗Yes‘ or ‗No‘ 
questions; you have to maintain two 
realities. This requires the emotional 
component of deception, controlled by 
the limbic network.‖ The limbic net-
work includes the purported emotional 
center of the brain- the amygdala. 
These aspects, in addition to the cog-
nitive component, give a more accu-
rate representation of deception. Con-
sidering this, what are the implications 
of using an fMRI in legal and security 
milieu? If it is not a true representa-
tion, there is the risk of falsely incrimi-
nating someone, either in a situation 
as dire as court or as routine as job 
screenings. 

 
The Thought Police 
   Recently, at a symposium titled "Is 
There Science Underlying Truth De-
tection?" held at the American Acad-
emy of Arts and Sciences [6], Jed Ra-
koff, a United States district judge for 
the Southern District of New York, 
made it very clear that he will never 
allow an fMRI scan as evidence for 
deception in his court. Judges like Ra-

koff are worried that lie detectors 
may take away from the jury its role 
as fact finder, specifically when as-
sessing the credibility of a witness. 
One could imagine that a jury will no 
longer have to watch a witness testi-
fy, hunt for deceptive behavior, and 
decide whether or not to believe the 
witness, because the fMRI will iso-
late the ―liars.‖ What does this ―me-
chanization,‖ or dehumanizing of 
deception detection, in the name of 
objectivity imply? In a way, it dehu-
manizes the behavior itself. A lie 
becomes defined by a certain pat-
tern of oxygenated blood in the 
brain, completely decontextualized 
of the emotional dynamics that 
caused an individual to deceive in 
the first place.  
   Peeking into someone‘s brain is a 
powerful tool, and therefore highly 
coveted by security agencies in our 
current day and time. Some bioe-
thicists are concerned that the fMRI 
lie detector may be abused. They 
believe some agencies might be 
tempted to use the test in situations 
where use of the test may infringe 
on individual privacy and autonomy. 
Furthermore, the false confidence in 
this technology could possibly blight 
a person‘s future, and many ask 
whether or not we are willing to take 
that risk. They wonder if the exagge-
rated reliability of the fMRI exempli-
fies how a technology can be 
spurred on by the convergence of 
basic science, the directing of re-
search through funding, and certain 
groups who desire a particular tech-
nology. Essentially, this promoted 
reliability is pushing us further into 
equating the brain and the mind— 
physiology and emotion. What does 
this mean in terms of detecting de-
ception among criminals? Stephen 
J. Morse, a professor of law at the 
University of Pennsylvania, believes 
that legally relevant neuroscience 
must begin with behavior, not with a 
picture of blood flows in the brain. 
"Brains don't kill people - people kill 
people." 
 
What is the Future of the fMRI Lie 
Detector? 
   To date, all fMRI lie detection stu-
dies have utilized small sample siz-
es with individuals who were asked 

to lie about very concrete facts such 
as the type of card they were holding. 
This is by no means a simulation of 
reality - one must account for different 
factors such as age, mental state, 
and, as Seelig pointed out, how good 
a liar one is. Pathological liars do ex-
ist, and these people may be so adept 
at suppressing the truth - our emo-
tional baseline as postulated by Lan-
gleben - that they may never be 
caught. Whatever the degree of de-
ception, the anxiety a suspect will face 
in a real-life detection situation is en-
tirely absent from a lab setting. Fur-
thermore, the fMRI does not account 
for substance abuse (prevalent 
amongst criminals), which can greatly 
alter BOLD levels. Given all these 
constraints, in order for the fMRI to 
have any credibility in a court, a con-
sensus of scientists agreed that more 
testing is necessary, with larger sub-
ject groups and in ecologically valid 
circumstances in order to isolate these 
neurological markers of deception on 
a single-subject basis. 
    Where does this leave us in our 
search for the science behind lying? 
The need for transparency has inten-
sified as we as a human race struggle 
to find security in the fragile and un-
predictable economic, social and polit-
ical constructions. An integral part of 
finding security is co-opting an identity 
that is morally and culturally accepta-
ble. Some believe that an individual 
integrates both social and biological 
circumstances in constructing this 
identity. This co-opting of identities 
and categories is both bottom up (by a 
single individual) and top down (by a 
governing body). Detecting deception 
exemplifies this top down categoriza-
tion, where designated figures of so-
ciety –  governments, lawmakers, se-
curity agencies, and corporations - are 
put in place to maintain the dynamics 
and identities of the consisting popula-
tion. The fMRI lie detector may facili-
tate this process, but only to a certain 
extent. The scientists and the afore-
mentioned social authorities must 
pose the question of how transparent 
the mind really is. Are we looking to 
create biological categories of ―liars‖ 
and ―truth tellers‖? Moreover, is it ethi-
cally acceptable to create these types 
of stringent categories? The answers 
to these questions will determine the 
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trajectory of the fMRI in lie detection, 
and more importantly, whether we will 
ever find a scientific explanation to an 
elusive human behavior that enmesh-
es us in a web of secrets, facts, for-
gotten memories and fantasy,  Decep-
tion. 
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hen T.S. Eliot wrote the 
opening to The Waste Land, 
his primary intention was to 

capture the disillusionment of the 
post-World War I generation. For sea-
sonal-allergy sufferers, however, a 
line such as ―April is the cruelest [sic] 
month…‖ must take on a dual mean-
ing. Indeed, sometimes the most an-
noying symptoms are also the most 
harrowing, so for those 40 million 
Americans who bear runny noses and 
watery eyes through the spring and 
into the summer, there might as well 
be a war going on in the cellular 
trenches of their bodies. 
   This war is particularly intense for 
the estimated 26 million Americans 
experiencing chronic seasonal aller-
gies, whose symptoms tend to be ele-
vated and recurrent. For those with 
asthma and other severe conditions, 
allergies can jump the boundary from 
annoying to life threatening in a frigh-
tening way.  
   Allergies affect a diverse population 

of individuals in an equally diverse 
manner. A study of the physiological 
phenomena responsible for season-
al allergies, as well as some of the 
medications (both out on the market 
and in development) used for treat-
ment might help us better under-
stand a large segment of our socie-
ty. It will also help us see why aller-
gies are such a hot topic in biomedi-
cal research, with a significant 
amount of NIH funding directed to-
wards producing more effective 
treatments. 
 
First of All, What Are Allergies? 
   In its physiological context, ―aller-
gy‖ refers to the body‘s hypersensi-
tivity to certain environmental condi-
tions. It is an exaggerated response 
of the immune system to sub-
stances that cause no harm in most 
individuals. Seasonal allergies de-
scribe a particular class of hyper-
sensitivities based on seasonal 
conditions, particularly those of the 

spring and summer months when 
flowers are blooming and pollen 
spreads through the air. 
   Since allergies represent such a 
widespread occurrence of physiologi-
cal malfunction, it is reasonable to 
wonder ―why didn‘t evolution take care 
of that?‖ After all, it can hardly be a 
beneficial adaptation for people to be 
sneezing all throughout the months of 
April and May. Or can it? At least 
some scientists believe seasonal al-
lergies are the result of an effective 
immunological adaptation that oc-
curred thousands of years ago. You 
might say the road to runny noses 
was paved with good intentions.  
   In order to protect the body against 
the parasites and worms of those 
days, evolution came up with an anti-
body called immunoglobulin E (IgE) 
that is secreted into the intestines and 
lungs. While IgE was effective against 
ancient threats, many of the ancient 
threats are no longer around in to-
day‘s environment so IgE lurks the 
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bloodstream, looking to pick fights 
with other foreign substances entering 
the body. IgE fights dirty, and from a 
biochemical perspective, the cascade 
of chemical soldiers it calls into the 
fray is fascinating, so let‘s take a clos-
er look at some of the players involved 
in this exaggerated immune response.  
 
The Mechanism of False Alarm 
   When a person prone to allergies is 
exposed to an allergen (ragweed pol-
len, for example) for the first time, a 
type of immune cell called the plasma 
B-cell is stimulated to create a large 
amount of antibodies (in this case the 
antibody is IgE, and it serves more as 
an identification card than a molecule 
of direct defense). When the individual 
is exposed to that same allergen for a 
second time, IgE identifies the foreign 
substance, activates storage tank mo-
lecules called basophils and mast 
cells, and stimulates the release of 
additional defensive chemicals. 

   Among the chemicals released are 
histamine, heparin, and other factors 
that promote an extreme inflammatory 
response, characterized by local blood 
vessel dilation, cytokine re-lease, and 
recruitment of leukocytes. While the 

inflammatory response is an impor-
tant defense mechanism used to 
defend the body in the event of in-
jury, in this case the body is defend-
ing itself against a harmless sub-
stance, so this ―false alarm‖ causes 
irritation at the site of occurrence. 
Because mast cells are found in 
large quantities along the linings of 
the lung and nasal tract, the irritation 
often manifests itself in runny noses, 
dry coughing, or any of the symp-
toms commonly associated with 
seasonal allergies. 
 
Symptoms and Treatments 
   Seasonal allergies commonly 
make their presence felt through a 
condition called allergic rhinitis, or 
―hay fever.‖ Despite its name, hay 
fever does not result in an actual 
fever. Instead, it is similar to the 
common cold, with certain differ-
ences that can make it a more un-
comfortable experience. For exam-

ple, while a cold may last for a week 
or two, hay fever can stretch out for 
several months with little improve-
ment in condition. Colds generally 
produce nasal discharge that is thick 
and yellow, whereas hay fever pro-

duces a nasal discharge that is clear, 
thin, and ―runny.‖ These symptoms 
might also be accompanied by gener-
al itchiness of the eyes or skin. Often-
times an individual might have a 
hunch that he or she is suffering from 
seasonal allergies, but it can be a 
challenge to identify the causative al-
lergen. From a brief medical history, a 
doctor will put together a list of sus-
pected allergens, and to confirm the 
diagnosis, or to crack particularly puz-
zling cases, she will carry out a skin 
test. Several punctures are made 
(generally on the patient‘s back or fo-
rearm), each containing trace 
amounts of a suspected allergen. A 
positive result is indicated by a ―wheal 
and flare,‖ a hive-like red bump at the 
site of puncture. There is no known 
cure for allergies, but there are treat-
ments that can make the symptoms 
less severe. The most obvious way of 

preventing symptoms is to avoid those 
allergens that cause them. Unfortu-
nately, this can be rather inconvenient 
for those who would like to enjoy the 
great outdoors during the beautiful 

Fig. 1. While these may flowers look innocent, they can be an allergy-sufferer's worst nightmare. 
Image courtesy of Free Nature Pictures.com 

Fig. 2. Overview of allergic response. 
Image courtesy of Immune Central 
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spring and summer months. All sorts 
of allergens are floating around in the 
air, so life for an allergy sufferer can 
be anything from annoying to down-
right miserable. Fortunately, there are 
a wide variety of medications available 
to ease the agony. 
   The most common type of allergy 
medication is called an antihistamine. 
Thinking back to histamine‘s function 
in the mechanism of allergies, we saw 
how the molecule was involved in the 
inflammatory response. It specifically 
initiates vasodilation, allowing in-
creased blood flow to a particular re-
gion in the body (thus increasing the 
level of immunological factors at the 
site of invasion). It is this cascade of 
events that results in the symptoms of 
seasonal allergies. Blocking hista-
mine, then, would prevent this from 
occurring, so while it would not cure 
the allergy (IgE would still erroneously 
recognize its specific allergen as 
harmful), it would certainly alleviate 
some of the misery caused by the al-
lergy. 
    Antihistamines do not come without 
side effects, however. Many antihis-
tamines cause drowsiness, making 
them difficult to take in the middle of 
the day. There are certain ―non-
sedating‖ antihistamines available on 
the market that claim to provide all the 
benefits of allergy alleviation without 
the potential drowsiness. Dr. Peter 
Honig, a medical officer at the FDA 
suggests the term non-sedating is a 
misnomer, since all antihistamines 
cause drowsiness—it is just a matter 
of how sedating each product is. Be-
nadryl, for example, is heavily sedat-
ing, whereas Allegra and Claritin are 
less so. 
  
Alternative Solutions 
For some people, typical allergy medi-
cations simply are not enough. There 
is still hope for them though, and it 
comes in the form of a process called 
immunotherapy. The aim of immuno-
therapy is to desensitize the immune 
system to allergens by administering a 
series of shots over the period of sev-
eral years. These shots contain trace 
amounts of the allergen and after a 
while the immune system ―learns‖ that 
it is harmless.  

   An alternative strategy is to block 
the harmful effects of the immune 
system. Buckminsterfullerenes, or 
―buckyballs,‖ are a hot topic in all 
sorts of research circles, including 
those working on allergy relief. An 
article written by JYI‘s own Jeremy 
Fagan covers the breakthrough at a 
Virginia Commonwealth University 
lab working to characterize the 
buckyball‘s therapeutic capabilities 
(see http://www.jyi.org/news/nb.ph 
p?id=1106).  
   Dr. Chris Kepley‘s research team 
discovered that the 60-carbon cage 
structure of a buckyball was able to 
prevent the activation of IgE, and 
thus prevent the release of inflam-
matory molecules. What‘s more, the 
buckyballs did not cause any sort of 
toxicity in the cell‘s internal envi-
ronment, indicating buckyballs 
might, with the addition of certain 
functional groups, eventually serve 
as powerful, precise allergy inhibi-
tors. 
   One of the fascinating aspects of 
allergy research, though, is the va-
ried approach researchers take to 
preventing inflammatory response. 
A team of researchers working at 
Beth Israel Deaconess Medical 
Center (BIDMC) has taken a more 
genetic approach, focusing on 
knocking out calcium channels on 
mast cells, which are necessary for 
the release of inflammatory factors. 
The group identified a specific gene 
(CRACM1) as being responsible for 
the coding of this calcium channel, 
and by inhibiting its expression in 
mice, noticed a significant improve-
ment. 
   Monica Vig, lead researcher of the 
BIDMC team, reported, ―With the 
identification of this long-elusive 
gene, we were able to create a 
knockout mouse that lacked 
CRACM1, and [as predicted] these 
animals proved to be resistant to 
various stimuli that usually cause 
severe allergic reactions.‖ 
   Jean-Pierre Kinet, professor of 
Pathology at Harvard Medical 
School, and member of the project 
added, ―These findings provide the 
genetic demonstration that CRAC 
channels are essential in mast-cell 

activation…This provides the proof of 
concept that an inhibitor of the CRAC 
channel should be able to impact 
mast-cell related diseases, including 
asthma and allergic diseases.‖ 
   The allergic response is just one 
example of how the immune system 
can simultaneously be a blessing and 
a curse. Our immune cells are abso-
lutely essential to our survival be-
cause they have the ability to identify 
and eliminate foreign pathogens; 
however, if something goes wrong, 
these same cells might over-react 
and, in some particularly devastating 
cases, attack the body‘s friendly cells 
with a devastating potency. Fortunate-
ly. seasonal allergies can be con-
trolled, and with even more promising 
treatments on the horizon, science is 
doing what it can to make April as 
pleasant as possible. 
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Going Nano: An Exploration of 
Tiny Science with Big Possibilities 
 
Falishia Sloan 
Eastern Virginia Medical School 
 
“Research has no end: when you accomplish this, you accomplish one, and you search for the other, and in this 

way it never ends. That’s why we need new researchers to carry it on.” – Dr. Xiaohung Nancy Xu, 2006 
 

anoscience. What does this 
word, not even recognized by 
standard computer spellcheck, 

mean? Much more important than 
what it means, however, is what it is-
possibly the next frontier in science. 
Sure, there‘s big picture (macro) 
science and there‘s small scale (mi-
cro) science, but, as we are now find-
ing out, when we observe materials at 
the nano level, there‘s a whole world 
of virtually untapped potential that 
may hold answers to many scientific, 
biomedical, and technological issues 
we have today. 
    Scientists routinely study the func-
tions and properties of atoms and mo-
lecules at the macro-scale, meaning 
that atoms and molecules are studied 
in large quantities. What happens, 
however, when we isolate atoms and 
molecules and study the properties of 
these components of matter in ex-
tremely small quantities?  
   Nanoscience is the scientific study 
of materials and events in various in-
terdisciplinary areas of science on the 
nanometer scale (less than 100 na-
nometers). It basically deals with the 
study of the structure and function of 
scientific particles such as atoms, mo-
lecules, macromolecules, various 
types of bonding, etc., on a nanos-
cale. It is truly a versatile area of 
science much like biochemistry; a 
blanket subject area that combines 
biology, chemistry, biochemistry, and 
technology among other things.  
   Nanoscience is unique in emphasiz-
ing the ―bottom-up‖ approach of 
science—starting from the atomic lev-
el and building up—as opposed to the 
―top-down‖ approach of starting from 
something containing many atoms 
and breaking it down to fewer atoms, 
though it encompasses both. Nanos-
cience has very tight correlations with 
its fellow ―nano‖ disciplines, one of the 
most notable being nanotechnology, 

which actually allows us to use 
technology small enough to practice 
nanoscience.  
 
What’s So Special About “Nano”? 
   A single nanometer is one billionth 
of a meter wide and 1/100,000th of 
the width of a single human hair. 
Though that may seem impressive, 
you may still wonder why the study 
of a smaller sample of something 
we‘ve already studied (for example, 
an element) is really that impor-
tant—wouldn‘t it all be the same? 
The short answer is no.  
   The extremely interesting thing 
about elements and science in gen-
eral is that all substances do not act 
the same at different concentrations 
or amounts. Once we start to study 
matter at the nanometer scale, it 
begins to exhibit different properties. 
The ratio of atoms on the surface to 
the particle volume is much higher 
for nanoscale than for larger par-
ticles. That makes them behave 
more like single atoms than bulk 
matter: quantum effects start to 
come into play. They are unique in 
nanosized particles, and do not exist 
in macro- nor micro-sized particles 
of the same substances. The study 
of elements such as gold at the na-
nolevel has already yielded some 
interesting results—while gold in 
larger quantities is extremely beauti-
ful to look at, at the nanoscale it 
transforms into a beautifully per-
forming catalyst impregnated with 
new capabilities at this new level.  
   Another example of the unique 
properties of nanosized particles is 
that nanodevices have the ability to 
actually self-assemble, meaning 
they build themselves up atom by 
atom. With the capacity of nanode-
vices to build themselves up and 
exhibit unique properties, the poten-
tial for advanced treatments and 

technologies utilizing nanoscience is 
practically endless.  
 
So Where Did This Idea of Really 
Small Things Come From? 
   Though the realization of the poten-
tial in nanoscience may be fairly new, 
the study of materials at such a small 
scale is not. The basic discoveries of 
science procuring our current trend 
towards nanoscience chiefly came 
from scientists such as Joseph Proust 
(who designed the basis for molecular 
formulas) and Albert Einstein (who, 
among other things, speculated on the 
relation of heat, volume, and particle 
movement). These scientists and 
scientists like them revolutionized the 
science world in their era and ours 
with their contributions. Since the dis-
covery of the atom, smaller units of 
matter such as the quark had been 
found, but there had yet to be an area 
of science dedicated to and realizing 
the importance of all aspects of 
science at the nanoscale—that is, until 
1959.  
   Richard Feynman, a Noble Prize 
winning physicist, was the first to ven-
ture into the unknown, smaller world 
of science by writing about the study 
of science at the nanoscale in his pa-
per, ―There‘s Plenty of Room at the 
Bottom,‖ in 1959. In the late 1950s, a 
mere 50 years ago, the thought of 
studying anything at the nanoscale 
was unheard of, and the practice was 
even rarer. Feynman‘s paper, which 
explored the role of physics and nano-
technology in the future, transformed 
the way scientists everywhere thought 
about science at an extremely small 
scale.  
 
The Emergence of Nanotechnology 
   Yes, we had discovered that matter 
is composed of atoms, but was there 
a way to manipulate these atoms? 
Was there a way to study nanosized 

N 
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materials with nanosized technology? 
After Richard Feynman‘s paper, the 
next great landmark in the conception 
of nanoscience came in 1974, when 
Norio Taniguchi, a professor at Tokyo 
Science University, first used the term 
―nanotechnology‖ in a scientific paper. 
Once the word ―nanotechnology‖ was 
introduced to the tongues of scientists 
everywhere, other words proudly 
bearing the prefix ―nano‖ emerged 
(including nanoscience), all describing 
their subjects at the nanoscale. 
   The next great support for nanos-
cience came from Eric Drexler, the 
first person ever to obtain a PhD in 
nanotechnology in 1991—after al-
ready obtaining 3 other degrees from 
Massachusetts Institute of Technology 
(MIT). Drexler was greatly influenced 
by the contributions of both Richard 
Feynman and Norio Taniguchi. After 
writing three books on the promises of 
nanotechnology, he gave a presenta-
tion on nanotechnology before a con-
gressional committee in 1992. In addi-
tion, Drexler opened an institute dedi-
cated to promoting nanotechnology, 
the Foresight Institute, which contin-
ues to function today.  
 
What Are We Doing With Nanos-
cience Now?  
   Nanoscience today continues in its 
quest to become a forefront in the in-
terdisciplinary areas of science tech-
nology. Nanoscience‘s growing mark 
on our society is exemplified by the 
various new programs and exciting 
research currently taking place.  
   To date, nanoscience has already 
yielded a few well-known advance-
ments, such as mirrors that don‘t fog 
and suntan lotion, but we have also 
gained serious ground in the detailed 
observation of nanoparticles (clusters 
of atoms at the nanoscale). As men-
tioned before, materials such as gold 

at the nanoscale have proven to be 
powerful catalysts. This characteris-
tic, known as the ―quantum size ef-
fect,‖ is unique in nanosized par-
ticles, and does not exist in macro- 
nor micro-sized particles of the 
same substances. One method of 
nanoscience currently under study 
for use in medicine is that of gold 
nanoshells—small, golden balls ca-
pable of absorbing heat and light. If 
it were possible to bind these nano-
shells to malignant, cancerous cells 
and radiate them, the nanoshells 
may absorb the heat from the radia-
tion and destroy only the (bad) can-
cerous cells, leaving the other cells 
free of damage. This could eliminate 
or reduce the side effects of chemo-
therapy that stem from the damage 
of healthy cells as well as damaged 
cells during the treatment.  
   In addition, techniques such as 
scanning probe microscopy are uti-
lized to observe, create, and mani-
pulate nanoparticles. Scanning 
tunneling microscopes and atomic 
force microscopes are used to ob-
serve the surface of these nano-
particles and move them around. 
Machinery such as these aids the 
self-assembling process of the na-
noparticles. Nanoscience, and, 
more specifically, nanotechnology, 
is currently being used to create 
nanowires, which may one day be 
able to conduct electrical currents 
out of extremely small compounds. 
Nanoscience also carries the torch 
of methods introduced into the 
science and technology fields long 
ago, techniques such as lithogra-
phy, focused ion beam machining, 
and atomic and molecular layer de-
position. 
 
Spearheaders in Nanoscience at 
the University Level 
   Today, various colleges and uni-
versities are recognizing the emerg-
ing importance of nanoscience and 
nanotechnology by creating pro-
grams designed to focus on the cur-
rent and future uses of nanoscience. 
One such institute is The Nanos-
cience and Nanotechnology Institute 
(NNI) at the University of Iowa.  
   Vicki Grassian, Director of the Na-
noscience and Nanotechnology In-
stitute and Professor of Chemistry at 

the University of Iowa, described the 
NNI@UI as a place where the various 
disciplines represented at the universi-
ty can come together to study the 
possibilities in nanoscience and nano-
technology. ―NNI@UI focuses on...the 
fundamental properties of nanomate-
rials, but will also focus on issues re-
lated to applications and implications 
of nanoscience and nanotechnology in 

environmental processes and human 
health,‖ Grassian said. ―The mission is 
to provide a venue where researchers 
from all disciplines of science and en-
gineering can gather to share ideas 
and discuss their views and prospects 
of nanoscience, nanoengineering, na-
nomedicine, and nanotechnology.‖ 
Grassian credits the creation of the 
NNI to the university‘s realization of 
the importance of the emerging fields 
of nanoscience and nanotechnology. 
―In general,‖ she said, ―it was recog-
nized that there were growing 
strengths on campus in nanoscience 
and nanotechnology. The goal of the 
institute is to nurture science and 
technology at the nanometer scale 
with a research emphasis not only on 
the fundament-al properties of the ma-
terials but on the environmental and 
human health aspects of nanoscience 
and nanotechnology.‖ Grassian hopes 
that the NNI will expand the variety of 
research currently going on at the 
University of Iowa.  
   Funding to the university supporting 
this new area of research interest cur-
rently amounts to about 6 million dol-
lars, which is a testament to its the 
importance. Grassian stated that the 
institute is very efficient in gaining in-
terest in nanoscience and nanotech-
nology on campus. ―The institute pro-

 

Fig. 1. A nanoparticle superlattice from the lab 
of Dr. Chris Sorensen.  

Fig. 2. Illustration of the microfluidic device 
developed by Dr. Velev and his team.  
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vides administrative support to the 
faculty and to joint projects and pro-
grams, supports joint research initia-
tives, sponsors seminars and confe-
rences, encourages entrepreneurial-
ism, encourages collaborations both 
internally and externally, connects to 
external organizations, and supports 
educational initiatives,‖ she said.  
   According to Grassian, the Universi-
ty of Iowa‘s plan to use the new Na-
noscience and Nanotechnology Insti-
tute to fully delve into this field and 
explore the possibilities within. 
―NNI@UI will coordinate the ongoing 
efforts at the University of Iowa to 
more effectively take advantage of 
opportunities afforded by the National 
Nanotechnology Initiative and build on 
research strengths of the University of 
Iowa.‖  
   In addition, she attested to the im-
portance of nanoscience and nano-
technology research by other re-
searchers and universities. ―Nanos-
cience and nanotechnology can po-
tentially improve our environment, ad-
vance research in energy and offer 
new modes of drug delivery and dis-
ease detections,‖ she said. ―New 
technologies involving nanoscience 
are just being developed in a variety 
of areas for disease detection and 
improving human health. I am hoping 
these can lead to major advances in 
key areas such as cancer research. I 
see a very bright future for nanos-
cience and its potential for the devel-
opment of new materials with very 
controlled properties that can be used 

in a wide range of applications from 
environmental remediation to drug 
delivery to energy storage.‖ 
   Another great example of the 
growth of nanoscience is the nanos-
cience research conducted by Dr. 
Chris Sorensen, professor of phys-
ics and adjunct professor of chemi-
stry at Kansas State University. So-
rensen‘s work is an excellent exam-
ple of how properties of a material at 
the nanometer scale are different 
than those of the same material at 
the macroscale. Motivated by a core 
component of research—curiosity—
Sorensen and his team have devel-
oped a way to make nanosized par-
ticles that exhibit this very property, 
noting, for example, that a nanopar-
ticle of gold is actually purple in col-
or and looks very different than gold 
in larger quantities. They have also 
found that nanoparticles behave 
much like molecules: they are so-
luble in some liquids and insoluble 
in others, their solubility is tempera-
ture dependent, and they often form 
a crystalline arrangement of par-
ticles (a superlattice) when they 
precipitate from solution.  Signifying 
the importance of their research, 
Sorensen and his research group 
were awarded a 1.2 million grant 
from the National Science Founda-
tion‘s Nanoscale Interdisciplinary 
Research Team Award program. 
Sorensen and his team of distin-
guished scientists, which includes 
Amit Chakrabarti, Bruce Law, Ken 
Klabunde, Christer Aakeroy, and 

Xiaomin Lin, will use the grant to ex-
plore how much the nanoparticles be-
have like their larger counterparts—to 
further investigate the properties of 
nanoparticles and their relation to 
atoms and molecules of the same 
substance. ―Our new grant will explore 
the physical chemistry of these ‗stoi-
chiometric particle compounds‘ and 
their solutions,‖ he said.  
   ―It is neat when different things have 
a common bond,‖ he said. ―Suspen-
sions of particles are different than 
solutions of molecules, yet we seem 
to have suspensions that act like solu-
tions. How much further does the simi-
larity between solutions and suspen-
sions, molecules, and particles go?‖ 
Sorensen explained that what he 
hopes to gain from his nanoscience 
research is a deeper understanding of 
nature, particularly the behavior and 
potential of nanoparticles and the rela-
tion between their size and their func-
tion. 
   Sorensen is a firm believer in the 
notion that nanoparticles are the basic 
units of the future; where we have be-
fore based science on atoms and mo-
lecules, we will soon base it on nano-
particles. ―I have a dream that we can 
create a whole new chemistry and a 
whole new materials science based 
not on atoms and molecules, as we 
have done so well in the past, but ra-
ther based on uniformly sized nano-
particles,‖ he said. Chris Sorensen, 
like Vicki Grassian, believes that na-
noscience truly has a future in and 
perhaps is the future of science. 
―Nanoscience will continue to grow 
and yield significant results of both 
practical importance and scientific 
beauty,‖ he said. 
    1,293 miles away on the East 
Coast, a professor at North Carolina 
State University is conducting his own 
research in nanoscience. Dr. Orlin 
Velev, associate professor in the De-
partment of Chemical Engineering at 
North Carolina State University, to-
gether with his doctoral students Brian 
Prevo and Ketan Bhatt,invented a de-
vice that will allow for the microscopic 
study of chemical reactions with a 
special ―factory‖ that makes and sepa-
rates individual molecules. This device 
lends a new mechanism by which 
scientists can study chemical reac-
tions. Electricity is run through the de-

Fig. 3. Images of silver nanoparticles both outside (A) and inside (B) living cells, courtesy 
Xiaohung Nancy Xu of Old Dominion University. 
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vice, a microfluidic chip, to make cells 
and suspensions ―hover‖ in the liquid 
of the chip, allowing them to change 
within by sorting, combining, encapsu-
lating, or creating new materials.  
   ―I was very interested in the micro-
fluidics area,‖ Velev explained, ―but 
did not want to follow other people‘s 
track (who were using permanent mi-
crochannels). We had experience in 
manipulating particles by electric fields 
and we applied it to the manipulation 
of droplets, which was a very new 
area at that time. Thus, we developed 
an alternative microfluidic technique.‖ 
Velev and his students believe that 
their research is a grand example of 
nanoscience‘s ability to span the lines 
of various scientific disciplines in a 
quest to pursue a common goal. .―It 
includes elements from nanoscience, 
micro-fluidics, materials science, col-
loidal science, and electronics. This is 
what makes it interesting for me and 
my students, and of course, challeng-
ing in many aspects,‖ explained Velev.  
   Velev believes that, in the future, 
this technology could have various 
medical and research advantages 
such as better detection of disease 
and toxins in humans. ―We have de-
veloped a new tool to manipulate 
droplets and particles and also dem-
onstrated new types of anisotropic 
spheres, and new microbioassays on 
this tool.‖ Micro-bioassays are me-
thods scientists use with liquid sam-
ples to detect the existence of specific 
immunoprotein, virus or bacteria. 
Such progress could allow for the bet-
ter detection of dangerous substances 
in the environment and specific dis-
eases in humans. We are glad to see 
other scientists using similar methods 
and furthering the research area,‖ he 
said. ―We hope to be able to deliver 
practical applications of the technique, 
and transfer it to companies and or-
ganizations that can commercialize it. 
I think nanoscience is a very large 
area, and we are exploring a small 
part of it at present.‖ 
   Yet another scientist pursuing na-
noscience is Dr. Xiaohung Nancy Xu 
of Old Dominion University (ODU) in 
Norfolk, Virginia. Dr. Xu has received 
simultaneous awards from the Nation-
al Science Foundation and the Na-
tional Institute of Health, a feat she is 
nearly unique in accomplishing, for 

research in the field of nanoscience. 
Xu and her research team at ODU, 
are the creators of revolutionary sil-
ver nanoparticles that are capable of 
entering a cell and lighting up the 
interior. Xu‘s nanoparticles are 
unique in a few ways that make 
them far better than nanoparticles 
already in use. ―These particles are 
very bright,‖ Xu explained, ―and 
therefore you can see them easily 
with the eye. They also don‘t photo-
decompose, and we can use them 
to…trace what cells do and where 
they go. They are also color-size 
dependent—each size has its own 
color.‖  
   The novel properties of these sil-
ver nanoparticles allow scientists to 
watch the various biological 
processes in living cells without dis-
turbing the cell‘s intrinsic functions. 
Such advancement in nanoscience 
may one day lead to advanced de-
tection and treatment of cancer as 
scientists will be able to observe the 
changes malignant cells undergo 
and perform cancer tests on single 
cells.  
  Xu will use her grants to apply na-
noscience to the treatment of cancer 
by developing nanoparticle probes 
capable of studying the way molecu-
lar transporters resist the multiple 
drugs administered in cancer thera-
py. She will also study the possibility 
of using nanoparticles themselves to 
deliver drugs to diseased cells. The 
molecular transporters she wishes 
to explore, ATP-binding cassette 
(ABC) transporters, act as security 

guards for cells that allow certain sub-
stances to enter and deny entrance to 
others. Such transporters are impor-
tant in biomedical study, as they rec-
ognize and expel certain helpful sub-
stances, such as antibiotics, nanopar-
ticle probes, and cancer-fighting med-
icine, from cells. Such a function of 
the cell is normal in protecting the cell, 
but in the case of cancer, it hurts the 
individual by preventing the destruct-
ion of malignant cells.  
   With continued study, nanoscience 
may provide a route through which to 
specifically target malignant cells and 
destroy them, rather than the current 
method that destroys not only malig-
nant but also healthy cells in an at-
tempt to eradicate the individual of 
cancer. Her goal at Old Dominion Uni-
versity is to further the understanding 
of cellular biological functions using 
nanoscience. ―I think our long-term 
goal is to make a ‗bio-inspired‗ nano-
device to understand biological func-
tions.‖  
   Xu, like the previous researchers, is 
a firm believer in not only the future of 
nanoscience and nanotechnology, but 
also the present applications of the 
field. She is a very strong advocate for 
the implementation of nanoscience 
programs around the country, espe-
cially at her home institution of Old 
Dominion University. Of the future of 
nanoscience at ODU, she said, ―I 
hope it will be bright, but our university 
has to invest. I want to emphasize that 
nanoscience is not a luxurious thing; it 
is a necessary thing. Nanoscience is 
much like the computer—it used to be 

Fig. 4. Color correlation to size of nanoparticles. Image courtesy Xiaohung Nancy Xu of Old 
Dominion University. 
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that it was thought of as a luxury, now 
it is a necessity. It is really in all cor-
ners of engineering and medicine. 
Students need to be educated and 
prepared for nanoscience. It is a big 
decision. I don‘t think a university‘s 
research can survive without it 10-20 
years from now.‖  
   All of the scientists mentioned are 
forerunners in field of nanoscience 
simply because they are involved in 
the field of nanoscience. They all have 
recognized and acted upon the recog-
nition of nanoscience as an important 
and integral part of science in the very 
near future. Hopefully, their contribu-
tions and dedication to nanoscience 
will spearhead a revolution in realizing 
the importance of this science in the 
future. 
 
What Does The Future Hold For 
Nanoscience, Or Rather, What Does 
Nanoscience Hold For The Future? 
   Considering the ways nanoscience 
has impacted our world today, nanos-
cience‘s mark on the future may be 
nearly impossible to predict. One thing 
is certain about nanoscience in the 
future—nanoscience will be in the fu-
ture. With continued support and 
growth, nanoscience may enhance 
our under-standing of materials at the 
macro level by studying them at the 

nano level. With this new know-
ledge, we may be able to help the 
environment and provide a new ap-
proach to the treatments of various 
diseases on the nanometer scale. 
The fact that human cells and other 
nanoparticles self-replicate suggests 
that further study of materials at this 
level may yield great discoveries.  
   In light of all the advantages, 
some think there is another side to 
nanoscience. The use of nanopar-
ticles in the human body, for in-
stance, presents a few concerns, as 
the activity of nanoparticles and 
their properties is not yet fully un-
derstood. Particles of such small 
proportions may produce unfore-
seen effects, such as passing 
through the blood-brain barrier. 
Realizing these issues, scientists 
now know that they must first fully 
understand nanoparticles, their 
properties, and the way they work 
before employing them in treating 
humans. This proves even more the 
importance of continuing research 
and study in nanoscience. There are 
also extreme fears concerning na-
nobiotechnology, such as the emer-
gence of the ―grey goo‖ theory in 
which self-replicating nanosized ro-
bots pulverize surface objects on 
earth. Despite these concerns, the 

normal scientific and technological 
application of nanoscience and nano-
technology can initiate great advances 
in technology and biomedicine in the 
future.  
   Nanoscience is a new frontier that 
the scientific community has only 
brushed up against before—we‘ve 
been kissing the edge between micro 
and nano science for a long time, and 
it‘s time we fully explore all that na-
noscience has to offer. Every method 
in science and technology was new at 
one time, and, just as Dr. Xu of ODU 
said, even the computer was at one 
time a figment of somebody‘s imagi-
nation. The development of new me-
thods is natural in science and tech-
nology over time. Isn‘t it a grand ex-
ample of how thinking grows and 
changes over time that today we 
judge the acceptance of a new word 
by whether or not it is recognized by 
spell-check rather than whether or not 
it‘s in the dictionary? With the contri-
butions of nanoscience to biomedicine 
and technology in the future, the spell-
check will surely recognize it in the 
very near future. Nanotechnology is 
there, however, and that‘s a start.  
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"Bon Exploration!" 
A Parisian Research Experience for  
Undergraduates with the Pasteur Institute of France 
 
Karuna Meda 
University of Pennsylvania 
 

 hard and productive day‘s 
work at the lab followed by an 
evening enjoying the sights, 

sounds and culinary delights of Par-
is—sound too good to be true? The 
Pasteur Foundation Summer Under-
graduate Internship offers such a 
unique opportunity to students na-
tionwide. Open to undergraduates of 
U.S citizenship, this program brings 
participants for 10 weeks to the world-
renowned Institut Pasteur in Paris, 
France, conducting biomedical re-
search in a culturally diverse and sti-
mulating milieu. 
    The Pasteur Foundation is a non-
profit corporation that works to raise 
funds to support the Institut Pasteur, 
whose mission is to ameliorate public 
health by contributing to the preven-
tion and treatment of infectious dis-
eases. The institute accomplishes this 
through research, teaching and public 
health initiatives. The prospect of an 
undergraduate-level scientific ex-
change between France and the USA 
was put forth by a researcher named 
Deshmukh Gopaul, who returned to 
France to work at the Institut Pasteur 
after an academic stay at the Universi-
ty of Pennsylvania. He found working 
with undergraduates during his U.S 
experience very rewarding, and was 
somewhat frustrated that, in France, it 
was more difficult to tap into the ener-

gy and creativity that this incredibly 
able, eager population brings to 
labs. ―Deshmukh planted the seed 
of the idea for this program that was 
created to bridge a gap with Ameri-
can students. We were able to 
launch it by securing an initial grant 
and the rest is history!‖ says Caitlin 
Hawke, Coordinator of the Pasteur 
Foundation of New York, ―We‘re 
now into our sixth summer and 
going strong.‖ 
   The Pasteur Foundation Summer 
Undergraduate Internship, started in 
May 2003, aims to encourage stu-
dents in their pursuit of a scientific 
career and to enable them to expe-
rience an international laboratory 
environment. The program attracts 
hundreds of applicants each year, 
with well over 200 top-notch U.S. 
undergraduates competing for four 
spots in four different labs at the 
Institut Pasteur. The main criteria for 
selection are: an excellent academic 
record, hands-on lab experience, 
and enthusiasm to adapt and ex-
plore a new culture and lifestyle. Ms. 
Hawke adds, ―I would even caution 
that the program is extremely com-
petitive given the limited number of 
positions, so I encourage prospec-
tive applicants to consider carefully 
the depth of their commitment to 
pursuing a career in science prior to 
applying.‖ Every year, Caitlin Hawke 
recruits four new labs, choosing 
from over 130 labs at Institut Pas-
teur. ―Some PIs (principal investiga-
tors) are really quite enthusiastic, 
and I can tell that they will provide a 
nurturing but challenging environ-
ment for my students.‖ Students 
conduct research supervised by a 
lab mentor, and, at the end of 10 
weeks, they make an oral presenta-
tion and submit a work report on 
their research.  
   Yearly, Ms. Hawke aims to recruit 
labs with concentrations in a variety 

of scientific arenas. ―I try to get a 
cross section of subjects represented 
in each summer‘s lab selection; for 
instance, this year we have one of our 
high-tech platforms participating, the 
dynamic imaging platform.‖ Gloria Jih, 
an intern in 2005, actually worked with 
Dr. Gopaul, with whom she says she 
interacted frequently. The Gopaul lab 
seeks to find a solution to the problem 
of antibiotic resistance by studying 
integrases and respective substrates. 
―My project was to clone a putative 
integrase from the genomic DNA of 
Plasmodium berghei‖ explains Gloria. 
Andrew Le, a rising senior at Harvard 
who participated in the program this 
past summer, worked in Pascale Cos-
sart‘s laboratory studying histone 
modifications in host cells during in-
fection by Listeria monocytogenes; he 
was able to find which lysine on his-
tone 3 is deacetylated during infection. 
The mentors help guide the project 
and propose interesting questions for 
the intern to answer in the course of 
his/her research. Interns are given 
extensive independence on their 
projects and the ability to make impor-
tant decisions regarding the direction, 
specific aims, and approaches for the 
project is a valuable skill for future 
scientists. Gloria says that the re-
search experience was very helpful 
when she applied to graduate school; 
she is currently pursuing her PhD in 
Cell Biology at Harvard University. 
Similarly, Andrew explains that he 
learned both classic and novel micro-
biology techniques, which will help 
him in his ultimate goal of characteriz-
ing brain tumor cells. The lab envi-
ronment also gave him perspective on 
how he would run his own lab. ―The 
system put in place by Pascale Cos-
sart made for a very productive lab 
and trained excellent scientists. In that 
regard, I was influenced by what I saw 
this summer.‖ 

A 

Fig. 1. Taking in Paris: Richard Parenteau was 
an intern last summer; he just entered an 
MD/PhD program in San Francisco 
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   Alongside the intensive research, 
the unique avenue for cultural explora-
tion is a singular valuable feature of 
the program. The internship is an ex-
cellent alternative to study abroad 
programs for science-oriented under-
graduates. ―Learning a language well 
should be an important part of any 
undergraduate‘s experience; it is a 
wonderful tool to have for the rest of 
your life, but often the science curricu-
lum takes precedence‖ attests Ms. 
Hawke, ―so for talented students who 
just cannot pull themselves away from 
their lab work for a whole year, this is 
the perfect program. They get to pur-
sue the curriculum of their major and 
then take the summer ―off‖ – guilt free 
– by working in a lab abroad!‖  
   Indeed, the Institut Pasteur is some-
thing of a symbol of French culture 
and, according to Gloria Jih, the pro-
gram really helps interns embrace this 
symbol: ―The internship offers an op-
portunity to experience the day-to-day 
life of Parisians and enjoy the many 
summer festivities the city has to offer. 
I stayed at the institute‘s intern hous-
ing, which was very conveniently lo-
cated right next to a Metro stop. The 
institute‘s cafeteria also served amaz-
ing French cuisine. Furthermore, eve-
ryone in lab was very helpful in dis-
hing out tips on living in Paris.‖ In turn, 
interns are encouraged to speak with 
their colleagues and international stu-
dents in French. Ms. Hawke remarks 
that making the effort is a huge ges-
ture. ―English is often the common 
tongue. But the American way isn‘t the 
only one, I think that this becomes 
apparent to our undergrads; they get 
to see that there is more than one 
rhythm at which to conduct science, 
run a lab, and contemplate experi-
ments.‖ Every lab has its own culture, 
and the Pasteur Foundation Internship 
gives U.S undergraduates a chance to 
integrate the Pasteurian approach into 
their current and future scientific en-
deavors. Gloria reflects this sentiment: 
―The exposure to a different lab cul-
ture--ways of thinking and doing 

things--was very helpful in adjusting 
to different labs later on, such as 
rotating through three different labs 
(for the purpose of choosing a thesis 
lab) during the first year of graduate 
school. Furthermore, the experience 
of working in a lab abroad enriched 
my ability to dialogue and network 
with international researchers.‖ In 
addition, the Pasteur Foundation 
supports a postdoctoral fellowship 
program at Institut Pasteur, thus 
providing further networking oppor-
tunities for both undergraduates and 
postdoctoral fellows.  
   The Pasteur Foundation Summer 
Undergraduate Internship encou-
rages undergraduates to develop 
their motivation, self-sufficiency and 
independent thinking. Interns must 
arrange their own travel and hous-
ing in Paris, and they receive $400 
per week plus a $300 subsidy to 
help pay for travel and the required 
insurance. ―It is hard to arrive alone 
in a country, at a large institution, in 
a lab, especially if you don‘t speak 
French,‖ explains Ms. Hawke, ―You 
have to trust your instincts. That is 
an important skill to develop, for life 
and for a scientific career.‖ Further-
more, since the group of interns is 
so small, students will often plan 
trips and dinners together; thus, one 
is not alone in navigating the foreign 
waters. Gloria reminisces, ―The oth-
er interns and I got to know each 
other quite well. We continued to 
keep in touch afterwards, even more 
so now, as our studies have brought 
us all to Boston over the past few 
years.‖ Interns also interact closely 
with their fellow lab members, and 
one of Andrew‘s most memorable 
experiences from his summer is 
barbecue hosted by an engineer in 
the lab, where he learned ―ball‖--the 
French national pastime. Unlike 
many other programs, the Pasteur 
Foundation internship does not have 
structured activities, thus one has 
the liberty and flexibility to shape 
his/her daily routine to fit his/her 

own interests. Gloria says she only 
attended talks and seminars that were 
of relevance to her, thus making it a 
greater learning experience. 
   The Institut Pasteur offers top-notch 
laboratory facilities, a welcoming 
atmosphere, and numerous opportuni-
ties to contribute to ongoing research 
involving various diseases. The Pas-
teur Foundation Internship encourag-
es young scientists to use these re-
sources to form a global approach to 
their research. To find out more about 
the internship, visit 
www.pasteurfoundation.org, and 
make sure to read the FAQ. Applica-
tions are open only to juniors and se-
niors of U.S citizenship. For Summer 
2010 internships, the application 
deadline is in December 2009. You 
can also follow the program on Twitter 
at: 
 
www.twitter.com/PasteurUS.  
 
