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A Tribute to Doug Kinghorn, Editor par excellence
committees and as series editor-in-chief of
the book series “Progress in the Chemistry
of Organic Natural Products.”
Having served as an associate editor in the
“pre-Doug years,” then for four years under
Doug’s leadership, and then for twenty years
as a member of the Journal’s Editorial Advisory Board, I continue to be awed and amazed
by Doug’s leadership and wise stewardship of
this crucial component of the ASP, his detailed
editorial skills, innovativeness, international
outreach, and humility, all while maintaining
an outstanding research program.
Doug’s leadership is seen throughout
his association with the Journal, but perhaps the clearest example is the part he
played in helping a joint publication agreement with the American Chemical Society
(ACS) to become a reality. Beginning in
about 1991, the ACS became interested

Dr. A. Douglas Kinghorn

continued on page 3
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By David Kingston, PhD

D

ecember 31, 2019 marked the end of what will be
known as the Doug Kinghorn era of the Journal of
Natural Products when Doug stepped down after 25
years as editor-in-chief of the Journal. This is an astonishing term of service for such a demanding role, and even
more amazing when it is set against Doug’s achievements in research and his service on various US government professional

ICNPR 2020 REGISTRATION

Abstract Submission and Hotel Registration is opened.
ASP members have been notified by e-mail,
or check the Congress website:

icnpr2020.org

IN THIS ISSUE: WINTER 2019
Tributes to Dr. Kinghorn
JNP Impact Factor Surpasses 4.0!
From the Archives
ASP Hosts ICNPR 2020/San Francisco July
Molinski Honored with Ernest Guenther Award
Bolzani Honored with Symposium

4
7
8
11
16
17

Natural Product Discovery and Development
Hot Topics
New Members
Field Notes
Conference Calendar
Brief News From Washington

www.pharmacognosy.us

18
24
27
28
31
32

EDITOR’S CORNER

EMPLOYMENT
SERVICE
The Society offers a
placement service to aid
our members in seeking
positions or employees.
This service is available only
to ASP members and is free
to both the applicant and
the employer.

By Edward J. Kennelly, PhD

A

quarter of a century ago, the flagship journal of the
American Society of Pharmacognosy announced a
new editor, Dr. A. Douglas Kinghorn, and this significant event was covered in the ASP Newsletter (Vol.
29, No. 1). It is hard to believe that the Kinghorn era of the
Journal of Natural Products came to a close on December 31,
2019. While we will welcome the new editor-in-chief, Phil Proteau, in the next issue of the Newsletter, we focus our lead article on Doug’s achievements as editor these past 25 years.
Five years ago, Gordon Cragg and Dave Newman wrote a
beautiful tribute to Doug in the Newsletter (Vol. 51, No. 1), and
I encourage everyone to look at this: www.pharmacognosy.
us/wp-content/uploads/ASPNL_51-1IX2015.pdf. When I was
thinking about how the Newsletter should cover this transition, I asked Doug for suggestions; he characteristically demurred that no special recognition
of this event was necessary. It brought back memories of the ASP 2019 meeting in Madison
where Doug organized a special symposium entitled “Heroes of the Journal of Natural Products,” and the biggest hero of them all, Doug, was quietly seated at the back of the lecture
hall. I was not deterred to cover this transition, and I was very pleased indeed that Dr. David
Kingston agreed to write our lead article.
The Wednesday before Thanksgiving, I wrote to a slew of ASP members to ask them to
reflect over Thanksgiving weekend and write about how Doug had impacted their career in
natural products. The 17 responses are published here and provide a wonderful insight into
how Doug has made his mark on the greater natural products community. Finally, Devhra
BennettJones did a wonderful job covering Doug’s days at the University of Illinois at Chicago,
where he first began his tenure as J. Nat. Prod. editor. The quotes she includes from Doug’s
former colleagues there provide a glimpse into his early career and work ethos.
I want to thank Dave, Devhra, and each of the 17 tribute writers for taking the time to give
ASP Newsletter a fuller picture of Doug and his contributions to the Society. Thanks, Doug,
for your incredible dedication to the Journal and to the ASP! Doug is leaving the Journal on
an especially high note with the impact factor now over 4. New J. Nat. Prod. Editor-in-Chief
Phil Proteau wrote a short article to put this historically high number into some perspective.
Other ASP members have also experienced life-altering events recently. Former ASP President Dr. Ted Molinsky will receive the Guenther Award, one of the highest recognitions that
the American Society of Chemistry confers. Professor Vanderlan Bolzani celebrated her 70th
birthday with a special symposium held in Brazil. Congratulations to each of them! If you have
news of career accomplishments you would like covered in the Newsletter, please let us know
at asp.newsletter@lehman.cuny.edu.
The planning for the International Congress of Natural Products Research (ICNPR 2020)
is well underway. Drs. Guy Carter and Roy Okuda provide a detailed description of both the
scientific and social programs. A list of symposium topics and invited speakers are provided.
Meeting registration and hotel accommodations go live in mid-January, and I encourage everyone to visit the website icnpr2020.org. We look forward to seeing you in San Francisco, July
25-30, 2020. Have a wonderful new year!
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A Tribute to Doug Kinghorn, Editor par excellence
This is an astonishing term of service for such a demanding role, and even
more amazing when it is set against Doug’s achievements in research and his
service on various US government professional committees and as series editor-in-chief
of the book series “Progress in the Chemistry of Organic Natural Products.”
continued from page 1

