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Dear ASPET members,

It is hard to believe that the year is nearly over. At our fall Council mee  ng, we had a very dynamic strategic planning discussion. The three 
focus areas were: enhancing membership, educa  on, and the future of ASPET. Over the next few months, we will be rolling out new ini  a  ves 
that evolved from those discussions. We would appreciate hearing your thoughts on these topics or other issues related to ASPET. 

As the year ends, we would also like to get your help with two other eff orts. Following on the membership discussion at our Council mee  ng, 
I'd like to remind you about our Member-Get-A-Member campaign (h  p://www.aspet.org/membership/member-get-a-member/). The more 
you recruit, the more chances you have to win a prize. Also, the top recruiters will be recognized at the ASPET Annual Mee  ng at EB 2014 and 
in the March issue of The Pharmacologist. Please take the  me to recommend students or junior colleagues as members. Also, let's encourage 
people who are "prac  cing pharmacology without a license" to join up. A lot of our colleagues currently doing pharmacology research may 
not consider themselves to be pharmacologists. Let's get them into our community.

We also are working hard to endow some of our major awards (Abel, Axelrod, Goodman & Gilman, and Sollmann). Please help us meet our goal 
of making these awards a permanent fi xture of ASPET to recognize the giants in our fi eld. Addi  onally, a number of funds for student and young 
scien  st travel and member services would benefi t from your contribu  ons. All dona  ons can be made at h  p://www.aspet.org/donate/. 
I would like to specifi cally point out the generous matching pledge of $30,000 toward the Goodman & Gilman Award from an anonymous 
donor, which will double your contribu  on to allow us to more rapidly meet our goal on that award. 

By now, I hope that you have submi  ed your work to next year's EB 2014 mee  ng. We have a very exci  ng program and also will have joint 
sessions with the Chinese Pharmacological Society (CNPHARS). See you in San Diego!

Sincerely,

Rick Neubig

http://www.aspet.org/membership/member-get-a-member/
http://www.aspet.org/donate/
http://www.aspet.org/awards/aspet/abel/#Abel-Endowment-Fund
http://www.aspet.org/awards/aspet/axelrod/#Axelrod-Endowment-Fund
http://www.aspet.org/awards/aspet/goodman-gilman/#Goodman-Gilman-Endowment-Fund
http://www.aspet.org/awards/aspet/sollmann/#Sollmann-Endowment-Fund
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2013 Year in Review
NEWS

by Suzie Thompson

What a year 2013 has been! In April, we held an excep  onal Joint 
Annual Mee  ng with the Bri  sh Pharmacological Society at Experi-
mental Biology. Despite the tumultuous start of the mee  ng this year 
in Boston, we had record a  endance, with 1,173 ASPET members at-
tending the mee  ng and an overall 14,593 a  endance for the whole 
mee  ng. We awarded 83 Graduate Student Travel Awards, 32 Young 
Scien  st Travel Awards, and three SURF Fellow Awards. Our program 
this year was packed with cu   ng-edge science and leading speak-
ers in our fi eld. We also had an incredible turnout for the GPCR Col-
loquium, which was held as a satellite mee  ng to our main Annual 
Mee  ng. If you haven't already, be sure to take a look at our program 
for 2014 (h  p://www.aspet.org/EB2014/program/), when we will be 
mee  ng in San Diego along with the Chinese Pharmacological Society 
(CNPHARS). We expect next year's mee  ng to be another fantas  c 
one.

The ASPET journals con  nue to be leaders in the fi eld of phar-
macology. This year, we teamed up with the Bri  sh Pharmaco-
logical Society and Wiley to bring you a joint open access journal, 
Pharmacology Research & Perspec  ves. Be sure to check it out at 
www.pharmacolresperspect.com. The ASPET journals also got so-
cial this year. Each of the journals is on Facebook and Twi  er 
(h  p://www.aspet.org/publica  ons.aspx), so you can follow us and 
get updates about new issues, ar  cles of interest, and other fun facts. 
The editors are all working hard on bringing you the best journals for 
2014, so be sure to submit your papers and keep reading.

Membership is also doing well. We have had more new Regular Mem-
bers join ASPET this year than we have had in the past six years. Also, 
our reten  on rate is great with over 85% renewing their membership. 

We hope to con  nue to grow the Society and a  ract more members 
who are doing research in pharmacology and experimental therapeu-
 cs, and we hope that you will con  nue to do your part to keep our 

membership strong. Please tell a friend, colleague, or student about 
ASPET, and spread the word about our member driven programming 
at EB, our exci  ng science policy eff orts, our travel awards and support 
for students, and much more. Currently, ASPET is running a Member-
Get-A-Member program in which we are rewarding members for their 
recruitment eff orts. For more informa  on about this program, visit 
h  p://www.aspet.org/membership/member-get-a-member/.

It has been a fantas  c year, and we thank you for being a part of our 
important Society. As you may know, ASPET is currently going through 
a re-branding process. We will be launching a new look, brand, logo, 
and tagline in 2014. As the fi eld of pharmacology changes, ASPET is 
also changing to be  er fi t the needs of our members and those who 
are doing research in pharmacology and experimental therapeu  cs. 
We hope to a  ract new members and enhance our membership ben-
efi ts to our current members through this process. We have some ex-
ci  ng things planned for 2014, so we hope that you will renew your 
membership (if you haven't already) and get ready for an amazing 
2014!

As always, we would love to hear your feedback, so please be sure 
to tell us how we can help make your membership as benefi cial as 
possible!

Wishing you a happy, healthy, and successful new year!

The ASPET Staff 

http://www.aspet.org/EB2014/program/
http://www.aspet.org/publications.aspx
http://www.aspet.org/membership/member-get-a-member/
http://www.experimentalbiology.org/


https://www.aspet.org/membership/member-get-a-member/
mailto:membership@aspet.org
https://www.aspet.org/membership/member-get-a-member/
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John J. Abel Award in Pharmacology
Louis Barker
Allan Conney
Joann L. Data
Robin A. Dodson
James Fujimoto
James Halpert
Kenneth Jacobson
Ronald Kuntzman
John Lazo
Edward Morgan
Alan Poland
Yaping Tu
Mary Vore
Pancras Wong
Helen Yen-Koo
Julius Axelrod Award in Pharmacology
Robin A. Dodson
Kenneth Jacobson
Kenneth M. Johnson
Gavril Pasternak
Phil Skolnick
Karl H. Beyer, Jr. Student Travel Fund
Anne  e Beyer-Mears
J. Fred Pritchard
Bernard B. Brodie Award in Drug Metabolism
James Halpert
Ronald Hines
Be  y Sue S. Masters
Richard Okita
David Waxman

Jerry J. Buccafusco Student Travel Fund
Robert Caldwell
Robert Wille  e
Joseph P. Buckley Student Travel Fund
Balwant Dixit
Thomas F. Burks Student Travel Fund
James V.  Bruckner
Robin A. Dodson
James J. Galligan
David Jones
Mark. A. Osinski
Frank Vincenzi
Paula Wi  -Enderby
P. B. Dews Award 
Nancy Ator
Jonathan L. Katz
Victor La  es
C.J. Malanga
Margaret McCarthy
James McKearney
Donald McMillan
Joseph Moerschbaecher
Jerrold Winter
Drug Metabolism Early Career Achievement 
Award
Joann Data
Ronald Hines
Richard Okita
Kenneth Thummel

Robert F. Furchgo   Student Travel Fund
Stewart Ehrreich
Suzanne Laychock
Be  y Sue S. Masters
James W. Putney
Frank Vincenzi
Goodman and Gilman Award in Receptor
Pharmacology Fund
Tagreed Altaei
Bradley Andresen
Carol Beck
Michael Bergamini
Ishfaq Bukhari
David Bylund
Chris  ne Carrico
Brian Cox
Carmen Dessauer
Robin A. Dodson
Anne  e Fleckenstein
Joyce Goldstein
Joel Goodman
Joel Hardman
Kenneth Jacobson
Robert Le  owitz
Lee Limbird
Maureen Linder
Craig Malbon
Richard Neubig
William B. Pra  
Elaine Sanders-Bush
Allan Yard
Nancy Zahniser

ASPET gratefully acknowledges the following individuals who have made contributions for 2013:

    Consider your year-end donations now: Donate to the Goodman and Gilman Award in Receptor
    Pharmacology Endowment Fund.  An anonymous donor will match donations up to $30,000 for this
    award endowment fund, making your contribution go twice as far.

https://www.aspet.org/cvweb_aspet/goodman-gilman.shtml

http://www.aspet.org/cvweb_aspet/goodman-gilman.shtml
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Graduate Student Travel Fund
Louis Barker
William Beck
Robin A. Dodson
Thomas E. Donnelly
K. Hornbrook
Dale Hoyt
Juan Lertora
Kevin Lynch
Michiko Okamoto
Achilles Pappano
Robert Pechnick
Stephanie Wa  s
Carole Wilmot
Richard Ye
Morris Zedeck

Harvey B. Haag Student Travel Fund
Louis Harris 
IUPHAR Travel Fund
Joann Data
Richard Neubig

Keith F. & Eva K. Killam Student Travel Fund
Aisar Atrakchi
Robin Dodson
Kelvin Gee
Juan Lertora
Merle Paule
William Slikker

Benedict R. Lucchesi Lectureship in Cardiac 
Pharmacology 
Joann L. Data
Jinbao Huang
John Lazo
Edward Lesnefsky
Benedict Lucchesi
Nancy Rusch
Mitchell Steinberg
Frank Vincenzi

Stephen E. Mayer Student Travel Fund
Eric Barker
James W. Putney
Palmer Taylor

John P. Perkins Student Travel Fund
Joe Beavo
Richard Clark
Frank Dowd
James Putney
Rita Valen  no
Frank Vincenzi
Torald Sollmann Award in Pharmacology 
Kenneth Jacobson
Marcus Reidenberg
Frank G. Standaert Student Travel Fund
Michael Iadarola
C.J. Malanga
Joseph Moerschbaecher
Sustaining Member Fund 
Darrell R. Abernethy
Bradley Andresen
William Beck
Angela Brodie
D. Roselyn Ceru  s
Brian Cox
Joann L. Data
Robin A. Dodson
Doug Eikenburg
Jeff rey Fedan
Amadeu Gavalda
Susan Gonsalves
Mar  n Green
Louis Harris
Eugene Herman
K. Hornbrook
Kenneth Jacobson
Mark Knuepfer
John Lazo
Craig Malbon
Robert Pechnick
Walter Prozialeck
Gary Rankin
John Raymond
Margaret Reilly
Arleen Ri  ind
Marie Rock
Robert Roskoski

Carl Rosow
Elaine Sanders-Bush
Palmer Taylor
Frank Vincenzi
Lynn Wecker
Nancy Zahniser

A. E. Takemori Student Travel Fund
Patricia Broderick
John Callaghan
Gary DeLander
Robin A. Dodson
Earl Dunham
James Fujimoto
John Mar  n
Richard Okita
Norman Sladek

Paul M. Vanhou  e Lectureship in Vascular 
Pharmacology 
Heike Wulff 

Norman Weiner Lectureship in
Pharmacology 
Joseph Borowitz
Joann L. Data
Donald Franz

Young Scien  st Travel Fund
Richard Bond
Robert Caldwell
Robin Dodson
Susan Gonsalves
Ingeborg Hanbauer
K. Hornbrook
W. Keith Jones
Kevin Lynch
Margaret McCarthy
Michiko Okamoto
James Patrick
Pushpa Thadani
Lynn Wecker
Morris Zedeck
Note: This list refl ects contribu  ons received 
as of December 6, 2013.

Thank you to our 2013 Corporate Contributors
Eli Lilly and Company
Ferring Pharmaceu  cals, Inc.
Ins  tut de Recherches Servier
Janssen Research & Development, LLC
Na  onal Board of Medical Examiners

Pfi zer, Inc.
Taconic
DiscoveRx
John Wiley & Sons, Ltd. 
Med Associates Inc.
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The ASPET elec  on for President-Elect, Secretary/Treasurer-Elect, 
and Councilor will take place this month. All Regular, Postdoctoral, 
and Re  red members are eligible to vote. In addi  on, the following 
Divisions are holding elec  ons: Division for Drug Metabolism (page 
233); Division for Integra  ve Systems, Transla  onal and Clinical Phar-
macology (page 233); Division for Molecular Pharmacology (page 
234); Division for Neuropharmacology (pages 235-236); and Division 
for Toxicology (page 237). Members may vote online by logging into 
the Members-Only sec  on of ASPET.org and selec  ng "Vote in the 
2014 ASPET Elec  on" on the Member Homepage. View the 2014 
Elec  on bulle  n at h  p://www.aspet.org/uploadedFiles/Members_
Only/Elec  on_Bulle  n/2014-Bulle  n-fi nal.pdf.

As required by the by-laws, the elec  on site on the Web will be open 
for a minimum of thirty (30) days from the day of no  fi ca  on. The elec-
 on opened on December 2, 2013 and will close on January 15, 2014. 

Nominees for President-Elect:

Ken Thummel
Candidate's Statement:

As many of you are well aware, ASPET 
has been experiencing a number of 
external and internal pressures that 
will shape its future and relevance to 
the lives of its members and to the US 
public. Much of this change has been 
driven by a reduc  on in funding for 
biomedical research, as well as grow-
ing pressures on academic ins  tu-
 ons and the pharmaceu  cal indus-

try to reduce infrastructure costs with 
evolving changes in healthcare reimbursements. There is also growing 
concern among ASPET's youngest members over the opportuni  es 
and sustainability of a career in the pharmacological sciences. Thus, 
the need for ASPET and what it has to off er is greater than ever. It can 
be a champion of quality healthcare by fostering the development of 
innova  ve and personalized therapeu  cs. It can be at the forefront 
of public educa  on about the benefi ts and risks of pharmacological 
interven  ons for the treatment of disease and how balance between 
the two can be op  mized. In close partnership with other profes-
sional socie  es, it can be a knowledgeable, na  onal spokesman when 
ques  ons arise in the public domain about the need for con  nued in-
vestment in biomedical research and the long-term benefi ts that the 
public can derive from that investment. In addi  on, it can be an advo-
cate for sustained investment in graduate and postdoctoral educa  on 
and innova  on in how the next genera  ons of pharmacologists are 
trained, ensuring them a fulfi lling and produc  ve career. If elected 
President of ASPET, I will work  relessly to advance this agenda. I be-
lieve that my extensive background as an academic research scien  st 
and educator, and as someone with leadership experience and who 
is interested in public policy, has prepared me well for this endeavor.

Sco   Waldman
Candidate's Statement:

It has been an honor and pleasure 
helping to advance our Society and 
the discipline as Chair of the Scien-
 fi c Program Commi  ee and a Mem-

ber of Council. I am humbled to have 
been nominated for the posi  on of 
President of ASPET. In that context, 
our discipline of pharmacology is ex-
periencing an unprecedented  me of 
contrasts and paradoxes. Emerging 
technologies have yielded extraordi-

nary discoveries in molecular mechanisms underlying disease. In con-
trast, we fi nd ourselves in an era of fi scal constraint that compromises 
opportuni  es to translate those discoveries into new algorithms for 
disease predic  on, preven  on, and cure. Beyond this hard economic 
landscape, the integra  on of diagnos  cs and therapeu  cs into clini-
cal management paradigms holds the promise of tailored treatments 
for individuals and their diseases. Paradoxically, the very relevance 
of our discipline, whose core concepts embody the crea  on of those 
personalized approaches, demonstra  on of their safety and u  lity, 
and op  miza  on of their applica  on in pa  ents and popula  ons, is 
being challenged in academic, public, and private sectors. These en-
vironmental challenges frame the essen  al role of ASPET as the voice 
of pharmacology, establishing strategies that advance the discipline 
locally and na  onally. In that context, I believe the role of the ASPET 
President is to collaborate with members and leaders to maximize 
the value of the society, sustain the discipline, advance the science, 
and create opportuni  es for individual career growth.

As President, I will advance the discipline through well-established 
and familiar mechanisms. For example, as Chair of the Scien  fi c Pro-
gram Commi  ee, I have the remarkable opportunity to showcase 
cu   ng-edge content for the Annual Mee  ng, off ering our members 
unique opportuni  es for exposure to the latest scien  fi c advances, 
to meet experts pioneering technologies evolving the discipline, and 
for global advancement of our science through interna  onal partner-
ships, for example with the Bri  sh Pharmacological Society and the 
Chinese Pharmacological Society. Organiza  onally, as a member of 
ASPET Council, I have the honor of working with outstanding leaders 
to advocate na  onally for the importance of pharmacology through 
the Government Aff airs Commi  ee, and in collabora  on with our 
sister organiza  ons in FASEB, to sustain and expand research sup-
port that forms the lifeblood of our discipline. Moreover, as both a 
scien  fi c contributor and Council member, I take great pride in our 
por  olio of scien  fi c journals, which serves as the reigning voice of 
the discipline, the vehicle that disseminates the most impac  ul phar-
macologic research, the forum for interdisciplinary discourse, and the 
conveyance for local and na  onal policy related to pharmacology.

In this challenging environment, beyond these tradi  onal mecha-
nisms, I will lead the organiza  on into the future employing crea  ve

K
C

A
h
e
w
th
p
d
b
in
 

tr

S
C

It
h
th
 

b
b
P
o
p
c
te

http://www.aspet.org/uploadedFiles/Members_Only/Election_Bulletin/2014-Bulletin-final.pdf
http://www.aspet.org/uploadedFiles/Members_Only/Election_Bulletin/2014-Bulletin-final.pdf
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Sco   Waldman Candidate's Statement (con  nued)

strategies that maximize membership value and grow the discipline. 
Refl ec  ng inwardly on members, our future is the next genera  on 
of commi  ed pharmacologists, and I will work diligently to develop 
organiza  onal strategies that support career development. For ex-
ample, innova  ve mentoring programs that match successful career 
pharmacologists with nascent prac   oners can maximize the likeli-
hood of success. Similarly, organiza  onal roadmaps can provide clear 
pathways to Society ladders of responsibility, crea  ng (inter)na  onal 
leadership experiences required for career advancement. Further, I 
will establish scien  fi c divisions as incubators for the next genera  on 
of leaders by crea  ng mandates that recognize and cul  vate talent, 
provide divisional leadership opportuni  es, and promote scien  fi c 
contribu  ons to the Annual Mee  ng to create depth and breadth in 
a leadership pool that ensures and secures the future. Addi  onally, I 
will enhance award and grant programs that, in part, fi ll the gap creat-
ed by government austerity to provide a lifeline to trainees and young 
faculty struggling to establish a career foothold. Moreover, I will work 
with our Society experts to defi ne the contemporary por  olio of es-
sen  al core concepts diff eren  a  ng pharmacology from other disci-
plines, disseminate those concepts at our Annual Mee  ngs and in 
our journals, provide best prac  ces for pharmacology educa  on, and 
advocate for the essen  al nature of pharmacology in undergraduate 
and graduate curricula, in order to re-affi  rm the central relevance of 
the discipline. Finally, I will work to engage program directors in gov-
ernment agencies and the biopharmaceu  cal community, and jour-
nal editorial leadership, and secure their par  cipa  on in our Annual 
Mee  ng, to create opportuni  es for interac  ons with young scien-
 sts that enhance career success. In addi  on to this internal focus on 

member value, I will lead the organiza  on in developing strategies 
that refl ect outwardly, championing the central nature of basic and 
applied pharmacology in therapeu  c discovery, development, regula-
 on and applica  on to academia, biopharmaceu  cal, regulatory, and 

funding communi  es. Beyond these agencies directly linked to our 
discipline, I will drive outward organiza  onal strategies to educate 
ci  zens as key stakeholders in the benefi ts and deliverables of phar-
macology in the context of emerging experimental therapeu  cs that 
prevent and cure disease.

It is true that pharmacology, like all of modern science, is under du-
ress. However, where there are challenges, there also are opportuni-
 es to evolve, succeed, and even grow, in the context of leadership 

with vision and strategy to navigate that course. As President, I look 
forward to the opportunity to work with ASPET leaders and members 
to develop that vision and strategy and con  nue evolving the organi-
za  on and discipline.

       Nominees for Secretary/Treasurer-Elect:

                   Nominees for Councilor:    

y

Haian Fu
Professor, Department of 
Pharmacology; Director, 
Discovery & Developmental 
Therapeu  cs Program, Win-
ship Cancer Ins  tute; Direc-
tor, Emory Chemical Biology 
Discovery Center,
Emory University, Atlanta, GA

Dennis Marshall
Execu  ve Director, Medical 
Aff airs, Ferring Pharmaceu  -
cals Inc.

Margaret Gnegy
Professor of Pharmacology; 
Associate Chair of Pharma-
cology; University of Michi-
gan Medical School

Alan Smrcka
Louis C. Lasagna Professor in 
Experimental Therapeu  cs; 
Professor of Pharmacology 
and Physiology; Professor of 
Biochemistry and Biophysics; 
Professor at the Aab Cardio-
vascular Research Ins  tute, 
University of Rochester 
School of Medicine

http://www.aspet.org/divisions-chapters/
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Noteworthy at EB:

Child Care - Camp EB will be available each day of 
the mee  ng, so you don't have to worry about leav-
ing the kids at home.

Room Share Board - Find someone with similar 
interests to share a room with for the mee  ng. Visit 
the EB website for details.

WIP Into Shape - Women in Pharmacology net-
working walk

Give a Day of Service to San Diego - Friday, April 
25 - 4th annual day of service by ASPET members

Wednesday Recep  on - Stay for the a  ernoon 
sessions on Wednesday. Enjoy one more night in 
San Diego at a recep  on hosted by ASPET.

Important Links for the ASPET
Annual Meeting at EB 2014:

General Informa  on:
h  p://www.aspet.org/EB2014/

Program Informa  on:
h  p://www.aspet.org/EB2014/program/

Travel Award Informa  on (Students and 
Postdocs):
h  p://www.aspet.org/awards/travel/

EB 2014 Offi  cial Website:
h  p://www.experimentalbiology.org/

EB 2014 Registra  on Informa  on:
h  p://experimentalbiology.org/2014/A  endees/
Registra  on.aspx

Late-Breaking Abstract Submission:
h  p://www.abstractsonline.com/submit/login.asp
?mkey=%7B5B9D1EBB%2D5EEF%2D4E8E%2D9FFA
%2D641686838541%7D

EB 2014 Housing Informa  on:
h  p://experimentalbiology.org/2014/A  endees/
Housing.aspx

Camp EB Childcare:
h  p://www.accentregister.com/events/ch_events.
asp?eId=6432

Important Things to Remember
Important Dates:

February 21, 2014: 
Late Breaking Abstract Submission Deadline

February 21, 2014:
Early Registra  on Discount Deadline

March 21, 2014:
Hotel Reserva  on Deadline

March 21, 2014:
Cancella  on Deadline

April 11, 2014: 
Child Care Registra  on Deadline

http://www.aspet.org/EB2014/
http://www.aspet.org/EB2014/program/
http://www.aspet.org/awards/travel/
http://www.experimentalbiology.org/
http://experimentalbiology.org/2014/Attendees/Registration.aspx
http://www.abstractsonline.com/submit/login.asp?mkey=%7B5B9D1EBB%2D5EEF%2D4E8E%2D9FFA%2D641686838541%7D
http://experimentalbiology.org/2014/Attendees/Housing.aspx
http://www.accentregister.com/events/ch_events.asp?eId=6432




Holiday Gifts for Pharmacologists
NEWS

Products from around the Web and ASPET.org
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S  ll haven't found that perfect gi   for your friends, colleagues, or students?  We've put together a list of fun gi   ideas for your fellow scien  sts.

LABORATORY BEAKER MUG
Need a jolt of java before doing your chemistry ex-
periment? Take a look at the beaker mug featured on 
ThinkGeek.com.
$9.99 - $14.99
h  p://www.thinkgeek.com/product/96c6/

PLUSH ORGANS
Now you can literally have a heart and take care of your liv-
er. View these anthropomorphic body parts on Uncommon-
Goods.com.
$18.00
h  p://www.uncommongoods.com/product/plush-organs

MOLECULE JEWELRY
If you deal with molecules in your lab on a daily basis, why not 
ou  it yourself with molecule related designs? Take a look at 
these science inspired gi  s at molecularmuse's Etsy.com shop.
h  p://molecularmuse.etsy.com

Please note that ASPET does not promote nor endorse the products above that are listed on websites other than www.aspet.org. ASPET is not affi  liated 
with any of those products or companies and has not received adver  sing revenue or compensa  on from them in any manner.

ASPET STUFFED ANIMAL PLUSH DONKEY
We know you have one and you love it! So, buy a cute plush ASPET donkey 
for a family member this holiday season. Stuff ed 9" donkey in ASPET T-shirt.
$15.00 for members; $17.00 for nonmembers
(Addi  onal shipping charges will apply.)
h  p://www.aspet.org/store/

EXPLORE PHARMACOLOGY T-SHIRT
Show everybody what you do by wearing our "Explore Phar-
macology" T-shirt. White co  on cartoon design. Text on front: 
"Explore Pharmacology: Drug Targets, Animal Models, Knock-
out Mice; American Society for Pharmacology and Experimen-
tal Therapeu  cs"
Adult sizes: S, M, L, XL, XXL
$15.00 for members; $17.00 for nonmembers
(Addi  onal shipping charges will apply.)
h  p://www.aspet.org/store/

http://www.aspet.org/store/
http://www.aspet.org/store/
http://www.aspet.org/store/
http://www.aspet.org/store/
http://www.thinkgeek.com/product/96c6/
http://www.thinkgeek.com/product/96c6/
http://molecularmuse.etsy.com
http://molecularmuse.etsy.com
http://www.uncommongoods.com/product/plush-organs
http://www.uncommongoods.com/product/plush-organs
http://www.aspet.org/
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EINSTEIN T-SHIRT
Show off  your brain power by wearing this intricately 
colored ASPET T-shirt. Black co  on with fi ve-color de-
sign. Text on front: "'If we knew what we were do-
ing, it wouldn't be called Research.' --Albert Einstein."
Adult sizes: S, M, L, XL, XXL 
$15.00 for members; $17.00 for nonmembers
(Addi  onal shipping charges will apply.)
h  p://www.aspet.org/store/

PHUTURE PHARMACOLOGIST T-SHIRT
Ou  it the kids too with this adorable "Phuture Pharmacolo-
gist" shirt. White co  on ASPET donkey cartoon design.
Kids sizes: XS, S, M, L, XL 
$15.00 for members; $17.00 for nonmembers
(Addi  onal shipping charges will apply.)
h  p://www.aspet.org/store/

A SLICE OF LIFE SCARVES:
Science Scarves and Ties
Ge   ng ready to a  end another scien  fi c conference? Get in 
the spirit and pack an ou  it or two with a scien  fi c scarf or  e.
Scarves: $59.95; Ties: $39.95
h  p://www.asliceofl ifescarves.com/

THE SCI FUND CHALLENGE
Find and help fund the latest, and poten  ally greatest, science 
experiments. Head to the SciFund Challenge at crowdfunding 
site RocketHub.com, where you can give the gi   of science 
and donate to diff erent science research projects.
h  p://www.rockethub.com/projects/partner/scifund

FOR KIDS: CANDY CHEMISTRY KIT
Kids can learn about chemistry while cooking some sweets 
and chocolates in the kitchen. Candy making kit comes with 
plas  c and metal molds, candy thermometer, spatula, dipping 
fork, and more.
$34.95
h  p://www.nextdayscience4kidz.com/candy-chemistry-
p-1744.html

http://www.aspet.org/store/
http://www.aspet.org/store/
http://www.aspet.org/store/
http://www.aspet.org/store/
http://www.rockethub.com/projects/partner/scifund
http://www.rockethub.com/projects/partner/scifund
http://www.asliceoflifescarves.com/
http://www.asliceoflifescarves.com/
http://www.nextdayscience4kidz.com/candy-chemistry-p-1744.html
http://www.nextdayscience4kidz.com/candy-chemistry-p-1744.html


On January 3, 1957, Katharine Dexter McCormick wrote to Margaret 
Sanger, "I think we have gained the oral contracep  ve we have been 
seeking and now it must be implemented as fully as possible.  Nothing 
else ma  ers to me, now that we have got the oral contracep  ve" (1). 
History remembers Margaret Sanger as the iconic founder of Planned 
Parenthood and the person who coined the term "birth control." But 
Katharine McCormick? Today, she is rarely men  oned with more than 
a footnote. Yet, McCormick was the driving force and certainly the 
most colorful character behind the Pill.