What better way to cap off one’s col-
lege career than a Parisian scientific 
and cultural experience—a truly once 
in a lifetime opportunity.  
 
 
 

 

Fig. 2. Lark Coffey, an American postdocorate 
at the Institut Pasteur, mentored intern Petra 
Gest during the summer of 2007. 
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Power of Universities: 
Improving Access to Medicines 
 
Maria Huang 
Duke University 
 

he World Health Organization 
predicts that 10 million people 
die annually from lack of vac-

cines and essential medicines [1]. 
What role do universities play in such 
cases? By revising their policies and 
embracing an official resolution of im-
proving human welfare, institutions 
could implement licensing provisions 
that facilitate access to their innova-
tions in poor countries. 
   Convening across university cam-
puses, student activist groups coordi-
nate film screenings, invite guest lec-
turers, and organize benefit concerts 
to raise awareness of neglected dis-
eases in developing countries. 
Spurred by the poignant images of 
emaciated children and destitute 
adults, attendees of such awareness 
campaigns are imbued with hope and 
optimism that their scientific research 
and innovations will help eradicate 
AIDS or malaria. Undoubtedly, the 
ethical stance that alleviating human 
suffering is necessary, embodies the 
principle for many university re-
searchers across America. However, 
if an institution‘s pharmacology labora-
tory generates an effective molecule 
that targets HIV, the Office of Licens-
ing and Ventures (which is responsi-
ble for development of technology 
ventures) would patent the discovery 
and grant an exclusive license to the 
commercial sector for subsequent 
drug development and marketing. 
Pharmaceutical companies are 
daunted by the notion that providing 
drugs free or almost at no cost to 
third-world countries would eventually 
undercut drug prices. Consequently, 
they often charge exorbitant prices or 
use legal maneuvers to restrict access 
in developing nations. Making drugs 
available to the developing world re-
mains one of the major challenges in 
addressing health inequity.  
 
Universities Allied for Essential 
Medicines (UAEM  
   Particularly, leading universities 

spearheading breakthrough re-
search should adopt the Equitable 
Access Licensing (EAL) proposed 
by the coalition group, Universities 
Allied for Essential Medicines 
(UAEM). The UAEM group strives to 
build support for university-centered 
solutions for access to medicines by 
focusing on university medical tech-
nology licensing policy, neglected 
disease research funding, and pro-
moting university research that is 
access-friendly. At Duke University, 
a group of medical students such as 
David Watkins, Richard Waters, Ti-
mothy Bouley, and Zach Reitman 
have strived to foster discussion and 
awareness of the access to medi-
cine issue through UAEM. Bouley 
and Waters recently emphasized, 
―[Universities Allied for Essential 
Medicines] is a growing network of 
faculty, students, and staff at uni-
versities around the world that is 
united in holding our institutions of 
higher education to greater stan-
dards of public health responsibility, 
and we do this through encouraging 
improvements in licensing and pa-
tent practices to better serve the 
world‘s poor‖ [2]. 
   Equitable Access Licensing pro-
moted by UAEM would lift barriers 
on access to intellectual property. 
Modifications would enable organi-
zations or corporations abroad to 
create and market generic replicas 
of vital medicines, such as HIV inhi-
bitors. In addition, EAL calls for a 
reduction in drug prices, as well as 
the relaxing of patent provisions. For 
instance, a generic pharmaceutical 
plant in Cambodia wishing to pro-
duce a glaucoma ointment would be 
able to do so without transgressing 
legal boundaries. Universities har-
boring the willpower to advocate 
EAL strategies need to persuade 
companies that global health ad-
vancements can mobilize people to 
pursue meaningful lives. However, 
any solutions to the access gap 

must involve pharmaceutical industry 
partners.  
 
Potential Barriers 
   From a logistical perspective, im-
plementing EAL may seem untenable, 
as universities need bargaining power 
to negotiate with the drug industry. 
Nonetheless, a recent review from the 
Senate Joint Economic Committee 
suggests that ownership positions of 
universities in pharmaceutical tech-
nologies have substantially increased 
over the past three years. In addition, 
the number of patents and licensing 
agreements executed by academic 
institutions has approximately doubled 
between 1993 and 2003. By exercis-
ing volition, universities certainly pos-
sess the capacity to alter access to 
intellectual property rights. In addition, 
companies that participate in EAL will 
improve their reputation as supporters 
of social well-being. An inspiring ex-
ample at Yale University illustrates the 
viability of implementing EAL.  
   In 2001, the humanitarian organiza-
tion Médecins Sans Frontières (com-
monly known as Doctors without Bor-
ders,) sought Yale‘s permission to use 
a generic version of Zerit (stavudine), 
an antiretroviral drug targeting HIV 
infection, to treat South African pa-
tients. Although Yale owned the pa-
tent for stavudine, the technology 
transfer office had conferred intellec-
tual property rights to the pharmaceut-
ical corporation Bristol-Myers Squibb. 
After vigorous bargaining, the first pa-
tent concession on an HIV drug 
emerged, and the generic stavudine 
was allowed to be marketed within 
South Africa at a 30-fold reduction, 
from $1650 to $55. Setting a 
precedent for the global community, 
Yale‘s proactive role in negotiating 
with Bristol-Myers Squibb should con-
vince other universities to follow suit 
[3]. 
 
Student Endorsement 
   Moreover, granting access to intel-

T 
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lectual property rights for global wel-
fare, constitutes little financial risk for 
universities. According to a recent 
survey by the Association of Universi-
ty Technology Managers, licensing 
revenues typically account for only 
about 4% of an institution‘s research 
funding [4]. As a promising locus for 
change, academic institutions harbor 
potential in actualizing equitable 
access to essential medicines, and 
the core of university activism lies in 
sustained support from the student 
population. For instance, Duke Uni-
versity‘s UAEM group has constructed 
a gigantic medicine bottle for display 
on the main plaza as an educational, 
outreach campaign.  
   UAEM activist Richard Waters, a 
Duke Medical School student, adds, 
―[Striving for a modified licensing poli-
cy] is more than just the ideal proposi-
tion of university students. Several of 
the world‘s leading research institu-
tions, such as the University of Cali-
fornia at Berkeley, the University of 
Washington, and Oxford University, 
have adopted policies that serve this 
very purpose.‖  
   In fact, a group of scientists and 
students issued a petition on Novem-
ber 15, 2006, called the Philadelphia 
Consensus Statement. The statement 

proposes three major changes to 
university policies on health-related 
innovations, such as promoting 
equal access to research, encourag-
ing research and development for 
neglected diseases, and measuring 
research success according to im-
pact on human welfare [5]. Among 
the signatories of the Consensus 
Statement are nine Nobel Lau-
reates, including Peter Agre, 2003 
Nobel Laureate in Chemistry, and 
Kenneth Arrow, 1972 Nobel Lau-
reate in Economics [6]. 
   What factors may compel more 
universities to recognize the urgen-
cy and seriousness of the issues in 
the Philadelphia Consensus State-
ment? Duke medical student Ri-
chard Waters explains some goals 
of Duke‘s UAEM chapter, ―[We 
need] better education of key policy 
makers at Duke. Changing licensing 
strategies will improve access to 
medicines in poor nations and that it 
is not a ‗symbolic action‘ with little 
consequence. Also, we need sup-
port from biochemical researchers 
and demonstrate how much publici-
ty this could create for academic 
institutions as centers for global 
health.‖ After all, what better way to 
empower ailing humans than to fight 

for medicines - their lifelines?  
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Checkmate, Yahtzee, 11010101 – I Resign! 
Game Playing Machines 
  
Charley Wang 
University of Toronto 

 

This is the story of beating unfathomable odds, and of playing the perfect game. 
This is the story of the machine, and how we taught it to challenge and defeat the best of us.

The Inception 
 

ery recently, a University of Al-
berta team led by Jonathan 
Schaefer announced that they 

had ‗weakly‘ solved the game of 
checkers. But don‘t let the ‗weakly‘ 
fool you – their program, called Chi-
nook, can play every game of check-
ers to a win or draw. 
   In other words, it plays a perfect 

game, every time.  
    But this is not where the story 
starts. 
   The story starts in 1770, with the 
invention of the world‘s first game-
playing machine. They called it ―The 
Turk.‖  
   The Turk was essentially a wood-
en man mounted on a wooden box. 
It looked no more complex than oth-
er devices of the time, except that it 

played chess – and played it well. For 
over 80 years the Turk toured all of 
Europe, beating chess masters and 
chess enthusiasts alike. 
   The Turk captivated chess masters 
and enthusiasts alike, and drew the 
attention of great men like Benjamin 
Franklin and Napoleon Bonaparte.  
But the Turk also drew many critics 
during its long life. They reasoned that 
no machine could possibly achieve 

V 
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the imagination required to beat a 
human player at chess. Therefore, 
they said, the Turk must be a hoax.  
   They were right. After many years of 
service the Turk was finally retired and 
revealed by its owners to have been 
an elaborate hoax. (Standage, 2002) 
   Machines do not have imagination - 
you can disassemble the biggest, 
most sophisticated supercomputers 
on Earth and you will not find a single 
trace of imagination. Yet, thanks to 
research into Artificial Intelligence (AI) 
even a cell phone can play chess. 
   According to Merriam Webster‘s 
dictionary, artificial intelligence is ―the 
capability of a machine to imitate intel-
ligent human behavior.‖ This defini-
tion, though, is outdated. 
   ―In the early days of AI research, the 
easiest path to achieving high perfor-
mance was seen to be emulating the 
human approach,‖ says Jonathan 
Schaefer, creator of Chinook. ―This 
was fraught with difficulty, especially 
the problems of capturing and encod-
ing human knowledge. Human-like 
strategies are not necessarily the best 
computational strategies.‖ 
   Strangely enough, it was this 
change from a human to a mechanical 
approach that allows machines to 
compete with humans.  
   Computers have a natural talent for 
numbers, and so a computer‘s idea of 
playing is to calculate all the possible 
moves and positions.  
   But hang on, if a computer can just 
calculate every possible move, isn‘t it 
obvious that it will win every time? 
   Not exactly… 
 
The Antagonists 
   The idea of ―every possible move‖ is 
nowhere near as simple as it sounds.  
   In Tic-Tac-Toe, one of the world‘s 
simplest ‗board‘ games, there are 435 
legal combinations of pieces, or ‗posi-
tions‘. Compare that to checkers, 
where there are 5x1020 positions. Or 
to chess with 1050, or even to Go with 
over 10170. (Weisstein, 2006) 
   It is difficult to convey just how large 
those numbers are. 
   With 5x1020 dollars you could give 
every person on the planet 60 billion 
dollars and you‘d still have enough left 
over to buy every single thing in North 
America. The number 1050 is more 
than number of atoms in the entire 

galaxy. Moreover, 10170 is simply 
beyond big. You could square the 
number of subatomic particles in the 
known universe and you still would 
not even come close to 10170.  
   Those are the astronomical odds 
standing against a simple computer. 
They make the computational power 
of even the world‘s most powerful 
supercomputers seem paltry in 
comparison. Take, for example, 
Deep Blue, IBM‘s high profile chess 
program. It ‗thinks‘ about 14 moves 
ahead, which translates to over 
4x1021 positions.  
   In contrast, the world‘s fastest 
computer, IBM‘s Blue Gene/P, has a 
top speed of 3x1015 Floating-point 
Operations (FLOP‘s) per second - 
the equivalent of 100,000 high-end 
laptops. (IBM, 2007) 
   Now, even if you could find and 
evaluate an entire position with just 
one FLOP, it would take the super-
computer more than two weeks to 
make a single move. Yet Deep Blue, 
in its series against grandmaster 
Garry Kasparov, was only allowed 
an average of 3 minutes per move. 
   This is a tremendous victory over 
the odds, and there are many, many 
innovations behind it. 
 
Acting Like a Machine 
   One early innovation in logic game 
AI‘s was the Alpha-Beta search. 
Alpha-Beta search is based on the 
minimax principle. Here‘s how it 
works: 
   Assume we have two perfect 
players: Min and Max. Each position 
can then be assigned a value, with 
positive numbers representing good 
positions for Max, and negative 
numbers representing good posi-
tions for Min. Max‘s goal is therefore 
to maximize the score, and Min‘s to 
minimize it. 
   Now, pick a move and perform a 
full search of the leaves in that 
branch of our search tree, and use 
the smallest as the ‗result‘ for that 
branch. We use the smallest value 
because a perfect player by defini-
tion will always make the best poss-
ible countermove.  
   Then we move on to the next 
branch. Like the first one, it splits 
into thousands of possibilities. But, 
we pick out a single leaf. By chance, 

it is lower than the result of the first 
branch. 
   Because Min is perfect, we cannot 
possibly get a value higher than this 
leaf – in effect, this value sets a ceiling 
on the results of this branch. So now 
we can discard the entire branch and 
move on. 
   With this algorithm, an impossibly 
large search tree can be pruned into a 
scraggly search bush.  
   A second, important innovation is 
the use of memory, particularly in the 
form of hash tables. A hash table is a 
list of positions that have already been 
evaluated, stored according to a 
unique value called a hash key. Then, 
when a position comes up, we can 
very quickly check if it has already 
been encountered. 
   Memory, however, is the difference 
between a ‗strong‘ and ‗weak‘ solution 
to a game. By definition, a ‗weak‘ solu-
tion relies on memory – on extrapolat-
ing backwards from winning positions. 
It is, in the language of mathematics, 
a ‗numerical‘ solution to the game. 
Chinook, the virtual, undefeatable god 
of checkers, is therefore a ‗weak‘ pro-
gram. (Schaeffer et al., 2007) 
   A ‗strong‘ solution, on the other 
hand, is algorithm based. If a memory-
based solution can be considered 
numerical, an algorithm-based one is 
like a mathematical proof for the game 
itself – an unbreakable link from the 
first move to victory. 
   That is, in some ways, the ‗holy 
grail‘ of game AI, the end product of 
research into a game. 
 
The End 
   But it‘s not the end of the story. 
There are countless more search al-
gorithms, memory access functions 
and timesaving innovations, and there 
are countless more to come. Ma-
chines have overcome great odds to 
get to where they are today, and will 
overcome many more. 
   But tomorrow, there will be even 
more innovation, more new ways to 
tackle old problems, more attempts to 
beat ever-greater odds. However, one 
question persists: ‗Why?‘  
   To some, the resources spent on 
cracking a board game are… ridicul-
ous. They argue that energy devoted 
to game-specific innovations is better 
used elsewhere. 
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   But we are only human, we only ex-
cel at the things that inspire us. At the 
end of the day, watching pieces flow 
across a virtual board is more capti-
vating than watching numbers dribble 
across the screen. 
   Beyond that, game-playing AI‘s also 
provide a test platform for any pro-
gram that works with large data sets. 
In a game, it is easy to tell if an algo-
rithm is working correctly or if it has 
gone horribly wrong.  

 

Epilogue 
   In the centuries since the Turk‘s per-
formance, game playing machines 
have evolved greatly. But, more than 
that, these things once considered to 
be soulless automations have sparked 
some creation of their own. 
   The Alpha-Beta algorithm led to the 
development of heuristic search, 
which quickly analyzes complicated 
data and, in some respects, is a good 
simulation of human thought. (Nau, 
1999). 

   Memory storage and access algo-
rithms from Chinook have found use 
in DNA search programs, allowing 
researchers to traverse incredibly 
large sequences of codons. (Nel-
son, 2007) 
   Beyond that, game playing ma-
chines have drawn popular attention 
to developments in computer tech-
no-logy.  
   For though machines have no im-
agination of their own, they incite 
great imagination in our minds, in 
the minds of their makers. 
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Lobsters Play Biological Violins 
 
 
Margaret Harris 
Duke University 
 

t's concert time for the Animal Phil-
harmonic. The crickets are warming 
up back in percussion, flexing their 

wings and chirping as the elephants 
stomp their feet and the beavers slap 
their tails in warning. Over in the wind 
section, the songbirds are twittering 
nervously and pecking at each other's 
music. The rhinos can't actually play 
their horns, so there's no brass sec-
tion, but otherwise the turnout is pretty 
good for a weeknight. All kinds of 
sounds, all kinds of ways to make 
them...and there in front, tuning their 
violins, are the lobsters. 
  
Lobsters? Violins? 
   Yes, says Sheila Patek, a Duke Uni-
versity graduate and now professor of 
biology at UC Berkeley, who recently 
discovered that spiny lobsters make 
sound using the biological equivalent 
of a violin – the first time such a me-
chanism has been found in nature. 

   "Lots of people have tried to ex-
plain how these lobsters make 
sounds, and most of them were 
wrong," said Patek, whose research 
appeared in the May 10 issue of 
Nature. "We've never seen this be-
fore."  
   Using an underwater microphone 
and tiny sensors attached to the 
lobster's antennal muscles, Patek 
showed that when a lobster moves 
its antennae in a certain way, a 
nubbin of tissue called a plectrum 
rubs over a file near its eyes. The 
rubbing motion creates frictional 
pulses of sound. Unlike crickets and 
other animals that produce sound by 
scraping a hard "pick" over a ridged 
"file," a lobster's plectrum is made of 
soft tissue, and the file's surface is 
macroscopically smooth. A lobster's 
sound is hardly musical – it sounds 
like a finger being dragged across a 
wet, squeaky washboard – but the 

underlying mechanism is similar to a 
violinist drawing a bow across the 
strings of her instrument. 
   Since lobsters cannot hear except at 
very close range, the sounds they 
make are probably not used to com-
municate with each other. Instead, the 
sounds serve as a defense against 
predators, which may be startled long 
enough for the lobster to escape, Pa-
tek said. 

I 
Fig. 1. Sheila Patek and her violinist. 
 

Fig. 1. Sheila Patek and her violinist. 
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   "If you were reaching down to pick 
up a sandwich, and it squeaked, you 

might pause," Patek explained.  
   Sound-based defense mechanisms 
are relatively common in nature, Patek 
said, "but the lobster's is unusual from 
an evolutionary as well as a structural 
standpoint. Not all lobsters are noisy, 
only certain species in the Palinuridae, 
or spiny lobster, family. These lobsters 
bear little resemblance to the docile 
creatures found in supermarket tanks. 
Aside from their mottled coloring, their 
most striking characteristic is a pair of 
long, stiff, spine-encrusted antennae. 
Several faded scratches on Patek's 
arms bear witness to the antennae's 
effectiveness as defensive tools.  
   During the molting period, however, 
the spiny lobsters' antennae and shell 
are too soft to protect them against 
predators. Instead, the lobsters must 
rely on scare tactics - sound - to drive 
predators like sharks, grouper, and 
triggerfish away. A sound producing 
mechanism that relied upon hard sur-
faces would be of little use during this 
vulnerable stage. This suggests that 
the lobsters' soft-tissue-based sound 

structures are an evolutionary re-
sponse to predation, Patek said. 

   "Organisms face many mechani-
cal problems," Patek said. "In this 
case, lobsters are able to make 
sound without relying on hard parts, 
and therefore they can make sound 
when their exoskeleton is softened 
and they are most vulnerable to 
predation."  
   Patek became interested in lob-
ster sounds while spending a seme-
ster abroad in the Caribbean, back 
when she was an undergraduate at 
Harvard. At that time, she was main-
ly interested in communication. 
However, she was also studying fish 
morphology, or body structure, and 
how it affects swimming behavior. 
Connecting sound and structure 
came naturally to Patek, she said, 
because both she and her advisor, 
Associate Professor of Biology 
Steve Nowicki, are musicians. 
    "As a musician, you can't help but 
have an ear open for sounds in the 
biological world," said Patek, who 
plays the piano and the clarinet. "I 
find it inherently interesting that 

birds make beautiful tonal sounds, 
whereas lobsters make this nasty 

rasping noise. There's so much varia-
tion."  
   Patek said that future research 
might turn up other examples of ani-
mals using the same violin-like "stick-
and-slip" method to produce sound. 
She added that she hopes her re-
search will spur others to investigate 
sound-producing mechanisms and 
their evolutionary history. Patek's own 
future includes a three-year postdoc-
toral Miller Fellowship at the University 
of California at Berkeley, where she 
intends to study the evolution of sig-
nals and communication in mantis 
shrimp. 
   In the meantime, what about a lob-
ster dinner?  
   "I actually became a vegetarian 
about ten years ago," said Patek, 
laughing. "And anyway, there's a lot of 
[structural] studies you can do with 
them after they're dead, so I tend to 
save them." 
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Drought: The Detrimental Cigarette  
of the Amazon Rainforest 
 
Jun Beom 
University of Pennsylvania 
 

 land that covers nine countries 
including Brazil, Peru, Colom-
bia and Venezuela in South 

America. An area twenty five times 
bigger than the United Kingdom. A 
home to the largest number of living 
species in the world. The greatest 
oxygen tank of the earth. A treasure 
box that some believe may provide 
solutions to various diseases. The 
Amazon is an essential part of the 
earth and plays a vital role in keeping 
the earth alive and vibrant. Therefore, 
even the regional changes in the 
Amazon rainforest can cause interna-
tional consequences. As increased 
levels of carbon dioxide gives way to 
climate changes and subsequent 
problems, more and more attention is 
being paid to such significant natural 
features of the earth as the Amazon 
rainforest. After long-term research, 
several scientists are worried that the 
Amazon rainforest, currently the 
greatest carbon dioxide absorbent, 
may turn into the biggest carbon dio-
xide producer in coming years as a 
result of climate changes. 
   The most recent predicament that 
occurred in the Amazon forest was the 
severe drought in 2005 caused by the 
temperature increase in the tropical 
North Atlantic sea surface. Known as 
the worst drought in the past 100 
years, it damaged certain regions of 
the forest beyond repair. Many plants 
and other organisms died, decreasing 
the total biomass carbon (a means of 
measuring the total amount of living 
organisms), by about 1.2 to 1.6 peta-
grams (University of Leeds). Rivers 
dried up, disabling the usage of the 
boats which act as a major mode of 
transportation in the rainforest. On the 
ground of the once full river, count-
less fish, which are major protein 
sources for the regional people, lay 
dead. 
   However, people were uncertain of 
the quantitative impacts of the drought 
in 2005, especially from the perspec-
tive of change in carbon dioxide level 

in the atmosphere. Some people 
claimed that the dry conditions 
cause the Amazon rainforest to be 
greener because increase in solar 
radiation during drier periods en-
hances the activities of organisms in 
the forest. From this they would de-
duce that although a number of 
plants were dead due to the drought 
in some areas, there was not much 
change in the overall carbon dioxide 
absorption rate of the Amazon for-
est. Others said that the conse-
quences were severe, but were un-
sure of the degree of the detriment 
to the rain forest. 
   On March 6th 2009, Dr. Oliver L. 
Phillips from the University of Leeds 
(UK) and 65 other scientists from 
RAINFOR (an international organi-
zation that studies the Amazon rain-
forests) published a report in 
Science stating that they have finally 
completed the quantitative analysis 
of the impact of the drought in 2005 
on the Amazon rainforest after 30 
years of arduous work in monitoring 
the tropical forest. 
   "Visually, most of the forest ap-
peared little affected, but our 
records prove tree death rates acce-
lerated,‖ said Professor Phillips. 
―Because the region is so vast, even 
small ecological effects can scale-
up to a large impact on the planet's 
carbon cycle.‖ 
   Also, Peruvian botanist and one of 
the co-authors of the report, Abel 
Monteagudo, stated that ―Some 
species, including some important 
palm trees, were especially vulnera-
ble, showing that drought threatens 
biodiversity too." 
   The research showed that, in 
normal years, the rainforest absorbs 
about two billion tons of carbon dio-
xide. However, in 2005, the year of 
the deadly drought, the Amazon 
produced three billion tons of carbon 
dioxide. This adds up to a net in-
crease in carbon dioxide in the at-
mosphere caused by the Amazon 

rainforest totaling five billion tons, 
which is more than the amount of car-
bon dioxide produced annually by Ja-
pan and Europe combined (Phillips). 
The findings are extremely shocking 
because it had been believed that the 
Amazon functions as a sort of air filter 
for the earth, providing oxygen and 
absorbing carbon dioxide. Now, we 
know that the Amazon could actually 
be the major pollutant of the earth in 
this circumstance. 
   The biggest fear is that the drought 
may not be a one-time incident. The 
worst-case scenario is this is perhaps 
the start of a vicious cycle. As the cli-
mate change progresses, the Amazon 
could suffer another serious drought, 
possibly even a worse one that would 
again increase the level of carbon dio-
xide in the atmosphere. This would 
hasten the process of climate change 
and possibly give way to another de-
trimental drought on the Amazon, and 
this cycle would continue indefinitely.  
   Professor Phillips expressed his 
concern over this issue. ―For years the 
Amazon forest has been helping to 
slow down climate change,‖ Phillips 
said. ―But relying on this subsidy from 
nature is extremely dangerous. Dee-
per cuts in emissions will be required 
to stabilize our climate.‖ 
   With this knowledge of how serious-
ly the last drought affected the Ama-
zon, people should now be aware of 
how important the Amazon rainforest 
is to our world and how important it is 
to protect it accordingly. The Amazon 
needs long-term care and protection 
to keep it intact and to benefit the 
world. The negative effects caused by 
the 2005 drought could have been to 
a much lesser degree had the Ama-
zon been preserved better. However, 
there are numerous obstacles to ade-
quately preserving the Amazon rain-
forest. In order to gain economic prof-
its, lumberjacks are cutting down large 
areas of the forest to produce logs to 
sell them globally. Some people are 
burning down parts of the forest in 

A 
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order to use them as farms. In fact, 
Brazil, the country in control of the 
largest portion of the Amazon rainfor-
est, has turned such an immense area 
of the rainforest into a soybean farm 
that Brazil has become one of the 
world‘s largest soybeans producing 
country (Clay). 
   Nonetheless, the global community 
should not merely force countries 

covered by the Amazon to not utilize 
the Amazon rainforest, as there 
would be a significant economic 
stagger for countries that house a 
portion of the Amazon if they were 
not allowed to industrialize it. The 
countries that have a portion of the 
Amazon in their region may not 
have many other options to develop 
them other than to make use of the 

Amazon. Before it is too late, the 
world needs a wise strategy that will 
satisfy both the countries that share a 
part of the Amazon and the entire 
world that benefits from its contribu-
tions to our earth. 
 
 

 
 
The Brain Must Go Back to the Future:  
Mental Time Travel 
 
Luke Kennedy Burke 
University of Edinburgh 
 
 

emory research has been 
―stuck in the past‖ for more 
than two decades. In recent 

years, however, it has been realized 
that backward travel to relive past 
events (episodic memory) underlies 
forward travel to simulate future 
events (episodic future thinking). This 
advancement can be attributed to a 
number of neuroimaging and patient 
studies that have allowed ―mental time 
travel‖ (MTT), the ability to recall the 
past and simulate the future, to be 
unpacked. This article will introduce 
the intriguing concept of MTT and 
present the recent developments in 
this field of neural research. Given 
that the human brain assembles epi-
sodic fragments to form a predictive 
mosaic, researchers have been ask-

ing whether animals also possess 
the capacity to recall or imagine 
events. The answer to this question 
is of tremendous importance to ani-
mal welfare and may also provide 
clues about the evolution of the hu-
man mind. Since the concept of 
MTT was first conceived it has been 
argued that only humans possess 
this cognitive ability, an assertion 
referred to as the Bischof-Kohler 
hypothesis. However, recent studies 
have challenged this hypothesis by 
demonstrating that nonhuman ani-
mals exhibit behavioral elements 
expected of MTT. This article will 
thus also weigh the evidence for the 
existence of MTT in nonhumans 
against the null hypothesis. 
  

Unpacking the Cognitive Time Ma-
chine  

 
First clues from patient studies  
   In recent years it has been realised 
that the brain must go back to the fu-
ture. Consequently, much of the dis-
cussion surrounding the neural basis 
of MTT has centred on the role of 
brain regions identified with episodic 
memory in formulating future events. 
The first indication of this sharing of 
neural substrates came from studies 
in amnesic patients K.C (Tulving, 
1985) and D.B. (Klein et al., 2002), 
who demonstrated a significant deficit 
in both episodic memory and the gen-
eration of future episodes. More re-
cent patient studies have provided 
further insight into the debate. Hass-
sabis et al. (2007) reported that when 
asked to imagine novel experiences, 
the accounts of patients with bilateral 
hippocampal amnesia were particular-
ly lacking in spatial coherence. This 
indicates that the hippocampus may 
provide the spatial scaffold into which 
past and future details are placed. 
Furthermore, Addis et al. (2008) dem-
onstrated that the ability of aging 
adults to generate future episodic de-
tails correlated with their relational 
memory abilities. This emphasizes the 
flexible recombination of past details 
that occurs during the simulation of 
future events.  
 

M 
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Neuroimaging culminates in the con-
structive episodic simulation hypothe-
sis  
   A number of studies have ad-
dressed the limitations of patient work, 
namely their subjective nature and 
lack of precise anatomical analysis, 
and focused instead on neuroimaging. 
Converging evidence has culminated 
in the derivation of the constructive 
episodic simulation hypothesis by Da-
niel Schacter and Donna Rose Addis 
at Harvard University in 2007. Firstly, 
noting that recollecting personal 
memories and envisaging future 
events engage identical neural sub-
strates, the authors proposed that epi-
sodic future thinking must therefore 
draw upon episodic memory. The 
second part of the hypothesis sought 
to explain the additional substrates 
recruited during future episodic think-
ing. In their 2007 Nature paper, 
Schacter and Addis reasoned that 
episodic future thinking is a more in-
tensive process because it requires 
the additional component of flexibly 
integrating past details to allow the 
coherent construction of a possible 
scenario. The role of episodic memory 
in supplying future mental outlook has 
been applied with success to perso-
nality traits, in particular depressive 
illnesses where this new insight may 
find a therapeutic application (Quoid-
bach, 2008).  
   The importance of additional neural 
processes in future time travel has 
been demonstrated by Szpunar et al. 
(2007) who dissected one set of re-
gions that are more active during fu-
ture simulation (Fig. 1 a-b), from 
another set of regions that exhibit 
similar activity during future and past 
tasks (Fig. 1 c-d). The areas of most 
notable increased activity are involved 
in the imagination of body movements 
in mental space. Thus when asked to 
imagine everyday activities, the simu-
lation of a novel sequence of stored 
action representations requires addi-
tional activation in comparison to the 
recollection of actions that have al-
ready taken place. Another point of 
note is that regions are activated more 
strongly when imagining personal past 
or future as opposed to that of a non-
self-familiar individual, in this instance 
Bill Clinton (Fig. 1 a-d). This is be-
cause episodic memory contains more 

details of familiar personal events, 
thus providing richer fragments that 
will form a more vivid future mosaic. 
  
A new appreciation of memory  
   But why is episodic memory a 
constructive process that pieces 
together separate fragments of ex-
perience? Surely a memory bank 
storing a literal reproduction of the 
past would avoid any of the confu-
sion and conflict that characterizes 
memory? Traditionally, the recon-
structive nature of episodic memory 
has been explained as an economi-
cal measure that allows the essen-
tial essence of an event to be stored 
without overloading the system with 
extraneous details. The recent ap-
preciation that memory is important 
for the future, as well as the past, 

has provided an additional avenue of 
explanation. Because a future event is 
not an exact replica of past events, a 
memory system that operates via 
complete reproduction would not be 
proficient in simulating the future. It is 
the constructive nature of episodic 
memory that permits flexible extract-
ion and recombination of episodic 
fragments to allow the simulation of a 
variable future.  

 
Dissecting the cognitive time machine  
   In order to better understand the 
neural basis of MTT, Addis et al. 
(2007) divided past and future mental 
time travel into two phases: construct-
ion and elaboration. The authors re-
ported that neural substrates are most 
evidently shared during elaboration 
but are most distinct during construc-
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tion, allowing the role of further sub-
strates to be inferred (Table 1). In their 
most recent study Addis and Schacter 
(2008) reported that substrates of the 
core network vary in their response to 
particular event characteristics (detail 
and temporal distance) depending on 
whether the imagined event is in the 
past or future (Table 1).  
 
Are Nonhuman Animals Capable of 
Mental Time Travel?  

 
The behavioral hallmarks of MTT  
   Before the evidence is examined, 
the definition of MTT will be further 
unpacked in order to establish the be-
havioral criteria required to demon-
strate its existence in nonhuman ani-
mals. As aforementioned, MTT is a 
bidirectional process comprised of 
episodic memory and episodic future 
thinking. Episodic memory is defined 
by its content: what happened, where 
and when (―www‟), and how it is expe-
rienced: a conscious awareness of 
recollection (Mendl and Paul, 2008). 
The access of phenomological expe-
rience is presently limited to linguistic 
communication, and is therefore im-
possible to study in non-humans. As a 
result, investigation has focused on 
whether animals possess the ―www‟ 
elements that make up ―episodic-like‟ 
memory. In order to establish the 
nonhuman existence of the second 
component of MTT, episodic future 
thinking, investigators must establish 
that behaviors are not in response to 

the present but instead influenced 
by an anticipated motivational state 
(Clay-ton and Emery, 2009).  
 
The Western scrub jay demon-
strates episodic memory  
   Perhaps you have seen the video 
of crows using passing cars to 
crack-open their diner of nuts? Ar-
guably the bird appears even smar-
ter than some humans in that it al-
ways obeys the traffic lights. The 
Western scrub jay (Aphelocoma 
californica), another member of the 
corvid family, has been used to 
great effect by University of Cam-
bridge experimental psychologist 
Nicola Clayton to make strong 

claims regarding the cognitive abilities 
of nonhumans. Clayton and Dickinson 
(1998) demonstrated that jays are ca-
pable of encoding information about 
where a particular food is located and 
how long it has been stored. When 
trained to learn that waxworms (pre-
ferred food) degrade after four hours 
but peanuts (less preferred) do not, 
jays recovered from appropriate loca-
tions depending on the time interval 
between caching and retrieval. It has 
also been established that ―www‟ 
memory can be used in a flexible, 
declarative manner. After novel infor-
mation about the rate of food decay 
was introduced at recovery, jays were 
able to adapt their retrieval prefe-
rences accordingly (Clayton et al., 
2003). Jays also engaged in tactics to 
reduce theft by conspecifics. This pro-
tective behavior has been used to 
demonstrate that jays store informa-
tion about whether another individual 
observed their cache (Emery and 
Clayton, 2001), and which bird was 
watching them (Dally et al., 2006).  
 
Dissociating episodic from recognition 
memory  
   But how can scientists prove that 
animals are not simply recognizing an 
event as familiar, a far cry from the 
recollection of a unique ―www‟ memo-
ry that would be required to demon-
strate episodic memory? This criticism 
has been addressed by Eichenbaum 
et al. (2005) who established that rats 
have the ability to distinguish between 
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memories that share overlapping ele-
ments (fig. 2). After being trained to 
learn two sequences (ABXYEF and 
LMWZPQ), rats were capable of se-
lecting the fifth element (E or P) ac-
cording to which elements the se-
quence started with (AB or LM), de-
spite the common middle elements 
(XY).  
 
Scrub-Jays provision for future moti-
vational state  
   The fact that jays are sensitive to 
the presence of another bird during 
caching demonstrates the anticipation 
of a future cache state. Notably, 
Emery and Clayton (2001) only ob-
served this behavior in birds that had 
previously acted as thieves. This sug-
gests that jays utilize past experience 
as thieves to predict the future pros-
pect of cache theft. Once again the 
birds display a strikingly human quality 
in that they obey the famous proverb 
―it takes a thief to know a thief‖. 
   Two recent studies have demon-
strated that jays unquestionably plan 
for a future motivational state and may 
use episodic future thinking to do so. 
Based on compensatory food storage 
(Fig. 3), Raby et al (2007) established 
that jays plan the next morning's 
breakfast menu. Nevertheless, the 
authors failed to dissociate between 
present and future motivational states, 
a criticism used by Suddendorf and 
Corballis (2008) to dismiss the evi-
dence as conclusive proof of future 
planning. 
   When jays are pre-fed a food they 
become specifically satiated for that 
particular food and will preferentially 
cache a different food type if later giv-
en the choice. Correia et al. (2007) 
use this phenomenon, known as spe-
cific satiety, to dissociate between 
present and future motivational state 
(Table 2). If the birds' decisions are 
controlled only by their present moti-
vational state then they should cache 
food B because it is different from 
food A, which they have been pre-fed. 
If, however, the birds can dissociate 
their present and future motivational 
states they will behave against the 
rule of specific satiety and cache the 
same food type as they were pre-fed 
on at stage 1. This is because they 
will predict the intervening stage 3 
pre-feeding with a different food type 

(B) and operate on the basis of their 
future motivation to eat food A at 
future recovery (Correia et al., 
2007).  
   However, this interpretation of the 
data has been subsequently chal-
lenged by Suddendorf and Corballis 
(2008) who contend that although a 
greater proportion of pre-fed food 
was cached by the ―different‖ group, 
the absolute number of pre-fed 
items stored did not significantly 
change. Instead, it is the termination 
in storage of the pre-fed items by 
the ―same‖ group that causes the 
shift in proportion. Thus the authors 
argue that the data does not show 
that the birds acted to secure a fu-
ture need, but that they stopped 
caching items that were plentiful at 
recovery. In response, Clayton et al. 
(2008) argue that in light of the 
complex motivational processes 
(general hunger states and incentive 
learning) a relative measure is an 
appropriate analysis.  
 
