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_THE SEED
OF AN IDEA

Drexel engineering professors and students
have spent years perfecting simple planting
tools made from PVC pipes to improve the
lives of rice farmers in Thailand.
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_INVISIBLE WORLD
Diatoms are single-celled organisms that reside in
water at the bottom of the food chain. They are tiny
and virtually invisible to the naked eye. But what a
story they can spin.
The Academy of Natural Sciences of Drexel University has
the second-largest collection of diatoms in the world with
more than 220,000 slides — each containing hundreds, if
not thousands, of diatoms — dating as far back as the 1850s.
In the 1950s, the collection was named the Diatom Herbarium by the Academy’s late environmental scientist Ruth
Patrick. Patrick was a world authority on freshwater ecosystems who developed methods to monitor water pollution and
its effects on aquatic organisms. She identified diatoms as
key indicators of environmental quality — certain species
flourish in certain environmental conditions, so the abundance or lack of a particular species speaks to the health of
a waterway.
Today, the Diatom Herbarium is under the care of a group
of scientists led by Assistant Curator Marina Potapova, who
refers to the tiny organisms as “environmental archives”
because the silica skeletons they leave behind inform scientists about the past.
Potapova is in the middle of a multi-year project with
more than 50 other international collaborators to build a
comprehensive database of diatom flora of the United States,
for use in applied research. She is adding species from the
existing Diatom Herbarium, as well as those collected in the
field, and “bumping into new species all the time” along the
way, she says.

NAVICULA GERMAINII
Collected from the North Fork of Massie Creek (coordinates
39.757N, 83.790W) near Cedarville, Ohio, on Aug. 10, 2004.
This organism lives mostly in soft sediments in rivers in
temperate zones.
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M E LO S I R A M O N I LI FO R M I S
Collected from the mouth of Gavanskaya River on
Kamchatka, Bering Island, in Russia (coordinates 55.296N,
166.008E) on July 8, 2008.
This is a marine species that forms chains attached to rocks
and seaweeds.
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T ET R A C Y C LU S G L A N S
Collected from an unnamed lake in the Sakha (Yakutia)
Republic of Russia (coordinates 63.066 N, 138.813 E) on
July 20, 2003.
This species is found primarily in cold, pristine, alpine lakes.
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A U L A C O S EI R A A LP I G E N A
Collected from Bass Creek in Montana (coordinates 46.574N,
114.146W) on July 9, 2004.
This species prefers clean, oligotrophic lakes.
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_ABOUT THE COVER
This mesmerizing image
of a field of PVC pipes
was chosen by designer
Carla Delgado to represent the many hours
of work that Drexel
engineering faculty
and students and their
Thailand-based partners
have put into perfecting
inexpensive PVC-based
farming tools for rice
farmers in Thailand.

I

’m pleased once again to present EXEL, Drexel University’s annual survey of a research enterprise that continues to grow, and to produce amazing results.
In many cases, Drexel’s most exciting research looks outward — to Thai rice farmers
offered new equipment that makes their work less debilitating, or American policymakers grappling with the potential public health effects of medical marijuana legalization.
But several stories in this issue cover equally fascinating investigations that look deeply
inward, at the intricacies of the human brain and our behavior.
I am exceptionally proud of the work of the A.J. Drexel Autism Institute, dedicated to
better understanding the causes of autism spectrum disorders and exploring appropriate
treatments. Autism research is a personal passion, and in my inaugural address in 2010 I
promised that Drexel would be a champion for the families affected and the physicians and
therapists on the front lines. Dr. Craig Newschaffer and his colleagues have made good on
that promise with ambitious lines of inquiry, including a landmark national longitudinal
study of pre-natal environmental risk factors for autism.
Closely related is the plethora of neurological and brain-related research surveyed in
this issue. The College of Medicine and School of Biomedical Engineering, Science and
Health Systems bring complementary perspectives to questions of how our brains work,
and how we can help them work better. Along with colleagues across the University, they
are unlocking some of the deepest mysteries of our humanity.
It’s a privilege to share Drexel’s stories with you. I hope you will share them with others.

John A. Fry / President
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_EXPLORE EXEL ONLINE
There’s more to discover at EXEL Magazine online. Visit exelmagazine.org for
online-only exclusive content, including more in-depth coverage and videos
about our work, updates from our growing research enterprise and more.
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A M O N G _ T H E _ H I G H LI G H T S _ F R O M _ T H I S _ I S S U E
01 See DAVEI in action, a designer molecule developed at Drexel that neutralizes HIV by tricking the virus into self-destructing. 02 Learn about Drexel
researcher Joshua Jacobs’ discovery of special neurons in the human
brain that aid navigation. 03 Travel to Thailand to see why a team of Drexel
engineers was recently awarded a Bill & Melinda Gates Foundation grant
to help local rice famers manufacture labor-saving farming tools. 04 An indepth explanation of how School of Public Health Assistant Professor Amy
Auchincloss used Philadelphia's mandatory new menu labeling law to study
how consumers react to menu labeling. 05 Go inside the Drexel Autism van,
a new mobile clinic designed by Drexel students and used by the A.J. Drexel
Autism Institute for on-the-road studies and interviews. 06 The full story
on how engineering professor Jonathan Spanier and his team discovered a
boundary-breaking material for the construction of solar cells. 07 Watch as
two fossils discovered a century and a half apart are reunited by scientists
from the Academy of Natural Sciences of Drexel University.
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ARTIFICIAL INTELLIGENCE

_WHAT'S IN A GAME?
An interdisciplinary team is trying to better understand how to facilitate
game-based learning using artificial intelligence and virtual reality.

W

playing
a game, what does
your playing style say
about the way you learn?
Do you just want to figure
out what it takes to win, or
do you prefer to fully explore the game and master
the techniques?
A cross-disciplinary
team of Drexel professors,
with the help of a $150,000
National Science Foundation grant, is trying to
improve students’ learning success by making
games that can automatically adapt to a student’s
playing style: a person’s
tendency to be either a
goal-seeker or an explorer.
The project uses artificial
intelligence (AI) to help
kids to recognize their
strengths and weaknesses
as learners, then to foster
the self-awareness needed
to evaluate new situations.
“The idea is to use AI to
help self-regulate learning,” says School of Education professor Aroutis
Foster, who is collaborating
with digital media professors Jichen Zhu and Glen
Muschio. The game is based
in part on Foster’s PCaRD–
play-based pedagogical
model, which advances
learning through a synergistic process including
play, curricular activity,
reflection and discussion
in iterative cycles.
The immersive learning environment is an
outgrowth of Muschio’s interest in cultural heritage,
and is based on Charles
Willson Peale’s early-19thcentury art and natural
history museum housed for
a time in Philadelphia’s
Independence Hall. Peale,
best known for his por-
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_ A R O U T I S FO S T E R
Foster is an assistant
professor of learning
technologies in the
School of Education.

_JICHEN ZHU
Zhu is an assistant professor of digital media
in the Westphal College
of Media Arts & Design.

_GLEN MUSCHIO
Muschio is an associate
professor of digital
media in the Westphal
College of Media Arts &
Design.

traits of George Washington and other founders of
the nation, also collected
botanical and biological
specimens. The virtual
Peale museum serves as
the setting for the game,
during which the player
explores the galleries and
“earns” fossilized bones by
solving problems, eventually assembling the fossils
into the complete skeleton
of the extinct mastodon.
In the learning environment, “certain options become available or not available,” explains Muschio.
“But the player is unaware

that their choices are being
guided to the sweet spot
between exploratory and
goal-directed behavior.”
Zhu’s research on the
state-of-the-art AI technique called “experience
management” allows the
game to adjust based on
how the player interacts to
"make the game more adaptive, more personalized,”
says Zhu. The game records
a player’s every move, then
extrapolates from that
data to change the learning environment. While
the player maintains
autonomy and freedom,
the artificial intelligence
creates subtle guidance.
Zhu likens it to a movie
director, overseeing and
modifying the experience.
Both goal-seekers and
explorers can ultimately
be successful learners.
Goal-seekers, however,
often miss the nuances
while focused on getting the grade, whereas
explorers tend to value the
knowledge itself. The hope
is to allow students to nurture their innate tendency
while also nudging them
to tap into the flip side —
to get an explorer, for example, to know how to focus on a goal when needed,
such as working fast and
finishing an assignment,
and to get a goal-seeker
to master subjects for the
long-term. Raising one’s
awareness about how he
or she learns will produce
more efficient learners.
“The better self-regulated you are,” says Foster,
“the better learner you
will be, the better student
you will be, and the better
you will be prepared for
workplace conditions.”
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S O LV E _ P R O B L E M S , _ E A R N _ B O N E S
A rendering of the interactive game version of the Peale Gallery that showcases the Great
American Incognitum (mastodon) skeleton. The real-life mastodon was excavated by one
of Charles Willson Peale’s scientific expeditions. The player uncovers the Great Incognitum
bones by solving different problems and assembles the entire skeleton at the end of the game.
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MICROFINANCE

_A PLACE TO TALK CODE

_NEW PUBLIC ASSISTANCE APPROACH

M

yklipspics is a mobile
app that helps users
achieve the perfect
haircut. Scholly helps
students find available
scholarship money. And
ANS Explore! helps visitors
to the Academy of Natural
Sciences of Drexel University get the most out of
their visit.
These seemingly unrelated mobile apps have
one important thing in
common: They were created by Drexel students.
A 2014 gift from software
company Bentley Systems
has ensured that Drexel
students have a dedicated
space for app development,
housed within Drexel’s
ExCITe Center.
The new Application
Development Laboratory
(APP Lab) opened in January as a place for students
to collaborate with each
other, faculty and external entrepreneurs on

14

mobile apps. Staffed by
experienced developers,
the lab is equipped with
computers and a library
of standard code and data
useful for building apps.
A co-op position will be
available for Pennoni
Honors College students
and students can compete
for a small grant to support their proposed apps.
The lab’s website features online tutorials, or
“screencasts,” teaching
various app development
techniques. There are also
plans for occasional appsrelated public events, panel
discussions and demonstrations, and showcases
for student research and
development projects.
STEAM_AHEAD
Drexel's new App Lab
will help students further
develop their STEAM skills
(science, technology, engineering, the arts — which
apps most definitely require
— and mathematics) and
ability to work smarter and
collaboratively.

A new microfinance project has evolved out of a program created five
years ago by Drexel’s Center for Hunger-Free Communities to prevent
hunger and promote self-sufficiency.

M A R I A N A C H I LT O N
Chilton is an associate
professor and director of the Center for
Hunger-Free Communities at Drexel.

F

or 10 years, the center
for Hunger-Free Communities at Drexel’s
School of Public Health has
brought the issue of hunger
and its effect on maternal
and child health into the
national conversation —
and now it’s launching
a new initiative to help
families escape poverty
for good.
In 2008, the center’s Director Mariana Chilton created a unique public service
project that equips caregivers with digital cameras
to record their everyday
experiences with poverty
and hunger and share them
with the public. These
“Witnesses to Hunger,” as
they are called, expanded
from an initial group of 42
mothers in Philadelphia
to women across the state
of Pennsylvania and in
Boston, Baltimore and Camden, N.J., with more than
80 participants in total.
The witnesses brought
their struggles into the
public view through their
own photographs, hundreds of press interviews,
a 2013 feature-length documentary, and trips to the
State of the Union address
and to Capitol Hill.
Now, the center is using
what it learned from them to

BREAK_THE_CYCLE
Philadelphian mothers participating in the program will get
support and education about how to improve their economic
security and their children's overall health and well-being.

change the welfare system.
In June, the center
launched a microfinance
project called the Building Wealth and Health
Network, in partnership
with the Pennsylvania
Department of Public Welfare. The project will work
with 750 participants from
Philadelphia’s most struggling neighborhoods over
the next five years to help
residents achieve financial
self-sufficiency.
The project works
through a peer-oriented,
asset-building model
that helps women break
the cycle of poverty by

providing matched savings
accounts, financial literacy
classes and peer support
groups. The Commonwealth
of Pennsylvania allows
program participation to
count as fulfilling Temporary Assistance for Needy
Family (TANF), or welfare,
requirements.
Past research on lowincome mothers and
children from the center’s
Children’s HealthWatch
and Witnesses to Hunger
programs have contributed
to the center’s understanding of poverty and public
assistance, which will be
essential to the project.

photo by : beatrize c ., witnesses to hunger , camden , nj

Drexel’s new APP Lab is the official headquarters for
students interested in creating the next great app.
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_CSR IN THE WORKPLACE

_ETHICS OF ALGORITHMS

Do corporate social responsibility programs
improve employee performance? Yes, they do.

Two Drexel researchers are examining how
computer scientists’ personal values and cultural
influences shape the content of algorithms.

C

The project builds upon
evidence that low-income
mothers seek to build their
social networks to help others in similar situations,
and have proven entrepreneurship skills, even when
administrative structures
of public welfare can
inhibit a parent’s ability to
reach self-sufficiency.
The center’s research
also found that public
assistance programs are
essential for protecting and
promoting maternal and
child health, even though
they do not completely
protect families.
Bolstered with that information, the center hopes
to benefit not only people
in Philadelphia but to also
create a model of public assistance for the country.

a window into the values of
the customer.”
More specifically, if an
employee believes that customers share their excitement about the company’s
CSR activities, it can break
the ice and make conversations easier.

wisdom in the corporate
world is that in order
to motivate the frontline
employees who serve customers, corporations need
to increase their salary,
make them feel more positive about the company,
or give them more explicit
instructions on how to
interact with customers —
but is that really true?
A new study led by
Drexel's Daniel Korschun
examines how frontline
employees respond to corporate social responsibility
(CSR) activities such as
charitable giving, environmental programs and
ethical practices.
This is the first study to
trace the effects of CSR all
the way from perceptions
of the CSR activities to actual job performance. More
than 200 employees at a
major financial services
company were surveyed for
the study.
“We found that CSR motivates employees in an entirely different way,” says
Korschun. “Because CSR
communicates the values of
the company, it can become
urrently accepted

Perceived
Management
Support
for CSR

“Employees become more
confident that they know
what customers want,”
says Korschun. “And they
become more motivated
to serve those customers
because they see that they
care about the same sorts
of things.”
The study was published
in the May issue of the
Journal of Marketing.

Organizational
Identification

CSR
Importance
To Employee

Perceived
Customer
Support
for CSR

_DANIEL KORSCHUN
Korschun is an assistant
professor of marketing at
LeBow College of Business
and a fellow of both the
Center for Corporate Reputation Management and
the Center for Corporate
Governance at LeBow.

Customer
Orientation

EmployeeCustomer
Identification

A model linking corporate
social responsibility to
job performance among
frontline employees

Job
Performance

I

n today’s

technologydriven world, algorithms are everywhere.
By definition, they seem
simple enough: Algorithms
are formulas designed by
humans to solve problems.
But therein lies a problem.
Very little is known about
the experts and values that
shape those equations.
The ethics involved in the
production of algorithms
is the focus of research by
the College of Arts and Sciences’ Professor Kelly Joyce
and Kristene Unsworth of
the College of Computing &
Informatics. Funded by a
$300,000 National Science
Foundation grant, Joyce
and Unsworth are conducting in-depth interviews,
gathering information
based on their respective
fields of expertise.
Joyce is observing computer scientists who search
through big data in public
health and medical records.
Unsworth is examining
the creation of algorithms
that are used by security
professionals in a variety of
policing contexts. Both researchers are investigating
which information is included and which information gets left out through
the use of algorithms to
visualize big data.
“Our work is very much
concerned with the implications of our actions as
researchers looking out at
society,” says Unsworth.
“Everything we do now
leaves a huge data trail
that has the potential to
be mined by corporate
interests, health care or
the government. And we
need to think about how
we use it.”

Joyce and Unsworth’s
team has started fieldwork at their first site,
observing a group of
computer scientists in action. They’re focusing on
how they work with each
other and their client
to collectively create an
algorithm that will make
subsequent recommendations to consumers.
“[It’s difficult] to put
borders around the broader
issues of algorithm design,”

“[It’s difficult]
to put borders
around the broader issues of algorithm design. We’re
talking about what
ethics surround
writing an equation
or a sentence.”
— K ri s tene Uns wo rth , as s i s tant
p ro f es s o r i n th e Co l l eg e o f
Co mp uti ng & I nfo rmati c s

says Unsworth. “We’re talking about what ethics surround writing an equation
or a sentence. And we’re
predicting the potential of
what that might mean.”
There is still a lot to be
learned from the current
research, and still even
more from future observations and work sites.
“There’s a chance that
nothing negative could come
from this,” Unsworth says,
“but there’s also a chance
that we would uncover some
sort of personal information
or see trends that we don’t
really have the ethical or
professional guidelines for
dealing with.”
EXELmagazine.org
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_SHOULD FED PREVENT BUBBLES? _CIRCLE OF (DIS)TRUST
Marco Airaudo makes the case for intervention
in the markets.

S

hould central banks
be concerned about
fluctuations in asset
prices? If so, how should
monetary policy be used to
tame fluctuations?
These questions were
brought to the fore by the
dot-com bust of 2001 and
became even more urgent
after the 2007–09 Great Recession. But while most observers agree that there are
significant links between
financial markets and the
real economy, it remains
an open question whether
policymakers should take

MARCO AIRAUDO
Airaudo is an assistant
professor in the School of
Economics in the LeBow
College of Business.

pre-emptive actions to
deflate bubbles.
Marco Airaudo believes
they should. In a paper
under review with the
Journal of Money, Credit and
Banking, he argues that the
Federal Reserve should
intervene in asset and stock
market bubbles by raising
the federal funds rate. This
would stabilize the economy
by moderating large swings
in stock and asset prices.
Part of his argument
hinges on the expectations
of agents in the market —
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if agents anticipate asset
price appreciation, their
beliefs may be sufficient
to drive up market prices
even if their expectations
have no basis in economic
fundamentals (new patents,
breakthrough technologies,
government stimulus, etc.).
The Fed can use the federal funds rate to prevent
asset price bubbles in a
number of ways, Airaudo
argues. First, it can lower
the discounted value of
future expected cash flows
and therefore control the
current asset price surge.
Second, by making the cost
of money higher, it can slow
down the demand for credit
(corporate loans, mortgages,
etc…) which is often used
to finance asset purchases
(in particular, real estate),
thus bringing down their
asset prices. Third, these
actions would deflate the
expected resale value of the
asset itself, thus dragging
down the current price, too.
Has the Fed followed this
policy before the 2007–09
financial meltdown? A
review of empirical studies
by Airaudo suggests that it
did not. “Not surprisingly,
following the double-digit
inflation rates of the ’70s
and early ’80s, in the postVolcker era, changes in the
federal funds rate have been
mainly dictated by the Fed’s
concern for inflation stabilization,” says Airaudo.

Computer science professor Rachel Greenstadt is using authorship-recognition
tools to identify cybercriminals and assess the level of trust present in
Web-based hacker forums.

_RACHEL
G R E E N S TA D T
Greenstadt is an assistant professor of computer science in the
College of Computing
& Informatics.

R

achel greenstadt has
gone underground
and online to hunt for
hackers in digital forums.
They’re a slippery bunch
— they go to great lengths
to craft fake identities.
Through her research,
Greenstadt is hoping to
break through their secrecy
and learn more about who
they are and how they interact with each other.
Specifically, Greenstadt
wants to understand the
level of trust among profitdriven hackers, like those
who focus on money laundering or stolen passwords
and accounts, and how
they govern themselves in
online forums.
Her work is funded by
the National Science Foundation and is being fieldtested through collaboration with the Philadelphia
branch of the FBI.
In online forums or
marketplaces, users create
identities to post public
messages. Usually, the post
is about buying or selling
anything from hacked
credit card numbers to lists
of email addresses.
Users have to earn credit
and reputation to access
parts of forums and get
other users to trust and
trade with them.

7H15 M3554G3
53RV35 7O PR0V3
H0W 0UR M1ND5 C4N
D0 4M4Z1NG 7H1NG5!
1N 7H3 B3G1NN1NG
17 WA5 H4RD BU7
N0W, 0N 7H15 LIN3
Y0UR M1ND 1S
R34D1NG 17
4U70M471C4LL7
W17H 0U7 3V3N
7H1NK1NG 4B0U7 17!
C A N _ Y O U _ R E A D _ LE ET S P E A K ?
Leetspeak is an alternative alphabet used by hacker
communities in which letters are substituted with numbers.
For example, leet is slang for "elite" and is spelled "I337."

Trust has value, but
it can also be exploited.
“These are cybercriminals,
so sometimes they’ll break
the rules and create fake
identities in the same
forum to rip people off or
drive up demand," she says.
With help from students
in her privacy, security and
automation lab and Damon
McCoy, a collaborator at
George Mason University,
Greenstadt uses authorship-recognition tools and
cross validation to spot
doppelganger accounts.
“These are all hackers
and criminals, so occasionally the forums themselves
get hacked or an administrator gets angry at another
administrator and they’ll
post a dump of the forum,

including all the private
messages, to RapidShare.
com [a data-sharing website]
or something,” Greenstadt
explains. “That’s where we
get our data.”
Greenstadt, together
with postdoctoral researcher Vaibhav Garg, is exploring five different forum
dumps from around 2010
and 2011 — specifically
ones in German or Russian.
One student in her lab
can translate and speak
German, but the foreign
language barrier isn’t even
the biggest problem.
“It’s a challenging
dataset because it’s not in
English, but it’s also not really in Russian or German.
It’s in leetspeak,” Greenstadt says.
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_MXENE: A 2D STAR IS BORN
Since inventing a new conductive material three years ago,
researchers at Drexel and around the world are finding new
ways to adapt and apply it.

mxene images courtesy of babak anasori and members of the nanomaterials group

W

hen drexel researchers in the
College of Engineering's Department of Materials Science and
Engineering discovered a new twodimensional material in 2011, they
knew the possibilities were huge.
Not only was the material just a
few atoms thick, its structure showed
the potential to surpass current materials in terms of its properties and
how it could be used.
Now, three years after the initial
discovery of the material they named
MXene, many of those predictions
have proven true.
“There are so many different
MXenes, with dozens more possible,”
says Yury Gogotsi, a distinguished
University professor, trustee chair
and director of the A.J. Drexel Nanomaterials Institute. “The sky’s really
the limit, but it takes a lot of work
both modeling and experimental to
understand the properties."
Discovering a single new material would be considered a lifetime
achievement by many; Drexel researchers have discovered and tested
a dozen different MXenes within just
about three years.
“On a bad day, I could sit down and
give you a list of about 100 of them
that we could make in principle,” says
Michel Barsoum, an A.W. Grosvenor
Distinguished Professor.
Their findings have been published
in Science, Advanced Materials, Nature
Communications, ACS Nano and the Journal of the American Chemical Society.
As a result of the publicity,
MXenes are being studied by labs
around the world — a Chinese group
recently discovered that one form of
MXene could be used to remove lead
from water and a Russian group predicted that some will have attractive
magnetic properties.
“We expect so many more papers
like this, this year and next year,”
says Gogotsi. “We will all try to determine the most promising applications. It’s really exciting."

S TA C K _ T H E _ D E C K
Barsoum likens
MXenes to a deck of
cards. “Cards are nice
and you can put stuff
between the cards, but
if you throw the cards
up in the air and let
them fall all over the
ground, you can really
exploit their two-dimensional potential.”

NEW_CHARGE

N A N O _ B E A U T Y MXenes aren't just exciting new materials. When scanned, they
produce beautiful images. Many of these images were captured with a scanning
electron microscope at a magnification of more than 20,000 times.

_THE DISCOVERY PROCESS

_ T H E R E S U LT

Researchers found
that MXenes are
conductive like metals
or graphite, a material currently used in
lithium batteries in
smartphones, laptops
and electric cars. Researchers believe that
MXenes can overcome
graphite’s limitations
when used in batteries.

Barsoum
Gogotsi

Naguib

oxide

oxide

carbon &
conductive
metal

graphite
MXene was the result of
a collaboration between
Gogotsi and Barsoum.
Barsoum’s lab studied
materials called MAX
phases, which are
layered materials that
showed both ceramic
and metal properties.
Barsoum’s lab worked
to make these materials pure enough and
single-phase enough to
examine their properties, something that had
not yet been achieved.

About four years ago,
Gogotsi, who saw that
these MAX phases
were highly conductive
and had a layered
structure, much like
graphite, suggested
trying them as anodes
in lithium batteries. For
six months, with the
help of a Department of
Energy grant, they tried
to figure out how to
incorporate lithium into
MAX phases.