Katharine Dexter was born in 1875 in Dexter, MI, the town founded 
by her grandfather.  At 15 and a  er the death of her father, Katharine 
and her mother moved to Boston, where both sides of her family had 
deep, aristocra  c roots. As teenagers, Katharine and her brother trav-
eled extensively throughout Europe. She spoke fl uent French and Ger-
man, but she preferred taking science courses and aspired to become 
a surgeon. In an early display of her no-nonsense, laser-focused ap-
proach to problem-solving, Katharine cri  cally evaluated the science 
curricula at local colleges including Harvard and Radcliff e—discarding 
them all as inadequate. She fi nally se  led on the Massachuse  s In-
s  tute of Technology because its laboratory facili  es impressed her. 
Despite educa  onal and social barriers that discouraged women from 
a  ending college and seeking a science degree, Katharine spent three 
years studying to fulfi ll the prerequisites for offi  cial admission and 
easily passed her entrance exams. Four years later, she received her 
bachelor's degree in biology, the only woman in her class and the fi rst 
woman ever to receive a science degree from MIT.  She was 28 years 
old.  

In 1904, Katharine married Stanley McCormick a  er an erra  c, on-
again-off -again courtship.  Stanley was the youngest son of Cyrus 
McCormick, the inventor of the mechanized reaper, which had made 
the McCormicks fabulously wealthy. Katharine abandoned her plans 
to a  end medical school when her new in-laws disclosed a carefully 
guarded family secret. Although Stanley showed talent as an ar  st and 
junior execu  ve in his father's Interna  onal Harvester company, he 
was affl  icted with a mental illness that was also present, to a greater 
or lesser extent, in his siblings. Variously diagnosed by the medical 
community as manic-depression, catatonia, demen  a praecox, and 
schizophrenia, Stanley's precise ailment is hard to classify according 
to the current DSM-V criteria. Regardless, he indisputably exhibited 
sporadic unruly and violent behavior that seemed to be provoked 
by the sight of women. Consequently, all women (nurses, household 
staff , and even Katharine) were kept out of his view, and he was legally 
declared insane in 1909.  

Shortly a  er their marriage, Katharine moved Stanley to Riven Rock, 
a peaceful 87-acre estate owned by the McCormick family in Santa 
Barbara, CA, and spared no expense (including a large medical and 
household staff ) to care for him. For the next few decades, Katharine's 
primary residence was her mother's fashionable Boston townhouse. 
She spent her summer holidays at her mother's Swiss château and 
made at least one visit each year to Riven Rock—a 5-day journey 
by train. Over the years, Katharine hired a series of full-  me physi-
cians to care for Stanley. The fi rst was Gilbert V. Hamilton, a young 

but forward-thinking psychiatrist and authority on sexual behavior.
She built a fully equipped primate laboratory at Riven Rock and fund-
ed Hamilton's primate experiments on sexual behavior—the fi rst such 
facility in the world—hoping that the research might lead to a break-
through treatment for Stanley. Among Hamilton's collaborators was 
Robert Yerkes, a pioneering primate behaviorist who spent six months 
at Riven Rock conduc  ng experiments in Hamilton's lab (2).  Hamilton 
also published his studies on the Riven Rock primate colony (3) and 
later summarized his work dealing with human sexuality in a landmark 
book, A Research in Marriage (1929), the fi rst of its kind published in 
the U.S.  One of Hamilton's associates was a young and eager Alfred 
Kinsey.  

Katharine avidly read medical journals, followed the latest trends in 
mental healthcare, and consulted the best clinicians in the U.S. and 
Europe. When psychoanalysis provided li  le benefi t to Stanley, she 
turned to the emerging fi eld of neuroendocrinology. Through her sci-
en  fi c reading and training, she became convinced that a biochemi-
cal imbalance was responsible for Stanley's mental illness. In 1927, 
Katharine funded a proposal by Roy Hoskins and created the Memo-
rial Founda  on for Neuro-Endocrine Research, the fi rst in the country 
to research the infl uence of hormones on mental illness, par  cularly 
schizophrenia. The Founda  on's offi  ces and animal research were 
housed at Harvard Medical School, and the principal human studies 
were conducted at Worcester State Hospital for indigent mental pa-
 ents. Hoskins was the Founda  on's director for 20 years, and the 

Founda  on published 350 studies, but none of them helped Stanley.  

An early and ardent feminist

Star  ng when she was a student at MIT and con  nuing through 
the early years of her commuter marriage, Katharine devoted 
much of her  me to women's suff rage. Although she was a close 
confi dant of Carrie Chapman Ca  , Ida Tarbell, and other lead-
ers in the suff rage movement, Katharine kept a low profi le. She 
did not want the press to associate her feminist ac  vi  es with the 
Dexter and McCormick family names or Stanley's infi rmity. With 
white gloved, Victorian gen  lity, Katharine was the na  onal suf-
frage group's planner, strategist, scribe, and organizer—skills that 
she employed pragma  cally and eff ec  vely to all the social causes
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At le  : Katharine Dexter McCormick (Courtesy of the Santa Barbara Historical 
Museum). At right: Margaret Sanger (Courtesy of the Library of Congress)
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she advocated. And as the sole heir to the Dexter family fortune of 
$10 million a  er her brother's early death from tuberculosis, she also 
generously fi nanced those causes. The suff rage  es systema  cally im-
plemented a state-by-state lobbying campaign that was largely cra  ed 
by Katharine, and a  er passage of the 19th Amendment (women's suf-
frage) in 1920, she helped to found the League of Women Voters.  

Katharine met Margaret Sanger in 1917, just a few years a  er Sanger 
began her fi ght to legalize contracep  on. (The 1873 Comstock Act 
prohibited pornography, abor  ons, and contracep  on, and many 
states had enacted supplemental laws that prohibited distribu  on 
of informa  on and devices for contracep  on.) Sanger (one of eleven 
children) par  cularly wanted to improve the plight of impoverished 
women like her mother, who were entrapped in tenements by the 
Industrial Revolu  on, but Katharine saw contracep  on as the key to 
freedom for all women. By 1921, Katharine and Sanger had struck a 
mutually benefi cial alliance. Katharine was impressed with Sanger's 
charisma and unfl agging commitment to birth control. Sanger, in turn, 
saw Katharine as representa  ve of a new genera  on of feminists, 
who provided an entrée into high society and access to new fi nancial 
resources for the birth control movement. Katharine also possessed 
impressive scien  fi c knowledge, a commitment to science, and a pro-
fessionalism that defi ed the stereotype that women were emo  onal, 
irra  onal, and subjec  ve.  

Conscious of Catholic-domi-
nated Boston, which strong-
ly opposed birth control in 
all forms, Katharine con  n-
ued to keep a low profi le. 
But she worked hard behind 
the scenes, a  rac  ng funds 
and many sympathizers for 
Sanger's na  onwide ac  vi-
 es. Katharine and Sanger 

also planned, published, 
and distributed a number 
of pamphlets on contracep-
 on—ac  vi  es that were 

illegal—and Katharine un-
derwrote the cost of publi-
ca  on.

When a New York court ruled that physicians could prescribe con-
tracep  ves when medically necessary (crea  ng an excep  on to the 
Comstock Act), Sanger recruited sympathe  c physicians and opened 
the fi rst American birth control clinic in January 1923 in Brooklyn, NY. 
Availability of contracep  ves was severely restricted in the U.S., and 
demand for diaphragms (the only female-controlled contracep  ve) 
outstripped supplies. Once again, Katharine came to the rescue.  Dur-
ing her annual European holiday in July 1922, she went on a spending 
spree for the latest fashions and, posing as a French or German scien  st, 

met with manufacturers in Rome, Milan, and Paris to buy hundreds of 
diaphragms. She then hired local seamstresses to sew the diaphragms 
into her new wardrobe and packed the clothes into eight steamer 
trunks. Using this ruse, she smuggled a year's supply of diaphragms past 
customs offi  cials for four straight years. When the needs at Sanger's 
clinic grew beyond the supplies that Katharine could safely smuggle in 
her clothes, she bribed a ship's captain to transport the contraband in 
cosme  cs cases to a Canadian port. Liquor smugglers then carried the 
diaphragms across the border in their whiskey crates to warehouses 
managed by Sanger's husband in the Prohibi  on-thirsty United States.

For 20 years, Katharine corresponded intermi  ently with Sanger. She 
con  nued reading the latest medical research in psychiatry, endocri-
nology, neuroscience, and birth control and provided some funds for 
contracep  ve research through Sanger's Planned Parenthood Federa-
 on, but her a  en  on and funding focused primarily on neuroendo-

crine research and fi nding a cure for Stanley. When Stanley died in 
1947, Katharine inherited his estate, tripling her already considerable 
wealth. She ended her support for neuroendocrine research and shi  -
ed all her energies to fi nding "a fool-proof contracep  ve" (4).  

A  er concluding the complicated probate of Stanley's estate, Katha-
rine wrote Sanger in October 1950 and asked her to iden  fy the best 
prospects for contracep  ve research and the greatest need for fi nan-
cial support. Katharine was not interested in funding academic or ba-
sic research. She wanted to support scien  sts who could develop a 
tangible product. Sanger suggested Gregory Pincus, an expert in hor-
monal biology.  

Pincus, Hoagland, and Chang

Gregory Pincus was 
born in 1903 and 
ini  ally followed 
in the footsteps 
of his father and 
two uncles, who 
were accomplished 
agronomists. A  er 
majoring in agri-
culture at Cornell, 
Pincus shi  ed his 
interests during 
graduate school at 
Harvard to genet-
ics, and therea  er, 
a lifelong fascina-
 on with reproduc-
 on. He joined the 

Harvard faculty, 
and in the labo-

ratory he devised chemical and mechanical means to en  ce rabbit 
sperm to fer  lize eggs and then coaxed the conceptuses to grow and 
divide for a short period. He published this landmark in vitro fer  liza-
 on work in 1936 (5). Although it was a brilliant and widely heralded 

achievement, Pincus's research was also highly controversial, and his 
faculty appointment was not renewed.

Hudson Hoagland, a graduate school classmate, arranged for Pin-
cus to join the biology department at Clark University in nearby

Gregory Pincus in his laboratory with one of 
his experimental rabbits (Courtesy of Univer-
sity of Massachuse  s Medical School Archives, 
Lamar Sou  er Library, University of Massachu-
se  s Medical School, Worcester, Massachuse  s)

Hudson Hoagland and Gregory Pincus, shortly a  er 
founding the Worcester Founda  on for Experimental 
Biology (Courtesy of University of Massachuse  s Medical 
School Archives, Lamar Sou  er Library, University of Mas-
sachuse  s Medical School, Worcester, Massachuse  s)

Katharine smuggled a year's 
supply of diaphragms past customs 
offi  cials for four straight years.
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Worcester, MA. In 1944, Hoagland and Pincus co-founded  the 
Worcester Founda  on for Experimental Biology, where they could 
devote full  me to research according to their own impeccable stan-
dards and without interference from academic administrators. In its 
early years, the independent, private, nonprofi t research ins  tu  on 
operated on a shoestring budget. The scien  sts performed their own 
clerical and custodial chores.  Pincus took care of the laboratory ani-
mals, Hoagland mowed the lawn, and Mrs. Hoagland kept the books. 
In addi  on to his brilliant intellect, Pincus was a hustler and a so-
ciable charmer, cap  va  ng everyone with his stories and anecdotes 
on medical research. He easily a  racted grants from federal agencies 
and commissions from drug companies for experimental studies. The 
Worcester Founda  on soon earned a reputa  on for independent and 
unbiased research, and thanks to Pincus, an exper  se in reproduc  on.

When Sanger recommended Pincus, Katharine was already familiar 
with his work, having read his ar  cles on the use of hormones to con-
trol fer  lity in rabbits. Her fi rst step, in 1950, was to visit her old friend 
Hudson Hoagland, a schizophrenia researcher who had collaborated 
with Hoskins's Neuro-Endocrine Research Founda  on at Worcester 
State Hospital. Katharine was not impressed with the Worcester Foun-
da  on's barebones laboratory facili  es, and she did not learn much 
about the ongoing research projects at this fi rst mee  ng, but Hoa-
gland promised to send her the details.  

A few months later, in early 1951, Sanger invited Pincus to a dinner 
with several of her gynecology friends and asked his opinion on the 
feasibility of fi nding a medicinal product for birth control. Sanger and 
Katharine wanted an oral contracep  ve—a pill that was cheap, plen-
 ful, and easy to use. Un  l Sanger asked, Pincus had never consid-

ered contracep  ve research, but he said it was possible, explaining 
that "such an undertaking would require money to purchase all of the 
material, engage staff , and obtain thousands of rats and rabbits" (4). 
All Sanger could off er at that  me was a paltry $2,500, but the idea 
intrigued Pincus. Back at the Founda  on, he dug out a scien  fi c ar-
 cle published in 1936 by inves  gators at the University of Pennsyl-

vania. They reported that ovula  on could be prevented in rabbits by 
injec  ng progesterone (6).  Using that observa  on as a star  ng point, 
Pincus and Min-Chueh Chang followed up on Sanger's sugges  on and 
began their fi rst contracep  ve studies in April 1951.

Pincus had met 
Chang while on 
sabba  cal in Eng-
land, where Chang 
was a graduate 
student at Cam-
bridge University. 
In the a  ermath 
of World War II, 
Chang had diffi  -
culty returning to 
China, and Pincus 
off ered him a po-
si  on at his new 
Founda  on in 
Worcester. Chang 
became a leading 
authority on mam-
malian reproduc-

 on, and his skills harmonized perfectly with Pincus's own laboratory 
exper  se. But unlike Pincus, Chang preferred the lab to socializing and 
spent long hours and weekends expertly handling the delicate repro-
duc  ve specimens.

Under a $3,400 s  pend from the Planned Parenthood Federa  on, 
Chang soon confi rmed the University of Pennsylvania results, inject-
ing progesterone to inhibit ovula  on in rabbits and also in rats. With 
those results in hand, Pincus and Chang approached Planned Parent-
hood for addi  onal funds in January 1953, but the Federa  on board 
balked at the idea. They did not see how studies on rats and rabbits 
could benefi t women. Katharine, who had made dona  ons to Planned 
Parenthood and specifi cally earmarked her money for contracep  ve 
research, intervened and browbeat the board into approving Pincus's 
request. But she was frustrated at the Federa  on's indiff erent han-
dling of contracep  ve research, "when the need is so urgent" (1). She 
decided it was  me to get directly involved.

Commissioning the Pill

On June 7, 1953, Katharine and Sanger met with Pincus and Hoagland 
at the Worcester Founda  on. At a scant fi ve feet, Sanger was a pe-
 te, stylish, sweet-faced woman whose appearance and manner was 

"never so beau  ful that women didn't like her but a  rac  ve enough 
so that men wanted to give her money" (7).  Conversely, men actually 
feared Mrs. McCormick. Although she was sensi  ve to people's feel-
ings and never raised her refi ned, matronly voice, she rarely smiled 
and, according to one biographer, was "a woman more strange and 
powerful than fi c  on could ever invent" (4). Katharine's imposing, 
ramrod frame stretched to nearly six feet, and the Worcester scien-
 sts had never met anyone like her. She immediately asked to tour 

the labs and review the scien  sts' resumes. Then, she interrogated 
them about their views on contracep  on and birth control. Pincus 
was amazed at her scien  fi c knowledge. She knew the fi eld, spoke the 
language, and conversed with him no diff erently than an exchange 
between two research scien  sts.  

Pincus passed Katharine's stringent examina  on, and at the end of the 
mee  ng, she handed him a check for $20,000 for start-up ac  vi  es. 
He doubted that much would come from this line of research, but 
he immediately realized Mrs. McCormick represented a poten  al bo-
nanza in research money, which he took great care to groom. A week 
later, Katharine returned to the Worcester Founda  on with her lawyer 
and again met with Pincus and Hoagland. She had dra  ed a contract, 
and they quickly agreed to terms for the opera  on, decision making, 
and  melines of the project. Pincus could not give Katharine a pre-
cise  metable, but he es  mated the project would take 10 – 12 years. 
She gave him another check for $20,000, and Pincus agreed to make 
improvements in the laboratory facili  es; they se  led on a fi rst year 
budget of $70,000. With the stroke of Katharine's pen, targeted devel-
opment of an oral contracep  ve had offi  cially begun. And she told Pin-
cus to be quick about it.  Katharine and Sanger were both in their 70s.  

To handle the clinical side of the project, Pincus turned to John Rock, 
who was already a legend in gynecology and obstetrics. Although 
Sanger was ini  ally suspicious of Rock, a prac  cing Catholic, Katharine 
was impressed by his personal charm, humility, and unyielding profes-
sionalism. They were both Boston Brahmins and also shared a strong 
belief in the freedom of women to govern their own bodies. Rock ex-
plained, "I separated biology from theology quite early in my life and 
never confused them again" (4).

Min-Chueh Chang in his laboratory at the Worcester 
Founda  on (Courtesy of University of Massachuse  s Medi-
cal School Archives, Lamar Sou  er Library, University of 
Massachuse  s Medical School, Worcester, Massachuse  s)
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Rock had a thriving prac  ce at several Harvard-affi  liated hospitals in-
cluding the Free Hospital for Women in Brookline on the outskirts of 
Boston. The ul  mate caregiver, Rock oozed self-confi dence, poise, and 
a commanding presence. His pa  ents loved him. Rock also gave lec-
tures on human sexuality to the Harvard medical students, including a 
run-down on the known forms of contracep  on, although dispensing 
such informa  on violated Massachuse  s' an  -birth control law. Rock 
had also pushed to the edge of legality by opening the fi rst Rhythm 
Clinic in the U.S., teaching Catholic women how to calculate the fer-
 le period in their menstrual cycle to avoid pregnancy. However, a  er 

years of me  culous data analysis, Rock concluded that there were too 
many variables in a women's menstrual cycle to make rhythm a reli-
able method for birth control.

Much of Rock's prac  ce focused on assis  ng infer  le women who 
wanted children. However, to help them, he realized that he needed 
to pinpoint and understand the one-to-two day interval when ovula-
 on occurs. For 14 years, Rock and his associates collected and studied 

surgical specimens from women who had undergone hysterectomies 
for other medical reasons. He consulted frequently with Pincus, the 
young Harvard faculty member who was an expert in in vitro rabbit 
fer  lity. Rock announced his success in 1944, the fi rst report of in vitro 
fer  liza  on and cell division of human ovarian eggs (8). Photographs 
and microscope slides from this research eff ort remain the only speci-
mens of early human conceptuses in existence.  

The two collaborators lost touch a  er Pincus moved to Worcester, but 
they reunited by chance at a scien  fi c conference in 1952. To Pincus's 
surprise, Rock had already injected women with progesterone and es-
trogen. Rock's goal was to "reset" the menstrual cycle of women with 
idiopathic sterility (due either to inconsistent ovula  on, repeated mis-
carriages, or undiagnosable endometriosis). A large por  on of these 
infer  le women became pregnant within four months of stopping 
the hormonal treatments—a phenomenon that became known as 
the "Rock rebound." Of course, Rock knew that the progesterone/es-
trogen regimen mimicked the high endogenous hormonal levels that 
naturally prevent ovula  on in pregnant women; his treatment was 
producing a "pseudo-pregnancy." Therefore, although Rock intended 
to overcome infer  lity and induce ovula  on (by strategically stopping 
the hormone regimen), he knew that progesterone/estrogen blocked 
ovula  on as long as it was injected—a contracep  ve eff ect.  

At Pincus's urging, Rock tried progesterone alone in a new series of 
infer  le women (like Pincus and Chang were doing in animals). Rock's 
progesterone-only experiment was ongoing at the  me that Katha-
rine commissioned the Worcester Founda  on in 1953. Four of the 30 
women who received the progesterone injec  ons became pregnant 
a few months a  er stopping treatment—the Rock-rebound phenom-
enon. Unfortunately, regardless of how high a dose Rock used, he 
could not achieve a complete "pseudo-pregnancy" eff ect; 15% of the 
women showed signs of ovula  on during treatment. Also, progester-
one had to be injected. In short, progesterone did not meet Katharine 
and Sanger's direc  ve of an eff ec  ve, easy-to-use, oral contracep  ve.  

The age of steroids

Katharine, Pincus, and Rock were fortunate that they began their 
quest for an oral contracep  ve at a  me when steroid chemistry was 
one of the ho  est topics in pharmaceu  cal research. In the 1940s, 
Russell Marker discovered a way to synthesize progesterone using 
a star  ng material extracted from a Mexican yam. He subsequently 

founded Syntex Corpora-
 on in Mexico to produce 

tons of progesterone, 
which various drug com-
panies used as a star  ng 
material to synthesize the 
lucra  ve new an  -infl am-
matory steroid, cor  sone. 
They also synthesized pro-
gesterone analogs (which 
were called proges  ns to 
dis  nguish them from the 
natural hormone) for use 
in trea  ng infer  lity and 
menstrual disorders such 
as endometriosis.

Through his endocrine studies of fer  liza  on, Pincus had become 
quite knowledgeable about steroid chemistry and worked as a consul-
tant to Syntex and other pharmaceu  cal fi rms. When Rock's proges-
terone study fell short of Katharine's goal, Pincus wrote to his pharma-
ceu  cal contacts and asked if they had anything under development 
that might be a more potent and orally ac  ve proges  n. Two replied 
that they did. Carl Djerassi, a young chemist at Syntex, and Frank B. 
Colton, a steroid chemist at G. D. Searle & Co., had been synthesizing 
proges  ns for poten  al use in trea  ng rheumatoid arthri  s and men-
strual disorders. (Developing an oral contracep  ve was the furthest 
thing from their minds. Drug companies shunned the no  on of a hor-
monal contracep  ve, viewing it as unprofi table and, because of strong 
religious opposi  on, a public rela  ons quagmire.)

The proges  n synthesis campaigns followed logically from earlier 
work by steroid chemists. In 1938, Hans Inhoff en and Walter Hohlweg 
at Schering installed a triple bond (acetylene) subs  tuent on ring D, 
producing an orally ac  ve steroid. In 1944, Maximillian Ehrenstein, a 
University of Pennsylvania chemist, removed the C-19 methyl group 
of progesterone, producing the more potent "19-nor progesterone." 
In the early 1950s and working independently, Djerassi and Colton dis-
covered that the triple bond acetylene subs  tuent on ring D of this 
19-nor progesterone increased the steroid's potency eight-fold and 
was orally ac  ve.

Throughout 1953, Searle, Syntex, and other drug companies sent hun-
dreds of structurally related proges  ns to Pincus. Chang methodically 
tested them for effi  cacy and safety in his rat and rabbit experiments 
(9). He quickly narrowed the leads to Djerassi's norethisterone (S-759) 
from Syntex and Colton's norethynodrel (SC-4642) from Searle. Both 
were 19-nor progesterones with the triple bond subs  tuent on ring D 
and diff ered only by the posi  on of a double bond in ring A.  

Rock-solid clinical trials 

By 1954, Pincus and Chang were confi dent that S-759 and SC-
4642 were the right compounds for Rock to test in women. In this 
Phase I clinical trial, Rock recruited most of the 50 women from 
the Free Hospital clinic in Brookline. He administered one of the 
two proges  ns for several menstrual cycles and then stopped 
treatment, hoping for the "Rock rebound." But this  me, Rock 
also intensively examined and carefully charted the women to

Carl Djerassi (Courtesy of the Library of Congress)
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determine whether the compounds truly 
stopped ovula  on.

From the beginning, Pincus realized that 
Mrs. McCormick would not be a typical fi -
nancial sponsor. She kept a close eye on the 
Worcester team's work and was unrelen  ng 
in her demand for details. Every two weeks, 
she received a detailed progress report from 
Pincus, in addi  on to her daily phone con-
versa  ons and frequent visits to the founda-
 on's laboratories. Pincus never felt en  rely 

comfortable with Katharine and chafed at 
the amount of  me he was required to spend 
with her. But he always responded promptly 
to her ques  ons and requests and developed 
a sincere admira  on for her. Every six months, 
Katharine, Pincus, and Hoagland met to re-
view the project's expenses and to discuss 
the budget for the next six months. Regard-
less of the costs, Katharine always authorized 
payment and approved the budget, once she 
was sa  sfi ed with their answers. She under-
stood the reali  es of research, and they were 
making rapid progress, but she s  ll pushed 
the researchers to work faster and was frus-
trated by anything she perceived as a delay.

In 1955, Rock was nearing mandatory re  re-
ment at Harvard and its affi  liated hospitals. 
The Free Hospital customarily granted lim-
ited space to re  red staff  as a courtesy, but 
in Rock's case it was essen  al for the hospital 
to keep him engaged as a "consultant." He 
generated a large share of the hospital's pa-
 ents. Even so, the dilapidated and cramped 

re  rement quarters he was assigned were 
unsuitable to con  nue his prac  ce and the 
clinical contracep  ve research. Calling those 
facili  es a "hovel," Katharine bought a build-
ing directly across the street from the Free 
Hospital and gave Rock $100,000 for renova-
 ons. Near the end of Rock's fi rst clinical trial, 

some of the 50 par  cipants were drawn from 
his pa  ents at the new, appropriately named 
Rock Reproduc  ve Clinic.   

In early 1955, the fi rst trial with SC-4642 and 
S-759 was s  ll ongoing, but the results al-
ready confi rmed Rock's earlier fi ndings with 
injected progesterone. About 15% of the 
women exhibited rebound pregnancies a  er 
treatment was stopped. More importantly, 
the oral compounds inhibited ovula  on in all 
of the women during treatment (10). Rock 
had demonstrated Proof of Concept, and Pin-
cus was now certain that they could develop 
the kind of pill that Sanger and Katharine had 
specifi ed.  

But Rock took his  me. He moved with though  ul cau-
 on through every step of tes  ng these new proges-
 ns. He discussed the risk factors at length with each 

of his volunteers, ins  nc  vely employing high safety 
standards despite no regulatory requirements at that 
 me for informed consent. He also insisted on repro-

ducing the ini  al fi ndings and collec  ng addi  onal 
safety data on the two proges  ns (now called Phase 
II trials), before star  ng defi ni  ve, large-scale trials. 
However, he was temp  ng fate if he con  nued these
increasingly high-profi le clinical trials in Massachuse  s. 
His dissemina  on of contracep  ve advice to pa  ents, 
his lectures on contracep  on to medical students, and 
his small Phase I clinical trial had not raised suspicions, 
but they were all illegal ac  vi  es. He faced up to fi ve 
years in prison and fi nes of $1,000 for each instance in 
which contracep  ve advice or aids were supplied.  

A  er considering various alterna  ve loca  ons, the 
Worcester team se  led on Puerto Rico. Although the 
island was predominantly Catholic, its laws were more 
forgiving about contracep  on. Also, Rock and Pincus 
knew local inves  gators who were birth control advo-
cates and qualifi ed to conduct the trials: Celso-Ramon 
Garcia and Edris Rice-Wray. S  ll, they camoufl aged their 
true intensions, describing the project as a study of the 
physiology of progesterone in women, rather than as 
a study of contracep  on. Rock made frequent trips to 
Puerto Rico, closely monitored all of the trial pa  ents' 
health records, and personally examined the  ssue sam-
ples.  

Retrospec  vely, Katharine always called the fi rst Puerto 
Rican trial a "fl op." It suff ered from poor record keeping, 
noncompliant volunteers, and interference from Cath-
olic-oriented senior offi  cials at the University of Puerto 
Rico. Garcia then recruited twenty medical students 
and nurses for a second trial, which ran smoothly un  l a 
Catholic fac  on at the tes  ng hospital stonewalled the 
project. Nevertheless, by late 1955, the combined data 
from Rock's Phase I trial and the Puerto Rican volunteers 
jus  fi ed launching the large Phase III trials. But fi rst, the 
Worcester team needed to decide between SC-4642 
and S-759. There were mul  ple conferences in Puerto 
Rico, Brookline, and Worcester. They checked and re-
checked their own data as well as the data generated by 
Syntex and Searle. Rock leaned on Pincus for cri  cal sta-
 s  cal data to determine which of the two compounds 

had fewer side eff ects. Rock and Garcia reviewed the 
medical fi ndings, blood tests, and reproduc  ve  ssue 
samples from the volunteers. In the end, Rock relied on 
his experienced ins  ncts to select Searle's SC-4642.