Primates pre-experience tool use  
   While scrub jays have proved to 
be an instrumental model organism, 
and have even been referred to as 
―the feathered primate‖ (Izawa, 
2008), the interpretation of this cru-
cial experiment remains a case for 
debate. A recent study on real pri-
mates by Osvath and Osvath 
(2008), however, has demonstrated 
that nonhuman animals are capable 
of pre-experiencing functional tool 
use. After learning how to obtain 
fruit-soup from a bottle using a plas-
tic hose, primates were presented 
with four novel tools (one functional 
and three non-functional) and chal-
lenged to judge which tool was (a) 
long enough and (b) open-ended to 
allow the soup to be accessed (Fig. 
4). The selection of the appropriate 
tool and lack of hesitation in tool use 
suggested that the primates envi-
sioned how the tool would be used 
(Fig. 4). More recently, Osvath 
(2009) reported that a male chim-
panzee exhibits stone-caching be-
haviour for use during dominance 
displays. The clear dissociation be-
tween current calm state and future 
aggressive state provides further 
evidence that MTT may exist in 
nonhuman animals.  

Neurophysiological access to mental 
content 
   Studies in rodents have begun to 
reveal the neural mechanism for simu-
lating future choices. By monitoring 
the activity of hippocampal place cells, 
Diba and Buzaski (2007) revealed 
―forward route pre-play‖ in anticipation 
of an upcoming maze run and ―re-
verse route replay‖ afterward (Diba 
and Buzaski, 2007). Incredibly, the 
electrical pre-play activity of these 
cells mimicked their activity during the 
actual trial and replayed the behavior-
al sequence afterward. These findings 
were complemented by Johnson and 
Redish (2007) who demonstrated that 
place cells sweep ahead of the rat at 
choice points to simulate future con-
sequences. This work demonstrates 
how the neurophysiological access to 
mental content may provide an ave-
nue for confirming MTT in non-human 
animals.  
 
Conclusion and Future Directions  
   Cleverly, designed experiments are 
also beginning to cast doubt on the 
strong contention for human unique-
ness in MTT (Schacter et al., 2008). 
Nonetheless, the evidence is merely 
in agreement with behavioural ele-
ments expected of MTT and can be 
viably explained by other cognitive 
processes. For example, it is possible 
to remember where a car is parked 
without cognitively revisited the ―www‖ 
event of parking. Crucially, it has not 
been demonstrated that animals men-
tally construct the past or future in or-
der to make decisions. In light of re-
cent publications, it appears that pri-
mates may have true MTT capabilities 
whereas nonprimates may possess a 
―prototypic‟ neural basis. For the mo-
ment, however, the data does not pro-
vide sufficient grounds to abandon the 
Bischof-Kohler hypothesis, nor can it 
be concluded that nonhuman animals 
do not possess the capacity for MTT. 
The answer to this question is not 
merely of scientific interest, but would 
radically affect animal welfare be-
cause it may show that animals can 
suffer as a consequence of anticipa-
tion and subsequent reliving of cruelty. 
At present, converging lines of evi-
dence have allowed the formulation of 
the ―constructive episodic hypothesis‖ 
and a crude elucidation of the core 
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network underlying the phenomenon. 
Understanding the intricacies of this 
network and the inter-relations of its 
components represents the next step 
in understanding the neural basis of 
MTT. Thus, in both cases further re-
search is required and, thankfully as 
humans, we can „look forward‟ to im-
portant advances being made in this 
promising field of study. 
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Remembering the Humanity of Medicine 
 
George Lui 
Yale University School of Medicine 
 
George was one of the original five founding members of JYI and served as the Publications Coordinator during 

his term on the Board of Directors. 
 

S is a 34-year-old, African fe-
male with diffuse abdominal 
pain, which she has suffered 

for the past week. The pain is located 
in the mid-epigastrum and radiates 
laterally. There is no pain in her back. 
She describes the pain as dull and 
constant. The pain is relieved with 
food. She denies nausea, vomiting, 
diarrhea, or constipation. She has no 
other past medical history. But who is 
RS?  
   Ruth lives in Washington Heights in 
New York, New York – a neighbor-
hood largely populated by legal and 
illegal immigrants. She recently fled 
to the United States from Sierra 
Leone with her two children. Her hus-
band was caught by military officials 
during their escape. She has been in 
the United States for about three to 
four months. She is currently living in 
a small room with a friend. Because 
of the constant needs of her children, 
she rarely has time for herself. She 
feels depressed and anxious about 
the future, unsure whether she has 
the strength to survive in this city and 
country.  
   Both versions of her story are im-
portant. How are they related? Does 
she have a pathophysiological dis-
order like gastritis or an ulcer? Are 
her physical complaints related to her 
depressed mood? 
   For centuries, we, physicians, have 
been trained to elicit the patient's sto-
ry. Then, we translate the patient's 
complaints into symptoms, which lead 
to a diagnosis. We standardize the 
individual's story so that we may 
communicate amongst each other. 
Our questions are targeted and fo-
cused upon the matter at hand. In 
these times of managed care and 
time constraint, our interactions with 
the patient have become further con-
strained and limited. How do we bal-
ance compassion with time? 
   During my third year of medical 
school, I watched physicians stride in 

and out of the examination room of 
an outpatient clinic within ten mi-
nutes. As I sat in the room across 
from this lady, I thought about the 
number of patients that were awaiting 
their appointment in the hallway. I 
continued to elicit these vague com-
plaints, unable to pinpoint their origin. 
I was frustrated and prepared to end 
our discussion with a prescription of 
Mylanta for indigestion. Then, I de-
cided to ask something unrelated to 
her physical complaints: "Why did 
you come to the United States?" It 
was an open-ended question that 
gave her the freedom to lead our dis-
cussion. She looked up at me with 
weary lines around her eyes, frigh-
tened to reveal her story. For a mo-
ment, she hesitated to begin. Then, a 
flood of images rapidly came into our 
interview: the cramped, dark room in 
Washington Heights, the other sto-
waways in the ship across the Atlan-
tic, and the soldiers surrounding the 
house. Tears welled in her eyes and 
began to fall; I actively listened… the 
most important skill that I have used 
in medical school. 
   Compassion is not something that 
can be constrained by time. It need 
not be sacrificed because we have 
only ten minutes with a patient. Our 
compassion stems from the varied 
backgrounds, talents, and interests 
we developed before entering medic-
al school. The undergraduate years 
are a time to explore and engage in 
these interests, whether they involve 
scientific research, music, or sports. 
These are the embodiments of com-
passion, because these activities 
make us human. They allow us to 
share the human experience. 
   When a patient begins to grasp her 
chest, finding it difficult to breathe, 
and is unable to speak, you roll her 
stretcher to a monitoring station. As 
you place her on 100% oxygen, your 
mind is focused upon the tasks at 
hand. Systematically, you follow the 

methodology learned in medical 
school: giving her an Aspirin to chew, 
placing EKG leads on her chest, and 
calling for a cardiology consult. In the 
back of your mind, you know that 
there is a chest X-ray in radiology you 
need to glance at, that there is Tyle-
nol you need to give a patient ups-
tairs, and that lunch/dinner has 
passed.  
   During this time, I hope that you 
remember to take the extra five mi-
nutes to remember that this patient 
has a story outside of her present 
symptoms. She is not just a cardiac 
patient with hypertension and di-
abetes, but a mother of two or an el-
derly woman who was a figure skater 
in her youth. 
 
 
 

R 
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Use of Diffraction Enhanced Imaging to Determine the X-
Ray Refractive Indices of Various Tissues at Biologically 
Relevant Energies 
 
Matthew Teng 
Cornell University 
Advisor: Dr. Zhong Zhong (Brookhaven National Laboratory) 
 

 
iffraction enhanced imaging 
(DEI) is a relatively new x-ray 
imaging technique which pro-

vides a very high contrast x-ray im-
age of a subject utilizing a single, 
monochromatic x-ray energy (John-
ston et al. 1996). We use diffraction 
enhanced imaging in a research pro-
gram aimed to study the refractive 
indices of various organic tissues. 
This project was undertaken in order 
to further understand and investigate 
the possible introduction of DEI into a 
clinical medical imaging modality. 
This research was conducted at the 
X15A beamline at the National Syn-
chrotron Light Source (NSLS) at the 
Brookhaven National Laboratory 
(BNL). The underlying basis for DEI 
functionality exploits the unique atom-
ic structure of perfect crystals. Syn-
chrotron X-ray radiation produces 
high-powered X-rays covering an en-
ergy range of a few keV to a few 
hundred keV. A crystal monochroma-
tor is placed in the path of the X-ray 
beam, which is used to select a small 
energy range from the incident white 
X-ray radiation (Zhong et al. 2002). 
As a result, only x-rays with appropri-
ate wavelength and energy are se-
lected by the monochromator. Fur-
thermore, an additional crystal, the 
analyzer crystal, is placed behind the 

sample. The purpose of the analyzer 
crystal is to reduce the scattering of 
the X-ray beam, which results from 
the elastic and inelastic (including 
Compton) scattering of the beam as it 
passes through the subject. The ana-
lyzer crystal also converts the differ-
ences in refraction angle, which result 
from the interaction of the electrons in 
the subject with the x-rays that pass-
es through the sample, into a differ-
ence in intensity. As the radiation dif-
fracted by the analyzer strikes the 
detector, it forms an image that is 
sensitive to the x-ray refraction. This 
difference in intensity permits a much 
greater degree of image contrast of 
the sample. As the X-rays strike the 
varying internal structure of the sam-
ple, differences in intensity result due 
to the varying thicknesses and densi-
ties of internal structure.  
   The DEI experimental setup allows 
for an improved radiological image 
with increased contrast when 
compared to the standard X-ray 
imaging techniques currently 
employed throughout the medical 
field. As a consequence, with the use 
of DEI, it is possible to image and 
distinguish among various types of 
soft tissue. The current X-ray imaging 
technology does not possess high 
enough contrast, at reasonable 
dosage, to distinguish among the 

relatively similar densities ofsoft 
tissues.  When the X-ray beam 
strikes the sample, there are three 
possible results that are relevant to 
DEI: X-rays can be absorbed, 
scattered, or refracted (Chapman et 
al. 1997). If the radiation is absorbed, 
then the intensity difference due to 
differences in sample absorption 
creates the absorption contrast. This 
contrast mechanism is well 
understood and provides one 
mechanism of contrast between 
different substances. However, as 
stated before, the X-rays can also be 
refracted. X-ray refraction properties 
are only measured and reported for a 
few inorganic materials, typically for 8 
keV x-rays which are too low for 
clinical imaging. Thus, in order to 
properly integrate DEI technology into 
clinical use, the refractive indices at 
high x-ray energies are needed to 
accurately build a digital model of 
various organic tissues. This could 
possibly provide an easier method to 
image soft tissue. 
   Theoretically, it is possible to 
measure the refractive indices of X-
rays by directly measuring the 
deviation of the beam as it passes 
through the sample (James 1948). 
Practically, since the deviation from 
unity of the x-ray refractive index is 
very small, on the order of 10-6, the 
deviation of the beam is too small, on 
the order of microns, to be accurately 
measured. Thus, an experimental 
method was developed to take 
advantage of DEI analyzer‘s high 
angular resolution, on the order of 
micro-radians, to accurately measure 
this small angular deviation. Using 
the DEI technique, along with the 
proper calibration procedure and 
algorithm, it was possible to 
determine the absolute value of 
refractive indices of a few different 
types of tissues. The method used in 
this investigation can be easily 

D 

Diffraction enhanced imaging (DEI) was used to investigate the refractive 
indices of various organic tissues and water, at x-ray energies similar to 
the energies of medical x-rays. The experiment was conducted using Sili-
con 333 reflection, which is typically used in DEI. In order to measure the 
small change in refractive index accurately across different samples and 
different energies, a sample holder which confined the sample to a 90-
degree wedge was constructed. The experimental data were analyzed and 
the refractive indices for several organic tissues and water were deter-
mined and fitted to a theoretical model. Though, each substance had a 
different refractive index. However, all substances showed the same in-
verse relationship between the energy and refractive index. This infor-
mation will aid integration of DEI into clinical medicine in terms of optimi-
zation of DEI parameters in a clinical setting. 
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adapted to other tissues in future 
studies.  
 
METHODS AND MATERIALS 
 
   This investigation was performed at 
the X15A beamline at NSLS at the 
Brookhaven National Laboratory. See 
figure 1 for experimental setup  
(Zhong 2002). The design of the 
sample holder is schematically shown 
in Figure 2. It consists of a rectangu-
lar cell culture dish, with each com-
partment measuring approximately 10 
mm in width. Three were used in this 
experiment. Each compartment was 
filled with a different material. Each 
divider was approximately 1 mm in 
width. The cell culture dish was set 
up in such a way that the dish‘s edg-
es were 45 degrees off of the hori-
zontal and the X-ray beam (See Fig-
ure 3). 
   The bottom edge of the dish as well 
as the support strut were fixed into 
place using Devcon 5-minute epoxy. 
After the sample containing appa-
ratus was setup, it was placed into 
the experimental chamber and was 
subject to DEI rocking curve meas-
urement. The X-ray imaging beam 
was approximately 80mm in width. 
The energy points that were used for 
this experiment were 30, 32, 34, and 
36 keV. The energy of the X-ray 
beam was calibrated using the K-
edge of Iodine (33.169 keV) and then 
set by precisely controlled motors that 
functioned to tune the monochroma-
tor and the analyzer crystal. The 
beam was passed through a gas ioni-
zation chamber, whose purpose was 
to monitor the intensity of the oncom-
ing beam. A shutter was used to con-
trol the exposure time of the sample. 
The sample was supported on a plat-
form, which could be adjusted by a 
vertically moving linear stage con-
trolled by stepper motor to accurately 
position the object in the path of the 
X-ray beam. 
   For each energy that was used, two 
data sets were taken. One of the data 
sets was taken with the sample in the 
direct path of the beam (referred to as 

the ―sample‖ set) while the other data 
set was taken with a sample place-
ment outside of the beam, known as 
the ―air‖ set. This was done as a cali-
bration tool. In a later written algo-
rithm, the rocking curve peak position 
data derived from the air set was es-
sentially subtracted from the sample 
set, thus reducing the electronic noise 
interference, and systematic error 
due to monochromator and analyzer 
crystal non-uniformity, to a minimum. 
During the data extraction, 56 scan 
lines were taken for every data set; 
the first 5 scan lines were taken with 
the shutter closed to measure the 
detector dark current, and the remain-

ing 51 scan lines were taken with the 
shutter opened. Each data line was 
taken at different analyzer positions 
ranging from –5 to 5 micro-radians at 
a step size of 0.2 micro-radians. Data 
analysis was conducted using an al-
gorithm, written in IDL programming 
language that determined the refrac-
tive index of the tissue. 

RESULTS 
 
Examining the experimental setup, it 
is possible to see the method of de-
termining the refractive index of the 
organic tissue of interest     (see Fig-
ure 4). 

Fig. 1. Experimental apparatus 
 

Fig. 2. Schematic design of sample holder 
 Fig. 3. Profile View of Sample Holder 
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   From Figure 4, considering the re-
fraction at the left surface of the 
prism, it is apparent that 
 

δΘ = Θ2 – Θ1 

 
Using Snell‘s Law: 

 
n1/n2 = sin Θ2/sin Θ1 

 
Therefore, 
 

1/(1 – δ) = sin (Θ1+ ΔΘ)/(sin Θ1)  
[Equation 1] 

 
where 1-δ is the refractive index of 
the material. The x-ray refractive in-
dex of the air is assumed to be 1. 
Assuming for a small δ and δ Θ 
 

1 + δ = 1 + cot (Θ1)( ΔΘ) 
[Equation 2] 

 
Therefore, 
 

ΔΘ = [tan (Θ1)]( δ) 
[Equation 3] 

 
Since the experimental apparatus 
was designed such that  
Θ1=45o and ΔΘ = δ.  Considering this 
experiment, the X-ray beam was re-
fracted at both the entering and exit-
ing surfaces of the sample. There-
fore, 
 

ΔΘ = 2(δ) 
 
Thus, the refractive index 
 

δ = ½ (ΔΘ) [Equation 4] 
 
 
As can be seen, the refractive index 
can be determined from simply 
measuring the angular deviation of 
the x-rays that pass through the ma-
terial. This angle can be measured 
accurately by measuring the intensity-
versus-angle curve (or rocking curve) 
of the analyzer crystal. As is known, 
refractive index of any substance is 
energy dependent. In this investiga-
tion, we analyzed 7 substances at 4 
different energies. These energies 
were 30, 32, 34, and 36 keV. This 
tunable energy range is similar to the 
X-ray energies that are generally 
used in clinical practice. 
The first and second cells of the cul-
ture dish contained pork fat and 
chicken breast, respectively. The 

third, fourth, and fifth cells of the cul-
ture dish contained human breast 
parenchyma, human breast fat, and 
human breast fat along with skin, re-
spectively. The tissues were provided 
by University of North Carolina medi-
cal school with IRB approval. The 
sixth and seventh cells of the culture 
dish contained air and water, respec-
tively. The data for the air chamber 
was used as a calibration to selec-
tively eliminate the natural noise 
found in the experimental chamber. 
The deviation from unity, delta, of the 
refractive index was analyzed and 
determined for all substances.  
 
DISCUSSION 
 
Table 1 shows the absolute deter-
mined refractive index values of all 
the substances. Over the regulated 
energy range, the chicken breast had 
a higher index of refraction than the 
pork fat. This is to be expected, since 
chicken breast is a muscle tissue and 
muscle is typically more dense than 

fat. These two tissues, chicken breast 
and pork fat tissues were used be-
cause they were the most generic 
muscle and fat tissues that were 
available. These results can be fur-
ther used as models for future analy-
sis. The composition of animal and 
human tissue is remarkably similar 
and thus, the refractive index of those 
tissues can be assumed to be very 
similar and independent among spe-
cies.  
   Over the regulated energy range, 
the breast fat and breast fat and skin 
refractive index values were compa-
rable. This result is most likely due to 
the positioning of the skin in the com-
partment. The skin was placed along-
side the closed end of the cell (See 
Figure 5) 
   The skin acts as a parallel plate, 
which serves to cancel the extra re-
fraction due to itself. Furthermore, 
human skin is very fibrous, and as a 
result, the skin is expected to scatter 
x-rays more than fat. However, since 
only the refractive index was meas-

Fig. 4. Diagram of Relevant Angles 

Table 1. Absolute Determined Refractive Index Values of Tested Substances 

Fig. 5. Skin Placement Relative to X-ray beam 

Table 2. Calculated Alpha-values for Tested Substances 
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ured in this experiment, we are not 
sensitive to scattering properties. Fur-
thermore, the values of the refractive 
index of breast fat and pork fat are 
very similar. There is less than a 
1.40% difference between the two 
different fats. This confirms the simi-
larity in density, chemical composition 
and morphology of the same type of 
tissue among different species. The 
refractive index values of the breast 
tissue provide critical information for 
modeling a DEI system for mammog-
raphy.  
   The refractive index of water under 
this energy range was very important 
to determine, since water composes 
nearly 70% of the human body and 
will almost always have an effect on 
the imaging procedure. The absolute 
refractive index values of water are 
considerably lower than every other 
organic tissue in this study. This is 
expected since water is much less 
dense than the organic tissues of in-
terest in this study.  
   For low-Z materials, the deviation 
from unity, δ, of the refractive index is 
proportional to 1/E2. Z represents the 
number of electrons per atom. Using 
the measured values and a fitting 
procedure, it is possible to determine 
the refractive index value at any X-ray 
energy from the following formula. 
 

δ = α * (1/E2) [Equation 5] 
 
where α is a constant coefficient 
which is a unique property of the ma-
terial. From Equation 5, it is apparent 
that δ is in a linear relationship with 
1/E2. A linear regression analysis was 
applied to the experimental data and 
confirmed a statistically significant 
linear relationship between δ and 
1/E2. The α value is proportional to 
the electron density of the specimen 
and E is the x-ray energy in keV. Ac-
cordingly, taking all the obtained data 
from this experiment, it was possible 
to determine α for all substances 
used (See Table 2). 
   The α-values were determined by 
calculating the α-values of individual 
experimental energies and averaging 
them to reduce experimental error.    
Averaging the α-values is a valid cal-
culation because of the linear rela-
tionship of Equation 5. 
   Thus, using the determined α-
values along with Equation 5, it is 

possible to predict the refractive index 
of an organic tissue at any desired 
energy. According to the theory, the 
refractive index, n, is (Zhong 2000) 
 

1 – n = δ + iβ = (1/2π)reλ2 Σj (Nj + fj’ + ifj’’) 
[Equation 6] 

 
where re = e2/mec2 = 2.818 x 10[sup-
15, which is the classic electron radi-
us, λ is the X-ray wavelength.  
Nj, zj, fj‘ and fj‘‘ are the number densi-
ty of atoms, the atomic number and 
the real and imaginary dispersion 
terms, respectively, for an atom j. The 
difference between the refractive in-
dex of the substance and that of a 
vacuum is (Guinier 1963) 
 
δ = 1 – n = (1/2π)Nereλ2 [Equation 7] 
 
where Ne = electron number density 
For the theoretical value, in the case 
of water, Ne = 3.346 x 1023 elec-
trons/cm3 = 3.346 x 1029 electron/m3 
Using this value, it is possible to de-
termine the theoretical α value of wa-
ter by the following algebraic manipu-
lation. 
 

δ = 1 – n = (1/2π) Nereλ2 
[Equation 7] 

 
Using the approximation of λ = 
(12.4/E), in which λ is in Angstroms 
and E is energy in keV, we have 
 

δ = 1 – n = (1/2π)Nere(12.4/E)2 
 

δ = 1 – n = (1/2π)Nere(12.4)2*(1/E2) 
[Equation 8] 

 
Previously stated, 

 
δ = α * (1/E2) [Equation 5] 

 
Thus, 
 

α = (1/2π)Nere(12.4)2 [Equation 9] 
 
Using Equation 9, the theoretical α-
value of water is calculated as 2.31 x 
10-4 
   Comparison of the theoretical water 
α value with the experimental α value 
led to a 26% discrepancy. This could 
be due to some experimental setup 
error. The experimental error was 
likely caused by the intrinsic varia-
tions of the samples. In other words, 
the samples were not homogenous 
throughout, which would affect the 

measurements. However, this error 
can be further minimized by averag-
ing data over a larger area and by 
repeating measurements a few times 
to double check the intrinsic texture 
variation. 
   The next step, which is already un-
derway, is to incorporate the under-
standing of DEI contrast mechanisms 
into a clinical X-ray tube-based sys-
tem. The currently employed X-ray 
conditioning (monochromator) and 
analyzer systems used at the Nation-
al Synchrotron Light Source, will be 
modified to suit an X-ray tube in order 
to deliver the flux necessary within a 
few minutes time. Brookhaven Na-
tional Laboratory, in collaboration with 
the Illinois Institute of Technology, 
University of North Carolina, and 
Rush Medical School, is currently 
funded by the National Health Insti-
tute to carry out research to produce 
and test a prototype of a clinically-
viable DEI system.  
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n recent years, there has been an 
explosion in the demand for child 
prostitutes by sex tourists. Child 

prostitutes are perceived to possess 
rejuvenating powers to cure illnesses 
and bring prosperity. Some people 
also believe they will not contract the 
sexually transmitted Acquired Im-
mune Deficiency Syndrome (AIDS) 
from child prostitutes, as children are 
seen to be ―pure‖. Traffickers thus 
leverage on the surge in demand and 
began to traffic children across bor-
ders in large numbers. According to a 
recent United States government re-
port, at least 800,000 to 900,000 
people, mostly young women and 
children, are trafficked worldwide an-
nually (Anti-Slavery: Today‘s Fight for 
Tomorrow‘s Freedom, 2003). In this 
paper, I focus on the supply side  
of the trafficking of young victims 
across borders, after which they are 
lured into the sex trade. Trafficking is 
defined by the United Nations as the  

 
 
buying or selling of a person for ex-
ploitation (DPKO Policy Paper, 2004). 
The employments of force, coercion 
and deception against victims are 
characteristic of trafficking cases. 
   The first part of this paper analyses 
possible models of the utility functions 
of traffickers to explain why they con-
tinue in their trafficking activities de-
spite the criminalization of trafficking 
in many countries and the stiff penal-
ties involved. This is helpful as utility 
functions take into account the utility 
the traffickers gain if they succeed, 
the profit from their trafficking activi-
ties and the disutility they suffer if 
they are caught and punished. 
   Over the years, sociologists and 
psychologists have been trying to use 
non-quantitative methods aimed at 
finding root causes behind trafficking, 
which may be difficult given that the 
profiles of the traffickers are very di-
verse and they operate in complex 
clandestine networks. By applying 

utility models, one can possibly ma-
nipulate the gains and losses in-
volved in trafficking; the probability of 
the traffickers being caught; the level 
of punishment meted out and the 
availability and profitability of legal 
activities in order to deter trafficking, 
without having to know the root caus-
es of trafficking. As trafficking is still 
rampant, it is likely that traffickers 
derive positive net utility from their 
activities. By analyzing the factors 
that contribute to positive net utility, 
the paper proceeds to suggest possi-
ble laws and penalties that directly 
target these factors. By employing the 
appropriate laws and penalties, 
greater efficiency in punishing and 
deterring offenders will be achieved. 
   The paper finally focuses on the 
children who are often victims of pov-
erty and are thus susceptible to false 
hopes of better prospects abroad. 
Possible ways to empower these 
children economically and education-
ally to make it harder for traffickers to 
lure them into the sex trade are dis-
cussed. 
 
Profile of the Traffickers 
   In Southeast Asia where trafficking 
is a major problem, traffickers operate 
in highly organized criminal networks, 
targeting young girls and women. 
Nationals in destination countries of-
ten work with traffickers in recruiting 
young prostitutes. For instance, one 
syndicate believed to have a network 
of recruiters and runners in the Phil-
ippines and Singapore recruits young 
Filipinas with false promises of jobs 
as actresses, singers, and shop as-
sistants in Singapore. Instead, they 
are lured into prostitution in Singa-
pore (The Protection Project, 2007). 
Some traffickers are ordinary people 
whom the victims know personally. In 
Myanmar, fellow villagers or even 
friends and relatives are known to 
lure unsuspecting children and wom-
en with false promises of high-paying 
occupations like waitressing in Thai-
land. Instead, they are sent to Thai 

I 

This paper analyses the trafficking of children across borders to become 
prostitutes. This is an important political, economic, and humanitarian 
issue as large numbers of children in poor countries are lured into the 
sex trade by unscrupulous traffickers who take advantage of the chil-
dren’s vulnerabilities. Children trafficked for prostitution suffer from 
physical and emotional trauma, lack educational opportunities, and are 
likely to end up at the bottom rungs of society for the rest of their lives. 
It is therefore imperative that trafficking of children into the sex industry 
be curbed. First, possible utility models of traffickers are used to explain 
why traffickers continue in their trade despite stiff penalties. The four 
utility models discussed are Becker’s model, modified version of Beck-
er’s model by Brown and Reynolds, Heineke’s model and Ehrlich’s mod-
el. The general conclusion is that traffickers derive positive net utility 
from trafficking, assuming that the traffickers are rational, utility-
maximizing individuals. This can be attributed to the low probability of 
being caught and the huge gains involved which are shown in the first 
three models. On the other hand, Ehrlich’s model focuses on how the 
criminal allocates time devoted towards legal and illegal activities in or-
der to maximize utility. The four models thus give different perspectives 
into how trafficking should be curbed. Next, possible laws and penalties 
that directly target the abovementioned factors are proposed in order to 
deter trafficking. In addition, possible ways to empower vulnerable chil-
dren are discussed. By empowering potential victims, they will be less 
susceptible to being lured into the sex trade by traffickers. 
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brothel gangs (Brown, Hamot & Sok 
2004). 
   In addition, female traffickers are a 
growing phenomenon. They are 
women who were previously victims 
of trafficking and exploitation in the 
sex trade and now make a career out 
of trafficking children. These women 
return to their home countries appear-
ing wealthy and successful, and lure 
girls into the sex trade through trick-
ery. Such occurrences are common 
in Eastern Europe (Hughes, 2000). 
   After the traffickers lure victims out 
of their home countries, they sell the 
children to slaveholders dealing in 
commercial sex, namely the pimps or 
owners of strip clubs, sex bars, 
brothels, karaoke clubs, or massage 
parlors. Most traffickers have a 
steady relationship with the slave-
holder; hence they know who to sell 
the trafficked children to. Some traf-
fickers even recruit children for their 
own ―retail‖ sex shop. After the chil-
dren are trafficked, the slaveholders 
take complete control of the child‘s 
life. Documents like passports, birth 
certificates and identity cards are 
seized from the children. The children 
are closely guarded, making escape 
difficult. Even if the children escape 
successfully, they have no money, do 
not speak the local language, and are 
unaware of who to approach for help. 
 
Economic Analysis: The Motiva-
tion Behind Trafficking Activities 
Four possible economic models can 
be used to explain why traffickers 
persist in their crime despite stiff pen-
alties implemented in many countries 
in recent years. 
 
Becker‘s model 
In Becker‘s model (1968), the individ-
ual is assumed to be a rational utility 
maximiser. Thus the individual 
weighs the costs and benefits before 
deciding whether to engage in an 
activity. In Becker‘s model, utility is a 
function of income. The expected 
utility from trafficking children across 
borders is as follows: 
 

E(U) = p[U(Y – f)] + (1-p)[U(Y)] 
 
In this equation, U is the trafficker‘s 
von Neumann-Morgenstern utility 
function, E(U) is expected utility, p is 
the probability of being caught and 
punished, Y is the monetary and psy-

chic income (monetary equivalent) 
from the offence, and f is the mone-
tary equivalent of the punishment. 
   The individual will commit the of-
fence if his expected utility from it is 
positive, i.e. E(U) is greater than 0. 
Becker‘s model enables us to see 
that by varying p and f, E(U) and 
hence the individual‘s preferences 
towards crime will change. 
   However, Becker‘s model does not 
take into account other important fac-
tors such as time and wealth of the 
traffickers. Therefore, it is very limited 
in scope and is thus not suitable for 
use if other factors are to be consid-
ered too. 
   Nevertheless, Becker‘s model is 
useful as a starting point as it shows 
us that increasing the probability of 
being caught and the severity of the 
punishment meted out deter offend-
ers by decreasing their expected utili-
ty. This has important implications in 
determining the appropriate punish-
ment and deterrence measures, 
which will be discussed later in this 
paper. 
 
Modified version of Becker‘s model 
(Brown and Reynolds) 
Here, the trafficker‘s initial wealth or 
income position is taken into account. 
According to Brown and Reynolds 
(1973), the trafficker‘s initial wealth is 
defined as W0. If he commits an of-
fence and escapes detection, the 
monetary value of his gain is G. If he 
is caught and punished, his loss is L. 
The probability of getting caught is p. 
Here, utility is a function of wealth. 
The trafficker‘s expected utility is de-
noted below: 
 
E(U) = p[U(W0 – L)] + (1- p)[U(W0 + G)] 
 
The trafficker will commit the crime if 
his expected utility from trafficking is 
greater than the utility he obtains 
when he does not commit any crime. 
This occurs when E(U) is greater than 
U(W0), where U(W0) is his utility level 
if he does not commit any offence. 
This is true for both risk-averse and 
risk-loving traffickers. For a more de-
tailed analysis of the model, refer to 
the appendix. 
   Thus detection methods which af-
fect p and deterrence measures 
which affect both p and L must be 
sufficiently large in order to decrease 
expected utility and hence effectively 

reduce the propensity of traffickers to 
continue in their trade. 
 
A portfolio choice model of crime 
(Heineke‘s model I) 
In Heineke‘s model (1978), the traf-
ficker decides the proportion z of his 
exogenous wealth W0 to allocate to 
trafficking activities. Here, the profits, 
or gains, from trafficking is denoted 
by the function G(z:α). An increase in 
α will cause G(z:α) to shift in the posi-
tive direction, increasing the potential 
gains that could be obtained without 
changing z. Here, we assume that 
G(z:α) is always positive and in-
creases as z increases. On the other 
hand, his losses are represented by 
F(z:β). An increase in β will cause 
F(z:β) to shift in the positive direction, 
increasing the losses that could be 
obtained without changing z. Again, 
we assume that F(z:β) is always posi-
tive and increases as z increases. 
Using p to represent the probability of 
getting caught and punished, we ob-
tain the expected utility function: 
 
EU(W) = p[U(W0 + G(z:α) - F(z:β)] + 

(1-p)[U(W0 + G(z:α)] 
 
When the severity of punishment is 
increased, β increases, causing 
F(z:β) to increase too. On the other 
hand, α decreases when factors in-
dependent of z cause profit, which is 
represented by G(z:α), to decline. In 
both scenarios, the trafficker‘s ex-
pected utility from trafficking decreas-
es, which might deter him from traf-
ficking. For a more detailed analysis 
of the model, refer to the appendix. 
 
Ehrlich‘s model 
Ehrlich (1973) constructed a crime 
model which is similar to that of the 
three models discussed above, but 
with the additional restriction that the 
total amount of time allocated to legal 
and illegal activities is fixed. This im-
plies that if the time allocated to legal 
activities increase, the time allocated 
to illegal activities has to decrease. 
The gains and losses to both legal 
and illegal activities are functions of 
the time allocated to them. In this 
case, the illegal activity is trafficking. 
Excluding the shift parameters, we 
obtain the following: 
 
Ws = W0 + L(t – t1) + G(t1) and Wu      

    = W0 + L(t – t1) + G(t1) – F(t1) 
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In this equation, W0 is the trafficker‘s 
initial wealth, t is the total amount of 
time devoted to legal activities and 
trafficking (a constant), t1 is the 
amount of time allocated to traffick-
ing, L(t – t1) is the gain obtained from 
allocating (t – t1) units of time to legal 
activities, G(t1) is the gain obtained 
from allocating t1 units incurred from 
being caught and punished for traf-
ficking, Ws is the trafficker‘s wealth if 
he succeeds in trafficking, and Wu is 
the trafficker‘s wealth if he is caught 
trafficking and punished for it. 
   This gives rise to a concave trans-
formation curve ABC. Point A repre-
sents a point where t1 = 0 and so t = t 
– t1, where the individual spends all 
his time on legal activities. On the 
other hand, at point C, t = t1, where 
the individual spends all his time on 
trafficking. The further the individual 
is from point A, the greater is the 
amount of time allocated to trafficking 
activities. 
   Utility is denoted by downward slop-
ing indifference curves. Each utility 
curve represents a combination of Ws 
and Wu that give the same level of 
utility. The further the utility curve is to 
the right, the higher is the utility. 
   The point B where the indifference 
and transformation curves are tan-
gent to each other is where utility is 
maximized. Therefore, a utility-
maximizing trafficker will allocate his 
time between legal activities and traf-
ficking activities till he reaches point 
B. Ceteris paribus, if the returns to 
legal activities increase, it will lead to 
an increase in L(t – t1) and subse-
quently a pivotal outward shift of the 

transformation curve to A‘BC as 
shown above. The individual is now 
at a higher utility function U2, and the 
point where he maximizes his utility is 
B‘. A‘ represents the point where the 
individual specializes in legal activi-
ties. Here, we notice that B‘ is closer 
to A‘ than B is to A. This shows that 
when the returns to legal activities 
increase, the individual will allocate 
more time to legal activities and less 
time to illegal activities. For a more 
detailed analysis of the model, refer 
to the appendix. 
 
Evaluation of Crime Models 
The four crime models discussed 
above are generic crime models that 
can be applied to all kinds of criminal 
activity. In this paper, the crime mod-
els are applied to child trafficking. 
   Out of the four models, Ehrlich‘s 
model is the most interesting since it 
takes into account the time allocated 
to legal and illegal activities. This time 
allocation factor is not reflected in the 
other three models. By taking time 
allocated to legal and illegal activities 
into consideration, Ehrlich‘s model 
provides a strong case for increasing 
the returns to legal activities and 
providing greater access to legal ac-
tivities, on top of the conventional use 
of increasing punishment and proba-
bility of catching the traffickers. Ehr-
lich‘s model thus supports the argu-
ments of economists who believe that 
arrest and punishment are insufficient 
and ineffective crime deterrent 
measures. 
   All four models function on the 
basic assumption that traffickers are 

rational and seek to maximize their 
own utility. However, this may not 
hold in the real world because some 
traffickers may lack the knowledge 
and/or rationality to maximize their 
utility. As a result, they may under-
take actions that do not maximize 
their utility. 
   Despite the theoretical limitations of 
the four models, they can still help us 
in understanding why trafficking is 
prevalent despite the harsh penalties 
involved. This is because in reality, 
most traffickers are interested in max-
imizing their profits from trafficking. 
Therefore, the prevalence of traffick-
ing implies that the traffickers‘ net 
utility from trafficking is likely to be 
positive. This could be that the likeli-
hood of being arrested and the sever-
ity of the punishment are small while 
the potential gains are huge, resulting 
in an overall positive net utility. 
 
Are Current Measures to Catch 
Traffickers Ineffective? 
In the four economic models previ-
ously discussed, p denotes the prob-
ability of being caught and punished. 
Therefore, even though trafficking is a 
crime in many countries and 
measures are in place to capture traf-
fickers, many traffickers escape un-
caught. The low risk of getting arrest-
ed has encouraged many traffickers 
to join and continue in their illicit busi-
ness. This is caused by poor law en-
forcement, corrupt officials who col-
laborate with the traffickers, reluc-
tance of victims and locals to report 
cases to the police and lack of politi-
cal conviction to address the traffick-
ing problem. 
   Laws to combat trafficking exist in 
many of the affected countries, but 
they are poorly enforced. Hundreds of 
thousands of children are believed to 
be working in the sex trade in Cam-
bodia, Indonesia, Thailand, Vietnam, 
Philippines and so on. In these coun-
tries, police and courts have to grap-
ple with drug, murder and other seri-
ous crimes. As a result, too few po-
licemen and resources are allocated 
to cracking down on child-sex traf-
fickers. Therefore, very few traffickers 
are caught. Even if they are arrested, 
they are often caught individually, 
while the extensive trafficking net-
works remain elusive. 
   There is also the problem of corrup-
tion, which renders even the stiffest 

Fig 1. Ehrlich‘s model showing how the optimum distribution of legal and illegal activities is derived  
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measures to prosecute offenders in-
effective. In Cambodia and other 
Southeast Asian nations, senior au-
thority figures accept bribes and even 
manage, protect or assist trafficking 
syndicates. At the borders, police and 
immigration officials take bribes and 
in turn facilitate the illegal passage of 
children. In Myanmar, police and im-
migration agents at the border not 
only aid in the passage of women and 
girls to Thailand, but also protect the 
operation of Thai brothels (Asia 
Watch and the Women‘s Rights Pro-
ject, 1993). In the case of the Philip-
pines, immigration officials at the 
Ninoy Aquino Philippines Internation-
al Airport are suspected of colluding 
with South Korean sex rings. 
   An analysis on legal enforcement in 
many countries reveals that they of-
ten end up working in favour of the 
traffickers rather than the victims. In 
Macedonia, police are reluctant to 
raid brothels because they fear ruin-
ing the uneasy peace between the 
Slavs and the Albanian minority. 
Even when the police intend to raid, 
corrupt policemen usually inform the 
brothel owners beforehand so they 
can hide themselves and their prosti-
tutes in secret exits (iAbolish, 2007). 
   Furthermore, even if the local law 
enforcement is supportive of victims, 
victims may not know that they can 
turn to the police for help, as they are 
usually threatened by the traffickers 
that reporting to the police will only 
bring more trouble. In addition, the 
victims themselves often do not re-
port the traffickers to the police. This 
is evident in Greece, where the law 
imprisons, deports, and prohibits traf-
ficking victims from re-entering 
Greece, causing victims to be reluc-
tant to alert the police (iAbolish, 
2007). 
   To make matters worse, some gov-
ernments lack the political will to ad-
dress trafficking issues and embark 
on legislative and policy reform. Ac-
cording to the American-based hu-
man-rights group Asia Watch, the 
Thai government is turning a blind 
eye to the trafficking of women and 
girls from Myanmar to Thailand in 
forced prostitution (TED Case Stud-
ies, 1997). Furthermore, the border 
controls between Thailand and My-
anmar are stationed by corrupt police 
on both sides. According to Asia 
Watch, despite evidence of direct 

official involvement in every stage of 
the trafficking process, few Thai offic-
ers have been caught and punished 
for their corrupt activities. 
 
Are the Monetary Benefits to Traf-
fickers Large? 
The United Nations estimates that 
trafficking in people generates US$7 
billion per year. Trafficking is claimed 
to be the third largest source of profit 
for crime organizations, behind the 
sale of guns and drugs (iAbolish, 
2007). Such a large estimate is given 
because after trafficking the victims, 
traffickers often exploit their victims‘ 
labour for other criminal activities 
such as selling drugs. 
   In Thailand, travel agents actively 
promote child sex tourism, fuelling 
demand for child prostitutes from 
tourists (iAbolish, 2007). As a result, 
brothels increase their demand for 
child prostitutes and are willing to pay 
a higher price for them. This leads to 
higher potential profits and hence 
higher expected utility for traffickers, 
attracting more traffickers to enter 
and continue in the trade. 
 