Nothing worked,
until their graduate
research student
Michael Naguib tried
hydrofluoric acid,
which, when combined
with MAX phases, left
behind a two-dimensional ceramic — titanium carbide — that
worked with lithium.
MXene was born.

MXene is a blockbuster
material for a few reasons. Barsoum likens
the two-dimensional
shape to a sandwich:
two layers of an oxide on
the outside and atoms of
carbon and a conductive
metal running through
the middle. The oxygen
in that outside layer
is important. It means
that MXenes can be
dispersed and processed
in water without use of
toxic organic solvents.

S I N G LE D _ O U T
Researchers have also
figured out how to
break layers of MXenes,
which are typically
stacked like Pringles
potato chips, apart.
So far, they’ve made
MXene paper, and are
studying what a single
MXene layer can do.
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_DANIEL MARENDA

_SEAN O'DONNELL

Marenda is an assistant
professor of biology,
co-director of the Cell
Imaging Center and
director of the biology
graduate program in
the College of Arts
and Sciences.

O’Donnell is a professor and associate
department head for
the Department of
Biodiversity, Earth
and Environmental
Science in the College
of Arts and Sciences.

TWO DREXEL RESEARCHERS
PROPOSE THAT AN INGREDIENT
IN A POPULAR ARTIFICIAL
SWEETENER COULD BE USED AS A
NOVEL HUMAN-SAFE PESTICIDE.
_by Katie Clark

_ F R U I T F LY
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_FULL
B E LLI E S
In experiments,
the erythritol
food option was
dyed to indicate
which flies had
consumed it.

ALL OF THEM
T O D I E.
it was a shocker for Assistant Professor of Biology Daniel
Marenda — he was certain the fruit flies in his son’s sixthgrade science fair experiment would last a few weeks, a
month even. Something in the artificial sweetener the flies
were eating was killing them, and fast. But what?
Inspired by the questions raised by his son’s project,
Marenda, who uses fruit flies in his research to study the
human brain, sought out Drexel’s head “bug guy,” Sean
O’Donnell, to get some answers.
“I only use insects to study the brain, so I needed someone who knew something about insects,” says Marenda.
“So, I bring the story to Sean and he looks at me and his
eyes keep getting bigger and bigger, and he said, ‘Let’s try
and test this for real.’”
Together, the pair performed a number of simple lab
experiments with Drosophila melanogaster fruit flies and a
variety of natural sugars, as well as artificial sweeteners
including the brands Truvia and PureVia.
“I assumed that it was going to be the stevia extract causing
all of the death,” confesses O’Donnell, who is the associate department head for the Biodiversity, Earth and Environmental
Science Department in the College of Arts and Sciences.
The experiments showed that Truvia, a top-selling sugar
substitute developed by The Coca-Cola Co. and Cargill, was
especially fatal to the flies. The sweetener is marketed as a
derivative of the stevia plant; however, a large concentration of it (89 percent) is erythritol, an FDA-approved, nonnutritive sugar alcohol that humans have been consuming
for over a decade. It’s safe for humans, even in large quantities, but lethal to fruit flies even in small doses, according
to O’Donnell and Marenda’s experiments.
In short, the toxic agent in Truvia is erythritol, and even
a little goes a long way when it comes to offing fruit flies.
“By days 3 and 4, the flies’ nervous systems were shot,”
says Marenda, “and by days 5 and 6, all of the flies in the
Truvia vials were dead.”
O’Donnell and Marenda wrote a paper on their findings,
which was recently accepted for publication in the online
journal PLOS ONE.
They propose in the paper the use of erythritol as an environmentally sustainable, human-safe pesticide. In fact,
Drexel University and the researchers are in the process of
pursuing a patent on this specific application of erythritol.
“I feel like this is the simplest, most straightforward
work I’ve ever done, but it’s potentially the most important
thing I’ve ever worked on,” O’Donnell says.
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Marenda goes on to say that around the time the two
were performing their experiments in the lab, a tragedy occurred in Bihar, India — 23 children died after eating rice
that had been contaminated with traces of organophosphorus, which is used in pesticides.
“It really underscored our need to have human-safe, yet
highly effective, pesticides,” Marenda says.
Because erythritol is sweet, flies are drawn to it. Things
like fungus in rotting fruit are most palatable to fruit flies,
Marenda says, but sugars and sugar alcohols are a close second. “Insecticides are not going to be useful if insects don’t
want to eat them,” he says.
Even when given access to alternative food sources,
the flies were attracted to erythritol like…flies. And they
dropped like them, too.
“Erythritol baits could function as an effective insecticide delivery mechanism in naturalistic situations where
insects have access to other foods,” O’Donnell says.
It was clear to Marenda and O’Donnell that erythritol is
lethal to fruit flies. But how exactly are they dying? The
researchers aren’t quite sure.
“We have speculation about how the erythritol is killing
the flies,” says O’Donnell. One possibility, he explains, is
that the erythritol is blocking sugars in the flies’ digestive
systems and “literally starving them to death.”
The next step in their research is to learn more about
what’s happening to the flies physiologically, O’Donnell
says. The researchers plan to perform experiments on
other insects such as termites, cockroaches, bed bugs and
ants. They also plan to conduct experiments with praying
mantids, which eat fruit flies, to test erythritol’s upward
strength in the food chain.
More important, though, is further examination of erythritol’s applications as a pesticide.
“We are not going to see the planet sprayed with erythritol and the chances for widespread crop application are slim,”
O’Donnell says. “But on a small scale, in places were insects
will come to a bait, consume it and die, this could be huge.”

DOSE-RESPONSE EXPERIMENT
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In a first-of-its-kind human study, volunteers were subjected
to Taser shocks and tested for cognitive impairment. Some
showed short-term signs of impairment comparable to dementia — raising serious questions about the ability of police
suspects to understand their rights at the point of arrest.
_by Isaiah Thompson / illustration by Tavis Coburn
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in the Philadelphia
Daily News in 2010 was an ordinary
police scanner report.
It recounted how a 56-year-old man, acting
erratically and holding a knife, was repeatedly
shocked by a stun gun* and then shot and killed by police officers on a side street in North Philadelphia. According to the report, the police used fatal fire after the man
failed to respond to the shock and “charged” an officer.
Witnesses, however, expressed different accounts of the
event. Some said that the man, a grandfather and veteran
named Harry Bennett with a history of mental illness,
had posed no threat and that the stun gun had appeared
to deliver a jolt: One witness believed it had caused a kind
of paralysis and that Bennett seemed unable to respond to
orders, including one to drop the knife, before he was shot.
The story — just one incident out of thousands involving stun guns each year — raises questions about the devices, which deliver a high-voltage electrical shock to temporarily disable a subject.
Had the gun really failed to work? How could the police
be sure? Was it possible that the electrical shock itself affected the man’s behavior?
he small story

_ROBERT KANE
Kane is a professor
and director of the
Drexel Criminal Justice
Program.
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SHOCK TROOPERS

In the more than two decades since law enforcement agencies began adding stun guns to their arsenals, police have
used Tasers, the most prevalent brand, on humans some
two million times, according to Taser International’s statistics. About 16,000 American police departments now use
the devices, up from 10,000 only a few years ago.
Yet despite widespread adoption by law enforcement,
much is unknown about exactly how the shocks affect individuals in police encounters fraught with complexity,
stress and danger.
The dearth of information on the subject inspired Drexel
Criminal Justice Program Director Robert J. Kane to ask a
question with potentially broad implications for the criminal justice system: What does a 50,000-volt shock do to an
individual’s ability to reason?
Last spring, Kane, along with three researchers at Arizona
State University’s (ASU) School of Criminology and Criminal
Justice — Associate Professor and co-principal investigator
Michael D. White, Assistant Professor Justin D. Ready and
graduate student Lisa M. Dario — designed a safe test that
they say constitutes the first randomized controlled test,
ever, of the cognitive effects of being shocked with an electric stun gun. The study was funded by the National Institute of Justice and the U.S. Department of Justice.
Specifically, the team was curious to learn whether receiving an electric shock from a Taser might affect the ability of a suspect to understand and rationally act upon his
or her legal rights. (Taser-branded devices were used for
the experiments and two of the company’s emergency room
physicians served on the research team’s advisory board.)
As anyone who’s seen a TV cop show knows, police making
an arrest are required to read the suspect a “Miranda” warning, named for the 1966 Miranda v. Arizona case requiring police
officers to inform suspects in custody of their Constitutional
rights against self-incrimination — immortalized in the wellknown phrase “you have the right to remain silent.”

But despite the ubiquity of Miranda
warnings in popular culture, Miranda
warnings themselves vary widely in content
and intelligibility: Some warnings are read
at second-grade level, while others show up
on reading-level tests as graduate-level language. What’s more, the Constitutional rights
they safeguard tend to be poorly understood in
general, and are often waived by suspects who
don’t fully understand what they’re doing —
decisions that can have profound impact on an
eventual judicial finding of guilt or innocence.
A 2010 study by researchers from the University of North Texas, the Harvard Medical School
and Southern Methodist University’s Dedman
School of Law found that college students and actual criminal defendants were about equally bad
at correctly answering questions on a quiz about
their rights in an arrest.
“Not only do they not know” their rights, says Dr.
Richard Rogers, the University of North Texas professor of psychology who led the study, “but there are
gross misconceptions.”
Moreover, police have been encouraged to use stun
guns in lieu of firearms particularly in cases when officers encounter suspects who are mentally ill, in the
throes of a psychotic episode or under the influence of
drugs — where a person’s understanding of their rights
might already be fragile.
Demographic statistics on stun gun use are hard to come
by, but one 2011 study by the New York Civil Liberties Union
found that 40 percent of stun gun incidents it reviewed
from around the state involved “at-risk” subjects including
the elderly, children and the mentally ill (the last category
made up one-third of the incidents).
Kane and his colleagues wondered what the presumably traumatic effects of being shocked would do to that
already-poor understanding.
“If you are exposed to a Taser and the cops [arrest] you,
10 or 15 minutes later, do you have the same cognitive ability to knowingly waive your rights?” Kane explains.
The Drexel/ASU team recruited 142 students from Arizona State University and divided them into four groups.
Half of the students received five-second shocks, and half
did not. To simulate the heightened physical state one
might expect in a tense police encounter, half of each of
the groups also spent time hitting a punching bag.
The researchers took a number of safety precautions:
Subjects were screened for health issues and any drug use
or intoxication, and the trials were conducted at a hospital, with nurses on hand throughout the trial.
* The generic name for Tasers and similar devices used in law enforcement is
“conductive energy device,” or CED. The more widely understood colloquial term,
stun gun, has been substituted here.
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But Kane doesn’t quibble when it comes to the act itself:
“We caused these students a great deal of pain,” he says. For
that reason, he expects the study will draw a fair amount of attention, or possibly even fierce criticism, when it’s published.
“There are scientists out there who believe we have acted
unethically,” Kane says. “But we believe very strongly that
there is a moral imperative here… Police have Tased over
one million people in America [another million officers
were exposed to Tasers during training], and until now we
had no idea about what this thing does to their ability to
make decisions.”
At six different stages before and after being shocked (or
not, in the case of the control group), the students were
asked to take a battery of cognitive tests, among them the
three-part Hopkins Verbal Learning Test. The test is widely
used to identify everything from mild learning impairments to dementia by measuring a person’s ability to learn
new information (a string of words) and then recall that
information after different intervals of time. The Hopkins
test was the closest thing they could think of, Kane says,
to a Miranda warning scenario, in which suspects are expected to understand their rights and act upon that understanding in a short time.
Some of the cognitive tests didn’t show much of a change.
But when it came to the Hopkins Verbal Learning test, cognitive ability among groups that received the shocks “decreased substantially” in the first hour or so afterward — so
substantially that some students’ scores on the tests shortly
after a stun gun shock registered at levels that can be classified as “dementia.”
The students who received shocks showed the most trouble in the “delayed recall” portion of the Hopkins test, says
ASU’s Ready.
“I would read off a list of words, then do a bunch of other tests, and then I would ask them to repeat the words,”
he says.
Students who had been shocked were noticeably worse
at remembering those words than when they took the
same test an hour earlier, and their scores declined substantially compared to the control group.
“We had people who scored zeroes,” Ready says.
Overall, students’ cognitive scores dropped an average of five points on the Hopkins test to a score of 21,
falling between a normal score of 26 and a classification of “mild cognitive impairment” at 18.
After an hour, the effect seemed to wear off, and
students’ scores returned to normal when they were
tested the next day.
“These were college students — used to taking exams, remembering things and writing stuff down,”
Kane points out. “You wonder what the results would
be among a more representative population.”

PARTING QUESTIONS

The findings raise a critical question for police and the
courts, says David Weisburd, a professor of criminal justice studies at George Mason and Hebrew universities who
published a pilot study by the researchers (using volunteer
police officers as test subjects) in the Journal of Experimental
Criminology, which he edits.
“Can a person who is [shocked by a stun gun] be seen as
responding to police requests in a way that meets legal requirements?” he asks.
The new findings, he says, suggests that maybe they
can’t. “This is critical information.”
The Drexel/ASU team’s work could eventually affect
police practices, says Geoffrey Alpert, a professor of criminology and expert on police practices at the University of
South Carolina. He conducted a three-year study
of stun gun use by police officers that found,
in a nutshell, that officers often use them
“too early and too often,” as he puts it.
“Police have Tased over
“It’s a really important point,” says
Alpert. “A lot of people have looked at
one million people in America
[stun gun]-related deaths, but no one
has really thought about cognitive
[another million officers were
issues. […] When do you interview
exposed to Tasers during traina witness? That’s a big question.
Policy-wise, maybe it’s important to
ing], and until now we had no idea
wait a little bit.”
about what this thing does to
As the researchers prepare the
study for publication, Kane and
their ability to make decisions.”
ASU’s White are planning a followRobert Kane, director,
up study focused on how or why cerDrexel Criminal Justic Program
tain “sub groups” within the study
were more susceptible to the effects of the
shocks than their peers.
“There’s a lot of variation” within the findings,
Kane says. Among those whose cognitive scores dropped
after being shocked, “some scored 12, some scored 18, some
didn’t drop much at all.”
As for the use of human subjects, Weisburd says he expects the study will cause a stir.
“[The study] raises the question of whether it is ethical
to cause potential harm to someone, to answer the question
that they try to answer. On the other side, how are we to gain
answers that are important to society if we cannot carry out
experiments like this?” he asks. “I don’t have an answer to
this conundrum.”
“I imagine,” Kane says, “that this might find its way
into ethics textbooks.”
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THY1-GFP-CB2
Mouse cerebral cortex at
10x magnification. Cell
types are labeled by color:
excitatory pyramidal neurons
are green/yellow, inhibitory
interneurons are red and cell
nuclei are blue. Each neuronal type has a specific role in
processing sensory information reaching the cortex.

SIGMA1 (facing page)

Xxxxxxxx

Mouse spinal cord at 20x
magnification, showing a
cluster of motor neurons
immunostained green for
Sigma1. Sigma1 is being
studied at Drexel as a player
in the progression of amyotrophic lateral sclerosis
(ALS), a fatal neurodegenerative disease that causes
progressive loss of the
motor neurons that control
muscle contraction.
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A NEW
COL LAB ORATION
Drexel is assembling an ambitious
translational research institute to
bring novel medical discoveries to
market, faster. _by Brian M. Schleter
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n 1989, scientists announced they had discovered
the defective gene associated with cystic fibrosis.
Many doctors and patients hoped that the
breakthrough would be quickly followed by genetic screening tests and drug treatments for the lethal
condition, which causes sticky mucus to build up in a person’s lungs and can result in frequent infections, difficulty
breathing and a lower life expectancy.
Instead, more than two decades passed and some 600,000
ineffective chemicals were ruled out before researchers
found a single molecule capable of combating the underlying cause of the disease. It wasn’t until 2012 that a new drug,
Kalydeco, was approved for a small number of people with a
particular mutation in the gene that causes cystic fibrosis.
The 23-year journey illustrates how challenging it is
to bring scientific discoveries to market as effective new
drugs, diagnostic tests and biomedical devices.

FROM ‘BENCH TO BEDSIDE’

Enter Drexel’s new Clinical and Translational Research Institute (CTRI), launched this year with the goal of being
fully operational over the next five to seven years.
Housed within the College of Medicine, the CTRI will secure early-stage funding for promising research and share
data, equipment and knowledge among University-wide
researchers to foster multidisciplinary collaboration — all
with the goal of bringing promising critical therapies to
market, faster.
“The CTRI represents the most logical venue to integrate
Drexel’s innovative basic science ideas and capabilities to
help generate applicable therapeutics to benefit sick people,” says Daniel V. Schid“The idea is to bring them out of their silos. low, MD, the Walter H. and
Leonore Annenberg Dean
All too often, people stay within their
of the College of Medicine.
CTRI Founding Director
department or their college or their lab.
James E. Barrett has spent
the past six months traversWe’re trying to heighten the level of
ing campus to meet with
awareness of these initiatives…”
clinicians and researchers
—James E. Barrett, founding director, CTRI
and determine what they
can potentially bring to
the table. The breadth and depth of resources available for
sharing at Drexel is “stunning,” he says.
“The idea is to bring them out of their silos,” says Barrett. “All too often, people stay within their department or
their college or their lab. We’re trying to heighten the level
of awareness of these initiatives across the entire University and make sure someone working in a lab on a particular problem knows of a technique or piece of equipment or
someone else within the University who can facilitate that
research and move it along more quickly.”
University-wide, researchers are already working on
some early-stage therapies — treatments for ALS, cancer
28

metastases, traumatic brain injury, tuberculosis and solutions to the side effects of HIV medications, to name a
few — that could benefit from the resources that the new
CTRI will make accessible and the funding that the CTRI
can provide to accelerate these therapies and enable them
to receive additional grants from outside sources.
One Drexel investigator is Michele Marcolongo, a Drexel
professor of materials science and engineering who has
previously co-founded two companies with novel technologies she developed that treat lower back pain.
Her lab designed and synthesized a novel molecule that
closely mimics aggrecan, the natural molecule shown to
regulate water uptake in every tissue in the body. An injection of Marcolongo’s synthetic molecules could act to
replace diseased or damaged tissues and prevent intervertebral disc degeneration, which happens when spinal discs
“dry out” and are no longer effective as shock absorbers.
She is now working with the CTRI and Mary Mulcahey,
MD, an orthopaedic surgeon in the College of Medicine, to
further develop the technology for patients with arthritis.
“This is a new way to regenerate tissue,” Marcolongo says.
“We’re using it right now to treat the urethra for urinary
incontinence. We’re treating the intervertebral disc. And
we’re treating the knee cartilage for arthritic conditions.”
CTRI will help researchers secure early-stage funding for
pilot projects using funds of its own (currently approximately $450,000 with plans for an increased amount next
year) and outside grants. The institute reached an important milestone in April when it awarded its first batch of
seed funds to support “proof of concept” experiments and
other proposals of clinical and translational significance.
Six projects were selected from 35 applications to receive
one-year grants of about $75,000. Each proposal was reviewed by three independent reviewers for scientific merit,
“fit” with the CTRI objectives, and the qualifications of the
principal investigator and the investigative team.
The projects that were chosen have objectives ranging
from neurological experiments, to testing plasma exchange
therapy as a treatment for individuals with complex regional pain syndrome (CRPS), to experimenting with a
novel molecule designed to cost less and last longer in the
treatment of arthritic knees.
Though CTRI is in its infancy, promoting translational
research requires key investments in research-enabling
infrastructure and resources, says Kenny Simansky, vice
dean for research in the College of Medicine and a professor
in the Department of Pharmacology and Physiology.
“What has been a big impediment across the campus
and in health science research in particular has been the
inadequate range and capacity of core instrumentation to
serve cutting-edge research,” Simansky says. “Drexel needs
to develop a broader range of capabilities and much more
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THY1-GFP
Mouse hippocampus at
10x magnification, with a
subpopulation of neurons
genetically labelled with
GFP (green color). The
hippocampal formation is
involved in many brain functions, including learning
and memory, spatial ability,
mood and emotion and is
therefore actively investigated by researchers studying
conditions such as autism,
depression, attention deficit
disorder and chronic pain.

CTRI SEED FUND
PROJECTS — YEAR ONE
_A NOVEL METHOD TO DETECT RIFAMYCIN
ANTIBIOTICS IN BLOOD SAMPLES
Funds will be used to develop an inexpensive, but accurate, diagnostic test
that can be used to assess the level of
anti-tuberculosis drugs in patient.

_DOES CLINICAL TREATMENT TARGETING
MITOCHONDRIAL DYSFUNCTION IMPACT ASD?
To investigate the above hypothesis,
50 children diagnosed with autism
spectrum disorder (ASD) will be treated
with a “mitochondrial cocktail” during a
three-month pilot study.

_TARGETING SIGMA1 FOR THE
TREATMENT OF ALS
This project will examine the effects of
compounds that modify a known genetic
and pharmacological target — Sigma1
— which is believed to play a role in
amyotrophic lateral sclerosis, or ALS.

_ASSESSMENT OF BRAIN RESPONSES
TO FOOD AS A MARKER FOR “LOSS OF
CONTROL” EATING
Researchers will use functional nearinfrared spectroscopy (fNIRS) to identify
brain regions associated with excessive
food consumption in obese participants
and develop a potential biomarker for
the behavior.

_THE EFFECT OF INTRA-ARTICULAR KNEE
INJECTIONS OF BIOMIMETIC AGGRECAN
IN MODELS
Researchers will study a molecule synthesized in Drexel labs that is designed
to provide more lasting pain relief to
arthritic knees than hyaluronic acid.

_THE EFFICACY OF PLASMA EXCHANGE
THERAPY FOR THE TREATMENT OF COMPLEX
REGIONAL PAIN SYNDROME
This project will investigate plasma
exchange therapy's efficacy in providing
relief to certain subjects suffering from
CRPS, a poorly understood, chronic
pain condition.
_ O N LI N E

To learn more about Honarvar's research and to see the film, visit EXELmagazine.org
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CHR2_GFP
This 20x magnification of a
mouse cerebral cortex shows
a pyramidal neuron transfected with the genes for
channelrhodopsin 2 (ChR2)
and GFP (green fluorescent
protein) using a lentivirus.
While still at an experimental stage, the clinical
potential of optogenetics is
being actively explored in
pathological states such as
Parkinson’s disease, chronic
pain and drug addiction.
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up-to-date and powerful instruments to help answer those
complex questions required in the current biomedical and
life sciences.” CTRI will be a magnet for attracting industry
partners, he predicts.
The new CTRI will combine a number of key research
cores. The first is already in place. The new Genomics Core
Facility headed by Garth Ehrlich, an internationally recognized professor of microbiology and immunology in the
College of Medicine, opened in the spring.
Ehrlich’s labs feature advanced technologies and equipment including a new, $1 million, third-generation Pacific
Biosciences DNA sequencing system that will make it faster
and easier for researchers to assemble or build genome models, and a cutting-edge system for studying gene expression.
Scientists studying bacterial invasion of human cells
and infectious disease in particular will benefit from the
services, Ehrlich says. Ninety-nine percent of bacterial species cannot be cultured in the laboratory. Until the advent
of these technologies, it wasn’t possible to perform full genome sequencing on these organisms. Now, they might also
have a way to “teach old bugs new tricks,” he says.
“It allows us to mine what we call the ‘genetic dark matter,’” Ehrlich says. “Many of these unculturable organisms
produce biologically active compounds that can be used as
drugs. The idea is to identify the genetic machinery they
use to make these drugs, move it into bacteria we know a
lot about so we can control the production of it, and have
them produce the drugs for us.”
The Genomics Core complements a planned Biorepository Core Facility — a sort of library of fluid and tissue
samples and other biospecimens collected from various
university studies that are preserved and made available
for other studies.
Another core facility will be dedicated to bioinformatics,
in which powerful computers analyze and interpret massive amounts of biological data. As more personal clinical
information becomes available for research, bioinformatics
units help universities to better centralize data gathered
from different labs, clinical investigations, patient electronic health records and epidemiological data in public
health to spur new ideas for investigations and discoveries.
Currently, these databases are scattered around the University, and not everyone knows they exist or has easy access to them, Barrett says. “There needs to be repository
for this information, integrating it and making it available
with all appropriate patient protections to investigators
who may want to ask questions about population studies,
the local community within Philadelphia area, or to see
what kind of patients are available for study.”
THE VIEW AHEAD

High expectations are riding on the new institute.
“The last several years I felt there were some limitations
in my ability to pursue certain kinds of research, just because there wasn’t a solid infrastructure that would allow
me to develop complex projects at the proper speed and in a
competitive way,” says Olimpia Meucci, MD, CTRI’s deputy
director and a professor of pharmacology and physiology in
the College of Medicine.