The third (and pivotal) clinical trial in Puerto Rico was 
conducted by Rice-Wray at a government housing proj-
ect in Rio Piedras, a suburb of San Juan, and began in 
April 1956. Most of the par  cipants were Catholic, but 
they were also prac  cal in their a   tudes toward child-
bearing: choosing the evil of birth control over the evil 
of not being able to feed another child. The CatholicEdris Rice-Wray (Courtesy of Henrylee Marlo)

Searle’s SC-4642, norethynodrel (Enovid®)

Syntex’s S-759, norethisterone (Norlu  n®)

Celso-Ramon Garcia (le  ), John Rock 
(right), and Gregory Pincus, reviewing 
their oral contracep  ve data in 1957 
(Courtesy of University of Massachuse  s 
Medical School Archives, Lamar Sou  er
Library, University of Massachuse  s Medical 
School, Worcester, Massachuse  s)
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Church hierarchy reacted by admonishing parishioners from the 
pulpit, and the Catholic Social Workers Guild warned in a television 
broadcast that the drug was dangerous. Consequently, about 10% of 
the women dropped out of the trial, and all of them became preg-
nant. A  er that, Rice-Wray never had a problem recrui  ng volunteers. 
They fl ocked to the clinic asking for the drug, not just the indigent 
popula  on, but schoolteachers and the social workers themselves. 
And no one dropped out.

During the trial, the inves  gators discovered a small impurity of mes-
tranol, a synthe  c estrogen, in one batch of SC-4642. Searle revamped 
produc  on to remove it, and Rice-Wray observed that the pure pro-
ges  n produced a higher incidence of undesirable breakthrough 
bleeding during the menstrual cycle, rather than at the end. Further 
analysis revealed that traces of mestranol had been present in the 
original eff ec  ve batches of SC-4642, and its unintended presence 
probably accounted for the be  er performance of SC-4642 compared 
to S-759. Going forward, Searle deliberately formulated the SC-4642 
tablets with 1.5% mestranol.  

At their semiannual budget mee  ngs, Katharine was pleased with the 
inves  gators' impressive results but constantly urged them to go fast-
er. Day-by-day, the progress seemed to be "slow as molasses" (4). The 
six-month budgets had now swelled to more than $100,000 to cover 
the laboratory tes  ng and expanded clinical trials. But a  er reviewing 
the results and being sa  sfi ed with Pincus's answers, Katharine sim-
ply nodded to her a  orney, and he knew what to do.  Hoagland and 
Pincus could only stare with awe at the generosity of their benefactor.  

Katharine and the Worcester team felt the Rio Piedras trial, although 
thriving, would not be suffi  cient to sa  sfy the Food and Drug Adminis-
tra  on. They set up another Puerto Rican site at Humacoa, where they 
duplicated the Rio Piedras protocol. They also established a clinical 
site in Hai   at the invita  on of the island's ruler, "Papa Doc" Duvalier.  

Gaining approval

Prior to the Puerto Rican trials, Rock had never given proges  n to 
women for more than six cycles. He was confi dent that short term 
treatment was safe, but to address longer-term safety ques  ons, the 
Worcester team incorporated addi  onal endpoints into their Phase 
III clinical protocol, looking specifi cally at birth defects, long-term fer-
 lity, and the ra  o of boy-to-girl births. To their relief, when subse-

quent pregnancies occurred within four months in 85% of the women 
who stopped the Pill in order to get pregnant, boys and girls arrived 
in equal numbers, and no birth defects affl  icted any of the infants. At 
the end of the fi rst nine months of the clinical trial (47 women-years 
of experience), none of the women suff ered any serious problems.  

In 1957, Searle submi  ed Rock's data in an applica  on to the FDA to 
license SC-4642 (Enovid®) for regula  ng the menstrual cycle. At that 
 me, drug companies only needed to submit data demonstra  ng a 

drug's safety and purity. FDA approved Enovid for menstrual disor-
ders with minimal debate. Searle execu  ves were s  ll waffl  ing about 
licensing Enovid for the contracep  ve indica  on, but the signifi cance 
of this ini  al regulatory approval was not missed by Katharine. She 
told Sanger, "Of course this use of the oral contracep  ve for menstru-
al disorders is leading inevitably to its use against pregnancy…a very 
happy and fortunate course" (1). She was now 83 and increasingly in 
pain from arthri  s. Pincus and Rock were both concerned about her 
obviously delicate health, but she brushed them off .

At their next budget review, Pincus reported that drug companies 
were approaching him for informa  on.  (In 1957, Syntex's S-759 was 
also approved for treatment of menstrual disorders and marketed 
under a license to Parke-Davis as Norlu  n®.) It was amazing that so 
many women—an es  mated 500,000—suddenly had menstrual dis-
orders requiring treatment, women who had never seemed to have 
menstrual problems before. (The drug's label included a warning that 
Enovid prevented ovula  on and pregnancy, which amounted to free 
adver  sing for Searle.) Searle heard rumors that doctors were already 
prescribing Enovid to prevent pregnancies. As sales surged, Searle's 
execu  ves suddenly became suppor  ve.  

S  ll, Rock was biding his  me and closely monitoring the women, 
hesitant to declare that Enovid was safe for oral contracep  ve use. His 
best guess of the dose that would ensure freedom from pregnancy 
was 10 mg. He knew that dose was safe, because he had administered 
up to 300 mg to his "Rock rebound" pa  ents. But Rock and Katharine 
knew that those who opposed birth control would exaggerate any sus-
pected adverse reac  ons. When the clinical database reached 10,000 
menstrual cycles, Rock was fi nally convinced that they had collected 
a suffi  cient burden of proof on the drug's safety. Not a single woman 
in the Puerto Rican and Hai  an trials had developed either blood clot-
 ng problems (which were later shown to be associated with the Pill 

when combined with smoking) or any signs of cancerous changes.  

In the summer of 1959, Katharine, her lawyer, Pincus, Rock, and repre-
senta  ves from Searle held a series of mee  ngs to discuss the strategy 
for licensing Enovid as an oral contracep  ve. They had checked the 
data innumerable  mes for accuracy and could answer any ques  on 
about side eff ects, long-term administra  on, and costs. On October 
29, 1959, Searle submi  ed the applica  on to the FDA, with results 
from 897 women, 801.6 woman-years of use, and 10,427 menstrual 
cycles. The results could not have been more defi ni  ve. Some women 
had been taking the Pill for fi ve years with no signifi cant adverse reac-
 ons. And no one who took the Pill as directed became pregnant.

But Searle's applica  on raised an unprecedented regulatory issue: the 
FDA had never been asked to evaluate a drug that was intended for 
long-term use in healthy people. The agency was certainly also aware 
of the strong opposi  on of the Catholic Church and other conserva-
 ve groups. The mandated FDA review  me was 90 days, but because 

the agency was not empowered to require effi  cacy data, FDA offi  cials 
o  en took advantage of an administra  ve loophole to extend the re-
view  me by 6 months, hoping drug companies would use the  me 
to provide more informa  on and strengthen the evidence for a drug's 
therapeu  c benefi ts. Although Pasquale DeFelice, the designated 
FDA medical reviewer, admi  ed that Enovid had been tested more

It was amazing that so many 
women—an es  mated 500,000—
suddenly had menstrual disorders 
requiring treatment, women who 
had never seemed to have menstrual 
problems before.
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extensively than any drug in the FDA's history, "we were in no hurry to 
put the FDA stamp of approval on it" (4). DeFelice exercised the exten-
sion provision, twice. Rock was outraged at the unwarranted delays, 
and Searle's medical director requested a hearing.

For their spokesperson at this historic showdown, Searle designated 
Rock, whose knowledge, exper  se, reputa  on, and pedigree were un-
disputed. On a frigid day in December 1959, Rock and Searle's medical 
director met with DeFelice in his FDA offi  ce, a wooden building con-
structed as a temporary barracks during World War I. The young medi-
cal reviewer had not yet been board-cer  fi ed in gynecology and was 
no match for Rock, a towering fi gure in both physical and intellectual 
stature. Yet, despite Rock's de   answers to every FDA concern, DeFe-
lice remained entrenched. He required Searle to provide addi  onal 
laboratory data on 500 women to examine a possible rela  onship be-
tween Enovid use and blood clo   ng. Rock already knew from his own 
analysis that there was no rela  onship, and Searle's tests confi rmed 
it. In addi  on, in a maneuver that predated the FDA's Advisory Com-
mi  ee system, DeFelice sent the data to 61 professors of obstetrics 
and gynecology, asking for their recommenda  ons. Twenty-six rec-
ommended approval of the birth control pill; fourteen were unable 
to make a decision. Of the 21 who disapproved, two cited religious 
objec  ons, but the other 19 professors gave no ra  onale, scien  fi c or 
otherwise.

On May 11, 1960, Searle received offi  cial no  fi ca  on that Enovid had 
been approved as the fi rst oral contracep  ve, almost seven years to 
the day a  er Katharine, Sanger, Pincus, and Hoagland met to ini  ate 
the project. In the summary of the approval le  er, deputy FDA com-
missioner John L. Harvey wrote, "Although we recognize the presence 

of moral issues, they do not come within the jurisdic  on of the Food 
and Drug Administra  on" (4). Searle and Syntex supplied the proges-
 ns to Pincus, Chang, and Rock for the preclinical and clinical stud-

ies, but no other drug company support and no government funds 
were used to develop the Pill. Katharine McCormick singlehandedly 
fi nanced the en  re eff ort, an es  mated $2 million ($16 million in to-
day's currency), and she gladly could and would have put up ten  mes 
that much if necessary.

The celebra  ons at the Worcester Founda  on went on all day, with 
champagne and food paid for by Katharine. The New York Times called 
approval of the Pill, "the most sweeping socio-medical revolu  on in 
history" (1). Despite regulatory approval, many states s  ll prohibited 
the sale of contracep  ves, and views on their use remained polar-
ized. The day a  er the Pill's approval, Pincus told Katharine that doc-
tors were receiving threats and warned her that since she had been 
men  oned in the newspapers as patroness of the project, her life 
might be in danger as well. That evening, Katharine and her secretary 
boarded a train out of Boston under assumed names headed for an 
undisclosed loca  on. Despite the threats, public acceptance of the Pill 
was rapid, and in the 1960s use of all forms of birth control expanded. 
One-by-one, the state laws came off  the books. Ironically, the last an  -
birth control law to fall was a Massachuse  s statute, which was de-
clared discriminatory and uncons  tu  onal by the U.S. Supreme Court 
in 1972.  

Katharine Dexter McCormick died on December 28, 1967 at the age of 
92. At that  me, 18 proges  n/estrogen products had been approved 
as oral contracep  ves, and the Pill was being taken by more than six 
million American women.
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New Editorial Board Members
Dr. Ravi Iyengar has been named an Associate Editor to The Journal of 
Pharmacology and Experimental Therapeu  cs. Dr. Iyengar is the Doro-
thy H. and Lewis Rosens  el Professor with the Department of Pharma-
cology and Systems Therapeu  cs at the Icahn School of Medicine at 
Mount Sinai, New York, NY. With Dr. Darrell Abernethy and Dr. Donald 
Mager, Dr. Iyengar will be responsible for manuscripts submi  ed to 
JPET's new sec  on on Quan  ta  ve Systems Pharmacology.

Dr. Kenneth E. Thummel joined Molecular Pharmacology as an Associ-
ate Editor. Dr. Thummel is a Professor and the Milo Gibaldi Endowed 
Chair of the Department of Pharmaceu  cs, School of Pharmacy, at the 
University of Washington, Sea  le, WA.   

Dr. Graeme Milligan will succeed Dr. Laura Bohn as the Minireviews 
Editor for Molecular Pharmacology in January 2014. Dr. Milligan is 
the Gardiner Professor of Biochemistry at the University of Glasgow, 
Glasgow, Scotland.

Journals Department Staff Changes

Jill Filler, ASPET's Managing Editor, re  red on October 3 a  er nearly 
12 years with ASPET. She has been succeeded by Dianne King-McGavin 
who joined ASPET on November 1 as the Peer Review Manager. Dianne 
has held posi  ons with the Biophysical Society and the American Soci-
ety for Nutri  on.  

Also on November 1, Cassie Wood returned from maternity leave.  
Cassie is the Editorial Coordinator for JPET.  

See the Staff  News sec  on on page 227 for more informa  on about 
these ASPET staff  members.

PR&P Launches First Issue

Pharmacology Research & Perspec  ves completed its fi rst issue on 
October 23. PR&P is jointly published by ASPET, the Bri  sh Pharmaco-
logical Society (BPS), and John Wiley & Sons, Inc. Ar  cles are published 
on a con  nuing basis and then grouped into an issue. Issues will be 
designated bimonthly.

PR&P u  lizes cascading reviews in a manuscript transfer program from 
ASPET's primary research journals and the two journals of the BPS. The 
journal also publishes new submissions. PR&P is an en  rely open-ac-
cess journal and can be freely accessed at h  p://www.PharmacolRes-
Perspect.com.  

The journal recently announced that it will include the publica  on of 
nega  ve fi ndings including preclinical papers that show a hypothesis 
is incorrect or papers on drugs that have failed in early clinical devel-
opment. PR&P also invites manuscripts that provide drug discovery 
reviews (strategy, hypotheses, and data resul  ng in a successful thera-

peu  c need), fron  ers in transla  onal medicine (drug and target valida-
 on for an unmet therapeu  c need), and pharmacological hypotheses 

(reviews that are oriented to inform a novel hypothesis).

Dr. Michael J. Cur  s serves as the Editor-in-Chief, and Dr. Darrell R. Ab-
ernethy is the journal's Deputy Editor. To learn more about the scope 
of PR&P and submit a manuscript, visit h  p://www.PharmacolResPer-
spect.com.

ORCID

ASPET has implemented the use of ORCID IDs for our manuscript 
submission and tracking system, Bench>Press. As described on the OR-
CID website, h  p://www.orcid.org, ORCID "provides a persistent digi-
tal iden  fi er that dis  nguishes you from every other researcher and, 
through integra  on in key research workfl ows such as manuscript and 
grant submission, supports automated linkages between you and your 
professional ac  vi  es ensuring that your work is recognized." The use 
of ORCID IDs helps disambiguate authors with similar names and pro-
vides a consistent record for authors who change names or use varia-
 ons of the same name (e.g., Joe Smith, J. Smith, J.A. Smith, and Joseph 

Smith).  

There is no charge to register with ORCID, and the Bench>Press imple-
menta  on is designed to be unobtrusive and easy. When you register at 
ORCID, you can link your record to your publica  ons, affi  lia  ons, grants, 
and patents. You have the op  on of providing biographical informa  on 
as well. Publica  ons can be added manually or by impor  ng records 
from a number of databases such as the ANDS Na  onal Collec  ons Reg-
istry in Australia, Europe PubMed Central, Scopus, ResearcherID, and 
CrossRef.

This new feature was added in mid-November for ASPET's journals. 
Although ORCID IDs are just star  ng to appear, they are being rapidly 
adopted by publishers and funding agencies. Including them in ASPET's 
journals will be an asset for our authors. To register with ORCID, go to 
h  p://www.orcid.org.

Social Bookmarking

Social bookmarking was added to ASPET's journals on September 4. So-
cial bookmarking is a personal knowledge management tool that allows 
users to save and categorize a personal collec  on of bookmarks and 
share them with others. Readers can alert their colleagues to ar  cles of 
interest through 11 social media sites: CiteULike, Connotea, Delicious, 
Digg, Facebook, Google+, LinkedIn, Mendeley, Reddit, Technora  , and 
Twi  er. When you see an ar  cle that you think is of interest to your col-
leagues, you can tell them about it using social bookmarking. This fea-
ture is available to all readers of ASPET's journals. Links to the 11 social 
media sites appear at the end of the abstract view and full-text HTML 
view of each ar  cle. For the PDF version, the links are in the column to 
the le   of the PDF in the expandable list under "Social Bookmarking."

        Journals
by Rich Dodenhoff 
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Can Congress Avoid Sequestration in FY 2014?

With the December 13 deadline days away, it remains to be seen, 
at the  me of this wri  ng, if the House and Senate budget confer-
ence commi  ee will be able to arrive at a nego  ated se  lement that 
bridges the diff erences between the Republican and Democrat bud-
gets and avoids sequestra  on for FY 2014. If the commi  ee fails – a 
likely proposi  on, it would mean that House and Senate leadership 
will have to cobble together a funding bill by January 15 or face an-
other government shutdown.

The budget conference commi  ee has met just twice, with li  le to 
show other than opening statements and both sides of the aisle sug-
ges  ng that sequestra  on must be avoided for FY 2014. There seems 
to be a bipar  san consensus that sequestra  on was a bad way to 
cut spending and it should not be repeated in FY 2014. There is a 
very real sense on Capitol Hill that there are, in the words of House 
Budget Commi  ee Chair Paul Ryan (R-WI), "…smarter ways of cu   ng 
spending-whether you're Republican or Democrat." And House Ap-
propria  ons Chair Hal Rogers (R-KY) together with the 12 Chairs of all 
the Appropria  ons Subcommi  ees sent a le  er on November 18 urg-
ing the Budget Conference Commi  ee to as quickly as possible arrive 
at an agreement that provides for adequate spending levels for FY 
2014. Concerned that the Budget Conference Commi  ee might fail, 
the Appropria  ons Chair's le  er notes that "failure to reach a budget 
deal to allow Appropria  ons to assemble funding for FY 2014 will re-
open the specter of another government shutdown…the probability 
of governance by con  nuing resolu  on based on prior year outdated 
spending needs and priori  es…the current sequester and the upcom-
ing second sequester in January would result in more indiscriminate 
across the board reduc  ons that could have nega  ve consequences 
on cri  cally important federal programs, especially on na  onal de-
fense." So there does seem as if Congressional leaders want to stop 
sequestra  on and return to the regular order of the appropria  ons 
process. However, the issue remains how and will they actually arrive 
at a deal that addresses these issues? 

While there may be some window for op  mism that NIH will avoid 
sequestra  on, the threat persists un  l Congress changes it. If the 
Budget Conference Commi  ee can't come to some agreement, then 
it is possible Congressional leadership may con  nue to fund the gov-
ernment a  er January 15 with another Con  nuing Resolu  on (CR). 
Keep in mind, however, that if there is a full-year CR for FY 2014 at 
the FY 2013 funding levels, then there would be a sequester since the 
CR would exceed the budget caps established under the 2011 Budget 
Control Act (BCA). A more favorable outcome would be some sort of 
agreement that allows for the higher Senate spending levels or hav-
ing Congress amend the BCA to allow for higher spending caps. Hope-
fully, as you read this, the outcome of these delibera  ons is resolved 
more favorably for NIH.

Science Advocates

With some momentum, the biomedical research community re-
sponded in a robust way to alert Congress of the dangers sequestra-
 on poses to the NIH. ASPET members have wri  en to members of 

the budget conference commi  ee at the urging of ASPET President 
Richard Neubig's le  er. (See page 216.)   

ASPET also joined many other organiza  ons in cosigning a community 
sign-on le  er to the House-Senate budget conferees, urging Congress 
and the Administra  on to "work responsibly on a FY 2014 budget 
agreement that replaces sequestra  on with a balanced plan that rec-
ognizes the signifi cant cuts already made to discre  onary programs, 
preserves the na  on's investment in medical research, and protects 
the health of the American people." And through an eff ort led by 
the Associa  on of American Medical Colleges, ASPET asked our own 
graduate students and postdoctoral trainees to contact their Mem-
bers of Congress to provide their perspec  ves about the future of 
biomedical research and its importance to all of us. As of November 
8, almost 2,500 individuals wrote to their Congressional delega  on.     

Also, 200 medical school deans and teaching hospital CEOs expressed 
"grave concern" about sequestra  on's impact on NIH in a le  er to 
Congress. The Deans and CEOs le  er further expressed the concern 
that cuts to NIH "…threaten current and emerging basic research 
opportuni  es across the country, as well as the clinical studies that 
are essen  al to bringing scien  fi c discoveries from the bench to the 
bedside" and that these cuts, "… will discourage young people from 
careers in medical research, risking the loss of the next genera  on of 
innovators and their ideas."

The Science Coali  on, comprised of scien  fi c research organiza  ons, 
also recently published a report that highlighted the 100 companies 
that grew out of an investment of just $330 million in federal research 
funding (h  p://www.sciencecoali  on.org/pr.php?id=568) and the 
nega  ve impact that $95 billion in federal research and development 
cuts could have over the next decade. 

FASEB issued an e-ac  on alert to rally the community to tell Congress 
to work together to restore funding cuts for NIH, NSF, and other sci-
ence agencies to pre-sequestra  on levels and agree on a fi scal year 
2014 budget that sustains the prior investment in research. FASEB also 
wrote to members of the Budget Conference Commi  ee asking that 
funding for NIH be restored. You can read the FASEB le  er on page 218.

The Rita Allen Foundation and the American Pain 
Society Announce the 2014 Rita Allen Foundation 
Award in Pain

The Rita Allen Founda  on (RAF) and American Pain Society (APS) 
may award two grants in the amount of $50,000 annually, for a pe-
riod of up to three years to those research proposals demonstra  ng 
the greatest merit and poten  al for success. Eligible candidates will 
have completed their training and provided persuasive evidence of 
dis  nguished achievement or extraordinary promise in basic science 
research in pain. Candidates should be in the early stages of their 
career with an appointment at faculty level. The deadline for applica-
 ons is January 17, 2014. For further details, please visit h  p://www.

americanpainsociety.org/about-aps/awards/rita-allen-founda  on-
award-in-pain.html or contact APS at 847-375-4715 or info@ameri-
canpainsociety.org.

Science Policy
by Jim Bernstein
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Sequestration Letter from ASPET President to ASPET Members



Sequestration Letter from ASPET President to ASPET Members (continued)



FASEB Letter to Budget Conference Conferees Urges End to Sequestration

http://www.faseb.org/pdfviewer.aspx?loadthis=http%3A%2F%2Fwww.faseb.org%2FPortals%2F0%2FPDFs%2Fopa%2FFederal%2520funding%2520report.pdf


Meet the 2013 ASPET Washington Fellows!
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ALEX J. BREWER, III
Baylor College of Medi-
cine

Alex was born in Arkansas, 
but raised in Houston, TX. 
He earned a B.S. in chemi-
cal and bio-molecular en-
gineering from Rice Uni-
versity and is currently a 
graduate student in the De-
partment of Pharmacology 
at Baylor College of Medi-

cine. His laboratory seeks to iden  fy new medica  ons for the 
treatment of substance use disorders by inves  ga  ng medica-
 ons already approved by the FDA for other indica  ons in stud-

ies similar to phase 1 clinical trials. His par  cular disserta  on 
project focuses on studying a poten  al drug combina  on and its 
eff ects on the subjec  ve and reinforcing eff ects produced by co-
caine use in cocaine dependent individuals. Alex's research in-
terests lie within science and technology policy, pharmaceu  cal 
development, and clinical trials. Alex has observed fi rsthand the 
types of scien  fi c breakthroughs and their subsequent benefi ts 
to public health that can be achieved with coopera  on between 
policymakers, the public, and the scien  fi c community, and he 
wants to help ensure that scien  fi c progress will con  nue to be 
made for the benefi t of society.

DEBRA COOPER, Ph.D.
University of Texas 
Medical Branch at 
Galveston

Debra was born and raised 
in Houston, TX. She went 
to Duke University in North 
Carolina to pursue her 
B.S. in psychology. Follow-
ing that, she went on to 
graduate school at Emory 
University in Atlanta, GA, 

where she studied the eff ects of the enzyme dopamine beta-hy-
droxylase on cocaine mediated behaviors and neurochemistry. 
While pursuing her doctorate, she also obtained an HHMI fund-
ed Cer  fi cate in Transla  onal Research. In the spring of 2013, 
she defended her thesis and received a Ph.D. in neuroscience 
from Emory University. She is currently a postdoctoral fellow at 
the University of Texas Medical Branch in Galveston, TX. Her re-
search focuses on how the serotonin system shapes behavioral 
responses to reinforcers. Debra believes that eff ec  ve advocacy 
backed by sound scien  fi c research is necessary for maintaining 
a strong federal research program. 

MELISSA GEYER
University of Illinois 
College of Medicine

Melissa was born and 
raised in Woodbridge, VA, 
a suburb of Washington 
D.C. She is a graduate stu-
dent in the Pharmacology 
Department at the Univer-
sity of Illinois at Chicago. 
Her disserta  on research 
focuses on the role end-

binding protein play in regula  on of endothelial barrier func-
 on in lung. Between earning her B.S. in gene  c engineering 

from Cedar Crest College and graduate work at UIC, she worked 
extensively with preclinical research projects as a Project Man-
ager in San Diego, CA. She also worked as a Technician at the 
University of Michigan inves  ga  ng the role of  ssue plasmin-
ogen ac  vator in acute ischemic stroke using mouse models. 
Through the ASPET Washington Fellows program, she hopes to 
gain greater exposure to the scien  fi c community to facilitate 
networking. She also hopes the program provides her with op-
portunity to develop her interest in science policy and to learn 
more about governmental public policy.

COLIN HIGGINS
University of Iowa

Colin was born in Omaha, 
NE, and raised across the 
Missouri River in Council 
Bluff s, IA. He discovered 
molecular pharmacology 
while an undergraduate, 
studying allosteric modula-
tors of neuronal nico  nic 
acetylcholine receptors at 
Grinnell College, where he 

earned a B.A. in biological chemistry with a concentra  on in 
neuroscience. He is currently a fourth-year Ph.D. candidate in 
medicinal chemistry at the University of Iowa. Colin's disserta-
 on project focuses on structural models of allosteric inhibi  on 

of regulators of G protein signaling with an eye toward gener-
a  ng novel therapeu  c agents for neurological disorders. His 
research interests include neuropharmacologic enhancement 
and the structural underpinnings of allostery. Colin is concerned 
with the public's percep  on of the value of scien  fi c inquiry and 
how scien  sts can improve awareness for the importance and 
impact of their work.
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PRASAD KRISHNAN, 
Ph.D.
Pennsylvania State 
University

Prasad is a postdoctoral 
scholar at Penn State Uni-
versity at University Park. 
His research is focused on 
the role of Ppar beta/delta 
in preven  on of cancers 
like skin and prostate. His 
work also involves under-

standing the mechanism of liver toxicity of environmental toxi-
cant like PFOS. Prasad was born and raised in India where he 
received his B.S. in pharmacy and M.B.A. in marke  ng. He later 
moved on to the LSU Health Sciences Center, in Shreveport, LA, 
for a Ph.D. program in the Department of Pharmacology, Toxi-
cology and Neuroscience. His Ph.D. thesis was on breast cancer 
preven  on with a natural product, citrus auraptene. As a gradu-
ate student, he served as the department student representa-
 ve of the South Central Chapter of the Society of Toxicology, 

and was part of SOT's Career Resources and Development com-
mi  ee and Mentoring Subcommi  ee. Prasad currently serves 
as the Chair of Penn State Postdoctoral Society. He believes AS-
PET's Washington Fellows Program is the need of the  me to ef-
fec  vely advocate for increasing funding for advancing biomedi-
cal research.

ANDREW R. STOTHERT
University of South Flor-
ida 

Andrew, a na  ve of Galves-
ton, TX, grew up in Omaha, 
NE. He graduated from Ne-
braska Wesleyan University 
where he earned a Bach-
elor of Science degree in 
biology. Next, he received 
a Master of Science degree 
in medical science from the 

University of South Florida. Currently, he is working towards his 
Ph.D. in molecular medicine and neuroscience from the Univer-
sity of South Florida. Andrew works in the Byrd Alzheimer's In-
s  tute, studying neurological disorders such as Alzheimer's dis-
ease and glaucoma. His current projects focus mainly on the role 
of molecular chaperones and how they interact with proteins 
leading to pathological condi  ons associated with disease. His 
chaperones of interest are Grp94, an ER chaperone responsible 
for the sequestra  on of mutant forms of myocilin during glau-
coma, and Hsc70, a co-chaperone playing a signifi cant role in 
Tau regula  on during Alzheimer's disease. Andrew believes that 
the ASPET Washington Fellows Program will provide an invalu-
able opportunity to gain the skills necessary to advocate for in-
creased funding for scien  fi c research.

STEPHANIE A. 
MATHEWS, Ph.D.
Na  onal Ins  tute on 
Alcohol Abuse and 
Alcoholism (NIH) 

Stephanie was born in Wis-
consin and raised in Louis-
ville, KY. She received her 
B.S. in agricultural biotech-
nology from the University 
of Kentucky and her M.S. 
and Ph.D. in pharmacology 

and toxicology from the University of Louisville. Her disserta-
 on research was aimed at studying the impact of impaired S-

adenosylmethionine metabolism and its eff ects on interferon-
alpha an  viral signaling, with relevance to the hepa   s C virus. 
Stephanie was ac  vely involved in promo  ng science educa-
 on and recrui  ng underrepresented minori  es to STEM fi elds 

throughout her college career. In 2011, she became a Federal 
Government Non-FTE Fellow at NIH, and her current research 
is aimed at inves  ga  ng the immune mechanisms contribu  ng 
to alcohol-induced liver injury. Stephanie plans to use her di-
verse scien  fi c background to advocate for biomedical research 
funding and communicate with policymakers about the need 
for improving science educa  on for K-12 schoolchildren and 
implemen  ng programs aimed at encouraging and suppor  ng 
underrepresented minori  es pursuing higher educa  on in STEM 
fi elds. She believes the ASPET Washington Fellows Program will 
provide her with a unique and valuable opportunity to learn 
more about policymaking and put into prac  ce her passion for 
advoca  ng for increased science funding and promo  ng the ne-
cessity of biomedical research. 