Are Existing Punishments for 
Caught Traffickers Too Lenient? 
Many countries impose jail terms 
ranging from five to twenty years on 
traffickers. However, it is possible that 
these penalties may be too lenient or 
are not enforced properly, hence fail-
ing to serve a strong deterrence ef-
fect. Trafficking is prohibited in Esto-
nia and Georgia with maximum pen-
alties of 12 years‘ imprisonment. In 
Albania, traffickers can be jailed from 
five to 15 years (Montgomery, 2001). 
However, corruption and lack of gov-
ernment protection for victims has 
made it difficult for cases to be 
brought to trial and successfully pros-
ecuted. 
   Several international laws, which 
seek to curb and prevent trafficking, 
have been enacted. In essence, the-
se laws should be sufficient to com-
bat the trafficking problem. Unfortu-
nately, several countries have not 
ratified or implemented the laws. 
Others do not recognize them and a 
few do not observe them despite rati-
fying them. Because of poor en-
forcement and the lack of support for 
the punishment measures in several 
countries, the value of β in Heineke‘s 
model is likely to decrease. This re-

sults in a higher expected utility for 
traffickers, encouraging them to per-
sist in their activities. 
 
Other Factors Affecting G (Gains 
from Trafficking) 
The vulnerability of children due to 
poverty and oppressive social sys-
tems at home make them easy tar-
gets for traffickers. This increases the 
value of α in Heineke‘s model I, which 
translates to an increase in potential 
profits. Children from poor and un-
derprivileged homes are easy targets 
because they are easily lured into the 
sex trade with lofty promises of a bet-
ter income and life abroad. This is 
true for most, if not all, of the coun-
tries where children are trafficked 
across borders. 
   Extreme poverty allows exploitation 
of these children, especially those 
living on the streets (Beddoe, 2006). 
End Child Prostitution, Child Pornog-
raphy And the Trafficking of children 
for sexual purposes (ECPAT) studied 
child prostitution in Australia by col-
lecting information from early 471 
government and non-government 
agencies working with children. 
ECPAT‘s study revealed links be-
tween young people being trafficked 
and youth homelessness, dysfunc-
tional family backgrounds and lack of 
self-esteem. Worse, parents have 
been found to sell their own children. 
   Myanmar is an example of a coun-
try where trafficking is rife. Myanmar 
is a poor country, with an estimated 
average per capita income of US$600 
to US$800 based on purchasing 
power parity. The adverse socioeco-
nomic conditions in Myanmar in-
crease the likelihood of women and 
girls being lured into the sex trade. 
Myanmar's suppressive military re-
gime has caused many ethnic minori-
ties to become economically desper-
ate enough to be recruited into prosti-
tution. Rural women and girls have 
little education, few economic oppor-
tunities and know nothing about 
AIDS. In many instances, the women 
and girls approach the traffickers vol-
untarily. To them, prostitution is an 
employment option where they can 
earn more money than through any 
other work, given their limited educa-
tion (BBC News UK, 2006). 
   Poverty is not the only problem in 
many developing countries. People 
may also face sexism, oppressive 
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caste systems, domestic abuse, and 
lack of opportunities. For instance, 
oppressive social structures in Nepal 
are a major reason why women are 
vulnerable to trafficking. Thinking that 
life abroad would be better than life at 
home, many are all too ready to be-
lieve the traffickers' false promises 
and become easy targets. 
   Traffickers incur low costs in finding 
victims since they are easily swayed 
by promises of better economic op-
portunities abroad. High revenues 
and low costs translate to huge profits 
for the traffickers. As a result, G in-
creases, which in turn increases the 
expected utility from trafficking. 
 
Existing Measures to Punish and 
Deter Traffickers 
 
Government efforts 
Some governments have acknowl-
edged the child sex trafficking prob-
lem in their countries. Countries 
where the governments have passed 
laws criminalizing trafficking and allo-
cated funds and resources to curb 
trafficking include the Philippines, 
Australia and Japan. 
   The Philippine government passed 
the Antitrafficking in Persons Act in 
2003 (The Protection Protect, 2007). 
The act introduces policies to elimi-
nate trafficking, establishes the nec-
essary institutional mechanisms to 
protect and support trafficked victims, 
and imposes penalties on traffickers. 
By criminalizing trafficking and with 
proper enforcement of the proposed 
stiff punishments, the Act may be 
effective in deterring traffickers. The 
Act achieves this by increasing the 
value of β in Heineke‘s model, caus-
ing the potential losses at every level 
of crime committed to increase. 
   In Australia, the government has 
committed A$24 million over 6 years 
to counter people-smuggling, traffick-
ing in women, and related transna-
tional crime in the Asia-Pacific region 
. Australia has also gone one step 
further in funding human rights moni-
toring of the legal and judicial system 
in East Timor and measures to pro-
tect the rights of vulnerable women 
and children in the Philippines, the 
Solomon Islands, Vanuatu and Vi-
etnam (Coalition Against Trafficking 
of Women). The A$24 million spent to 
counter trafficking is likely to increase 
the probability of the traffickers being 

caught and punished, which is denot-
ed by p. Australia‘s intervention in 
East Timor and the Philippines, the 
Solomon Islands, Vanuatu and Vi-
etnam may help in making it more 
difficult and costly for traffickers to 
seek and recruit victims, since steps 
have been taken to protect their 
rights. This has the effect of decreas-
ing the value of α in Heineke‘s model, 
thus causing the profits associated 
with each level of crime to decrease. 
   In September 2004, the Japanese 
government announced its plans to 
send a fact-finding team to the Philip-
pines and Thailand to investigate the 
problem of child trafficking from these 
countries into Japan (Downer, 2002). 
This Japanese team went to Manila 
to meet with government officials and 
non-governmental organizations 
(NGOs) working on the problem. 
Such cross-border cooperation may 
increase the probability of the traf-
fickers being caught and prosecuted, 
since the authorities are now provid-
ed with more expertise and other re-
sources from other countries, thus 
enabling them to be more vigilant and 
efficient in arresting traffickers. 
   These efforts, if carried out whole-
heartedly and efficiently without being 
affected by problems like corruption, 
can serve to increase p and β and 
decrease α. These cause the ex-
pected utility of the traffickers from 
trafficking to decline. In turn, the in-
centive for them to persist in their 
trafficking activities decreases. 
 
International efforts 
There are also attempts to tackle the 
trafficking problem at the international 
level, with the help of the United Na-
tions (UN), the International Police 
Organization (INTERPOL) and the 
International Labor Organization 
(ILO) (Eye on UNESCAP, 2005). 
 
Specialized agencies under the UN 
like the United Nations Children‘s 
Fund (UNICEF), United Nations De-
velopment Program (UNDP) and 
World Health Organization (WHO) 
are analyzing the issues of trafficking 
and prostitution. Their research may 
enable the authorities of various 
countries to gain a further insight into 
the intricacies behind the trafficking 
issue and thus enable them to come 
up with appropriate strategies to deter 
traffickers or protect potential victims 

from the traffickers. 
   On the other hand, INTERPOL has 
also held several conferences on traf-
ficking and has attempted to coordi-
nate cross-border efforts of law en-
forcement agencies to curb trafficking 
in children. Greater cross-border ef-
forts may increase the probability of 
traffickers being caught and prose-
cuted. 
   As for the ILO, it launched a pro-
gram in 1997 to combat the trafficking 
and exploitation of children in prosti-
tution and sweatshops in Asia. Such 
measures seek to increase the likeli-
hood of catching traffickers. The ILO 
International Program on the Elimina-
tion of Child Labor (IPEC) for Asia 
identified Thailand as the country 
where the trafficking problem is most 
serious as many young women and 
children are trafficked into Thailand 
as prostitutes annually. The victims 
are mainly from neighbouring Myan-
mar, where corruption and lack of 
proper law enforcement make it easy 
for traffickers to transport victims out 
of Myanmar. 
 
Non-governmental organizations 
(NGOs) 
Non-governmental organizations 
(NGOs) sprung up in response to 
dissatisfaction with government at-
tempts to prosecute traffickers and 
assist victims. In recent years, local, 
regional and international NGOs have 
been at the forefront of efforts to raise 
awareness of trafficking among peo-
ple and appeal for governments to 
take more action (TED Case Studies, 
1997). 
   At the local level, NGOs run pro-
grams to warn girls and their families 
of the dangers of falling prey to traf-
ficking, shelter victims who have suc-
cessfully escaped, provide medical 
and psychological care, assist in re-
patriation of the victims and pressure 
their governments to strengthen laws 
against trafficking. NGO efforts are 
especially crucial if the governments 
are not putting in enough effort to 
tackle the problem. 
   Over the years, local NGOs have 
found more effective ways of dealing 
with the trafficking menace. For in-
stance, NGOs in Thailand have 
achieved significant success in shel-
tering and repatriating victims and 
getting the Thai government to take 
more action. Initially, after the NGOs 
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rescued and sent child victims home, 
the children often ended up in Thai-
land again. The children who found 
their way back either voluntarily or as 
a result of being trafficked again were 
mostly from Myanmar and the border 
areas. Political instability and lax law 
enforcement in these areas meant 
that there was no one to care for the 
repatriated children, causing them to 
be susceptible to being trafficked 
again. In response to this, NGOs 
sheltered trafficked women and girls 
and found safe, undisclosed ways to 
send them home. By reducing the 
vulnerability of victims, the value of α 
in Heineke‘s model decreases, as 
traffickers now find it more difficult 
and costly to source for victims. 
   NGOs have also made their pres-
ence felt at the international level. In 
March 1994, the United Nations 
Commission on Human Rights 
adopted Resolution 1994/45 in re-
sponse to demand from NGOs. The 
Resolution called for the elimination 
of the trafficking of women and chil-
dren for prostitution. Appeals from 
NGOs also led to the appointment of 
a UN Special Rapporteur on the Sale 
of Children, Child Prostitution and 
Child Pornography. Its work has 
helped put pressure on UN and its 
member countries to recognize the 
seriousness of the trafficking prob-
lem. 
   Therefore, NGOs help to fill the 
gaps left by government inaction and 
at times influence governments to 
play a more active role in handling 
the trafficking menace. Ideally, the 
efforts of governments and NGOs 
should deter traffickers by decreasing 
their expected utility from trafficking. 
This is achieved by increasing the 
probability of the traffickers being ar-
rested and decreasing the vulnerabil-
ity of potential victims. 
 
Suggestions to Deter Traffickers: 
An Economic Perspective 
Effective deterrence methods should 
seek to increase p, the probability of 
arresting the traffickers, decrease G, 
the potential gains from successful 
attempts and increase L or F, both of 
which denote the potential losses 
when traffickers are arrested and 
prosecuted. 
   Based on his crime model, Becker 
argued that most criminals rationally 
weigh the costs and benefits of crime 

against the costs and benefits of legit-
imate activities. Therefore, he pro-
posed that to reduce crime, the au-
thorities should increase the likeli-
hood of being caught and punished, 
thereby increasing the value of p in 
his model, and increase legitimate 
opportunities for the traffickers. Eco-
nomic studies on the USA, Canada 
and England have shown conclusive-
ly that punishment does reduce crime 
(Wacquant, 2006). 
   On the other hand, Ehrlich showed 
that after statistically adjusting for 
other factors, states with better police 
protection, higher probability of con-
viction and imprisonment and longer 
prison sentences have lower crime 
rates than states which had more lax 
controls. He also discovered that this 
holds true for economically motivated 
crimes like robbery. Ehrlich‘s findings 
are significant because they are in 
line with the various crime models‘ 
prediction that the larger the probabil-
ity of being caught and the stiffer the 
punishments, the lower the expected 
utility of the criminal and hence the 
less willing he will be to offend. Ehr-
lich also argued that criminals re-
spond to positive incentives, using 
the observation that crime rates tend-
ed to be low when unemployment 
rates were low. He thus advocated 
―equalizing training and earning op-
portunities independent of any ethical 
considerations‖ (Andreano & Sieg-
fried, 1980). This is in line with his 
model, which implies that when the 
returns to legitimate activities in-
crease and criminals have better ac-
cess to them, they will reduce the 
amount of crime committed or even 
give up crime altogether. 
   However, not all economists concur 
that punishment is an effective crime 
deterrent measure. Danziger (cited in 
Andreano & Siegfried 1980) believes 
that creating more legitimate oppor-
tunities is a longer term solution to 
deter crime, while punishment reduc-
es crime rate only in the short run. 
Another issue to look into is how to 
deter convicted traffickers from re-
verting to their trafficking activities. 
Economists and social scientists have 
different views about rehabilitating 
offenders. Economists, even liberal 
ones, claim that money spent to re-
habilitate offenders is money wasted, 
pointing to the findings of sociologist 
Robert Martinson, who did an ex-

haustive study of prison reforms and 
concluded that rehabilitation is inef-
fective. In addition, Cook (cited in 
Andreano & Siegfried 1980) proposed 
that the only way to rehabilitate of-
fenders is to increase their chances 
of securing legitimate jobs after serv-
ing their punishment because we lack 
the knowledge to alter their personali-
ties. He therefore suggested the de-
velopment of work-release programs 
for convicts to build up a work record 
while serving their prison sentences. 
Indeed, research on the North Caroli-
na work-release program revealed 
that ex-convicts on work-release were 
much less likely to re-offend com-
pared to those who did not attend the 
programs. The research results lend 
support to Ehrlich‘s model, which 
proposes that greater returns and 
accessibility to legal activities help 
deter crime. 
   Economists view rehabilitation as 
ineffective because they view crimi-
nals as rational people; if there are 
few legitimate opportunities available, 
or if they feel that they are unable to 
perform the legitimate jobs, they will 
revert to crime to make a living. This 
is again supported by Ehrlich‘s mod-
el, which illustrates that an increase 
in the returns to legal activities such 
as higher remuneration will result in 
traffickers allocating more time to le-
gal activities and less time to traffick-
ing. 
   Contrary to what sociologists and 
psychologists think, economists view 
that society does not need to get to 
the root causes of criminal behaviour 
by counseling or rehabilitating crimi-
nals. Instead, economists argue that 
criminals respond to both negative 
and positive incentives. This explains 
why economists choose to rely on 
crime models, as they take into ac-
count the positive and negative incen-
tives which can be manipulated to 
have a deterrence effect. Negative 
incentives include a higher likelihood 
of being arrested and more severe 
punishments while positive incentives 
include an increase in legitimate op-
portunities available and an increase 
in the returns to these legitimate ac-
tivities. The critical question is to what 
degree each type of incentive should 
be emphasized in order to achieve 
the best results. 
 
Possible Ways to Empower and 
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Protect Potential Victims 
Besides deterring traffickers, another 
approach would be to empower and 
protect vulnerable groups from falling 
prey into the sex trade. Poverty, in-
adequate education, unemployment 
and low income are factors contrib-
uting to a ready supply of children for 
trafficking (Beddoe, 2001). 
   Therefore, the economic solution to 
empower and protect potential victims 
is to reduce poverty. First, there is a 
need for governments and interna-
tional organizations to increase litera-
cy rates among vulnerable children 
by constructing more schools and 
hiring more qualified teachers. The 
challenge is to convince parents to 
allow their children to secure an edu-
cation, as poor parents may prefer 
their children to work to support the 
family. With higher education levels, 
these children will find it easier to se-
cure better paying jobs either within 
or outside the villages or states they 
live in. One possible way to create 
more jobs in poor areas is for gov-
ernments to attract foreign firms to 
set up factories and thus provide le-
gitimate occupations for the locals. 
Just like how providing more legiti-
mate job opportunities may deter traf-
fickers from trafficking, doing likewise 
for the vulnerable children and young 
adults may also prevent them from 
falling prey to the sex trade. 
 
CONCLUSION 
 
From an economic perspective, traf-
fickers are utility maximizers who 
weigh the costs and benefits of traf-
ficking activities before deciding 
whether to engage in them. The 
prevalence of trafficking implies that 
the authorities need to work harder 
and get rid of problems such as cor-
ruption in order to increase the likeli-
hood of catching traffickers as shown 
by Becker‘s model. The modified 
Becker‘s model and Heineke‘s model 
provide a strong case for the authori-
ties to increase the punishments 
meted out at arrested traffickers and 
do more to protect potential victims 
from falling prey to traffickers. On the 
other hand, Ehrlich‘s model shows 
that increasing the returns to legiti-
mate activities and creating more of 
them so that traffickers can gain ac-

cess to them will decrease the 
amount of time allocated to crime, 
which in turn leads to less crimes be-
ing committed. With most of the 
world‘s population increase occurring 
in the poorest countries, there is an 
abundance of poor and vulnerable 
children. Therefore, governments, 
lawmakers, officials, NGOs and even 
the citizens of countries where child 
sex trafficking is rife should take more 
serious and concrete action to tackle 
the trafficking menace. The best solu-
tion seems to be a combination of 
increasing the probability of arresting 
the traffickers, increasing the severity 
of the punishment and providing 
greater access and returns to legal 
activities, since these factors have 
been shown by various research 
studies to be helpful in reducing crime 
at least to some extent. 
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The new IS/LM establishes that monetary policies should not influence 
real economies in the long run since they cannot engineer a permanent 
departure of outout from its capacity level (King 2000). The purpose of this 
paper is to empirically evaluate limitations of monetary policies empha-
sized by the new IS/LM model. A long-run relationship between real inter-
est rates and the real economy implies a possibility that monetary policies 
have permanent effects on the economy. Therefore, we tested four hy-
potheses in which interest rates and real economic variables might be re-
lated.  
 
Hypothesis 1: Net exports are negatively correlated to real interest rates.  
Hypothesis 2: A lower level of inflation stabilizes real interest rates at a 
lower level.  
Hypothesis 3: An increase in the real GDP generates a lower level of real 
interest rates.  
Hypothesis 4: A budget deficit reduction results in lower real interest rates 
which help boost the economy.  
 
The data are quarterly U.S. macroeconomics time series from the past 50 
years. Forcasting methods were vector autoregressions (VARs) and test-
ing methods used Granger Causality tests and impulse response func-
tions (IRFs). Granger causality tests show that inflation, GDP and gov-
ernment deficit have significant predictive power for real interest rates. 
However, we have also found that the signs of such predictions would not 
be consistent with the hypotheses over time for the GDP and government 
deficit and, additionally, that net exports would not have predictive power 
for real interest rates. While inflation continues to display positive predic-
tive power over time, the historical data is not stable enough to prove a 
significant correlation between a low level of inflation and a low level of 
real interest rates. In summary, our test resulted in the concept that real 
interest rates would be statistically related to real economic variables in 
some intervals (i.e. tested 12 quarters), we have also found that the rela-
tionship was not be consistent over time. We have not obtained statistical-
ly significant results to accept our alternative hypotheses that challenge 
limitations of monetary policies implied by the new IS/LM model. 

Can the IS/LM Model Truly Explain Macroeconomic  
Phenomena? 
 
Saori Chiba and Kaiwen Leong 
Boston University 
  

 
he IS/LM model, introduced by 
Sir John Hicks, has been pivot-
al in explaining a major part of 

Keynesian macroeconomics since 
1937. This model can be interpreted 
as a graph, where the horizontal axis 
represents the national income or real 
gross domestic product (GDP) and 
the vertical axis represents the inter-

est rate, r. The IS curve (a downward 
sloping curve), or  ―investment/saving 
equilibrium,‖ represents the equilibri-
um in the product market; the higher 
the interest rate, the lower the real 
GDP. On the other side, the LM curve 
(an upward sloping curve), or ―liquidi-
ty preference,‖ represents the equilib-
rium between the capacity to hold 
money as an asset and the supply of 

money mainly by the central bank 
(the higher the interest rate, the high-
er the real GDP). The initial IS/LM 
model concludes that the government 
can influence the economy via infla-
tion and unemployment, through a 
rightward shift of the IS curve by the 
fiscal policy or by a shift of the LM 
curve by the monetary policy. 
   The IS/LM model inherits Keynes-
ian beliefs with regard to efficiency of 
governmental policies on the econo-
my. Nevertheless, there exists a 
slight contradiction related to the in-
fluence of deficit spending on the 
economy between the Keynesian and 
the IS/LM model. Keynes uses deficit 
spending as a tool to stimulate the 
aggregate demand, resulting in an 
increase of the national income. This 
deficit spending leads to a lower sav-
ings rate or to an increase in private 
fixed investments, which finally caus-
es an increase in fixed investments 
(Friedman 1978). Keynes hypothe-
sizes that the deficit spending may 
actually ―crowd in,‖ or encourage, the 
private fixed investment through the 
accelerator effect, which helps long-
term growth (Friedman 1978). Fur-
thermore, Keynesians argue that, 
provided government deficits are 
spent on productive public invest-
ments (e.g., infrastructure), the result 
is a direct increase in the potential 
output (Friedman 1978). On the other 
hand, the IS/LM explains that deficit 
spending leads to an increase in the 
interest rate and produces the so-
called ―crowding out phenomenon,‖ 
which is the discouragement of pri-
vate fixed investments that in turn 
decrease the long-term growth of the 
supply side, or potential output. In this 
paper, we empirically analyze this 
controversial argument of the influ-
ence of the government deficit on the 
economy.  

T 
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   While the initial IS/LM continues to 
play an important role as a policy tool, 
it has been criticized as an obsolete 
instrument in the academic communi-
ty. The main criticism is that this 
model cannot explain simultaneous 
occurrences of high inflation and high 
unemployment rates in the economy. 
Moreover, the shift in central banks 
from targeting the money supply to 
following an interest-rate rule also 
undermines the importance of this 
model as a policy tool. Nevertheless, 
the model has been vigorously re-
vived by the introduction of new ―ex-
pectation‖ concepts, while keeping its 
original simplicity and clearness. The 
new IS/LM model is a powerful mac-
roeconomic tool, supported not only 
in academic and government envi-
ronments, but also in business and 
other non-academic environments. 
The New IS-LM core equations are:  
 
• Forward looking IS equation (Eq. 1)  
• Fisher equation (Eq. 2)  
• Expected Phillips Curve (Eq. 3)  
 
where yt denotes current real spend-
ing (in IS equation) or current output 
(in Phillips curve), Etyt+1 denotes the 
expected future level of spending, yt* 
denotes capacity output, rt denotes 
real interest rate, r* denotes rate of 
return prevailing in the absence of 
demand shock, Rt  
denotes nominal interest rate, πt  
denotes current inflation, Etπt+1 de-
notes expected future inflation, xdt 
denotes demand shock, and xπt de-
notes inflation shock (Robert G. King 
2000, p.45-54). 
   The new model more clearly shows 
the limitations of monetary policies. 
Robert G. King (2000, p.45-81) ar-
gues that the new IS/LM model has 
strong conclusions: since the real 
economy cannot deviate from its ca-
pacity for long periods of time, mone-
tary authorities cannot substantially 
influence the real economy in the 
long run; they should instead focus 
on neutral policies targeting a capaci-
ty output level or long-run inflation 
level. Monetary authorities are strong-
ly encouraged not to pursue substan-
tial influence (such as expanding the 
economy beyond its capacity), but 
instead to take a neutral policy, such 
as the Taylor rule, focusing on keep-
ing the economy at its sustainable 
level.  

Fig 1. External equilibrium curve to determine the relation between the interest rate and income - Note: 
The upper right-hand section shows a LM curve that represents a positive relationship between the 
national income (Y) and interest rates (r). The LM curve is deprived from the lower right-hand section, 
the lower left-hand section and the upper left-hand section. The lower right-hand section shows a nega-
tive relationship between income (Y) and net exports. The lower left-hand section shows a 45 degree 
line that represents a relationship between net exports and net foreign investments. The upper left-hand 
section shows a negative relationship between net foreign investments and income (Y).  
 
 

Figure 2a. The solid line shows impulse re-
sponses in real interest rates over 24 quarters 
due to a change in net exports. 95% Confidence 
Intervals are given by the dot lines. The results 
are from a VAR with 12 lags. The scale is smaller 
compared to those in Figure 2b and 2c.  

Figure 2b. The solid line shows impulse 
responses in real interest rates over 24 quar-
ters due to a change in Inflation. 95% Confi-
dence Intervals are given by the dot lines. 
The results are from a VAR with 12 lags.  

Figure 2c. The solid line shows impulse re-
sponses in real interest rates over 24 quarters 
due to a change in the real GDP. 95% Confi-
dence Intervals are given by the dot lines. The 
results are from a VAR with 12 lags.  
 

(Equation 1) 

(Equation 2) 

(Equation 3) 

Figure 2d. The solid line shows impulse re-
sponses in real interest rates over 24 quarters 
due to a change in the real government deficit. 
95% Confidence Intervals are given by the dot 
lines. The results are from a VAR with 12 lags. 
The scale is smaller compared to those in Figure 
2b and 2c 
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  The new IS/LM model gives us in-
novative, but largely limited, conclu-
sions compared to the beliefs under 
the initial IS/LM model. Are these 
conclusions really consistent with 
what is observed in the economy? 
The main purpose of this paper is to 
verify the limitations of monetary poli-
cies concluded by the new IS/LM 
model by statistically testing alterna-
tive hypotheses using U.S. data from 
the past 50 years. Our alternative 
hypotheses pertain relationships be-
tween real interest rates and other 
main variables the real economy, 
which is contradictive to implications 
of the new IS/LM model. If results are 
statistically significant, it is likely that 
monetary policies have substantial 
influence on the real economy, de-
spite contrary conclusions of the new 
IS/LM model.  
 
Alternative Hypotheses 
Hypothesis I 
We have hypothesized that net ex-
ports would be negatively correlated 
to real interest rates. This hypothesis 
postulates that when a trade surplus 
occurs for any given fiscal year in the 
United States, it will be invested do-
mestically. This additional injection of 
investment funds diminishes the 
money attracted through credit in the 
economy, thereby depressing interest 
rates. The IS/LM exposition of gen-
eral equilibrium in the domestic mon-
ey and goods markets excludes the 
balance-of-payments equilibrium 
when the economy engages in for-
eign trade under conditions of fixed 
foreign exchange rates.  
   This hypothesis is supported by 
Dwayne Wrightsman (1970, p.203-
208). He has derived a new external 
equilibrium curve to determine the 
relation between interest rates and 
income and superimposes this curve 
onto the IS/LM framework. The newly 
derived external equilibrium condition 
is shown in Figure 1. The lower right-
hand section of the diagram in Figure 
1 illustrates that the net exports of 
goods and services vary inversely 
with the level of national income. The 
upper left-hand section in Figure 1 
indicates that net foreign investment 
varies inversely with domestic interest 
rates. The lower left-hand section in 
Figure 1 shows a 45-degree line that 
represents the relation between net 
exports of goods and services and 

Fig. 3a. The solid line shows impulse respons-
es in the real GDP over 24 quarters due to a 
change in real net exports. 95% Confidence 
Intervals are given by the dot lines. The results 
are from a VAR with 12 lags. 

Figure 3b. The solid line shows impulse re-
sponses in real investments over 24 quarters 
due to a change in the real GDP. 95% Confi-
dence Intervals are given by the dot lines. The 
results are from a VAR with 12 lags.  

Fig. 3c. The solid line shows impulse responses 
in real investments over 24 quarters due to a 
change in the real government deficit. 95% Con-
fidence Intervals are given by the dot lines. The 
results are from a VAR with 12 lags. 
 

Fig. 3d. The solid line shows impulse respons-
es in the real GDP over 24 quarters due to a 
change in the real government deficit. 95% 
Confidence Intervals are given by the dot lines. 
The results are from a VAR with 12 lags. 
 

Fig. 4a. The figure shows mean squared errors 
over 24 quarters in forecasting real interest 
rates. The results are from a VAR with 12 lags. 
 

Fig. 4b. The solid line shows Cholesky vari-
ance decomposition (percentage points) of 
forecast errors, shown in Figure 4a, due to a 
change in real net exports. 95% Confidence 
Intervals are given by the dot lines.  
 
 

Fig. 4c. The solid line shows Cholesky vari-
ance decomposition (percentage points) of 
forecast errors, shown in Figure 4a, due to a 
change in Inflation. 95% Confidence Intervals 
are given by the dot lines. 

Fig. 4d. The solid line shows Cholesky variance 
decomposition (percentage points) of forecast 
errors, shown in Figure 4a, due to a change in the 
real GDP. 95% Confidence Intervals are given by 
the dot lines. 

Fig. 4e. The solid line shows Cholesky variance 
decomposition (percentage points) of forecast 
errors, shown in Figure 4a, due to a change in the 
real government deficit. 95% Confidence Intervals 
are given by the dot lines. 

Fig. 5. The ―residuals‖ denote actual values minus 
estimated values from a VAR with 12 lags. The 
solid line shows ―residuals‖ of real interest rates. 
The dot line shows ―residuals‖ of Inflation. These 
lines represent the results between 1962 Q1 (13th 
quarter) and 2005 Q4 (188th quarter).  
 



         RESEARCHARTICLES

62  www. jyi.org                               Journal of Young Investigators                        The Best of JYI     

                                                                                                                 RESEARCHARTICLES
net foreign investment. These results 
in the curve are shown in the upper 
right-hand section in Figure 1, which 
represents the relation between in-
come and interest rates. From these 
four sections of the diagram, we can 
find that an increase in net exports 
will decrease income (Y) as well as 
interest rates. In Wrightsman‘s model, 
when the net exports increase, the 
LM curve shifts to the right and 
achieves equilibrium if monetary and 
fiscal authorities do not intervene, 
leading to a decrease in interest 
rates. However, the government also 
plays an important role in deciding 
the equilibrium by policies causing a 
shock on the net exports, for exam-
ple, by changing tariffs or changing 
government expenditure for exporting 
goods. If such policies cause a posi-
tive shock on net exports, shifting 
upward the curve in the lower right-
hand section, this, in turn, shifts 
rightward the curve in the upper right-
hand section, and vise versa.  
 
Hypothesis II  
We have hypothesized that if we low-
er the level of inflation in the United 
States, this would result in lower real 
interest rates in the country. David 
Wessel (1999, A1) supports this hy-
pothesis. He has argued that a high 
rate of inflation could distort the fi-
nancial markets; this would lead to 
uncertainty among investors and to 
undermine public faith in the govern-
ment. This leads to consumers hold-
ing more money in fear of a financial 
collapse. If the inflation rate continues 
to increase, it would cause consum-
ers to borrow additional funds from 
banks; since the loan depreciates 
over time, the result would be an in-
crease in real interest rates. This ar-
gument implies that a lower level of 
real interest rates is achieved if the 
inflation rate is kept at a low level, 
which supports our hypothesis.  
   Kandel et al. (1996, p.205-225) 
provides a statistical argument to 
support our hypothesis. Contrary to 
predictions using some conventional 
theories, they have found no negative 
relationship between real interest 
rates and inflation during the low and 
stable inflation sub periods.  
   Wessel (1999, A1) also provides an 
argument in favor of our hypothesis. 
In his article ―With Inflation Tamed, 
America Confronts an Unsettling Sta-
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bility,‖ Wessel has argued the nega-
tive effects of a no-inflation economy 
on employment. That is, a low infla-
tion rate generates significant stability 
in the economy and attracts foreign 
investors confident in their positive 
financial results, thereby reducing 
employment. From the psychological 
perspective, workers must get used 
to raises that look small but are worth 
the same as previous years. More 
than that, some workers will feel even 
discomfort about the perceived insig-
nificant increase in their salaries.  
   Wessel (1999, A1) has also argued 
possible links between no inflation 
and the economy. One possible neg-
ative link is that corporate sales will 
stagnate; thus, profits will not be 
boosted. Consequently, workers‘ 
wages may fall, their skills may no 
longer be needed, and more unem-
ployment will be created. Another 
positive link is that, in a no inflation 
economy, unemployment may de-
crease as investments rise due to the 
stability of the economy, resulting in 
increased productivity. No inflation 
and economic stability result in in-
creased government revenue, leading 
the government to reduce taxes. 
These tax cuts will enable corpora-
tions to enjoy more profits and reve-
nues. A potential psychological effect 
would be that workers would con-
sume more, since they do not prefer 
to have extra money in hand, rather 
than be concerned about the inflation 
level, as they are more likely to be 
during periods of hyperinflation.  
   In summary, all the above men-
tioned arguments not only support a 
significant relationship between lower 
real interest rates and lower inflation, 
but also expand the discussions to 
linkages between real interest rates 
and inflation rates to the real econo-
my. This linkage is the purpose of our 
hypothesis, implying the possibility of 
monetary policies influencing the 
economy. However, this hypothesis is 
not supported by the new IS/LM 
model. The new IS/LM model con-
cludes that a low inflation target poli-
cy will keep the economy activity at 
near capacity and real interest rates 
will move by reflecting changes in the 
output capacity. That is, if the capaci-
ty grows rapidly and inflation is con-
trolled at a low level, the real interest 
rates will grow rapidly. Only if the ca-
pacity growth stagnates under a low 

inflation economy will the real interest 
rates also remain at a lower level, as 
our hypothesis predicts.  
 
Hypothesis III 
We have hypothesized that an in-
crease in the real GDP will result in 
lower real interest rates along the IS 
curve. Many previous papers have 
discussed the monetary transmission 
mechanism—that is, the process 
through which monetary policy deci-
sions are transmitted into changes in 
the real GDP. The mechanism starts 
with a monetary policy action on the 
short-run interest rate, which, in turn, 
has an effect on the long-term inter-
est rate. This change in the long-run 
nominal interest rate in turn affects 
the real interest rate, resulting in a 
change in the real GDP. John B. Tay-
lor suggests that the links of the 
monetary transmission actually form 
a circle that is closed by linking the 
movements in the real GDP back to 
the interest rate through reaction 
functions (J. Taylor 1995, p.151-171). 
In Robert G. King and Mark W. Wat-
son‘s ―Money, Prices, Interest Rate 
and the Business Cycle,‖ the authors 
argue that the empirical results show 
a negative relationship between the 
real interest rate and the output (King 
and Watson 1996, p.35-53).  
   We have based Hypothesis III 
mainly on the work of Kurt Riche-
bacher, whose article, ―America‘s 
recovery is not what it seems,‖ ex-
plains the main factors that have in-
fluenced the increase of the econo-
my. Richebacher (2004, 34) has sug-
gested a simple but vigorous conclu-
sion: that the growth in the GDP in 
recent years was due to a significant 
jump in defense spending, which is a 
permanent, and possibly increasing, 
element for the United States econo-
my since the country has been con-
stantly involved in maintaining global 
peace and NATO functions. This in-
creased defense spending caused an 
increase in the capital investment, 
which in turn increased the real non-
residential fixed investment and the 
non-residential structures. While rec-
ognizing he has not yet seen the 
complete linkage in reality, Riche-
bacher (2003, 34) continues his theo-
retical argument that the increase of 
the GDP causes more investments in 
the national infrastructure and lower 
taxes for the population as well as 

lets the government invest its finan-
cial resources in the private sector, 
which keeps real interest rates at 
lower level and leads to more profits 
in the economy.  
   A contradiction between our hy-
pothesis and the new IS/LM is the 
sign of the correlation between the 
real GDP and the real interest rate. 
The forward-looking IS equation ex-
plains that, if growth of the current 
output capacity is combined with pre-
dictable continuing future growth of 
the output capacity, the current real 
interest rate also needs to grow. That  
is, both the real GDP and the real 
interest rate have a positive relation-
ship. From forward-looking IS equa-
tion (Robert G. King 2000, p.54-59): 
(Equation 4), where * denotes that 
variables are at the capacity or sus-
tainable level  
   This conclusion from the new IS/LM 
model is consistent with empirical 
results cited by King and Watson as 
mentioned earlier, but it is not con-
sistent with Richebacjer‘s discussion. 
If our hypothesis shows significant 
results, we may assume a possibility 
of governmental policies stimulating 
the economy in such a way that the 
new IS/LM model does not predict.  
 
Hypothesis IV 
We have hypothesized that decreas-
ing budget debt would result in lower 
levels of real interest rates. In the 
nation‘s fiscal outlook by the office of 
Management and budget, we see a 
high percentage of the budget deficit 
in the GDP.  
 
The 2004 budget deficit came in at 
3.6 percent of the GDP or $412 bil-
lion.  
1. The 2005 deficit fell to 2.6 percent 
of the GDP or $318 billion. 
2. The projected 2006 budget deficit 
would be at 3.2 percent of the GDP or 
$423 billion.  
 
Covering the budget deficit could be 
achieved through the following 
means: 
1. Increasing foreign investments in 
the United States economy; and  
2. Increasing exports. 
 
   However, it is important to note that 
only the profit taxes and other fees 
left in the United States account for 
foreign investments; the rest goes to 
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the investing country.  
   Any increases in exports that result 
in exceeding imports will have a posi-
tive impact; on the other hand, any 
decreased level in imports will have 
two effects: 
1. It may lead to a decrease in con-
sumption, which rarely happens, and 
result in increased savings due to the 
rise in interest rates; and  
2. Consumers will have no choice but 
to purchase similar or substitute 
products, possibly national products, 
which ultimately will stabilize the level 
of consumption.  
   The second effect appears to be 
more realistic as it will lead to a de-
crease in the interest rate due to the 
increase of domestic private invest-
ments. 
   Our discussion considers compli-
cated aspects, but it can be summa-
rized in that countries with huge gov-
ernment debt/deficits discourage in-
vestments, force the nation to invite 
foreign investments, increase ex-
port/decrease import—which in turn 
pushes up the real interest rate—
resulting in a reduction in the GDP.  
   On the other hand, the new IS/LM 
may explain the relationship between 
the government debt and the real 
interest rate using the forward-looking 
IS curve (Robert G. King 2000, p.54-
59., Equation 5). 
   In the new IS/LM model, the gov-
ernment deficit‘s influence on the 
economic activity is considered to be 
a negative aggregate demand shock 
(xdt less than 0), which may tempo-
rarily reduce the real interest rate but 
ultimately does not have a permanent 
influence on the output capacity, thus 
steadying the state real interest rate. 
If the   government deficit is con-
trolled at a lower level, the demand 
shock is mitigated and the economy 
returns to the steady state level. In 
other words, as mentioned during the 
discussions of the other hypotheses, 
lower levels of government debt or 
lower levels of demand shock do not 
result in lower levels of the real inter-
est rate, which is decided by the ex-
pected future output capacity level 
and the current capacity level.  
   Our hypothesis challenges the new 

IS/LM conclusion about the influence 
of the government deficit on the real 
interest rate and economic activity.  
 
MATERIALS AND METHODS 
 
In the current study, we used vector 
autoregressions (VARs) and Granger 
Causality tests to verify the previous 
hypotheses. A VAR, introduced by 
Sims (1980), is an n-equation, n-
variable linear model in which each 
variable is explained by its own 
lagged values plus lagged values of 
the remaining n-1 variables (Eq. 6). 
   This simple framework provides a 
systematic way to capture dynamics 
in multiple time series and is easy to 
use and interpret (Stock and Watson 
2002, p15.20-15.29). The Granger 
Causality test, developed by Granger 
(1969) and Sims (1972), is an F-test 
of the hypothesis that the coefficients 
on all values of one of the variables 
(xj,t-1, xj,t-2, … xj,t-q) are zero (H0: 
βj,1= βj,2=…= βj,q = 0) and xj is not a 
useful predictor given the other varia-
bles. In addition, impulse response 
functions (IRFs) of the VARs can be 
estimated to measure the effect over 
time on the variable of interest due to 
a change in other variable. Forecast 
error decomposition, the percentage 
variance of the error made in fore-
casting some variable due to a shock 
in a specific variable, complements 
the analysis by suggesting compara-
ble degrees of  
interaction among variables (Stock 
and Watson 2001, p.101-115).  
   In the current study, we have as-
sumed that the real economy would 
be influenced by many variables, 
such as real interest rates, inflation, 
and government expenditures, and 
that each variable would not only se-
rially-correlated (correlated to its own 
past values) but also cross-correlated 
to other variables over time. Even in 
such a complicated situation, VARs 
and Granger Causality tests allow us 
to detect one-way or two-way rela-
tionships among many variables, 
avoiding misleading results caused 
by omitting variables. One concern 
was that we would need a large sam-
ple to test both tests holding many 

variables in a model. We have over-
come this problem by collecting sea-
sonally adjusted quarterly data, total-
ing over 180 observations, instead of 
yearly data.  
   The variables used in our models 
are real interest rates, inflation rate, 
real money supply, real GDP, real 
consumption, real investment, real 
net exports, real government deficit, 
which are included in the original 
IS/LM model or our hypotheses. Data 
are quarterly time series between the 
first quarter in 1959 and the last quar-
ter in 2005, collected from Bureau of 
Labor Statistics (BLS), Federal Re-
serve System (FRS) and Bureau of 
Economic Analysis (BEA).  
   Most of the data have been already 
seasonally adjusted, inflation adjust-
ed and annualized. Otherwise, we 
have made the same adjustments on 
the unprocessed data. Economic time 
series are often analyzed after com-
puting their logarithms or the changes 
in their logarithms since they are use-
ful to capture the non-linear relation-
ship and to measure elasticities 
(Stock and Watson 2002, p.15.5 -
15.12). However, we did not use log-
arithms since we had many negative 
values in real interest rates and gov-
ernment deficit, for which logarithms 
could not be created. Instead, we 
used the percentage for real interest 
rates and directly calculated the per-
centage changes for the other varia-
bles.  
   Additionally, in order to verify an 
extensional argument of each hy-
pothesis, we tested models regress-
ing net exports on the other variables 
for the first hypothesis, models re-
gressing GDP on the other variables 
for the third hypothesis and models 
regressing the government deficit on 
the other variables for the last hy-
pothesis. (See Table 1 for details.)  
 