Food and Drug Administration-approved
treatments exist for

LESS THAN
500 OF THE
7,000+
KNOWN HUMAN
DISEASES.

Collectively, the new infrastructure will facilitate the
involvement of clinical investigators in research and will help
Drexel researchers outside the
College of Medicine do clinically
relevant research, she predicts.
“We may discover individuals
at Drexel of whom we were not
aware before, who can help in
our investigations,” says Jeffrey Jacobson, MD, a professor
of medicine in the Division of Infectious Diseases and HIV
Medicine in the College of Medicine.
He’s optimistic that CTRI will make Drexel research
more competitive for outside research funding.
“When attempting to secure research money from NIH
or foundations, it is helpful to have preliminary data to
support the idea you came up with,” says Jacobson. “CTRI
will foster those ideas by providing funding for initial
projects to develop preliminary data to provide a basis for
larger grant proposals.”
A long-term goal of CTRI is the creation of new academic
programs to train medical and graduate students and postdoctoral fellows in translational research, building on Drexel’s master’s program in drug discovery and development
and other initiatives within the graduate program. CTRI will
also work to engage the local community in outreach, clinical trials and medical information. If all goes well, Barrett
has a much larger, concrete ambition: “I would like a building for the CTRI,” he says.
Ultimately, the key to CTRI’s success will be getting clinicians and researchers to embrace the multi-disciplinary
approach that translational research requires.
“Believe it or not, some faculty don’t pay attention to
how translational their findings are,” Barrett says. “They
are interested in a particular mechanism, characterizing
it, exploring it, but not how it could be used therapeutically to develop a new drug. They may just not have resources to move it to the next level. Part of the barrier that
exists is simply not knowing what resources are available
and ensuring those are available for Drexel researchers to
advance their projects.
“Having a center to coordinate these activities… can really
move things forward much more quickly” and will substantially elevate the culture and climate in which biomedical research at Drexel is conducted and capitalized, he says.

It typically takes 14
years to move a new
therapy discovery to FDA
approval. Less than 5
percent of new therapies
ultimately win an FDA
nod, and the cost of
bringing one to market
averages $2 billion, according to the National
Institutes of Health.
Twenty-five times more
money is spent today on
therapeutic development than 50 years
ago, yet the number of
new drugs approved
each year has remained
virtually unchanged.
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_PREHISTORIC PUZZLE
Two matching turtle bones discovered at least 162 years apart are forcing paleontologists
to revise their understanding of how exposed fossils deteriorate over time.

FOUND:

2012

_TED DAESCHLER
Daeschler is an associate professor in
the Department of
Biodiversity, Earth &
Environmental Science
and associate curator
of vertebrate zoology,
vice president for systematic biology and the
library at the Academy
of Natural Sciences of
Drexel University.

I

n 2012, an amateur paleontologist hunting for
shark teeth in a brook
in Monmouth County, N.J.,
noticed a bone fossil lying
on a grassy embankment.
“I picked it up and
thought it was a rock at
first — it was heavy,”
says Gregory Harpel, an
analytical chemist from
Oreland, Pa.
Harpel brought the bone
to Jason Schein, assistant
curator of natural history
at the New Jersey State
Museum, who along with
David Parris, the mu-
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seum’s curator of natural
history, recognized the
fossil as a humerus — the
large upper arm bone —
from a turtle, that was
broken so that only the
distal end, or end nearest
to the elbow, remained.
Parris joked with Schein
that perhaps it was the
missing half of another
partial turtle limb housed
in the collections at the
Academy of Natural Sciences of Drexel University.
The bone in the Academy’s
collection was also broken
at the shaft.

When Schein brought
Harpel’s fossil to the
Academy, sure enough,
the bones matched.
“As soon as those two
halves came together, like
puzzle pieces, you knew it,”
says Drexel's Ted Daeschler.
The surprising puzzle assembly upsets conventional
wisdom in paleontology,
where it is believed that fossils found in exposed strata
of rock will break down from
exposure to the elements
if they aren’t preserved, at
least within a few years —
or decades at the most.

There was no reason
to think a lost half of the
same old bone would survive, intact and exposed,
in a New Jersey streambed
from at least 1849 to 2012.
The Academy’s older bone
was also unique, making a
perfect match seem even
more unlikely. It was the
first, or type specimen, of
its genus and species, Atlantochelys mortoni, and was the
only known fossil specimen
from that genus and species.
It remained so until
that fateful day when
Schein carried the “new”

New Jersey fossil to the
Academy, where Academy
paleontology staffers Jason
Poole and Ned Gilmore
connected the two halves.
The perfect fit between
the fossils left little space
for doubt. Stunned by the
implications, Schein and
staffers called Daeschler
into the room.
“Sure enough, you have
two halves of the same
bone, the same individual of
this giant sea turtle,” says
Daeschler. “One half was
collected at least 162 years
before the other half.”
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Humerus
bone

_PREHISTORIC GIANT
Based on the complete humerus
bone, paleontologists calculated
the animal’s overall size to have
been about 10 feet from tip to
tail, making it one of the largest
sea turtles ever known.

FOUND:

bone : drexel university ; illustration : jason poole ,
academy of natural sciences of drexel university

1849

Now, the scientists have
evidence that exposed
fossils can survive longer
than previously thought.
They report their remarkable discovery in the 2014
issue of the Proceedings of the
Academy of Natural Sciences
of Philadelphia.The find was
also featured in the April
2014 issue of National Geographic magazine.
“The astounding confluence of events that had to
have happened for this to
be true is just unbelievable,
and probably completely
unprecedented in paleon-

tology,” says Schein.
The scientists believe
that the entire unbroken
bone was originally embedded in sediment during
the Cretaceous Period, 70
to 75 million years ago.
Those sediments eventually eroded and the bone
fractured millions of years
later during the Pleistocene or Holocene, before
the bone pieces became
embedded in sediments
and protected from further
deterioration for perhaps
a few thousand more years
until their discovery.

P E R F E C T _ M AT C H
The two partial limb fossils from the ancient sea turtle Atlantochelys mortoni fit together
perfectly, leaving little room for doubt that they are from the same bone. The distal half
(left) was discovered in 2012; the proximal half (right) has been in the collections of the
Academy of Natural Sciences of Drexel University for more than a century and is shown
with its original labels. It was first described in 1849.
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_SOLAR ENERGY BREAKTHROUGH

_CROWDSOURCED BEETLES

Researchers have identified a compound that could make solar cells less
expensive, easier to manufacture and more efficient.

T

he best solar panels

wring every drop of
energy from as many
photons as possible. This
goal has sent chemistry,
materials science and physics researchers on a quest to
boost the energy-absorption
efficiency of photovoltaic devices, but existing
techniques are running up
against limits set by the
laws of physics.
Now, researchers from
Drexel and the University of
Pennsylvania have identified a new material for solar
cell construction that may
push these boundaries.
Their project — published in Nature — was led
by Jonathan E. Spanier, a
professor in the College of

_ J O N AT H A N
SPANIER
Spanier is a professor
in the College of Engineering’s Department
of Materials Science
and Engineering.

(in which electrons travel
in one direction without
having to cross from one
material to another) for visible light such as that which
comes from the sun.
The “bulk” phenomenon
has been known since the
1970s, but manufacturers

BRIGHT_IDEAS

Engineering at Drexel; Andrew M. Rappe and research
specialist Ilya Grinberg of
the Chemistry Department
in Penn’s School of Arts
and Sciences; and Peter K.
Davies, chair of the Department of Materials Science
and Engineering in the
School of Engineering and
Applied Science at Penn.
Their goal was to find a
robust oxide that exhibits
the bulk photovoltaic effect
34

New perovskite oxide materials could be used to create
more efficient solar panels.

haven’t built solar cells that
way because the effect has
only been demonstrated
with ultraviolet light, and
most of the energy from
the sun is in the visible and
infrared spectrum.
As no known materials
exhibited a strong bulk photovoltaic effect for the most

important part of the solar
spectrum, the research
team relied on chemistry
and materials science to
devise how a new one might
be fashioned and its properties measured.
For more than five
years of research,
they searched for
the desired properties in
a type of crystal material called perovskites.
Perovskite crystals can
have the same cubic lattice
of metal atoms, but inside
each cube is an octahedron of oxygen atoms, and
inside each octahedron
is another kind of metal
atom. The relationship
between these two metallic
elements can cause them
to move off center, making
the structure polar and
giving directionality to the
flow of electrons.
After several failed
attempts to physically produce the specific perovskite
crystals they had theorized, the researchers had
success with a combination
of potassium niobate, the
parent, polar material and
barium nickel niobate,
which contributes to the
final product’s bandgap
(the range of light frequencies it captures).
“The parent’s bandgap is
in the UV range,” Spanier
says, “but adding just 10
percent of the barium
nickel niobate moves the
bandgap into the visible range and close to the
desired value for efficient
solar energy conversion.
"This family of materials
is all the more remarkable
because it is comprised of
inexpensive, non-toxic and
earth-abundant elements,"
Spanier says.

To collect data about an elusive beetle, one researcher
turned to the Internet.

BUGSPOTTERS
The beetle’s long
antennae and bright
cobalt blue and yellow colors—Drexel
colors, almost—
make it easy to spot.

I

study
the elderberry
longhorn beetle,
Dan Duran had to do
some experimenting
with crowdsourcing.
Duran, who is
an assistant
teaching
professor
in the Department of Biodiversity, Earth & Environmental Science, believes
that the beetles may hold
clues to the effects of habitat fragmentation.
But getting data on
the species is a project in
itself. Most records about
the bug, formally known
as Desmocerus palliatus, are
from more than 30 years
ago. Plus, the location
and number of beetles are
believed to have declined
since then, though no one
really knows for sure.
The beetles live in
wetlands all over eastern
North America, and Duran
couldn’t possibly visit
them all.
n order to

Adult beetle
at actual size
(between 17 mm
and 26 mm)
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The solution? Duran
asked the public for help
through SciStarter, a website that connects volunteers with scientists to collect and analyze data. He
posted his project last May,
right before the beetles
become most active.
He asked people to take
photos of the beetle, along
with information about
what the beetle was doing,
whether or not it was on a
plant and when and where
the picture was taken.
“Getting regular people
connected to science and
conservation is the only
way to make this happen,”
Duran says.
By taking the project
outside of the ivory tower
and into the yards and
swamplands of the public,
Duran has received more
data than he hoped for.
Nearly 900 people in Pennsylvania and surrounding
states have signed up for
the project, and 38 people
wrote in with sightings in
the first seven months of
the project.
He’s received more
than just photos,
and the project
isn’t just about
the beetles. Anyone who
responds to the SciStarter
campaign already has a
general interest in the beetles and Duran’s project,
and most ask more about
the beetles or results when
they submit photos. It’s
safe to say that Duran has
learned a lot more than
just the locations of the
beetle — which is exactly
what he wanted.
“I’m always interested
in anything that gets the
public interested in science,” Duran says.

E N V I R O N M E N TA L S CI E N C E
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_DEADLIEST CATCH

_HARVESTING ENERGY'S FUTURE

A new Drexel study shows that Costa Rica’s
longline fisheries threaten the survival of eastern
Pacific sea turtles and other marine life.

Researchers are working to turn grasses that
grow in areas unfit for farming into a new source
of fuel and energy.

O

I

decade
or so, the secondmost-common species
caught by Costa Rican longline fisheries was not a fish
at all. It was sea turtles,
and vulnerable populations
of them at that.
A research team that
includes Drexel’s environver the past

_JAMES SPOTILA
Spotila is the Betz
Chair Professor of
Environmental Science
in the College of Arts
and Sciences.

mental science expert James
Spotila estimated that more
than 699,000 olive ridley
and 23,000 green turtles
were caught during the
period they studied, which
ranged from 1999 to 2010.
These findings and more
were reported in the Journal
of Experimental Marine Biology
and Ecology. The researchers
argue that time and area
closures for the fisheries
are essential to protect

these animals as well as to
maintain the health of the
commercial fishery.
The researchers used data
from scientific observers
on longline fishing boats
who recorded every fish
and other animal caught by
the fishermen and the locations of the captures and
fishing efforts.
“It is common to see sea
turtles hooked on longlines
along the coast of Guanacaste in Costa Rica. We can
set some free but cannot free
them all,” says Spotila. “The
effect of the rusty hooks may
be to give the turtles a good
dose of disease.”
The researchers also
observed that longlines
caught large numbers of
silky sharks, stingrays,
sailfish and yellowfin tuna.
And many small blacktip
sharks were captured in an
area near the Osa Peninsula, indicating that fishing
was occurring at a nursery
ground for that species.
Based on their findings,
the researchers caution
that populations of fish
affected by the Costa Rican
longline fishery may be in
danger of collapse.

C AT C H _ A N D _ R E L E A S E
Researchers observed large numbers of sea turtles, including green turtles like this one, captured in Costa Rica’s
longline fisheries.

magine using weeds like
switchgrass and willow
as fuel for your car or
to heat your home. It’s possible, and the College of Engineering’s Sabrina Spatari
is trying to provide some
answers that could help propel the nation’s path toward
finding a substitute for oil.
Spatari was selected by
the U.S. Department of
Agriculture to join three
separate teams of researchers who are looking at
ways to turn plants into
fuel for vehicles and energy production.
The process they're investigating looks something

“You have to
imagine that the
entire field of
switchgrass is
equivalent to
the oil well.”
like an incinerator at a
waste management plant,
but the material being fed
into this reactor — the
“feedstock” — is woody
plants. The reactor heats
plants in an oxygen-free
environment at extremely
high temperatures. Through
pyrolysis, the feedstock
is converted into a brown
fluid called “bio-crude,” a
precursor to biodiesel fuel.
“For this land-based
model of energy production, you have to imagine
that the entire field of
switchgrass is equivalent
to the oil well — the energy is coming from a much
larger area of land and
must then be condensed
into a fuel source that is
small enough to transport

_ S A B R I N A S P ATA R I
Spatari is an assistant
professor of civil,
architectural and environmental engineering in the College of
Engineering.

— this does not happen
without consequences for
the environment and for
people,” says Spatari.
Spatari’s main concerns
are the effects of using land
for the fuel production
process that had previously
never been used to grow a
crop that was harvested,
either due to the slope, soil
quality or climate. Several
of the plants that are being
researched as feedstocks
— the base substance for
making the biofuel — have
been chosen because they
grow in areas not being
used for agriculture.
“We need to look at what
happens to the soil and
the water runoff in those
areas if we actually start
to harvest these plants,”
Spatari says.
Another of Spatari’s
models addresses the socioeconomic impact of using
farm land to grow these
“energy crops.”
Guiding each of these
models is the drive to minimize carbon-dioxide emissions. The USDA is funding
six regional research groups
throughout the country to
investigate the feasibility of
each area producing enough
biofuel to support itself
without having to transport
fuel from other areas.
EXELmagazine.org
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GREEN ARCHITECTURE

_FISH 'N' HIPS

_LAKE LAB

_ BUILDING ON HUMAN BEHAVIOR

I

“Human factors” — how people individually adapt
to office temperatures — play into the design and
operation of sustainable architecture.

Newly described pelvic bone fossils from an ancient
fish species challenge the existing theory of the
evolution of walking in vertebrates.

_TED DAESCHLER
Daeschler is an associate professor in
the Department of
Biodiversity, Earth &
Environmental Science
and associate curator
of vertebrate zoology,
vice president for systematic biology and the
library at the Academy
of Natural Sciences of
Drexel University.

S

cientists studying the
fossil of an ancient
fish species discovered 10 years ago have
determined that the fish
represents a key link in
the evolution of hind legs,
not just the front legs.
The team who discovered
Tiktaalik roseae, a 375million-year-old transitional species between fish and
the first legged animals,
suggest that the evolution
of hind legs actually began
as enhanced hind fins. This
challenges the existing
theory that large, mobile

hind legs were developed
only after vertebrates
transitioned to land. Their
findings were published in
the Proceedings of the National
Academy of Sciences.
The Tiktaalik fossil was
discovered in 2004 in
northern Canada by a
team that included Drexel's Ted Daeschler. Other
team members were Neil
Shubin of the University
of Chicago, and the late
Farish A. Jenkins Jr. of
Harvard University.
A lobe-finned fish with a
broad, flat head and sharp
teeth, Tiktaalik looked like
a cross between a fish and
a crocodile.
Until recently, only
material from the front
portion of Tiktaalik had
been described. The rear
portion was retrieved when
researchers investigated
additional blocks recovered
from the dig site.
The scientists speculate
that it’s possible the fish
could walk with its hind
fins. African lungfish living
today have similarly large
pelves and walk underwater on the bottom.

B A LL _ A N D _ S O C K ET ' H I P '
The pelvis bone has a prominent ball-and-socket hip joint,
capable of operating like the joint of a limb.
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magine a pristine, glacial
lake serving as a unique
living laboratory for
studying water quality and
climate change. Researchers at Drexel and its Academy of Natural Sciences of
Drexel University will have
access to such a 13,000-yearold lake and more thanks
to a recent agreement with
the Lacawac Sanctuary

13,
000
YEARS Age of Lake Lacawac.

The 52-acre glacial lake is
part of the Lacawac Sanctuary
in northeastern Pennsylvania.

Foundation to form an environmental research and
education consortium at
Lacawac Sanctuary in the
Pocono Mountains.
The agreement includes
plans to construct a new
research laboratory at
Lake Lacawac.
The sanctuary is a
545-acre nature preserve,
ecological field research
station and public environmental education
facility in Wayne County
that boasts over a mile
of undisturbed shoreline
on Lake Wallenpaupack,
eastern Pennsylvania's
largest recreational lake.
Preservation and research
within Lake Lacawac and
its surrounding watershed
is critical because the
upper Delaware River watershed serves more than
15 million people in New
Jersey, Pennsylvania, New
York and Delaware.

W

office’s air
conditioning or heating becomes uncomfortable, what measures
do you take to adjust? Do
you play with the thermostat, add or remove layers
of clothing, or maybe use
a fan or space heater? A
Drexel engineer is looking
at how these behaviors
affect individuals' thermal
comfort and an office’s energy usage with the hope of
informing design practices.
Jared Langevin, a
doctoral student in the Department of Civil, Architectural and Environmental
Engineering, is developing a computer model for
architects, engineers and
building managers that
accurately reflects how
people adjust to their thermal environment at work.
He’s building the model
based on findings from
a yearlong, National Science Foundation–funded
study he conducted at an
office building in Center
City Philadelphia. The
four-story, 58,000-squarefoot building was recently
renovated to give it the
top rating for green design
from the U.S. Green Building Council.
For two weeks in each
season, Langevin surveyed
24 people who work in the
building to learn how they
adapted to the thermal environment of their office.
He also tracked temperature, humidity and
air velocity from multiple
sensors installed in each
of the offices, as well as
the current states of fans
or heaters (on or off) and
nearby windows (open
or closed).
hen your

Langevin says architects
and building engineers
strive to incorporate design
tactics (better insulation,
natural lighting, etc.) to
maintain the “target temperature” of their buildings
with minimal additional
energy use. But he says that
existing modeling software
is missing an important
element, says Langevin.
Human factors.
“If some people are using
heaters in the summer because they are so cold from
the air-conditioning, might
it be more efficient to use
less air conditioning and
provide desk fans, which
use very little energy, for
those who tend to be warmer, to ensure they are still

LAYERED
Part of Langevin’s survey
instructed subjects to explain
how they had modified their
clothing that day to make
themselves more comfortable with the temperature
of their office.

comfortable? These are the
sorts of basic questions that
our model will help building managers and designers
answer,” Langevin says.
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_HIVE MIND
The sensory regions of the brains of wasps develop
differently based on their social function within the hive.

I

n paperwasp colonies, the

queen of the hive is a
homebody who mostly
stays in the dark. The worker wasps, on the other hand,
fly outside to seek food and
building materials. And the
difference in how much
they see and experience of
the world around them is
written on their brains.
A new study in Behavioral Ecology and Sociobiology
indicates the brain regions
involved in sensory perception develop differently
among the wasp castes that
rely more on their senses.
“The wasps in different
castes within a colony don’t
differ much genetically,”
says Sean O’Donnell, a
professor in the College of
Arts and Sciences' Department of Biology who led the
study. “The differences we
see show the signature of
the environment on brain
development.”
O’Donnell’s team found
that the queen wasps had
smaller brain regions for
processing visual information than the workers in
their own colonies. The
pattern held across most of
the 12 species of paperwasps
they studied.
“The strong behavioral
and ecological differences
between individuals within
insect colonies make them
powerful tools for studying
how individual brain differences come about, and their
functional significance,”
O’Donnell says.
O’Donnell noted that
sampling juvenile wasps
at multiple stages of brain
development would help
confirm the finding suggested by his study.

S T U D Y _ S U B J EC T S

INSIDE_THE_BRAIN
O'Donnell's study showed
that paperwasps in different
castes have different-sized
sensory brain regions.

A colony of paperwasps,
Apoica pallens. O'Donnell
and his team compared
brain sizes of worker and
queen wasps in this and 11
other species to determine the
relationship between behavioral
sensory environment and sensory
brain structures.
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In species where adult
wasps fight for the queen
position, it would make
sense for the caste brain
differences to be less
pronounced than in species
where adult wasps emerge
with their caste roles
already established — if
brain development followed
a preordained program for
each assigned role. Instead,
the researchers found
larger differences between
worker and queen wasp
brains in species where
adult wasps fought for
dominance — a finding that
suggests brain plasticity, or
development in adulthood
in response to environmental and behavioral needs.

Worker
Reproductive
Caste

Worker
Caste

CASTE_SYSTEM
In some species of paper wasps,
female adults fight for the queen
position. In other species, adult
wasps emerge with their caste
roles already established.

Female Queen

Male Drone

Unmated Female
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_TRAINING DAYS

_TRACKING TINY TWISTERS

A World Bank project in Mongolia is filling the
country’s top ecological ranks with Westerntrained climate scientists.

I

n mongolia’s

large cities,
nomadic families who
have lost their herds
are forming tent communities in growing numbers.
The settlements are
one consequence of the
region’s rapid climate
change. More intense
rainfall coupled with
heat waves have harmed

the Institute for Mongolian Biodiversity and
Ecological Studies at the
Academy of Natural Sciences of Drexel University.
Between 2002 and 2006,
Goulden recruited young
Mongolians and paired
them with academic
mentors from overseas
universities to prepare

GPS tracking and radio transmitters give researchers a peek inside
the world of newborn pine snakes.
marked burrows into small
fenced-in areas rigged by
the researchers to capture them. The team then
surgically implanted the

_ W A LT E R F . B I E N
Bien is a research professor in the Department of
Biodiversity, Earth & Environmental Science and
director of the Laboratory
of Pinelands Research.

T
Russia
Lake Hovsgol
area

Mongolia

China

C LI M AT E _ A P P R E N T I C E S
Clyde Goulden has been conducting climate research
around Lake Hovsgol in Mongolia for 20 years. The researchers he trained continue to study the lake's ecology.

grazing conditions on the
steppes, causing malnourished livestock to perish
during the harsh winters.
Herdless, the families seek
work in the cities. Urban
unemployment has been
climbing.
But although Mongolia
has experienced warming
at twice the rate of other
regions of the world, until
recently the country had
few native-born climate
change scientists to focus
on the problem.
That is beginning to
change, owing to a program created in 2002 by
Clyde Goulden, the director of the Asia Center and
38

them to pursue advanced
environmental degrees in
the West.
A decade later, the
fruits of those labors are
now taking seed. Most of
the young trainees have
completed their doctoral
degrees and are now beginning to return home and
join the country’s nascent
climate science elite. They
can be found in the climate change department
of the Mongolian environmental ministry, heading
the ecology program at
National University of
Mongolia, and working for
freshwater initiatives, to
name a few.

he northern pine snake
is a charismatic ambassador for the Pinelands National Reserve,
an ecologically important
region in New Jersey.
Drexel students working
with Walt Bien’s Laboratory of Pinelands Research in
the New Jersey Pinelands
have conducted a number
of studies of the docile,
nonvenomous creatures.
One project, led by
graduate student Kevin
P.W. Smith, is some of
the first work ever done
to study the behavior of
newborn, or neonate,
pine snakes — an
area about which
scientists know
relatively little.
To find the
neonates, the team
tracked adult
female snakes
to their nesting
sites and marked
the spot with GPS.
In the Pinelands,
female pine snakes
dig out their own
burrows over the course
of several days — so it’s
not too hard for a careful
observer to spot females
preparing to lay eggs. Two
months later, the newborn
snakes emerge from the

Smith learned that
young pine snakes
begin feeding on adult
mammals — small
ones, such as mice
— within the first
two months of life and
they shed their skin
multiple times within
their first season.
captured pine snakes with
radio transmitters.
Smith was able to make
important observations

about the neonate snakes’
natural behavior. For example, he learned that young
pine snakes begin feeding
on adult mammals — small
ones, such as mice —
within the first two months
of life and they shed their
skin multiple times within
their first season.
He has also worked
with neonate pine snakes
in a variety of behavioral
experiments, including
simple maze tests to track
migration and dispersal
responses to different
snakes’ scents. In another
experiment, he counts the
neonates’ tongue flicks to
gauge their interest in the
scents of various potential
prey items.
He presented his findings
at the Ecological Society of
America annual meeting
in August.