fortunate enough to have him as
in publishing a Journal devoted to
their assigned editor. In addition to
natural products and in partnering
conveying his acceptance decision
with the Society in this venture. The
based on the referees’ reports and
Society began negotiations with the
his own evaluation, he provided the
ACS in 1992, with a committee led
authors with a detailed markup of
initially by Les Mitscher. Les noted,
their manuscript. From personal ex“An essential element in making the
perience, this markup improved the
transition successfully was finding
style and content of the article and
an editor whose youth, energy, scigave the Journal a uniform style that
entific credentials, vigor and diplocontributed to the quality of the finmatic skills would assuage doubts
ished product. How Doug found time
that the transition would succeed,
to do all this is a mystery.
and yet still represent the ASP and
Doug pioneered or adopted sevits aspirations satisfactorily. We
eral new features for the Journal,
were delighted, therefore, when
including the introduction of color
Dr. A. Douglas Kinghorn
Doug Kinghorn, the first person apartwork for the cover, the addition of
PHOTO CREDIT DR. GUIDO F. PAULI
proached, readily accepted the posgraphical abstracts, and the institusibility of taking up the editorship.”1
tion of the Arthur E. Schwarting and
Doug became part of the negotiating team on his appoint- Jack L. Beal awards for the best papers submitted to the Jourment as editor starting in January 1994; and the first co-pub- nal each year. He also oversaw a significant expansion of the
lished issue, which appeared in January 1996, marked a major Journal’s Editorial Advisory Board, which now includes members
advance in the Journal’s visibility and production values. It may from eleven countries and six continents, approximately 30% of
be an exaggeration, but only a small one, to suggest that the whom are female.
partnership with the ACS, which we now take for granted, might
Finally, I must comment on Doug’s humility. He does not
never have happened without Doug as the editor.
seek to advance his own prestige and reputation but instead
The results of Doug’s editorial leadership are impressive, both is quick to acknowledge the contributions of others. This is
in the number and quality of the papers published. In 1996, the clearly seen by his organization of the symposium “Heroes of
first year of joint publication, the Journal had 1220 pages and the Journal of Natural Products” at the 2019 ASP Meeting in
an Impact Factor of 1.432. In 2018, after 24 years of Doug’s Madison, Wisconsin. This symposium honored four members
leadership, it was more than twice as long at 2772 pages and, of the ASP (Gordon Cragg, David Newman, Rachel Mata, and
most significantly, had an Impact Factor of 4.257, nearly three- David Kingston) in a very thoughtful way, but it signally failed
fold higher than in 1996. These numbers show that the Journal to honor THE hero of the Journal of Natural Products, Doug Kinghas undergone a transformation under Doug’s leadership, with horn, without whom there would have been no other heroes.
the increase in citations attributable to his skill in soliciting time- Perhaps a symposium in Doug’s honor can be arranged at a
ly review articles (the Cragg/Newman series on natural products future ASP Annual Meeting.
as sources of new drugs comes to mind) and to his gentle but
So what else can I say about a man who is the quintessence of a
real pressure to raise the standards of all published papers. I major Journal editor, who has been this for 25 years, and who has
can attest personally to the latter since one of my submissions made a huge positive impact on the reputation and quality of the
was rejected by its assigned editor!
Journal? The only thing left to say is THANK YOU, DOUG! n
continued on page 4
Doug’s editorial skills are also apparent to anyone who was
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A Tribute to Doug Kinghorn, Editor par excellence
continued from page 3

I

n 1996, I had the
good fortune to
spend some weeks
in Dr. Doug Kinghorn’s
lab at UIC while on
sabbatical leave
from my faculty
position at King’s
College London. It
was truly inspiring
and instructive to experience Doug’s
vast knowledge of natural products,
his kind yet firm mentoring style, and
his commitment to upholding high
standards in the field. Manuscripts
for the Journal of Natural Products
were always nearby wherever he was,
and it was clear they were receiving
his close and careful scrutiny.
I was, and remain, in awe of Doug’s
achievements and dedication to natural products research and grateful
for the guidance and example he provided at that early stage in my career.
—Amala Soumyanath