CHRISTOPHER L. MOORE
University of Arkansas 
for Medical Sciences

Born in Virginia and raised 
in Nebraska and Iowa, 
Christopher received a B.S. 
in ecology and evolu  onary 
biology from the Univer-
sity of Arizona and an M.S. 
in pharmaceu  cal QA/RA 
from the Temple University 
School of Pharmacy. Chris-

topher is a Ph.D. candidate in pharmacology at the University 
of Arkansas for Medical Sciences in Li  le Rock, AR. His research 
focus is scaff olding protein mediated control of blood pressure 
in cerebral arteries and its rela  on to hypertension and stroke. 
Prior to star  ng doctoral studies, he worked in drug discovery at 
Parke-Davis and Pfi zer Pharmaceu  cals, where his work focused 
on pre-clinical behavioral pharmacology of psychotherapeu  cs. 
Christopher believes par  cipa  on in the ASPET Washington Fel-
lows Program provides a unique opportunity to learn science ad-
vocacy and public policy skills necessary to ensure public support 
and funding for research.



Social Media
Creating and Maintaining a Social Media 
Presence: Articles of Interest

For those of you who have embraced social media, we have 
compiled a handful of  ps, tricks, and other helpful informa  on 
to maximize your experience with these tools.

Twi  er feature lets you DM (direct message) those not 
following you
h  p://mashable.com/2013/10/15/twi  er-direct-messages/ 
Have you ever wanted to send a message directly to someone, 
one that Twi  er won't post all over your feed? While that feature 
has been a staple of Twi  er, tweeters are now discovering that 
they have the ability to send a direct message to more than just 
their Twi  er followers.

The beginner's guide to the hashtag
h  p://mashable.com/2013/10/08/what-is-hashtag/ 
The hashtag (#) isn't just a Twi  er phenomenon. Read on for its 
uses across other social media pla  orms and what you can do 
with a hashtag on each pla  orm.

How to op  mize your profi le photos across social media
h  p://mashable.com/2013/10/03/social-media-profi le-photos/ 
Here's a handy li  le ar  cle that gives you the sizes of profi le 
photos for several diff erent social media outlets. While that 
informa  on is really just a couple of Google searches away, it's 
handy to have it all wri  en out in one ar  cle.

Facebook Graph Search now lets you fi nd comments, posts
http://mashable.com/2013/09/30/facebook-graph-search-
conversa  ons/ 
In addi  on to searching for people, places, and groups, you can 
now search content that people post on Facebook. You will be 
able to search if your Facebook friends posted about certain 
topics on their Timeline. If you use it properly, this feature can 
be a great way to start or join in on a conversa  on on Facebook.

4 ways to improve your Twesume
h  p://mashable.com/2013/09/21/twesume/ 
Students and postdocs, check this out. Have you ever given 
any thought to supplemen  ng your mul  ple-page CV with 140 
characters or less of text? 

Twi  er unveils Emergency Alert System
h  p://mashable.com/2013/09/25/twi  er-alert-system/ 
This is a test. This is only a test. If this had been an actual 
emergency, you would have seen posts in 140 characters or less 
on your screen detailing an emergency situa  on. Read on for 
details on how to set up this important feature to be more aware 
of emergency situa  ons.

Typo in your Facebook status? Just hit the new 'Edit' bu  on
http://www.nbcnews.com/technology/typo-your-facebook-
status-just-hit-new-edit-bu  on-8C11270151 
Finally, Facebook allows the grammar police to have some peace 
of mind. Have you ever posted something on Facebook and then 
looked at it on your Timeline or news feed, wishing for a mulligan 
or perhaps dele  ng the post en  rely? If so, this ar  cle is a must 
read for you. Enjoy typing away, because you can now edit your 
Facebook posts.

Your Facebook 'Like' is now protected by the U.S. 
Cons  tu  on
http://mashable.com/2013/09/18/facebook-like-protected-
speech/ 
Yes, "liking" a page or a post on Facebook actually cons  tutes 
protected speech. Read the ar  cle for the intriguing details.

The beginner's guide to HootSuite
h  p://mashable.com/2013/09/18/hootsuite-beginners-guide/ 
Hootsuite helps you manage your Facebook and Twi  er content, 
as well as content from other social media pla  orms. It also 
allows you to schedule your posts ahead of  me, keep track 
of your posts, keep track of people who men  on you on social 
media, and keep track of those who you follow.

7 things you didn't know Bitly could do
h  p://mashable.com/2013/09/16/bitly-  ps-and-tricks/ 
Bitly, a URL (a.k.a. Web address) shortener that comes in handy for 
sites like Twi  er that allow posts of a fi nite number of characters, 
can actually track social media posts and compile sta  s  cs for 
you, in addi  on to a whole host of other things.

More  ps on social media and electronic resources can be found 
online at: h  p://www.aspet.org/knowledge/social-media-and-
other-electronic-resources.

by Gary Axelrod
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Stiff: The Curious Lives of Human Cadavers
Author: Mary Roach

S  ff : The Curious Lives of Human Cadavers, by Mary Roach, is a well-re-
searched, o  en humorous if somewhat macabre, look into the use (and 
misuse) of human corpses. In search of her material, Ms. Roach travels 
from the University of Tennessee Anthropological Research Facility to the 
Wayne State University crash test lab to a crematorium in Haikou, China 
to a start-up compos  ng company in Sweden and numerous research 
and burial facili  es in between in search of her subjects. There isn't much 
you won't know about cadavers, although there is probably much you 
would rather not know when you fi nish this book.   

The book starts out ("The human head is of the same approximate size 
and weight as a roaster chicken") in a laboratory se   ng where plas  c 
surgeons are prac  cing facial reconstruc  on on isolated cadaver heads. 
From the surgery lab, the author visits a gross anatomy lab at UCSF and 
subsequently a  ends the memorial service for the human cadavers used 
in the lab, a very touching and respec  ul event. As with all of her chap-
ters, she goes in depth into the history of the use of cadavers as it relates 
to the topic of that chapter. And if the current reality o  en seems grim, 
historical fact is far worse. Roach also talks to the people involved and 
tries to capture what they are thinking about as they work with human 
remains.  

Roach visits the University of Tennessee Anthropological Research Facil-
ity where scien  sts study how bodies decay in an a  empt to improve the 
ability to defi ne  me and mechanism of death for forensic purposes. This 
"lab" is actually an outdoor fi eld when cadavers are subjected to a variety 
of weather condi  ons and the process of decay is carefully recorded. She 
visits the Crash Test Dummy Lab where scien  sts study tolerance limits 
in impact studies on human cadavers in an a  empt to design more pro-
tec  ve vehicles. She visits ballis  cs labs where research is conducted on 
how to design bullets that have more "stopping" and less "killing" power. 
She interviews someone who studies the eff ects of impact on bodies re-
trieved following airplane crashes to fi gure out what might have caused 

the crash. She discusses alterna-
 ves to the use of cadavers. One of 

her more humorous riff s is on the 
use of gela  n "thighs" to measure 
bullet impact craters.

I confess that I had to take a break 
about half way through the book, 
not because it wasn't interes  ng 
reading, but because I found the 
body count, so to speak, unnerv-
ing. Given my reac  ons as a mere 
reader, it is perhaps not surprising 
that the author herself seems to 
become somewhat more moralis-
 c in the later chapters. Of course, 

these are the chapters that deal 
with historical experiments to 
prove or disprove crucifi xion theories (how crucifi xion actually kills some-
one), live burial (how to determine death before the stethoscope and 
EEG), the search for the soul (weighing bodies immediately before and af-
ter death), human cannibalism (let's not go there), guillo  ning (how long 
does an isolated head con  nue to "live"), to name just some of them. The 
end of the book becomes more interes  ng as she explores alterna  ve 
"ways to end up." These include a Swedish movement towards organic 
burial (human compos  ng), water crema  on, and plas  fi ca  on. Roach 
ends the book with her own personal views on her ul  mate disposi  on.  

In addi  on to her me  culous researching the topic, the author injects 
just enough humor (some  mes very corny humor) into the reading to 
keep it from being overwhelmingly grim. I suppose when you are dealing 
with a topic such as this, a sense of humor is an absolute requirement. 
One thing that le   a las  ng impression on me was that all of the people 
she talked to and with whom she interacted exhibited great respect for 
the cadavers and the people they had been. Even if one only read this 
book for its historical perspec  ve, it is a worthwhile read (probably best 
done around Halloween).

Book Review
by Chris  ne K. Carrico, Ph.D.
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Hey Grad Students and Postdocs!
Want some extra cash?
If you have recently read a pharmacology or science-related book, fi c-
tion or non-fi ction, that you found interesting enough to share with your 
peers, we invite you to write a book review of it for The Pharmacologist. 
We would be willing to pay you a small stipend. For further information, 
please contact Gary Axelrod at gaxelrod@aspet.org or 301-634-7916.

mailto:gaxelrod@aspet.org


Interviews with ASPET Members
IN THE SPOTLIGHT
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Our members come from a diverse array of backgrounds, pharmacological 
interests, and career levels. "In the Spotlight: Interviews with ASPET mem-
bers" picks three ASPET members from each category of membership (Regu-
lar, Postdoc, and Student) to interview for each issue of The Pharmacologist. 
Get to know your fellow members:

MICHAEL W. WOOD, Ph.D.
AstraZeneca Pharmaceuticals LP
ASPET Regular Member
Who or what have been the greatest 
infl uences throughout your career?
I have been very fortunate throughout my career. 
I have had the opportunity to work alongside very 
talented and insigh  ul scien  sts on many discov-
ery teams, and those team members have been a 

posi  ve infl uence on me. Working within an atmosphere of diligent compe-
tence and crea  ve vision, it is hard to not stretch yourself to be your best. Of 
course, there were many teachers, instructors, and professors that poured 
their souls into their voca  on, and those people le   las  ng imprints on me as 
well. One of my earliest inspira  ons was a high school chemistry teacher that 
devoted considerable eff ort to making the subject ma  er as interes  ng as 
possible. She frequently paced through the classroom during her lectures and 
I remember vividly the day she caught me napping and dumped the remainder 
of her glass of water on my head. I made sure to remain a  en  ve a  er that.

What drew you to AstraZeneca Pharmaceu  cals?
The ini  al a  rac  on of industrial drug discovery at AZ was the no  on that 
I could invent a treatment for some aspect of human suff ering. That allure 
hasn't faded, and I remain as a  racted to iden  fying treatments as ever. 
Discovering and developing novel candidate therapies is a massive team ef-
fort, and it is not a simple task, either. In the face of very challenging odds, 
it is cri  cal to be surrounded and encouraged by talented and dedicated 
people focused on the same goal. As the pharmaceu  cal industry con  nues 
to change, the composi  on of the discovery teams has been changing. Now, 
industrial drug discovery teammates are not necessarily even working under 
the same roof (par  cularly at AZNeuro – see www.azneuro.com). Despite 
the ongoing evolu  on of how drug discovery is being done, the mission re-
mains important and my teammates are as inspiring as ever.

What do you like to do for fun?
I have a wonderful family and they are a greatest source of joy in my life. I 
like to play music and read as well.

How would the people in your offi  ce describe you?
To be honest, I don't really want to imagine how my colleagues view me. I 
would rather keep propaga  ng the internal delusion that  I am a friendly, 
collabora  ve and produc  ve member of the team.

How has membership in ASPET benefi  ed you and your career?
The single most valuable benefi t of ASPET membership is the personal rela-
 onships that have sprouted from my par  cipa  on. Working on the Program 

Commi  ee and the Neuropharmacology Execu  ve Commi  ee has been a 
terrifi c experience. The commi  ee members have such deep scien  fi c knowl-
edge and have all been very generous with their  me. ASPET membership has 
been a career boost as well. I've made some key connec  ons that have en-
abled collabora  ons that would not have happened without ASPET mee  ngs.

What advice would you off er to aspiring pharmacologists?
Frankly, I worry about this ques  on. I really enjoy pharmacology as an ap-
plied science. It's such a complex and integrated discipline, and I have been 
very fortunate to secure employment in my preferred fi eld throughout my 
career. However, the employment ecosystem has changed and con  nues to 
change. When I le   graduate school, there were limited choices for next 
steps, and those op  ons were understood by all pre  y well. Pure academic 
research and applied research within large corpora  ons were the two chief 
op  ons for career development. Biotechnology was building rapidly as an 
established third op  on. It seems to me now that  the fi eld of op  ons has 
expanded considerably and the lines between the major pathways have 
blurred. Federal funding for scien  fi c research has dropped off  sharply, 
pharmaceu  cal companies have been laying scien  sts off  en masse, and the 
sources of capital have shi  ed focus away from biotechnology companies. 
These change drivers don't make it easy for an aspiring pharmacologist. 
But I see a much more diverse array of possibili  es now. The presence of 
cure-hun  ng scien  sts as a component of pa  ent advocacy groups appears 
to be on the rise, contract research organiza  ons are contribu  ng more to 
the search for therapies than ever, and the forma  on of new biotechnol-
ogy companies s  ll con  nues. Academic drug discovery is another avenue 
that appears to be building as well. All of these represent alterna  ves to the 
major pathways of the past. Nonetheless, I know that it can be diffi  cult for 
aspiring pharmacologists to fi nd a venue to build their cra  . My hope is that, 
as o  en happens a  er a decline, we will witness a resurgence in investment 
in pharmacology to the level that it deserves.

CLAUDIO ZANETTINI, Ph.D.
University of Texas Health Science 
Center 

 ASPET Postdoc Member
What sparked your interest in 
pharmacology?
Pharmacology is an important part of our every-
day life; we wake up in the morning and have a 

good cup of Italian espresso coff ee (at least I do!), we feel light headed when 
hiking at high al  tudes, or we might enjoy a cold beer while listening to 
a local folk band at a house concert. Substances and drugs are all around 
us, and they aff ect our behavior. Pharmacology explains how each of these 
substances (i.e. caff eine, oxygen levels, alcohol) produce their eff ects and 
can help us understand why we choose to consume one substance instead 
of another (e.g., a cold beer instead of a soda at the concert). The most fas-
cina  ng aspect of pharmacology is that it provides answers that are remark-
ably simple, orderly, and quan  ta  ve. The ac  vity of drugs can be described 
and predicted by mathema  cal func  ons (i.e., receptor theory), regardless 
of their mechanism of ac  on or eff ects, and this is true for caff eine, oxygen, 
and alcohol, as well as any other substance…this amazed me. Of course en-
thusiasm is not always suffi  cient, and I have been very lucky to work with 
great behavioral pharmacologists (Dr. Lisa R. Gerak and Dr. Charles P. France 
in the Department of Pharmacology at the University of Texas Health Science 
Center at San Antonio [UTHSCSA] and Dr. Steven R. Goldberg at IRP/NIDA 
sec  on) who have supported and encouraged my interest in pharmacology.

http://www.azneuro.com
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What do you fi nd most challenging about your work?
I have encountered many challenges in this work. First, I moved to a diff er-
ent country to pursue my career. I have explored unknown scien  fi c fi elds, 
some  mes with few pharmacological tools available, and our answers are 
rarely defi ni  ve and we must con  nue to ques  on everything. However, I 
believe that those challenges make this career worthwhile. This work has 
given me the opportunity to visit and live in wonderful places here in the 
U.S. and to interact with and learn from great people. Moreover, every day 
is diff erent from the day before, with new ques  ons and solu  ons to fi nd.

Tell us about your most favorite experiment/study with which you 
have been involved.
I am really enjoying the work that I have been doing at UTHSCSA with Drs. 
Gerak and France. In some of our current projects, we are inves  ga  ng in 
vivo mechanisms that might account for benzodiazepine tolerance and de-
pendence using a combina  on of quan  ta  ve pharmacology and func  onal 
analysis of behavior. We have recently shown that benzodiazepine tolerance 
does not alter the interac  on between drugs ac  ng at benzodiazepine sites 
on GABAA receptors; moreover, by employing two types of quan  ta  ve phar-
macological analyses (Schild Plot and Lew and Angus nonlinear regression) 
to behavioral data, we demonstrated that the apparent affi  nity of fl umazenil 
at the benzodiazepine site does not change as a consequence of tolerance. 
Beyond the specifi c results of this study, I remain awed by the reliability 
with which we can study mechanism of ac  on of drugs using the right com-
bina  on of pharmacological and mathema  cal tools and operant behavior.

What might someone be surprised to know about you?
In Italy, we have the best soccer players in the world. We won four world cups, 
two Italian teams are in the top ten for most UEFA Champions League  tles, and 
almost everyone in Italy plays or follows soccer. I said almost because I know at 
least one person that it is not even slightly interested in soccer…me! There are 
so many other interes  ng ac  vi  es in the world that we have to select from; 
for me, there was not enough  me for soccer. But I swear that I am Italian!

How has membership in ASPET benefi  ed you and your career thus 
far?
Good experimental ideas o  en arise from interac  ons with colleagues, and 
solid science is enhanced by comments and sugges  ons of peers. ASPET is 
a great society because it provides young scien  sts like me with network-
ing opportuni  es and occasions for mee  ng and interac  ng with leading 
pharmacologists. For example, I was a recipient of the Young Scien  st Travel 
Award which gave me the opportunity to present my work at EB 2013 in Bos-
ton and to talk about science with other members of the Behavioral Phar-
macology Division of ASPET. I am also thankful to have a chance to tell you 
about myself and my enthusiasm for pharmacology in this interview.

What do you see in store for the future of pharmacology? How do 
you see the science advancing?
Technological advancement is allowing us to iden  fy targets, discover new 
pharmacological tools, and determine eff ects and mechanism of ac  on of 
drugs faster and more reliably. We generate enormous amounts of scien-
 fi c data, more than ever before, and the current challenges are to increase 

access to and analyze relevant informa  on while decreasing redundant ef-
forts. Over the next few years, I expect to see a tremendous increase in 
informa  onal tools, databanks/shared repositories, and collabora  ons be-
tween the pharmaceu  cal industry and academia in order to increase speed 
and reduce costs associated with the discovery and development of novel 
drugs. I also look with great interest at the new online pla  orms for discuss-
ing science and interac  ng with peers; I believe that they have the poten  al 
to spark new ideas and increase the quality of science, and I would not be 
surprised to see more of the projects develop.  

I am, however, also aware of the risk of such advancement, such as the possi-
bility of confusing science and technology. B.F. Skinner was a forward-think-
ing scien  st whose studies contributed to the birth of behavioral pharmacol-
ogy, and his views on the interac  on between science and technology mirror 
my own. More than 50 years ago, Dr. Skinner said, "Nor should we allow our-
selves to become enamored of instruments of research. We tend to think 
of the scien  st in his observatory or laboratory, with his telescopes, micro-
scopes, and cyclotrons. Instruments give us a drama  c picture of science in 
ac  on. But although science could not have gone very far without the devices 
which improve our contact with the surrounding world, and although any ad-
vanced science would be helpless without them, they are not science itself."

ANDREA BOYD TRESSLER, B.S.
Case Western Reserve University
ASPET Graduate Student Member
What infl uenced your decision to pursue an 
educa  on in pharmacology?
Junior year at Spelman College, I took a toxicology 
class. It was my fi rst introduc  on into pharmacol-
ogy, and I was fascinated with the pathways of 
drug metabolism. I wanted to learn more about 

how drugs interacted with the body, and my advisor encouraged me to pur-
sue a Ph.D. in pharmacology. 

What do you fi nd most challenging about your studies?
The most challenging part of my studies is staying mo  vated when my re-
search becomes stagnant or when experiments don't work. However, when 
a key experiment fi nally works and I get the answers to the ques  on I am 
asking, it makes it all worth it.

Tell us about your most favorite experiment/study with which you 
have been involved.
Right now part of my project is looking at how tumor cells die when treated 
with chemotherapeu  c drugs. I fi nd uncovering the cell death pathways un-
derlying chemotherapeu  c effi  cacy very fascina  ng. Also, it is very exci  ng 
knowing that what I'm doing will make an impact in the fi eld of cancer research.

Outside of pharmacology, what are some of your other interests or 
hobbies?
When I'm not in lab, I spend my  me catching the latest movie or going to 
one of the many great restaurants in Cleveland. Cleveland is also home to a 
very impressive arts scene, so I enjoy visi  ng art galleries, seeing off  Broad-
way shows at Playhouse Square, or listening to the Cleveland Orchestra.

How would the people in your program at Case Western Reserve 
University describe you?
The people in my program would describe me as hardworking, persistent, 
and a people person. I'm willing to help fellow students with anything, 
whether it involves discussing experimental fi ndings or listening to a prac-
 ce presenta  on with a colleague.

How are you hoping that membership in ASPET will benefi t your 
career and interest in pharmacology?
My membership to ASPET so far has given me great opportuni  es to network 
and make poten  al collabora  ons by providing travel funds to a  end confer-
ences. The people I have met through ASPET have been very eager to help me 
in any way possible, ranging from advice on how to obtain funding to what I 
should look for in a postdoc mentor. I hope that my con  nued membership 
will connect me to great researchers that I can work with as a postdoc and 
throughout my career. I hope that it will con  nue to increase my access to cut-
 ng edge research and scien  sts that will help my love of pharmacology grow.



Members in the News

William B. Campbell, Ph.D. re-
cently received the Dis  nguished Ser-
vice Award from the Medical College of 
Wisconsin. The award, presented at the 
College's convoca  on ceremony on Sep-
tember 18, 2013, is the highest faculty 
honor presented at the Medical College 
of Wisconsin. Dr. Campbell, professor 
and chair of the Medical College of Wis-
consin's Department of Pharmacology 
and Toxicology, is a renowned expert 
on the regula  on of arterial pressure. 
He is a previous recipient of ASPET's 

Paul Vanhou  e Award in Vascular Pharmacology (2010) and was pre-
sented with the 2013 PhRMA Founda  on Award in Excellence at the 
ASPET Annual Mee  ng at Experimental Biology 2013 in Boston, MA. 
h  p://www.wauwatosanow.com/userstoriessubmi  ed/224045741.
html

The work of Julie Blendy, Ph.D., pro-
fessor of pharmacology at the Univer-
sity of Pennsylvania's Perelman School 
of Medicine, was recently wri  en about 
on BioScienceTechnology.com and Sci-
enceCodex.com. Dr. Blendy has been 
performing research in mouse models, 
trying to pinpoint the molecular path 
that hastens the  me it takes for an an-
 -depressant to work. The transcrip  on 

factor cAMP response element-binding 
protein (CREB) is thought to play a role 
in the long-term eff ects of an  depres-

sants, as it regulates the expression of many genes that have been 
implicated in depression and an  depressant response. CREB defi cient 
mice show an  depressant like-responses and rapid response to an-
 depressant treatments in a variety of behavioral tests. However, 

following dele  on of CREB, a related protein, CREM (cAMP response 
element-modulator) is upregulated. To determine whether upregula-
 on of CREM expression was suffi  cient to recapitulate the phenotype 

seen in CREB-deleted mice, Dr. Blendy's lab overexpressed the CREM 
ac  vator, CREMτ, in the hippocampus of wildtype mice. They found 
that overexpression of CREMτ was suffi  cient to recapitulate the accel-
erated an  depressant response and the increase in hippocampal neu-
rogenesis seen following hippocampal CREB dele  on. These fi ndings 
are the fi rst evidence that CREMτ in the brain can play a role in the 
behavioral responses to an  depressant treatment. Future work delin-
ea  ng CREMτ targets responsible for this accelerated an  depressant 
response could provide unique therapeu  c targets for depression.
Dr. Blendy has been a member of ASPET since 2006 and is a member 
of the Molecular Pharmacology Editorial and Advisory Board.
h  p://www.biosciencetechnology.com/news/2013/09/path-makes-
an  depressants-act-quicker-discovered
http://www.sciencecodex.com/pinpointing_molecular_path_that_
makes_an  depressants_act_quicker_in_mouse_model-119353

In mid-October 2013, Evan Kharasch, 
M.D., Ph.D., was elected to the Ins  -
tute of Medicine of the Na  onal Acad-
emy of Sciences. Dr. Kharasch serves as 
the Vice Chancellor for Research at Wash-
ington University in St. Louis. He is also 
the Director of the Division of Clinical and 
Transla  onal Research and Russell D. and 
Mary B. Shelden Professor in the Depart-
ment of Anesthesiology, in the School 
of Medicine. Addi  onally, he holds an 
appointment as Professor in the Depart-
ment of Biochemistry and Molecular Bio-

physics, and in the Washington University Pain Center.
"Kharasch leads the university's ini  a  ve on research innova  on and 
entrepreneurship, which aims to maximize public benefi t from the uni-
versity's fundamental research discoveries. His offi  ce also oversees the 
con  nuing educa  on of faculty and staff  regarding research regula  ons 
as well as issues related to confl ict of interest, research integrity, intellec-
tual property and technology transfer. His research interests include ba-
sic, transla  onal and clinical pharmacology, with an emphasis on mech-
anisms and clinical aspects of drug disposi  on, interac  ons, toxicity and 
pharmacogene  cs. His studies are aimed toward a be  er understanding 
of individual diff erences in response to drugs and op  miza  on of therapy."
A full write-up of the honor received by Dr. Kharasch can be found of 
the Washington University School of Medicine's Department of An-
esthesiology website: h  p://anest.wustl.edu/about/news/kharasch_
elected_to_ins  tute_of_medicine.
Dr. Kharasch was previously a member of the Clinical Pharmacology, 
Pharmacogenomics & Transla  onal Medicine Division Execu  ve Com-
mi  ee. He has been a member of ASPET since 1984.

In October, P. Jeff rey Conn, Ph.D., 
Professor and Director of the Vanderbilt 
University Program in Drug Discovery, 
wrote an ar  cle en  tled "United eff ort 
is our best hope" for The Tennessean 
regarding the 2013 Academic Drug Dis-
covery and Life Science Tennessee com-
bined conference held in Nashville, TN. 
Dr. Conn, co-founder of the Academic 
Drug Discovery Consor  um, wrote 
about the aim of the conference which 
was to s  mulate collabora  ve eff orts 
between academia and industry in bio-

medical research and ul  mately produce more successful and cost-ef-
fec  ve drug development processes. The ar  cle is no longer available, 
but informa  on about the Academic Drug Discovery Consor  um can 
be found online at: h  p://www.addconsor  um.org/.
Dr. Conn serves as a delegate to the Interna  onal Union of Basic and 
Clinical Pharmacology (IUPHAR). He is a previous recipient of Phar-
macia-ASPET Award for Experimental Therapeu  cs and the ASPET-
Astellas Award in Transla  onal Pharmacology, having received both 
in 2007.
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Charles D. Nichols, Ph.D., Associate 
Professor in the Department of Pharmacol-
ogy and Experimental Therapeu  cs at the 
Louisiana State University Health Sciences 
Center, recently led a research team that 
developed of a new gene  c research tech-
nology to study behavior and cell func  on 
in fruit fl ies (h  p://esciencenews.com/
articles/2013/09/05/lsuhsc.researchers.
develop.new.system.better.study.behav-
ior.cell.func  on). Dr. Nichols, a member of 
the Neuropharmacology Division's Execu-
 ve Commi  ee, was also featured in the 

news in mid-October 2013 for heading another research team which 
"found that ac  va  on of serotonin 5-HT2A receptor proteins potently 
blocks TNF-alpha induced infl amma  on" (h  p://www.sciencedaily.
com/releases/2013/10/131003111157.htm). This powerful new an  -
infl ammatory mechanism "could lead to the development of new oral 
medica  ons for atherosclerosis and infl ammatory bowel disorders."