DIG_THIS
Female pine snakes dig out
their nesting burrows over
several days using a specialized scale on their noses
to scoop out sand.
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C LI M AT E C H A N G E

M Y R M EC O LO G Y

_WHO’S FUNDING THE CLIMATE CHANGE DEBATE? _STOMACH BUGS
The first peer-reviewed, comprehensive analysis of the donors funding the
climate change countermovement has documented a rise in “dark money.”
One foundation in particular, Donors Trust, provides
about 25 percent of all the
funding Brulle tracked. It’s
a donor-directed organization whose donors cannot
be traced, and its share of
the countermovement’s
funding has risen dramatically, he found.
At the same time, funds
from formerly welldocumented sources have
declined. For instance,

movements. And that gets
at the heart of the matter.
Brulle’s concerns extend
beyond climate change.
“This actually expands
out to a concern for democracy,” Brulle says. “If
our social movements are
controlled by foundations
and wealthy individuals,
what does that mean for
social change?”
The study was just the
first of three parts in

6%

<1% donors
(118 organizations)

14

%

Donors Trust/
Donors Capital

31
%

ant: jon sanders

Scaife Affiliated
Foundations
5% donors
(Lynde and Harry
Bradley Foundation;
Koch Affiliated
Foundations)
4% donors
(4 organizations)

16%

F

ollow the money. It
may have worked well
enough for reporters
prying into the Watergate
scandal, but when it comes
to 21st-century social and
political movements, following the money is easier
said than done.
This was the major
lesson Robert Brulle, a
professor of sociology and
environmental science
in the College of Arts and
Sciences, took away from
his analysis of the climate
change countermovement,
published in late 2013 in
Climatic Change.
The climate change countermovement is an effort
by well-funded organizations to shape public opinion on the highly charged
topic of climate science and
to oppose actions to regulate carbon emissions.
Brulle examined
financial data of 118 U.S.
organizations involved
in funding the climatechange countermovement
from 2003 to 2010. His final
sample consisted of 140
foundations making 5,299
grants totaling $558 million
to 91 organizations.
About a quarter of the
money backing the countermovement comes from
a number of well-known,
politically conservative
foundations, Brulle found.
But what was most notable was what Brulle was
unable to discover. Though
he sifted through all the
information publicly
available, he was unable to
identify the source of about
75 percent of the countermovement’s income. Many
contributions are simply
untraceable — so-called
“dark money.”

2% donors
(7 organizations)

10%

14

%

1% donors
(6 organizations)

7%

T O TA L _ FO U N D AT I O N _ F U N D I N G _ D I S T R I B U T I O N
Percentage of donations contributed to U.S. climate change
countermovement organizations between 2003 and 2010.
source: springer science and business media.

money attributable to the
conservative Koch Affiliated Foundation and ExxonMobil Foundation fell to
little or none, respectively,
in 2008. Brulle notes in
his study that this change
happened after the Union
of Concerned Scientists
and Greenpeace began publicizing the foundations’
support of the countermovement.
Brulle doesn’t suggest
that the presence of dark
money in the climate
change issue is unique
among American social

a larger project. Next,
Brulle will examine who’s
funding the other side
of the climate-change
debate, the movement that
believes man-made climate
change is a real threat and
requires action. A third
study will compare the two
movements and analyze
the money flowing on both
sides of the coin.
He also hopes to learn
more about the connections between the people
involved in the powerful
foundations through which
so much money flows.

Ants' stomachs, and the tiny organisms living
there, may provide tiny models of what goes on
inside our own bodies.

A

n ant might not look
like much: a speck of
a pest in your kitchen,
perhaps. But what’s going
on in the stomach of those
ants can tell a story far
beyond the cleanliness of
your cupboards, says Jacob
A. Russell.
From his position as
head of the Russell Lab, he
studies all of the species of
microbiomes within ant
stomachs. These species
live together symbiotically
in ant guts and together
play important roles in the
ants’ nutrition, defense,
reproduction and evolution.
Studying these microbiomes
can not only map ant evolution, but serve as a model to
study what goes on in our
own bodies.
Russell is looking for
microbiome differences
across two spectrums:
Within colonies, researchers are looking at how those
stomach microbes are transferred from the queen to the
worker ants, and if there
are differences between
generations. Across regions,
researchers are comparing microbiomes between
species, and whether or
not those differences affect
what each species eats.
“Microbes could really
have important impacts
on the origins and diversification of different ant
groups,” says Russell. If, for
example, a species of ants
stopped feasting on the carcasses of dead animals and
instead switched to a plant
diet, something happened.
Either the food supply or
the microbes changed.
“These shifts seem to
have come in association
of them acquiring dense

communities of bacteria in
their guts. What came first?
It’s important to know if
we want to understand ant
evolution,” he says.
Ants are an ideal animal
to study for a lot of reasons,
says Russell. First, there
are a lot of them. Second,
there’s already a long history of data about ants. Third,
ant microbiomes are rela-

_JACOB RUSSELL
Russell is an associate
professor of biology
and head of the Department of Biology’s
Russell Lab.

tively simple. Each ant has
five or six dozen bacteria in
their stomachs, compared
to the hundreds that each
human stomach carries.
Learning about the symbiotic communities in a small
setting can give researchers a basic understanding
of how microbes interact,
which can then be applied
to larger, more complex
systems. If researchers are
looking to study the much
more complex microbiome
of the human, ants could be
one place to start.
TREE_HOPPER
Cephalotes atratus ants
live in the forest canopy of
South and Central America.

_ F E AT U R E

_by Mike Unger

the

SEED
of an
IDEA

F

FOR THE PAST FIVE
YEARS, YOUNG
ENGINEERS WORKING
IN A REMOTE THAI
VILLAGE HAVE
BEEN PERFECTING
INEXPENSIVE TOOLS
FOR RICE FARMERS
— AND NOW THEY’RE
TURNING THEIR
PROJECT INTO A
SUSTAINABLE LOCAL
MANUFACTURING MODEL.

arming can be backbreaking work.
But must it be?
Five years ago in a remote,
mountainous region of northern Thailand, Alex Moseson, then a Drexel
doctoral candidate on a faith-based
trip to the picturesque salt mine village
of Bo Klua, “couldn’t help” but write a
56-page report on the sustainable development needs of the roughly 30,000
farmers in the area. He conducted informal interviews with everyone from
village elders to mothers carrying their
babies to understand the complexities
of their lives, and how he, as an engineer, might be able to help.
The roots he planted on that trip sprouted into the SEED
(Sustainable Engineering and Entrepreneurship for Development) Lab, which Moseson now directs from his position
as an assistant teaching professor in Drexel's College of Engineering. Armed with a new $100,000 grant from the Bill
& Melinda Gates Foundation, Moseson and his interdisciplinary Drexel students are poised to write the next chapter of a remarkable story that has connected two cultures
from halfway around the world and could drastically improve the lives of a people who have farmed using basically
the same methods for 700 years.
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The SEED Lab is a
multidisciplinary Drexel
program founded in 2011
to empower marginalized populations through
technology, using the
ingenuity of Drexel
educators and students.
It is currently developing
agricultural tools and
water purification technology in rural Thailand,
manufacturing capacity
in Tanzania and green
cements in the United
States and India.
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T H E _ E V O LU T I O N
Moseson and his team completed their first prototype
rice planter in 2011. Made
with hand tools, it was a little
rough around the edges. It
damaged seeds, the seeds
didn't fall into the hole, and
it was hard to fabricate. They
built their second version in
2012 with some hand-held
electric tools. It was too
slow and required too much
striking force. This year, they
introduced their third prototype, pictured at right, fabricated with bench-top electric
tools. Currently in trials, it
is the first version to meet
all four P's of sustainability:
people, prosperity, planet
and performance.

HOUSING
THIEF BODY

(INSIDE THIEF BODY)

THIEF ROD

(INSIDE HOUSING)

SPRING
TONGUE

(INSIDE HOUSING)

TIP

PURPOSE
Contains the “business
end” of the planter.
EVOLUTION
To connect everything
together the team
sometimes modified
off-the-shelf parts like
couplers meant to hold
two pipes together. Other
times they used glue or
fasteners like screws or
bolts. Their goal: balance
performance, cost, and
the ease of repair.
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PIN

PURPOSE
Meters out 10 seeds from the many
stored in the handle. The rod stays
in the hole visible in the body. The
body then moves up and down, so
the rubber goes above and below
the hole.
EVOLUTION
This was introduced by last year’s
team, and replaces a system of
channels which cut the rice, was
inconsistent, and jammed.The hole in
the rod may seem simple, but it had to
be finely tuned by the team to reliably
meter exactly 10 of the oblong seeds.

PURPOSE
Makes the hole. The farmer strikes straight down
then pushes the tool forward a bit, to create a
crescent-shaped hole.
EVOLUTION
This tip style was originally from Northern Thailand,
and Moseson was introduced to it at Oklahoma State
University, where they use it on their corn planter.
The team then updated from a metal rod (which
makes a small round hole) to this style. So it went
from Thailand to Oklahoma to Philadelphia and back
to Thailand. The clamp that attaches it to the housing
was the idea of a consultant named Tyler Valiquette.
Some Thai folks misunderstood his name as “Tiger,”
so the name “Tiger Tip” stuck.

PURPOSE
Directs the falling
seeds onto the tip,
so they fall into the
hole. It goes inside the
housing.
EVOLUTION
Other versions that
inspired this were external, required welding, or were otherwise
obtrusive or “overkill.”
This is made out of
PVC, cut by shears,
and glued in place.

PURPOSE
Makes the thief system
reset, so the next strike
is always ready to go. It
goes inside the housing.
EVOLUTION
The team previously used
strong rubber bands,
so they bought up all
they could find. They got
funny looks, and their
interpreter explained
“they are wondering
why you are buying
100 slingshots."

PURPOSE
Holds everything
together.
EVOLUTION
There used to be
more pins and lots
of them…the previous version was
thus affectionately known as the
“death stick.”
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“Being able to leverage technology in a way that is transformative gets me excited,” says Moseson, who completed
bachelor's and master's degrees in materials engineering
from Drexel in 2008 and finished his doctorate in mechanical engineering in 2012. “There is a shameful amount of
technology that has already been invented and fully understood but not yet adapted or deployed to solve some of
the world’s most serious problems.”
The SEED Lab is aiming to change that. In Thailand, Moseson learned that many of the subsistence rice farmers in
the region suffer from chronic pain.
“Typically, for planting, one person has a long pole that
they have screwed a crude iron pick onto,” he says. “On
these very steep slopes, which can be literally up to 70
degrees, they jab at the ground in a random fashion, and
somebody, usually a woman, follows behind to throw rice
into the holes. This person is hunched over for many hours
per day, and is getting kicked in the face and having rocks
thrown into their face. It’s really a dangerous place to be.”
Moseson knew he could create a tool that would make
farming easier, and when he returned to Philadelphia from
that first trip, he resolved to act.
His project, originally known as the Thai Harvest Initiative, yielded a design for a planting device that used a PVC
pipe to store rice seed, drill a hole in the ground, and drop
10 grains all in one motion.
One of the first students that he and the project’s first faculty adviser, Associate Professor James Tangorra, brought
on board was Marie LaPosta. LaPosta, now a mechanical engineer with Amtrak, was looking for a senior design project
(a requirement for Drexel engineering majors) with social
impact because, as she says, “Engineering is powerful stuff,
and the best sustainable engineering is invisible.”

They learned a lot from building their first prototype.
“The tool that we devised would not have been easy for a
villager to design, both from a knowledge and a resources
standpoint,” she says. “But once we incorporated local materials and local feedback into our design, it would be hard
for an observer to know that the designers were outsiders.”
Collaboration is a key in the SEED Lab model. Despite major language, financial and geographical barriers, Moseson
and his students know it is vital that any engineering solution be designed with, not simply for, the Thai farmers.
Every year, he returns to Thailand with a group of undergraduates so that the original design of the tools can be adjusted to become more efficient and functional. Each group
of undergraduates (all of whom volunteer their time) tries
to improve on the previous group’s work. Other units across
campus, including the departments of Mechanical Engineering, Chemical and Biological Engineering; Civil and Environmental Engineering; Film and Video; Graphic Design; and
the School of Biomedical Engineering, Science and Health
Systems, have contributed in some way.
Students are now working on the third iteration of the
rice planter, trying to eliminate jamming (mud tends to get
stuck in the device) and increase its efficiency.
“Basically, now we are able to strike the ground and just
move along,” Moseson says. “It does everything in one motion. When you’re striking the ground, you’re no longer
just drilling a hole, you’re now putting the right number
of seeds in it. This means that one person can do the work
of two or three.”
That’s important because the planting season is dependent on annual rains and villagers sometimes only have
two short, stressful weeks to plant an entire crop.
The farmers weed the land for much longer periods of
time — for several months they work on this laborious task
for up to 10 hours each day. So Drexel engineers went back
to the drawing board to create a new weeder.
After trying several designs, they settled on a PVC-based
pole with a custom-made blade and aiming device that allows the user to gently lay it down where he wants to strike
the weed, and then push just once.
“You get both accuracy and power, plus the better ergonomics of standing upright,” Moseson says.
Until now, the SEED Lab’s economic model of distributing
the tools has been to hold workshops in conjunction with

NOT_JUST_A_TOOL
Top: The Drexel team, interpreters, and farmers work
hand-in hand on version 1.0
of the planter.

Bottom: At an oversubscribed
workshop by Drexel and the
Sustainable Development
Research Foundation, village
leader Nung-ruthai Jaiboonruang uses a power tool for
the first time to make her
own weeder.
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Farmer and Sustainable
Development Research
Foundation staff member
Saweng Jaiping tests
the version 1.0 planter,
a successful proof-ofconcept design.
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its Thailand-based partner, the Sustainable Development
RICE SEED
Research Foundation (SDRF). During the events, farmers
come and construct their own tools. This process has, in
many ways, empowered the farmers, says James Gustafson,
the foundation’s director of international relations.
“The project has had a growing impact on the Thai farmers in the province of Nan where the SDRF works,” he says.
“It began by stimulating their creativity as
it invited them to participate in a work- “We’re not just there to transfer technology,
shop to design an appropriate weeder and
mountain rice planter. It also provided the we’re there to transfer ideas, in both directions.
farmers with an opportunity to learn from
the Drexel teams that visited and helped Our main deliverables are not just the devices,
in the workshops on the design and manu- but pictorial manuals that have been translated
facture of the tools.”
Gustafson credits the sensitivity of Mo- into Thai so that the people can understand
seson and his team as being key to getting them. It’s an opportunity for teaching, not just
local farmers to participate.
“Alex and the Drexel teams included the selling or giving away a product.”
farmers in the whole process of design and
—Alex Moseson, assistant teaching professor, C ollege of Engineering
manufacture, which affirmed the farmers
in a way that opened them up to the potential of working help just people in Thailand, but also others who are facing
PROBLEMS &
together,” Gustafson says. “Research knowledge and indige- similar issues in the rest of the world.”
SOLUTIONS
Moseson traces his devotion to sustainable engineering
nous knowledge were mutually involved in the process of design and manufacture. A sense of balance has dominated the back to some work he did in New Orleans following Hurricane Katrina. He also credits his graduate adviser, Michel
interaction between Drexel and the indigenous farmers.”
Indeed, time and time again when discussing the proj- Barsoum, now the A.W. Grosvenor Professor in the Department of Materials and Science Engineering, for helping to
ect, Moseson returns to the theme of collaboration.
“We’re not just there to transfer technology, we’re there make this path in life possible for him. Moseson now deto transfer ideas, in both directions,” he says. “Our main votes much of his professional energy toward the project
deliverables are not just the devices, but pictorial manuals in Thailand.
“This type of work really motivates me to get up in the
that have been translated into Thai so that the people can
understand them. It’s an opportunity for teaching, not just morning,” he says. “In an age — this is going to sound cliché — where we can put a man on the moon, there’s no
selling or giving away a product.”
In November, the SEED Lab became one of roughly 80 technical reason that people should be without food, water,
winners of the Gates Foundation’s Grand Challenges Ex- shelter, sanitation, the basics of life. With that in mind I
ploration Grants. Only about 2 percent of applicants are have found that it’s a real honor for me to be allowed to
pursue what I see as my calling. It’s been a way to validate
awarded the prize, Moseson says.
The SEED Lab team will use the grant to establish a local my path toward trying to serve some of the most deserving
social entrepreneurship center to produce 50 tools per day. people in the world with technology.”
In doing so, he’s set a course for his students to follow.
“There are 100 million sloped-field farmers in Southeast
Asia alone who could see their quality of life improved by LaPosta, for one, says her time on the project gave her hope.
“It made me feel that I, as an engineer, can be an agent
these tools,” he says. “Putting the tools in the hands of so
of positive change by using my skills in the right way,” she
many others is a very exciting possibility.”
In the meantime, Moseson and his team are tweaking says. “Before going [to Thailand], I didn’t think I truly bethe tool designs and continuing work on a third aspect of lieved that our tool would be what they needed, or make an
impact on their lives. The reality was very different. I saw
the project — producing a clean water filter.
“Both projects have their own challenges,” says Sukitta that what we made was helpful to people where even a litOumcomesung, a senior undergraduate member of the tle help makes a big difference. I saw that they valued what
water filter and planter tool design teams, and a native we made, and it would be useful to them, and I wanted to
of Thailand. “The groups are currently in designing and do that again in my life.”
experimenting processes to see which are the suitable solutions. I hope I can help. These two projects are not only to
4

OLD METHOD
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U
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OUT_WITH_THE_OLD
For 700 years, the people
of Bo Klua in Thailand have
cultivated rice by hand on
steep, rocky slopes, using
a two-person method that
results in chronic pain. The
tool created by Drexel engineers with constant input
from village farmers relies
on local, affordable materials and simple design.
6
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_EXPLORING
THE
When does autism start? What causes it? How best
can parents, educators and policymakers respond
to the unique needs of this population? As the rate
of diagnoses rapidly rises, investigators struggle to
find answers. At Drexel, researchers across multiple
disciplines are searching for the roots of the disorder in
utero and early infancy and through epidemiological genetic
studies of large populations. They’re also involved in the
everyday policy concerns of how to measure the population, how
to communicate with families who are affected and how to secure
new services for those who need it. This special report shares
some of their work. _by Lini S. Kadaba / illustrations by Brett Ryder
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While most autism research focuses
on diagnosis in early childhood,
Drexel and its partners have taken
an ambitious, alternative approach.
The EARLI project is a one-of-akind, longitudinal study that is
zeroing in on in-utero and postnatal triggers of autism.

FROM CONCEPTION TO PRE-SCHOOL

W

hen her first child was a baby, Elizabeth Giuliani remembers how happy he was, always full of smiles.
But the Mullica Hill, N.J., mother also cannot forget that Stephen Stout II didn’t coo or babble like other
babies. At the time, Giuliani chalked it up to a quieter
personality.
By 12 months, though, her son still did not say mom or
dad, but he knew all his numbers and letters, repeating
sequences over and over, and even found letters in everything he saw. A lamppost was the letter r, for example.
“Why is he so fixated on numbers and letters?” Giuliani,
37 and a special education reading specialist, recalls thinking. Stephen also would spin endlessly in circles, stare at
turning wheels and rarely make eye contact with others.
On Sept. 7, 2007, when he was around 2 years old, he was
diagnosed with moderate to severe autism. He had all the
classic symptoms.
“It was devastating,” says his father, Stephen Stout, 42.
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that’s why the Stout-Giuliani family jumped at a chance to
participate in an unusual, long-term research study on autism being led by Drexel’s A.J. Drexel Autism Institute.
Known as the Early Autism Risk Longitudinal Investigation (EARLI), it focuses specifically on the critical but grossly understudied prenatal time period and the interplay of
environmental risk factors with genetic susceptibility for
a disorder that has becoming increasingly prevalent in recent decades.
“Whatever we can do,” Giuliani says was her immediate reaction to the study that required a three-year commitment.
“Even if it’s 50 years from now,” she says her involvement was
well worth it “if the study can alleviate some parents' angst.”
EARLI, begun six years ago with the support of $10 million in grants from the National Institutes of Health and
Autism Speaks, seeks to move the timeline for studying the
risk factors of autism from early childhood to before, during and right after pregnancy, explains Craig J. Newschaffer, director of the A.J. Drexel Autism Institute.
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“We’d like to develop some solid leads around modifiable exposures, things that families at risk or families in
general might be able to avoid and as a result improve the
development of their babies and reduce the chances they
end up with autism spectrum disorders,” says Newschaffer,
who is also a professor of epidemiology and biostatistics in
the School of Public Health.
Julie Daniels, an associate professor of epidemiology at the
University of North Carolina at Chapel Hill, is familiar with
EARLI and views the study as particularly valuable for the
time period it researches and the depth of data it collects.
“We’re pretty confident that autism begins prior to birth,
and it’s just not identified until 2 or 3 years of age,” Daniels
says. “If we’re really trying to get at what causes autism, we
really need to get back to what’s happening before birth.
EARLI, she says, is one of the first studies to “look in the
prenatal window in a high-quality way.”
The study enrolls families in which the mother is currently
pregnant and in which an older sibling is already diagnosed
with autism. It has enrolled 233 families at four sites around
the country. (Enrollment has paused since fall 2012.) Besides

“We’d like to develop some solid leads
around modifiable exposures, things
that families at risk or families in general
might be able to avoid and as a result
improve the development of their babies
and reduce the chances they end up with
autism spectrum disorders.”
— C ra i g J . New sch a f f e r , d i r e c t o r , A . J . D r e x e l A u t i s m In s t i t u te

Drexel, which has partnered with the Children’s Hospital of
Philadelphia and the University of Pennsylvania, the other locations are Johns Hopkins University and its affiliated Kennedy Krieger Institute; the University of California at Davis and
its MIND Institute, and Kaiser Permanente in Oakland, Calif.
The Stout-Giuliani family was approached three years
ago, when Giuliani was early in her pregnancy with her
third child, Gabriella, who recently graduated from the
study and shows no signs of autism. (Stephen is now a
bright third grader with a passion for Harry Potter novels
and sports; he shows few symptoms of autism.)
The study closely follows the pregnant woman through
the birth of her child and the first three years of life, checking for autism-like behavior.
Periodic blood and urine samples are collected to study
biomarkers that could predict the development of autism.
During pregnancy, participants log what they eat and drink,
medications they take, any exposure to pesticides and numerous other environmental details. Researchers also visit
the home to assess risk factors and collect a dust sample.
When the mother gives birth, her placenta is collected
for study. In addition, researchers take samples of cord
blood and the newborn’s blood and first, black stool, known
as meconium.

_CRAIG J.
NEWSCHAFFER

EARLY CLUES
so far, the study has

not found a smoking gun — though, for
a disorder as complicated as autism, no single cause or factor
is likely to be the culprit. And it’s still early. The participant
babies need to grow older, Newschaffer says. “That’s one reason this type of research is very challenging,” he says. “You
invest a lot up front, and you have to wait, wait, wait.”
But Newschaffer says EARLI has yielded some provocative tidbits that offer intriguing areas of future inquiry.
For example, blood samples might provide epigenetic
clues as to what variables may trigger autism during pregnancy. (Epigenetics, a relatively new field, maintains that
our environmental exposures can actually change our genome and how genes behave, or express themselves.)
Another area of research revolves around the shape of
the placenta, the nexus between the mother and child. Normally, it is round. But preliminary comparisons of EARLI
placentas with data about placentas from the general population show differences.
On average, EARLI moms’ placentas are a little thinner
and a little irregular in shape, he says. Findings also indicate that the more irregular the shape, the higher the child
scores on a scale designed to measure autism-like behavior
at 12 months of age. “This is very, very preliminary,” he
emphasizes. “But it is there.”
In addition, Newschaffer’s team also hopes to receive
funding to look at air pollution and its impact on autism
as well as at triclosan and triclocarban, both antimicrobials
found in personal-care products. The antimicrobial agents
have endocrine-disrupting properties and increase the
amount of androgen, a hormone that stimulates the development of male characteristics. Autism is almost five times
as common in boys as girls, and one theory speculates that
autism is, essentially, a “more extreme male brain,” he says.
Measuring fetal androgen levels in EARLI’s meconium
samples might provide a pathway to investigate the hormone’s role, if any, in autism.
Newschaffer — along with Nora Lee, an assistant research professor of epidemiology and biostatistics, and Igor
Burstyn, an associate professor of environmental and occupational health — plan to investigate further these and
several other avenues.
“We’ve … built this incredibly rich resource, and we’re
now trying to harvest the fruit,” Newschaffer says.
For Giuliani, the study was “a great experience.” Testing
of her youngest child showed her to be “typical” — music
to the family’s ears — and the regular access to autism researchers allayed many fears.
“I felt it was a support team throughout the most critical
time for your child,” she says. “It almost was a comfort.”