RESULTS 
 
Models with shorter lags have not 
shown significant results in either 
Granger Causality tests or VARs. 
That is, Granger Causality tests have 
shown non-significant results at the  
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   5% level (p-value less than 5 per-
cent significant level) and VARs show 
little ―fitting‖ (small R-square). How-
ever, the results have improved in 
models with longer lags while keeping 
the AIC from deteriorating (or increas-
ing) compared to models with shorter 
lags. Therefore, in our analysis, we 
have mainly focused on the lag 12 
model. (See Table 2).  
 
4.1 Hypothesis I 
We tested the hypothesis that net 
exports negatively would relate to real 
interest rates (when EX↑, then r↓). 
The Granger Causality tests do not 
show that net exports are significantly 
predictive of real interest rates in a 
model with any lag. The VAR of the 
lag 12 model does not show con-
stantly significantly negative coeffi-
cients of net exports. (See Table 3).  
   As a result, its IRF fluctuates 
around zero and does not continue to 
stay at either a negative level or a 
positive level over 24 quarters. (See 
Figure 2a.) In addition, its variance 
decomposition suggests that a shock 
in net exports causes very small re-
sponses in real interest rates. (See 
Table 1 and Figure 4b.)  
   On the other hand, the Granger 
Causality tests show that net exports 
are predictive of real GDP in the lag 
12 model which is also implied in our 
hypothesis. (See Table 3.) However, 
its IRF also fluctuates around zero. 
(See Figure 3a.) Thus, the data sug-
gests that exports are not consistently 
significantly predictive of real interest 
rates and GDP.  
 
4.2. Hypothesis II  
We tested the hypothesis that low 
inflation would brings down real inter-
est rates (when low π, then low r). 
The Granger Causality tests show 
that inflation is significantly predictive 
of real interest rates in any model 
other than in models with lag 1 and 
lag 4. (See Table 4).  
   While the VARs of the lag 12 model 
do not show that the coefficients of 
inflation are constantly positive, its 
IRF remains at a positive level over 
24 quarters. (See Figure 2b.) There-
fore, the data suggests that inflation 
is significantly predictive of real inter-
est rates, in addition, its signs of the 
reaction path are constantly positive 
over 24 quarters. Moreover, its vari-
ance decomposition indicates that a 

shock in inflation causes considerable 
responses in real interest rates. (See 
Table 1 and Figure 4c.) Low inflation 
does not seem to cause low interest 
rates. Looking at the time series 
graph, we do not find strong evidence 
that, when inflation is weak, the real 
interest rate is steady at a lower level. 
Whether inflation is weak or strong, 
the real interest rates fluctuate in al-
most the same way. (See Figure 5.)  
 
4.3. Hypothesis III 
We tested the hypothesis that the 
GDP negatively would relates to real 
interest rates (when the GDP↑, then 
r↓). The Granger Causality tests show 
the GDP to be predictive of real inter-
est rates for models with 10 to 12 
lags while its predictive power is not 
significant in models with shorter 
lags. (See Table 5). In addition, its 
variance decomposition suggests that 
a shock in inflation causes consider-
able responses in real interest rates. 
(See Table 1 and Figure 4d).  
   However, the VAR of the lag 12 
model does not constantly show neg-
ative coefficients of exports. As a re-
sult, its IRF fluctuates around zero 
and tends to stay above zero over 24 
quarters. (See Figure 2c).  
   On the other hand, the Granger 
Causality tests show that the GDP is 
predictive of investments in models 
with lag 1 and lag 8 while it is not 
predictive in the lag 12 model. (See 
Table 5.) However, the IRF shows 
investment‘s reaction against a GDP 
shock is initially positive but turns 
negative and finally fluctuates around 
zero over 24 quarters. (See Figure 
3b).  
   Overall, there is no evidence of the 
hypothesis of negative predictive rela-

tionship between the GDP and real 
interest rates and the remaining part 
of our hypothesis regarding the posi-
tive predictive relationship between 
the GDP and investments.  
 
4.4. Hypothesis IV 
We tested the hypothesis that the 
government deficit would positively 
relate to real interest rates (GD↑, then 
r↑). The Granger Causality tests indi-
cate that the government deficit is 
predictive of real interest rates for 
models with 2 to 5 lags but its predic-
tive power is weakened in models 
with longer lags. In addition, the VAR 
of the lag 12 model does not indicate 
that the coefficient of the government 
deficit is constantly and significantly 
negative. (See Table 6).  
   As a result, its IRF moves up and 
down around zero over time and does 
not show a tendency to remain either 
at a positive or negative level. (See 
Figure 2d.)  
   In addition, its variance decomposi-
tion suggests that a shock in the gov-
ernment deficit causes comparatively 
very small responses in real interest 
rates. (See Table 1 and Figure 4e.)  
   On the other hand, the Granger 
Causality tests indicate that the gov-
ernment deficit is significantly predic-
tive of investments and the GDP in 
any model except for shorter lag 
models. (See Table 6). However, the 
IRFs fluctuate around zero and do not 
show a tendency to remain either 
positive or negative. (See Figure 3c 
and 3d).  
   Therefore, the data does not sug-
gest a positively predictive relation-
ship between the government deficit 
and real interest rates and the re-
maining parts of our hypothesis (i.e., 

(Equation 4) 

(Equation 5) 

(Equation 6) 

(Equation 7) 



         RESEARCHARTICLES

66  www. jyi.org                               Journal of Young Investigators                        The Best of JYI     

                                                                                                                 RESEARCHARTICLES
IS/LM model‘s controversial argument 
that an increase in the government 
deficit crowds out investments, result-
ing in a reduction in the GDP).  
 
DISCUSSION AND CONCLU-
SIONS 
 
A major reason why the IS/LM model 
is useful and illuminating lies in the 
basic assumption of the model, which 
states that conditions of stock and 
flow equilibrium can be analytically 
separated. Tobin (1969, p. 16) found 
that ―a key assumption is that spend-
ing decisions and portfolio decisions 
are independent—specifically that 
decisions about the accumulation of 
wealth are separable from decisions 
about its allocation. As savers, people 
decide how much to add to their 
wealth; as portfolio managers, they 
decide how to distribute variable as-
sets and debts the net worth they 
already have.‖ It should be recog-
nized that the conditions under which 
such separation is valid are very 
stringent, and the assumption is 
probably a factor in the monetarist 
controversy. 
   Based on the study case presented, 
although government expenditures on 
defense and in other areas have 
been unprecedented compared to the 
previous century, the interest rates 
have been extremely low. Thus, it 
may be concluded that the factors 
that influence the interest rates are 
numerous and have different effects, 
both positive and negative. Although 
defense expenditures may lead to a 
sustainable percentage in the real 
GDP, it may happen, as presented in 
hypothesis IV, that the GDP is influ-
enced by a budget deficit that keeps 
the interest rates at lower levels in 
order to encourage domestic private 
investments. 
  In analyzing the levels of the interest 
rates, it is better to look at the rate of 
inflation in the economy. A low infla-
tion rate suggests that the economy 
is stable, which attracts investors to 
spend money in business and influ-
ences the interest rate in a downward 
direction in order to sustain these 
investors and attract the money of the 
households in the economic circuit 
through the banking system. The in-
terest rate may also depend on the 
consumption culture. On the con-
sumption side, the permanent income 
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theory by Milton Friedman (1957) and 
the life-cycle theory by Modigliani and 
Richard Brumberg (1954) were de-
veloped within frameworks that em-
phasized the inter-temporal nature of 
household consumption decisions. If 
the population of a country is keener 
on spending money instead of saving 
it in a bank, interest rates will fall.  
   Another major factor of interest rate 
changes is the monetary policy of the 
government. For example, Mankiw, 
Miron, and Weil (1987, p358-374) 
show that the pricing of medium-term 
government bonds changed system-
atically with the introduction of a cen-
tral bank in exactly the way predicted 
by the rational expectation theory of 
the term structure. When large, sys-
tematic changes in policy take place, 
then the tool of rational expectations 
gives a good account of how private 
responses will be altered. If a gov-
ernment ―loosens‖ its monetary policy 
(prints more money), interest rates 
lower because more money is availa-
ble for lenders and borrowers alike.  
   The new IS/LM model has provided 
an econometric specification, includ-
ing a list of variables to be used in the 
regression equations and hypotheses 
about the magnitudes of effects to be 
used. In our analysis, we have also 
considered the important role the ra-
tional expectation plays and explored 
the effects of various frictions sys-
tematically. This could enable policy-
makers and other macroeconomists 
not to depend too much on the tradi-
tional IS/LM model while contributing 
to subsequent research on this topic. 
   We started with the proposition that 
finding significant relations between 
the real interest rates and core varia-
bles in the economy could imply a 
possibility for monetary policies to 
overcome the limitations concluded 
by the new IS/LM model—that is, the 
possibility for monetary policies to 
influence the economy. We prepared 
four hypotheses involving relation-
ships between the real interest rates 
and net exports, the GDP, inflation, 
and government deficit. Our hypothe-
ses are alternatives to the new IS/LM 
model‘s conclusions. We then tested 
these hypotheses using U.S. data 
from the past 50 years according to 
the Granger Causality tests, the 
VARs and impulse response func-
tions (IRFs). We have found from 
Granger causality tests that real in-

terest rates would be predicted by the 
real GDP, inflation, or the real gov-
ernment deficit while they would not 
be predicted by the net exports. 
However, we have also found from 
IRFs that the predicted relationship 
would not be significant and con-
sistent over time. Additionally, signs 
(positive or negative) in the relation-
ships from Granger causality tests 
and IRFs would not necessarily be 
consistent with our alternative hy-
potheses. Another concern is that our 
tests used short-term interest rates. 
Therefore, significant results found in 
Granger causality tests may not con-
tradict the new IS/LM model, which 
focuses on a long-run steady state. In 
addition, if our Granger causality tests 
have captured changes in capacity or 
steady state levels caused by past 
real interest rates, exports, inflation, 
or government deficits, our results 
might be explained by the new IS/LM 
model. In conclusion, our tests imply 
a possibility of overcoming limitations 
of monetary policies suggested by the 
new IS/LM model, but have not given 
us any conclusive answers. To find 
these, we need to conduct further 
research.  
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he archaeological process be-
gins by defining a research 
question or area of interest. To 

answer questions about past socie-
ties, archaeologists need to find and 
interpret material remains. Field ar-
chaeologists use surveys to find and 
conduct initial studies on archaeolog-
ical sites. In the most general sense, 
the term survey, when applied to ar 

 

 
 
chaeology, can be described as the 
non-destructive inspection of a geo-
graphical area for evidence of previ-
ous human use or occupation such 
as artifacts and other cultural features 
(houses, pits, hearths, etc.). Many 
types and variations of archaeological 
survey exist to accomplish different 
tasks and research in different cir-
cumstances. 

   This paper focuses specifically on 
full coverage systematic site surface 
survey and its value as an archaeo-
logical tool. This type of survey en-
tails a systematic visual inspection of 
cultural features and the collection 
and documentation of all artifacts on 
the surface of a site. Site surface sur-
vey is used for various purposes such 
as finding site boundaries and study-
ing the distribution of artifacts (Ren-
frew and Bahn 1991). By examining 
the data from the artifacts and fea-
tures, archaeologists gain better 
knowledge about a site. 
   As this article‘s title indicates, the 
accuracy of predictions based on the 
analysis of site surface survey  data 
has been questioned. Many factors 
that contribute to the artifacts‘ journey 
to the surface of the site may displace 
or favor certain artifacts. These fac-
tors include but are not limited to the 
depth of the site, the slant or slope of 
the site, erosion, and human and an-
imal disturbance (Renfrew and Bahn 
1991; Ammerman 1985). 
   In this case study, agricultural plow-
ing was one of the factors consid-

T 

Archaeological surface survey is a useful, nondestructive tool for under-
standing the past. However, within various documents, archaeologists 
question the accuracy of surface artifacts to reflect the subsurface site. If 
surface materials mirror the site below ground, the patterns of surface 
artifact distribution would give archaeologists helpful insights. This pro-
ject evaluated the uses, limitations, and results of archaeological site sur-
face survey using survey data obtained from the Hungarian Copper Age 
site of Körösladány 14 during 2005. The survey data was combined with 
spatial information using a geographic information system database to 
map the density and distribution of surface artifacts and to predict the 
subsurface site. The predictions were then compared to results from the 
magnetometry, soil chemistry analysis, and 2005 excavations. The con-
clusions of this research were that the surface data does not reflect the 
site below ground perfectly and that site survey raises many questions 
which can only be answered through other means. 
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ered. As a common agricultural prac-
tice, plowing is often considered in 
the displacement of artifacts in agri-
cultural areas. In his article on the 
effects of plowing on the distribution 
of ceramic tiles in Calabria, Italy, 
Ammerman (1985) states that surface 
material in plowed areas move grad-
ually over time by continuously cy-
cling within the plow zone (the layer 
of the soil affected by agricultural 
plowing of cultivated lands). He con-
tinues by comparing the surface ma-
terial to ―the tip of the iceberg‖ be-
cause the constant cycling allows 
only a small percentage of material to 
be visible at any time (Ammerman 
1985). So not only do the artifacts 
continue to move around through the 
soil, but the surface distribution of 
certain artifacts also has the ability to 
change. Another study, performed in 
Michigan, resulted in random varia-
tions in surface artifact distributions. 
The researcher recommended that 
archaeologists conduct multiple site 
surface surveys of cultivated areas to 
gain any substantial conclusions 
(Shott 1995). These studies about the 
effects of plowing on surface artifact 
distribution illustrate that, due to the 
various factors at work on a site, the 
surface can only offer a remote pic-
ture of the subsurface site. The ef-
fects of plowing and other factors on 
archaeological sites were carefully 
considered during this project. 
   A brief explanation of the archaeo-
logical importance of Körösladány 14 
(K-14) is essential to understand this 
project. The early Hungarian Copper 
Age people have been identified as a 
tribal people with an egalitarian or 
non-ranked society (Parkinson 1999). 
Around 4500 BC (the end of the late 
Neolithic and the beginning of the 
early Copper Age), the people of the 
Great Hungarian Plain experienced 
many cultural changes (Parkinson et 
al. 2004). Shifts in practices reveal 
that the number of culture groups 
present on the Great Hungarian 
Plains went from three culture groups 
in the Late Neolithic to one, the Ti-
szapolgar, in the Early Copper Age 
(Parkinson 1999). Much of the recent 
research on the Great Hungarian 
Plain has been conducted by the 
Körös Regional Archaeological Pro-
ject (KRAP), cooperative Hungarian 
and American multi-disciplinary team 
dedicated to learning more about this 

period and causes for the transition. 
K-14 is the current KRAP excavation 
site. Prior to the 2005 summer exca-
vations, some initial research was 
undertaken including regional and 
site surface surveys, soil-phosphate 
testing, and remote sensing. During 
the mid-twentieth century, the Hun-
garian Institute of Archaeology began 
an attempt to find and document all 
archaeological sites using the method 
of intensive regional surface survey 
(Parkinson 1999). The K-14 site was 
among the many Copper Age sites 
discovered. In the late 1990‘s, Par-
kinson used the Archaeological To-
pography of Hungary to find and sur-
vey sites for his doctoral dissertation 
research, including K-14. In the 
summer of 2003, KRAP had Apos-
tolos Sarris conduct a remote sensing 
survey using magnetometry. All of 
these surveys contributed to the lim-
ited amount of knowledge about the 
K-14 site prior to the 2005. 
   During the summer of 2005, the 
KRAP conducted a full coverage sys-
tematic site surface survey at K-14. 
The results of this survey were used 
in attempt to discover what cultural 
remains and features lay beneath the 
surface of the site. Using the survey 
data in this manner raised questions 
about the efficiency of site survey and 
the accuracy of surface artifacts‘ abil-
ity to reflect the subsurface site. A 
hypothesis stating that surface data 
could not be relied on to produce pre-
cise information about the subsurface 
site was created. This paper exam-
ines the uses, limitations, and results 
of archaeological site surface survey 
through the analysis of the K-14 sur-
face artifact density and distribution 
data illustrated by GIS maps. 
   Geographic information system 
(GIS) databases were created by 
combining the artifact distribution da-
ta with spatial information. These GIS 
databases allowed surface artifact 
density and distribution maps to be 
produced and analyzed. Further into 
research, a model of possible subsur-
face cultural features was also creat-
ed. This model and the earlier maps 
were compared with the results of the 
2005 excavations, soil chemistry 
analysis, and the magnetometry sur-
vey -- the detection of subsurface 
magnetic shifts which can indicate 
ditches, hearths, kilns, pits and metal 
artifacts. This additional information 

provided a glimpse of the subsurface 
remains. While some cultural features 
appeared to be accurate, others did 
not correlate with magnetometry and 
excavation results. The K-14 analysis 
attempted to measure the accuracy of 
a single site surface survey and draw 
conclusions about effects on the arti-
fact distribution. 
 
METHODS AND MATERIALS 
 
Survey Methods 
The 2005 K-14 full coverage system-
atic site surface survey was per-
formed to gain more information be-
fore commencing excavation. A grid 
was created by dividing an area of 
1,155 square meters of plowed agri-
cultural land into 231 units measuring 
five square meters. Participants of the 
KRAP field school, including both 
inexperienced and experienced sur-
veyors, conducted this survey. Sur-
veyors collected every surface artifact 
found in each unit. Collected artifacts 
from each unit were identified, sorted, 
bagged, and recorded by artifact 
type: lithic, ceramic, bone, daub 
(chunks of burned or heated earth, 
similar to ceramic material, formed in 
areas like hearths, kilns, burnt hous-
es, etc.) and other types of artifacts. 
Later these artifacts were cleaned, 
further analyzed, and documented. 
 
Research Methods and Materials 
The examination of artifact distribu-
tions included several different steps 
in an attempt to draw the best con-
clusions from the data. The original 
focus was on the patterns and clus-
ters in the artifact data based on the 
weight of the collected samples and 
the possible reasons for those pat-
terns and clusters. A data table listing 
all collected artifacts and the GIS 
maps created by Meg Morris, a grad-
uate student with KRAP, were re-
viewed. These original GIS maps il-
lustrated the distribution of the indi-
vidual artifact categories by weight. 
After high concentrations and clusters 
of artifacts were located by studying 
each map, consideration was given to 
how such patterns could occur during 
the creation, use, and disposal of 
each type of artifact. 
   For the purpose of this project, oth-
er maps were created using ESRI 
ArcGIS 9. These maps displayed in-
dividual graduated values for the dif-
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ferent distributions of both the weight 
and number of each type of artifact. 
These value categories were based 
on ArcMap‘s generated distribution 
histograms. The fewer value catego-
ries on the new maps revealed more 
dramatic variations in the densities 
and distribution. 
   Despite these maps, difficulty still 
existed in comparing the distributions 
for more a detailed analysis of small-
er less obvious clusters and combina-
tions of the categories to one another. 
In response to this problem, a model 
was created using queries for units 
with specified combinations of arti-
facts. Attribute queries commanded 
the computer program, ArcGIS, to 
identify the individual units with the 
specific quantity, amount, or combi-
nation of artifacts. Queries were 
based on the surface data around 
excavated areas, research, and lec-
tures at the field school. The results 
showed which units may be above a 
certain subsurface feature based on 
the distribution and density of artifacts 
within it. 
   Queries for middens (trash areas) 
specified units with concentrations of 
artifacts that would be expected in 
Copper Age trash: a presence of 
bone, above average density of ce-
ramic sherds, and a significant sam-
ple of daub. As the process of firing 
clay would heat the soil and possibly 
cause some pots to explode, the label 
kiln was given to units with above 
average ceramic and daub concen-
trations. Since most people keep a 
relatively clean living space, house 
queries involved little or no bone 
presence and low ceramic and daub 
concentrations while burnt houses 
used the same query except for the 
necessity of higher daub densities. 
Other queries for possible hearths 
and storage pits failed to return any 
results. Units displaying specified 
traits of middens, kilns, houses, and 
burnt houses were given different 
symbology in order to show the dif-
ferent areas. This model predicted 
what may lie below the surface of the 
site. This prediction was compared 
with the images drawn from the mag-

netometry, soil chemistry analysis, 
and the artifact densities found 
around the excavated areas. 
 
RESULTS 
 
This project began by reviewing the 
GIS map for the category labeled 
Other Artifacts which consisted of 
artifacts like ground stones, cement, 
metal, lithics, and loom weights. The-
se artifacts were both rare and scat-
tered across the site without an obvi-
ous pattern. The rarity of all these 
artifacts made it impossible to see 
any pattern or clusters. 
   The GIS map for the ceramic 
weights showed a general smear of 
ceramic materials across the majority 
of the surveyed area. Concentrations 
of high weights were found by com-
paring the weights of each unit sur-
veyed. In regard to the total weight of 
ceramic sherds found, any unit which 
had contained over 95 grams of ce-
ramic were considered to have above 
average concentrations and units with 
over 188 grams had high concentra-
tions. One large connected ceramic 
cluster (possibly the result of three 
large clusters merged together) was 
located. This cluster stretches from 
unit S102 to the northern edge of the 
surveyed area and covered the area 
of the Block Three excavations. Two 
smaller clusters were present around 
the southern part of the site. 
   In terms of the amount of ceramic 
sherds per unit, over ten sherds was  
considered above average and over 
20 sherds was a high concentration 
(see Figure 1). The clustering of ce-
ramics by the number of sherds cor-
responds well with the clustering by 
weight with few differences. The large 
cluster is obvious but the smaller 
clusters are less compact. 
Additional information produced a 
new map indicating which surface 
areas contained Tiszapolgar/ Copper 
Age ceramics. Of the 231 units sur-
veyed only 124 had confirmed Ti-
szapolgar pottery (see Figure 2). 
Units containing four or more sherds 
of Tiszapolgar pottery were given the 
label of high concentration. Of those 

124 units only 20 had four or more 
sherds of confirmed Copper Age 
sherds. These units with high concen-
trations of confirmed Tiszapolgar pot-
tery corresponded well with the al-
ready established clusters of ceram-
ics. 
   The data on the bone fragments 
revealed some clustering and high 
concentrations. The maps illustrating 
the location of faunal remains reveal 
that while less common the bone dis-
tribution somewhat mimics the distri-
bution of the ceramic clusters. Based 
on weight per unit, the only large 
clustering was found in the middle of 
the site with adjacent high concentra-
tions in units S41 and S53 and units 
S43, S55, S67. Other high weight 
concentration occurred within isolated 
units. Both the adjacent and isolated 
high concentrations correspond di-
rectly with parts of the ceramic clus-
ters discussed above. Weights below 
16 grams of bone were considered 
average and above 16 grams were 
considered high concentrations. 
   In regard to the number of bone 
fragments per unit, the results for 
high concentration vary slightly (see 
Figure 3). Any unit with over three 
fragments was considered an area of 
high concentration. Three small clus-
ters composed of a few adjacent units 
of high concentration were located 
along with five isolated units of high 
bone concentrations. 
   The majority of the surveyed area 
contained traces of daub revealing a 
general smear of daub across the 
entire site (see Figure 4). Using the 
weight of above 170 grams for above 
average concentrations and 338 
grams or more as high concentra-
tions, daub clusters were located. 
The map revealed that the majority of 
high concentrations were located in 
the northeastern part of the site. In 
comparison to the magnetometry, the 
daub clusters occurred north of the 
trenches shown between the outer 
and middle trench in the northwest 
area and northeast of the second 
trench. 
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   After reviewing clusters composed 
of single artifact categories, the 
search for clusters composed of dif-
ferent combinations of artifacts was 
necessary. Comparing the individual 
maps produced three clusters in 
which all three main artifact types 
were present: one large cluster to the 
north, one large cluster in the vicinity 
of Block Three, and one smaller clus-
ter near the trenches in the northeast 
part of the site. The majority of these 
clusters and all of the large clusters 
occurred north of the east-west line at 
440 north. The artifacts below this 
line, units S85 through S168, reveal a 
more general and random smear of 
artifacts. 
   Figure 5 is a prediction model 
based on queries for possible subsur-
face features. The patterns within the 
units indicate areas which the com-
puter marked as possible areas with 
burned house, houses, middens, and 
kilns. The illustration also shows the 
results of the magnetometry survey in 
brown lines and the 2005 excavation 
sites in labeled brown blocks. This 
model allows for the comparison of 
the various types of testing done on 
the K-14 site. 
   Figure 5 is a prediction model 
based on queries for possible subsur-
face features. The patterns within the 
units indicate areas which the com-
puter marked as possible areas with 
burned house, houses, middens, and 
kilns. The illustration also shows the 
results of the magnetometry survey in 
brown lines and the 2005 excavation 
sites in labeled brown blocks. This 
model allows for the comparison of 
the various types of testing done on 
the K-14 site. (Click image for larger 
version) 
   The final result of this project was 
the prediction model (see Figure 5). 
This map attempted to answer ques-
tions concerning the features below 
surface and the effects of agricultural 
practices on the site. This model dis-
played areas the queries revealed as 
possible subsurface features. Units 
that fit the house area characteristics 
covered the southwestern areas while 
burned house characteristics are 
found toward the northeastern part of 
the site. Also the six possible kiln ar-
eas were found on the northern half 
of the site. Midden areas also ap-
peared in the center, near the south-
west part of the second trench, 

around the northwest part of the 
trenches, and to the north. 
 
DISCUSSION 
 
The purpose of this research was to 
evaluate the reliability of site survey 
in gathering information about a site 
and making predictions about the 
subsurface site through artifact distri-
bution. Hypotheses were created us-
ing knowledge of site disturbances 
and patterns found in the GIS maps. 
The maps and prediction models 
were then compared to the magne-
tometry, soil chemistry, and 2005 ex-
cavations results to find any correla-
tions. Many conclusions about the 
layout and disturbances of the K-14 
site were made in regard to this re-
search. 

   The category labeled ―other arti-
facts‖ provided few insights into the 
site. Due to the rarity of these arti-
facts, high densities and clusters did 
not exist. Of these artifacts, the metal 
and cement were not Copper Age in 
origin. The two pieces of cement 
found on the eastern side of the site 
revealed recent disturbances to the 
site. The cement was possibly depos-
ited during the construction of the 
adjacent Dió-Éri canal just east and 
northeast of the site. This discovery 
allows the possibility that artifacts in 
the eastern/northeastern areas also 
may have redeposited during the ca-
nal construction. The cement place-
ment suggests the distribution has 
been disturbed by human activity and 
any hypotheses should be considered 
with this disturbance in mind. 

Fig. 1. This map illustrates the surface ceramic density and distribution of the K-14 site. Each 
block represents the amount of ceramic found in a particular square meter surveyed. The blue 
colors in this figure represent above average and high concentrations of ceramic. By looking at 
the higher concentrations, a large cluster is seen stretching from the northern area to the middle 
of the site. 
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The ceramic analysis reveals large 
areas beneath the subsurface near 
the middle of the site with high con-
centrations of ceramics as well as a 
few small areas of high concentra-
tions of ceramics. The largest cluster 
of ceramics is located above Block 
Three where a large Sarmatian pit 
(shown in the magnetometry as a 
circular feature) was discovered dur-
ing excavation. This post-Copper Age 
pit is an example of human disturb-

ance of Copper Age materials. To 
create the pit, dirt and cultural materi-
al were removed from their context in 
the ground and redeposited through-
out the area. This pit and its resulting 
redistribution of artifacts could be 
partly responsible for the large con-
centration of not only the ceramics 
but other artifact concentrations with-
in the cluster. 
   Difficultly arose when analyzing 
faunal remains for information on the 

Copper Age. The bone fragments 
were not dated and, as all other arti-
facts found in the survey, lacked con-
text. There was a spatial correlation 
between the bone clusters and the 
Tiszapolgar ceramic clusters in the 
same areas. This resulted in our 
analysis being based on the uncertain 
assumption that all bones originated 
from the Copper Age. Copper Age 
faunal remains were produced during 
the butchering and eating of both 

Fig. 2. This figure reveals the location and distribution of confirmed Copper Age ceramics on the surface of K-14. Green indicates a presence of 
Tiszapolgar ceramics while blue indicates a high concentration. The areas of high concentration correlate with the high concentrations of all ceram-
ics seen in Figure 1. The location of the Copper Age ceramics suggests which areas of the multilayered site are Copper Age in origin. Fig. 3. In this 
figure, the location and distribution of faunal remains are shown. Shown in green and blue, the low amounts of bone indicate a less common artifact 
on the surface of the site. Still, the distribution pattern can be seen as similar to the distribution of the ceramics. Fig. 4. The above average and high 
concentrations of daub (burned earth) are shown in blue on this map. The distribution of daub reveals that the majority of high concentrations are in 
the northeastern areas of the site. These areas may have subsurface features such as burned houses, kilns, and middens. 

              Fig. 2             Fig. 3     Fig. 4 
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domesticated and wild animals. Given 
the lack of stone in the area, bones 
could be formed into tools and possi-
bly weapons. The KRAP 2005 exca-
vations have supported this by the 
discovery of bone tools in Block 
Fivewas the daub distribution map. 
The presence of daub could reveal 
locations of hearths, kilns, burned 
houses, or dump areas. That daub 
appears outside the areas in which 
the magnetometry showed possible 
house structures and that daub con-
centrations appeared in the trench 
areas raised questions. One hypoth-
esis for daub being in the trenches is 
that it is the remains of a burnt wall or 
stockade. While the presence of 
postholes inside the inner trench 
(found during excavations of Block 
Five) supports that hypothesis, only 
small amounts of daub were found in 
that area during the survey. Another 
hypothesis is that the trenches were 
used as middens. This is supported 

by the excavations of a midden locat-
ed in and over the inner trench in 
Block Five. In regard to the predicted 
burned houses in the Northwestern 
trench area, one explanation is that 
some material was redeposited dur-
ing the construction of the canal. The 
presence of the canal and the dis-
covery of the cement and metal of the 
site hold the possibility that the site or 
the Northwestern section may have 
been disturbed. 
   The prediction model was created 
to be compared to the magnetometry 
results. Although magnetometry is not 
always reliable, the K-14 magnetome-
try data has proved to be accurate in 
the previous excavations. If correct, 
magnetometry shows what is actually 
below surface: a series of three con-
centric trenches which surround 
house structures and a large number 
of pits or hearths (see Figure 5). By 
comparing the magnetometry layer 
and the prediction layer, it is obvious 

that the two do not correlate well. Fo-
cusing on the midden predictions, 
particularly the one in Block Three, 
showed that the artifacts may have 
drifted from their original locations by 
about one unit south/southwest. The 
midden comparisons suggested that 
the affects of plowing were minimal to 
the spread of artifacts on the surface. 
House and burned house areas ap-
peared more spread out and random-
ly smeared when compared to the 
magnetometry. This may be due to 
small amount of information available 
to base the house queries on. 
   The soil chemistry analysis showed 
interesting correlations with the other 
data sources. The K-14 results (see 
Figure 6) were based on the phos-
phate weights found within the soil 
samples taken from the site. Phos-
phates are released into the soil dur-
ing the decomposition of organic ma-
terials with traces remaining within 
the soil for centuries. These proper-

Fig. 5. This figure is a prediction model based on queries for possible subsurface features. The patterns within the units indicate areas which the com-
puter marked as possible areas with burned house, houses, middens, and kilns. The illustration also shows the results of the magnetometry survey in 
brown lines and the 2005 excavation sites in labeled brown blocks. This model allows for the comparison of the various types of testing done on the K-
14 site. Fig. 6. The results of the soil chemistry test can be seen in this figure. Yellow, orange, and red reveal the locations of the highest amounts of 
phosphates in the soil. Phosphates are important to this project because phosphates are released into soil during the decomposition of organic materi-
als. Areas high in phosphates may reveal Copper Age middens or livestock areas. 

        Fig. 5                           Fig. 6 
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ties make phosphate analysis a won-
derful tool for discovering ancient 
trash and livestock areas. 
   Higher levels of phosphates ap-
peared throughout the site with a 
prominent area of high concentration 
situated in a southwest to northeast 
diagonal within the interior of the site. 
Within this diagonal area was a large 
area of the highest concentration of 
phosphates within the soil. The con-
centration covered one magnetome-
try appointed house cluster and 
spread into the Northwestern trench 
area. This was the same area with 
the higher concentrations daub that 
was predicted to be burned houses. 
As before, the location of the high 
concentrations cautioned against 
making any inferences due to the 
proximity of the canal. 
   Other areas of higher concentra-
tions of phosphates appear to be 
within the trench areas or outside the 
trenches. This suggests that the or-
ganic materials were thrown into the 
trench areas or outside the enclosed 
site, and that most of the livestock 
stayed outside the trenched areas. 
The high concentrations of phos-
phates within the house structure ar-
ea, if not associated with the canal 
may however, be evidence that live-
stock or organic materials were al-
lowed within that particular area. In 
addition, the areas of high phosphate 
concentrations correlated to some 
extent with predicted middens, with 
the midden areas appearing north of 
these phosphate concentrations. This 
directly contradicted the earlier ob-
servation that the artifacts drifted 
south/southwest from their original 
locations. 
   The area of the site had been 
heavily plowed. From literary re-
search, it was known that plowing 
moves artifacts a few meters. While 
concentrations appear, one can not 
be positive that subsurface concen-
trations are underneath that particular 
area or are of the magnitude sug-
gested by the surface scatter. Com-
paring the magnetometry results and 
excavation data to the survey data 
suggested that plowing may have 
moved the artifacts less than what 
was first believed. The artifacts as a 
whole may have been moved in the 
same direction only about one unit. 
However, as stated above, the phos-
phate analysis appeared to contradict 

those findings by indicating a greater 
displacement of artifacts in the oppo-
site direction. 
   Based on more literary research, 
another possibility is that the clusters 
seen from the 2005 surface data may 
just be random clusters caused by 
the random cycling of artifacts in the 
plow zone. Even if the artifacts did 
not move and the clusters represent 
true subsurface concentrations, the 
surface artifacts still lack context. This 
lack of context makes it nearly im-
possible to use rarer artifacts to form 
any hypotheses. One artifact is more 
likely to be further from its original 
context than a large quantity of arti-
facts in a cluster. Context is important 
in making assumptions about sites 
and this survey has shown how hard 
it is to do so without context. The lack 
of context and possible movement of 
artifacts must remain in mind while 
making conclusions about the site. 
   Another problem experienced was 
the lack of exact ages on the artifacts. 
Since one purpose of this case study 
was to form a picture of a Copper 
Age site, having little information on 
the dates of artifacts made the inter-
pretation of the site more difficult, 
especially as the site had obviously 
been disturbed and used since then. 
Without ages assigned to many of 
these surface artifacts, the analysis 
may be skewed. This lack of ages is 
why the ceramics are so important to 
the research. The ceramics can and 
have been recognized as Tiszapolgar 
by their style. Some of my analysis 
relies on the spatial relation of Ti-
szapolgar ceramics to the bone clus-
ters. Unfortunately, excavations in 
Block Three have shown other period 
ceramics to be deposited by Ti-
szapolgar pottery, so this method of 
assigning periods by spatial associa-
tion is not totally reliable itself. Arti-
facts without distinctive style or other 
age indicators will always be at risk of 
being misassigned and misinterpret-
ed. 
   The K-14 site has a complex history 
which complicates drawing conclu-
sions for the Copper Age. Many 
groups have occupied and used the 
land, most recently a farmer for agri-
cultural purposes and the government 
to build a canal. The canal has af-
fected the eastern side of the site and 
perhaps could account for the cluster-
ing of artifacts to the north of the site. 

The area north of the site was not 
surveyed by Dr. Apostolos Sarris dur-
ing his magnetometry research and 
therefore it is difficult to rule this out 
(Sarris 2004). However, after compar-
ing the clustering of the artifacts to 
the north and the lack of any major 
clustering on the affected east side, 
other features could be found in the 
northern area. The clustering appears 
to be more comparable to the cluster-
ing around Block Three. The Block 
Three clusters are very good signs of 
significant subsurface features. 
 
CONCLUSIONS 
 
The final results in the analysis of the 
K-14 surface artifact data, while lim-
ited, did reveal some information 
about the site and what may lie be-
neath the surface. By using and cre-
ating various data tables, shapefiles, 
layers, and maps, a visual represen-
tation of the site was created. These 
map documents allowed the distribu-
tion and density of different types of 
artifacts to be seen. While this project 
was not as successful as hoped, it 
establishes certain steps and data 
qualities needed for other archaeolo-
gists interested in analyzing surface 
data through GIS. Due to the com-
plexities involved, survey is not par-
ticularly effective in interpreting sur-
face artifact distributions when used 
alone, but is a useful tool when trying 
to gain basic knowledge of a site on 
which other methods will be used. 
   Due to the focus and fast pace of 
the field school and this project, there 
was less time and information than 
this project truly requires for in depth 
research and as a result many things 
could improve this project. Much of 
that involves better information which 
can be gathered through further anal-
ysis of the surface artifacts, through 
repeated full coverage site surface 
surveys, and through further excava-
tion of the site. Other surveys should 
be conducted after the site has been 
replowed and the results compared to 
this survey in order to see if the arti-
fact clusters and patterns still exist. 
The continuous cycling of artifacts in 
the dirt may have created random 
clusters rather than clusters which 
reflect the subsurface site. Finally, 
further testing of the land directly to 
the north is suggested. Discovering 
what is to the north and whether 
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those artifact clusters are another 
part of the site, a later site, or just 
artifacts redeposited by the canal 
construction would be beneficial. 
Magnetometry if not excavation 
should be conducted in that area. 
Further excavations at the site will 
also aid in the analysis. By increasing 
knowledge of the site a more accu-
rate portrayal of the subsurface could 
be presented. 
   The complexities and problems ex-
perienced in the analysis of surface 
remains of the K-14 site demonstrate 
how difficult interpreting data from 
site surface surveys can be. Archae-
ologists need to account for the pos-
sible displacement of artifacts over 
time and for the factors that can skew 
the results. Usually, a single survey 
cannot provide significant information 
on a site by itself. Only basic infor-
mation can be trusted on this basis. 
To find more in-depth information, 
other archaeological methods should 
be used in conjunction with the site 
surface survey. Any interpretation 
based on surface survey has the po-
tential to be off if only due to the 
complexities of the site and the sur-
vey. Archaeologists do not work in 
controlled environments and uncer-
tainty must be accepted. That a per-
fect understanding is impossible to 
achieve should not and does not pre-
vent attempts to recreate and under-
stand history better. There is a rea-
son why archaeologists use a variety 
of methods to reach their conclu-
sions. Different methods present dif-
ferent types of information and when 
used in combination present a clearer 
picture. The analysis of the full cover-
age systematic site surface survey 
data from K-14 proves this. Using the 
magnetometry, soil chemistry analy-
sis, and excavations made the analy-
sis and conclusion of the site much 
stronger than it would have been us-
ing survey alone. 
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Pharmacogenomics is the study of genetic differences responsible for 
the variability in drug response among individual patients. Emerging 
from this new science is the development of diagnostic tools crucial for 
decreasing drug side effects and optimizing treatment strategies. How-
ever, both application and progress have been troublesome in guiding 
treatment of genetically-linked diseases such as cancer and diabetes. 
The complexity of multiple gene interactions requires a collaborative 
effort to understand the genetic bases of variable drug response. Socie-
tal quandaries also burden research. The novel genomic information to 
be used in tackling disease may be viewed as discriminatory factors 
involving winners and losers. Concerns of privacy and cost as well as 
changes to today’s medical education and practice will unsettle the 
American healthcare system. This article reviews the feasibility and po-
tential of applying the latest advancements in genomics to medicine 
and drug development. Examples of prevalent diseases and polymor-
phisms are discussed as avenues in which pharmacogenomics have 
relevance. In addition, the fears of race-based medicine will be clarified 
with regards to the future of this new science, with supporting lines of 
evidence on how race is one factor among many that reveals the true 
potential of pharmacogenomics in guiding a doctor’s decision. 
 

harmacogenomics is the study 
of how an individual‘s genome 
influences his or her response to 
a specific drug. Conceived five 

years after the Human Genome Pro-
ject had been erected, the notion of 
pharmacogenomics has solidified into 
an emerging science that will greatly 
impact the future of medicine. Phar-
macogenomics will systematically 
change the design of today‘s drug 
pipeline by streamlining drug devel-
opment. For example, decreasing the 
size of clinical trials and screening for 
feasible drug targets among patients 
will boost the number of drugs that 
reach the market and replenish to-
day‘s lackluster arsenal of medica-
tions. Once implemented, phar-
macogenomics is hoped to boost 
drug efficacy by guiding physicians to 
the best drugs and optimal prescrip-
tions for different patients (Vascar et 
al., 2002). 
   The basis of pharmacogenomics is 
founded on pharmacogenetics, the 
study of individual genetic differences 
(polymorphisms) in drug absorption, 
metabolism, distribution, and excre-
tion. The two terms are often used 

interchangeably as both are closely 
intertwined in studying drug response 
(Figure 1). Beginning in the early 
1950‘s, pharmacogenetics has fo-
cused on the link between polymor-
phic genes and adverse drug re-
sponses. Pharmacogenetics focuses 
on variable drug responses arising 
from polymorphisms by individuals. 
The clearest examples involve poly-
morphisms in single genes that alter 
drug transport, metabolism, or clear-
ance. Progress in pharmacogenetics 
is aimed at the clinical setting to find 
the best drug and optimal dosage for 
at-risk patients (Lindpainter, 2002). 
   From the early 1950s until a few 
years ago, progress was quite limited. 
The available technology allowed for 
only tiny snapshots of an individual‘s 
genome. During this period, many 
adverse drug responses were found 
to be genetically linked. Most promi-
nent among these complications has 
involved the anti-cancer drugs thi-
oguanine and mercaptopurine. These 
thiopurines resemble the guanine 
nucleotide and interfere with DNA 
replication. The enzyme thiopurine 
methyl-transferase (TPMT) metabo-

lizes these agents. However, people 
who are homozygous for the null 
TPMT allele will acquire acute myelo-
suppression if they take the thiopu-
rine drugs, mercaptopurine and aza-
thiopurine. Less than half of a percent 
of the general population have this 
genetic disposition and should avoid 
thiopurine drugs at all costs (Vascar 
et al., 2002). 
   Very few diseases, however, in-
volve single genes. Phar-
macogenomics extends this gene-by-
gene view to a whole-genome level, 
considering not only multigenic sce-
narios but also how multiple drugs 
can alter genome expression. Rather 
than focusing on genetic variability 
among patients, emphasis is placed 
on better prediction of drug toxicities, 
screening out drugs with complica-
tions, and identification of the best 
drug candidates (Lindpaintner et al., 
2002). The approaches of these two 
areas in improving medicine are 
complimentary. Pharmacogenetics 
begins by examining the differences 
among patients, while phar-
macogenomics begins by examining 
the differences between drugs. 
   Among the approximately 30,000 
genes in the human genome 
(Brentani et al., 2003), variations in 
the form of single nucleotide poly-
morphisms (SNPs) largely account 
for the variabilities among patients in 
their responses to drugs. SNPs alter 
genes encoding proteins essential for 
drug metabolism (Lee et al., 2005). 
Many enzymes that have crucial roles 
in drug metabolism have high fre-
quencies of polymorphisms among 
individuals in the human race (Figure 
2). 
   In the past, drug industries have 
avoided polymorphic enzymes due to 
the high variability in drug response 
(Walker, 2004). However, the latest 
genomics research has brought to 
drug development the potential to 
match patients with the most suitable 
drug based on polymorphisms. 
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   Cancer is the paradigm disease in 
which high variability in drug re-
sponses complicate treatment. Phar-
macogenomics can advance cancer 
drug research and provide extensive 
preliminary information about patients 
in clinical trials (Lee et al., 2005). Be-
cause the drugs used in chemothera-
py tend to have very narrow thera-
peutic indices (i.e., very little room for 
error in dosage), individualized 
chemotherapy regimens can reduce 
the fatal side-effects of imprecise 
dosage. Drug side-effects, commonly 
referred to as ―adverse drug reac-
tions‖ (ADRs), are the fifth leading 
cause of death in hospitalized pa-
tients in the U.S. as of, 2000. Exam-
ples of ADRs include increased pain, 
higher frequencies of emergency 
room visits, and additional hospitali-
zations and prescriptions, all of which 
raise healthcare costs (Bukaveckas, 
2004). 
   Pyrimidine antagonists (PAs), a 
class of chemotherapy drugs includ-
ing gemcitabine and 5-fluorouracil, 
was recently found to have high vari-
ability in patient response (Maring et 
al., 2005). Used to treat a range of 
cancers including pancreatic, breast 
and lung cancers, these drugs act as 
antagonists against DNA precursor 
molecules and interfere with DNA 
replication similar to the thiopurine 
drugs mentioned earlier. In order to 
achieve cytotoxic effects, these drugs 
must first be metabolized into active 
compounds. Polymorphisms in the 
genes responsible for these metabo-
lizing enzymes largely differentiate 
treatment outcomes. Some patients 

benefit more, while others benefit less 
from identical chemotherapy regi-
mens (Maring et al., 2005). Allele fre-
quencies for PA polymorphisms 
range from less than 1% to more than 
95%, particularly among different 
ethnicities. For example, one poly-
morphism for thymidylate synthase – 
whose inhibition is a major target of 
fluorouracil – occurs at an allele fre-
quency of 26–41% in Caucasians and 
76% in Singaporean Chinese (Maring 
et al., 2005). 
   However, experts have concluded 
that the PA polymorphisms discov-
ered thus far cannot serve as reliable 
markers for predicting treatment effi-
cacy in different patients because 
larger studies yielding greater statisti-
cal power are needed to verify the 
specificity of these potential markers 
(Maring et al., 2005). Nevertheless, 
the long list of potential polymor-
phisms may be useful for devising 
large scale genotyping, or screening 
panels of genes for polymorphisms of 
not only single but also multiple 
genes. 
 