As it is very diffi  cult to publish "nega-
 ve" results in science, Crista Royal, 

Ph.D., of Evans, GA came up with the 
idea to co-found the Journal of Nega  ve 
Results (JNegRes) along with Andrew 
Harmon of Richmond, KY. Even if ex-
periments do not generate the desired 
outcome, nega  ve results are s  ll use-
ful results. This kind of informa  on is 
invaluable to research, but up to now -- 
unpublishable. Dr. Royal's team believes 
all fi ndings should be shared. Sharing 
nega  ve results as well as posi  ve ones 

would help refi ne our collec  ve knowledge and bring our ideas closer 
to the actuality of how the universe works. Each nega  ve result, as 
well as each posi  ve result, brings us closer to the truth.
JNegRes will provide free public access to ideas, data, and experi-
ments that have had nega  ve results, have been disproven, or, have 
had suffi  cient experiments done to demonstrate that the hypothesis 
tested is likely incorrect. It will also publish the results of studies that 
have suffi  cient data showing them to be unprofi table under contem-
porary condi  ons. Dr. Royal came up with the idea of a Journal of 
Nega  ve Results when in graduate school at the Medical College of 
Georgia, now Georgia Regent's University, in Augusta, GA. "Out of 10 
projects I worked on in grad school, seven had nega  ve results and 
the results were never published...," she said.
Dr. Royal is currently adjunct faculty in biology at Augusta Techni-
cal Ins  tute and plans to con  nue teaching part-  me while star  ng 
the journal. The Journal of Nega  ve Results will launch on October 
1, 2014. JNegRes will be accep  ng ar  cle submissions throughout 
the coming year as they program the JNegRes.org website. They will 
need reviewers prior to launch as papers arrive in each discipline. For 
more informa  on, email Crista@JNegRes.org.
Dr. Royal has been an ASPET member since 2007. She was a 2010 and 
2011 recipient of the ISTCP Division's Graduate Student Best Abstract 
Award at the ASPET Annual Mee  ng at Experimental Biology.

Emily E. Sco  , Ph.D., Associate Pro-
fessor in the Department of Medicinal 
Chemistry at the University of Kansas, 
was featured in the September 2013 is-
sue of Findings Magazine, a publica-
 on of the Na  onal Ins  tute of General 

Medical Sciences. The feature piece tells 
how Dr. Sco  's interest in marine biology 
eventually led her to study cytochromes 
P450 and work on trying to block the re-
ac  on of CYP2A13 conver  ng nico  ne-
derived nitrosamine ketone into two 
cancer-causing molecules. Dr. Sco   is 

currently a member of the Drug Metabolism and Disposi  on Editorial 
Board and serves as Associate Editor of Pharmacological Reviews. She 
was the recipient of the 2011 Division for Drug Metabolism Early Ca-
reer Achievement Award. h  p://publica  ons.nigms.nih.gov/fi ndings/
sept13/hooked-on-heme.asp

During the American Heart Associa-
 on's (AHA) High Blood Pressure Re-

search 2013 Scien  fi c Sessions, held 
September 11 – 14, R. Clinton 
Webb, Ph.D., chair of the Depart-
ment of Physiology at Georgia Regents 
University's Medical College of Georgia, 
was awarded the Irvine Page-Alva Brad-
ley Life  me Achievement Award from 
the AHA Council on High Blood Pres-
sure Research. The award celebrates his 
achievements in the fi eld of hyperten-
sion. Dr. Webb's research focuses on 

"how contrac  on and relaxa  on of blood vessels is altered and can 
be improved in hypertension." He is currently a member of the ASPET 
Division for Cardiovascular Pharmacology Execu  ve Commi  ee and 
serves as chairperson of the Division's Awards Commi  ee. h  p://
phys.org/wire-news/140535414/webb-receives-lifetime-achieve-
ment-award-for-hypertension-resear.html

Ji Li, Ph.D., Assistant Professor in the 
Department of Pharmacology and Toxi-
cology at the University at Buff alo School 
of Medicine and Biomedical Sciences, 
was part of a team at Yale University who 
developed a small molecule that can lim-
it damage to the heart by ischemia when 
the heart becomes infarct. The molecule, 
MIF20, that was shown to "increase mi-
gra  on inhibitory factor (MIF) ac  on 
through it's receptor."
"The research shows that the small-mo-
lecular MIF agonists may off er a novel 

approach in selected clinical se   ngs to compensate for age-related 
or gene  c defi ciencies in the way that the AMPK responds to ischemic 
injury, the researchers conclude."
The study, published in Circula  on, came from research that had been 
going on since 2007 when Dr. Li was on the faculty at Yale.
Dr. Li has been a member of ASPET since 2010. h  p://www.buff alo.
edu/ubreporter/research/news.host.html/content/shared/university/
news/ub-reporter-ar  cles/stories/2013/JiLi_ischemia.detail.html
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Staff News
Jill Filler "offi  cially" re  red a  er almost 
12 years as Managing Editor of the ASPET 
journals on October 3, 2013, but worked 
part-  me from home un  l Cassie Wood 
returned from her maternity leave. It was 
a wonderful way for Jill to transi  on into 
re  rement, no alarm clock, no rush-hour 
traffi  c and s  ll enough  me to embark 
on her post-re  rement pursuit of "doing 
lunch." That is going so well that she has 

joined a gym with a pool and replaced work clothes with work-
out clothes. She has lists of chores to accomplish, trips to take, 
and people to visit (thanks to several journal colleagues who shall 
remain anonymous). Jill says, "It was fascina  ng to be part of the 
incredible changes in scien  fi c publishing from when I fi rst began 
(before the journals were even online), and it is wonderful now to 
catch up with the con  nued developments from my computer,  on 
my deck, in the sun, with my mug of coff ee."

Dianne King-McGavin joined ASPET 
as Peer Review Manager in November 
2013. She is responsible for the oversight 
of the peer review process for ASPET's 
journals. Dianne comes to ASPET from 
the American Society for Nutri  on, where 
she acted as Produc  on Manager for 
their three journals. Before that, Dianne 
was the Publica  ons Manager for the 
Biophysical Society.

Dianne enjoys hiking and running and when she can fi nd the  me, 
reading. When she's not travelling, which she also loves, she's 
daydreaming about all the places she wants to visit. 

Ashlee Laughlin joined ASPET as the 
Administra  ve Assistant in September 
2013. She is responsible for handling core 
offi  ce func  ons as well as assis  ng with 
the organiza  on of the Execu  ve Offi  ce. 
Ashlee comes to ASPET a  er serving as 
Staff  Assistant at the American University, 
Washington College of Law in the Offi  ce of 
Special Events & Con  nuing Legal Educa-
 on. She received her B.A. in communica-

 ons from Salisbury University and has since pursued an MBA in 
digital and social media at New England College. Ashlee enjoys 
blogging, and reading fashion magazines in her spare  me.

Cassie Wood, JPET's Editorial Co-
ordinator, and her husband Mike 
welcomed a baby boy on August 
17, Samuel Ellio  .  He goes by Sam, 
Sammy, or Samuel, and loves look-
ing at stars, the sound of birds, and 
grabbing everything within reach, 
especially long hair. A  er several 
weeks of maternity leave, Cassie is 
now back at the offi  ce.
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Daniel Premkumar, Univ of Pi  sburgh
Daniel Jones, Indiana Wesleyan Univ
Emeline Maillet, DemeRx Inc
Gabriela Brailoiu, Thomas Jeff erson Univ - Jeff erson School of Pharmacy
Joydip Das, Univ of Houston
Haojie Zhu, Univ of Michigan College of Pharmacy
Ma  hew Beckman, Augsburg College
Aramandla Ramesh, Meharry Medical College
Svetlana Tikunova, Univ of Houston
Yoshitaka Kawaraguchi, Nara Medical Univ, Japan
Yamini S Bynagari, Univ of California-San Francisco
Hao Chen, Univ of Tennessee Health Science Center
Mei Hong, South China Agricultural Univ, China
Inaki Troconiz, Univ of Navarra, Spain

Regent Laporte, Ferring Research Ins  tute
Maria Tejada-Simon, Univ of Houston
Georgianna Gould, Univ of Texas Hlth Sci Ctr-San Antonio
Imran Mungrue, Louisiana State Univ Hlth Sci Ctr-New Orleans
Werner Hollriegl, Baxter Innova  ons GmbH, Austria
Raymond Perez, Univ of Kansas Clinical Research Center
Paul Emmerson, Eli Lilly
Nour-Eddine Rhaleb, Henry Ford Hospital
Vibhudu  a Awasthi, Univ of Oklahoma Hlth Science Ctr
Michael Aaron Frohman, Stony Brook Univ
Yoshihiro Suzuki-Karasaki, Nihon Univ, Japan
Erica Woodahl, Univ of Montana
Kabirullah Lu  y, Western Univ of Health Sciences College of Pharmacy

Regular Members

Linda Simmler, Vanderbilt Univ
Carlos Baez-Pagan, Univ of Puerto Rico
Courtney Donica, Univ of Texas MD Anderson Cancer Center
Wenyan Han, Univ of Tennessee Health Science Center
Zhihong Peng, Univ of Notre Dame
Jelena Suran, Univ of Zagreb, Croa  a

Fabien Hubert, Queen's Univ, Canada
Edward Hawkins, Virginia Commonwealth Univ
Lisha Kuang, Univ of Kentucky
Steven Chang, Washington Univ-St. Louis
Vishal Yadav, West Virginia Univ Health Sciences Center
Yang Chen, Virginia Commonwealth Univ

Postdoctoral Members

Wael Mustafa, Alrafedain Univ College
Mate Erdelyi, Univ of Gothenburg, Sweden
Ju Hyun Kim, LG Life Sciences, South Korea

Felicia Gooden, Univ of Cincinna  
Haley Perry, Marshall Univ - Joan C. Edwards School of Medicine

Affi liate Members

New ASPET Members

Graduate Student Members
Soohyeon Bae, The Catholic Univ of Korea, South Korea
Daniel Koehler, Toledo Univ
Andy Tsai, Tzu Chi Univ, Taiwan
Monica Soto Velasquez, Purdue Univ
Diana Avila, Univ of Louisville
Nina Bertaux-Skeirik, Univ of Cincinna  
Jus  ne Abais, Virginia Commonwealth Univ
Taylor Warren, SUNY-Buff alo
Renee Har  g, Tubingen Univ, Germany
Alie Wudwud, Queen's Univ, Canada
Agnes Acevedo-Canabal, The Yudowski Lab
Cody Siciliano, Wake Forest Univ School of Medicine
Salome Boroda, Univ of Virginia
Sonali Shaligram, Univ of the Pacifi c
Shravan Kumar Sriraman, Northeastern Univ
Phillip Saccone, Univ of Michigan
Fernando Moura, Univ of Texas Hlth Sci Ctr-San Antonio 
Karla Claudio-Campos, Univ of Puerto Rico
Peter LoCoco, Univ of Texas Hlth Sci Ctr-San Antonio
Anurag Singh Sikarwar, Univ of Manitoba, Canada
William Rollyson, Marshall Univ - Joan C. Edwards School of Medicine
Mahend Brahadeesh, JSS Medical College, India
Goutham Vasam, North Dakota State Univ
Hari Priya Vemana, Western Univ of Health Sciences
Yewande Okunoren-Oyekenu, Univ of Leicester, United Kingdom

Ashujit Tagde, Texas Tech Univ Hlth Science Ctr 
Denis Okumu, Univ of North Carolina
Ishani De, Univ of Wisconsin - Madison
Swapnil Shewale, Wake Forest Univ
Ahmad Hanif, West Virginia Univ
Nathaniel Snyder, Univ of Pennsylvania
Hwai-Lee Wang, China Medical Univ, Taiwan
William John, Wake Forest Univ School of Medicine
Joshua Moody, A.T. S  ll Univ
Centdrika Dates, Univ of Arkansas for Medical Sciences
Colleen Carpenter, Univ of Michigan
Jacqualyn Schulman, Upstate Medical Univ
Stephanie Sellers, Univ of Bri  sh Columbia, Canada
Jugajyo   Baruah, Univ of Illinois at Chicago
Raehannah Jamshidi, Univ of Texas Hlth Sci Ctr-San Antonio
Akinleye Akinrinde, Univ of Ibadan, Nigeria
Sarah Woody, Univ of Kansas
Bre   Holdaway, A.T. S  ll Univ
Mukaila Oyewole, Obafemi Awolowo Univ, Nigeria
Mandi Hopkins, Washington State Univ
Amal El Daibani, Univ of Toledo
Samar Rezq, Brody School of Medicine at East Carolina Univ
Gina Marrone, Weill Cornell Graduate School of Medical Sciences 
Surendra Sharma, Post Graduate Ins  tute of Medical Educa  on and Research, India
Yuxiao Wang, Univ of Georgia 
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Undergraduate Student Members
Tenee Lopez, Univ of Houston
Madison Spychalski, Ohio State Univ
Lee Leavi  , Univ of Utah
Danielle Zajac, The Ohio State Univ
Allison Brill, Univ of Wisconsin-Madison 
Ismail Sukkar, Rutgers Univ
Alex Cruz, Del Mar College
Amber Chen, Rutgers Univ
Thomas Pierson, The Univ of Findlay College of Pharmacy
Marco Monroy, San Francisco State Univ
Michael Melson, Univ of South Carolina
Rubi Rodriguez, Trinity Univ
Rose Soskind, Rutgers Univ

Filiberto Lopez, California State Univ-San Marcos
Alyssa Gbewonyo, California State Univ-Northridge
Arjun Sharma, Univ of Pi  sburgh
James Maiarana, Univ of Richmond
Kaitlyn Brown, Wilkes Univ
Lupita Torres, Univ of California-Davis
Kelli Edwards, Univ of Pi  sburgh 
Alysha Joseph, Univ of Texas HSC-San Antonio
Douglas Smith, Virginia Tech
Nuria Perez Varela, San Bernardino Valley College
Mashhood Wani, Univ of Maryland - Bal  more County
Gabriela Gonzalez, Bellevue College
Goodwell  Nzou, Nazareth College

Bradley Keegan, Wake Forest Univ 
Barent DuBois, Oregon State Univ - College of Pharmacy 
Cynthia Zavala, Del Mar College
Raja Chakraborty, Univ of Manitoba, Canada 
Vivekkumar Dadhania, Univ of Louisiana at Monroe, College of Pharmacy
Asmita Pant, Wayne State Univ

Rosemary Poku, Florida A&M Univ
Mengxi Sun, Univ of Kansas
Clark Sims, Univ of Arkansas for Medical Sciences
Kelly Harris, Meharry Medical College
Ademola Oyagbemi, Univ of Ibadan, Nigeria
Cathryn Stevenson, Marshall Univ - Joan C. Edwards School of Medicine
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In Sympathy
ASPET notes with sympathy the passing of the following members:

Carmine Paul Bianchi
Allan H. Conney

Ronald W. Estabrook
Nancy K. Mello

Obituaries
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Allan H. Conney (1930 – 2013), Former ASPET 
President, Pioneer of Cytochrome 450 Induction

We note with regret the passing of Allan H. 
Conney, the William M. and Myrle W. Garbe 
Professor of Cancer and Leukemia Research at 
Rutgers University. Dr. Conney was born in 1930 
in Chicago, IL and obtained a B.S. degree in phar-
macy from the University of Wisconsin in 1952. 
He also received his Ph.D. from Wisconsin, work-
ing with Professors James and Elizabeth Miller. 
During his thesis, he did some of the fi rst experi-

ments demonstra  ng the induc  on of what we now know as cyto-
chromes P450. During postdoctoral work at the NIH, he con  nued 
to gain insight into drug metabolism. From 1960 – 1987, he was af-
fi liated with Burroughs-Wellcome and Hoff man-LaRoche and made 
major contribu  ons in basic research in drug metabolism, providing 

some of the early evidence for mul  ple forms of cytochrome P450 
and their cataly  c selec  vity. He also demonstrated cytochrome 
P450 induc  on in humans and s  mula  ons of cytochrome P450 
ac  vity by chemicals. His collabora  ve studies with Dr. Donald M. 
Jerina of the NIH on polycyclic aroma  c hydrocarbons established 
much of what is now termed the bay region/diol epoxide pathway. 
He also began a research program on cancer preven  on, which he 
con  nued a  er moving to Rutgers University in 1987 as the founding 
Chairman of the Department of Chemical Biology, a post he held for 
another 15 years.
 
In 1982, he was elected to membership in the Na  onal Academy 
of Sciences. He served as President of ASPET in 1983 – 1984. Allan 
Conney published 538 primary ar  cles, reviews, and book chapters. 
For a further account of his work, see Annu. Rev. Pharmacol. Toxicol. 
43:1-30, 2003.

Wri  en by F. Peter Guengerich and Anthony Y. H. Lu

Carmine Paul Bianchi (1927 – 2013), Founding 
Member of Mid-Atlantic Pharmacology Society 
(MAPS)

The Scien  fi c Community of Philadelphia lost 
a loyal member on August 13 with the passing 
of Carmine Paul Bianchi, Ph.D., age 86, emeritus 
professor and former chairman of phamacology 
at the Thomas Jeff erson University College of 
Medicine. Paul joined ASPET in 1966 and was a 
founding member of the Mid-Atlan  c Pharma-
cology Society (MAPS).

 
Paul was born in Newark, NJ, but grew up in Maplewood, NJ, where 
he joined the army at age 18. He served as a surgical sergeant tech-
nician at Ft. Dix Army Hospital (1945 – 46). He received a bachelor's 
degree in chemistry from Columbia University (1950), and a master's 
and doctoral degree in physiology and biochemistry from Rutgers 
University (1956). Paul obtained an NIH fellowship (1956 – 58) and 
was a visi  ng scien  st there under Dr. Abe Shanes from 1958 – 59. 
His muscle studies began as he became an associate member of the 
Ins  tute for Muscle Disease of New York (1959 – 62). He joined the 

Pharmacology Department at the University of Pennsylvania (1961 – 
76), leaving as a tenured professor to assume the chairmanship and 
tenured professorship in pharmacology at Thomas Jeff erson Univer-
sity. He stepped down as chairman in 1987 but retained his profes-
sorship un  l he re  red, as emeritus professor in 1999.
 
Paul wrote, or contributed, to three books and some 200 scien  fi c 
papers in his fi eld of research. His primary interests were the role of 
calcium ions in nerve and muscle ac  on and the importance of ion 
channels in pharmacology and drug ac  on. Paul was gregarious in 
nature, and enjoyed a  ending and/or presen  ng papers at na  onal 
and interna  onal scien  fi c mee  ngs. At Temple University, he was a 
frequent visitor to our seminars and served o  en as external exam-
iner of our graduate students' thesis defense. On the personal side, 
Paul loved to cook bouillabaisse and the Thanksgiving turkey. His 
faith was a strong element of his produc  ve life; he was an Elder at 
the Swarthmore Presbyterian Church. Surviving Paul are his second 
wife, Eleanor, and daughters Margaret, Alison Edwards, Judith Bian-
chi, and Jocelyn Agalone, four grandchildren and one great-grand 
child. Paul will be missed by all.
 
Sumi  ed by John J. O'Neill, Ph.D., Professor Emeritus, Temple Uni-
versity
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Ronald Winfi eld Estabrook (1926 – 2013), Pioneer 
in the Study of Cytochrome P450s

On August 5, 2013, Ronald W. Estabrook, 
Ph.D., M.D. (honoris causa) died in Dallas 
at the age of 87. His renowned scien  fi c 
career focused largely on the study of cy-
tochrome P450s and drug metabolism. Ron 
was born in Albany, NY, and at the age of 
17 (1943) joined the U.S. Navy, training 
in the V-12 program at Princeton. Upon 
gradua  on from Offi  cer Training School as 
an ensign (1945), Ron served on a subma-
rine chaser and minesweeper, the la  er in 
minefi elds of Okinawa and Japan. Upon dis-
charge, Ron a  ended Rensselaer Polytech-

nic Ins  tute, gradua  ng with a degree in biology in 1950. He took his 
graduate training at University of Rochester, supervised by Prof. El-
mer Stotz and received his Ph.D. in 1954, with a disserta  on en  tled 
"Studies on the Cytochromes in Heart Muscle Extracts." This work 
set the stage for more than 55 years of important research studying 
hemoproteins. Stotz was a well-recognized inves  gator in the study 
of hemoproteins and directed Ron to postdoctoral training with Brit-
ton Chance at the University of Pennsylvania.

A  er three years of postdoctoral training in the Chance laboratory 
where he mastered modern techniques of spectroscopy, Ron be-
came a visi  ng research fellow in the Molteno Ins  tute, Cambridge 
University in the laboratory of David Kielin. Kielin had named the 
hemoproteins in mitochondria as "cytochromes." Ron's training by 
Stotz, Chance, and Kielin set the stage for his independent career. In 
1959, Chance recruited him to Penn as Assistant Professor of Physical 
Biochemistry, and subsequently he achieved the rank of Professor in 
1965. It was during this period that Ron made a series of discover-
ies that solidifi ed his reputa  on as a pioneer and leader in the study 
of cytochrome P450s. With his colleagues O  o Rosenthal and David 
Cooper, he reported the role of a P450 in adrenocor  cal microsomes 
in 21-hydroxyla  on of steroids as a terminal mixed-func  on oxidase. 
He showed that this reac  on required a P450 using the recently es-
tablished photochemical ac  on spectrum technology of Warburg. 
This work was reported in three landmark papers in 1963. In 1967, 
with colleagues Herbert Remmer and John Schenkman, Ron report-
ed roles of P450s in hepa  c microsomes in drug metabolism, includ-
ing op  cal measurement of substrate binding. Over the rest of his ex-
cep  onal experimental career, Ron and colleagues from around the 
world made many key discoveries on P450s and drug metabolism.

In 1968, his career changed abruptly. Ron accepted an off er to be-
come Chairman of Biochemistry at the University of Texas South-
western Medical Center in Dallas. He was also named Virginia La-
zenby O'Hara Professor of Biochemistry.  He con  nued his important 
research in Dallas, while at the same  me establishing one of the 

major biochemistry departments in the world. In 1973, his role at 
UT Southwestern became more complex with his appointment as 
Dean of the Graduate School of Biomedical Sciences.  In 1977, having 
made the essen  al steps for establishing the  outstanding graduate 
school which exists at UT Southwestern, he returned to his roles as 
an inves  gator and department chair. He served as Chair un  l 1982 
and as an ac  ve inves  gator un  l 2006 when he became Emeritus 
Professor.

During his almost 50 years as an independent inves  gator, Ron 
trained a large number of young scien  sts, many of whom are lead-
ers in the study of drug metabolism around the world. Beyond these, 
Ron hired six young faculty members who became chairmen of bio-
chemistry departments: Be   e Sue Masters (Medical College of Wis-
consin), Russ Prough (University of Louisville), Tom Smith (Howard 
University), Mike Douglas (University of North Carolina), Mike Water-
man (Vanderbilt University), and Lou Hersh (University of Kentucky).

Ron received numerous awards recognizing his accomplishments, far 
too many to name here. As a result we men  on those of par  cular 
dis  nc  on. At University of Texas Southwestern, he was named Cecil 
H. and Ida M. Green Endowed Professor of Biochemistry in 1990. 
In 2006, he was named Ashbel Smith Emeritus Professor, and in 
2008, one of the six educa  onal colleges for medical students at UT 
Southwestern was named Estabrook College. Of par  cular note was 
being elected to the Ins  tute of Medicine in 1975 and the Na  onal 
Academy of Sciences in 1979. He was the fi rst member of NAS at 
UT Southwestern, which has now had about 30 members. In 1997, 
he received the ASPET Bernard B. Brodie Award in Drug Metabolism 
and the FASEB Dis  nguished Scien  st Award. He worked  relessly to 
encourage young scien  sts in the area to take leadership in the Drug 
Metabolism Division. He also served as President of the Interna  onal 
Society for the Study of Xenobio  cs from 1988 – 89.  

For those who have a  ended scien  fi c mee  ngs with Ron, one 
memory that we all carry away was his penetra  ng ques  ons of the 
speakers' research. The last mee  ng that he a  ended, the North 
American Regional ISSX mee  ng in October 2012 in Dallas, he was 
s  ll asking such ques  ons. Ron was a true pioneer in our understand-
ing of many aspects of P450 and drug metabolism. He will be remem-
bered by all who met him. Our research has surely been enriched 
and has prospered from his par  cipa  on. We are grateful we had a 
chance to know him as a scien  st and a friend.

While the above summarizes the excep  onal accomplishments of 
Ron Estabrook as an inves  gator and leader in biochemistry, his most 
admirable accomplishment is his commitment to his family. Ron and 
his wife June have been well known throughout the world as a close 
and suppor  ve couple. Their family consists of four children, seven 
grandchildren, and fi ve great-grandchildren. When one looks for 
mentors and examples of a well-lived life, professionally and person-
ally, Ron Estabrook is a worthy model.

Submi  ed by Russell A. Prough, Ph.D. and Michael R. Waterman, Ph.D.
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Behavioral Pharmacology Division

Division News
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News
Awards

The Peter B. Dews Award for achievement in behavioral pharmacology for 
2014 is under review by the selec  on commi  ee. The past award winners 
were: 2002 William H. Morse; 2004 Joseph V. Brady; 2006 Leonard Cook; 2008 
Charles R. Schuster; 2010 Donald E. McMillan; and 2012 James E. Barre  .

People on the Move

Larry Carter was promoted to Director of Clinical Development at Jazz Phar-
macue  cals and will be moving to the Bay area.

Dr. David C. U'Prichard is the Part-  me CSO and member of the Board of 
Managers of BioMo  v L.L.C. (Cleveland). He also serves as a President of 
Druid Consul  ng L.L.C., consul  ng to the pharmaceu  cal and biotechnol-
ogy industries from his base in Philadelphia, PA, and as a partner at Druid 
BioVentures L.L.P. (Philadelphia). Dr. U'Prichard is Chairman of the Execu  ve 
Board of Stra  fi ed Medicine Scotland, a na  onal academic-industry consor-
 um supported by the Government of Scotland.

Dr. Kayode D.S. Bamitale has recently been awarded a one year postdoc-
toral Fellowship in the School of Laboratory Medicine and Medical Sciences, 
Doris Duke Medical Research Ins  tute, Nelson R. Mandela School of Medi-
cine, University of KwaZulu - Natal, Durban, South Africa, eff ec  ve October 1,

2013. Dr. Bamitale was a Senior Lecturer and Ac  ng Head of Department of 
Medical Pharmacology and Therapeu  cs, Obafemi Awolowo University Ile - 
Ife, Nigeria from February 1, 2011 - July 31, 2013. He pioneered the newly 
created department. He has been a member of the society since 2005.

Scien  fi c Advances

Michael Swedberg has done some work over past several years on "spe-
cial senses" to create models to assess safety pharmacology issues on the 
visual and auditory systems. His group is using two-choice operant models 
to control for resistance to non-specifi c side eff ects. Recently, an auditory 
model was presented complemen  ng a previously published visual distur-
bance model. These models show promise for specifi cally addressing special 
senses, avoiding motor and mo  va  onal bias.
h  p://www.sciencedirect.com/science/ar  cle/pii/S0006899310000995;
h  p://www.sciencedirect.com/science/ar  cle/pii/S0006899313004150

The following is a strategy paper authored by Dr. Swedberg for abuse liability 
from an industry standpoint, which may be of interest:
h  p://journals.lww.com/behaviouralpharm/Abstract/2013/09000/A_pro-
ac  ve_nonclinical_drug_abuse_and_dependence.8.aspx 

One' Pagan is a pioneer in the area of behavioral pharmacology using pla-
naria. His recent work has explored the rela  onship of nico  ne or cocaine in 
regenera  ng planarians: h  p://www.ncbi.nlm.nih.gov/pubmed/23684614

Cardiovascular Pharmacology Division

News
Incoming Offi  cers for 2014
Dr. David B. Averill, Professor in the Department of Basic Sciences at The 
Commonwealth Medical College, and Dr. Fadi T. Khasawneh, Assistant Pro-
fessor of Pharmaceu  cal Sciences at Western University of Health Sciences, 
will begin their terms as Chair and  Secretary/Treasurer, respec  vely, of the 
Cardiovascular Division on July 1, 2014.

Cardiovascular Division at the ASPET Annual Mee  ng at Experimen-
tal Biology 2014
Symposium help: The Cardiovascular Pharmacology Division has added the 
webpage "Submi   ng a Symposium for EB": h  p://www.aspet.org/Cardio-
vascular_Pharmacology/submi   ng-a-symposium-for-EB/
This helpful site lists symposia that have been sponsored by the Division 
since 2005, a sample of symposium proposal, guidelines and  melines. We 
hope this will assist you in your eff orts to submit proposals to the Division. 
Our thanks to Dr. Nan Kanagy and Mr. Gary Axelrod for making this happen.

Trainee Showcase: The Cardiovascular Pharmacology Division is privileged 
to once again sponsor the Trainee Showcase for Cardiovascular Science 
during the ASPET Annual Mee  ng at EB 2014. This will be held on Tuesday, 
April 29 from 2:30 – 4:30 p.m., in Room 3 of the San Diego Conven  on 
Center.  Come in support of the trainees of cardiovascular pharmacology.