Newschaffer is director of the A.J. Drexel
Autism Institute and a
professor of epidemiology and biostatistics in the School of
Public Health.
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Where is the ethical line between keeping the public
informed about new developments in autism science
and causing needless anxiety? Researchers are
working on guidelines.

R

ecently, a study found an association between the use
of antidepressants during pregnancy and autism
spectrum disorder (ASD). The researchers cautiously
worded their findings, explaining that the underlying depression — not just the medication — could be a factor
as well. But headlines declared, “Study Links Autism with
Antidepressant Use During Pregnancy.”
It would be easy to see how a pregnant woman might
want to stop using antidepressants to protect her unborn
baby. But is that in her — and the fetus’ — best interest? To
further complicate matters, a much larger study released a
few months later did not replicate the finding.
Those are the type of risk communication scenarios —
and unintended poor outcomes — that Drexel University
researchers Michael Yudell and John A. Rossi plan to explore with a one-year, $68,000 Autism Speaks grant recently awarded. Ultimately, they intend to develop a set of ethical principles to guide scientists looking at environmental
risks for autism — the first of its kind for the field.
“It’s an area in need of not only good science to unravel
what autism is and is not, but also that more sensitively communicates findings to a community hungry for answers, and
rightfully so,” says Yudell, who is a fellow at the A.J. Drexel
Autism Institute.
“People are constantly engaging in a risk-benefit calculation,” adds Rossi, who is trained in bioethics and veterinary medicine. “You have certain information that’s scientifically very interesting, helps the scientific community
understand autism, but that information may not be personally useful to someone.”
Rossi, who also is an Autism Institute fellow, allowed
that some bioethicists insist that the public has a right to
know all information, no matter how trivial. Others disagree on whether that is in the public’s best interest. “You
get into a bioethical tension, protecting people from harm
and letting them make autonomous decisions,” he says.
The research study plans to target three groups: scientists, parents with and without children diagnosed with
ASD, and adults with autism. Following a survey, a subset
of scientists will be interviewed one on one. Focus groups
will be conducted with parents and people with autism.
“We want to figure out a way for scientists to communicate in a language commensurate with the power of their
findings,” Yudell says, “and do so in a way that’s responsible, that doesn’t send everybody running for the exits.”
Few researchers have looked at autism risk communication, but it’s an area arguably more critical than ever be-
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_MICHAEL YUDELL
_JOHN A. ROSSI
Yudell is an associate
professor and Rossi is
an assistant professor
in the Department of
Community Health
and Prevention in
the School of Public
Health. They are the
director and associate
director, respectively,
of the school’s program in Public Health
Ethics and History.

cause of the significant rise in autism diagnoses. In 2000,
the prevalence was one in 150; currently, it is one in 88,
based on the Centers for Disease Control's most recent data.
Research into environmental causes has exploded. “We
have to ask, ‘What are we going to do with all this information?’” Rossi says. “It’s important to stop and ask, ‘Are
there any ethical concerns that might arise with risk communication?’”
Autism’s early history has only heightened interest around
ethical concerns. Early on, so-called “refrigerator mothers”
who were considered emotionally distant were blamed. Treatment often involved removing autistic children from their
homes so they could “thaw.”
Today, scientists are looking to genetic and environmental factors — but those findings often still significantly impact the public.
“I think scientists have a responsibility to do their best
to communicate findings of their work in an ethical way, a
way that’s both fair to the field and fair to those whom the
work impacts,” Yudell says.

Large population samples indicate that autism risk rises
with the age of both parents—especially the mother’s.

I
_BRIAN K. LEE
Lee is an assistant professor of
epidemiology and
biostatistics in the
School of Public
Health and a fellow
at the A.J. Drexel
Autism Institute.

n the past two decades,

the prevalence of autism appears
to have increased astronomically, from one in 10,000 in
the 1980s to one in 88 currently, according to the Centers for Disease Control.
Why that is has led to much debate. In fact, some dispute
claims of an increase in autism, attributing growing numbers to better diagnosis at younger ages as well as a much
broader definition of autism spectrum disorders (ASD).
Researchers such as Drexel University’s Brian K. Lee, however, want to explore the possibility of environmental factors.
“We don’t know whether or not the increase is real, but
it’s definitely worth investigating,” says Lee, an assistant
professor of epidemiology and biostatistics as well as a fellow at the A.J. Drexel Autism Institute. “If there is a real
increase, it’s really important to identify risk factors that
may explain the increase.”
Along with Swedish collaborators out of the Karolinska
Institutet in Stockholm, he is analyzing large population
samples of Swedish children to identify environmental risks
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for autism. (Genetics alone cannot account for the rapid increase in autism seen in recent years, he says.)
Lee’s work explores many areas, including the role of infection and inflammation in early life as well as the mother’s diet during pregnancy. Another area of interest is parental age at conception.
Most recently, he looked at parents’ age as a risk factor
for autism, with a special — and novel — focus on whether
age is a factor for the additional problem of intellectual disabilities in some autistic children. His findings, which were
published earlier this year in the International Journal of Epide-

“Now that we see an association, we want
to try and explain it … instead of just
guessing why we see these things.”
miology, were based on data on 417,303 Swedish children born
between 1984 and 2003. His work was funded through grants
from Autism Speaks and the Swedish Research Council.
“Both the mother’s and father’s age matters in terms of a
child’s autism risk,” Lee says. “The older the parent is, the
higher the risk the child has.”
But the data also highlighted the differing impact of a
mother’s age when compared to a father’s age.
Mothers show a sharp increase in bearing autistic children only after age 30. For fathers, however, the chance of
having a child with autism increases linearly for each year
of age, Lee says. “It’s a slow, steady climb,” he says.
The research also found that the father’s age has a bigger
impact when the mother is 35 years old or younger. In contrast, a mother’s advancing years raised the risk regardless
of the father’s age.
“When mothers are younger the father’s risk is more apparent,” Lee says. “But as mothers get older, their risk tends
to overshadow any risk from the fathers.”
Much of the recent research on autism has focused on the
father’s age and the quality of the sperm, which accumulates
mutations over time. Lee, however, notes that his study concludes that “maternal age has greater implications for ASD
risk than a similar increase in paternal age.”
Older parental age also correlates with autistic children
with intellectual disabilities — and this study is believed to
be the first of its kind to look at that aspect, according to Lee.
One reason for this association could be the greater chance
of passing along genomic alterations with parental age. But
another possibility is environmental factors, such as whether the child was delivered by C-section or vaginally.
“Now that we see an association, we want to try and
explain it … instead of just guessing why we see these
things,” he says.

The A.J. Drexel Autism Institute is taking its
clinical research work to the streets with a
custom-outfitted van to extend autism outreach
into the community. And while health care
organizations across the country use mobile
health vans, Drexel’s is the first in the region,
and one of the first anywhere, to specialize in
delivering autism services and support.
The Mobile REACH clinic can go anywhere
that services are needed and bring the

clinical testing environment with it. It was
custom-designed by Drexel students to conduct psycho-social, behavioral and neuropsychological evaluations of individuals of all
ages, at any location.
Eventually, this van may be the first of
several, with potential future mobile clinics
specially designed for various age groups
in keeping with the institute’s emphasis on
adolescent and adult population needs.

01

02

03

04

The exterior is designed to protect the
privacy of families and
individuals involved
in research studies
— the Drexel logo
and custom magnets
identifying the A.J.
Drexel Autism Institute
can help identify the
van when it is used at
public outreach events.
The van's green color
is a nod to its donors,
which include the
Philadelphia Eagles.

The custom interior
and exterior design
was designed by Drexel
students for disability
and adaptability.

The van is equipped
with dimmable LED
lights, neutral tones
and textures and
insulating materials to
reduce outside sounds.

Mobile REACH is
equipped with HIPAAcompliant cameras to
observe and record
assessments for
training purposes.

_ O N LI N E

To take a tour of the van’s features, visit EXELmagazine.org
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T

wo decades ago, Gloria Esposito joined other parents in
the hard-fought battle for early intervention services
for children on the autism spectrum.
Her son, Louis Esposito III, was diagnosed with the developmental disorder when he was almost 2 years old. “I left
my business,” says Esposito, 57, who lives in Haverford, Pa.
“I started a full-time, at-home treatment model for my son. I
had to create it from nothing.”
The parent power of the time made a tremendous difference in the lives of autistic children and eventually won
them many services.
Now, as these children — young adults really — age out of
high school at 21, they face an uncertain future.
“Where am I now?” Esposito asks. “I’m looking at very few
options. It’s back to the drawing board.”
Drexel University researcher Paul T. Shattuck understands
only too well the challenges facing many families. Recently
appointed associate professor of the A.J. Drexel Autism Institute, he leads the Life Course Outcomes Research Program.
Shattuck has conducted pioneering work on the quality of life
for autistic adults. His studies are among the first to put real
numbers to outcome issues as young adults on the autism spectrum move into the world of college, vocational training or
employment as well as living more independently.
What he has found is cause for concern.
“Young adults on the autism spectrum are doing much
worse off, way more worse off, than their peers than we
ever imagined,” says Shattuck, who has a public health background and came to Drexel this academic year from Washington University in St. Louis, Mo.
By analyzing big data sets, such as from the National Longitudinal Transition Study-2 of special education students, he
has pinpointed certain troubling trends. For example, five
years after leaving high school, individuals on the autism spectrum were roughly three times more likely to be disengaged
from education or employment opportunities than people
with serious mental illness or serious cognitive impairments.
The findings were published in the journal Pediatrics in 2012.
“That’s a big difference,” he says. One reason, he says,
could be shifts in the economy over the past 50 years. Today’s
world focuses heavily on service-sector jobs that involve interaction with others — a fact that is particularly challenging for those on the autism spectrum.
Such stark findings can be difficult and discouraging for
parents in the autism community to hear. At the same time,
advocates on the frontlines welcome solid research that measures the scope of the challenges they know exist anecdotally.
“Parents say, ‘We feel like we’re falling off a cliff,’” Shattuck says of the lack of services post–high school. “Our study
has quantified the height of that cliff.”
Stuart Spielman, senior policy adviser and counsel for
New York City-based Autism Speaks, applauds the work. “We
really do need more information on the life experience of
adults on the autism spectrum,” he says. “Paul is helping to
fill that void.”
Consider speech therapy. Three-fourths of children on the
autism spectrum get this critical service, Shattuck says. But
among adults, that number plummets to less than 10 percent.
It can mean huge steps backward in skills — an untenable
prospect for parents who have spent years helping and advocating for their children.
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Paul T. Shattuck’s research is putting
numbers to the problem of the “services
cliff” that families face when their autistic
children reach adulthood.
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“Paul’s research demonstrates time and time again the
sorry statistics when the school bus stops coming and the
sorry outcome,” says Denise Resnik, co-founder of the Phoenix-based Southwest Autism Research & Resource Center
(SARRC). The organization looks to advance research and
support families over the lifespan of autism.
As the mother of 22-year-old Matthew Resnik, who is on
the autism spectrum, she knows firsthand the frustrations.
“I’ll be damned if I’m going to allow all that early intervention to go to waste,” she says. “We can’t afford as parents, we
can’t afford as a community, and we can’t afford as a country
to let these adults slip through the cracks when they have so
much potential.”
Resnik has helped her son create a home-based business of
baking biscotti known as SMILE Biscotti. SMILE is an acronym
for Supporting Matt’s Independent Living Enterprise. “He’s
starting to go on sales calls,” she says with a mother’s pride.

“Young adults on the autism spectrum
are doing much worse off, way more
worse off, than their peers than we ever
imagined. .... Parents say, ‘We feel like
we’re falling off a cliff.’”
– P a u l S ha t t u ck, A . J . Dr e x e l A u t i s m In s t i t u t e , Li f e C o u r s e O u t c o m es

Shattuck’s “work is incredibly important to shine a light
on the issue and the importance of doing something about
it,” Resnik says. The urgency is made all the more clear by
the simple fact that 50,000 children on the autism spectrum
will turn 18 this year — some half a million over a decade.
What will become of them? advocates ask.
“I believe we are today for adult concerns where we were
20 years ago for early childhood intervention,” Resnik says.
What she means is that parents are once again inventing ways
to help their children while social services play catch up.
In his new role at Drexel, Shattuck is focused on developing a strategic research plan and forging strong ties with
the autism community. He says he plans to continue to
delve into big-data analyses to identify trends and pinpoint
promising practices — such as the best educational and
employment supports — with the goal to improve quality
of life. He also wants to grow the number of researchers
studying adults on the autism spectrum in a field traditionally focused on early intervention.
“Until we started our research a few years ago,” he says,
“we didn’t have population-level understanding of how
many have friends, how many go to college, how many have
a job, how many live on their own. … To understand any social problem, we need high-flying, population-level information. This is the benchmark data we need to know if we want
to say we’ve moved the needle. If we don’t do that, if all we
ever investigate is only at the clinical level, we’ll fundamentally not know if things are getting better.”

Ultimately, his work could help shape national policy.
“Solving problems like this is not simple,” says Spielman of
Autism Speaks. “The first step is having the research that
demonstrates the degree of the challenge.”
Autism groups have recognized Shattuck’s groundbreaking studies over the years.
Both Autism Speaks and the Federal Interagency Autism Coordinating Committee spotlighted his 2009 study on the age of
diagnosis as one of the most important autism studies of the
year. While research shows that children can be diagnosed as
young as 18 to 24 months, Shattuck found that actual diagnosis
occurs at a much older age, around 5 years old.
The Interagency Autism Coordinating Committee also
found his 2011 work on the use of services by adults on the autism spectrum one of the 20 most impactful scientific studies
in the field. And Autism Speaks praised his 2012 paper on
postsecondary job and education outcomes as one of the Top
10 research advances of the year, out of the more than 3,000
published annually.
“Paul has a real passion for what he does,” Spielman says.
“He wants solutions.”
So, too, does Esposito. Her son, who suffers serious communication issues, has benefited from intensive intervention from his earliest years. Louis is able to function independently with the help of schedules and supervision. She is
convinced he could hold a job with the right support.
“A lot of kids are starting to sit at home. There’s nothing
out there,” she says. “We have to create it.”
With research such as Shattuck’s pointing the way and
highlighting the urgency of the matter, she is forging
ahead. Esposito is deep into classes that help her better understand the system and navigate the paperwork maze for
services for her son.
“I know we’re going to find a solution,” says Esposito.
At Drexel, students who are on the autism spectrum benefit
from services designed for their needs. The Drexel Autism Support Program (DASP) pairs mentors with participants to help
with personal, social, academic and professional challenges.
Joseph Wahl III, a senior majoring in business and marketing, has Asperger syndrome. He says he has found DASP
helpful in finding clubs to join and a tutor for math.
“It helped me get more involved in school,” says Wahl, 23,
who hails from Clarks Summit, Pa.
Shattuck’s goal is to use his research program to develop
and add to the range of strategies that leads to best outcomes
for Wahl and the many others on the autism spectrum.
“People with autism are valuable members of our communities,” he says. “Like all people, they have dreams, roles to play,
contributions to make. … We need to know what experiences,
beyond clinical interventions, promote positive outcomes and
prevent negative ones — both for people on the autism spectrum and the families and communities they are part of.”

_ P A U L S H AT T U C K
Paul Shattuck is an
associate professor in
the A.J. Drexel Autism
Institute and leader
of the Institute’s
Research Program
Area on Life Course
Outcomes.
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Lindsay Lawer Shea is leading an effort to get a comprehensive count of the
size of Pennsylvania's population on the autism spectrum.
A diagnosis of autism takes a toll on individuals, families — and also society. By some
estimates, autism spectrum disorders account
for more than $35 million in direct and indirect
costs to the United States each year. Individuals with the condition are more likely to need
health care services, behavioral treatment
and have difficulty sustaining employment and
transitioning into independent adulthood.
But estimates are just that — no comprehensive count of autism prevalence exists.
Without a reliable count, states and social
services organizations are in the dark about
how to respond to this public health problem.
Who needs services? Where do the services
recipients reside? What services are most
urgently needed?
In Pennsylvania, at least, public health
officials are closer to an answer. A Drexel
researcher is leading a first-of-its-kind
administrative census of the number of
individuals diagnosed with autism living in
Pennsylvania. Lindsay Lawer Shea, senior
manager and project director at the A.J.
Drexel Autism Institute, is working with the
Bureau of Autism Services in the Pennsylvania Department of Public Welfare to
understand the true size and demographic
characteristics of the state’s autism population receiving services.
The project will use data it gathers to determine the need for autism-specific services
and programs, which policymakers can use to
design more effective services.
The original Pennsylvania Autism Census
Project was published in 2009 using data from
2005. At that time, the census counted close to
20,000 Pennsylvanians receiving autism services. Preliminary findings based on 2011 data
show almost triple that number, for a total of
over 55,000 children and adults on the autism
spectrum statewide receiving services.
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These numbers are on the low side, because they don’t include individuals not receiving services through state programs or who
are misdiagnosed or never formally diagnosed.
“The Centers for Disease Control
estimate that more than 1 percent of the
population has autism; with the numbers
we’ve counted, we’re still missing tens of
thousands of Pennsylvanians, mostly adults,
because we’re only counting people who
receive services,” says Shea. She says that
official estimates suggest the number to be
around 130,000.
Still, Pennsylvania’s is one of the most
comprehensive tallies in the country and the
first of its kind to date.
“Numbers like these are really powerful,”
says Shea. “They help when we think about
things like resource allocation and where to
implement programs.”
For example, the Adult Community Autism
Program is one of two programs in Pennsylvania that helps adults on the autism spectrum
participate in their communities through
physical, behavioral and community services.
“ACAP is the first of its kind in the United
States and results like the census can help to
figure out where to expand programs like that
to maximize their impact,” Shea says.
The census can also identify vulnerable
population groups that need extra attention,
such as people who don’t speak English, or
where rates of diagnosis are rising the fastest.
The ASERT Collaborative, which Shea directs
in the Eastern region of Pennsylvania, is a
unique partnership between government and
academic institutions working to understand
and meet these needs.
“We’re guessing on how to take care of this
group, which is growing, and we need to spend
time and energy with this data to have an
evidence-based way to do so,” Shea says.
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CELL IMAGING

_NEW DIMENSION
Last year, Drexel acquired one of only a few DeltaVision OMX microscopes in existence. This
uniquely powerful instrument is able to photograph live organisms, in real-time, across three
dimensions — all in super-high resolution. The images on the next page show
several frames of each sample, observed from different angles.

T

he deltavision omx micro-

scope is a cutting-edge
super-resolution light microscope capable of capturing
time-lapse images of fixed and
live biological samples in 3D,
making it a boundary-breaking technological advance
in the field of microscopy.
Drexel owns one of only 60
in existence.
Using structured illumination and single-molecule localization, this microscope is able
to exceed the theoretical limit
of resolution, providing twoto four-fold better magnification than conventional light
microscopes with detail comparable to that of an electron
microscope. This advanced
instrument opens the door
to a new world of biomedical
discovery, providing unprecedented three-dimensional
clarity and resolution to the
study of biological events
such as the budding of a virus
or cellular division.
The DeltaVision OMX will
be available to the local
research community through
a Web-based reservation
system run by the Cell Imaging Center, a facility serving
Drexel’s research and teaching community.
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Canine
Kidney Cell

_INSIDE A CANINE
KIDNEY CELL
This cell behaves like a
metastatic cancer cell.
The contractile skeletal
fibers (in red) that drive
cell migration and metastasis, and the contacts
that the cell makes with
its matrix (in white) are
shown at high resolution.
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CELL IMAGING

View 1
Bottom

View 2

Middle

View 3
Top

_STRUCTURE CONNECTING
TWO COMPARTMENTS OF A DIVIDING CELL

_INSIDE A CANINE KIDNEY CELL
Cell is stained with antibodies and dyes that label two different types of filaments: actin (red) and septins (green).
Understanding how these filaments function during cell
movement is critical for the treatment of metastatic cancer.
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Three views of the bridge-like structure that connects the two compartments
of a dividing cell. The severing of this bridge marks the birth of two new cells.
Understanding the mechanisms that mediate this severing is important
because cancer can arise from cells that contain an abnormal number of chromosomes due to unregulated cutting of their intercellular bridge. The microtubule skeleton (yellow) and rings of a membrane protein (blue) that constricts
the bridge for its final severing are shown at high resolution.
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For more examples of time-lapse 3D images, visit EXELmagazine.org
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_ E M B R Y O N I C R AT H I P P O C A M P A L N E U R O N

_ H U M A N C A N C E R A N D C A N I N E K I D N E Y C E LLS
The actin skeletal filaments (red) and subcellular organelles
(grey) of human cervical cancer and canine kidney cells. Studying
how these cells adhere with one another and how they move
apart is important for understanding the cause of cancer.

Anatomical features of an embryonic rat hippocampal neuron. High
magnification and resolution capture the distribution of two proteins
within a neuronal dendrite (top), which is the compartment that receives signals from other neurons, and the distribution of dendrites and
axons within a larger field of neurons (middle). Synapses are formed
at the points of contact between axons and dendrites and are shown in
high resolution (bottom) at the points of overlap between the proteins.
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To read the full-length articles that appear in this section, visit EXELmagazine.org

BRAIN WAVES

_MIND READERS
Drexel is a leader in brain-imaging technology with its development of a simple,
portable device that’s finding new uses across campus and across the globe.

P

lace your hand over a
flashlight and notice
how the light changes
from white to red on its
path through the tissues
of your hand. Now, take
that hand and pat yourself
on the back, because now
you understand the basic
mechanics of functional
near-infrared technology.
Functional near-infrared,
or fNIR, spectroscopy
uses light to measure the
hemodynamics — the
oxygenation and deoxygenation of blood cells — of an
individual’s brain activity.

More simply, it’s a way
to measure the markers of
brain activity in the prefrontal cortex. An example:
When you are first learning
a new task, your brain in
the prefrontal areas gets
highly activated. As you
progress, the processing of
information moves toward
the back regions of the
brain, so activity drops in
the area measured by fNIR.
In this case, less activity
can indicate that users have
mastered a skill.
The number of applications for fNIR has been

growing since Drexel
researchers developed a portable system and launched
it through the startup
fNIR Devices LLC in 2009.
Requiring only a headband,
a computer and a box (for
data collection), this system
makes new things possible,
says Meltem Izzetoglu,
a research professor in
the School of Biomedical
Science, Engineering and
Health Systems.
The fNIR system works
in scenarios where functional magnetic resonance
imaging (fMRI) and

View of back side of fNIR
device. These detectors
sit against the head to
measure brain activity

light source
(4 LEDs)

light detector
(10 photodetectors)
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electroencephalography
(EEG) equipment cannot.
Subjects wearing the headband developed by fNIR
Devices can talk and move
around without affecting the reading, whereas
EEG technology requires a
subject to wear a full skullcap of sensors and fMRI
essentially locks a subject in
a box. The fNIR headband
also works in conjunction
with fMRI and EEG to
measure different parts of
the brain, creating a more
comprehensive set of data
than just fNIR alone.
“What we are interested
in at Drexel is translational
research and taking the
device outside of the lab to
clinics and to field applications,” Izzetoglu says. “You
can use this device in any
ecologically valid condition, which is not possible
with fMRI or, in most
cases, with EEG.”
New uses for the device
are popping up everywhere,
but most active projects use
fNIR to study some aspect
of human performance, the
act of learning or for research in clinical settings.
“fNIR can be used in
real-life conditions,” says
Izzetoglu. “The possibilities are open. There are so
many needs, especially in
the clinical field, and fNIR
fills a gap that no other
technology can.”
fNIR Devices has sold
more than 130 systems to
researchers worldwide
and Drexel researchers
are currently involved in
roughly 50 active projects
that use the device to
study human performance
and cognitive load, learning and training; and to
answer clinical questions.