Advances in the Field 
   Pharmacogenomics can help over-
come two prominent factors respon-
sible for complications of today‘s can-
cer chemotherapy. First, patients 
usually have variable responses to 
chemotherapy, muddling decisions as 
to which drugs or cocktail of drugs will 
be optimal. Second, the arsenal of 
drugs used in chemotherapy today 
usually has very narrow therapeutic 
indices (Lee et al., 2005). 
   Application of pharmacogenomics 

can address therapeutic indices by 
predicting patient response and 
speeding up the rate of drug devel-
opment and clinical trials (Lee et al., 
2005). Recognizing the polymor-
phisms associated with disease 
makes individualized treatments pos-
sible, which can lower risks of impre-
cise dosage. 
   Among the many diseases associ-
ated with variability in drug response, 
cancer has benefited the most from 
pharmacogenomics research. While 
environment, age, diet, and other ex-
ternal factors are important, heredi-
tary aspects of cancer have also 
been found to contribute to the varia-
bility in drug response of patients un-
dergoing chemotherapy (Lee et al., 
2005). The inherited genetic poly-
morphisms are associated with mal-
functioning enzymes, including drug 
metabolizers, and take the form of 
DNA sequence mutations (deletions, 
repeats, insertions) and SNPs. 
   A prominent example of how such a 
polymorphism can result in a higher 
patient susceptibility to ADRs is found 
in the treatment of leukemia. As de-
scribed earlier, patients genetically 
endowed with weakened versions of 
TPMT cannot receive the regular 
dosage of thiopurine agents that in-
terfere with DNA replication in rapidly 
dividing cells. Leukemia patients with 
a TPMT polymorphism require a low-
ered dosage to prevent toxic side-
effects because not enough TPMT is 
present to metabolize the drug (Lee 
et al., 2005; Lennard et al., 1993). 
   Methods have been established to 
diagnose TPMT deficiency to address 

Fig. 1. A model for understanding pharmacogenomic and pharmacogenetic approaches towards studying variable drug response. Individual squares 
represent genes that affect drug response. The entire 8X8 ensemble represents 64 genes involved in determining drug response. Each color represents 
one underlying mechanism. Red may represent drug metabolism; blue, drug transport; green, drug excretion; etc. Squares of the same color represent all 
the genes involved in one particular mechanism. Pharmacogenomics considers all 64 squares (i.e., all mechanisms and the respective genes). Pharma-
co-genetics approaches drug response one mechanism at a time or one gene at a time. In order to understand drug response, both the big picture (all 64 
squares) at the level of the genome as well as the fine details at the level of the allele must be considered. Thus, the two disciplines are tightly inter-
twined, and nomenclature is often interchangeable, with pharmaco-genomics often representing both sciences. In the clinical setting, pharmacogenomics 
can (1) identify patients at high risk for adverse drug responses and (2) optimize therapy for each patient by tailoring medicine. In addition, phar-
macogenomics can speed up drug development by selecting feasible drug targets, reducing clinical trial sizes, and increasing safety of the trials.  Fig. 
2. Genetic polymorphisms can alter individual drug responses by interfering with drug metabolism. By identifying patients with polymorphisms that nega-
tively interact with specific drugs, physicians can avoid harmful side-effects and optimize therapy. 
 

Fig. 1.         Fig. 2. 

Fig. 1.                 Fig. 2. 
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this identifiable risk in leukemia pa-
tients undergoing chemotherapy, and 
physicians are advised to use an al-
ternative therapy or to reduce dosage 
levels thiopurine drugs (Lee et al., 
2005). This diagnostic step is particu-
larly important for children with acute 
lymphatic leukemia, as thiopurine 
dosage optimization has been directly 
correlated with higher survival rates 
(Lee et al., 2005, Lennard et al., 
1993). As long-term chemotherapy 
can have many detrimental effects, a 
major project lead by researchers in 
Australia aims to apply phar-
macogenomic tools to the risk as-
sessment of children undergoing 
chemotherapy in order to establish a 
highly specific diagnostic ability. 
While screening for TPMT polymor-
phisms is quite logical, the genotype 
alone is inadequate for optimizing 
treatment because thiopurine me-
tabolism is not simply black and 
white. Patients with completely nor-
mal alleles may require reduced dos-
age, and vice versa (Zineh et al., 
2004). 
   For lung cancer, testing levels of 
mRNA expression of relevant genes 
now provide information about pa-
tients that helps doctors decide 
whether to use gemcitabine or 
pemetrexe, two different chemother-
apy cocktails, alone or in combination 
(Rosell et al., 2004). 
   Similar approaches have been 
adopted in other diseases such as 
asthma, in which several polymor-
phisms have been associated with 
variable responses from patients us-
ing the three major drug types: gluco-
corticosteroids, leukotriene modifiers, 
and beta-agonists (Sayers et al., 
2005). Researchers who approach 
asthma patients located in places 
where such polymorphisms are prev-
alent will have the capacity to test, 
identify, and match specific patients 
to specific treatment plans. Phar-
macogenomic tests are thus a major 
supplement for established diagnostic 
measures that are based on mere 
phenotypic features such as weight or 
levels of specific biomarkers in the 
blood (Rosell et al., 2004). 
 
Future Research Areas 
   The technology for genomics re-
search has become increasingly au-
tomated, less expensive, and more 
rapid, allowing for greater capacity to 

implement genetic tests with high 
predictive values for drug develop-
ment and clinical care. (Lee et al., 
2005). As today‘s genetic analyses 
become increasingly comprehensive, 
an ever expanding database of SNPs 
is at scientists‘ disposal for the 
matching of alleles to diseases – the 
first step in understanding variabilities 
in drug response. 
   What is necessary now for genetic 
analysis of SNPs is the rapidly detec-
tion and discrimination of SNPs in 
patient samples. The polymerase 
chain reaction (PCR) is a highly effec-
tive tool for amplifying regions of the 
genome containing the desired SNPs, 
and many innovations have been im-
plemented to increase the amplifica-
tion capacity of PCR (Kwok et al., 
2003; Kennedy et al., 2003). 
   The latest innovation in PCR tech-
nology allows the simultaneous anal-
ysis of over 1,000 SNPs using hap-
loid genetic material, or DNA from 
sperm and eggs (Wang et al., 2005). 
In addition to increasing the through-
put of large-scale genetic analyses, 
this new system requires a consider-
ably less amount of DNA than previ-
ous systems, making tests more 
practical on highly preserved samples 
which have low, degraded amounts of 
DNA, such as tissues from cancer 
biopsies. In short, the improvements 
of this new technology, including a 
simpler protocol, higher sensitivity, no 
specialized equipment, and fewer 
reagents, greatly facilitate large-scale 
SNP analyses on samples that were 
previously impossible. 
   The technology for measuring lev-
els of gene expression have also ad-
vanced rapidly, allowing for simulta-
neous measurements in the form of 
high-density oligonucleotide arrays 
(Ronald et al., 2005). This technology 
for exploring entire genomes can 
study a much larger quantity of genes 
and also requires simpler procedures 
than previous methods, making it 
ideal for identifying candidate genes 
of complex diseases. 
   Such lines of technology can pro-
vide the genetic information for mak-
ing predictions that associate specific 
polymorphisms in a patient with a 
specific drug metabolizing enzyme or 
drug target (Lee et al., 2005). Should 
that polymorphism be linked with a 
deficit, the patient may then be 
steered to a better route of treatment. 

Concerns of Race-Based Medicine 
   Some polymorphisms that raise 
variability in drug metabolism occur at 
higher frequencies in the genomes of 
particular races. The P-glycoprotein 
(PGP) is a transporter that distributes 
many types of drugs, including those 
used in chemotherapy. Globally, 
there is an immense genetic variation 
in the gene encoding PGP. What is 
interesting in the case of PGP is that 
different races have been character-
ized as having higher frequencies of 
certain PGP polymorphisms. Studies 
have shown that African people have 
about an 80% chance of having one 
specific version while Asian and Eu-
ropean peoples have half that chance 
(Kim et al., 2001). 
   The advent of BiDil marks the first 
drug in America to be marketed ex-
clusively for African Americans. Data 
from the trial that studied the effects 
of BiDil on congestive heart failure 
among African American patients 
showed a 43% improvement in sur-
vival rate (Taylor et al., 2004). 
   NitroMed, the maker of BiDil, had 
originally tested the components of 
BiDil in the general population several 
years ago. The company‘s recent 
finding showed significant efficacy 
within a subpopulation of African 
Americans (Taylor et al., 2004). The 
company announced early February 
of this year that the U.S. Food and 
Drug Administration (FDA) had ac-
cepted their drug for resubmission. 
   The controversy lies in how the no-
tion of race is used. For physicians, 
what matters is the 43% increase in 
efficacy. However, they will have to 
make decisions based on the pa-
tients‘ race. Dr. Robert Cook-Deegan, 
the director of the Institute for Ge-
nome Sciences and Policy‘s (IGSP) 
Center for Genome Ethics Law and 
Policy, posed the following question 
to his law and ethics class at Duke. 
―Say you‘re the physician. A new pa-
tient walks in. You don‘t know any-
thing about them, but they‘ve got 
congestive heart failure. What are 
you going to do? Are you going to ask 
them what race they are or are you 
going to make your own judgment 
about whether or not they are African 
Americans?‖ This is the dialogue that 
doctors will be having with their pa-
tients. 
   Indeed, the development of BiDil 
and other future drugs tailored to 
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subgroups is a good thing in that it 
works well for people. Yet the next 
logical step for researchers would be 
to determine if there is a genetic fac-
tor. Dr. Cook-Deegan noted the pos-
sibility that BiDil‘s special efficacy in 
African Americans may not be a ge-
netic factor at all. 
   ―We have an association between 
self-designated race and the use of 
this drug, but what we don‘t have is 
the causal relationship that proves 
why this is,‖ said Dr. Cook-Deegan. 
―The fact that there‘s some associa-
tion with race does not mean that it‘s 
biological. For the drugs that seem to 
have higher efficacy or safety profiles 
in specific races, there are many ex-
isting factors such as the environ-
ment, dietary habits, and physiology.‖ 
   It would be necessary to find what 
determines patient response to BiDil 
and to individualize treatment, noted 
Dr. David Goldstein, Wolfson Profes-
sor of Genetics at University College 
London, now the director of the Cen-
ter for Pharmacogenetics and Popu-
lation Genomics at the IGSP. 
   ―It can only be an interim solution to 
use the drug as an ethnically indicat-
ed medicine. In the long term, that‘s a 
mistake because that will serve to 
reinforce the notion that racial and 
ethnic groups are distinct groups, and 
they most certainly are not,‖ said Dr. 
Goldstein. 
The issue raised by BiDil‘s racially 
profiling nature is that race is not a 
marker that can be used as a defini-
tive basis for making prescriptions. 
The study that showed the 43 percent 
relative decrease in heart failure in 
the African American group had pa-
tients who were ―self-identified‖ as 
blacks (Taylor et al., 2004). According 
to a review by Dr. Gregg Bloche, 
such an inclusion separated this 
study from the ―deeper‖ science of 
population genetics because people 
who may not have had any black an-
cestors but still considered them-
selves black were included in the 
study (Bloche, 2004). Furthermore, 
Bloche noted that even among Amer-
icans of African descent, the genetic 
heterogeneity of the population on the 
African continent is far more diverse 
than in other races. Should the same 
BiDil study be carried on random 
sample in Africa, results may be con-
siderably varied. 
   ―In the end there‘s not going to be 

one pill for a particular race. The point 
is that the variations, more often than 
not, will be in all groups. It‘s just that 
their distribution will be different,‖ said 
Dr. Marchuk, a molecular geneticist 
and co-director of Duke‘s Program in 
Genetics. ―By and large, we‘re going 
to find that genetic variation does dif-
fer among groups. But ‗the pill‘ isn‘t 
for one race. It‘s for whoever has that 
variant.‖ 
 
Race for Pharmacogenomics 
   Although at best a yardstick, race 
has been an important factor in risk 
assessment for side-effects and vari-
ability in drug response. Moreover, 
innovations from a pharmacogenomic 
perspective have been greatly facili-
tated based on racial associations. 
The following diseases are examples 
of cases where consideration of race 
has been played a strong role in di-
recting advances in healthcare and 
the applicability of phar-
macogenomics. 
 
Breast Cancer 
BRCA1 and BRCA2, two of the genes 
associated with the onset of breast 
cancer, have several polymorphisms 
identified (McClain et al., 2005). In 
particular, three polymorphisms in 
these two genes are approximately 
ten times more prevalent in Ashkena-
zi Jewish women than in American 
women (McClain et al., 2005). The 
risks for developing breast cancer are 
drastically increased given the pres-
ence of these mutations. A mathe-
matical equation has recently been 
devised to assess the magnitude of 
the risk for developing breast cancer 
given the presence of BRCA1 and 
BRCA2 mutations, integrating several 
disease parameters that had never 
before been studied together 
(McClain et al., 2005). This risk as-
sessment has refined current diag-
nostic capacities to implementing in-
terventional approaches as early as 
possible. 
 
Type-2 Diabetes Mellitus 
The primary defect responsible for 
this disease is varied among popula-
tions, especially in Japanese and 
Caucasians. As the development of 
type-2 diabetes can arise from two 
different paths (i.e., impaired insulin 
secretion or impaired insulin sensitivi-
ty), recent studies have shown that 

diabetes in Japanese people arise 
primarily through problems in secre-
tion whereas Caucasian diabetics 
primarily have problems with sensi-
tivity (Martin et al., 1992). This differ-
ence was explored genetically by 
Sasazuki et al., who identified several 
genetic loci linked to development of 
type-2 diabetes. This was a major 
step towards establishing personal-
ized medicine for Japanese people 
(2004). This genomic study follows 
and confirms two previous projects 
associating occurrence of type-2 dia-
betes in Japanese people to specific 
regions in the genome susceptible for 
the unique mode of disease devel-
opment. 
 
Phenylketonuria (PKU) 
PKU is an autosomal recessive met-
abolic condition that has been used 
as a classic model for teaching he-
reditary diseases in biology. The oc-
currence of PKU varies among differ-
ent races (1/10,000 in Caucasians, 
1/120,000 in Japanese, and 1/41,000 
in Koreans) (Bickel et al. 1981, Aoki 
et al. 1988, and Lee et al., 2004). The 
gene for phenylalanine hydroxylase 
(PAH), whose defective alleles are 
responsible for PKU, was recently 
examined among Chinese, Japanese, 
and Korean people (Lee et al., 2004). 
In comparing the mutations and pol-
ymorphisms in the PAH gene among 
these three races, several features 
were found to be different in the Ko-
rean genetic profile for PAH. Because 
the severity of PKU is diverse and 
treatment options can range from 
dietary regimens to prescribed medi-
cations, identifying the polymor-
phisms underlying the disease may 
provide tailored information for diag-
nosis, treatment plans, and genetic 
counseling for Chinese, Japanese, 
and Koreans with PKU. 
 
Colorectal Cancer 
Fluoropyrimidines, a popular chemo-
therapy agent used to treat colorectal 
cancer, kills tumors by interfering with 
DNA synthesis (Wiemels et al., 
2001). The drug must first be activat-
ed by binding to methylenetetrahydro-
folate (MTHF), a cellular molecule 
present at varying concentrations 
among individuals. Effective killing of 
tumors requires high concentrations 
of MTHF. Patients deficient in MTHF 
usually receive supplements prior to 



         RESEARCHARTICLES

80  www. jyi.org                               Journal of Young Investigators                        The Best of JYI     

                                                                                                                 RESEARCHARTICLES
chemotherapy. However, what ulti-
mately determines the treatment effi-
cacy is the activity of the enzyme 
methylenetetrahydrofolate reductase 
(MTHFR), which controls the rate of 
synthesis of MTHF. The MTHFR 
gene is known to have several poly-
morphisms among populations. In 
particular, one single nucleotide pol-
ymorphism is 10-16% among Cauca-
sians but only a few percent among 
African-Americans (Wiemels et al., 
2001). Different MTHFR polymor-
phisms confer different levels of sen-
sitivity to the chemotherapy (Etienne 
et al., 2004). Greater drug efficacy 
was found in tumor cells with particu-
lar MTHFR mutations, confirming the 
effectiveness of treatment options 
based on genetic information 
(Etienne et al., 2004). 
   Consideration of a patient‘s race 
does carry weight in assessing risks 
for drug side-effects. But what scien-
tists have found on polymorphisms 
associated with race and drug re-
sponse is only a prelude to the future 
of a genome-based medicine. With 
regard to the health disparities asso-
ciated with race, Dr. Goldstein noted 
that more than 29 drugs have been 
claimed by various literatures to have 
different levels of efficacy among dif-
ferent racial groups (Goldstein et al., 
2004). For now, the most efficacious 
approach is not to reject the use of 
race as a diagnostic tool, nor to rest 
in complacency at the improved re-
sults as in the case of BiDil. Genetic 
differences among racial groups do 
exist and are usually related to envi-
ronmental factors (Goldstein et al., 
2004). What is important to realize is 
that ―race‖ is an abstract descriptor 
that accounts for environmental dif-
ferences and other factors outside of 
the genetics realm. From a phar-
macogenomics perspective, improv-
ing drug efficacy should not strictly 
entail genomic technologies, but also 
include established practices of med-
icine. 
 
Pharmacogenomics Today 
   While benefits from phar-
macogenomics have yet to fully reach 
the patient, small-scale genetic tests 
have surfaced. Last year, a compre-
hensive analysis of phar-
macogenomics-related data in drug 
package inserts found that phar-
macogenomics information was pre-

sent in very few inserts (Zineh et al., 
2004). Not even 18% of the drugs 
were in the top, 200 drugs of, 2002. 
The authors concluded that many of 
these inserts did not contain enough 
information for adequate guidance on 
dosage or therapy. Moreover, the 
authors found that as many as half of 
the genes currently listed in drug 
package inserts play roles in drug 
distribution, transport, excretion, and 
pathways other than direct drug me-
tabolism. Screening for individual pol-
ymorphisms and interpretation of the 
resulting data is much more compli-
cated for most diseases today. Fur-
thermore, most diseases are marked 
not by single genes but by diverse 
arrays of genes, calling for whole ge-
nome approaches (Zineh et al., 
2004). 
   Yet the information gained by whole 
genome approaches will reveal expo-
nentially more information than simply 
risks for adverse drug responses. 
Stored in enormous genomic data-
bases, the sheer magnitude of the 
number of genes used for screening 
genomes poses many problems for 
information privacy. With each bit of 
genetic fact found about a patient, the 
likelihood of unintended facts being 
revealed increases due to pleiotropy, 
in which a polymorphism of one gene 
can affect many phenotypic charac-
ters (Vascar et al., 2002). Family and 
close relatives, who have a higher 
risk of carrying the same polymor-
phisms as the patient, will also be 
unintentionally influenced by the new 
information gained from screenings. 
   Whether the new information con-
veys an increased risk for diabetes or 
Alzheimer‘s, the quality of life for the 
patient and others close to him or her 
may be subjected to non-physical 
harm, with new anxieties and implied 
limitations. Businesses and insurance 
agencies will likely favor clients en-
dowed with good genotypes in order 
to minimize genetically predicted 
overhead costs and liabilities (Vascar 
et al., 2002). These issues are only a 
sampling of the concerns beginning 
to surface in the wake of phar-
macogenomics, all of which need to 
be addressed for the sake of the pa-
tient who could have been given 
something better. 
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Pelvic fracture has mainly been studied in terms of motor vehicle 
crashes (MVC) or through component studies of the mechanical prop-
erties of bone. Consequently, there are many knowledge gaps in the 
dynamic behavior of various regions of the pelvis. One such region is 
the pubic ramus bone, in which fractures are common in both dynamic 
lateral impact tests and automobile crash data (Guillemot 1997). This 
suggests that pubic rami, a group of four bones in the front of the pel-
vis (inferior and superior bones for both the left and right sides), have 
insufficient resistance against lateral stress and fracture. The present 
study showed that the influence of the geometrical properties of area 
ratios and area moments of inertia on pubic rami play a significant role 
during impact. This study confirmed that fractures commonly occur at 
the smallest total area and centroid-external surface distance where 
this stress maximums and minimum area moments are found. Area 
ratios were significantly different for post-impact fractured and non-
fractured superior rami (p = 0.02), but not in the inferior rami (p = 0.97). 
Significant differences were observed as a function of position along 
the superior rami (p = .009), due to local increases in cortical bone ar-
ea. Notably, the area moments were significantly lower for the unfrac-
tured superior rami than the fractured. The previously described trend 
of increased area ratio for the unfractured superior rami, this suggests 
that highly dense, yet compact cross sections are more resistant to 
fracture. This location coincided with the minimum modeled rami cross 
section, supporting the current results. 

NOMENCLATURE  

AR 
PL 
Ixx

' 
Iyy

' 

Area ratio (a ratio of the cortical bone area divided by the trabecular bone area)  
Percent length from the pubic symphysis joint  
Area moment of Inertia about the inferior-superior axis  
Area Moment of Inertia about the anterior-posterior axis  

 

elvic fracture, cracking or 
breaking of a portion of the pel-
vis, is an extremely common 
injury in side-impact collisions 

of motor vehicles. As the National 
Accident Sampling System (NASS) 
showed, side impacts represented 
22% of the collisions from 1980 to 
1992. Of all pelvic fractures, pubic 
rami fractures have been shown to be 
common in motor vehicle collisions 

(Guillemot 1997) and in lateral impact 
tests (Guillemot 1997, Cesari and 
Ramet 1982, and Arbelaez 1999). 
This suggests that pubic rami (out-
lined in Fig. 1 radiograph), a group of 
four bones in the front of the pelvis 
(inferior and superior bones for both 
the left and right sides), have insuffi-
cient resistance against lateral load-
ing characteristic of side impacts. To 
better understand pubic rami frac-

tures and their severity, it is neces-
sary to describe the properties that 
contribute to the likelihood of pubic 
rami fracture. Geometrical properties 
of bone cross sections have been 
shown to correlate with bone strength 
in long bones (Ruff and Hayes 1984) 
and in rami strength in lateral impact 
tests (Cesari and Ramet 1982). 
   Previous research at the Musculo-
skeletal Mechanics Laboratory at the 
University of Alabama at Birmingham 
(UAB) has involved cadaveric dynam-
ic impact testing of isolated human 
cadavers (Molz et al.. 1997 and Arbe-
laez 1999). Molz et al. conducted im-
pact tests on pelves supported in a 
containment fixture through which a 
compressive pre-load is applied 
through the lower spine, and lateral 
support was applied at the iliac wing. 
This support condition resulted in 
loading rates of 4 - 18 kN/msec. Ar-
belaez used an additional lateral sup-
port at the greater trochanter, which 
resulted in loading rates that did not 
exceed 3 kN/msec. In all, 25 cadav-
ers were impacted, yielding 11 pubic 
rami fractures and five acetabular 
fractures. Three-dimensional finite 
element (FE) models of a human pel-
vis (Plummer et al. 1996) has sug-
gested temporal failure relations un-
der these different impact events. The 
present study was undertaken to 
quantify geometrical properties of 
pubic rami from the impacted pelves, 
as a function of position along the 
bone. The positional variations of 
these properties were examined for 
correlation with fracture site, and 
compared with peak stress predic-
tions from the FE models. 
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MATERIALS AND METHODS 
 
   Anatomically oriented cross sec-
tions of bone (Fig. 2) were removed 
from each post-impact pubic ramus of 
seven rami-fractured and six non-
fractured cadavers (impacts per-
formed by Arbelaez 1999) using a 
diamond circular saw and jig to en-
sure precision cutting and uniform 
thickness. Digital images of each sec-
tion were taken using a Nikon digital 
camera using a 120 mm Medical Nik-
kor lens. Adobe PhotoShop 3.0.3 with 
IP Plug-ins (Adobe Systems Inc., San 
Jose, CA) was used to outline cortical 
and trabecular regions of bone. The-
se traces were then used to calculate 
area ratios of the cross sections (in 
which a ratio was generated from the 
cortical bone area divided by the tra-
becular bone area), on a pixel by pix-
el basis.  
   The images were then imported into 
I-DEAS software (Structural Dynam-
ics Research Corporation, Milford, 
OH) for calculation of area moments 
of inertia about a centroidal x-y coor-
dinate system. Principal moments of 
inertia were found as the eigenvalues 
of the matrix of area moments.  
   Mean area ratios and mean mo-
ments of inertia of each rami section 
were plotted as a function of the posi-
tion along the rami (see Fig. 4 for rel-
ative position information) for frac-
tured and non-fractured rami. Statisti-
cal analyses (Statview, Abacus Con-
cepts, Inc., Berkeley, CA) were per-
formed to determine if there were 

significant differences between the 
regressions. While area ratio and ar-
ea moment trends show differences 
in the overall strength and structure of 
the pubic rami, they do not point to 
why pubic rami constantly fractured at 
certain locations under similar loading 
conditions. Focusing on the fracture 
site of the rami, minimum area ratios 
and area moments were correlated 
with stress peaks, using a dynamic 
FE model from Plummer et al., in or-
der to see if the weakest cross sec-
tion correlated to the site of fracture 
and to evaluate the best indicator of 
fracture. The dynamic model simulat-
ed an impact on the right acetabulum 
with a fixed left iliac wing (top left fix-
ture point). It did not include mechan-
ical and material properties for the 
sacroiliac joint and sacrum (back of 
the pelvis), but these are not as im-
portant since this study focuses on 
the front of the pelvis.  
 
RESULTS  
 
   Figures 3 (a) and (b) show the 
mean + standard deviations of the 
area ratios plotted as a function of 
position along the rami for superior 
and inferior cases of fractured and 
non-fractured cortical bone. Non-
fractured rami are shown in red, while 
fractured cases are in blue. 
   Analysis of covariance showed that 
the area ratios were significantly dif-
ferent comparing fractured and non-
fractured superior rami (p = 0.02) but 
not in the inferior rami (p = 0.97). 
Significant differences were observed 

as a function of position along the 
superior rami (p = .009), due to in-
creases in cortical bone area. Pooled 
t-tests indicated no significant differ-
ences between females and males 
with respect to area ratios for either 
the inferior or superior rami. With re-
gard to age, a significant increase in 
area ratio was observed comparing 
superior rami for under-65 years old 
to over-65 years old (p = 0.005), 
however, this was not the case for the 
inferior rami (p = 0.13).  
The area moments of inertia of each 
cross section showed unexpected 
trends. Ixx

' and Iyy
' calculations were 

performed comparing fractured ver-
sus nonfractured, gender and age, as 
well as positional dependence along 
the superior and inferior rami. Nota-
bly, the area moments were signifi-
cantly lower for the unfractured supe-
rior rami than the fractured. Noting 
the previously described trend of in-
creased area ratio for the unfractured 
superior rami, this suggests that high-
ly dense, yet compact cross sections 
are more resistant to fracture. Other 
important differences were observed 
comparing Ixx

' and Iyy
' for both inferior 

and superior rami for the over-65 age 
group and the under-65 group. In this 
case, comparisons yielded significant 
differences in both principal area 
moments for both inferior and superi-
or rami, with greater values observed 
for the older group. Taken in conjunc-
tion with the area ratios, this suggests 
substantial increases in cross section 
with age. No significant differences in 
area moments were observed with 

   Fig. 1.               Fig. 2. 
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differences in gender. 
   Of the 11 total experimental ramus 
fractures (from 7 fractured pelves), 
five were examined for fracture site-
specific area ratio and moments (all 
full support cases, Arbelaez 1999), 
while the other six were excluded due 
to inconclusive radiographs caused 
from inaccurate location of the micro 
and macro fractures in the bone. The 
mean fracture location was 36.4 + 
29.1% of the total pubic rami length. 
Observation of these fracture sites 
revealed a strong correlation with 
minimum area moments, but a weak 
correlation with minimum area ratio. 
Of the 5 fractures examined, the cor-
tical area ratio was 34.66 ± 3.66%, 
the Ixx

' value at the fracture site was 

24,700 ± 13,800 mm4 and the Iyy
' val-

ue was 10,200 + 4,850 mm4. The 
minimum Ixx

' and Iyy
' occurred, respec-

tively, at 40% and 43% of the total 
pubic rami length (Fig. 4). 
   It was also hypothesized that the 
maximum stress location, as predict-
ed by dynamic FE modeling, would 
correspond with the fracture sites. For 
the FE model of Plummer et al., 
which modeled wing and greater tro-
chanter support, peak stress in the 
cortex occurred at 45% of the total 
pubic rami length on the superior ra-
mus (Fig. 5). This location coincided 
with the minimum modeled rami cross 
section, supporting the current re-
sults. 
 

DISCUSSION 
 
   As described in the literature, pubic 
rami fractures are a very dangerous 
and common pelvic injury resulting 
from the abnormal loading of the pel-
vis in lateral motor vehicle collisions 
(MVCs). Young and Resnick (1990) 
indicate that pelvic fractures were the 
most costly injuries in automobile 
crashes, resulting in 18-24% sustain-
ing debilitating injury. The current 
study, which included fracture specific 
analysis, found correlations between 
fracture site and geometrical parame-
ters, which further coincided with 
stress maxima in FE models. These 
indicators all point to the smallest 
cross sectional area as the most vul-

Fig. 3A.              Fig. 3B. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.            Fig. 5. 
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Aniridia is a human genetic disease that is manifested by alterations in 
the structure and function of the eye, including reduced iris size, ab-
sence of the fovea, and lens deformities (Glaser, et al. 1992). First doc-
umented as a genetic disease over 150 years ago, it has since become a 
model for autosomal dominant genetic disorders because of the high 
penetrance of its mutant alleles, the ease of diagnosis at birth, and a 
similar incidence in various populations (Glaser, et al. 1995). It was not 
until recently, however, that the aniridia gene (AN) was mapped (to 
chromosome band 11p13) and determined to be the gene PAX6  (Glaser, 
et al. 1992), a regulator of development of the eyes and central nervous 
system. There is a PAX6 dosage effect in aniridia ranging from mild loss 
of visual acuity and cataracts to severe nervous system defects  and 
anopthalmia (complete absence of the eyes) (Glaser, et al. 1994). 

 

nerable point during lateral impact, 
which confirms Cesari and Ramet's 
finding of correlation between the 
value of area moments and impact 
tolerance. Furthermore, it appears 
that increased cortical area ratios in 
the superior rami reduce the fracture 
potential in side impact.  
   The present study is limited by its 
relatively small size. While specific 
numbers may change with the inclu-
sion of more pelves, the authors be-
lieve the current trends are reasona-
ble. The calculations of Ixx

' and Iyy
' 

could be further refined through the 
inclusion of trabecular bone. The sig-
nificant trends associated with age, 
but not with gender, were surprising 
and warrant further study.  

CONCLUSIONS 
 
   The present study measured geo-
metrical properties, including area 
ratios and moments of inertia, of pu-
bic rami cross-sections, and correlat-
ed the measures with the occurrence 
of fracture in experimental side im-
pacts. The results suggest that the 
area moment of cortical bone in the 
rami best indicates fracture re-
sistance, while the ratio of cortical to 

trabecular bone is a good secondary 
predictor. Current research in car 
door padding technology has been 
greatly focused on the side-impact 
force and stress distribution on the 
pubic rami as a result of this study. 
New padding designs have been fo-
cused on shielding the impact seen 
by a pubic rami and limiting the stress 
wave, thus improving pubic rami frac-
tures survivability.  

AKNOWLEDGEMENTS  
 
This study was supported by the Uni-
versity of Alabama at Birmingham 
Injury Control Research Center (CDC 
Grant #R49/CCR403641) through the 
National Center for Injury Prevention 
and Control at CDC. The authors 
would like to thank Jason Plummer, 
of the UAB Department of Biomedical 
Engineering, for his assistance with 
the dynamic models used in the study 
and of Martha Wilkins, of the UAB 
Orthopedics Laboratory, for her help 
with all digital imagining.  

REFERENCES  
 
Arbelaez, R.A. (1999) "Fracture Tolerance and 
Fracture Control Strategies for the Pelvis in 

Automotive Side Impact:" Master's Thesis, 
University of Alabama at Birmingham Press: 
Birmingham.  
 
Cesari, D. and Ramet, M. (1982) SAE 821159.  
 
Guillemot, H et al (1997) SAE 973322.  
 
Molz, FJ; George, PD; Bidez, MW; King, AI; 
Alonso, JE (1997) Simulated Automotive Side 
Impact on the Isolated Human Pelvis: Phase 1: 
Development of a Containment Device. Phase 
2: Analysis of Pubic Symphysis Motion and 
Overall Pelvic Compression. STAPP Car Crash 
Conference SAE #973321.  
 
Plummer, JW; Bidez, MW; Alonso, JE (1996) 
Parametric Finite Element Studies of the Hu-
man Pelvis: The Influence of Load Magnitude 
and Duration on Pelvic Tolerance during Side 
Impact. STAPP Car Crash Conference. SAE 
#962411.  
 
Ruff CB and Hayes WC. (1984) Bone-Mineral 
Content in the Lower Limb. Relationship to 
Cross-Sectional Geometry. J Bone & Joint 
Surgery - American Volume. 66(7):1024-31  
 
Young JW and Resnik CS. (1990) Fracture of 
the Pelvis: Current Concepts of Classification. 
Am. J of Roentgenology. 155(6):1169-75 
 
 
 

 
Review of the Highly Conserved PAX6 Gene in Eye  
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niridia is a human genetic dis-
ease that is manifested by al-

terations in the structure and function 
of the eye, including reduced iris size, 
absence of the fovea, and lens de-

formities (Glaser, et al. 1992). First 
documented as a genetic disease 
over 150 years ago, it has since be-
come a model for autosomal domi-
nant genetic disorders because of the 
high penetrance of its mutant alleles, 
the ease of diagnosis at birth, and a 
similar incidence in various popula-
tions (Glaser, et al. 1995). It was not 
until recently, however, that the ani-
ridia gene (AN) was mapped (to 
chromosome band 11p13) and de-
termined to be the gene PAX6  (Gla-
ser, et al. 1992), a regulator of devel-
opment of the eyes and central nerv-
ous system. There is a PAX6 dosage 
effect in aniridia ranging from mild 
loss of visual acuity and cataracts to A 
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severe nervous system defects  and 
anopthalmia (complete absence of 
the eyes) (Glaser, et al. 1994).   
   Many of the studies that led to the 
identification of PAX6 as the human 
aniridia gene were conducted in 
mammals and insects and demon-
strated that PAX6 is highly conserved 
among vertebrates and lower ani-
mals. PAX6 homologues have been 
found in mice (Small eye, or Sey), 
rats, zebrafish, quail, and the fly Dro-
sophila (eyeless, or ey) with amino 
acid sequence identities of approxi-

mately 90% (Quiring, et al. 1994); 
PAX6 is 96% identical in its amino 
acid sequence to the pax(zf-a) in the 
zebrafish, but the two species di-
verged over 400 million years ago 
(Glaser, et al. 1992). This degree of 
conservation approaches that of his-
tones, some of the most highly con-
served proteins known. More im-
portant, however, is the finding that 
Drosophila and vertebrates have ho-
mologous PAX6 genes with similar 
functions and similar mutant pheno-
types. In Origin of the Species, Dar-

win found it difficult to explain the 
evolution of structures as dissimilar 
as simple vertebrate eyes and com-
pound insect eyes; he speculated that 
the structures might have developed 
separately through convergent evolu-
tion (Zuker, 1994). However, in both 
insects and vertebrates, PAX6 is ex-
pressed in the embryo just prior to 
and during formation of the eye in the 
region of its development. Based on 
that evidence, and the finding that 
misexpression of a PAX6 homologue 
in flies could induce ectopic eyes, it 

Figure 1. Characterization of human PAX6 cDNA. A, Hatched and solid areas represent the paired and homeo domains, respectively. The C-terminal 
segment is rich in proline, serine, and threonine residues (PST domain). Individual exons are numbered and the position of each exon boundary is 
marked by a vertical line. The AUG initiation codon, TAA stop codon, and poly-A (24 adenosine residues) are indicated. B, Comparison of the human 
PAX6 and zebrafish pax(zf-a) protein sequences. Predicted ?-helices in the paired and homeodomain are overlined and the positions of splice junc-
tions are indicated by triangles. The alternative peptide encoded by exon 5a is inserted at the asterisk. The overall amino acid homology between 
PAX6 and pax (zf-a) is 96.0 percent. Figure used with author's and original journal's permission (Glaser, et al., 1992). 
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has been suggested that PAX6 is a 
master regulatory gene that induces 
eye development in a broad range of 
animals (Halder, et al. 1995).   
 