Symposia: Please plan to a  end one of our three exci  ng symposia. 
They span from studies in mitochondrial fragments ("Mitochondrial 
fragments: A novel mediator between infl amma  on and cardiovascular 
disease") and hydrogen sulfi de ("Hydrogen sulfi de: From physiological 
messenger to pharmacological target"), to transglutaminases ("Not just 
a glue: Pharmacology, physiology and pathology of transglutaminases"). 
Scheduling can be found on ASPET's EB program Web page: h  p://www.
aspet.org/eb2014/Program/.

The Cardiovascular Pharmacology Division Scien  fi c Programming Meet-
ing will be held on Tuesday, April 29 from 5:45 - 6:30 p.m. in Room 3 at 
the San Diego Conven  on Center and will adjourn to the Cardiovascular 
Pharmacology Division mixer.  The mixer will be held on that same Tues-
day, April 29, from 6:30 - 8:00 p.m. at the San Diego Marrio   Marquis 
and Marina.

The Paul Vanhou  e Dis  nguished Lecture, now a fully endowed lecture-
ship, will be given at the ASPET Annual Mee  ng at EB 2014.

Ge   ng You Involved!
What would be helpful to you to see on the Cardiovascular Pharmacol-
ogy Division website? Please contact Stephanie Wa  s (wa  ss@msu.edu) 
with ideas and comments. We are always looking for ways to improve 
and serve you be  er.

http://www.sciencedirect.com/science/article/pii/S0006899310000995
http://www.sciencedirect.com/science/article/pii/S0006899313004150
http://journals.lww.com/behaviouralpharm/Abstract/2013/09000/A_proactive_nonclinical_drug_abuse_and_dependence.8.aspx
http://www.ncbi.nlm.nih.gov/pubmed/23684614
http://www.aspet.org/Cardiovascular_Pharmacology/submitting-a-symposium-for-EB/
http://www.aspet.org/Cardiovascular_Pharmacology/submitting-a-symposium-for-EB/
http://www.aspet.org/eb2014/Program/
http://www.aspet.org/eb2014/Program/
mailto:wattss@msu.edu
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Drug Metabolism Division

Integrative Systems, Translational and Clinical Pharmacology Division

Division Election
                  Nominees for Chair-Elect:                                  Nominees for Secretary/Treasurer-Elect:                    

      Deepak Dalvie                          Emily Sco               Robert Fo                              Swa   Nagar

              Nominees for C

Deepak Dalvie

Chair Elect:                    
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r C    Nominees for Secreta
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eta

Division Election
Nominees for Chair-Elect:

                             Michael Holinstat                            Pamela Hornby                         Qingyu Stephanie ZhouMichael Holinstat

ominees for Chair Elect:

Pamela Hornby Qingyu Stephanie Zhou

Nominees for Secretary/Treasurer-Elect:

                                                           Ben T. Green                                           Wael MohamedBen T Green Wael Mohamed
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Molecular Pharmacology Division
Division Election

Nominee for Chair-Elect:

Greg Tall

Nominee for Secretary/Treasurer-Elect:

Joe Blumer

News
LinkedIn
We are pleased to announce a new group on LinkedIn just for those inter-
ested in molecular pharmacology. This group will serve as a great place to 
connect with other members, see upcoming events, start a scien  fi c dis-
cussion, or troubleshoot a laboratory method. If you already use LinkedIn, 
just click on the link below. If you are new to LinkedIn, you will fi rst need 
to create a free account and then join our group.

ASPET Molecular Pharmacology group on LinkedIn: h  p://www.linkedin.
com/groups/ASPET-Molecular-Pharmacology-Division-5092933

Upcoming Conferences and the ASPET Annual Mee  ng at Experi-
mental Biology 2014
The Keystone Symposia en  tled "G Protein-Coupled Receptors: Structural 
Dynamics and Func  onal Implica  ons" will take place March 30 — April 
4, 2014 at Snowbird Resort, Snowbird, UT. The scien  fi c organizers are 
Christopher G. Tate and Fiona H. Marshall. For more informa  on and to 
register go to h  p://www.keystonesymposia.org/index.cfm?e=web.Meet-
ing.Program&mee  ngid=1250.

The FASEB Summer Research Conference en  tled "G Protein-coupled Re-
ceptor Kinases: From Molecules to Diseases" will focus on recent advances 
in our understanding of the mechanism of ac  on of G protein-coupled re-
ceptor kinases (GRKs), their physiological func  ons, and their role in path-
ological condi  ons. This SRC will take place on June 8, 2014 in Steamboat 
Springs, CO. Go to h  ps://www.facebook.com/events/146567978885912/ 
for more informa  on.

The Gordon Research Conference on "Phosphoryla  on & G-Protein 
Mediated Signaling Networks" will focus on the regula  on of kinases 
and G Proteins in normal, pathological, and synthe  c systems. This 
GRC will take place on June 15 — 20, 2014 at the University of New 
England in Biddeford, ME. Organizers are Melanie H. Cobb and Car-
men W. Dessauer. For more informa  on and to apply to a  end go to 
h  p://www.grc.org/programs.aspx?year=2014&program=phosphor.

Addi  onally, we hope to see you all at the 2014 ASPET Annual Mee  ng at 
Experimental Biology April 26 — 30 in San Diego, CA!

Summary of the 2013 GPCR Retreat
The 14th annual joint mee  ng of the Great Lakes GPCR Retreat and the 
Club des Récepteurs à Sept Domains Transmembranaires du Québec 
(GPCR Retreat) was held October 17 — 19 at the Wyndham Playhouse 
Square, in Cleveland, OH. The retreat is an annual joint mee  ng that ro-
tates through loca  ons in the United States and Canada surrounding the 
Great Lakes. This was the fi rst  me the mee  ng was held in Cleveland. 
Case Western Reserve University hosted the mee  ng and the organizing 
commi  ee included David Lodowski, Marvin Nieman, and Paul Park. The 
conference has a rich history of suppor  ng graduate student and post-
doctoral trainees, emphasizing networking between senior researchers 
and trainees. Over 153 a  endees from the United States, Canada, and 
beyond a  ended the mee  ng, including more than 70 graduate students 
and postdoctoral fellows. In keeping with the tradi  on of encouraging and 
advancing trainees, four trainees were selected from their research ab-
stracts to present talks during the conference; Shanna Bowersox of Carn-
egie Mellon University, Stéphanie Clément of McGill University, Katherine 
Lee of the University of Western Ontario, and Rabindra Shivnaraine of the 
University of Toronto. Eight trainee posers were also selected to receive a 
cash prize: Henry Dunn of the Robarts Research Ins  tute/Western Univer-
sity, Guillaume Bas  n of the University of Toronto, Michael Goren of Weill 
Cornell Medical College, E  enne Khoury of McGill University, Vincent Lam 
of the University of Toronto, Daniel Shiwarski of Carnegie Mellon Univer-
sity, Chinmay Surve of the University of Rochester, and Allison Whited-
Holt of Case Western Reserve University.

The Conference began on Thursday evening with President Barbara Snyder 
of Case Western Reserve University, who gave opening remarks welcom-
ing the a  endees to Cleveland. Roger Sunahara introduced the Hyman 
Niznik memorial keynote speaker, 2012 Nobel Laureate, Brian Kobilka. 
The keynote, "Structural insights into G protein coupled receptor signal-
ing," detailed recent advances in β2-adrenergic structure, highligh  ng the 
structural basis for receptor ac  va  on upon agonist binding, receptor al-
lostery, and par  al agonism. The evening con  nued with the fi rst of two 
poster sessions and a welcome dinner before adjourning for the evening.

The Friday morning began with the "Hubert Van Tol Symposium on Ani-
mal Models," chaired by Stephen Ferguson of the Robarts Research In-
s  tute of Western University. The symposium included the following

Greg Tall

Joe Blumer

http://www.linkedin.com/groups/ASPET-Molecular-Pharmacology-Division-5092933
http://www.linkedin.com/groups/ASPET-Molecular-Pharmacology-Division-5092933
http://www.keystonesymposia.org/index.cfm?e=web.Meeting.Program&meetingid=1250
http://www.keystonesymposia.org/index.cfm?e=web.Meeting.Program&meetingid=1250
https://www.facebook.com/events/146567978885912/
http://www.grc.org/programs.aspx?year=2014&program=phosphor
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talks: "Gene  c approaches to understand oligomeriza  ons of GPCRs" by 
Krzysztof Palczewski of Case Western Reserve University; "Proteinase-
s  mulated signaling in vitro and in vivo: A GPCR-enzyme partnership" by 
Morley Hollenberg of the University of Calgary; "Protec  ve eff ect of the 
RGS2-eIF2B binding domain (RGS2eb) against pathological cardiac hy-
pertrophy" by Katherine Lee of the University of Western Ontario; and 
"GRK2 inhibi  on in the failing heart – nearing transla  on" by Walter Koch 
of Temple University. This was followed by the next symposium "GPCR 
Signaling in Vision," which was chaired by Paul Park of Case Western 
Reserve University's Department of Ophthalmology. The symposium in-
cluded the following presenta  ons: "Targeted design of signaling-biased 
arres  ns" by Vsevolod V. Gurevich of Vanderbilt University; "Molecular 
chaperones in the biogenesis and quality control of rhodopsin" by Mi-
chael Cheetham of the UCL Ins  tute of Ophthalmology, UK; and "Supra-
molecular architecture of the rhodopsin-transducin complex" by Andreas 
Engel of Case Western Reserve University.
 

A  er lunch, the symposia con  nued with the "Biophysical Studies of 
GPCRs," chaired by David Lodowski from the Center for Proteomic and 
bioinforma  cs at Case Western Reserve University, which included talks 
from Reinhard Grisshammer of the Na  onal Ins  tutes of Health, "Struc-
ture of the agonist-bound neurotensin receptor NTS1"; Sco   Prosser of 
the University of Toronto, "Understanding the role of ligands on GPCR ac-
 va  on by NMR"; Shanna Bowersox of Carnegie Mellon University, "Cell-

autonomous tuning of opioid sensi  za  on by substance P"; Rabindra 
Shivnaraine of the University of Toronto, "Probing the receptor-G protein 
interac  on in live cells using dual-color fl uorescence correla  on spectros-
copy (DCFCS) and Forster resonance energy transfer (FRET)"; and Stanley 
Opella of the University of California, San Diego, "Structure, dynamics, 
and func  on of unmodifi ed GPCRs in phosopholipid bilayers under physi-
ological condi  ons." A  er a short break, the symposia con  nued with 
a discussion on "Transla  onal GPCR Research," chaired by Rick Neubig 
from Michigan State University, who also presented "A  acking challeng-
ing drug targets: Gene transcrip  on downstream of GPCRs"; followed by 
presenta  ons from Thomas Facklam of BioMo  v L.L.C., "From hit to the 
clinic"; and Michel Bouvier of the Université de Montréal, "Transla  ng 
basic discoveries into drug discovery programs." The three presenters 
then held a roundtable discussion detailing the interface between aca-

demic science and the drug development process. The evening con  nued 
with the second of the two poster sessions and the conference dinner.
 
The Saturday morning symposia began with a discussion of "Non-Canon-
ical GPCR Signaling," chaired by Terry Hébert of McGill University. This 
symposium included presenta  ons by Xiaoping Du of the University of 
Illinois, Chicago, "Crosstalk between GPCR and integrins"; Jean-Pierre 
Vilardaga of the University of Pi  sburgh, "Noncanonical GPCR signaling 
mechanisms"; Stéphanie Clément of McGill University, "Biased signal-
ing and allosteric modula  on of the Angiotensin II type 1 receptor"; and 
Jonathan Stamler of Case Western Reserve University, "Signaling through 
GPCRs by S-nitrosyla  on." The fi nal symposium, "GPCR Ac  on inside the 
Cell," was chaired by Marvin Nieman of the Department of Pharmacolo-
gy at Case Western Reserve University and included presenta  ons by Neil 
Grimsey of the University of California, San Diego, "Ubiqui  n and intra-
cellular signaling by GPCRs"; Bruce Allen of the Universite de Montreal/
Montreal Heart Ins  tute, "Intracrine GPCR signalling in the adult cardio-
myocyte"; Jean Luc Parent of the University of Sherbrooke, "Func  onal 
coopera  vity from an interac  on between a GPCR and the intracellular 
synthase of its agonist"; and Nevin Lambert of Georgia Health Science 
University, "Movement of Gs between plasma membrane receptors and 
intracellular compartments."
 
Acknowledgements: The 2013 GPCR retreat organizing commi  ee would 
like to thank the following fi nancial supporters: the Molecular Pharma-
cology Division of ASPET, Art Robins Instruments, Berthold Technologies, 
Case Western Reserve University (School of Medicine, Ophthalmology 
and Visual Sciences, Pharmacology, and Proteomics), CHU Sainte-Jus  ne 
Research Center, DiscoveRx, McGill University, NIGMS, Photon Technol-
ogy Interna  onal, Robarts Research Ins  tute, University of Michigan, 
University of O  awa (Faculty of Medicine, Brain and Mind Research Ins  -
tute), University of Rochester, and University of Toronto (Leslie Dan Fac-
ulty of Pharmacy, Pharmacology & Toxicology), as well as acknowledging 
Nancy Vitale and Jonathan Volpe of the Case Western Reserve University 
Department of Ophthalmology and Visual Sciences for their essen  al or-
ganiza  onal assistance.
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Pictures from the Mixer at Neuroscience 2013

Nominees for Secretary/Treasurer-Elect:
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Nominees for Sec

Michael Wood

/Treasurer Elect:

Wael Mohamed

News
Society for Neuroscience 2013 Annual Mee  ng
Our Neuropharmacology Mixer at the SfN was a great success.  It was held 
on Sunday, November 10, from 6:30 — 8:00 p.m. at Hilton Bayfront hotel 
in San Diego, CA. Approximately 100 people a  ended the event.

Neuropharmacology  Division Secretary/Treasurer Lakshmi Devi spoke 
about joining ASPET and being part of Neuropharmacology Division. At-
tendees liked how the mixer gave them an opportunity to meet people 
and network within a cozier se   ng at a big mee  ng. We hope that this get-
together spurred a lot of camaraderie and future symposia submissions.
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News

Travel Awards for Pharmacology Educators – Applica  on Deadline 
is Monday, January 6, 2014

Funds for mee  ng travel can be diffi  cult to fi nd these days —can we help? 
Each year, the Division for Pharmacology Educa  on sponsors up to three 
travel awards for primary or secondary division members to a  end the AS-
PET Annual Mee  ng at Experimental Biology. Awards can be up to $1,000 
towards the costs of a  ending the mee  ng. Preference is given to those 
presen  ng an educa  on abstract at EB 2014. Details are available on the 
Division website: h  p://www.aspet.org/Educa  on/Pharmacology-Educa-
tors-Travel-Award/. Travel award recipients will be no  fi ed by the end of 
January and will be recognized at the DPE Scien  fi c Programming Mee  ng 
on Sunday, April 27, from 5:45 – 7:30 p.m. at the ASPET Annual Mee  ng 
at EB 2014.

Academy of Pharmacology Educators – Applica  on deadline is 
Monday, January 6, 2014

The purpose of the Academy of Pharmacology Educators is to pro-
vide a means to recognize individuals who have made exemplary 
contribu  ons to pharmacology educa  on in one or more of the fol-
lowing areas: student-teacher interac  on, innova  ve contribu-
 ons, scholarly endeavors, and/or professional development and 

service. Applica  on is by self-nomina  on. Details are available on 
the Division website: h  p://www.aspet.org/Educa  on/Academy/.
New Academy members will be no  fi ed by the end of January and will be 
honored at the DPE Scien  fi c Programming Mee  ng on Sunday, April 27, 
from 5:45 – 7:30 p.m. at the ASPET Annual Mee  ng at EB 2014.

Career Ladders

Depending on your career stage, promo  on and tenure commi  ees typi-
cally like to see involvement and/or recogni  on at the na  onal or interna-
 onal level. How does this happen? How do you become involved? ASPET's 

Division for Pharmacology Educa  on is willing to be a part of your career. 

Have you considered developing a proposal for an educa  on session or 
volunteering to serve on a commi  ee? Or download the criteria to apply 
for the Academy of Pharmacology Educators, and create a plan/schedule 
to apply in the future! If you are interested in becoming involved with edu-
ca  onal programs at ASPET, email DPE Chair Carol Beck (carol.beck@jeff er-
son.edu), DPE Secretary-Treasurer Robert Theobold, Jr. (RTheobald@atsu.
edu), or DPE Program Commi  ee Representa  ve Jayne Reuben (jreuben@
ghs.org). You can also talk to us during EB 2014 at the DPE Scien  fi c Pro-
gramming Mee  ng on Sunday, April 27, from 5:45 – 7:30 p.m.or the DPE/
DDD/ISTCP Mixer on Monday, April 28, from 7:30 – 9:30 p.m.

Join and par  cipate in our LinkedIn group for interes  ng discussions about 
Pharmacology Educa  on: 
http://www.linkedin.com/groups/ASPET-Pharmacology-Education-Divi-
sion-5033126 

Division for Pharmacology Educa  on Symposia at Experimental 
Biology 2014

Jayne S. Reuben (Univ. of South Carolina School of Med-Greenville) and 
Karen Marcdante (Medical Col. of Wisconsin and Children's Hospital of 
Wisconsin) will co-chair a session on "Career opportuni  es beyond the 
bench: Educa  on as a viable path" on  Sunday, April 27, from 9:30 a.m. 
– 12:00 p.m. Senthil K. Rajasekaran (Oakland Univ. William Beaumont 
Sch. of Med.) and David W. Nierenberg (Dartmouth-Hitchcock Med. Ctr.) 
will chair the DPE Division Symposium on "Addressing Prescribing Errors 
through Medical Student Educa  on and Assessment" on Sunday, April 
27, from 3:00 – 5:00 p.m. Robert J. Theobald, Jr. (Kirksville Coll. of Os-
teopathic Med.) and Sandra Carlin Andrieu (LSUHSC New Orleans Sch of 
Den  stry) are co-chairing a session on "Collabora  ve role of pharmacology 
in the educa  on of healthcare professions" on Monday, April 28, from 9:30 
a.m. – 12:00 p.m. For more informa  on on the Division's programming at 
the ASPET Annual Mee  ng at EB 2014, please visit: h  p://www.aspet.org/
eb2014/program/. 

Save the Dates
DPE Scien  fi c Programming Mee  ng: Sunday, April 27, 5:45 – 7:30 p.m.
DPE/DDD/ISTCP Mixer: Monday, April 28, 7:30 – 9:30 p.m.

Toxicology Division

Pharmacology Education Division

Division Election
                  Nominees for Chair-Elect:                                   Nominee for Secretary/Treasurer-Elect:                         

        Gary Rankin                           William Slikker                                 Lauren Aleksunes

               Nominees for C
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Chapter News

Third Annual Meeting Scheduled
The Upstate New York Pharmacology 
Society (UNYPS) Chapter of ASPET will 
hold its 3rd Annual Scien  fi c Mee  ng on 
Monday, May 19, 2014 at the Univer-
sity at Buff alo Center for the Perform-
ing Arts in Buff alo, NY. The theme of the 
scien  fi c mee  ng is Development and 
Disease across the Lifespan.

The Keynote Speaker will be Burns C. 
Blaxall Ph.D., FAHA, pharmacologist 
and Professor of Pediatrics at the Uni-
versity of Cincinna   Children's Hospital. 

Dr. Blaxall is Director of Transla  onal Science at the Heart Ins  tute 
of the Cincinna   Children's Hospital Medical Center. The Heart 
Ins  tute integrates research and clinical programs and is making 
signifi cant progress towards the ul  mate goal of elimina  ng heart 
disease. Dr. Blaxall's research accomplishments have enabled iden-

 fi ca  on of molecular pathways leading to heart failure and, im-
portantly, to the discovery of next genera  on therapies that off er 
protec  on against the disease. Dr. Blaxall's keynote presenta  on is 
en  tled "New Approaches to an Old Disease: Therapeu  c Discov-
ery for Heart Failure."

Addi  onal invited interna  onal scien  sts addressing the theme 
Development and Disease across the Lifespan include Vincent Tro-
pepe Ph.D., Associate Professor of Cell and Systems Biology at the 
University of Toronto. Dr. Tropepe's presenta  on  tle is "Dopamine 
Modula  on of Brain and Behavioural Development in Zebrafi sh." 
Select graduate students from the par  cipa  ng ins  tu  ons will 
present oral research reports as part of the Presiden  al Sympo-
sium. In addi  on, postdoctoral fellows as well as junior scien  sts, 
will give pla  orm presenta  ons. Poster presenta  ons will feature 
scien  fi c research conducted by a  ending undergraduate students, 
graduate students, and postdoctoral fellows. Prizes at all levels of 
poster presenta  on will be awarded. The UNYPS business mee  ng 
will be held a  erwards.    

Upstate New York Pharmacology Society

Mid-Atlantic Pharmacology Society
Summary from the 2013 Annual Meeting

The Annual mee  ng of the Mid-
Atlan  c Pharmacology Society 
was held at the University of the 
Sciences on Monday, October 
7, 2013 in Philadelphia, PA. This 

year's mee  ng, with the theme of G protein-coupled receptors: 
Current Thoughts and New Direc  ons, brought together about 95 
scien  sts and trainees from academic ins  tu  ons and the pharma-
ceu  cal industry throughout the Mid-Atlan  c region. From the 29 
abstracts submi  ed by graduate, undergraduate, and postdoctoral 
trainees, two trainees were selected to present oral presenta  ons: 
Bri  any Ebersole from the Penn State College of Medicine pre-
sented "Palmitoyla  on of the dopamine D2 receptor and its eff ect 
on traffi  cking," and Rebecca C. Robinson from Temple University 
presented "A cannabinoid receptor 2 agonist increases regulato-
ry T-cells and inhibits gra   rejec  on in vitro and in vivo."  Other 
trainees presented their research posters to judges, with the fol-
lowing students receiving prizes for their research presenta  ons:  
Marguerite K. McDonald of Drexel University received fi rst prize 
in the postdoc division; Cassandre Cavanaugh of Drexel University, 
Harshini Neelatakantan from Temple University, and Melissa Man-
ners from Drexel University received fi rst, second, and third prize, 
respec  vely, in the graduate student division. Undergraduate pre-
senters received par  cipa  on awards for this year because of the 
limited number of entries in this division.

In addi  on to viewing research posters, mee  ng a  endees were 
able to listen to state of the art presenta  ons from a number of ex-
perts in the area of G protein-coupled receptors. Despite a last min-
ute schedule change necessitated by the government shutdown, 
a  endees were fi rst welcomed by Dr. Heidi Anderson, new Provost 
for the University of the Sciences, and Dr. Diane Morel, 2013 Presi-
dent of MAPS. Research presenta  ons in the morning session by Dr. 
Lawrence (Skip) Brass of the University of Pennsylvania on  "How 
the platelet signaling network shapes the hemosta  c response to 
injury and contributes to heart a  acks and strokes";  Dr. Michael P. 
Holinstat of  Thomas Jeff erson University on "The newly iden  fi ed 
oxylipin, 12-HETrE, regulates platelet func  on and thrombosis in a 
GPCR-dependent manner"; and Dr. Madhu Chintala on "Discovery 
and development of vorapaxar, a novel PAR-1 antagonist for the 
treatment of atherothrombosis" provided an in depth view of GPCRs 
in cardiovascular disease. Following presenta  on of the George B. 
Koelle award to Dr. Sco   Waldman of Thomas Jeff erson University in 
honor of his contribu  ons to pharmacology research, teaching and 
mentorship of trainees, and lunch, mee  ng a  endees then heard 
presenta  ons on GPCRs in neuroscience from Dr. Mary Abood of 
Temple University on "Cannabinoid receptors: Inside and out" and 
this year's keynote speaker, Dr. Lakshmi Devi from Mt. Sinai and 
the Icahn School of Medicine on "Big science on a modest budget: 
Lessons from deorphanizing a hypothalamic G protein-coupled re-
ceptor involved in body weight regula  on." A  endees wrapped up 
a very collegial and educa  onal mee  ng with a networking recep-
 on and awards ceremony for winners of the poster compe   on.
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The role of MeCP2 in pain and its regula  on by microRNAs
Melissa Manners1, Rehman Qureshi2, Yuzhen Tian1, Ruby Gao1, Zhaolan Zhou3, Ahmet 
Sacan2, Seena Ajit1; 1Department of Pharmacology & Physiology, Drexel University Col-
lege of Medicine, Philadelphia, PA 19102; 2School of Biomedical Engineering, Science 
& Health Systems, Drexel University, Philadelphia, PA 19104; 3Department of Gene  cs, 
University of Pennsylvania School of Medicine, Philadelphia, PA 19104
Decreased pain percep  on is commonly reported in children with Re   syndrome 
(RTT). Nearly all cases of RTT are caused by muta  ons in methyl-CpG-binding pro-
tein 2 (MECP2), sugges  ng that normal MeCP2 func  on is important in modula  ng 
pain. One muta  on observed in RTT resul  ng in decreased pain sensi  vity is in amino 
acid T158, located in the methyl-CpG binding domain of MeCP2. Transgenic mice with 
this muta  on have reduced MeCP2 binding to methylated DNA, decreased protein 
stability, and a phenotype resembling RTT. We are assessing mechanical and ther-
mal sensi  vity in MeCP2 T158A mice to determine the role of this muta  on in the 
development and maintenance of pain.  Expression studies of MeCP2 in dorsal root 
ganglion (DRG) and spinal cord (SC) from rodent models of infl ammatory and neuro-
pathic pain showed that MeCP2 mRNA and protein increased in DRG but decreased 
in SC from neuropathic pain model. Chroma  n immunoprecipia  on sequencing is 
being pursued to study how diff eren  al binding of MeCP2 to chroma  n can induce 
crucial gene regulatory changes in pain state. Protein expression can be regulated by 
microRNAs (miRNAs). Our profi ling study of rat DRG from neuropathic pain model 
showed a decrease in expression of 15 miRNAs that are predicted to bind the MeCP2 
3ʹ untranslated region (3ʹUTR), thirteen of which were upregulated in the cerebellum 
of MeCP2-defi cient mice.  We validated miRNA binding to the 3ʹUTR of mouse MeCP2 
and miRNA profi ling of DRG from T158A mice is ongoing.  Mul  ple independent ap-
proaches are being pursued to elucidate the role of MeCP2 in pain.
Resistance of the CRPS pa  ents to the analgesic eff ect of ketamine is associated with 
dysregula  on of the endogenous opioid system
Botros Shenoda*1, Guillermo Alexander2, Sabrina Douglas1, Rehman Quershi3, Ah-
met Sacan3, James Barre  1, Robert Schwartzman2 and Seena Ajit1; 1Department of 
Pharmacology & Physiology, 2Neurology, Drexel University College of Medicine, Phila-
delphia, PA 19102; 3School of Biomedical Engineering, Science, and Health Systems, 
Drexel University, Philadelphia, PA 19104
Complex Regional Pain Syndrome (CRPS) is a chronic neuropathic pain condi  on char-
acterized by severe pain beyond the area of injury. The non-compe   ve NMDA recep-
tor blocker ketamine is known to be eff ec  ve in relieving pain in pa  ents with CRPS. 
Only moderate to severely affl  icted CRPS pa  ents, for whom all other treatments have 
failed, are considered for ketamine treatment. The analgesic eff ect of ketamine is not 
observed in all pa  ents and thus, a subset of pa  ents is reported to be treatment-
resistant. The mechanism of ac  on of ketamine is not well understood but the an-
algesic eff ect of ketamine is suggested to be mediated through the modula  on of 
the endogenous opioid system. We inves  gated microRNA expression in whole blood 
from responders and non-responders to ketamine therapy and observed diff eren  al 
expression of twenty three microRNAs. Some of these microRNAs are predicted to tar-
get mRNAs of genes in the endogenous opioid pathway. The expression of the proo-
piomelanocor  n (POMC), a precursor of several biologically ac  ve pep  des with roles 
in pain, was found to be signifi cantly higher in the blood of the non-responders. How-
ever the level of beta-endorphin was signifi cantly lower in these pa  ents. No signifi -
cant diff erence in the level of adrenocor  cotrophic hormone (ACTH), an alterna  ve 
product of the POMC, was observed between responders and non-responders. Our 
data suggests that dysregula  on of the endogenous opioid system may be an underly-
ing mechanism leading to ketamine resistance in some pa  ents. Aberrant microRNA 
signature in these pa  ents may contribute to this dysregula  on and could serve as 
biomarkers for predic  ng treatment response.
Improving homology modeling of GPCRs using restrained simulated annealing method
Rajan Chaudhari*1, Andrew J. Heim1 and Zhijun Li1; 1Department of Chemistry and 
Biochemistry, University of the Sciences, Philadelphia, PA 19104
G protein-coupled receptors (GPCRs) are the top ranked drug targets in pharmaceu  -