Brain
Games

_HASAN AYAZ
School of Biomedical
Engineering, Science
and Health Systems

_PAUL
DIEFENBACH
Westphal College of
Media Arts & Design

Assistant Research Professor
Hasan Ayaz and Associate Professor Paul Diefenbach are part
of a team using fNIR to study
brain-computer interaction. An
area of focus is in gaming, on a
non-invasive, brain-computer
interface (BCI), which could
allow individuals to “control
virtual objects and actions just
by thinking,” Ayaz says.
While their research could
lead to new ways for players
to communicate with the
computer, there are interesting clinical applications as
well. BCI technology, says
Ayaz, could be an applicable
form of future computer communication for people with
disabilities such as amoytrophic lateral sclerosis, or ALS.
And, he adds, the games
even have the potential to
help improve the cognitive
functions of children with
autism, attention deficit
hyperactivity disorder and
other conditions.
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Smart
Prosthetics

Your Brain
on Food

Prepping
for Surgery
Musical
Trust

LU CI A N P A N A I T
College of Medicine

Lucian Panait, an assistant
professor in the College of
Medicine, is using fNIR technology to assess the cognitive
load — the amount of physical
and mental stress — of surgeons or trainees practicing
laparoscopic surgery skills.
Panait’s medical students are
currently part of a study to
gather their brain data while
they operate on a virtualreality surgery simulator.
For three months, 24 students will use the simulator
to accomplish basic laparoscopic tasks like grasping
and cutting, as well as some
procedure simulations, like
removing a gall bladder. Using fNIR, Panait can observe
how much of their brain is
put to work during the learning process and when they
apply what they learn in a
test on the simulator.
“It may change the way we
educate the students or the
residents and help us to
train them better or more
efficiently,” says Panait.

fNIR and Learning
Disabilities

_TRISH SHEWOKIS
College of Nursing and
Health Professions and
School of Biomedical
Engineering, Science
and Health Systems

Trish Shewokis, a professor
with a dual appointment in
the College of Nursing and
Health Professions and the
School of Biomedical Engineering, Science and Health
Systems, and her research
team are attempting to engineer the next generation of
"smart" artificial limbs.
The goal is to bring noninvasive neural decoding, direct
brain control and tactile sensory feedback together into
a single device and develop a
prosthetic arm that amputees
can control directly with their
brains, allowing them to actually feel what they touch.
The fNIR technology methods
yield sensory feedback results
critical to the development of a
prosthetic arm controlled by the
brain. According to Shewokis,
these “smart prosthetics” are
a remarkable improvement
over today’s state-of-the-art
prosthetics, which rely on
muscles from other parts of
the body to operate.

_JENNIFER NASSER
College of Nursing and
Health Professions

_DAVID GEFEN
LeBow College of
Business

Can music affect trust?
LeBow College of Business professor David Gefen
thought the answer to this
question could be useful to
the business world.
He used the fNIR device to
measure the brain activity of
subjects playing computersimulated betting games
against another player.
While playing the games,
the subjects were exposed
to three treatments: lively
music, melancholy music or
no music at all.
Gefen found that at least
some types of music may
reduce inhibition to respond
when others behave in an
untrustworthy manner. The
study bolstered Gefen’s
invaluable advice for investment advisers who are
delivering bad news to their
clients: Play happy music.

_ M E LT E M I Z Z E T O G L U
School of Biomedical
Engineering, Science
and Health Systems

Research Assistant Professor
Meltem Izzetoglu uses fNIR
to study the brain function of
students with learning disabilities. She teamed up with
experts in reading disabilities
and with software developers
at Haifa University in Israel
to develop a reading tutorial
program that adapts to their
learning pace.
She uses fNIR tools to
monitor students while they
use tutorial software called
the Reading Acceleration
Program, developed at Haifa.
This program’s Hebrew,
German and Arabic versions
have proven to be effective
for teaching youngsters who
have difficulty reading or
have been diagnosed with a
learning disability.
Izzetoglu’s research will
guide the development of
the first English version of
the software.

Associate Professor Jennifer
Nasser’s research is a matter of taste — literally. She
recently began a study to find
out why individuals prefer
certain foods over others in
an effort to better understand loss-of-control eating.
Using the fNIR headband,
Nasser is examining the brain
activity of various regions
of the prefrontal cortex in
individuals (both lean and
obese) with no known eating
disorder. The objective, she
says, is to see which regions
of the prefrontal cortex are
activated and deactivated as
study participants progress
through eating meals made
up of foods they “really like”
as well as foods they like but
don’t prefer.
“Knowing how the brain processes food cues differently in
lean and obese humans and
how this relates to the composition of ‘preferred’ versus
non-preferred food will give
us biomarkers for optimizing
individualized treatment for
obesity,” Nasser says.
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_INSIDE THE BRAIN

NEUROPEPTIDES

BRAIN CANCER

_ADDICTION AND STRESS

_HALTING BRAIN TUMOR INVASION

Chronic use of opioid drugs tampers with neuropeptides in the brain, leading to drug addiction.

A

ddiction to heroin or

prescription painkillers has created a
health epidemic in the United States that affects about
2 million people a year and
costs the country $484 billion annually, according to
the National Institute on
Drug Abuse.
For many years, Elisabeth Van Bockstaele, the
founding dean of the Graduate School of Biomedical
Sciences and Professional
Studies in the College of

DUAL_RULE
The locus coeruleus-norepinephrine system regulates
stress-integrative circuitry
in the brain.

Medicine and a professor of pharmacology and
physiology in the College of
Medicine, has focused her
research on the role stress
plays in opiate addiction.
Her work has been supported by around $6 million in funds over the past
16 years, which includes a
recent five-year grant of $1.8
million from the National
Institutes of Health.
The brain contains opioid receptors, and heroin,
morphine and other opiates can bind to them. The
drugs dampen pain signals
and also trigger receptors
62

that release dopamine,
which creates feelings of
euphoria. Drug abusers are
motivated to seek the high
again and again.
“Drug addiction is showing that the brain can be
dysregulated, and people
keep taking the drug to selfmedicate, to correct that,”
says Van Bockstaele.
Stress appears to predispose one to opiate abuse,
and chronic stress can
hinder addiction recovery,
according to Van Bockstaele.
Her work has unveiled
the complex circuitry of the
locus coeruleus-norepinephrine system, responsible for
the fight-or-flight response.
It is regulated by both
naturally occurring opioids
in the brain and by the
stress-related neuropeptide
corticotropin-releasing factor (CRF).
Enkephalin, an opioid
peptide produced by cells, is
released under conditions
of stress to make the brain
less hyperactive. “When an
individual takes heroin or
morphine chronically, the
drugs do decrease natural
production of endogenous
enkephalin,” explains Van
Bockstaele. That catapults
an individual into an
anxious state when not on
the drug.
At the same time, the
CRF, which activates norepinephrine during stressful situations, increases.
But too much CRF also
causes anxiety.
"These two neuropeptides that need to be yin
and yang, in balance,” Van
Bockstaele says, “are totally
disrupted by chronic abuse
of this drug, causing brain
cells to change their endogenous production levels.”

Researchers studying a therapeutically challenging class of lethal
childhood brain tumors are proposing ways to stop their spread.

_CHRISTOS D.
K AT S ET O S
Katsetos is a professor of
pathology and a research
professor of pediatrics and
neurology in the College of
Medicine and a neuropathologist in the Section of
Neurology and the Pediatric
Neuro-oncology Program at
St. Christopher’s Hospital
for Children.

B

eing diagnosed with a

diffuse glioma is akin
to getting a death
sentence. Current treatment
options for this type of brain
cancer are ineffective.
“These tumors cannot
be adequately resected
by surgery and do not
respond to chemotherapy
or radiotherapy,” says
Christos D. Katsetos.
Cancer is the leading
cause of non-accidental

death in children, and
brain tumors make up
approximately 20 percent
of childhood cancers.
Gliomas account for the
majority of primary brain
tumors in children and
adults, and even lowgrade diffuse gliomas are
potentially malignant and
invariably lethal.
“Despite many recent
advances in the genomics of brain tumors, there
is no effective treatment
for diffuse gliomas in
general and glioblastoma
in particular, necessitating an urgent mandate for
new innovative treatment
strategies,” Katsetos says.
Katsetos’ research focuses on diffuse gliomas in
children because, at this
time, there is no cure. He
has unraveled key cellular
mechanisms explaining
why these cancers grow
and spread within the
brain and has proposed a
possible way to halt tumor

growth and invasion.
According to Katsetos, in
addition to being resistant to chemotherapy and
radiation therapy, “diffuse
gliomas can’t be surgically
removed because of the
manner by which they
violate the brain.” These
tumors spread in a highly
infiltrative fashion and
don’t have borders, so they
can’t be removed completely through surgery.
Tackling the grim prognosis of diffuse gliomas and
glioblastoma in children
and adults has been a lifelong crusade for Katsetos as
part of a world-wide collaborative effort. Toward this
goal, Katsetos has collaborated with Pavel Dráber and
Eduarda Dráberová from
the Institute of Molecular
Genetics at the Academy of
Sciences of the Czech Republic in Prague; Maria Kavallaris from the Children’s
Cancer Institute Australia;
and Peter W. Baas, profes-

MRI film showing a
brainstem glioma in a
4-year-old
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ADDICTION

_THE WIRING OF ADDICTION
sor of neurobiology and
anatomy and director of
the Graduate Neuroscience
Program at Drexel’s College
of Medicine.
Katsetos and coworkers
hypothesized that if they
could elucidate how these
tumors grow and invade the
brain, they could potentially abrogate tumor growth.
Katsetos’ research,
which has been supported
by grants from the St.
Christopher’s Foundation for Children and
the Philadelphia Health
Education Corporation-St.
Christopher’s Hospital for
Children Reunified Endowment, led him to the study
of subcellular structures of
the cell’s backbone called
microtubules.

L ET H A L _ T H R E AT
Cancer is the leading
cause of non-accidental
death in children. Brain tumors make up about 20 percent of childhood cancers.

In normal cells microtubules are an important
part of cell life. They play
both structural and functional roles in intracellular
transport and trafficking,
cell organization, cell division and cell movement.
Without them, cells would
not function.
But when microtubules
in cancer cells are altered,
they become unstable,
which leads to wild growth
and invasive spread of gliomas throughout the brain.
One principal strategy
used in the treatment of
malignant tumors has been
to disrupt the integrity of
microtubules to prevent or
curtail mitotic cell division.
Katsetos and his
colleagues have previously shown that combined
increased expression of
regulators of microtubule
formation and dynamics may define cancer
cells with aggressive and invasive
behavior. They
are now attempting to disrupt
the dynamically unstable
microtubules
of cancer cells,
first in the lab
and then in an
animal model.
Targeting key microtubule proteins
is a novel treatment
strategy aimed at slowing down tumor cell invasion given that microtubules are involved in tumor
cell motility.
“It seems that silencing
or knocking down genes encoding proteins associated
with microtubules, such as
the microtubule-severing
enzyme spastin, mitigates
or even halts tumor cell
invasion, which is a promising step,” says Katsetos.

Investigators in Drexel's College of Medicine are exploring psychostimulant
action on cognitive enhancement and the mechanisms of addiction.

A

psychostimulant can be
a lot of things: the caffeine in your coffee; a
pill a child takes to temper
an attention disorder; a
line of cocaine snorted off
a bathroom counter.
It’s not known exactly how these kinds
of compounds affect the
brain, which is why three
researchers in the College
of Medicine are working
to understand their actions and treat brains that
have become dependent
on them.
Barry Waterhouse, a
professor of neurobiology
and anatomy and vice dean
of biomedical graduate
and postgraduate studies,
focuses on systems in the
brainstem that regulate
signals of the neurotransmitters norepinephrine
(which affects alertness
and arousal) and dopamine
(which regulates reward
and motivation).
In particular, he’s studying the effects of methylphenidate, better known
as Ritalin, which increases
norepinephrine and dopamine levels in the brain.
While proven to abate
hyperactivity in children,
Ritalin is also controversial
because healthy people use
it to gain a cognitive “edge.”
The problem, Waterhouse
says, is that it has potentially serious side effects.
“In addition, adolescents, young adults and
aged humans have different behavioral capacities
and the norepinephrine
and dopamine systems
across that aging continuum are different,” he says.
“We all know that teenagers are more impulsive and
take more risks. The reason

for this is maybe that their
norepinephrine and dopamine systems are not fully
developed and the impact
of Ritalin on their systems
is unknown.”
Dopamine plays a key role
in motivated behaviors, drug
abuse and addiction.

the formation of memories.
In other words, it changes the brain’s circuitry,
says Gao. “By the time they
grow up, they’ll have a different kind of brain with
altered thinking logic and
decision making,” he says.
Rodrigo España, an assistant professor of neurobiology and anatomy, looks at

Associate Professor of
Neurobiology and Anatomy
Wen-Jun Gao also looks
at the effects of cognitive enhancement drugs,
including Ritalin, on the
developing brain, but
his work focuses on the
dopamine system and the
prefrontal cortex. The
prefrontal cortex is part of
the brain responsible for
personality, decision making and how we interact
with other people.
The prefrontal cortex
doesn’t mature until a
person is 25 to 30 years old,
says Gao, and his lab has
found that methylphenidate depresses neuronal
activity and synaptic
transmission, and impairs
the function of NMDA
receptors in the juvenile
prefrontal cortex. Together,
these changes affect decision-making processes and

the relationship between
the peptide hypocretin
and its signaling on the
mesolimbic dopamine system, and how this affects
motivated behavior.
In a malfunctioning
system, motivated behavior
can lead someone to overeat or abuse drugs despite
terrible side effects. España
is trying to modify these
behaviors with drugs that
block hypocretin secretion.
His lab uses schedules
of reinforcement to ask
different questions of an
animal, and then studies how their brains look
based on what happens.
These studies range from
an animal getting a food or
drug on a low-effort, fixed
schedule, to the animal
having to work for that reward by pressing a lever an
increasing number of times
for each reward delivery.

N AT U R A L _ R E W A R D
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_RIPE
FOR
STUDY

_by Brian M. Schleter

AS MORE STATES LEGALIZE
MARIJUANA FOR MEDICAL
USE, A DREXEL RESEARCHER
IS AMONG THE FIRST
TO CONDUCT A LARGESCALE, FEDERALLY FUNDED
INVESTIGATION OF THE
DRUG’S ROLE — GOOD OR BAD
— IN PUBLIC HEALTH
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f california is the cradle of the medical marijuana move-

ment, then Venice Beach might be where it reached
maturity — and some would say, where it ran wild.
¶ Known for its eclectic mix of tattoo parlors, street performers and surf shops, the bohemian Los Angeles neighborhood
has long been home to the city’s younger creative and artistic
crowds. But the boardwalk culture took on a new vibe after
California became the first state to pass a medical marijuana law in 1996. Today, the strip is home to several pipe stores
and marijuana dispensaries like the Venice Beach Care Center,
Nile Collective and Green Cure Venice, where “budtenders” and
_STEPHEN
“budistas” offer menus of buds for clientele carrying a California
LANKENAU
doctor’s recommendation for medical marijuana. Most sell a
Lankenau is an assmorgasbord of marijuana-infused edible products like brownsociate professor in
the School of Public
ies and cookies, but also juices, olive oils and beef jerky
Health. His research
infused with THC, marijuana’s mind-altering ingredient.
focuses on high-risk
¶ Drexel sociologist and School of Public Health Associyouth, out-of-treatment
drug users, homelessate Professor Stephen Lankenau was living and working in
ness and HIV/AIDS.
Los Angeles in 2007 when the rapid growth in dispensaries
— from four in 2005 to 186 two years later — motivated the city to impose a moratorium while it developed
regulations. Entrepreneurs quickly took advantage of
loopholes in the moratorium, which was never enforced,
and over the next several years, the number of dispensaries in the city exploded — up to 1,000 by some estimates.
¶ “They became as common as Starbucks,” Lankenau
says.* ¶ The number of medical conditions that qualify for
marijuana treatment also exploded. Though the initial law
focused on chronic health conditions like cancer and glaucoma,
later changes permitted psychological conditions like insomnia and
anxiety. According to one physician’s survey, California doctors have
recommended medical marijuana for more than 215 conditions. ¶ Lankenau knew the large number of medical marijuana dispensaries
in the city and its diverse population of young adults made Los Angeles fertile ground for a scientific study. ¶ “We started to see a lot of young
adults getting recommendations for these conditions,” Lankenau recalls. “That
should raise some red flags as to whether there might be some primarily recreational users mixed in with legitimate medical users. I wanted to look into that.”
AN UNSTUDIED AREA Lankenau recently got his wish. ¶ The National Institute on Drug
Abuse, part of the National Institutes of Health, has granted Lankenau $3.3 million over
five years to conduct a study of medical marijuana use among young adults. Working with
co-investigator Ellen Iverson at Children’s Hospital Los Angeles, Lankenau’s team began enrolling 380 marijuana users this past winter and expects to complete baseline interviews and
surveys by early 2015. Half of the cohort was qualified medical marijuana patients and half
was recreational users. Participants will complete annual follow-up interviews for three years.
¶ It will be the country’s first large-scale federally funded case study of medical marijuana use
among 18- to 26-year-olds. ¶ NIH research grants — particularly the large and lucrative R01 grant
type awarded to Lankenau — to study medical marijuana aren’t easy to come by. Possession
and distribution of marijuana is still illegal under federal law, and despite supportive statements from President Obama, under his administration the Drug
Enforcement Agency has stepped up raids of medical marijuana
dispensaries in states where licensing guidelines are unclear. ¶
*EDITOR’S_NOTE
A search of medical marijuana studies in NIH Reporter, the
agency’s database of the research it funds, turned up just
In 2013, Los Angeles residents
15 active studies nationwide at the time Lankenau
passed a bill calling for the
received his grant, and only about half of those
closure of all dispensaries
deal with population behavior similar to his.
that had opened since the 2007
moratorium, which is intended
¶ “It’s a controversial topic,” Lankenau says.
to bring down the number of
dispensaries to less than 140.
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source: timeline reprinted with permission
from shana ting lipton, about.com, with may
entry from the los angeles times.
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SMOKING OUT THE FACTS

One hypothesis that Lankenau and his team want to test is
the so-called “gateway theory” that marijuana users go on
to use harder, more addictive drugs.
“It’s true that most people who use hard drugs like cocaine and heroin have used marijuana, [but] most people
who have smoked marijuana don’t go on to use harder
drugs,” Lankenau says. “There’s not really a lot of data that
validates or supports that theory, but it’s sort of well out
there in the popular imagination that one of the risks of
marijuana is it can lead to harder drug use.”
In fact, Lankenau suspects the reverse may be true.
The idea that medical marijuana may potentially offer a
protective effect against other drug use grew out of another
large-scale study funded by the National Institute on Drug
Abuse that he conducted at Children’s Hospital Los Angeles.
The study was focused on prescription drug abuse in young
adults, but participants were asked if they used medical marijuana or smoked it recreationally. The team found generally
lower rates of drug use overall with medical marijuana patients compared with recreational marijuana users.
A separate study along the same lines by a colleague in
the Netherlands showed hard drug users were more likely
to “step off” using those substances once marijuana use was
decriminalized.
“It’s sort of turning the ‘gateway model’ on its head a little,”
Lankenau says.
Researchers will also seek to gauge whether young medical marijuana patients experience an overall improvement
in physical and psychological health. Study participants
will be asked a series of questions about the basis for their
marijuana treatment recommendation and their medical
history to discern whether they are, in fact, getting the prescription for legitimate purposes. They’ll also be asked about
previously diagnosed conditions and what type of experience
participants had using other drugs prescribed for it.
“Maybe they got a prescription for them, but those prescriptions didn’t seem to work the way they wanted or it
didn’t result in the level of improved health that they desired,” Lankenau says. “Is [medical marijuana] effective in
terms of improving physical or psychological health?”

_1996 California voters pass
Proposition 215 (the Compassionate Use Act), which allows
medical marijuana to be
dispensed to patients with a
doctor’s recommendation.

_1992 Medical mari-

_2003 Senate Bill 420 (the Medical Mari-

juana is approved in
a few California cities
including Santa Cruz.

juana Program Act) is written into law to
clarify the scope and application of the
Compassionate Use Act of 1996. It paves
the way for a voluntary statewide medical
marijuana identification card program.

_2005 Los Angeles has four
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TIMELINE OF RECENT
MEDICAL MARIJUANA
LAWS IN LOS ANGELES
AND CALIFORNIA

“What we’re really trying to find out is, is this a good
policy for young adults?” Lankenau says. “Does it seem to
result in improved health overall, or does it have unintended consequences that may give pause to other states?
Or should it be scaled back somehow?”
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_A LONG,
STRANGE
TRIP
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—Ellen Ive rson ,
Children's Hosp i t a l Los A n gel es
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“There really
hasn’t been a
body of strong,
rigorous evidence
that looks at how
young people make
decisions about
marijuana use.”

Lankenau’s interest in the relationship between medical
marijuana and young people stems from his dissertation research on homeless panhandlers in Washington, D.C., where
he saw firsthand how drug and alcohol problems affected the
health of a vulnerable population. Later, as a postdoctoral fellow, he focused his work on substance use and HIV/AIDS.
“It became clear to me that substance use was at the heart of a
whole range of social and public health problems — sometimes
the cause and sometimes the effect — such as poverty, violence,
disease, social justice, psychological and physical well-being,”
he says. “Substance use is a very dynamic field for research.”
Most of the studies done on medical marijuana to date have
focused solely on quantifying whether illegal marijuana use
goes up or down in states after they pass medical marijuana legislation. Those studies have typically been smaller in
scale, or involve secondary analysis of survey data without
direct recruitment of medical marijuana–using subjects.
The federal stance on funding medical marijuana research
has softened as the number of states that permit and regulate medical marijuana sales and use has continued to grow.
So far, 21 states plus the District of Columbia have passed
medical marijuana laws, and in late 2012, voters in Colorado
and Washington (where marijuana for medical use was already legal) passed initiatives that legalized marijuana for
recreational use. Bills that would allow medical marijuana
are pending in five other states, including Pennsylvania.
The timing is ripe for more research.
Starting this past winter, Lankenau’s team began recruiting
study participants by “hanging out” in areas like Venice Beach
and Hollywood that have a large number of dispensaries. Participants receive $25 as an incentive to give the initial interview.
“It takes a little finesse and experience to do it in a way that
makes the person comfortable talking about their drug use,”
Lankenau says.
Lankenau’s collaborator, Ellen Iverson, says the age group
targeted by the study is important because marijuana use
(medical or illicit) typically peaks between ages 19 to 21.
“These often are the most vulnerable times of their lives
— years when developmentally they are making significant,
culturally adult-oriented decisions about their lives and
their identities are very much in flux,” Iverson says. “There
really hasn’t been a body of strong, rigorous evidence that
looks at how young people make decisions about marijuana
use. Here’s an opportunity to learn what kinds of issues they
are using marijuana for and, especially as policy is being formulated and evolving, to understand how it affects [them].”
A better understanding of why young people turn to the
drug could help better inform policies on medical marijuana, she says.

known marijuana dispensaries, in
Hancock Park, Van Nuys, Rancho
Park and Cheviot Hills.

_2007 Concerned by a 2,350 percent increase in the number
of medical marijuana dispensaries in Los Angeles during an
approximately one-year period, the City Council establishes a
moratorium on new medical marijuana storefronts on Aug. 1
and places restrictions on hours of operation and their proximity to schools, churches, parks and other dispensaries.
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A PATCHWORK OF POLICIES

Across the country, thousands of licensed physicians have
recommended medical marijuana to at least 600,000 patients in states with medical marijuana laws, and the
rate of legalization has outpaced policymakers’ grasp of
the long-term consequences of widespread availability
of marijuana.
The emergence of marijuana into mainstream medical usage traces back to 1982 when the National Academy of Sciences’
Institute of Medicine confirmed the “therapeutic potential”
of marijuana. More recently, 76 percent of 1,446 physicians
polled in the New England Journal of Medicine said they would

_2009 Federal officials announce that they

_2008 California Attorney General Jerry
Brown issues a directive of guidelines for
medical marijuana cooperatives including
that they sell only to legitimate patients,
operate as nonprofits and only buy [marijuana] from fellow cooperative members.