The PAX Multigene Family 
The PAX6 protein is one of many 
transcription factors that induce em-
bryonic differentiation along the major 
body axes. In response to concentra-
tion gradients of other regulatory pro-
teins, these transcription factors bind 
to specific DNA sequences of other 
genes and regulate their expression, 
thus translating positional information 
into developmental patterns for dis-
tinct structures (Glaser, et al. 1994).   
   PAX6 is a member of the PAX mul-
tigene family of transcription factors 
that help regulate embryonic differen-
tiation. Like PAX6, many other PAX 
genes are expressed in the develop-
ing nervous system and are believed 
to help regulate neurogenesis. In 
mice, Pax1 is expressed in, among 
other areas, the developing vertebral 
column and thymus; Pax3 in the early 
neural tube; Pax6, upon closure of 
the neural tube, in the developing 
hindbrain and forebrain and several 
other areas of the developing nervous 
system; and Pax8 in the neural tube, 
hindbrain, and thyroid. PAX3 mutant 
phenotypes include deafness, depig-
mentation, and spina bifida (failure of 
neural tube closure) (Strachan, et al. 
1994).   
   Nine unlinked PAX genes have 
been identified by their homology to 
the paired (prd) segmentation gene 
expressed in Drosophila larvae. The-
se genes encode proteins that all in-
clude a 128-amino acid sequence-
specific DNA-binding domain, the 
Paired box, which can regulate the 
expression of other genes. Recent 
research on the binding of the Pax6 
paired domain has revealed a possi-
ble structure of three α-helices (Stra-
chan, et al. 1994), a consensus DNA-
binding sequence, and evidence for 
conformation changes in the protein 
upon binding (Epstein, et al. 1994).   
   PAX genes (4,6,3,7),  also contain 
another common DNA-binding ele-
ment, the homeobox. The homeobox, 
first discovered in Drosophila, en-
codes a 60-amino acid homeodomain 
that is thought to be part of more than 
0.2% of the total number of vertebrate 
genes. The homeodomain, too, con-
tains three a-helices, one of which is 

responsible for target sequence 
recognition (Glaser, et al. 1992). Re-
cent research has also shown that 
the paired domain and homeodomain 
may interact cooperatively to recog-
nize multiple DNA binding sites. (Jun 
and Desplan, 1996). Unlike the HOX   
(Homeo boX) family of homeobox-
containing genes, which regulate 
many aspects of embryonic morpho-
genesis, PAX genes are not clustered 
but are dispersed throughout the ge-
nome (Mark, et al. 1997). Particular 
attention has been devoted to the 
molecular biology of the PAX6 gene 
because of its high degree of conser-
vation and its seeming ability to regu-
late development of both the com-
pound and the simple eye structures.   
 
PAX6 Gene Structure 
   Human PAX6 is transcribed as a 
2.7kb mRNA and encodes a 422-
amino-acid protein that includes the 
paired box, the homeo box, and a 
third possible DNA-binding motif, the 
PST domain (Proline, Serine, and 
Threonine-rich sequence; Glaser, et 
al. 1995. See Figure 1). Interestingly, 
PAX6 contains an alternative mRNA 
splice-site in the paired domain which 
can result in a 42-nucleotide inser-
tion; the insertion allows the carboxy 
terminal subregion of the paired do-
main to recognize a novel DNA se-
quence, allowing PAX6 to regulate an 
expanded or restricted set of genes 
depending on how the mRNA is 
spliced (Epstein, et al. 1994). PAX6 
extends over 22kb and contains 14 
exons and intron sequences in the 
homeobox itself. In addition, a 
CCAGCATGC translation start site in 
exon 4, a TAA stop codon in exon 13, 
a transcription start site and promoter 
region with TATA, CAAT, and GC 
regulatory elements, and three possi-
ble polyadenylation signals have all 
been characterized in several con-
verging lines of research. (Glaser, et 
al. 1992).   
   Mutations in various positions within 
PAX6 give rise to gene dosage ef-
fects that support the hypothesis that 
PAX6 regulates gene expression dur-
ing development by means of con-
centration gradients with other tran-
scription factors. In one family, trun-
cation of PAX6 in the PST domain by 
a point mutation in exon 12 led to 
cataracts and decreased visual acuity 
in the father; truncation of PAX6 in 

the paired domain by a point mutation 
in exon 6 led to iris absence, cata-
racts, severe decreased visual acuity, 
and other ocular malformations in the 
mother; and a daughter compound 
heterozygote with a copy of each of 
the parent's mutated PAX6 genes 
died eight days after birth with severe 
central nervous system and craniofa-
cial defects and anopthalmia (Glaser, 
et al. 1994).   
 
Drosophila as a PAX6 Model Sys-
tem  
   Research on PAX6 has been facili-
tated by the discovery of a PAX6 
homologue in Drosophila, the eyeless 
(ey) gene (Quiring, et al. 1994). Muta-
tions in ey produce eye defects simi-
lar to those produced by Sey (mouse) 
and PAX6 mutations. Drosophila pro-
vides a convenient and useful model 
for PAX6 because its growth is rapid, 
its genetic and embryonic mecha-
nisms have been well-characterized, 
and it is simple and inexpensive to 
maintain. Like PAX6, ey is expressed 
in the embryonic nerve cord, specific 
regions of the brain, and in eye pre-
cursors.   
   Much PAX6 research focuses on 
the developmental pathways that lead 
to eye formation. Upstream and 
downstream regulatory genes have 
been investigated for ey in Drosophi-
la. Hypothesized downstream targets 
of ey include eyes absent, sine oculis, 
and dachshund (Halder, et al. 1995). 
Though few upstream regulatory pro-
tein products of PAX6 or ey have 
been identified, a number of regulato-
ry elements in the PAX6 and ey 
genes have been identified through 
gel-shift and footprinting assays and 
in transgeneic in vivo studies of mice 
expressing a lacZ reporter under the 
control of various Pax6 regulatory 
elements (R. Maas, personal com-
munication). Other possible upstream 
regulators of Pax6 include activin A 
(Pituello, et al., 1995) and sonic 
hedgehog (another developmental 
control gene) (Ericson, et al., 1997).   
 
PAX6 as a Master Regulator 
   Because ey expression is not af-
fected by mutations in other eye-
determining genes, and because 
PAX6 is so highly conserved, PAX6 is 
hypothesized to be a "master regula-
tor of eye development" (qtd. in Dis-
plan, 1997). This hypothesis was re-
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cently supported by the finding in 
Drosophila that misexpression of ey 
could induce ectopic eye formation on 
appendages (Halder, et al. 1995). 
The ectopic eyes were fully formed 
and included the full complement of 
cell types and structures, including 
photoreceptors.   
   Later research, however, revealed 
that genes supposedly "downstream" 
of ey could also induce ectopic eyes. 
The products of Sine oculis (so), 
which encodes a homeobox-like do-
main, and eyes absent (eya), which 
encodes a novel nuclear protein, form 
a complex and can induce ectop-
ic yes similar to those formed by ec-
topic ey expression (Pignoni, et al. 
1997). More significantly, so and eya 
could together induce ey expression, 
which is not consistent with the idea 
of ey as the master regulatory of 
those genes. In addition, dachshund 
(dac), which encodes another novel 
nuclear protein and is induced by ey 
expression, and eya misexpression 
resulted in full ectopic eye production 
as well, while dac and eya alone 
could each weakly induce ectopic eye 
formation (Chen, et al. 1997).   
   These gain-of-function experiments 
suggest that the protein products of 
ey and of its human homologue PAX6 
operate not in a hierarchical linear 
pathway, but as a network with nu-
merous feedback loops. A second 
possible hypothesis is that, because 
eye regulatory genes are activated 
several times during development, 
they are turned on in sequence at 
each stage. The repeated use of the 
same regulatory genes during eye 
development has been explained in 
conjunction with the high degree of 
conservation of the genes: as eye 
formation progressed during evolution 
from simple photoreceptors to the 
complex visual systems in insects 
and vertebrates, the same regulatory 
genes were co-opted for each new 
developmental pathway (Desplan, 
1997).   
   It is also possible that PAX6 and 
other eye development genes play a 
role in the development of other or-
gans, such as the pancreas (St-
Onge, et al., 1997). In addition, an 
eya homologue in humans, when mu-
tated, has no apparent affect on eye 
formation. These results suggest that 
PAX6 may be involved in the larger 
process of organogenesis rather than 

only oculogenesis.  

CONCLUSIONS 

   The highly conserved PAX6 and its 
Drosophila homologue ey are key 
players in a highly complex develop-
mental pathway leading to formation 
of both simple and compound eyes 
and possibly other organs as well. 
Research in several laboratories is 
directed towards characterizing the 
complex network of regulatory genes 
involved. Several PAX6 enhancer 
elements show promise as sites for 
upstream regulation of PAX6, and 
possibly even downstream products 
of eya, so, or dac may play a regula-
tory role.   
   Several medical applications have 
arisen in recent years based on re-
search on the PAX6 gene family. Be-
cause the gene has been sequenced, 
prenatal diagnosis of aniridia is now 
possible. In addition, some evidence 
suggests that PAX6 may be ex-
pressed by damaged eye tissue to 
induce limited regeneration; artificial 
upstream regulation of PAX6 may 
eventually be used to induce such 
regeneration. Finally, some cancers, 
including alveolar rhabdomyosar-
coma, may be caused by PAX muta-
tions (Strachan, et al. 1994). These 
findings suggest potential therapeutic 
applications for PAX6 research and 
may lead to a more complete under-
standing of its role in eye develop-
ment. 
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Recent clinical findings suggest changes in vasculature compliance may 
be responsible for abnormal brain dynamics in diseases like hydrocepha-
lus. Understanding and treating pathological brain dynamics requires a 
quantitative understanding of the complex interaction between pulsating 
vasculature, cerebrospinal fluid, and brain tissue. Models addressing an-
atomically correct geometry, physiological haemodynamics and com-
plete interactions of vasculature and brain tissue are required for this 
purpose. In this article, a geometrical model of the cerebral vasculature is 
presented as a first step in the development of a fully distributed mathe-
matical model for quantitative analysis of intracranial dynamics. We pre-
sent two- and three- dimensional models of the human cerebral vascula-
ture network. The model was generated in two phases. First, the major 
extracerebral arteries were reconstructed using patient-specific MRI im-
ages. Then in step two a special modified algorithm of Beard and Bas-
singthwaighte generated the microvasculature, starting from the major 
arteries of step one. This fractal-based growth algorithm incorporates 
vessel and complex domain boundary avoidance to create the vascula-
ture. Significant findings are: (1) MRI imaging was successful in generat-
ing patient specific geometry of the brain cerebral arteries including ca-
rotid artery, basilar artery, Circle of Willis and vertebral arteries; (2) a mi-
crovasculature below the medical imaging resolution was successfully 
created by the computer algorithm; (3) vessels consistently remained 
inside the domain boundary and avoided overlap; (4) model capillary 
density agrees qualitatively with actual human capillary density. Howev-
er, there were some limitations to the model. The model is not completely 
consistent with the cerebral vasculature anatomy due to limited MRI 
resolution and the absence of physiological driving forces for the vessel 
growth in the algorithm. Future work will focus on acquiring quantitative-
ly accurate capillary density in the model by incorporating growth factors 
in the algorithm. Work is being done toward incorporating blood vessel 
branching factors and constrained optimization techniques into the algo-
rithm. Moreover, in the next step blood flow simulations need to be per-
formed to predict blood flow and vessel dilations. 
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n humans, a pair of internal carotid 
arteries and vertebral arteries de-
livers 15-20% of the cardiac output 
to the brain (Mokhtar, 2007). These 

arteries branch and join together to 
form the Circle of Willis, an arterial 
system that ensures uninterrupted 
blood flow in case of pressure varia-
tions in the brain. Downstream, deox-
ygenated blood is drained out of the 
brain by the venous system made up 
of exterior and interior cerebral veins.  
   Small capillaries in the brain con-
nect the arteries with veins and com-
plete the blood network of the brain.  

 
Capillaries together with arterioles 
and venules form the microvascula-
ture as shown in Figure 1. Cerebral 
blood flow aids transportation of hor-
mones and removal of metabolic 
wastes. Moreover, blood supplies 
oxygen and glucose to nerve cells of 
the brain which control various func-
tions of the body. Pulsatile blood flow 
effects the movement of cerebrospi-
nal fluid (CSF), a clear, plasma-like 
fluid of the brain that acts as a shock 
absorbing cushion and assists home-
ostasis and metabolism in the brain. 
According to Bhadelia, et al. (1997)  

 
 
the pulsatile blood flow causes a bi-
directional oscillatory movement of 
the cerebrospinal fluid. Because 
blood vessels are elastic, they ex-
pand and contract in response to 
changes in blood pressure throughout 
the cardiac cycle. This expansion 
causes CSF from the subarachnoid 
space to be displaced from the crani-
um into the spinal canal. The dis-
placement of CSF into the spinal ca-
nal is necessary due to the volume 
consistency of the cranium and is 
possible due to the distensibility of 
the lower lumbar region of the spinal 
canal (Jirout, 1967). Microvasculature 
expansion also causes brain tissue 
strain leading to compression of the 
lateral ventricles and outflow of CSF 
from the ventricular system. On aver-
age, the total capillary expansion is 
about 0.03 mL and matches the ven-
tricular CSF stroke volume (Greitz, 
2004).  
   Modeling cerebral blood flow will 
provide valuable insight into the com-
plex interactions between expanding 
vasculature, displaceable CSF, and 
deformable brain tissue. Through 
modeling, we aim to predict physio-
logically accurate blood flow rates 
and pressure distribution throughout 
the cerebral vasculature network. A 
careful analysis of cerebral blood flow 
mechanics will further lead to greater 
understanding about vascular dis-
eases such as arteriosclerosis, ather-
osclerosis, arterio-venous malfor-
mation, and even tumor growth 
(Baish, Netti, & Jain, 1997; Gabriel & 
Yang, 2007; Kassianos, 2008). Fur-
thermore, a cerebral blood flow model 
may help to elucidate the underlying 
pathophysiology of normal pressure 
hydrocephalus (NPH). NPH is a dis-
ease of the central nervous system 
whose pathophysiology has been 
hypothesized to be vascular in origin 
(Greitz, 2004).  

I 
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   Many compartmental (or lumped) 
models of cerebral vasculature have 
been proposed over the last few dec-
ades. The mathematical model pro-
posed by Zagzoule and Marc-
Vergnest in 1986 was one of the first 
models accounting for the effects of 
microvasculature resistance to the 
overall blood flow dynamics (1986). 
Their model assumes blood to be 
incompressible and viscous and re-
duces the microvasculature to a sin-
gle vessel, reducing the complexity of 
modeling and analysis. Recently, dis-
tributed cerebral vasculature models 
have been proposed (Beard & Bas-
singthwaighte, 2000; Bui, Sutalo, Ma-
nasseh, & Liffman, 2009; Karch, 
Neumann, Neumann, & Schreiner, 
1999; Schreiner, 1993; Schreiner, et 
al., 2006). In a distributed cerebral 
vasculature model the vessels would 
be modeled as they exist in nature. 
Modeling vasculature in this way (as 
opposed to lumped models) may pro-
vide greater insight into how brain 
tissue, cerebral vasculature, and CSF 
interact. Using a distributed model 
one could predict local stresses near 
the cerebral ventricles (Linninger, 
Sweetman, & Penn, 2009). Also the 
volume change of the cerebrum over 
the course of the cardiac cycle could 
be studied in greater detail. It has 
been reported that vasculature ex-
pansion is greater in the hydroce-
phalic brain compared to normal sub-
jects (Greitz, 2004). This larger ex-
pansion could mean that in hydroce-

phalic patients, brain water content 
changes are significantly higher over 
the course of the cardiac cycle as 
compared to normal subjects. This is 
a question requiring more study and 
whose implications are still unknown. 
Nevertheless, a distributed model of 
the brain and cerebral vasculature is 
necessary to answer questions such 
as this.  
   To our knowledge, a fully distribut-
ed model of the entire cerebral vascu-
lature including arteries, arterioles, 
capillaries, venules, and veins has 
not been developed. This is due in 
large part to limitations of current im-
aging and manual segmentation 
techniques. Currently, no method 
exists to reconstruct the microvascu-
lature for computational modeling. 
Many approaches use fractals or frac-
tal-like concepts to produce micro-
vasculature (Bui, et al., 2009; Marxen 
& Henkelman, 2003). Constrained 
Constructive Optimization (CCO) 
proposed by Schreiner is used to 
construct large arteries in complex 
domains (Schreiner, 1993; Schreiner 
& Buxbaum, 1993; Schreiner, et al., 
2006). The CCO algorithm produces 
realistic networks for arteries but 
seems to be limited in generating mi-
crovasculature. In this report we de-
scribe a new method for reconstruct-
ing the vasculature network. This 
model will generate new insights 
about the blood flow dynamics and 
cerebral vascular diseases. Extracer-
ebral arteries were reconstructed 

from patient-specific computer tomog-
raphy (CT) scans using manual seg-
mentation. Microvasculature was 
generated using vessel-avoidance 
and boundary-avoidance algorithms. 
The algorithms generate new vessels 
by avoiding the domain boundary and 
previously generated vessels.  
   The paper is organized as follows: 
The methods section describes the 
algorithm for constructing the micro-
vasculature. The results section will 
show the completed vasculature 
model. The article concludes with a 
discussion of results, strengths and 
shortcomings of the current ap-
proach, and presents our plans for 
future work in vasculature modeling.  
 
MATERIALS AND METHODS  
 
Brain Boundary and Arterial Re-
construction  
To begin the process of building a 
human brain vasculature model, the 
brain boundary was reconstructed 
from 120 axial CT images using 
manual segmentation (Materialise, 
Belgium). The resulting surface mesh 
served as the vasculature domain. 
Next, 400 CT brain images were used 
to reconstruct the extracerebral arter-
ies as shown in Figure 2. The location 
and connectivity of the extracerebral 
arteries were used as input to recon-
struct the microvasculature inside the 
brain boundary.  
 

Fig. 1. General model of microvasculature showing arterioles connected to venules via capillary system (Stevens & Lowe, 2005). Fig. 2. CT angi-
ography images were used to reconstruct main human arteries and veins. The vessel thickness is magnified for better visibility. 

Fig. 1.                Fig. 2.   
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Self-avoidance and Boundary- 
Avoidance Algorithms  
   An algorithm first devised by Beard 
and Bassingthwaighte (2000) was 
modified to generate microvascula-
ture inside the geometrically complex 
brain domain. In the algorithm, vascu-
lature is broken down into elements 
and segments. The first element is 
assigned the order 1 and the branch-
es have orders 2 to 11, the larger 
vessels having lowest orders. Fur-
thermore, each element is composed 
of a specified number of segments 
that provide realistic shape and flexi-
bility to the vessels. Two constraints 
that account for true vasculature phe-
nomena were incorporated into the 
algorithm. First, new vessels should 
not intersect or overlap previously 
generated vessels. Second, vessels 
should not go beyond the brain 
boundary. These two constraints re-
quired a self-avoidance algorithm and 
a boundary-avoidance algorithm 
(Beard & Bassingthwaighte, 2000).  
   The self-avoidance algorithm re-
stricts new vessels from growing to-
ward regions of established vessels. 
This algorithm provides an intermedi-
ate direction for the new vessel. Each 
existing vessel segment repels new 
vascular growth away from its posi-
tion with a strength inversely related 
to the distance between its endpoint 
and the origin of the new vessel as in 
eq. (1). 

Thus, new vessels will grow toward 
sparse regions of the domain.  In eq. 
(1), Ls is the segment length, di is the 
distance from xu to xi, is the avoid-
ance exponent that controls the 
spread and branching of vessels (ζ = 
3 is found to be the best and is used 
in the models), and is the unit vector 
from xu to xi. xu is the starting point of 
the vessel to be generated and xi 
represents all previously generated 
points.  
   The boundary-avoidance algorithm 
calculates the final direction of the 
new segment influenced by the direc-
tion of the intermediate vector and all 
points on the domain boundary. The 
algorithm, governed by eq. (2), forces 
vessels to avoid points on the bound-

ary, so that vessels are generated 
only within the domain.  
 

   In eq. (2) dˆ is the final direction of 
the new vessel segment, s v is the 
unit vector of s v ,calculated in eq. 
(1), NB is the number of boundary 
points, j d is the distance between 
boundary point j and xu, and Ls is the 
new vessel length. ˆnj is a unit vector 
directed from each boundary point 
toward xu; ˆnj repels new vessel seg-
ments away from the boundary. In-
corporating the influence of estab-
lished vessels and boundary points 
the new point can be calculated as 
follows:  

 
   In eq. (3) xd is the new point, i.e., 
the terminal point of the new vessel, 
xu is the new vessel‘s origin, ˆd is the 
final direction, and Ls the length of the 
segment. A conceptual diagram 
showing the intermediate vessel and 
final new vessel is given in Figure 3.  
 
RESULTS 
 
Two-Dimensional Vascular Genera-
tion  
   To ensure the code was working 
properly, initially, vessels were gen-
erated in a mid-sagittal cross section 
of a human brain. Vessels were found 
to avoid the domain boundary as well 
as previously generated vessels. Fig-
ure 4 shows a small network of 95 
branches. Although rather simple, the 
model does help to visualize the pen-
etration of large vessels into the brain 
tissue. The red vessels penetrating 
into the tissue bifurcate into smaller 
arterioles and capillaries. Down-
stream arterioles (blue) and capillar-
ies (green) avoid overlap, consistent 
with the vessel-avoidance algorithm 
constraint.  
 
Vascular Generation in Three-
Dimensional Brain Boundary  
   The cerebral vasculature model is 

shown in Figure 5. The brain bounda-
ry is oriented from anterior (left) to 
posterior (right) in the figure. Each 
arteriole (red) in frame (a) contributes 
100 branches to the capillary bed 
(blue). The inset shows details of the 
vasculature and displays vessel den-
sity. In the model, the number of 
branches and segments were in-
creased to more closely match exper-
imental measurements of brain capil-
lary density (Anderson, Tan, & Meyer, 
1999). This progression in model de-
tail is shown in frames (b) and (c) in 
which each arteriole produces 200 
and 400 branches, respectively. Fur-
thermore, the length of the segments 
was reduced drastically at the level of 
the smaller vessels to provide a real-
istic appearance. More capillaries are 
found in the interior of the human 
brain and less on the surface. Special 
weights were added to the ˆnj vector 
in the boundary avoidance algorithm 
to attain this density. The thickness of 
the lines was varied to represent the 
difference in diameters of different 
types of vessels; arteries being thick-
er and capillaries being the thinnest. 
 
DISCUSSION 
 
Our three-dimensional cerebral vas-
culature model incorporates arteries 
and microvasculature inside a human 
brain. The vascular domain was cre-
ated from a set of medical images 
using manual segmentation tech-
niques. Specially designed algorithms 
were implemented in Matlab to pro-
duce the microvasculature bed. A 
vessel-avoidance algorithm caused 
new vessels to avoid previously gen-
erated vessels, and a boundary-
avoidance algorithm guided the vas-
culature growth inside the domain 
boundary. To improve the effective-
ness of the boundary-avoidance algo-
rithm, the vasculature domain was 
made up of 38,682 points. Increasing 
the number of boundary points in-
creased the repulsive effect, and ves-
sels consistently remained inside the 
domain. Moreover, ˆnj was scalar-
weighted to more effectively drive 
vessels into the domain. 
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Model Predictions of Capillary 
Density 
   Human capillary diameter is 7-10 
μm and the intercapillary distance is 
about 54.90-60.52 μm. Capillary den-
sity in the human adult brain on aver-
age is 338 capillaries/mm2 (600 capil-
laries/mm3) (Anderson, et al., 1999; 
Freitas, 1999). The model results of 
capillary density with actual data from 
human micrographs are found to be 
qualitatively similar. Research sug-
gests capillary density is greater in 
grey matter than in white matter 
(Cavaglia, et al., 2001; Niemineva & 
Tervila, 1953). This fact may be due 
to the presence of more cell bodies 
and synapses in the grey matter. 
Neuronal somas have a high meta-
bolic rate and require high levels of 
oxygen and nutrients which are deliv-
ered by capillaries. Higher capillary 
density in grey matter has been in-
corporated into the final model by 
growing more capillaries toward the 
walls of the boundary and less toward 
the center. This step will need 
refinement in future models since 
white and grey regions are interwo-
ven. Delineating their boundaries re-
quires more advanced manual seg-

mentation. In future studies we pro-
pose one of two methods to ensure 
the model contains actual capillary 
density (338 capillaries/mm2). One 
method is to incorporate into our al-
gorithm a concept from the fractal 
literature, namely, fractal dimension. 
Fractal dimension is a mathematical 
entity that defines the branching of 
fractals from higher to lower orders. 
Fractal dimension incorporates space 
filling effects associated with artery 
and microvasculature branching. An-
other possibility for matching the ca-
pillary density is to include pseudo 
growth factors in our design algo-
rithm. For instance, evidence sup-
ports the idea that specific growth 
factors influence angiogenesis (Jones 
& Sleeman, 2006). It may be possible 
to guide the capillaries into certain 
regions of the brain domain, having 
them branch in such a way to meet 
the constraints of the growth factors. 
This concept needs to be investigated 
further; work by Nekka (Nekka, Kyri-
acos, Kerrigan, & Cartilier, 1996) 
could be used as a starting point. Fur-
thermore, the blood volume through 
each vessel could be geometrically 
optimized using optimization tech-

niques similar to the Constrained 
Constructive Optimization (Schreiner, 
1993; Schreiner & Buxbaum, 1993; 
Schreiner, et al., 2006). Incorporating 
any of these methods may lead to a 
capillary density and branching factor 
that is similar to actual human data. 
However, these approaches were 
beyond the scope of this investigation 
and will be accomplished in the future 
research. Nevertheless, using only 
the vessel avoidance and the bound-
ary avoidance algorithms a similar 
capillary density was attained in the 
model.  
 
Vasculature Visualization and 
Blood Flow Simulation  
   The current network is composed of 
the major arteries, arterioles, and ca-
pillaries. A venous system comprising 
major veins and venules still needs to 
be generated and added to the final 
model to complete the vasculature 
network. At this point, however, the 
capillary network will be sufficient to 
study changes in brain pulsation in a 
blood flow model of the human brain. 
Blood flow simulations were beyond 
the scope of this study and will be the 
focus of future work. Blood flow 

Fig. 3                  Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. 

Fig. 3. Diagram showing how the new vessel 
direction is calculated. Orange, dashed vector 
represents the preliminary vessel direction 
calculated by the self-avoidance algorithm. 
Green vector represents the final direction 
calculated by the boundary-avoidance algo-
rithm. 
 
 
Fig. 4. Two-dimensional vessel-avoidance and 
boundary-avoidance algorithm in a mid-sagittal 
cross section of a human brain. Proof of con-
cept that the algorithm works in a complex 
domain. 
 
 
Fig. 5. Three images of vasculature with major 
extracerebral arteries. Eight major arterioles 
penetrate into the tissue and form capillaries. 
(a) Each arteriole contributes 100 branches for 
the capillary bed. (b) Each arteriole forms 200 
branches and longer segments. (c) Each arte-
riole forms 400 longer branches and fills the 
brain. 
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through the vasculature network can 
be achieved with a quasi-transient 
cardiac pressure input signal. Elastic 
vasculature walls that pulsate with 
changes in lumen pressure assump-
tion will help to obtain realistic flow 
values.  
   In the model, differences in vessel 
lumen diameter were visualized by 
varying the thickness of lines; thicker 
lines were assigned to arteries and 
thinner lines for arterioles and capil-
laries. This step does not influence 
the final outcome of the vasculature 
generation and merely serves as a 
visualization tool. When blood flow is 
simulated through the network, the 
vessel radii will be of great im-
portance and will be a specific pa-
rameter in the equations of fluid flow.  
 
CONCLUSIONS 
 
   In this report the reconstruction of 
extracerebral arteries from medical 
images and microvasculature genera-
tion using specially designed algo-
rithms are described. A human brain 
and major extracerebral arteries were 
reconstructed from medical images. 
These major arteries were used as 
input to generate arterioles and capil-
laries. Self-avoidance and boundary-
avoidance algorithms generated a 
detailed capillary network; the capil-
lary density generated in the model is 
in good agreement with actual human 
micrograph data. However, the model 
has some limitations because the 
growth of vessels is only driven by 
geometric optimization. Physiological 
conditions of controlling the growth of 
vessels is absent in the model. Incor-
porating criteria like fractal dimension, 
pseudo growth factors or constrained 
optimization techniques will help to 
improve the branching of vessels. 
Nevertheless, the present work is a 
preliminary step toward completing a 
fully distributed model of the human 
central nervous system. Such a mod-
el would be helpful in studying the 
complex interactions between disten-
sible cerebral vasculature, deforma-
ble brain tissue, and CSF flow.  
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Sjogren’s syndrome, an autoimmune disease affecting the salivary and 
lacrimal glands, causes gland degeneration through inflammatory le-
sions made of lymphocytes. This causes symptoms of dry eyes and 
mouth. MRL/lpr mice have been used as models of the lymphocytic 
infiltration characteristic of Sjogren’s syndrome, and several immuno-
histochemical and genetic analyses have been performed on MRL/lpr 
lacrimal glands. However, these genetic analyses were performed on 
whole-gland samples, including the lymphocytic infiltrates. This study 
used laser capture micro-dissection (LCM) to obtain single-cell sam-
ples of both duct and acinar cells in the lacrimal gland. cDNA microar-
rays were used to compare genetic expression of the MRL/lpr and 
normal lacrimal gland duct and acinar cells. Differences in gene ex-
pression were detected between acinar and duct cells, and between 
diseased and normal lacrimal glands. Increased expression of proteins 
such as the Ro/SS antigen, lactotransferrin, and reticulocalbin were 
found in the duct cell samples compared to the acini cell samples. Ab-
normal expression of proteins such as Ly6e, STAT3, nucleolin, H2-Eb1, 
and Eif4e were detected in MRL/lpr lacrimal gland cells. Several of 
these proteins are known to be associated with inflammation or au-
toimmunity. These findings illustrate the utility of LCM in gene expres-
sion analyses of MRL/lpr lacrimal gland cells. 

 
jogren’s Syndrome is an au-
toimmune disease where de-
generation of the salivary and 
lacrimal glands produces the 

symptoms of dry eyes and a dry 
mouth. Sjogren’s syndrome occurs 
mainly in women, and is particularly 
prevalent in post-menopausal wom-
en. In this disease, the lacrimal 
glands develop inflammatory lesions 
made up of CD4+ and CD8+ T lym-
phocytes (Jabs et al. 1997). The 
CD4+ cells differentiate into Th2 cells 
that express high levels of IL-4 mRNA 
(Jabs et al. 2001). The MRL/lpr 
mouse has been commonly used as 
a model for the lymphocytic infiltration 
of the lacrimal gland that occurs in 
Sjogren’s syndrome (Jabs et al. 
1991). These mice have altered Fas 
expression, leading to defective lym-
phocyte apoptosis and abnormal de-
letion of T cells that have responded 
to antigens (Jabs et al. 2002). The 
lacrimal glands of MRL/lpr mice also 
express the chemokine monocyte 

chemoattractant protein (Akpek et al. 
2004), and it has been reported that 
the lacrimal glands of these mice and 
other mouse models of inflammatory 
lacrimal gland disease express 
mRNA for various apoptotic factors, 
such as bcl-2, Bax, c-myc and p53 
(Toda et al. 1998). The lacrimal le-
sions of MRL/lpr mice respond favor-
ably to systemic treatment with cyc-
losporin A (Jabs et al. 1996) and in-
flammatory foci in female MRL/lpr 
mouse lacrimal glands are eliminated 
by treatment with systemically admi-
nistered testosterone (Ono et al. 
1995). 
   Understanding the inflammatory 
process of Sjogren’s syndrome and 
how it affects specific cells of the la-
crimal gland is important in under-
standing the mechanism of the dis-
ease itself. In this study we analyzed 
the gene expression of specific la-
crimal cell types in order to better 
understand what cellular processes 
may contribute to the abnormal re-
cruitment of lymphocytes in Sjogren’s 
syndrome. While many studies have 

focused on characterizing the nature 
of the inflammatory cells that infiltrate 
the gland in Sjogren’s syndrome, little 
attention has been paid to the lacrim-
al gland cells themselves in this dis-
ease model. A few studies have ex-
amined the lacrimal epithelial cells of 
MRL/lpr mice through immunohisto-
chemistry, and it has been found that 
acinar cells express the Fas ligand 
and duct cells express thymus activa-
tion regulated chemokine (TARC), 
which is thought to mediate the at-
traction of lymphocytes into the la-
crimal gland (Akpek et al. 2004). Pre-
vious analyses of gene and gene 
product expression have been done 
by extracting RNA and proteins from 
whole glands (Toda et al. 1998), mak-
ing it impossible to determine which 
cell types are expressing these 
genes.  
   Since these studies analyzed nucle-
ic acids extracted from all cell types in 
whole glands, including the inflamma-
tory cells, we decided to use laser 
capture micro-dissection (LCM) to 
analyze the gene expression in spe-
cific lacrimal gland cells uncontami-
nated by the inflammatory cells. Two 
types of lacrimal gland cells, acinar 
cells and duct cells, are involved in 
fluid secretion. The acinar cells, 
which are the major cells in the la-
crimal gland, secrete the electrolytes, 
fluid, and proteins that make up the 
aqueous component of tears. The 
duct cells, which are relatively few in 
number, form the walls of the ducts 
that conduct fluid to the ocular sur-
face. The duct cells also appear to 
contribute fluid and electrolytes to the 
lacrimal fluid (Alexander et al. 1972, 
Mircheff et al. 1994, and Ubels et al. 
2006).  
   One of the main purposes of this 
study was to demonstrate the useful-
ness of laser capture microdissection 
for analysis of gene expression in 
acinar and duct cell samples without 
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the lymphocyte infiltrations. LCM has 
been described in detail by Emmert-
Buck and co-workers (Emmert-Buck 
et al. 1996 and Best et al. 2001). 
Briefly, in order to capture cells, a 
plastic cap with a specialized transfer 
film is placed over a fixed and stained 
frozen tissue section on a slide. The 
slide is placed on a light microscope 
with a LCM attachment.mThe laser is 
fired through the cap at the cells of 
interest. This laser pulse causes the 
film to bond to cell so that the cell 
adheres to the film and is removed 
from the section when the cap is lifted 
from the tissue section. Generally, 
about 250-500 laser pulses are used 
to collect cells on each cap. Using 
LCM, we were able to collect pure 
samples of duct or acinar cells, which 
yielded adequate amounts RNA for 
cDNA microarray analysis. Cells were 
collected from lacrimal glands of fe-
male MRL/lpr mice with early or ad-
vanced disease, as well as from la-
crimal glands of age-matched, normal 
female Balb-c mice. 
 
MATERIALS AND METHODS 
 
   Female MRL/MpJ-faslpr/faclpr 
(MRL/lpr) mice, one month old, were 
purchased from Jackson Labs (Bar 
Harbor, ME). The mice were killed by 
CO2 asphyxiation at one or six 
months of age ( n=3 mice/age group). 
Age-matched female Balb/C mice 
(Charles River, Wilmington, MA) were 
used as immunologically normal con-
trols (Akpek et al. 2004).  
   The lacrimal glands were removed 
from the mice and embedded and 
frozen in tissue freezing medium (Tri-
angle Biomedical Sciences, Durham, 
NC). Frozen sections 6 µm thick were 
cut on a cryostat (Leica model CM 
1850, Nussloch, Germany), mounted 
on aminoalylsilane-coated slides (Si-
lane-Prep slides, Sigma, St. Louis, 
MO), fixed with ethanol, and stained 
with hematoxylin and eosin under 
nuclease free conditions. Cells were 
captured on CapSure LCM macro 
caps using an Arcturus Pix-cell mi-
crodissection instrument (Arcturus 
Engineering, Mountain View, CA). 
The laser was set at a power of 70-90 
mW, 8 msec pulse duration and 7.5 
µm spot diameter. 
   RNA was extracted using an Arctu-
rus PicoPure RNA Isolation Kit (Arc-
turus) and subjected to two rounds of 

amplification using a Message Amp 
aRNA kit (Ambion, Austin, TX). Inte-
grity of the initial RNA was checked 
by GAPDH PCR after the first round. 
The amplified RNA (aRNA) was then 
reverse transcribed to cDNA in the 
presence of Cy3-dCTP, followed by 
purification with a QiaQuick purifica-
tion kit (Qiagen, Valencia, CA). The 
reference standard was cDNA la-
beled with Cy5-dCTP, obtained from 
total RNA of thirteen-day mouse em-
bryos that had been subjected to one 
round of amplification. Labeled acinar 
or duct cDNA were co-hybridized with 
labeled reference standard to mouse 
microarrays containing 15,000 genes. 
The arrays were prepared by the mi-
croarray core laboratory at the Van 
Andel Research Institute (Grand Rap-
ids, MI). Arrays were scanned on an 
Agilent Technologies DNA Microarray 
Scanner (Palo Alto, CA). The image 

files were analyzed using Gene Pix 
Pro 3.0 software (Molecular Devices 
Corp., Union City, CA) and the com-
plete mouse microarray clone list to 
create Gene Pix result files. The files 
were uploaded into the Xenobase-Bio 
Integration Suite (XB TransMed Solu-
tions, LLC, Grand Rapids, MI), a fully 
integrated genomic/ proteomic/ medi-
cal informatics database with asso-
ciated analysis and annotation tools 
designed at the Van Andel Institute. 
As described in greater detail below, 
comparisons of gene expression be-
tween acini and ducts cells or be-
tween diseased and normal glands 
were made by cluster analysis and 
statistical analysis for top discrimina-
tors.  
   Stained sections of the lacrimal 
gland of each rat were also examined 
by light microscopy and scored for 
the level of lymphocyte infiltration 

Fig. 1. Laser capture microdissection (LCM) of mouse lacrimal gland acini and ducts. Laser 
spot size 7.5 m, pulse duration 8 msec, power 80 mW. A. Before LCM acini are seen with an 
adjacent lymphocyte infiltrate. After LCM acinar membrane fragments remain on the slide and 
the infiltrate is intact. The acinar cells adhere to the LCM cap in the absence of lymphocytes. B. 
Three ducts with adjacent connective tissue and acini before LCM. After LCM duct membrane 
fragments, connective tissue and acini remain on the slide, while duct cells adhere to the LCM 
cap. Bar = 25 μm  
 

Table 1. Genes that are the top 10 discriminators between mouse lacrimal gland duct and 
acinar cells, irrespective of disease status, as detected on cDNA microarrays. Analysis in-
cluded all duct (n=6) and acinar (n=7) microarrays from both normal and MRL/lpr mice. Values 
are log2 transformed sample/reference intensity ratios where a negative value indicates re-
duced gene expression relative to the mouse embryo reference. Negative t-statistics indicate 
reduced gene expression in acini as compared to ducts. Bold entries indicate genes of possi-
ble relevance to lacrimal gland function.  
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(stage 1-4) by the method of Jabs et 
al. (1991) 
 
RESULTS 
 
LCM and RNA Yield 
   Acinar cell samples were captured 
using 500-600 laser pulses per cap. 
The LCM technique efficiently sepa-
rated acinar cells from adjacent lym-
phocyte infiltrates (Figure 1A), al-
though fragments of acinar cell mem-
brane remained on the slide. The 
samples of acinar cells used in this 
report yielded 38.05 + 8.3 µg aRNA 
per sample after two rounds of ampli-
fication. 
   Duct cells were captured using 290-
525 pulses per cap. Because of the 
small size and low number of ducts, it 
was necessary to capture cells from 
several sections of each gland to 
achieve an adequate number of cells 
for analysis. Ducts are surrounded by 
a layer of connective tissue that is not 
efficiently removed from the section 
by LCM, making it possible to capture 
relatively pure samples of duct cells 
(Fig. 1B). The duct samples used in 
this report yielded 45.31 ± 9.75 µg 
aRNA after two rounds of amplifica-
tion. 
 
Comparison of Duct and Acinar 
Cells 
   It was assumed that the similarities 
between lacrimal glands of diseased 
and normal mice would be greater 
than differences, so the microarrays 
from the ducts or acini cells of all an-
imals were pooled in an analysis de-
signed to examine differences in 
gene expression between duct cells 
and acinar cells irrespective of dis-
ease state. Cluster analysis provided 
evidence of genomic distinction be-
tween ducts and acini in that ducts 
clustered separately from acinar but 
for a single outlier (Figure 2) 
   Among the genes that are top dis-
criminators between ducts and acini 
(Table 1), there were three of particu-
lar relevance to lacrimal function and 
pathology; the tripartite motif protein, 
also known as the Ro/SS Antigen 
(Trim 21), lactotransferrin (Ltf) and 
reticulocalbin (Rcn1). These three 
genes were expressed at higher le-
vels in duct cells than in acini cells 
(Figures 3 and 4, Table 1) 
 

Comparison of MRL/lpr and Con-
trol Lacrimal Glands 
   To determine whether differences 
exist in gene expression in lacrimal 
glands of MRL/lpr mice and normal 
Balb/c mice, acinar and duct cell mi-
croarrays of the two groups were 
compared by cluster analysis. Glands 
of normal and diseased mice were 
correctly classified (Figure 5), Ly6e 
(Figure 6) and Stat 3 (Figure 7), 
which are relevant to lacrimal gland 
inflammation, were over expressed in 
MRL/lpr lacrimal gland cells.  
   The cluster analysis also provided 
evidence for differences in early and 
late disease genotype in MRL/lpr 
mice. Within this group the glands of 
1-month-old mice with stage 0 la-
crimal inflammation were classified 
separately from glands of 6-month-

old mice with stage 3-4 lymphocytic 
infiltration (Figure 5). In contrast, 
there were no differences in gene 
expression between 1 month and 6-
month-old Balb/C mice. 
 
Comparison of MRL/lpr and Nor-
mal Acinar cells 
   Not only were the epithelial cells of 
the lacrimal gland separated from 
inflammatory cells, but LCM also se-
parates duct and acinar cells from 
each other so that these cell types 
can be compared between diseased 
and normal animals. Adequate num-
bers of duct microarrays were not 
available for statistically significant 
comparison; however, as shown by 
the scatterplot (Figure 8), a number of 
genes were expressed differentially 
between acinar cells of normal and 

Fig. 2. Evidence for genomic distinction between acini and ducts irrespective of disease status. 
Analysis included all duct and acinar microarrays from both normal control and MRL/lpr mice. 
Cluster analysis separates ducts from acini, except for a single outlier.  
 