cal industry because of their ability to induce a wide variety of cellular responses. 
Structural informa  on of such drug targets plays an important role in accelera  ng the 
drug discovery process.  Recent advances in X-ray crystallographic techniques have 
greatly facilitated the determina  on of GPCR crystal structures. S  ll homology model-
ing remains an important tool for studying GPCRs. A challenge in applying homology 
modeling techniques to GPCRs is to improve the quality of the structural models given 
the low sequence iden  ty between the target and the template proteins. In this study, 
we aim to address this challenge through restrained simulated annealing approaches. 
We fi rst iden  fi ed a set of conserved restraints between the template and the target 
protein. We then applied them to the homology model using restrained simulated 
annealing methods. As a proof of concept, we were able to improve the homology 
model of the human beta 2 adrenergic receptor (PDB ID 2RH1) based on the low se-
quence iden  ty template of the anabaena sensory rhodopsin (PDB ID 1XIO) by ~2.5Ao. 
The result suggested that our proposed approach is helpful in improving homology 
models of GPCRs constructed based on template of low sequence iden  ty.
The role of miRNA regula  on in infl amma  on-related depression
Cassandre Cavanaugh*, Brian Pla  , Bak  sha Alla, Janet Clark; Department of Phar-
macology & Physiology, Drexel University College of Medicine, Philadelphia, PA 19102
Signifi cant clinical data suggest that infl amma  on contributes to depression.  Using 
a Bacille Calme  e Guerin (BCG) -induced model of infl amma  on-related depression 
we have shown that animals exhibit an acute sickness response, chronic eleva  on 
in circula  ng pro-infl ammatory cytokines and a chronic depressive phenotype as as-
sessed using various behavioral assays following a single dose of BCG.  In addi  on, we 
have discovered that 10 to 30% of mice administered BCG show the sickness response 
and chronic eleva  on of pro-infl ammatory cytokines but are resilient to developing a 
depressive phenotype.  In an eff ort to understand the neurobiological processes that 
are altered by chronic infl amma  on and lead to a depressive phenotype, or result in 
resiliance, we have studied changes in miRNA expression in hippocampal  ssue from 
saline control, BCG-resilient and BCG-suscep  ble mice.  We have iden  fi ed 12 miRNAs 
in the BCG-suscep  ble samples and 4 miRNAs in the BCG-resilient samples whose ex-
pression are signifi cantly altered.  Using the TargetScan predic  on database we have 
iden  fi ed poten  al target genes that may be modulated by these miRNAs and are bio-
logically interes  ng with regard to mood disorder.  Circadian locomotor output kaput 
(Clock) is a transcrip  on factor involved with maintaining circadian rhythms and this 
gene may poten  ally be upregulated by mmu-miR-412 and down-regulated by mmu-
miR-203.  The G-protein-coupled receptor 55 (GPR55) may be poten  ally regulated 
by miR-412; the demethylase jarid1c may be regulated by mmu-miR-540-3p; and the 
hypocre  n 2 receptor (hcrtr2) may be regulated by miR-203.  Using a luciferase assay 
system we have now confi rmed that these miRNAs can interact with the 3'UTR for the 
respec  ve genes listed above.  Studies are underway to determine if these miRNAs 
can modulate the expression of the respec  ve poten  al target proteins in cultured 
cells.  We are also currently assessing protein levels of poten  al target genes in hip-
pocampal samples from BCG-suscep  ble and saline control mice using western analy-
ses.  Preliminary data for Clock shows 50% less protein in BCG-suscep  ble samples as 
compared with saline controls.  These data suggest that miR-412 and miR-203 may 
regulate Clock expression and that BCG may alter Clock expression in BCG-suscep  ble 
mice through changes in miRNA expression further sugges  ng that circadian rhythms 
may be disrupted in this model of infl amma  on-related depression.
Palmitoyla  on of the dopamine D2 receptor and its eff ect on traffi  cking
Bri  any Ebersole*, Ma  hew Woll, and Robert Levenson; Penn State College of Medi-
cine, Hershey, PA 17033
The dopamine D2 receptor (D2R) is a G-Protein Coupled Receptor (GPCR) involved 
in a variety of cellular pathways, including those responsible for cogni  on, emo  on, 
and reward.  The D2R has previously been shown to be palmitoylated.  Palmitoyla  on 
is the addi  on of a 16-carbon fa  y acid palmitate to cysteine residues of proteins 
by enzymes called protein acyltransferases (PATs).  In mammals, 23 poten  al PATs 
(containing a common zDHHC domain) have recently been described.  While palmi-
toyla  on appears to aff ect traffi  cking of a variety of GPCRs, the func  onal signifi cance
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of D2R palmitoyla  on is unknown.  The goals of the current study are to 1) verify the 
palmitoyla  on of the D2R employing a novel non-isotopic palmitoyla  on detec  on 
technique and determine the site(s) of palmitoyla  on within the D2R, 2) iden  fy the 
PAT(s) that contribute to palmitoyla  on of the D2R, and 3) determine whether pal-
mitoyla  on plays a role in D2R traffi  cking. Using bioorthogonal click chemistry, D2R 
palmitoyla  on was verifi ed in HEK cells stably expressing the D2R.  Yeast two-hybrid 
screening and co-immunoprecipita  on techniques were used to iden  fy several PATs 
(zDHHC3, zDHHC4, and zDHHC8) that interact with the D2R.  Overexpression of these 
enzymes resulted in increased D2R palmitoyla  on.  Addi  onally, click chemical analy-
sis of various D2R mutants led to the iden  fi ca  on of the C-terminal cysteine (C443) as 
the primary site of D2R palmitoyla  on. Dele  on of C443 from the D2R led to a signifi -
cant decrease in D2R palmitoyla  on as well as a reduc  on in cell surface expression. 
Keywords: dopamine D2 receptor; palmitoyla  on; protein acyltransferases; bioor-
thogonal click chemistry; yeast two-hybrid; co-immunoprecipita  on.

Phospha  dylinositol 3-kinases (PI3K) signaling plays an important role in 5- ami-
nolevulinic acid (ALA)-induced protoporphyrin IX (PpIX) accumula  on in human 
breast cancer cell lines
Xue Yang*, Bin Chen, Ph.D.; Dept. of Pharmaceu  cal Sci., Philadelphia College of Phar-
macy, Usciences, Philadelphia, PA 19104
A major metabolic change exhibited by many tumor cells is the abnormality in heme 
synthesis. Tumor cells have been found to produce more protoporphyrin IX (PpIX), a 
fl uorescent precursor of heme synthesized in mitochondria, than surrounding nor-
mal cells presumably due to changes in the expression and ac  vity of heme synthe  c 
enzymes. Tumor accumula  on of PpIX can be further increased by exogenous admin-
istra  on of 5-aminolevulinic acid (ALA), the fi rst product in heme synthe  c pathway. 
This is because exogenous ALA will bypass the feedback inhibi  on imposed by heme 
on the synthesis of ALA, leading to the overproduc  on of PpIX. Although enhanced 
tumor accumula  on of PpIX, either inherently or following the administra  on of ALA, 
has been explored for tumor detec  on and treatment, the mechanism involved in 
enhanced ALA-PpIX accumula  on in tumor cells is s  ll poorly understood.
By profi ling ALA-mediated PpIX produc  on in a panel of human breast cancer cells 
with varied genotypic and phenotypic background, we have found enhanced PpIX 
produc  on in most of these cell lines. Because altered phospha  dylinositol 3-kinases 
(PI3K) pathway signaling has been commonly found in human breast cancers, we 
are interested in understanding whether/how modula  ng PI3K signaling aff ects the 
ALA-PpIX produc  on. PI3K pathway signaling can be s  mulated pharmacologically by 
growth factors or gene  cally by overexpressing human epidermal growth factor re-
ceptor (Her2, ErbB2). We found that insulin treatment and overexpression of ErbB2 
in MCF10A human breast epithelial cells signifi cantly enhanced ALA-PpIX produc  on, 
which can be eff ec  vely inhibited by PI3K pathway inhibitors including BEZ235 and 
lapa  nib. Western blot analysis indicates that ErbB2 overexpression as well as insu-
lin and BEZ treatments modulated the expression of enzymes involved in heme syn-
thesis. These results strongly suggest that PI3K signaling plays an important role in 
regula  ng ALA-PpIX synthesis, Furthermore, the glycolysis inhibitor 2-deoxyglucose 
decreased the ALA-PpIX produc  on, sugges  ng a link between a  enuated mitochon-
dria bioenerge  c func  on and reduced ALA-PpIX produc  on. 

Selec  ve CB2 receptor ac  va  on ameliorates EAE by reducing Th17 diff eren  a  on 
and immune cell accumula  on in the CNS
Hongbo Li1*, Weimin Kong2, Doina Ganea2 and Ronald F. Tuma1; 1Department of Physi-
ology and Center for Substance Abuse Research, 2Department of Microbiology and 
Immunology, Temple University School of Medicine, Philadelphia, PA; Temple Univer-
sity School of Medicine, Philadelphia, PA
CB2, the cannabinoid receptor expressed primarily on hematopoie  c cells and ac-
 vated microglia, mediates the immunoregulatory func  ons of cannabinoids. The 

involvement of CB2 in EAE has been demonstrated by using both endogenous and 
exogenous ligands. We showed previously that CB2 selec  ve agonists inhibit leuko-
cyte rolling and adhesion to CNS microvasculature and ameliorate clinical symptom 
in both chronic and remi   ng-relapsing EAE models. Here we showed that Gp1a, a 
highly selec  ve CB2 agonist, with a four log higher affi  nity for CB2 than CB1, reduced 
clinical scores and facilitated recovery in EAE in conjunc  on with long term reduc  on 
in demyelina  on and axonal loss. We also established that Gp1a aff ected EAE through 
at least two diff erent mechanisms, i.e., an early eff ect on Th1/Th17 diff eren  a  on 
in peripheral immune organs, and a later eff ect on the accumula  on of pathogenic 
immune cells in the CNS, associated with reduc  ons in CNS chemokine and adhesion 
molecule expression. This is the fi rst report on the in vivo CB2-mediated Gp1a inhibi-
 on of Th17/Th1 diff eren  a  on. We also confi rmed the Gp1a-induced inhibi  on of 

Th17/Th1 diff eren  a  on in vitro, both in non-polarizing and polarizing condi  ons. The 
CB2-induced inhibi  on of Th17 diff eren  a  on is highly relevant in view of recent stud-
ies emphasizing the importance of pathogenic self-reac  ve Th17 cells in EAE/MS. In 
addi  on, the combined eff ect on Th17 diff eren  a  on and immune cell accumula  on 
into the CNS, emphasize the relevance of CB2 selec  ve ligands as poten  al therapeu-
 c agents in neuroinfl amma  on.   

Corresponding author: Ronald F. Tuma, Department of Physiology and Center for Sub-
stance Abuse Research, Temple University, 3500 N. Broad St., Philadelphia PA 19140; 
email: tumarf@temple.edu; phone: 215-707-5485. 
Discrimina  ve s  mulus eff ects of mephedrone
Iman Saber1*, Ellen A. Walker1, Sco   Rawls2, Sara Jane Ward2; 1Temple University 
School of Pharmacy, 2Temple University School of Medicine; Temple University, Phila-
delphia, PA 19140
The synthe  c drug Mephedrone (MEPH) is a newly emerged recrea  onal drug which 
increases dopamine (DA) and serotonin (5-HT) release, inhibits DA and 5-HT synap-
tosomal uptake and produces serotonergic, but so far, not dopaminergic defi cits. 
The purpose of this study, was to characterize a dis  nct pharmacological profi le for 
MEPH and to establish both high and low doses as discrimina  ve s  muli. A behav-
ioral two-choice drug discrimina  on assay was u  lized to examine the subjec  ve and 
discrimina  ve proper  es of Mephedrone. We hypothesize that MEPH will produce 
discrimina  ve s  mulus eff ects based upon mul  ple component cues of DA and/or 
5-HT. MEPH should share discrimina  ve s  mulus eff ects with other drugs that alter 
the DA, 5-HT and NE systems. So far, an array of psychos  mulants, DA, NE and 5-HT 
agonists were used to test the hypothesis for low dose  MEPH (0.5 mg/kg) as a s  mu-
lus. We found low dose MEPH to fully subs  tute for 5HT agonists tested and par  ally 
subs  tute for low doses of DA agonists tested. Although we already we see that low 
dose MEPH is an established discrimina  ve s  mulus which shares s  mulus eff ects of 
DA and 5-HT agonist, the composite pharmacological profi le appears to be a unique 
composi  on of DA, 5-HT and NE ac  va  on.
Bicyclo-helptane 2-amines as σ2 receptor ligands: Potential use as anticancer agents
Mohammed Alamri1*, Zeynep Ates-Alagoz1,2, and Adeboye Adejare1; 1Department of 
Pharmaceutical Sciences, University of the Sciences in Philadelphia, Philadephia, PA 
19104; 2Department of Pharmaceutical Chemistry, Ankara University, 06100 Tando-
gan, Ankara, Turkey
Sigma2 (σ2) receptors have been found to be over-expressed in a variety of human tu-
mor cell lines. Activation of these receptors is believed to induce apoptotic cell death 
via multiple pathways. Ligands acting on this receptor have also been proposed to 
be chemosensitizers. We therefore began to investigate discovery of novel selective 
compounds for this receptor. Several selective σ2 receptor ligands were discovered in 
our lab through the NIMH-Psycho Active Drug Screening Program which determined 
binding affinities. Ki values for displacement of [3H] DTG for σ2 receptor ranged from 
5.5 to 16 nM, and for σ1 receptor were > 10,000 nM, making these ligands some of 
the most selective for σ2 receptor over σ1 as well as other receptors. We then began 
to investigate the effects of co-administering these ligands and DNA-damaging drugs 
such as doxorubicin on cancer cell lines. Assessment of cytotoxicity of these com-
pounds was conducted using the human pancreatic adenocarcinoma cell line PANC-1 
which is known to over-express the σ2 receptor and the MTT viability assay. Efficacy 
of these ligands was compared to structurally similar compound with no σ2 receptor 
affinity to support our belief that the observed activity was in part due to binding to 
the σ2 receptor. In a comparison, the selective compound had profound cytotoxicity 
compared to the non-selective ligand. In addition, we found that co-administering the 
σ2 receptor ligands with doxorubicin led to synergistic effects in reducing viability of 
the cells. Our studies suggest that σ2 receptor binding induces cell death, and syner-
gistically increases the sensitivity of PANC-1 cells to doxorubicin.
Inves  ga  on of in vitro ligand bias at the human kappa-opioid receptor (hKOPR) 
DiMa   o, KM*, Chen C, and Liu-Chen LY; Temple University School of Medicine, Phila-
delphia, PA 19140
Ligand bias or func  onal selec  vity is the ability of an agonist to diff eren  ally ac  vate 
the G protein pathway or the beta arres  n pathway and has been described for both the 
delta opioid and mu opioid receptors (Rivero G et al. 2012; Audet N et al. 2012). We are 
interested in characterizing ligand bias at the KOPR due to the proposed G protein-me-
diated analgesic eff ects and beta arres  n-mediated dysphoric eff ects that occur upon 
receptor ac  va  on (Bruchas M et al. 2007 and McLaughlin JP et al. 2004). These data 
suggest that the development of a compound with li  le beta arres  n recruitment but 
full G protein ac  va  on would be of great interest in the search for a non-addic  ve anal-
gesic. To this end, we have examined 21 KOPR ligands for the ability to recruit G proteins
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via [35S]GTPγS binding and receptor internaliza  on in the on-cell western (OCW) assay 
as a measure of beta arres  n recruitment. Mouse neuroblastoma (N2A) cells were 
stably transfected with the HA-tagged human kappa opioid receptor (hKOPR) and at 
least eight doses of each kappa agonist was tested, ranging from 0.01 nM – 10 μM. 
EC50 and Emax values of each ligand in both func  onal end points were determined 
from dose-response curves. We then used the Ehlert method described in Griffi  n 
MT et al. (2007) to quan  fy ligand bias using the endogenous pep  de for the KOPR, 
dynorphin A, as the reference compound. We found that etorphine, ICI-199441 and 
pentazocine were G protein biased, whereas nalbuphine, xorphanol, butorphanol,  -
fl uadom, salvinorin A and enadoline were iden  fi ed to be arres  n biased. Nalorphine, 
β-FNA, bremazocine, EKC, dynorphin B, dynorphin A, U50,488H, U69,593, MOM-sal-
vinorin B, nalfurafi ne and spiradoline were all found to be balanced compounds. It is 
our hope that we can translate these fi ndings to an in vivo mouse model to further the 
understanding of KOPR ac  va  on and ligand bias. This work was funded by NIH grants 
DA007237 and DA017302.
Mechanisms of ac  va  on of dopamine D1 receptors by ro  go  ne: A route to novel 
Parkinson's disease drugs
Sang-Min Lee* and Richard B. Mailman; Department of Pharmacology, Penn State 
University College of Medicine, Hershey, PA, 17036
Ro  go  ne is a dopamine agonist used as symptoma  c therapy of Parkinson's disease 
(PD). Although most clinically approved agonists target dopamine D2–like receptors, ac-
 va  on of D1 receptors by full intrinsic ac  vity agonists has been shown to have effi  cacy 

in PD equal to levodopa. The D2-selec  ve drug ro  go  ne is unique in that it has high D1 
intrinsic ac  vity and that unlike the available selec  ve full D1 agonists (e.g., dihydrexi-
dine or SKF81259), it does not contain the catechol moiety that is known to cause rapid 
metabolism and poor bioavailability. Thus, understanding the molecular mechanisms 
by which ro  go  ne ac  vates the D1 receptor may provide leads to novel D1 agonists. 
To inves  gate the molecular interac  ons between the D1 receptor and ro  go  ne, we 
made muta  ons to alanine in highly conserved transmembrane 5 serines (S5.42198A, 
S5.43199A, and S5.46202A), as well as in transmembrane 6 aroma  c amino acids 
(F6.51288A and F6.52289A) that are involved in receptor ac  va  on and ligand interac-
 ons. S5.42A and S5.43A muta  ons greatly decreased the affi  nity and receptor ac  va-
 on mediated by ro  go  ne, whereas S5.46A muta  on did not cause any signifi cant 

change. This suggests that hydrogen bond forma  on occurs between the hydroxyl 
group of ro  go  ne and S5.42 and/or S5.43, but not S5.46. Similarly, the F6.51A muta-
 on decreased the affi  nity of ro  go  ne to a far greater extent than F6.52A muta  on 

sugges  ng that hydrophobic/aroma  c interac  ons with F6.51 are par  cularly impor-
tant. Aroma  c ring conserva  ve muta  ons (F6.51Y and F6.51W) were made to restore 
the hydrophobic/aroma  c interac  ons at the posi  on of F6.51, and they par  ally re-
stored the loss of affi  nity and intrinsic ac  vity caused by F6.51A muta  on confi rming 
the cri  cal role of F6.51 in ro  go  ne interac  on. 
These receptor-ligand interac  on data provided a basis for the possible docking pose 
of ro  go  ne to the D1 receptor homology model based on the human β2-adrenergic 
receptor. The docking simula  on demonstrates that the hydroxyl group of ro  go  ne 
may form cri  cal bifurcated hydrogen bond with S5.42 and S5.43, and the thiophene 
group of ro  go  ne may form cri  cal hydrophobic/aroma  c interac  ons with F6.51. 
This contact map between the D1 receptor and ro  go  ne indicates that ro  go  ne 
may be used as a new scaff old for D1 receptor agonists with high D1 intrinsic ac  vity.
An  -allodynic, condi  oned rewarding, and reinforcing eff ects of morphine in the pres-
ence of paclitaxel-induced peripheral neuropathy in male and female C57Bl/6 mice
Harshini Neelakantan*1, Sara J. Ward2, and Ellen A. Walker1,2; 1Department of Pharma-
ceu  cal Sciences, School of Pharmacy; 2Center for Substance Abuse Research, School 
of Medicine, Temple University, Philadelphia, PA 19140 
Clinical management of severe acute and chronic pain with prescrip  on opioids re-
mains a challenge due to concerns about opioid-induced dependence and addic  on. 
Sex-diff erences in pain sensi  vity, opioid analgesia, and reinforcing eff ects of opioids 
are observed in rodents. The purpose of our study is to test the hypothesis that the 
presence of paclitaxel-induced chronic peripheral neuropathy will diff eren  ally alter 
the sensi  vi  es of male and female mice to morphine-induced an  -allodynic, condi-
 oned rewarding, and reinforcing eff ects. Saline (control) or the chemotherapeu  c 

agent paclitaxel (8 mg/kg) were administered on days 1, 3, 5, and 7 in diff erent groups 
of male and female mice in order to induce allodynia. In the fi rst experiment, eff ects 
of morphine (2.5-10 mg/kg) in reversing paclitaxel-induced mechanical allodynia were 
determined using the Von Frey fi lament assay. Next, the condi  oned rewarding ef-
fects of morphine (0.3-10 mg/kg) were assessed in control and paclitaxel-treated male 
and female mice using the condi  oned place preference procedure. Lastly, mice were 

implanted with indwelling catheters and trained to self-administer morphine under a 
progressive ra  o schedule of reinforcement. Once stable responding was achieved, 
mice were treated with saline or paclitaxel to determine the eff ects of paclitaxel treat-
ment on the reinforcing eff ects of morphine (0.01-0.1 mg/kg/inf). Morphine produced 
signifi cant an  -allodynic eff ects in both males and females with increased potency in 
male versus female mice. Paclitaxel treatment signifi cantly enhanced sensi  vity to the 
condi  oned rewarding eff ects of morphine compared to the controls in both male and 
female mice. Finally, paclitaxel treatment produced a signifi cant upward shi   in the 
dose-response curve for morphine self-administra  on - an eff ect that was signifi cantly 
pronounced in male versus female mice. The cumula  ve recordings from the self-
administra  on sessions displayed marked diff erences in the pa  ern of drug-taking 
behavior in the paclitaxel versus control male mice. These results suggest that the 
reward-related behavioral eff ects of the prescrip  on opioid morphine are altered by 
the presence of paclitaxel-induced peripheral neuropathy with male mice displaying 
greater sensi  vity to these eff ects compared to female mice. Overall, these results 
may have implica  ons for the understanding of poten  al sex diff erences in the clinical 
management of pain and the gender-dependent abuse liability of prescrip  on opioids 
in humans. Supported by R01 CA129092.
Arylbicloheptylamines: Novel conforma  onally restricted uncompe   ve NMDA re-
ceptor antagonists
Jason V. Wallach*, Brian Cicali, Brandon Haigh, Shengguo Sun, and Adeboye Adejare; 
Philadelphia College of Pharmacy, University of the Sciences, Philadelphia, PA 19104
Uncompe   ve N-Methyl-D-aspar  c acid receptor (NMDAR) antagonism is an impor-
tant pharmacological strategy in the treatment of various neurodegenera  ve diseases 
including Alzheimer's disease and demen  a. One promising class of NMDAR antag-
onists is the aryclycloalkylamine, represented by the anesthe  c ketamine and illicit 
drug phencyclidine. To further probe thr structure ac  vity rela  onship of this promis-
ing class, a series of conforma  onally restricted arylbicloheptylamines were designed 
using a pharmacophore based approach. Syntheses of the target compounds were 
performed in several steps using standard procedures. NMDAR affi  nity (Ki) was deter-
mined via compe   ve binding stufi es using 3H-MK-801 inrat brain. Ki values ranged 
from low nM to low uM. Although affi  nity was generally reduced for the rigid bicy-
cloheptylamines rela  ve to cyclohexane counterparts, signifi cant NMDAR affi  nity was 
retained. Consistent with exis  ng pharmacophore models, the exo- diasteromers in 
which the phenyl ring occupies the axial posi  on exhibited ~ 2-4 fold greater affi  nity 
for NMDAR than their endo- counterparts. Several of the target compounds displayed 
in vitro protec  on against NMDA and KA induced cell damage. Similarly, many target 
compounds possess in vivo neuroprotec  on. While some of the compounds exhibited 
toxicity, the results suggest toxicity can be reduced rela  ve to neuroprotec  ve effi  cacy.
A cannabinoid receptor 2 agonist increases regulatory T-cells and inhibits gra   rejec-
 on in vitro and in vivo?