20 10

will no longer try to block medical marijuana
distribution and use in California.

prescribe marijuana to treat pain from cancer. And last August, influential CNN chief medical correspondent Sanjay
Gupta, MD, reversed his long-held position on the issue, concluding, “Sometimes marijuana is the only thing that works.”
California became the first state to sanction medical
marijuana use when voters adopted the Compassionate Use
Act of 1996. Since then, the state and localities there and in
other states have struggled to balance the desire of patients
to have safe, easy access to the drug with a public safety
interest in curbing potential exploitation of the system by
recreational users or criminals. In the latest development,
California’s Supreme Court held in May that dispensaries
were legal but could be banned by local governments.
More than 3,000 miles away from Venice Beach in New
Jersey, the issue isn’t whether there are too many dispensaries, but whether the state should loosen its restrictive
medical marijuana law to make it easier for more dispensaries to open. New Jersey permitted the sale and use of
a limited number of strains of medical marijuana three
years ago, but so far only one dispensary has opened.
Other states are trying to find the middle ground between the approaches taken in California and New Jersey.
In Illinois, which recently passed medical marijuana
legislation, the bill’s chief architect and backer, Democratic Rep. Lou Lang, boasted at a bill signing ceremony that
the law was “the most controlled and highly regulated bill
in the country.”
Illinois limits the number of cultivation centers to 22
and only allows for 60 dispensaries across the state, but it’s
unclear how those numbers were selected.
Last August, Attorney General Eric Holder announced
that the Department of Justice would not seek to prosecute
individual users and those who work in the industry in
states that have legalized the drug for personal or medical use as long as states “implement strong and effective
regulatory and enforcement systems” — a signal that the
federal stance is softening further, but also a warning that
the DOJ reserves the right to intervene if states don’t go far
enough to protect public health and safety.
“It’s an emerging trend around the country to pass
this kind of law,” Lankenau says. “We hope the findings
from our study may help inform other policies around the
country as to whether this is a wise policy or whether it’s
something that should be given further consideration.”

_JANUARY 2010 The Los Angeles City Council, without
debate, approves an ordinance to shut down hundreds of
medical marijuana dispensaries and impose strict rules on
the operation and locations of cannabis clubs, shops and collectives. The ordinance caps the number of dispensaries at 70
(with the exception of those registered with the city in 2007).

_2012 The Los Angeles City Council
banned all marijuana dispensaries,
only to repeal the ban amid opposition.

LI G H T I N G _ U P _ B Y _ L A W
Call it reefer madness, or
call it the arrival of a sane
public health policy at last—
depending on your viewpoint.
In 2013, lawmakers filed
bills in at least 30 states and
Washington, D.C., favorable
to marijuana possession for
personal or medical use.
Illinois and New Hampshire
effectively legalized medical marijuana in 2013, and
Maryland joined the club in
2014, bringing the total to 21
states and the nation’s capital where medical marijuana
is legal. In addition, both
Colorado and Washington
passed laws legalizing recreational marijuana in 2012
elections. Legislatures in five
additional states, including
Pennsylvania, are considering bills that would legalize
medical marijuana.

LEGAL FOR MEDICAL & RECREATIONAL USE
LEGAL FOR MEDICAL USE
LEGISLATION IS PENDING
FAVORABLE LEGISLATION BUT HAVE
NOT LEGALIZED MEDICAL MARIJUANA.
LEGISLATION WAS DEFEATED

_MAY 6, 2013 The California
Supreme Court rules that local
governments can ban marijuana
dispensaries, the Los Angeles
Times reports.

20 15

A third component of the study will look at the dispensaries to see how they’re set up, how they service patients
and what, if any, impact they have on emerging adults in
their communities.
“Is there enough regulation? Are staff trained adequately to provide [health] information?” Lankenau says.
The findings on this issue could have the most impact
for other states grappling with how to regulate the sale
and distribution of medical marijuana. In Los Angeles,
dispensaries became a lightning rod for controversy. When
dispensaries started opening in neighborhoods across the
city, residents blamed them for increased crime and noise.
They pressured city officials to step up enforcement and
shutter those that were operating illegally.
Since 2008, police conducting raids of illegal marijuana
businesses have made more than 74 arrests citywide. More
than $2 million in cash has been seized, as well as assault
weapons, nine kilograms of cocaine, and large amounts of
other illegal drugs, according to Los Angeles City Council
member Mitchell Englander, a reserve police officer who also
chairs the council’s public safety committee. In his 12th Council district, he’s worked with city administrators to shutter
more than 60 dispensaries he says were operating illegally.
“I know firsthand about the crime and other negative
impacts on our neighborhoods that the illegal storefront
marijuana stores have had,” says Englander. “When California voters approved the Compassionate Use Act of 1996
legalizing medical marijuana, it is likely that they had
clinics or pharmacies in mind, serving people with chronic
debilitating illnesses, rather than the nearly 1,000 storefront marijuana stores that sprang up across Los Angeles.”
“Based on what we find, we could have recommendations
on whether dispensaries are a good model for distribution,”
says Lankenau.

_MAY 21, 2013 By a margin of nearly 63
percent, Los Angeles voters pass Proposition D, which aims to cap medical
marijuana dispensaries to 135, forcing
more than 1,000 shops that don’t meet
the new legal qualifications to close.
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DAVEI
Molecule

_KILLER
INSTINCT
A designer molecule created at Drexel
beats HIV at its own game, rendering
it harmless before it can hijack healthy
cells — and bringing researchers closer
to understanding and defeating the virus.
_by Lini S. Kadaba / illustrations by
Joe Lertola, Bryan Christie Design
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T
_IRWIN CHAIKEN
Chaiken is a professor of biochemistry
and molecular biology in the College of
Medicine.

_CAMERON F.
ABRAMS
Abrams is a professor of chemical and
biological engineering in the College of
Engineering.
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adversary. Worldwide, it kills
nearly two million people a year. The shape-shifter mutates over time, evading attempts to contain it. It can
hide inside cells for long stretches. And despite decades of
study, exactly how its machinery functions is still a mystery.
At times, it can seem like the only way to eradicate HIV
is with the help of a superpower-endowed hero or two. Now
DAVEI is engineered to bind to the envelope protein on
two AIDS-fighting scientists at Drexel University just might
the surface of the virus, like Chaiken’s other compounds.
prove the answer.
Researchers Irwin Chaiken and Cameron F. Abrams have When that happens, the virus appears to be fooled into
a promising new weapon in their arsenal — DAVEI, a novel thinking it has found its target.
But DAVEI doesn’t stop there. It also binds to the memdesigner molecule that has a trick or two of its own. DAVEI,
which stands for dual-action virolytic entry inhibitor, fools brane of the virus and hijacks its machinery, setting in motion the infection process prematurely. Because the virus is
the AIDS virus into destroying itself.
Their work offers exciting leads not only on ways to fight not actually attached to a host cell, it spews out its genetic
the disease but also to prevent initial infection. In addition, payload harmlessly. Like a popped balloon, the virus essenthe novel mechanism might work similar magic against tially deflates, the researchers speculate.
“We think of it as irreversibly destroying the virus,”
other villains, including influenza, Ebola and leukemia,
Abrams says. “That aspect makes it unique. We don’t want
say the scientists. For now, though, the focus is AIDS.
“We’re learning that the virus can be defeated in a very to render the virus simply un-infectious. We want to irreversibly destroy it.”
specific way,” says Chaiken, a professor of
Abrams says the next puzzle to solve is
biochemistry and molecular biology in Drex- “Let’s design a
whether an infected cell that is not yet proel’s College of Medicine. He is collaborating
ducing HIV can be tricked into starting the
with Abrams, a professor of chemical and new molecule
process with DAVEI waiting in the wings to
biological engineering in Drexel’s College of
that will stick to
intercept and kill it.
Engineering.
“Killing latent virus is a goal,” Abrams
Chaiken’s lab has already created two other these surface
says. “There will be no cure for HIV until
novel classes of compounds to inactivate HIV
that has been accomplished.”
— peptide triazole thiols and gold nanopar- proteins on the
It’s “a very clever design,” says James A.
ticle peptide triazoles. The partnership with virus but in a very
Hoxie, a professor of medicine at the UniAbrams and the College of Engineering has
versity of Pennsylvania and director of the
allowed the two researchers to develop an particular way
Penn Center for AIDS Research. “Their apoverall program of virus destroyers, of which
so that it tweaks
proach of not only entering the site, but
DAVEI is a uniquely interesting class because
triggering the machinery so that it activates
it has a dual mode of action that the other those proteins and
inappropriately ... is rather novel. These
compounds do not.
events that cause the virus to trigger are of
Their partnership came out of conversa- springs the trap.”
tremendous basic interest. It really is the intions the two shared a few years ago. Listen- — C am eron F. Abram s, professor,
ternal workings of the virus.”
ing to Chaiken describe his work, Abrams took C ol lege of Engineeri ng
Hoxie says the two men are poised to make
an engineer’s perspective, focusing on the
principles of pressure. He hypothesized that the virus seems a substantial contribution to the basic understanding of how
the virus is wired. “And that gives us more tools for how to
to be under pressure, like a balloon. Why not try to pop it?
One pathway was to take advantage of unstable proteins disrupt that virus,” he says.
The other classes of compounds that Chaiken’s lab has creon the surface of the virus. Normally, these protein spikes attach to a healthy cell under attack and the two fuse together, ated also block the virus from interacting — that is, fusing
creating an opening for the virus to transfer its genetic ma- — with the host cell, thereby inhibiting infection. Essentialterial. The cell is rewired, disrupting its immune function ly, the virus is stopped in its tracks. That work was published
and leading to AIDS. Abrams suspects that at least one of the in ChemMedChem in 2011 and in Retrovirology in late 2013.
While all three compounds take advantage of the unstable
spikes is primed like a mousetrap with bait, and when prodequilibrium of the HIV virus, they appear to work by differded a certain way, undergoes a change in structure.
“So I had this idea,” he says. “Let’s design a new molecule ent mechanisms. Each also has its strengths and weaknesses.
Peptide triazole thiols, for example, are small molecules
that will stick to these surface proteins on the virus but in
a very particular way so that it tweaks those proteins and — an important quality for a drug — but they are suscepsprings the trap.” The result is the irreversible destruction tible to breaking down in the body. (Though synthetic, they
are too similar to natural compounds that the body’s enof the virus before it ever reaches a healthy cell.
zymes break down.)
The other class, gold nanoparticle peptide triazoles, puts
the peptide triazoles on gold nanoparticles to increase the
number of receptor sites. Because the host cell surface has
many receptor sites, this multivalent agent is more potent
than a mono-valent agent.
he aids virus is a devilish
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CVN
(cyanovirin-N)

“We found that the multivalent gold particles were very
potent as antiviral agents,” Chaiken says. In fact, the potency is three orders of magnitude greater compared to
both the peptide triazoles and DAVEI. But despite this
strength, gold particles can accumulate in the liver, posing
toxicity threats. “We need to find a nano substitute for the
gold particle,” he says.
While DAVEI’s dual mode of action is an exciting discovery, it also needs improvements to its components before it
can be used clinically.
DAVEI is a type of chimeric recombinantly engineered
protein, which means it is a molecule made from other
pieces of molecules. It has two main parts. The platform
is the protein cyanovirin-N, which has long been known
to bind strongly to HIV. Added atop is the membrane-proximal external region (MPER), a small piece of the viral
protein itself that leads to the breakup of the virus. The
research was published in the October 2013 edition of the
American Society for Microbiology’s Antimicrobial Agents and
Chemotherapy.
Going forward, the researchers are looking for new, improved platforms on which to build their HIV-busters. Cyanovirin-N is not the best choice for a drug because of concerns that it might be cytotoxic in humans. The researchers
want to “build a more robust, more specific version of DAVEI that would be worth putting into trial,” Abrams says.
According to Abrams, “hunter/killer molecules” like
DAVEI, which only target the virus and not healthy cells,
could be used in topical microbicides to prevent infection.
“HIV wouldn’t be able to get through,” he says.
Daniel Malamud is a professor of basic science at New
York University’s College of Dentistry and a professor of
medicine at its School of Medicine who specializes in infectious diseases. He thinks DAVEI shows promise as a mi-

linker

crobicidal agent. But he cautioned that the “important and
innovative study … is really a first step.”
Malamud would like to see DAVEI tested against newly
isolated clinical strains of the AIDS virus, not just the
laboratory variety commonly used in experiments. “Just
because something works on the laboratory strain doesn’t
mean it will work on what I call the street virus, a fresh
clinical isolate,” he says.
Abrams and Chaiken realize the road ahead is long and
expensive. “All three classes are virus inactivators, which
is wonderful,” Chaiken says. But “they all have weaknesses.
None is useful as a drug in the current incarnation. They
need to be developed.”
In fact, Chaiken and Abrams say their primary focus is to
better understand the inner workings of HIV on a molecular level, and DAVEI and the other compounds are useful
tools to that end.
“All of them are helping us to learn different ways to inactivate the virus, which is in some ways the most central
concept here,” Chaiken says.
“There is an enormous need out there for new strategies,”
says Abrams, whose work with Chaiken is funded with a
$1.1 million National Institutes of Health grant awarded in
2009. “The more I learned about HIV, the more diabolical it
seemed. It’s a fascinating machine.”
Adds Chaiken: “We must understand the mechanism in
order to guide better design. We’re trying to engineer the
sons and daughters of DAVEI and the other virocidal molecules we have discovered.”

MPER
(membrane-proximal
external region)

HIJACKER_MAKEUP
DAVEI is a type of chimeric
recombinantly engineered
protein, which means it is a
molecule made from other
pieces of molecules. It has
two main parts. The platform
is the protein cyanovirin-N,
which has long been known
to bind strongly to HIV. Added
atop is the membrane-proximal external region (MPER),
a small piece of the viral
protein itself that leads to
the breakup of the virus.
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To see a video of the DAVEI molecule in action, visit EXELmagazine.org
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_SENSOR FABRIC

_ENERGY
HARVESTING
FABRIC
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Kristy Jost’s research interweaves textile design and materials
science to create garments capable of storing energy and powering
small electronics. _by Lini S. Kadaba / illustration by Kristy Jost

_ENERGY
STORING
FABRIC
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’11, black is always chic. The fashion
designer pursuing a materials science doctorate works
with plenty of charcoal powder — a key ingredient in
her drive to develop “fabric batteries” that she hopes will one
day power runway-worthy smart garments and more.
Her innovative, fashion-centric research at Drexel University’s A.J. Drexel Nanomaterials Institute and the Shima Seiki Haute Technology Lab also is entwined with potentially life-saving threads.
“All of this has military applications,” says Jost, 25, stylish in tortoise-rimmed glasses and a scarf looped around
her neck. Her research fellowship is funded through the
U.S. Department of Defense.
Fabric batteries — essentially supercapacitors made of nontoxic, flexible textiles — are electrical energy-storing devices
that can operate small electronics, such as iPhones. For the
military, that could translate into Under Armour-style garments capable of tracking soldiers and monitoring vitals.
Currently, that type of surveillance requires a bulky battery pack that weighs about 12 pounds and takes up the
space of the typical engineering textbook. Even reducing
that load by a few ounces could have significant impact on
missions, Jost points out.
Commercial uses also are abundant. In fact, smart garments that feel and function like fabric but have built in
abilities, such as sensing or heating, already exist. The
challenge is how to power these textile devices, short of big
batteries or trailing electrical cords that plug into the wall.
“There are no real fabric electronics right now,” Jost
says. Her research is breaking ground on ways to integrate
energy storage seamlessly into garments that can be manufactured through methods already widely used in the apparel industry.
To that end, in 2010 Jost became the first Drexel student
to complete a co-op between the Westphal College of Media Arts & Design and the College of Engineering. Working with advisers Yury Gogotsi, director of the A.J. Drexel
Nanomaterials Institute, and Genevieve Dion, director of
the Haute Tech Lab, she developed ink made of inexpensive
activated carbon, which is derived from pinewood trees or
coconut shells. The porous activated carbon has a large surface area for energy storage — just one teaspoon of it is
equal to a football field in area. The unique ink was used
to screen print a square, just like any other fashion design,
onto woven cotton or polyester fabrics.
Once embedded with the capacitive material, the textile was sandwiched with another piece of carbon fabric.
The two layers — one charged positively, one negatively
— were soaked in an electrolyte, which contained positive
and negative atoms, or ions, and bound together. Voila! It
was a device that could be charged like a conventional battery — or perhaps wirelessly, or charged with wearable solar panels or sheer human movement.
uckily for kristy jost
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Supercapacitors are comprised of four main
components: an electrode, current collector,
electrolyte and separator. The first step in
making a textile supercapacitor is converting conventional charge-storing materials
into yarns. Once yarns are fabricated they
can be assembled into full fabrics.

_ C O M M U N I C AT I O N /
LO G I C FA B R I C
Antennas could
communicate with
smart phones to relay
information collected
from the sensors.

_ENERGY
HARVESTING
FA B R I C
Energy harvesting
systems can generate energy from
body movements,
sunlight, body heat
or even WiFi. This
collected energy can
be stored in a textile
supercapacitor.

_ENERGY STORING
FA B R I C
Energy storing
fabrics, like textile
supercapacitors,
have the potential
to power a variety
of other wearable electronics,
including sensors,
communication
devices or small
portable devices.
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_SUPERCAPACITORS
1
Steel
yarn
Activated
carbon
positive electrode

negative electrode

2

3

_1
Oppositely charged
ions are attracted to
the surface of electrically charged carbon
(+/-), where they
form a double layer
capacitance. Electrical energy is stored
between the ions and
carbon. Steel yarn is
used to increase the
conductivity, while the
activated carbon yarn
adsorbs the ions.

_2
Once carbon/steel
yarns are assembled
they can be knitted into
full devices.

_3
The final cloth can
have striped alternating electrodes, that
can also act as a
design component.

At conferences, other scientists often puzzle over her
background. “People always go, you were what?” she says.
But Jost’s combination of seams and supercapacitors
makes perfect sense. She’s been designing clothes (her Barbie dolls looked like fashionistas) and putting on shows
“Opposites attract,” explains Jost, who presented her since she was a child growing up in West Philadelphia and
work in Nice, France, in September 2010, and was pub- Havertown and her grandmother gave her scraps of fabric.
When she wasn’t sewing, she was concocting brews, raidlished in the journal Energy and Environmental Science in 2011.
ing her mother’s spice rack for ingredients. She also recalls
“That’s the reason it works.”
While being charged, the carbon fabric, which contains fondly a pulley system she constructed to turn the light off
electrodes, attracts the oppositely charged ions, which keep and on from her bed.
During her sophomore year at Drexel, the
the electricity in the device.
then–fashion design major discovered the deHow much power can smart fabric store?
“I think fabric
signer Hussein Chalayan and his 2007 spring
Jost estimates that a 1,000-square-centimeter knitted swatch of her product could
electronics are collection of smart garments. Imagine a Victorian gown transformed into a flapper dress.
power an iPhone for one hour of talk time.
going to be very Fringes popped onto hemlines. Long sleeves
While smart fabric supercapacitors provide
short.
less energy than conventional batteries,
popular. Fashion turned
Jost was completely enraptured. “If he
they are considered safer, can last hundreds
do that, what else could you do?” she
of thousands of cycles and charge in a matdesigners love could
wondered.
ter of seconds, she says.
Around the same time, a class assignment
“It’s a new paradigm,” Dion allows. “It’s a the idea of really
had students incorporate technology into
new material.”
transforming
their designs. Most envisioned pockets for
More recently, Jost began using a backbone
iPods or holders for medical devices.
of highly conductive carbon fibers, which is
clothes. That
“I took it very literally,” she says. “I made
then screen printed with the carbon ink. This
a big ball gown covered in polka dots, but all
device can store even more energy, comparawas my initial
the polka dots were speakers. It was a muble to conventional hard supercapacitors, she
notes in a paper that was published in Energy fascination. I think sical clap-on dress. You walked in and the
would start.”
and Environmental Science in 2013.
eventually we’ll party
She wanted to make that dress for real —
The next iteration involves developing
and found her way through word of mouth
new carbon yarns that further improve the
get there.”
to Gogotsi. Alas, reality soon hit. None of the
capacitor load and would make mass produccomponents to make a multimedia gown existed in fabric.
tion simpler.
At the Nanomaterials Lab (“This is where I get to be a mad It turned out that Chalayan’s collection was powered by
scientist,” she says), Jost pulls a sample swatch from a three- motor-lined corsets, which took away some of the magic of
inch thick, white binder full of test fabric bits and snippets it all, she says.
“I thought it would be something different, something
of yarn, labeled and stored in plastic sleeves.
A square of a knitted capacitor in wool is pulled from the new and more interesting,” she says.
And so began her co-op and interest in materials science.
binder. “The reason we knit it with wool is because it’s fire
resistant, if anything were to spark for any reason,” she Her senior collection was inspired by the shape and strucsays with a smile. For the record, it’s unlikely. The piece ture of carbon nanotubes and used futuristic neoprene and
was produced on the impressive digital knitting machines nylon mesh. After she graduated in 2011 with her bachelor’s,
at the Haute Tech Lab, three blocks west of Drexel’s Nano- she continued her research as a doctoral candidate.
“I think fabric electronics are going to be very popular,”
materials Institute.
“We’re closing in on the Holy Grail,” she says. “We want she says. But besides its medical and military uses, Jost still
to knit your garment and be done. There’s no additional has a soft spot for the fashion applications. “Fashion designers love the idea of really transforming clothes. That was my
processing after the fact in this new work.”
Dion notes that one of Jost’s assets is the unusual per- initial fascination. I think eventually we’ll get there.
“And if we do,” she says, “I’d like to make that party dress
spective she brings to her research. “Her strength is being
trained as a designer,” she says. “That’s a different approach the right way.”
to engineering.” In other words, Jost not only cares about
the electrochemistry of her fabric, but also whether it’s aesthetically pleasing, comfortable — and easy to wash. (Now,
that’s smart.)
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_HEART TROUBLES
A School of Public Health researcher and his team are calling an increase in
heart failure over the past 20 years a new epidemic of cardiovascular disease.

_ LO N G J I A N LI U
Liu is an associate professor of epidemiology
and biostatistics in the
School of Public Health.

_ H O W A R D EI S E N
Eisen is chief of the
Division of Cardiology in the College
of Medicine.

H

eart failure is fast making a name for itself
as one of the deadliest
of cardiovascular diseases
among men, African Americans and individuals over
age 65, beating out others
like coronary heart disease
and stroke, with a bleak
survival rate that rivals
most cancers.
“In contrast to other
forms of cardiovascular diseases ... the prevalence, incidence and mortality from
heart failure are increasing
and the prognosis remains
poor,” says Longjian Liu,
who co-authored a paper
detailing the trend with
the College of Medicine's
Howard Eisen, MD.
The report notes that
heart failure affects nearly
5.8 million people in the
United States, and more
than 23 million people
worldwide. Each year, more
than 550,000 individuals
in the United States receive
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new diagnoses of heart
failure, and one in five have
a lifetime risk of developing
the syndrome.
“The worldwide prevalence of heart failure seems
to have been increasing
over the past decades,” says
Liu. “Despite advances in
therapy and health management, heart failure remains
a deadly clinical syndrome.”
In 2008, heart failure
accounted for more than
$35 billion in U.S. health
care costs, according to the
report, which was published
in the February 2014 edition
of Cardiology Clinics.
The authors report that,
in the United States, nearly
50 percent of people diagnosed with heart failure die
within five years. A review
of cases in Europe found
mortality rates were 11 percent in the first year and 41
percent over five years.
The key to preventing
heart failure is to control
risk factors at early stages,
says Liu. That’s achieved
through a healthy diet and
active lifestyle. And, those
who are at a high risk for
heart failure should take
serious steps to reduce their
risk by adhering to medications, avoiding drinking
alcohol, reducing salt intake
and receiving ongoing care
from a physician, he says.

TIGHT_SQUEEZE
Colored angiogram of the
coronary arteries of a
patient with heart disease.
Coronary arteries (orange)
supply the heart muscle with
oxygenated blood. Narrowing of the blood vessels is
seen at left.
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M A LE
HTD 1980-1981

6.81%
6.84%
7.16%
7.44%

HTD 2006-2007

32.17%
34.31%
34.78%
36.68%

F E M A LE
HTD 1980-1981

6.14%
8.14%
8.19%
8.21%

HTD 2006-2007

28.80%
31.05%
31.18%
34.23%

BIG_PICTURE
Age-adjusted prevalence of hospitalization attributable to hypertensive diseases (HTD) from 1980 to 2007 across four regions in
the United States. The West had consistently lower prevalences.
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NUTRITION

B IOT EC H N O LO G Y

_CALORIE COUNTERS

_A NEW TWIST ON ANKLES

Diners order foods with fewer calories when the
menu includes nutritional labels, researchers found.