         RESEARCHARTICLES                                                                                                                  RESEARCHARTICLES

www. jyi.org                               Journal of Young Investigators                 The Best of JYI      97    

MRL/lpr mice. Several genes of re-
levance to lacrimal function and in-
flammation were among the top ten 
discriminators between MRL/lpr and 
normal acinar cells (Table 2). Rele-
vant genes included the histocompa-
tability complex class 2 antigen Eβ 
(H2-EB1) (Figure 9) and the lympho-
cyte antigen 6 complex, locus E 
(Ly6e), which were over expressed in 
MRL/lpr acini, as well as the eukaryo-

tic translation initiation factor 4E 
(Eif4e), which was under expressed 
in MRL acini (Table 2). All lacrimal 
gland gene expression data are pre-
sented as the log2 of the ratio to the 
reference standard. 
 
DISCUSSION 
 
Using laser capture micro-dissection, 
we were able to perform a gene ex-

pression analysis of MRL/lpr and 
normal mouse lacrimal glands using 
only the specific duct and acinar cell 
types, without lymphocyte infiltrations. 
This use of laser capture micro-
dissection is especially useful to the 
study of Sjogren’s syndrome, since 
the analysis of duct and acinar cells 
collected from the MRL/lpr and nor-
mal mice yielded. For example, we 
found that reticulocalbin, a Ca2+ 

Fig. 3. Increased expression of Ro/SSA antigen (Trim 21) in ducts as compared to acini irrespective of disease state. Gene expression is 
expressed as log2 compared to reference standard. The difference between ducts and acini is significant (p=0.0006). Fig. 4. Increased 
expression of lactotransferrin (Lft) in ducts as compared to acini, irrespective of disease state. Gene expression is expressed as log2 com-
pared to reference standard. The difference between ducts and acini is significant (p=0.002).  
 
 

     Fig. 3.               Fig. 4. 
 
 

Fig. 5. Evidence for differential gene expression between lacrimal glands of MRL/lpr (MRL) and normal control (Cont) mice. Cluster analysis of 
combined duct and acinar microarrays of normal and MRL/lpr mice correctly classified diseased and healthy glands. The data also provide evi-
dence for differences in early and late disease genotype in MRL/lpr mice. Ducts and acini of one month old animals with stage 0 lacrimal gland 
disease are classified separately from ducts and acini of 6 month old animals with stage 3-4 lymphocytic infiltration. Control animals did not cluster 
based on age. Fig. 6. Elevated expression of lymphocyte antigen 6 complex, locus e, (Ly6e) in lacrimal gland cells of MRL/lpr mice as compared 
to normal mice. Gene expression is expressed as log2 compared to reference standard. The difference in levels of Ly6e expression is significant 
(p=5x10-6). 
 
 

     Fig. 5.               Fig. 6. 
 
 

Fig. 7. Elevated expression of signal transduction and activator of transcription 3 (Stat3) in lacrimal gland cells of MRL/lpr mice as compared to nor-
mal mice. Gene expression is expressed as log2 compared to reference standard. The difference in levels of Stat3 expression is significant 
(p=0.0005).  Fig. 8. Scatterplot showing relative gene expression levels between lacrimal acinar cells of MRL/lpr and normal mice. Gene expression 
is expressed as log2 compared to reference standard. Several genes discriminating between diseased and normal acini are shown in Table 2. Fig. 
9. Elevated expression of histocompatibility complex II antigen (H2-Eb2) in MRL/lpr lacrimal acinar cells as compared to normal acinar cells. Gene 
expression is expressed as log2 compared to reference standard. The difference in levels of H2-Eb2 expression is significant (p=0.0032). 
  
 
 
 

Table 3. Genes that are the top 10 discriminators between normal (n=4) and MRL/lpr (n=3) mouse lacrimal gland acinar 
cells as detected on cDNA microarrays. Values are log2 transformed sample/reference intensity ratios where a negative 
value indicates reduced gene expression relative to the mouse embryo reference. Negative t-statistics indicate reduced 
gene expression in MRL/lpr mice as compared to normal mice, while positive values indicate higher gene expression in 
MRL/lpr animals. Bold entries indicate genes of possible relevance lacrimal gland function and inflammation.  
  
 
 
 

    Fig.7.      Fig. 8.                                                         Fig. 9. 
 
 

     Fig. 3.               Fig. 4. 
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binding protein previously shown to 
be present in mammary gland tissue 
but not lymphocytes (Fukuda et al. 
2006), was up regulated in the duct 
cells of the lacrimal gland. This de-
monstrates the homogeneity of our 
duct cell samples and confirms that 
laser capture micro-dissection can be 
used to obtain pure samples of cells 
without lymphocytic infiltrates. We 
also found that the antibacterial pro-
tein lactoferrin, one of the major tear 
proteins secreted by the lacrimal 
gland (Kijlstra et al. 1983, Fullard et 
al. 1990, Spitznas et al. 1996), was 
also strongly expressed in the duct 
cells as compared to the acini cells 
(Table 1). The source of lactoferrin in 
the lacrimal gland has not been pre-
viously identified. Our data demon-
strate that the ducts may be the major 

source of this important tear protein. 
   We also detected several differenc-
es in protein expression between aci-
nar and duct cells, as well as normal 
and diseased cells, that relate directly 
to Sjogren’s syndrome. Of specific 
relevance to Sjogren’s syndrom is the 
Ro/SS antigen, which is known to 
stimulate auto-antibodies in Sjogren’s 
syndrome. We found Ro/SSA to be 
highly expressed in duct cells. In ad-
dition, Ro/SSA autoantibody produc-
tion is known to be influenced by HLA 
class II genes (Paisansinsup et al. 
2002). MHC class II molecules bound 
to self-peptides have been shown to 
activate pathogenic T cells in MRL/lpr 
mice (Suh et al. 2003), are present in 
the lacrimal acinar cells of Sjogren’s 
syndrome models (Yang et al. 1999), 
and are generally essential for sur-

vival and proliferation of self-reactive 
T cells (Viret et al. 2003, Martin et al. 
2003). We found that the H2-Eb1 
gene, a part of the MHC class II com-
plex, was strongly expressed in the 
acini of MRL/lpr lacrimal glands, and 
this finding agrees with the literature. 
   We also found a decrease in Eif4e 
expression in MRL/lpr cells. Inactiva-
tion of the Eif4e gene has been linked 
to a decrease in muscle protein syn-
thesis due to inflammatory factors 
such as TNF (Lang et al. 2007). 
Therefore, the down regulation of 
Eif4e in MRL/lpr acinar cells is con-
sistent with inflammation of the la-
crimal gland. Conversely, the Ly6e 
complex, a cell surface protein ex-
pressed in kidney tubular epithelial 
cells and has been shown to be up 
regulated in the kidneys of mice with 

Fig. 7. Elevated expression of signal transduction and activator of transcription 3 (Stat3) in lacrimal gland cells of MRL/lpr mice as compared to normal 
mice. Gene expression is expressed as log2 compared to reference standard. The difference in levels of Stat3 expression is significant (p=0.0005).  
Fig. 8. Scatterplot showing relative gene expression levels between lacrimal acinar cells of MRL/lpr and normal mice. Gene expression is expressed 
as log2 compared to reference standard. Several genes discriminating between diseased and normal acini are shown in Table 2. Fig. 9. Elevated 
expression of histocompatibility complex II antigen (H2-Eb2) in MRL/lpr lacrimal acinar cells as compared to normal acinar cells. Gene expression is 
expressed as log2 compared to reference standard. The difference in levels of H2-Eb2 expression is significant (p=0.0032).  
 
 

Table 2. Genes that are the top 10 discriminators between normal (n=4) and MRL/lpr (n=3) mouse lacrimal gland acinar cells as de-
tected on cDNA microarrays. Values are log2 transformed sample/reference intensity ratios where a negative value indicates reduced 
gene expression relative to the mouse embryo reference. Negative t-statistics indicate reduced gene expression in MRL/lpr mice as 
compared to normal mice, while positive values indicate higher gene expression in MRL/lpr animals. Bold entries indicate genes of 
possible relevance lacrimal gland function and inflammation. 
 
 

     Fig. 7.                                               Fig. 8.                                                              Fig. 9. 
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lupis nephrititis (Blake et al. 1993). In 
agreement with this observation, we 
also found Ly6e to be strongly ex-
pressed in both the MRL/lpr acinar 
and duct cells. STAT3, a protein as-
sociated with protection from UV ex-
posure or T-cell mediated liver injury 
(Pan et al. 2004, Ahsan et al. 2005, 
Klein et al. 2005), was found to be up 
regulated in MRL/lpr lacrimal glands. 
Normally, up regulation of STAT3 
results in a reduction of T cell infiltra-
tion (Burdelya et al. 2005), but it 
seems that up regulation of STAT3 is 
not enough to reduce lacrimal gland 
infiltration in the MRL/lpr mice. 
   Our findings also indicated a differ-
ence in gene expression in the la-
crimal gland cells of the MRL/lpr mice 
as they age, since cluster analysis 
separated animals with stage 0 in-
flammation from animals with stage 
3-4 inflammation. Older mice with 
more advanced lymphocyte infiltration 
have more pronounced abnormal 
gene expression than younger ani-
mals (Figure 5). This suggests that 
changes in gene expression in the 
lacrimal epithelial cells with aging 
attract increased numbers of inflam-
matory cells into the gland.  
   This study illustrates the utility of 
laser capture micro-dissection and 
cDNA microarry analysis for studying 
specific gene expression in the la-
crimal gland cells of a mouse model 
of Sjogren’s syndrome. Previous stu-
dies of gene expression in the lacrim-
al glands of MRL/lpr mice have used 
the whole gland, including the lym-
phocyte infiltrates. This study has 
demonstrated that the lacrimal epi-
thelial cells themselves in the MRL/lpr 
mice display abnormal gene expres-
sion patterns, and these abnormali-
ties in gene expression are consistent 
with susceptibility to inflammation.  
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Starburst Populations in the 
Interacting Galaxies NGC 
3395 and NGC 3396 
 

Robert Bachilla and Donna E. Weistrop 
University of Nevada at Las Vegas  
Published in Volume 7, Issue 1,  
March 2003 
 

We examined optical wavelength spectra 
from 36 star forming regions in the inte-
racting galaxy pair NGC 3395 and NGC 
3396. Analysis of spectral emission lines 
yielded a relative metal abundance of 
Z=0.008 in each region, which is slightly 
below solar metal abundance. Compari-
son of spectral continua and absorption 
lines to Starburst99 models revealed 
three distinct stellar populations through-
out the galaxy pair:  

1. Younger than 20 Myr, with a 
prominent subpopulation of stars 
younger than 10 Myr  

2. Between 30 and 90 Myr  
3. Older than 100 Myr  

These star populations are present in 
both galaxies, suggesting concurrent 
episodes of star formation caused by 
strong tidal interaction.  
 
The Design and Use of Engi-
neered Antibodies: Novel 
Therapeutic Magic Bullets   

Aris Baras 
Duke University 
Published in Volume 15, Issue 7, Decem-
ber 2006  
 

The emergence of antibodies as immuno-
therapeutic agents has offered a tre-
mendous new potential for the treatment 
of a multitude of human illnesses and 
diseases. The use of antibodies offers 
target specificity unparalleled in conven-
tional treatments and therapies. Genera-
tion of monoclonal antibodies was made 
possible by the development of hybrido-
ma technology. Subsequent advances in 
the development of phage and transgenic 
mouse technologies have allowed the 
generation of fully humanized antibodies. 
Antibody based therapies have used 
naked antibodies as therapeutic agents or 
conjugated them with other therapeutic 
agents such as toxins, radionuclides, and 
enzymes. Furthermore, antibodies have 
been increasingly tested for their potential 
as delivery vehicles for other targeted 
therapies such as gene therapy. In addi-
tion, the innovative designs of antibody 
fragments are now being tested for their 
therapeutic efficacy in overcoming some 
of the issues that have remained as ob-
stacles in whole antibody therapy, such 
as lack of penetrance and localization. 
Despite limitations, these therapies have 
already proven effective in treating aller-

gies, asthma, arthritis, cancer, and a host 
of other diseases and illnesses. Future 
advances promise efficacy improvements.  
 
Stepwise Assembly of Silver 
(n-alkane) thiolates: An Ex-
ample of Hierarchical or Co-
operative Self-Assembly 
 

J. D. Beers, A. N. Parikh, S. D. Gillmor, 
K. M. Beardmore, R. W. Cutts, and B. I. 
Swanson 
Los Alamos National Laboratory  
Published in Volume 1, Issue 1, Decem-
ber 1998 
 

In this paper, we show that the simple 
bulk phase synthesis of silver(n-
alkane)thiolates, (AgS(CH2)nCH3), in-
volving dropwise addition of a silver salt 
to a solution containing equimolar 
amounts of long chain alkanethiol and 
triethylamine, can be accurately de-
scribed in terms of a hierarchical self-
assembly process involving two major 
steps. First, strong coordination between 
Ag+ and RS- ions causes the organiza-
tion of the inorganic constituents into 
domains of two-dimensional, quasi-
hexagonally symmetric planes, with long 
aliphatic chains extending to either side of 
the inorganic lattice. Second, the three-
dimensional complementary stacking of 
these organic-inorganic domains results 
in the formation of highly organized bimo-
lecular chain assemblies. The characte-
ristics of these assemblies as determined 
by a joint X-ray diffraction and infrared 
spectroscopy study14 support the pro-
posed mechanism of hierarchical self-
assembly. Evidence indicates that the 
initial coordination pattern of the Ag-S 
lattice controls the structure of the 
layered, bimolecular material, such as the 
formation of a three-dimensional network 
of one-dimensional channels, or corridors; 
and the all-trans chains extending verti-
cally from the inorganic slabs. It is found 
that these features are independent of 
chain length, and our data are self-
consistent for aliphatic chain lengths of 5, 
6, 9, 11, 15, and 17 methylene units. 
 
Shell-Transition Dependence 
of 12-Particle Yukawa Clus-
ters 
 

Matthew Benesh and K. Qiao 
Baylor University 
Published in Volume 16, Issue 1,  
January 2007  
 

The box tree code is used to simulate the 
formation of 12-particle three-dimensional 
Yukawa dust clusters within a complex 
plasma. The structure of the cluster is 
analyzed; in particular, the potential ener-
gy is calculated for all clusters that fall 

into stable single-shell states and also for 
all clusters that fall into stable double-
shell states. It is shown that the ground 
state may be either single-shell or double 
shell, depending on the given Debye 
length. The dependence of cluster struc-
ture on Debye length is analyzed quanti-
tatively. 
 
The Identification of Chemi-
cals using Clustering and  
Extrapolation From an Ex-
ternal Database for Electron-
ic Nose Sensors 
 

Christina Brandt 
Cornell University 
Published in Volume 18, Issue 7,  
June 2008 
 

Electronic noses, small electronic instru-
ments with carbon sensing films, provide 
an artificial version of our olfactory sys-
tem. In conjunction with pattern recogni-
tion techniques, electronic noses can be 
used to identify odor combinations, per-
form rudimentary perceptual analysis, and 
classify unknown odors. Although many 
different algorithms, from statistical analy-
sis to biologically-inspired neural net-
works, have been implemented as enose 
pattern recognition techniques, no perfect 
algorithm has been found. This paper 
explores the creation and implementation 
of a novel identification system that uses 
an outside database to extrapolate the 
identity of an unknown odor. The algo-
rithm utilizes Principle Component Analy-
sis, clustering, and a k-nearest neighbors 
algorithm based on chemical similarities, 
and is found to be 100% accurate for 
correlating the identity of scents with 
approximately the same reactance mean 
as known chemicals. However, due to an 
oversimplification of representation of 
chemicals in the external database, it has 
performed with 20% accuracy in extrapo-
lating the identity of unknowns. With more 
accurate data, a complex representation 
of chemicals, and a larger data set, the 
algorithm could potentially achieve high 
accuracy in hypothesizing the identity of 
unknowns. Such an algorithm can be 
used in environ-mental, military, and 
medical applications because it provides 
an unsupervised learning component to 
classification that can be used to contend 
with unexpected events. 
 
A Mathematical Model for 
Calculating Lifespan 
 

Aaron Clarke 
James Cook University 
Published in Volume 19, Issue 10,  
April 2009 
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Over the next twenty years, the financial 
burden on the U.S. government to provide 
quality healthcare to its aging population 
is expected to rise to $4.2 trillion. One 
way the U.S. government could reduce 
the financial impact of this aging demo-
graphic is through funding research into 
the causes of aging such as telomeres. 
This work presents a method for calculat-
ing lifespan based on the rate of telomere 
shortening. By applying the Hayflick limit, 
it was possible to calculate the lifespan of 
an unknown organism by dividing the 
Hayflick limit (raised to the exponent of 
250) with the square of the genomic li-
brary of a human. Then multiplying this 
number with the maximum lifespan (in 
seconds) of a human: thereby giving the 
rate of telomere shortening. To calculate 
the lifespan of an unknown organism it is 
first necessary to find the exponential 
Hayflick limit of that organism, and then 
divide it by the rate of telomere shorten-
ing, resulting in the predicted lifespan of 
the unknown organism. When applied to 
various organisms, such as a mouse, it 
was erroneous; however, further adjust-
ments to the method corrected this mis-
take. Thus, the assumptions behind this 
method, according to the data, were es-
sentially correct, and demonstrated a 
profound link between lifespan and the 
molecular timing mechanism that govern 
it. Applying this method for calculating 
lifespan and the rate of telomere shorten-
ing could lead to early detection of can-
cer, as well as the development of anti-
aging drugs to extend lifespan, increased 
errors, and slower memory calls, particu-
larly in undernourished children. It was 
proposed that those alterations resulted 
from the state of metabolic stress which 
homeostatic systems works to maintain 
the glucose concentration.  Furthermore, 
glucose consumption enhances the atten-
tional processes in colleges and memory 
performance of Alzheimer and Down 
syndrome patients.  Initial explanation for 
this finding is that glucose is an important 
precursor in the making of acetylcholin, a 
neurotransmitter that is engaged in the 
process of memory consolidation.                                         
 
Convection-Enhanced Deli-
very into Agarose Gel Brain 
Tissue Phantoms 
 

Bob Dawe and Terri Erickson 
University of Illinois at Chicago 
Published in Volume 18, Issue 6, 
May 2008 
 

Targeted delivery of large therapeutic 
macromolecules to desired locations 
inside the brain via systemic delivery is 
hampered by the function of the blood-
brain barrier (BBB), which is formed by 
tight junctions of the epithelium that lines 

capillaries in the brain. Recently, direct 
injection methods such as the so called 
Convection-enhanced delivery (CED) are 
pursued to effectively bypass this vascu-
lar barrier and using an infusion catheter 
whose tip is placed close to the target 
site. In this technique, a cannula is in-
serted directly into the area of the brain to 
be treated, and the therapeutic agent is 
delivered through the cannula via bulk 
flow, circumventing the BBB. The efficacy 
of direct injection methods is assessed by 
achievable penetration depth and drug 
distribution volume defined as the region 
of the brain dosed above a certain thera-
peutic concentration threshold. In the 
scope of this paper, the threshold was set 
at 10% of the inlet drug concentration. In 
this paper, in vitro investigations using 
surrogate brain gels (agarose) were con-
ducted as a means of developing a stan-
dardized protocol for investigating the role 
of catheter design and infusion parame-
ters that maximize distribution volumes in 
convection-enhanced delivery method.  
Injection of two visible marker dyes, Try-
pan blue and Bromophenol blue, of vary-
ing molecular weights were infused at 
various flow rates (0.5-5 μl/min) into aga-
rose gel brain phantoms under observa-
tion to gather quantitative data regarding 
the distribution of therapeutics in the brain 
following CED. Computer models of infu-
sion into the brain were also created to 
predict patterns of drug distribution. The 
penetration depth, volume of distribution, 
and concentration profile of this dye is 
assessed for a variety of infusion policies.  
Achievable volumes of distribution in-
creased with convection-enhancement in 
comparison to that achievable by diffusion 
alone. In addition, a smaller cannula 
diameter and smaller weight species 
(bromophenol blue) produced larger pe-
netration depths and treatment volumes. 
Allowing the cannula to set into the gel, a 
method that mimics the healing of brain 
tissue around an inserted catheter re-
sulted in minimal leakback along the 
catheter and successful infusion to the 
target area when flow rates were lower 
than 5 μl/min. At flow rates higher than 
this, infusion patterns were unpredictable 
with extensive backflow (reflux) along the 
catheter shaft. Inserting the cannula into 
solidified agarose, injuring the gel, is 
relevant for cases where infusion through 
a catheter into the brain begins without 
allowing for healing time. This case re-
sulted in reflux back up the cannula in 
every trial, though reflux distance was 
decreased with smaller diameter cannu-
las and lower flow rates. 
 
A Review of the Progression 
of Transgenic Plants Used to 

Produce Plantibodies For 
Human Usage 
 

Elisa Ferrante, David Simpson, and 
Timothy C. Scott 
University of Virginia 
Published in Volume 4, Issue 1,  
June 2001 
 

Antibody production in plants has ac-
quired significance as an emerging sys-
tem for the production of many recombi-
nant proteins, particularly including those 
intended for therapeutic purposes. The 
use of transgenic plants would not have 
been possible without important advances 
in genetics and medical engineering 
fields. Such advances include the se-
quencing of DNA, the discovery of restric-
tion enzymes and various evolving tech-
niques of molecular biology. These de-
velopments, combined with the recogni-
tion that plants can be used as a human 
antibody production system, have stimu-
lated much research and discoveries. 
This article presents a general review on 
the subject, discussing successful ac-
complishments in research during the 
past years, the several applications of 
plant-produced substances and the ad-
vantages and disadvantages of these 
methods of production. Comments on 
methods of suppression and past and 
current research are also included, with 
emphasis on the use of plantibodies in 
oral vaccines for medical purposes.  
 
Combining Weather Data for 
a Dataset Sufficient for Ge-
nerating High-Resolution 
Weather Prediction Models 
 

Jared Fox* and Steven Ghan**  
*Arizona State University 
**Pacific Northwest National Laboratory  
Published in Volume 10, Issue 3,  
March 2004 
 

Assessments of the effects of climate 
change typically require information at 
scales of 10 km or less. In regions with 
complex terrain, much of the spatial va-
riability in climate (temperature, precipita-
tion, and snow water) occurs on scales 
below 10 km. Since the typical global 
climate model simulation’s grid size is 
more than 200 km, it is necessary to 
develop models with much higher resolu-
tion. Unfortunately, no datasets currently 
produced are both highly accurate and 
provide data at a sufficiently high resolu-
tion. As a result, current global climate 
models are forced to ignore the important 
climate variations that occur below the 
200 km scale. This predicament prompted 
the creation of a global hybrid dataset 
with information for precipitation, tem-
perature, and relative humidity. The re-
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sulting dataset illustrated the importance 
of having high resolution datasets and 
gives clear proof that regions with com-
plex terrain require a fine resolution grid 
to give an accurate representation of their 
climatology. For example, the Andes 
Mountains in Chile cause a temperature 
shift of more than 25° C within the same 
area as a single 2.5° grid cell from the 
NCEP dataset. Fortunately the CRU, 
U.D., GPCP, and NCEP datasets, when 
hybridized, are able to provide both preci-
sion and satisfactory resolution with glob-
al coverage. This composite will enable 
the development of both high resolution 
models and quality empirical down-
scaling methods — both of which are 
necessary for scientists to more accurate-
ly predict the effects of global climate 
change. Without accurate long-term fore-
casts, climatologists and policy makers 
will not have the tools they need to effec-
tively reduce the negative effects human 
activity have on the earth.  
 
In silico Analysis of the Phy-
logenetic Relationship Be-
tween Woolly Mammoths 
and Modern Elephants 
 

Abhishek D. Garg* and R. V. Hippargi** 
*G. H. Raisoni National College,  
Pt. Ravishankar Shukla University 
**Institute of Science, RTM Nagpur University 
Published in Volume 18, Issue 1,  
January 2008  
 

The African elephants (Loxodonta afri-
cana), Asian elephants (Elephas max-
imus) and Woolly Mammoths (Mammu-
thus primigenius) diverged approximately 
4-6 million years ago. The exact relation-
ship amongst them has always remained 
controversial. Morphological studies have 
suggested a Mammuthus Elephas clade 
while several others have supported 
Loxodonta Mammuthus clade. Recently, 
phylogenetic trees based on mitochondri-
al DNA (mtDNA) and nuclear DNA se-
quences of respective elephants, also 
refuted each other. This has left the phy-
logenetic relationship between these 
elephants unresolved. Present research 
was carried out in order to resolve this 
phylogeny and contribute towards further 
understanding of Elephantidae evolution. 
In the present investigation we attempted 
to resolve this phylogenetic relationship 
using a series of novel in silico methods 
and techniques. Initially, phylogenetic 
trees showing relationship between these 
three elephants (with Dugong dugon 
sequences serving as outgroups), were 
constructed via two methods (i.e. BIO-
neighbor joining or BIO-NJ and Maximum 
parsimony or MP methods available in 
software, PHYLIP v.3.6a3) on the basis of 
mtDNA gene’s and protein product’s 

sequences. Results thus obtained were 
found to be unbiased such that phyloge-
netic trees supporting both types of 
clades were retrieved. To solve this prob-
lem we employed the approach of in silico 
restriction mapping of mtDNA as a “tie-
breaker” to select the correct set of phy-
logenetic trees. These restriction maps 
were built using the approach of Ferris et 
al. (1981) through the online software, 
Webcutter v.2.0. Restriction map eluci-
dated that Loxodonta and Mammuthus 
had 20.65% restriction sites in common, 
as compared to only 1.85% common sites 
between Elephas and Mammuthus. This 
analysis led us to conclusion that the 
African elephant was a closer relative of 
the Woolly Mammoth and not the Asian 
Elephant. This result has important impli-
cations as it further resolves the Elephan-
tidae phylogeny. Apart from that, the 
above results also increase the already 
existing rift between evolutionary trees 
made from fossil records and those made 
off molecular sequences. Such phyloge-
netic analysis has important implications 
in future for solving complex evolutionary 
relationships of species as well as in 
assisting the phylogeographical studies of 
different species. 
   
Magnetic Properties of Sin-
gle Grain Icosahedral Rare 
Earth Mg-Cd Quasicrystals 
Prepared from a Ternary Melt 
 

Tony Huie, Suchitra Sebastian, and Ian 
R. Fisher 
Stanford University 
Published in Volume 8, Issue 1,  
August 2003 
 

In this paper we describe a method for 
growing high-purity single-grain R-Mg-Cd 
quasicrystals. For Rare Earth (R) ele-
ments Dy, Tb, and Gd, we report dc mag-
netization data taken from single quasi-
crystals. These quasicrystals demonstrate 
a temperature dependence that obeys the 
Curie-Weiss law at elevated tempera-
tures, T > 50 K, and a freezing behavior 
similar to canonical spin glasses at low 
temperatures. In particular, the quasicrys-
tal Gd-Mg-Cd displays an unusual corre-
lation between its freezing temperature 
and the strength of magnetic interactions 
in comparison to Tb and Dy quasicrystals.  
 
Peptidic Nanoparticles for 
Repetitive Antigen Display 
 

George Hwang and Markus Meier 
University of Connecticut  
Published in Volume 15, Issue 5, 
October 2006  
 

De novo designed peptide nanoparticles 
can have the size of a virus and carry 

antigenic information on their surface. 
Through genetic engineering, it is possi-
ble to mount almost any peptide-based 
epitope on the surface of the nanopar-
ticles. In theory, the nanoparticles can 
elicit an immune response when used as 
a vaccine. Burkhard et. al. have designed 
such a peptide nanoparticle that consists 
of 60 peptide monomers and which has a 
diameter of about 20 nm. Our goal was to 
develop a novel Human Immunodeficien-
cy Virus (HIV) vaccine by mounting HIV 
epitopes on the surface of the nanopar-
ticles. In this project, the forward and 
reverse strands of DNA oligomers that 
coded for a highly conserved portion of 
the HIV protein gp41 were annealed. The 
annealed oligomers were successfully 
ligated into the expression vector pP_3a 
that coded for the peptide monomer of the 
core particle. The recombinant DNA was 
transformed into the Escherichia coli 
strain BL21-(DE3)pLysS and the bacteria 
were cloned. The protein was expressed 
and purified successfully. The dialysis 
and refolding step did not work success-
fully and we propose a possible improve-
ment.  
 
A Correct Newton-Raphson 
and a Better Halley 
 

Kaiwen Leong and I. Fried 
Boston University 
Published in Volume 16, Issue 4, 
April 2007  
 

The lowly fixed-point recursion xn+1 = 
f(xn), which is at the bottom of the itera-
tive methods evolutionary ladder, should 
come before the Newton-Raphson me-
thod. Yet in calculus texts the latter takes 
precedence, due probably to the appeal 
of its plausible geometrical interpretation 
visualized so convincingly as sliding down 
tangent lines. But relying on graphs and 
pictures can lead to simplistic thinking. 
We show here for the first time how so-
phisticated iterative procedures are natu-
rally and easily derived from a simple, 
basic algorithm. Doing that we gain in-
sight into the working of Newton’s me-
thod. Specifically, we show that under 
some conditions the venerable method of 
Newton can be simplified (which we call 
the correct method,) a point that should 
be of interest to every student of Calculus 
as well as to every practical numerical 
analyst. We devise a novel simple proce-
dure for the derivation of higher order 
iterative methods of any degree, a proce-
dure that can be easily and appealingly 
presented to undergraduate students. 
Lastly, we show that these higher order 
methods are in some mathematical sense 
optimal.  
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Fatigue Crack Growth in 
2314 Aluminum Alloy 
 

Jennifer Mallory and Stoyan Stoychev 
Western Michigan University  
Published in Volume 15, Issue 5, 
October 2006  
 

The study of fatigue is of major engineer-
ing importance because cracks occur 
more frequently than expected. The goal 
of this research is to be able to better 
predict fatigue crack growth (FCG) in 
2324 Aluminum Alloy. Being able to accu-
rately determine FCG will help prevent 
disastrous failure of engineering struc-
tures. Through the experimentation of a 
varying stress intensity factor with a con-
stant stress ratio and constant amplitude 
loading, a better understanding of FCG is 
anticipated. Due to time constraints, only 
the stress ratio of 0.1 was tested for this 
paper. However, the resulting data from 
the test was compared with previous data 
obtained from the exact same test setup, 
and it was found to be comparable. This 
is the start of additional load ratio predic-
tions, which in turn will lead to the better 
prediction of FCG.  
 
Fabricating Superconducting 
Quantum Interference De-
vice, SQUID, Nanostructures 
for Single Spin Detection 
 

Myranda Martin*, Dr. Khalid Eid**, 
and Dr. Jeffrey Catchmark** 
*Lock Haven University of Pennsylvania 
**Pennsylvania State University 
Published in Volume 16, Issue 5, 
01 May 2007 
 

The overall goal of this project was to 
fabricate very sensitive microbridge Su-
perconducting QUantum Interference 
Devices, SQUIDs, using electron beam 
lithography followed by metal deposition 
and liftoff. The smallest lateral dimensions 
in the SQUID devices are those of the 
Josephson junction, which is 20 nm x 20 
nm. Two electron beam resists were 
stacked in a bilayer in order to get both 
ultrahigh resolution and good liftoff. The 
superconducting material was a 10 nm 
film of either niobium or aluminum. Nio-
bium and aluminum become supercon-
ducting at temperatures below 9.26 K and 
1.2 K respectively. Aluminum was depo-
sited through thermal evaporation and 
niobium using ultrahigh vacuum sputter-
ing, since it has a very high melting tem-
perature for thermal evaporation. The 
SQUID rings were then characterized with 
detailed imaging using Field Emission 
Scanning Electron Microscopy (FESEM).  
 

Use of Spatial Averaging to 
Investigate Protein-Ligand 
Interactions: A Molecular 
Mechanics Study 
 

Manuel J. Mora and Harry L. Price 
University of Central Florida  
Published in Volume 3, Issue 1,  
March 2001 
 

In the work presented here, the Hyper-
Chem molecular modeling program was 
used to construct substrate and analog 
complexes between the folate dependent 
enzymes dihydrofolate reductase (DHFR) 
and thymidylate synthase (TS). The flexi-
ble ligand-rigid binding site approach, 
together with molecular mechanics ener-
gy minimization, was used to investigate 
the stability of these complexes. Results 
of these calculations allowed for the cate-
gorization of key intermolecular interac-
tions involved in complex formation. Su-
perimposition of the optimized geometries 
of the ligands in the bound state yielded a 
collection (ensemble) of conformations 
and associated distributions of electro-
negative atoms (oxygen and nitrogen) 
that outlined the stereo-electronic charac-
teristics within the DHFR and TS binding 
site.  
 
Perfectionism and Loneli-
ness as Predictors of De-
pressive Symptoms: A Test 
of an Integrative Model 
 

Youngna Park* and Edward C. Chang** 
*Cornell University 
**University of Michigan 
Published in Volume 10, Issue 1, 
January 2004 
 

This study had three distinct objectives. 
First, to examine the relationships be-
tween perfectionism and loneliness to 
depressive symptoms. Second, to identify 
perfectionism and loneliness as unique 
predictors of depressive symptoms. Third, 
to examine whether perfectionism and 
loneliness interact to predict depressive 
symptoms. Results suggest that the three 
dimensions of perfectionism measured by 
the Multidimensional Perfectionism Scale 
(Hewitt & Flett 1991b) are significantly 
correlated with one another. In addition, 
loneliness was found to be correlated with 
depressive symptoms. Surprisingly, none 
of the dimensions of perfectionism were 
significantly correlated with depressive 
symptoms. Overall, perfectionism was 
found to be neither a significant main nor 
interactive predictor of depressive symp-
toms, while loneliness was found to be a 
significant unique main, but not interac-
tive, predictor of depressive symptoms.  
 

Electron Dynamics of Single-
Walled Carbon Nanotubes 
 

Monica Samec* and Randy Ellingson** 
*University of Toronto 
**National Renewable Energy Laboratory  
Published in Volume 10, Issue 1, Novem-
ber 2003 
 

Single-walled carbon nanotubes (SWNTs) 
have unique properties that lend them-
selves to many potential applications. In 
order for nanotubes to reach their full 
potential, it is necessary to have a com-
prehensive understanding of their elec-
tronic properties. However, acquiring this 
knowledge presents major challenges. A 
nanotube’s thermal, electrical, and physi-
cal properties vary significantly with its 
diameter and chirality. Since it is not yet 
possible to synthesize a specific type of 
nanotube, samples of many nanotubes 
with different properties must be used. In 
this experiment, laser deposition was 
used to synthesize SWNTs at different 
pulse widths. The material was then puri-
fied and cast into a 0.1% m.w. film using 
a nafion polymer. The UV-Vis-NIR spec-
tra of the samples were analyzed, and no 
significant differences in absorbance 
regions were found. Long- and short-
range dynamical spectra of the 2 µs pulse 
width sample were analyzed. A double 
exponential curve was fit to the initial 
ultrafast decay and a single exponential 
was fit to the slower decay. Based on the 
dynamics observed in other nanomaterial 
systems, the faster decays may be attri-
buted to charge carrier cooling and delo-
calization of charge along the nanotube, 
and the slower decay may be due to 
electron hole recombination. In these 
measurements, the decay attributed to 
charge carrier cooling becomes slightly 
more influential at a higher energy probe 
pulse.  
 
Localization of Nicotine-
Sensitive Cells in the Brains-
tem 
 

Akash M. Shah 
Arkansas State University,  
Arkansas Biosciences Institute 
Published in Volume 18, Issue 2, Febru-
ary 2008 
 

The pedunculopontine nucleus (PPN) is a 
mesopontine nucleus that contains choli-
nergic neurons and functions as part of 
the cholinergic arm of the reticular activat-
ing system (RAS). It is known to play a 
critical role in controlling the sleep-wake 
cycle, locomotor control, and modulation 
of sensory input. PPN neurons receive 
somatosensory and auditory input and 
their output is involved in coordinated 
flight-or-fight responses. Recent studies 
show that nicotine reduces the response 



         RESEARCHABSTRACTS

104  www. jyi.org                               Journal of Young Investigators                        The Best of JYI     

of a subset of PPN neurons elicited by an 
unexpected loud sound. This dose de-
pendent effect of nicotine on PPN output 
suggests that some PPN neurons ex-
press nicotinic acetylcholine receptors 
(nAChRs). However, the subtype of nico-
tine-sensitive receptors expressed by 
PPN neurons has not yet been identified. 
Therefore, this investigation was focused 
on identifying and localizing homomeric 
receptors composed of 5 α-bungarotoxin-
sensitive α7 subunits, which has been 
identified, most notably, in the hippocam-
pus. Localization of α-bungarotoxin-
sensitive α7 subunits containing nAChRs 
neurons was accomplished via labeling 
sagittal sections of fresh brain tissue with 
fluorescein labeled α-bungarotoxin (FITC 
α-BTX). Because α-bungaro-toxin-
sensitive α7 subunits were identified in 
the hippocampus, its FITC labeled α-
bungarotoxin labeled sagittal sections 
were used as the control in the project. 
Sections of the brainstem containing the 
PPN and hippocampus were stained with 
either nicotinamide adenine dinucleotide 
phosphate-diaphorase (NADPH-d), FITC 
α-BTX or both. Stained sections were 
inspected with fluorescence and DIC 
microscopy so that stained cells could be 
detected. Using this technique, NADPH-
sensitive neurons in PPN and FITC- α-
bungarotoxin stained neurons in the hip-
pocampus were located. However, this 
project was unable to locate α- bungaro-
toxin-sensitive α7 subunits containing 
neurons in the PPN. Future work to identi-
fy the subtype of nAChRs expressed by 
PPN neurons will rely on specific antibo-
dies to other nAChR subtypes.  
 
Development of Charged-
Coupled Devices for Preci-
sion Cosmology and the Su-
pernova Acceleration Probe 
Satellite 
 

Jessica L. Williamson, Hakeem M. 
Oluyesi, and Natalie Roe 
University of Alabama at Huntsville 
Published in Volume 17, Issue 2,  
July 2007  
 

Dark energy, which is believed to be a 
cosmic energy density that is gravitation-
ally repulsive and does not appear to 
cluster in galaxies, has been invoked to 
account for the recent measurement that 
the rate of the universe’s expansion is 
accelerating. To better understand these 
phenomena, scientists utilize type Ia 
supernovae as calibrated candles. Law-
rence Berkeley National Laboratory 
(LBNL) is developing the Supernova 
Acceleration Probe (SNAP), a space-
based telescope that will be used to iden-
tify and measure supernovae. The SNAP 

focal plane will consist of an innovative 
camera that integrates two cutting edge 
imaging sensor systems, one of which is 
the LBNL high purity charged-coupled 
device (CCD) for the visible light range. 
We report on the development of a novel 
technique for extending the spatial and 
photometric fidelity performance of the 
LBNL CCDs. In this study, results were 
obtained from measurements using a 
10.5 µm pixel pitch, 1.4k×1.4k format, p 
channel CCD fabricated on high-resistivity 
silicon at LBNL. The fully depleted device 
is 300 µm thick and backside illuminated. 
Measurements of the device’s transverse 
diffusion of charge carriers, and pixel to 
pixel uniformity are reported. Also pre-
sented are preliminary results from the 
first implementation of CCD Phase Dither-
ing, a novel technique for achieving sub-
pixel spatial resolution in under sampled, 
pixelated image data as will be obtained 
by the SNAP satellite. 
 
Modifying the Surface Che-
mistry of Silica Nano-Shells 
for Immunoassays 
 

Cintyu Wong*, Joel P. Burgess*, and 
Agnes E. Ostafin** 
*University of Rochester 
**Northwestern University  
Published in Volume 6, Issue 1,  
July 2002 
 

Silica shells are useful in many applica-
tions, such as sensitive optical interfero-
metric biosensors and drug delivery. In 
this experiment, the binding of sheep anti-
cytochrome C to silica gel and silica na-
noshells through various linkers was 
investigated. Treatments of linkers in-
cluded (1) silanisation using 3-
aminopropyl tri-methoxy silane (APS), (2) 
silanisation with APS followed by the 
crosslinker N-5-azido-2-nitrobenzoyloxy 
succinimide (ANB-NOS), and (3) no sila-
nisation. A two-step sandwich immunoas-
say was used to measure the extent of 
antibody attachment. Antibody activity 
was determined by assaying the propor-
tion of attached antibody that bound anti-
gen. For the silica nanoshells, levels of 
0.5% specific binding for APS and 1.5% 
specific binding for ANB-NOS were de-
tected. Approximately 10% of the bound 
antibodies on the APS and 12% on the 
ANB-NOS surface were active. However, 
the APS surface bound more antibodies 
on silica gel. For silica gel, there was 10% 
specific binding for APS and 3.5% specif-
ic binding for ANB-NOS-coated surfaces. 
About 12% of the bound antibodies on the 
APS and only 1% on the ANB-NOS-
coated surfaces were active. ANB-NOS 
was found to be the preferred linker for 
attachment of antibody to silica nano-
shells. Interestingly, the curvatives of the 

surfaces may partially explain the results. 
These results are important because the 
covalent linkage of antibodies to silica 
nanoshells may someday be used for 
targeted drug delivery.  
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