Rebecca H. Robinson*1,2, Senthil Jayarajan3, Joseph J. Meissler1,2, Mar  n W. Adler1,4, 
and Toby K. Eisenstein1,2; 1Center for Substance Abuse Research, 2Department of Mi-
crobiology and Immunology, 3Department of Surgery, 4Department of Pharmacology; 
Temple University School of Medicine, Philadelphia PA 19140
Cannabinoids are known to have an  -infl ammatory and immunomodulatory proper-
 es. Cannabinoid receptor 2 (CB2) is expressed mainly on leukocytes and is the recep-

tor implicated in media  ng many of the eff ects of cannabinoids on immune processes. 
We have previously reported that a CB2-selec  ve agonist, O-1966, inhibits the Mixed 
Lymphocyte Reac  on (MLR), an in vitro correlate of gra   rejec  on, through the CB2 
receptor. This inhibi  on was found to occur mainly via a direct eff ect on T-cells. The 
present study sought to determine mechanisms for the immunosuppressive ac  on of 
O-1966 and to test its effi  cacy in blocking acute skin gra   rejec  on in mice. Treatment 
with O-1966 increased IL-10 release in MLR culture supernatants. An increase in the 
percentage of regulatory T-cells (Tregs) was observed in MLR cultures and pretreat-
ment with an  -IL-10 resulted in a par  al reversal of the inhibi  on of prolifera  on and 
blocked the increase of Tregs. The ability of O-1966 treatment to block rejec  on of 
skin gra  s in vivo was also tested. Mice received skin gra  s from a histoincompa  ble 
donor animal, and the  me to gra   rejec  on was determined. Compared to mice that 
received the vehicle, mice that received O-1966 treatment had signifi cantly prolonged 
gra   survival and an increased percentage of Tregs in the spleen. The spleen cells from 
O-1966-treated mice had reduced prolifera  on in an MLR and an increased percentage 
of Tregs in culture. Together, these data support the poten  al of this class of compounds 
as useful therapies to be used alone, or in combina  on with standard therapies, to pro-
long gra   survival in transplant pa  ents. This work was supported by Temple Univer-
sity Tobacco Se  lement Fund and NIDA grants DA13429, DA06650, and T32-DA07237.
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Substan  al enan  omer-specifi c diff erences in the neurochemical and behavioral ac-
 ons of the synthe  c cathinone mephedrone 

Ryan A. Gregg, Michael H. Baumann, Alexandre Vouga, Christopher S. Tallarida, and 
Sco   M. Rawls; Center for Substance Abuse Research, Temple University School of 
Medicine, Philadelphia, PA 19140
Synthe  c cathinones are an emerging group of amphetamine-derriva  ve compounds 
gaining popularity in abuse in the United States and around the world. Of the growing 
number of synthe  c cathinones, mephedrone (4-methylmethcathinone) is one of the 
most commonly abused. Mephedrone is a non-specifi c monoamine transporter sub-
strate that produces psychos  mulant eff ects like those observed with amphetamine 
and MDMA. Similar to amphetamines and cathinones, mephedrone has a chiral center 
and exists stably as two enan  omers, R-mephedrone (R-MEPH) and S-mephedrone (S-
MEPH). While several inves  ga  ons have iden  fi ed the eff ects of stereochemistry on 
neurochemistry and behavior of similarly structured psychos  mulants, no inves  ga  on 
has been performed on mephedrone. We provide the fi rst inves  ga  on into the neuro-
chemical and behavioral diff erences of R-MEPH and S-MEPH across mul  ple endpoints. 
R-MEPH and S-MEPH were found to have similar eff ects on dopamine transporter uptake 
inhibi  on and dopamine release, while S-MEPH was more potent in producing serotonin 
transporter uptake inhibi  on and release. Locomotor ac  vity was evaluated in acute and 
repeated, intermi  ent paradigms, with R-MEPH producing signifi cantly greater ambula-
 on and stereotypy than S-MEPH across mul  ple doses. Addi  onally, only R-MEPH pro-

duced locomotor sensi  za  on. Condi  oned place preference assays determined R-ME-
PH, but not S-MEPH, produces place preference. Addi  onally, S-MEPH but not R-MEPH 
a  enuated thermal nocicep  on in the hot plate test, and pretreatment with naloxone 
did not a  enuate S-MEPH aff ects. Taken together, this data illustrates stereospecifi c 
ac  ons of mephedrone on neurochemistry and behavior and warrants further study. 
Diff eren  al GPCR signaling kine  c signatures associated with ligand gradient sensing
A. Jancina*, C. Shaff er+, C. Adams+, D. Margallo+, L. Steinberger+, J. Freed, and C.C. 
Moore; Department of Pharmaceu  cal Sciences, Philadelphia College of Pharmacy, 
University of the Sciences, Philadelphia PA 19104 ; + = contributed equally
CXCR4, a chemokine G protein-coupled receptor, is essen  al for migra  on of select neu-
ronal, cardiovascular, and hematopoie  c cells, as well as metasta  c breast cancer cells 
whereby CXCR4 dysregula  on promotes a migratory and invasive phenotype. Normally 
following SDF (CXCL12) ac  va  on, CXCR4 is rapidly phosphorylated by GRKs, a key step 
in ini  a  ng adaptor recruitment, which promotes receptor desensi  za  on and recep-
tor traffi  cking to endocy  c sites. Previously we iden  fi ed Arf6 as a novel regulator of the 
SDF-CXCR4 axis, whereby it inhibits traffi  cking of ac  vated CXCR4 from the cell surface, 
and poten  ates CXCR4 signaling to membrane-delineated ERK. Here we characterized a 
phosphoryla  on mechanism by which Arf6 delays CXCR4 traffi  cking, and iden  fi ed that 
Arf6 leads to sustained ERK signaling kine  cs specifi cally upon SDF gradient sensing, 
which requires Shp2 phosphatase. Specifi cally, we assessed 1) Arf6 eff ects on CXCR4 
phosphoryla  on by mobility shi   assay, 2) diff eren  al ERK ac  va  on kine  cs, by uni-
form versus gradient SDF s  mula  on methods, 3) the role of Arf6 and Shp2 in sustained 
ERK kine  cs and migra  on by siRNA and inhibitor approaches, and 4) signaling kine  c 
signatures associated with SDF gradient sensing for migratory and prolifera  ve machin-
ery by microarray. Our results demonstrate that cons  tu  vely ac  ve Arf6-QL inhibits 
SDF-dependent CXCR4 phosphoryla  on, which is unaltered by receptor deglycosyl-
a  on or by phosphatase inhibi  on with okadaic acid. Addi  onally, SDF gradient sensing 
leads to sustained ERK kine  cs, in contrast to transient ERK ac  vity upon uniform SDF 
s  mula  on. Furthermore, this diff eren  al CXCR4 signaling to sustained ERK is inhibited 
by Arf6 siRNA. Similar to growth factor receptors, both sustained ERK and migra  on 
requires Shp2, as indicated by inhibi  on with Shp2 siRNA and PHPS1. Interes  ngly, sig-
naling kine  c signatures associated with SDF gradient sensing by CXCR4, suggest that 
migratory machinery are promoted, whereas prolifera  ve machinery are inhibited as 
measured by microarray analysis. These data support a working model that Arf6 modu-
lates CXCR4 phosphoryla  on, leading to delayed traffi  cking of CXCR4 to endocy  c sites 
and sustained CXCR4 signaling to a novel Shp2–ERK pathway and previously uniden  -
fi ed migratory machinery. These data have implica  ons on metasta  c breast cancer 
cells known to have elevated Arf6. These studies were supported by NIH grant GM-
097718, PA Department of Health grant SAP4100057688, and USciences start-up funds.
A novel GPCR pathway is required for migra  on of metasta  c breast cancer cells
Jacqueline Freed*, Corena V. Shaff er, and Catherine C. Moore; Department of Pharma-
ceu  cal Sciences, Philadelphia College of Pharmacy, University of the Sciences, Phila-
delphia PA 19104
The research presented here supports a model whereby a CXCR4-Arf6-ERK pathway 
is cri  cal to the mechanism of CXCR4 dysregula  on in metasta  c breast cancer cells. 
CXCR4 is a chemokine G protein-coupled receptor essen  al for select neuronal, car-

diovascular, and hematopoie  c cell migra  on towards SDF (CXCL12), and is now recog-
nized to promote cancer metastasis. Dysregula  on of the SDF-CXCR4 axis in nonmo  le 
primary tumor cells confers an aberrant migratory capacity and promotes metasta  c 
homing of tumor cells to distal SDF-expressing organs. Metastasis is the major cause of 
mortality in cancer pa  ents, therefore these fi ndings have led to vigorous a  empts to 
iden  fy molecular factors that contribute to CXCR4 dysregula  on in cancer. Previously 
we iden  fi ed Arf6 as a novel regulator of the SDF-CXCR4 axis, whereby it enhances 
both CXCR4 cell surface levels and CXCR4 signaling to membrane-delineated ERK. Here 
we iden  fi ed a novel Arf6—ERK pathway required for migra  on of metasta  c breast 
cancer cells. Specifi cally, we determined the steepness and dura  on of SDF gradient 
that is associated with robust signaling to cortac  n, an ac  n-binding protein that pro-
motes migra  on and invasion. U  lizing this defi ned gradient, we assessed the eff ects 
of muta  onal or GEF-mediated Arf6 ac  va  on, siRNA-mediated Arf6 knockdown, and 
MEK inhibi  on on CXCR4-mediated migra  on in response to co-s  mula  on with SDF 
and collagen, as measured by transwell mo  lity assays. Our results demonstrate that in 
noninvasive MDA-MB-361 and MDA-MB-468 cells, Arf6 ac  va  on unmasks a migratory 
phenotype which is blocked by MEK inhibi  on. Addi  onally, in highly invasive MDA-
MB-231 and BT-549 cells, the migratory phenotype is blocked by Arf6 siRNA and MEK 
inhibi  on with PD98059, U0126, or DN-MEK1. Migra  on is rescued by siRNA-resistant 
Arf6 expressions constructs, and correlates with localiza  on of ERK to pseudopodial 
extensions. These responses are specifi c to CXCR4-mediated migra  on as suggested by 
blockade with CXCR4 antagonist or neutralizing an  body, AMD3100 and 12G5 respec-
 vely, and no change of cell adhesion or FBS-mediated migra  on. These results provide 

insight into the role of a novel CXCR4-Arf6-ERK pathway in regula  ng SDF-mediated mi-
gra  on, and support the model that Arf6 is cri  cal to the mechanism of CXCR4 dysregu-
la  on in metasta  c breast cancer cells. These studies were supported by NIH grant GM-
097718, AFPE sponsored AACP New Inves  gator grant, and USciences start-up funds.
Detec  on and determina  on of func  onal adenosine receptors on renal fi broblasts
P. Wilkinson*1, S. Murphy1, F. Farrell2, D. Morel1, W.Law3, * Presen  ng Author;
1University of the Sciences in Philadelphia, Philadelphia PA 19104; 2Jeff erson College of 
Health Sciences, Roanoke VA 24013; 3Purdue University Calumet, Hammond IN 46323
Adenosine is an infl ammatory signaling molecule produced from the degrada  on of 
adenosine triphosphate (ATP) or cyclic adenosine monophosphate (cAMP) that acts 
as a dynamic signaling molecule through ac  va  on of the G-protein coupled recep-
tor (GPCR) P1 purinoceptor family that contain A1, A2a, A2b, and A3 adenosine receptor 
(AR) subtypes. Adenosine levels are increased in renal  ssue of Diabe  c Nephropathy 
pa  ents compared to healthy controls, and in vivo streptozotocin induced diabetes 
models.  Kidney fi brosis of the inters   al space is a hallmark of end stage renal disease 
(ESRD) where pa  ents are exclusively dependent on dialysis to maintain renal protein 
clearance.  Accumula  on of fi bro  c proteins throughout the kidney is a major pathol-
ogy associated with Diabe  c Nephropathy due to increased fi broblast prolifera  on and 
matrix protein produc  on by myofi broblasts. To date adenosine signaling has not been 
inves  gated in renal fi broblasts.  This inves  ga  on focused on the iden  fi ca  on and 
rela  ve expression of A1, A2a, A2b, and A3 adenosine receptors and quan  fi ed the eff ects 
of receptor ac  va  on and blockade on intracellular cAMP levels. Quan  ta  ve real  me 
PCR was used to iden  fy that adenosine A1 receptor expression was low and adenosine 
receptor A2B was more highly expressed while A2a and A3 where undetectable. To de-
termine if these receptors were func  onal, fi broblasts were treated with adenosine or 
5'-N-Ethylcarboxamidoadenosine (NECA), an adenosine agonist specifi c to all adenos-
ine receptor subtypes. Both compounds induced intracellular cAMP, with NECA (IC50= 
23.94uM) more potent than adenosine (IC50=38.06uM). Cells pretreated with specifi c 
A1 and A2B receptor agonists or antagonists, before NECA or adenosine ac  va  on, ex-
amined which receptor contributs to the total cAMP response seen with adenosine 
or NECA s  mula  on. When cells were pretreated with the A2B receptor antagonist 
8-[4-[4-(4-Chlorophenzyl)piperazide-1-sulfonyl)phenyl]]-1-propylxanthine  (BAY-603), 
the cAMP response was blocked in both adenosine and NECA s  mulated cells. Con-
versely, cells pretreated with an A1 receptor specifi c agonist 2-Chloro-N-cyclopen-
tyl-2'-methyladenosine (MeCCPA) also had decreased cAMP. Finally, renal fi broblasts 
s  mulated with the A2B agonist 2-[[6-Amino-3,5-dicyano-4-[4-(cyclopropylmethoxy)
phenyl]-2-pyridinyl]thio]-acetamide (BAY60-653) had increased mRNA expression 
of  TGFb, Fibronec  n, and aSMA, markers of a myofi broblast phenotype and fi brosis.  
Overall these data iden  fy adenosine receptor A1 and A2B as the two subtypes mediat-
ing adenosine signaling in renal fi broblasts. The totality of A1 and A2B receptor ac  va  on 
through adenosine or NECA results in increased intracellular cAMP signaling and s  mu-
la  on of A2B results in increased transcrip  on in fi bro  c markers. Taken together, this 
data highlights that func  onal adenosine receptor A1 and A2B subtypes can infl uence 
intracellular cAMP levels and transcrip  on of fi bro  c genes. 
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Kappa opioid receptor agonist-induced neurite outgrowth: studies on underlying 
mechanisms
Yi-Ting Chiu*, Kelly DiMa   o, and Lee-Yuan Liu-Chen; Center for Substance Abuse 
Research and Department of Pharmacology; Temple University School of Medicine, 
Philadelphia, PA 19140
Kappa opioid receptor (KOPR), a G protein-coupled receptor, acts through Gi/o and 
β-arres  n pathways to produce diff erent cellular func  ons. KOPR has been shown to 
be involved in neurite outgrowth and stem cell diff eren  a  on. Previous studies from 
our lab showed that in Chinese hamster ovary (CHO) cells stably transfected with hu-
man KOPR, U50,488H induced internaliza  on but etorphine did not. In this study, we 
used Neuro2a mouse neuroblastoma cells stably transfected with the hKOPR (N2A-
3HA-hKOPR) to examine whether KOPR ac  va  on promoted neurite outgrowth in 
these cells. U50,488H and etorphine bound to KOPR in N2A-3HA-hKOPR membranes 
with Ki values of 3.1 and 0.7nM, respec  vely, indica  ng that etorphine has 4X higher 
affi  nity than U50,488H. Cells were treated with agonists for 10 min followed by in-
cuba  on in serum-free medium for 24h and cells were stained with βIII-tubulin and 
Hochest33258 to reveal neurite structure and nuclei, respec  vely. Nuclear staining 
allowed quan  ta  on of cell number. Images under microscope were captured. Neu-
rite length/ neuron was quan  fi ed with the NIH neurite-trace Image J so  ware. We 
found that U50,488H at 0.1, 1 and 10 μM signifi cantly enhanced neurite outgrowth 
by 24.3%, 27.3% and 45.9%, respec  vely. Etorphine at 1μM increased neurite length 
by 10.8%, but not at 0.1 or 0.01 μM, demonstra  ng that etorphine is much less ef-
fi cacious than U50,488H. We then examined if there are diff erence between the two 
agonists in the mechanisms underlying neurite outgrowth. U50,488H- and etorphine-
induced neurite outgrowth were inhibited by pretreatment with the KOPR antagonist 
norBNI for 10min, indica  ng KOPR-mediated eff ect. In addi  on, pretreatment with 
pertussis toxin (50 μg/ml, 1h) blocked U50,488H- and etorphine-induced neurite out-
growth, demonstra  ng the involvement of Gi/o proteins. Knockdown of β-arres  n2 by 
siRNA enhanced the eff ect of both U50,488H and etorphine in inducing neurite out-
growth, while knockdown of β-arres  n1 did not have eff ect, indica  ng that β-arres  n 
2 plays a regulatory role in reducing the Giα-mediated response. These results indi-
cate that both agonists induce neurite outgrowth via KOPR and Gi/o protein, but not 
through β-arres  ns. (Supported by NIH grant DA17302.)
Treatment induced microRNA modula  on in complex regional pain syndrome
Sabrina Douglas*, Rehman Quershi, Ahmet Sacan, Guillermo Alexander, Marguerite 
McDonald, James Barre  , Robert Schwartzman, and Seena Ajit ; Drexel University Col-
lege of Medicine, Philadelphia, PA 19102
MicroRNAs (miRNAs) are small noncoding RNAs that regulate gene expression 
through the degrada  on or post-transla  onal repression of target messenger RNAs. 
Correla  ons between altered expression pa  erns of miRNAs and disease states are 
now well established. The stability of miRNAs in body fl uids and their dysregula  on in 
a number of diseases indicate their u  lity as poten  al biomarkers and may off er in-
sight into novel therapeu  c interven  on strategies. Complex regional pain syndrome 
(CRPS) is a chronic neuropathic pain condi  on that predominantly occurs a  er an in-
jury, aff ec  ng one or more extremi  es. CRPS pa  ents experience chronic pain and 
infl amma  on beyond the ini  al injury that can be severely debilita  ng. Treatments, 
par  cularly in moderate-severe cases, provide li  le relief. Ketamine, a widely used 
anesthe  c, is one of the treatment op  ons being pursued for CRPS. In this study, we 
examined the changes of 758 miRNAs in the blood of 19 CRPS pa  ents before and 
a  er ketamine treatment, using Taqman low-density array cards. Twenty three miR-
NAs were diff eren  ally expressed between responders and non-responders before 
ketamine treatment, sugges  ng that miRNA signature profi les may be poten  ally 
benefi cial in predic  ng treatment outcome. Five miRNAs were diff erently expressed 
a  er treatment in pa  ents who responded to ketamine. Correla  onal studies of in-
fl ammatory markers, selected medical condi  ons and other clinical parameters are 
also being performed. The development of miRNA biomarkers will be an excep  on-
ally valuable tool for stra  fying pa  ents in clinical trials and in assis  ng physicians in 
choosing treatment op  ons.
Development of nanopar  cles displaying LyP-1 pep  des for targeted cancer drug 
delivery
Lefan He1, Steven R. Johnson2, Daniel Myers2, Xiaoping Zhang2, Zoltan Szekely2, Patrick 
J. Sinko2; 1Pharm.D. Honors Research Program, Ernest Mario School of Pharmacy, Pis-
cataway, NJ 08854; 2Rutgers University, Ernest Mario School of Pharmacy, Department 
of Pharmaceu  cs, Piscataway, NJ 08854
LyP-1 (CGNKRTRGC) is a cyclic 9-amino acid pep  de discovered through bacteriophage 
display selec  on. Its receptor protein, p32/gC1qR/HABP1, is signifi cantly expressed on 
the surface of tumor lympha  c cells and tumor-associated macrophages. Fluorescein 

labeled LyP-1 has been shown to localize with its receptor in tumor lympha  c vessels 
accumula  ng preferen  ally in hypoxic/nutrient-deprived areas of tumors. Linear and 
cyclic LyP-1 pep  des of wild type and nega  ve control (CGEKRTRGC) sequences were 
synthesized using standard Fmoc solid phase pep  de synthesis and the N terminus 
was then coupled with N3-PEG4-COOH prior to cleavage to facilitate copper-free click 
chemistry reac  ons. Post cleavage oxida  ons of the LyP-1 pep  des were performed 
in solu  on using iodine (3 eq/pep  de) followed by conjuga  on with bis-dibenzocy-
clooctyne DBCO-PEG4-DBCO linker. Purifi ca  ons were carried out under slightly acidic 
condi  ons (1% AcOH/H2O) due to the acid sensi  vity of the remaining DBCO moiety. 
The purity and the chemical iden  ty of the products were verifi ed by RP-HPLC and 
ESI-MS as well as MALDI-TOF respec  vely. The compounds with a free DBCO group 
were then conjugated with nanopar  cles bearing azido groups on their surface. These 
nanopar  cles, were Polystyrene-PEG block copolymers and a Vitamin E stabilized core 
were made by fl ash nanoprecipita  on having an azido and fl uorescent dye labeled 
surface. We are currently synthesizing new nanopar  cles with FITC and Cy5 labeling to 
conjugate onto LyP-1 pep  des for in vitro cellular uptake experiments using the MDA-
MB-231 human breast cancer cell line as well as for in vivo studies.
β-adrenergic receptor-mediated transac  va  on of epidermal growth factor recep-
tor decreases cardiomyocyte apoptosis through diff eren  al subcellular ac  va  on of 
ERK1/2 and Akt
Laurel A. Grisan  , Rhonda L. Carter, Jus  ne E. Yu, Ashley A. Repas and Douglas G. Til-
ley; Temple University School of Medicine, Philadelphia, PA, 19140
β-adrenergic receptors (βAR) are cri  cal regulators of cardiac func  on whose dys-
regula  on during heart failure are associated with diminished func  on. However, 
βAR-mediated EGFR transac  va  on has been shown to relay cardioprotec  on via un-
known mechanisms.  We hypothesized that acute βAR-mediated EGFR transac  va  on 
in the heart promotes diff eren  al subcellular ac  va  on of ERK1/2 and Akt, promo  ng 
cell survival through modula  on of apoptosis. To test this hypothesis, C57BL/6 mice 
underwent acute i.p. injec  on with isoproterenol (ISO) ± AG1478 (EGFR antagonist) 
to assess the impact of βAR-mediated EGFR transac  va  on on phosphoryla  on of 
ERK1/2 (P-ERK1/2) and Akt (P-Akt) in dis  nct cardiac subcellular frac  ons. Increased 
P-ERK1/2 and P-Akt were observed in cytosolic, plasma membrane and nuclear frac-
 ons following ISO s  mula  on. Whereas the P-ERK1/2 response was EGFR-sensi  ve 

in all frac  ons, the P-Akt response was EGFR-sensi  ve only in the plasma membrane 
and nucleus, results confi rmed in primary rat neonatal cardiomyocytes (RNCM).  βAR-
mediated EGFR-transac  va  on also decreased apoptosis in serum-depleted RNCM, 
as measured via TUNEL as well as caspase 3 ac  vity/cleavage, which were sensi  ve to 
inhibi  on of either ERK1/2 (PD184352) or Akt (LY-294002) signaling. Caspase 3 ac  v-
ity/cleavage was also sensi  ve to inhibi  on of transcrip  on, which, with an increase 
in nuclear P-ERK1/2 and P-Akt in response to ISO, suggested that βAR-mediated EGFR 
transac  va  on may regulate apopto  c gene transcrip  on. An Apoptosis PCR Array 
iden  fi ed tnfsf10 (TRAIL) to be altered by ISO in an EGFR-sensi  ve manner, which 
was confi rmed via ELISA measurement of both membrane-bound and soluble TRAIL 
levels. These results demonstrate that βAR-mediated EGFR transac  va  on induces 
diff eren  al subcellular ac  va  on of ERK1/2 and Akt leading to increased cell survival 
through the modula  on of caspase 3 ac  vity and apopto  c gene expression in cardio-
myocytes. Further understanding the downstream consequences of these eff ects in 
response to βAR-mediated EGFR transac  va  on could lead to improved therapies for 
the treatment of heart failure.
Exosomes carry biomolecular signatures refl ec  ng infl amma  on-induced cellular 
altera  ons and alleviate thermal pain sensi  vity in mice
Marguerite K. McDonald*1, Yuzhen Tian1, Rehman A. Qureshi2, Michael Gormley4, Ruby 
Gao1, Enrique A. Lopez3, Paolo For  na4, Guillermo M. Alexander3, Ahmet Sacan2, See-
na K. Ajit1; 1Department of Pharmacology and Physiology, Drexel University College of 
Medicine, Philadelphia, PA, 2School of Biomedical Engineering, Science, and Health Sys-
tems, Drexel University, Philadelphia, PA 19104, 3Neurology, Drexel University College 
of Medicine, Philadelphia, PA 19102, 4Department of Cancer Biology, Thomas Jeff erson 
University, Cancer Genomics Laboratory, Kimmel Cancer Center, Philadelphia, PA 19107
Chronic infl ammatory pain is a systemic condi  on accompanied by altered expres-
sion of circula  ng RNA and proteins.  We have previously shown that pa  ents with 
a debilita  ng chronic pain disorder, Complex Regional Pain Syndrome (CRPS), have 
measurable increases in circula  ng cytokines and dysregulated expression of 18 miR-
NAs.  Exosomes are small vesicles that transport a source specifi c signature of pro-
teins, mRNAs, and miRNAs through bodily fl uids. These novel mediators of intercel-
lular communica  on are being explored for therapeu  c and biomarker u  li  es. In this 
study, we profi led exosomal miRNAs from CRPS pa  ent serum and determined that 
miRNAs altered in this chronic pain state are traffi  cked by exosomes. 
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To determine the global eff ects of infl amma  on on exosomal content, we used RAW 
264.7 mouse macrophage-derived exosomes, to quan  fy changes in miRNA, mRNA 
and cytokine levels a  er s  mula  on with lipopolysaccharides (LPS).  Expression pro-
fi ling of macrophage-derived exosomal miRNA revealed diff eren  al expression of 15 
of the 281 detectable miRNAs a  er LPS s  mula  on. Several cytokines that mediate 
infl amma  on were elevated in exosomes secreted by LPS-s  mulated cells.  Next-Gen 
sequencing of exosomal RNA showed altera  ons in both innate and adap  ve immune 
system pathways.  Exosomes from LPS-treated macrophages were suffi  cient to causes 
NF-κB ac  va  on in vitro and to reduce paw edema a  er a single intraplantar injec  on 
in a mouse model of infl ammatory pain. Addi  onally, macrophage-derived exosomes 
reduce thermal hyperalgesia 24 h a  er induc  on of infl ammatory pain. Overall, our 
data suggests that macrophage-derived exosomes are immunoprotec  ve, and that 
exosomal content refl ects cellular altera  ons due to infl amma  on and pain.

GPCR-Gs-mediated cyclic AMP signaling for neuritogenesis, growth arrest, and cell 
survival is parcellated among the cAMP sensors NCS/Rapgef2, Epac, and PKA
Andrew C. Emery*, Maribeth V. Eiden, Tomris Mustafa, and Lee E. Eiden, Laboratory 
of Cellular and Molecular Regula  on, Intramural Research Program, Na  onal Ins  tute 
of Mental Health, Bethesda, MD 20892
Upon exposure to ligands that ac  vate Gs-coupled GPCRs causing cAMP eleva  on, 
dividing neuroendocrine cells diff eren  ate (cease prolifera  on and extend neurites), 
and are also protected from programmed cell death upon serum withdrawal. We have 
used the PC12 cell high-throughput cell strain NS-1 to screen for ligand/GPCR combi-
na  ons that mediate signaling for diff eren  a  on. We found that they include mem-
bers of both family A and family B GPCRs (e.g. dopamine via the D1 receptor; PACAP via 
the PAC1 receptor; and VIP through the VPAC1 and VPAC2 receptors). However, there 
are also Gs-linked GPCRs that, unlike, for example, PACAP, ac  vate some aspects of 
neuronal diff eren  a  on but not others, such as the β2-adrenoceptor for norepineph-
rine and epinephrine. These results (unpublished and see Emery and Eiden, FASEB J, 
26:3199-3211; Emery et al., Mol Pharm, 83:95-105; Emery et al., Science Signaling, 6: 
ra51) imply that GPCR-Gs signaling ini  ated by cAMP must proceed through indepen-
dent signaling through mul  ple cAMP sensors downstream of adenylate cyclase. Re-
cently, we demonstrated the existence of a linear signaling cAMP-dependent pathway 
ini  ated by PACAP leading to ERK ac  va  on through Rap1, B-Raf and MEK, and not 
requiring any known cAMP sensor. We named the required cAMP sensor ac  vity the 
neuritogenic cAMP sensor, or NCS (Emery and Eiden, FASEB J, 26:3199-3211). Subse-
quently we iden  fi ed the NCS as the protein product of the Rapgef2 gene and showed 
that PACAP-dependent ERK ac  va  on and neuritogenesis require NCS/Rapgef2 but 
not Epac or PKA (Emery et al., Science Signaling, 6:ra51).
We now report that in NS-1 cells, PACAP-dependent growth arrest requires Epac but 
not NCS/Rapgef2 or PKA. Both PACAP and a selec  ve Epac agonist, 8-CPT-2'-O-Me-
cAMP, cause growth arrest in NS-1 cells. Inhibi  on of Epac blocks growth arrest in 

response to either agent. Furthermore, we found that s  mula  on of Epac leads to the 
ac  va  on of both Rap1 and the MAP kinase p38. Surprisingly, these two downstream 
eff ectors of Epac appear to be arranged in separate signaling pathways: inhibi  on of 
Rap1 did not aff ect p38 phosphoryla  on or vice versa, and Epac-dependent growth 
arrest required the ac  vity of p38, but not Rap1. Thus, in NS-1 cells, cAMP-dependent 
growth arrest is wholly dependent on Epac-p38 signaling and does not require NCS/
Rapgef2-ERK or PKA-CREB ac  vity. We now intend to explore possible roles of the 
recently iden  fi ed Epac/p38 signaling pathway for growth arrest in the contexts of 
neural development and neuronal replenishment, via progenitor cell diff eren  a  on, 
throughout the lifespan.

Divergent eff ects of CB2 receptor agonism on learning and memory in naïve versus 
stroked mice
Myers AM*, Ward SJ, Ronca RD, Walker EA, Tuma RF; Center for Substance Abuse 
Research, Temple University School of Medicine, Philadelphia PA 19140  
We have recently demonstrated that treatment with a CB2 agonist was protec  ve 
in a mouse middle cerebral artery occlusion model of cerebral ischemia/reperfusion 
injury. The present study aimed to determine whether these protec  ve eff ects of CB2 
agonism would extend to a mouse photothrombosis (PT) model of permanent isch-
emia and determine associated altera  ons in infl amma  on. In addi  on, we deter-
mined whether the PT model induces altera  ons in learning and memory behavior 
that are also prevented by CB2 receptor ac  va  on. In Experiment 1, untreated mice 
were exposed to PT stroke and infl ammatory markers were measured. In Experiment 
2, mice received a subchronic treatment regimen of the CB2 selec  ve agonist O-1966 
or vehicle 1 hr prior to and 2 and 5 days following induc  on of PT injury and infarct 
size and infl ammatory markers were assessed at 24h and 7 days post injury. In Experi-
ment 3, mice received subchronic O-1966 or vehicle paired with PT injury, sham injury, 
or no manipula  on (naïve mice). Learning and memory eff ects of injury and O-1966 
treatment were assessed on days 6 and 7 using a novel object recogni  on task and an 
operant acquisi  on and reten  on procedure. Photothrombosis was associated with a 
signifi cant infarct size and infl ammatory response, and these eff ects were a  enuated 
by O-1966. PT was also associated with signifi cant learning and memory impairments 
on days 6 and 7 post-injury, and these defi cits were reversed with O-1966 treatment. 
Surprisingly, sham-operated mice receiving O-1966 treatment showed a signifi cant 
learning defi cit compared with vehicle treated sham mice, and this eff ect of O-1966 
was also observed in opera  onally naïve mice. Therefore it appears that O-1966 ef-
fects on learning and memory are dependent upon the infl ammatory state of nervous 
 ssue. Our current working hypothesis is that in non-stroked animals, CB2 ac  va  on 

of astrocytes alters neuronal signaling in learning and memory regions of the CNS, 
thereby impairing cogni  ve processes, while in the presence of infl amma  on the role 
of microglia and their regula  on by CB2 receptor agonism prevails.
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