Sorin Siegler’s research corrects a flaw in the conventional understanding
of ankle morphology and could result in better artificial ankles.

M

andatory menu labeling
laws were created to
help citizens make
healthier dietary choices,
but do they work?
It appears they might,
at least in full-service
restaurants, according to
a new study by an evaluation team led by School
of Public Health Assistant
Professor Amy Auchincloss.
The study demonstrates
that customers of fullservice restaurants with
nutritional labeling on the
menu select meals with
fewer calories.
“This is the first fieldbased study of manda-

In the study led by Auchincloss,
customers at restaurants
with menu labels purchased,
on average, food with:

151
fewer calories

224 mg

3.7
less sodium

less saturated fat

g

tory menu labeling laws
that found a large overall
adjusted difference in
calories between customers
who dined at labeled restaurants when compared
to unlabeled restaurants,”
says Auchincloss.
Almost 80 percent
of customers at labeled
restaurants reported see-
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ing labels, and 34 percent
reported using them when
deciding what to order.
Among the subset of people
who reported they used
labels, they purchased 400
fewer calories, 370 milligrams less sodium and
10 grams less saturated fat
than the overall average.
Nevertheless, even
consumers who used the
labels purchased oversized
meals that, on average, far
exceeded what could be
considered “healthy” —
highlighting the pitfalls
for consumers when dining
out. In the article about
the study, which appeared
in the American Journal
of Preventive Medicine, the
authors argue for a need to
do more to help consumers
to eat sensibly.
Americans currently
purchase at least a third of
the calories they consume
on food prepared away
from home.
“While previous studies
have shown mixed impacts
of menu labeling in fast
food settings, this study
suggests that nutrition information may be particularly useful in full-service
restaurants,” said Donald
F. Schwarz, MD, health
commissioner for the City
of Philadelphia and a coauthor of the study.
Philadelphia’s menu
labeling law was enacted
in 2010. Menu labeling will
expand nationwide when
the Patient Protection
and Affordable Care Act
is fully implemented. The
law requires all fast-food
and full-service restaurant
chains with more than 20
locations to provide nutrition information at the
point of purchase.

_SORIN SIEGLER
Siegler is a professor
in the College of Engineering’s Department of
Mechanical Engineering
and Mechanics.

…Foot bone connected to
the heel bone
Heel bone connected to the
ankle bone
Ankle bone connected to
the shin bone…
— “Dem Bones”

I

f only the human
body, that complex
masterpiece
of bones, joints,
tendons and organs,
were as simple as
the lyrics to the song
known by all.
Sorin Siegler knows
it’s not. The Drexel professor believes he’s made an
important discovery about
the shape of the ankle
bone that upends 70 years
of what was thought to be
common knowledge on the
subject.
Siegler has discovered
that the ankle is not, as
textbooks taught for generations, the shape of a truncated cone that has its apex
directed medially (toward
the center of the body). It's
actually the exact opposite.
“It’s a truncated cone
that has its apex laterally,
away from the center of the
body,” he says.
Siegler came to this
conclusion after doing studies using medical imaging.
“I took medical images
[like an MRI] of 50 or so

DOUBLE_JOINTED
Every joint in the body has
distinct biomechanical properties. What sets the ankle apart
is that it must allow motion
in all planes. “If you walk, it
has to adapt to different kinds
of terrain,” Siegler says. “It
has to be able to take the
initial load from the ground
as it transfers to the body. Its
structure is a little bit unique.
It’s really two joints. There is
one, which is between the heel
bone and a small center bone
in the middle called the talus,
then the upper ankle joint.”

ankles, and I reconstructed
them in the computer," he
explains. "I created threedimensional renderings of
those bones from an MRI or
CT scan.”
When renowned orthopedist Verne T. Inman first
mapped the shape and
size of the ankle roughly
seven decades ago, he did
so without the benefit of

_DREXEL UNIVERSITY RESEARCH MAGAZINE 2014

D E R M ATO LO G Y

a computer. His findings,
which Siegler ultimately
discovered were incorrect,
became accepted knowledge.
“People looked at the
ankle and said it’s acting
like a hinge,” Siegler says.
“Using that hinge assumption, he made measurements directly on the bone,
but not straight — using
the hinge that he thought
was there — to determine
the shape.”
Siegler measured the
shape of the bones directly
from their computer renderings. He believes that
his accurate measurements
could ultimately result in
the design of a better artificial ankle.
Today, hips and knees
are the two most commonly
replaced joints, with surgical success rates north of
95 percent. Many surgeons,
however, don’t even attempt ankle replacement
surgeries, instead opting to
fuse the joint. Why? Ankle
replacement surgeries have
an unacceptably high rate
of failure, of around 70
percent, says Siegler.
“I believe one of the
reasons for the failure
rate is they don’t obey
the shape characteristics
of the joint," says Siegler.
"The replacements that are
on the market today use
either a cylindrical shape
— not a truncated cone —
or they use the cone, but
the wrong cone, the cone
that is based on Inman’s
common knowledge.”
Siegler would like to
change that. Using a
$41,000 seed grant from the
Wallace H. Coulter Foundation, Siegler is hoping to
develop patents for new
concepts on total ankle
replacements. He plans to
apply for a full grant in
the fall.

Jennifer Taylor is developing a comprehensive
database that can be used to reduce firefighter
injuries nationwide.

H

improve
safety in the fire service, one of the most
dangerous and unpredictable occupations? Drexel's
Jennifer Taylor says it’s all
in the details. She’s been
working to help fire departow do you

_ J E N N I F E R TA Y LO R
Taylor is an associate
professor in the Environmental and Occupational
Health Department at the
School of Public Health.

ments track injuries in the
field so they don’t happen
again. And thanks to a
recent grant, she’s taking
her work nationwide.
Taylor received a threeyear, $1 million grant from
the Assistance to Firefighters Grant Program
run by the Federal Emergency
Management
Agency (FEMA)
and the
Department of
Homeland Security to expand her
work on a firefighter
injury data system.
“If the fire service and
safety researchers have
comprehensive, consistent
and accurate information about who is being
injured, how they are being
injured, and what types
of injuries occur, then
these injuries could be
prevented,” says Taylor.
The grant will fund a
study to test the reliability
of findings from a 2009

FEMA-funded project,
called the Firefighter
Injury Research & Safety
Trends (FIRST). In two
pilot sites in Philadelphia and in Florida, the
FIRST project standardized information collected
for other purposes (e.g.,
hospital visits and workers’
compensation claims), and
unified them into one dataset to more deeply study
firefighter injuries.
The new study will
examine if project FIRST’s
data architecture can be
replicated successfully in
additional states and fire
departments across the
United States.
“Data linkage is a powerful public health tool to get
previously ‘siloed’ data to
communicate,” says Taylor.
“This deepens our ability to
understand firefighter job
risk and associated health
outcomes in dangerous
occupations. And the
analysis we do
serves as a basis
for devising
new safety
policies, and
evaluates
the benefit of
expenditures
on safety gear
and equipment.”
Taylor’s work so far
has yielded interesting
and somewhat unexpected
results. Her team has
uncovered a concerning
problem of assaults to
paramedics by the patients
for whom they care. The
research team is conducting interviews and leading
focus groups with first
responders to understand
this problem and how it
can be prevented.

_THE ITCH THAT RASHES
It's now known what causes the itchy skin condition
known as eczema.

A

n estimated 30 million
Americans suffer
from eczema, a group
of medical conditions that
cause the skin to become
inflamed or irritated. Now,
researchers at the College
of Medicine have shown

epidermis

_SAFETY FOR THOSE WHO SAVE

this staph germ was present in eczema,” says Allen.
“But we’ve been able to
determine what the staph
is doing to cause ‘the itch
that rashes.’”
Allen and his colleagues
studied routine swabs from

inflammatory
epidermis
cells
normal
epidermis
cells

dermis

O C C U P AT IO N A L S A F ET Y

dilated
blood vessels

ITCHY_TRUTH
Eczema is a skin inflammation characterized by an itchy pink
rash and crust on the skin. Fluid accumulates between the
cells of the epidermis causing spongiosis (separation of the
cells). Clumps of epidermal cells disintegrate to form large
yellow vesicles containing inflammatory cells. These vesicles
can rupture onto the surface of the skin, forming crusts.

for the first time what
actually causes the itchy
skin condition.
A research team led by
Herbert B. Allen, a professor
and chair of the College of
Medicine’s Department of
Dermatology, found that the
culprit is biofilm, a slimelike substance produced
by staphylococcal bacteria,
which are normally found
on the skin surface. The
biofilm blocks sweat ducts,
which activates molecules
in the immune system
known to create itching
and inflammation.
The team recently
published their findings in
the online edition of JAMA
Dermatology.
“The dermatology community has known that

lesional and nonlesional
skin from 40 patients with
atopic dermatitis, the most
common type of eczema.
“We know that eczema
is worse when it involves
sweating,” says Allen.
Allen says that patients
can help prevent flare-ups
by treating the skin kindly
— using less soap, less hot
water, less bathing and
scrubbing and more moisturizing. Bleach baths can
also be effective.
Allen is now looking at
diseases that have eczema
as part of their presentation, including seborrheic
dermatitis, granular parakeratosis, prickly heat and
tinea pedis (athlete’s foot)
to see if blocked ducts also
play a role.
EXELmagazine.org
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_NO MORE PAPER TRAIL

_RISKY BIZ

_GETTING TEENS TO TALK

Anneclaire De Roos is
studying potential risk
factors, including exposure to solvents on the
job, for multiple myeloma,
an aggressive cancer.

One Drexel professor developed an online
questionnaire to get teens to open up with their
doctors about risk factors for suicide.

A centrally accessible display of a patient’s medical
information promises to bring order to the
chaos of treating severely injured patients.

T

are
chaotic, and for good
reason: A lot needs to
happen to bring someone
back to life, all by a team
of people pulling in the
same direction.
But information can be
lost in that chaos. It’s a
problem Aleksandra Sarcevic is working to solve.
Sarcevic, an assistant
rauma resuscitations

injured patients,” Sarcevic
says. “The big problem
they’re facing is access to
information, which is often
missing or incomplete.”
Sarcevic conferred with
physicians and researchers at Children’s National
Medical Center, University
of California San Diego
and Rutgers University
to come up with a display

P A R T I C I P AT O R Y _ D E S I G N
Sarcevic's team designed the display by asking researchers
involved in pediatric trauma reuscitations what they needed
and by having physicians test early prototypes.

professor in the College of
Computing & Informatics, along with her PhD
students Diana Kusunoki
and Zhan Zhang, has created an information display
prototype that is now being
evaluated for use in pediatric trauma resuscitations
in the Children’s National
Medical Center in Washington, D.C. Their information
display contains all crucial
data needed in a trauma
situation and makes it
readily accessible to anyone
on the team working to
save that child’s life.
“These are very fast,
dynamic, high-tempo, highpressure, unpredictable
environments where a team
of doctors, nurses and physicians are treating severely
80

that shows heart rate, a patient’s weight and age, how
the patient was injured,
what interventions were
used in the ambulance and
in the hospital, and what
tests have been ordered.
The information is specific, too. For a child injured
in a car accident, for example, the display doesn’t just
say “car accident” but “rear
passenger / hip belt only /
air bag” because that’s the
kind of information that
will most help doctors treat
the patient.
The team's project was
funded by the National
Institutes of Health and
the National Science
Foundation.
Their displays began being tested in January.

M

ultiple myeloma is one
of the most fatal
cancers, with a fiveyear relative survival rate
of about 36 percent in the
United States. Studies have
shown that exposure to
certain chemicals on the
job may put people at a
greater risk, but more data
is needed to make public
health recommendations.
Earlier this year, School
of Public Health Associate
Professor Anneclaire De
Roos received a National
Institutes of Health grant to
conduct a large, consortiumbased evaluation of the
subject. Her team will assess
exposure to five specific
solvents: trichloroethylene,
perchloroethylene, benzene, toluene and xylene.
De Roos and her team
will pool data from
case-control studies participating in the International Multiple Myeloma
Consortium — there are
more than 3,600 cases and
12,000 controls with ques-

36%
Five-year relative survival
rate in the United States
for people diagnosed with
multiple myeloma, one of
the most fatal cancers.

tionnaire data on occupation. The study will also
investigate family history
of lymphomas/leukemias
to evaluate its impact on
the susceptibility to develop multiple myeloma.

G

etting teenagers to open

up about personal
problems can be difficult, but new requirements
from the American Academy of Pediatrics ask health
care providers to screen
adolescents for depression
and suicide risk annually.
One Drexel professor
has developed a tool that
can help providers obtain
relevant information from
their patients — minus
long silences and monosyllabic replies.
Guy Diamond's Behavioral Health Works tool
consists of an online health
screening questionnaire
that measures multiple factors that can affect a teen’s
risk: depression, suicidal-

GUY DIAMOND
Diamond is an associate
professor in the College
of Nursing and Health
Professions. He directs
the doctoral program
in Couple and Family
Therapy as well as his
own Center for Family
Intervention Science.

automatically scored and
condensed into a report for
the doctor. The private setting and method of answering questions in the survey
can help ease the anxiety
teens might have about

SCREENING
all patients/students

ORIENTATION
given by staff/nurse

(regularly or as identified)

(log-on is created)

01

REPORT AND
PROVIDER'S REVIEW
MAY BE BILLABLE

02

BHWORKS

06

05

REVIEW
provider reviews report
with patient and makes
referrals if needed

ity, trauma, substance use,
sexuality, gun access, bullying, violence exposure and
other risk behaviors.
It’s important to ask
about these multiple factors
because, as Diamond says,
with teens’ suicide risk
“things are more complicated than just depression.
Adolescents can be experiencing problems that put
them at risk, even if they
are not depressed.”
During a medical visit,
patients take about seven
minutes to complete the
questionnaire. Results are

04

03

COMPLETION OF BHW
patient completes in
private setting
(less than 10 min)

REPORT
staff/nurse prints and
adds the report to patient
chart or medical record

RISK_ASSESSMENT
In just a few quick steps,
a patient can complete
a depression screening,
discuss results with a health
care provider, and have the
report added to the patient’s
file through the use of the
Behavioral Health Works
system and tools.

answering deeply personal
questions and prepare them
to discuss their feelings.
The tool is now used in 40
sites in Pennsylvania and
screens over 1,000 patients
each month.
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_A CUP THAT COUNTS
An interdisciplinary team of health care researchers at Drexel
have invented a new way of monitoring patients' consumption of
liquid supplements in the hospital.
Disposable Cup

M

1 . INTAKE

4 . OUTCOME

Cup Holder

ALERTS

Contact
Switch

2 . RECORD

alnutrition, or undernutrition, commonly affects older adults across the geriatric
care continuum and can increase
the risks of illness and death for
vulnerable patients. Oral liquid
nutrition supplements are used
to help patients gain weight, but
the research and information on
how much is consumed is usually
incorrectly reported or not even
reported at all by busy nurses.
Rose Ann DiMaria-Ghalili, an
associate professor in the Doctoral
Nursing Department and Nutrition Sciences Department in the
College of Nursing and Health
Professions, saw a need for a
digital device that automates the
recording and monitoring of liquid intake, including oral liquid
nutrition supplements, to keep
better track of intake and free up
nurses’ time for other activities.
Together with co-inventor Kambiz Pourrezaei, a professor in the
School of Biomedical Engineering
and Health Systems, she leads
a team of interdisciplinary and
transdisciplinary researchers developing a patent-pending "Smart
Cup" for monitoring nutritional
intake in the hospitalized.
So far, the Smart Cup tested
well in 20 drinking tests with
college students and 49 drinking
tests with ambulatory cardiology
clinic patients. All of the participants agreed the cup was easy
to use and drink from, and 90
percent said the weight and the
design of the cup made it comfortable to hold. The prototype
has met the proof of feasibility
for measuring drinking time
and volume. Future research
and development will focus on
enhancing the human-factor for
design and usability and testing
the device in a hospital setting.

Sensors

TWO_PIECE

3. MONITOR
APP_READY

The Smart Cup is
composed of a
two-piece hardware
system: a disposable
cup that fits in to a cup
holder with sensors.

The cup can be used with
apps for clinical decision
support. The data can
also be transmitted from
the microcontroller for
each drinking event.

1 tsp

_ S O LI D T E S T I N G
The Smart Cup tested well in drinking tests with college students and
ambulatory cardiology clinic patients.
Participants agreed the cup was
easy to use and drink from, and
90 percent said the weight and
the design of the cup made
it comfortable to hold.

PRECISE_POUR
The sensors accurately measure key
data like time, volume, amount and
any spillage of the
liquid. The liquid
was measured with
accuracy better
than 5cc, or about
one teaspoon.

NURSE_ALERT
The Smart Cup can
send alerts to clinicians if the documented
amount of prescribed
oral nutritional supplements is not consumed.
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_THE LEGACY OF
RUTH PATRICK
Through her long career, the late pioneering freshwater ecologist
and Academy of Natural Sciences of Drexel University scientist
Ruth Patrick set the stage for the modern environmental movement.
Her legacy lives on in the research she continues to i nfluence at
the Academy. _by Katie Clark

T

Natural Sciences’ long history studying
watersheds, rivers and streams started with Ruth Patrick, who served the Academy as an environmental
scientist for more than 70 years. Her death in September at
the age of 105 marked the end of a life dedicated to a career
in freshwater ecology that helped to transform the science
of conservation.
Ruth Patrick was into big-picture thinking. At a time when
other scientists were just beginning to investigate how pollution affects single organisms or groups of organisms, she
studied whole ecosystems — from microscopic algae to macroinvertebrates, fish and salamanders — to understand the
total impact humans and industry have on the environment.
Her approach has come to be known as the "Patrick Principle," and can be summed up this way: Biological diversity
— the number, relative abundance and ecological characteristics of species in an ecosystem — is a valuable indicator of
environmental health.
She came to Philadelphia in 1933 as a graduate student.
One of her particular interests was the tiny diatom — she
noticed that different species of diatoms live in different
aquatic environments, making them excellent indicators of
water quality. A few years later, she worked as an unpaid assistant curator of microscopy and, in 1947, she established the
Department of Limnology, later renamed the Patrick Center
for Environmental Research.
She later expanded her research to include general ecology
and biodiversity in rivers, studying hundreds of streams, rivers and lakes in North and South America. Her work earned
her dozens of the nation’s top science awards and honors, including the National Medal of Science. To this day, the “Patrick Principle” remains the standard in river monitoring.
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ROLAND WALL
Senior director
of Environmental
Initiatives

Roland Wall is leading a
multi-year project funded by
the William Penn Foundation
that places the Academy at
the center of the foundation’s
Delaware Watershed Conservation Program.
The program includes a
massive collaboration of conservationists and watershed
groups to evaluate water and
aquatic life quality across the
Delaware River basin, a critical source of drinking water
for roughly 15 million people.
The program kicked off last
year with a one-year grant
to the Academy from William
Penn to lay the groundwork
for the collaboration and
provide guidance to the many
conservation partners who

are involved. Researchers
from the Academy worked
with individual watershed
groups to establish baseline
conditions in geographic
areas targeted by the foundation, called “clusters.”
The next stage of the project
commenced earlier this year,
when the Academy received
a portion of $35 million in
grants from the foundation to
continue working to restore
degraded ecological conditions and protect areas that
have high ecological value.
“You could put a ton of money
into one of the watershed’s
clusters, and it might be 10
years before any individual
project could be credited with
making a change,” says Wall.
“But if you put that money into
monitoring over a wide region,
the results have real value.”

of this ecosystem, you need
to know how it functions and
determine how much it’s polluted and how far it’s deviated
from its natural state.”
MARINA POTAPOVA

FOCUS:

Water and Aquatic Life
Across the Delaware
River Basin

FOCUS:

Diatoms Along the
New Jersey Coast

Assistant curator,
Diatom Herbarium

Marina Potapova has spent
the past two summers sampling salt marshes and tidal
zones along the New Jersey
coast in search of Patrick’s
favorite storyteller: diatoms.
The project, now in its second year, is funded by the
New Jersey Department of
Environmental Protection,
and provides data useful in
monitoring pollution on the
coastline.
“The people on the New
Jersey shores … don’t want to
smell rotten algae,” says Potapova. “If there is too much
pollution, you won’t be able to
enjoy that environment anymore. To maintain the health

The Academy’s approach to
this project reflects the techniques Patrick pioneered: She
believed in examining water
chemistry and populations of
macroinvertegrates, fish and
algae, and she was a proponent of using interdisciplinary
teams of experts and rigorous
scientific investigation to assess environmental impacts.

JERRY MEAD
Section leader,
watershed and
systems ecology,
Patrick Center for
Environmental
Research

Jerry Mead has been leading a multifaceted research
program to study the impact
of shale gas development in
Pennsylvania on water quality
since 2011. On public and
private lands in the Susquehanna and Delaware River basins, scientists are sampling

streams for water chemistry;
recording the diversity of fish
species, macroinvertebrates
and salamanders, which are
all indicators of surface water
quality; gathering information on algae; and assessing
the shape and composition of
stream channels.
They sample in areas untouched by drilling as well
as in areas with varying
concentrations of well pads.
Data gathered from these
“undisturbed areas,” which
are likely to host well pads in
the future, serve as reference
points against which scientists can compare new stream
data once drilling begins.
As part of the project, Mead
uses a computer program he
designed to help scientists
select streams for analysis by
identifying sites with similar

This summer, Potapova will be
conducting nutrient enrichment experiments, releasing
concentrations of eutrophication agents like phosphorus
and nitrogen, to determine
which species hold up and
how those nutrients affect
the food chain. Potapova also
plans to investigate sediment
cores — which are essentially
vertical timelines of marsh
mud — to help reconstruct
the ecological past of the New
Jersey coastal lagoons.
“We can then use this data
to see how stable this coast
was in the past and how fast
it could recover,” she says.
“When we know what species
are indicating what, we can
use these diatoms as environmental archives.”

FOCUS:

Shale Gas Impact
on Water Quality
in Pennsylvania

forest cover, agricultural and
urban development, and other
characteristics to ensure that
the intensity of drilling is the
only variable among sites.
Findings from the study will
be available in late 2014.
This entire project, Mead says,
is a continuation of Patrick’s
work. “The ‘Patrick Principle’
is the foundation of how we
assess these surface waters,”
he says. “The health of an environment is reflected by the
communities that are living in
it and the diversity of the community is a key metric.”
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_FRAMEWORK

_ABOUT DREXEL

_ “ M E ET M E AT T H E D R A G O N ”
The “Mario the Magnificent”
statue at 33rd and Market streets
is the work of renowned Philadelphia sculptor Eric Berg. The
4,100-pound bronze is a campus
landmark and favorite meeting
place. It represents Drexel's
Dragon mascot, which stands for
ferocity and combativeness.

F

1891 in Philadelphia, Drexel is a top-ranked,
comprehensive university recognized for its focus on
experiential learning through cooperative education,
its commitment to cutting-edge academic technology and
its growing enterprise of use-inspired research. With more
than 26,000 students, Drexel is one of the nation’s largest
private universities.
Drexel is a leader in creating technological solutions
to societal problems of the 21st century. The University’s
research enterprise has increased expenditures for sponsored projects from $15 million in 1996 to approximately
$111 million today. Drexel is committed to translational
research and is poised to respond to novel opportunities
for research, scholarship and technological development.
Examples include interdisciplinary efforts to meet emergounded in

ing national imperatives to upgrade the transportation
infrastructure, to move “alternative” energy sources into
the mainstream and to improve medical care while reducing its costs.
Drexel’s 92-acre University City Campus is located in the
vibrant University City district of Philadelphia, which is
the nation’s fifth largest city. The campus is a 10-minute
walk from Center City, the core of Philadelphia’s commercial and business district. Drexel teaches at four additional
locations: the Center City Campus for the College of Nursing and Health Professions and the Academy of Natural
Science of Drexel University; the Queen Lane Campus in
East Falls for the College of Medicine; Drexel at Burlington
County College in Mount Laurel, N.J.; Drexel Sacramento in
California; and through its online platform, Drexel Online.
_ O N LI N E
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World class
research.
Real world
outcomes.
Translational research.
Drexel students and researchers are generating
groundbreaking discoveries in infectious diseases,
advanced materials, self-driving vehicles, smart
textiles, regenerative medicine and more. Drexel
identifies multidisciplinary solutions and moves them
from the lab to the marketplace—solving the world’s
most demanding problems.

Thinking forward.
drexel.edu/thinkingforward
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