I

t was to my great
benefit that I met
Prof. Kinghorn as a
graduate student at
the University of Illinois at Chicago. Dr.
Kinghorn was leading a truly outstanding research group
that was making important contributions in several areas. He became
editor-in-chief of the Journal of Natural Products while I was still a graduate student. His stewardship of the
Journal has been exemplary and, I believe, will be remembered as critical to
the Journal’s success. Prof. Kinghorn
has shepherded many young researchers through the early stages of their
careers; his help to these many individuals, including myself, has been instrumental in setting us on a path to
success. Between his teaching,
research efforts and role as editor of

the Journal of Natural Products, Doug
has had a profound effect on the ASP
and on the greater international community of pharmacognosists. We as a
society will always be grateful!
—Barry O’Keefe

W

ith Doug’s
successful research program, extensive
mentoring, and
dedication and
nurturing of the
Journal of Natural
Products to our
field’s flagship means of communication, he has arguably had the greatest impact of any scientist in our
field this century. On a personal level,
through many manuscript exchanges he instilled in me an impeccable
sense of detail when composing
manuscripts. He taught me that every
detail, to the comma, was important,
and this impacted the depth to which
I approached my own research.
—Brian T. Murphy

D

oug, my respected professor, “mentor”
and old friend for
over 20 years,
thank you so
much for your
continuous support and encouragement throughout my career
development in pharmacognosy and
herbal medicines research, especially giving me the opportunity in participating in the Journal of Natural
Products and the US Pharmacopeia.
Your dedication to natural products
research has definitely inspired me,
and your great leadership as JNP editor will never be forgotten!
—Clara B.S. Lau
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A

fter relocating from
South Africa
to the United
States in 1999
to join the National Center for
Natural Products
Research of The
University of Mississippi, I was greatly surprised to be
invited by Editor-in-Chief Douglas A.
Kinghorn in 2003 to join the Journal
of Natural Products editorial team on
the recommendation of then Associate Editor Alice M. Clark. Reminiscing
about the past more than 16 years, I
can only say what an honor and pleasure it has been working closely with
Doug and the rest of the editorial
team to advance both our beautiful
science and the influence and status
of our beloved Journal. Doug’s devotion to the Journal is remarkable,
and under his dynamic leadership it
has grown significantly to become
a flagship publication in the natural
products field. Doug’s willingness to
accommodate suggestions from his
co-editors and expert editorial advisory board members in no small manner contributes to the success of
the Journal. He has worked tirelessly
over all these years, and it must have
been especially gratifying to see the
impact factor of the Journal exceeding the magical number of FOUR for
the very first time. Something that I
will always remember is the respect
and patience that he had for even
the smallest of suggestions by the
associate editors. Doug, we wish you
all the very best for the next phase
of your life and career. I will always
cherish the many fruitful discussions
that we had and the respect that you
showed me when I was privileged to
join the editorial team.
—Daneel Ferreira
continued on page 5
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A Tribute to Doug Kinghorn, Editor par excellence
continued from page 4

M

y major scientific
interactions with
Doug over many years
have been though the
Journal of Natural Products, where we would
“occasionally” have discussions as to English
sentence construction
versus the format on
this side of the “Herring Pond.”
I would frequently kid him that
complex multiphrase sentences were
what were taught during my formative schoolboy years when covered in
woad and using hammer and chisel on
stone tablets…. Finally I would have to
shorten the written words and “obey
the EIC.” Since these interactions were
always conducted in a jocular format,
no one was hurt by the comments.
I did learn to appreciate the compounds from the plant kingdom when
reading Doug’s reviews, in particular
one that he wrote for the new edition
of Remington’s Practice of Pharmacy
which should be out relatively soon,
and in exchange, he now believes that
microbes might have “some slight
effect on certain plant metabolites!!”
We also had some entertaining
laboratory episodes when dealing with
silvestrol and NPB’s production of a
significant amount for OSU to use,
which led to some nice publications.
—David Newman

D

oug became the
editor-in-chief of
the Journal of Natural Products in 1996,
the same year I began
as a postdoctoral researcher in his laboratory. I still remember
the great pride I felt
back then knowing that he would be
the editor of the very Journal that had
just recently published my dissertation research. Doug was an amazing
mentor to me as a postdoc, and to
this day, I often think of the lessons I

have learned from him during my days
at University of Illinois at Chicago,
and later when he would edit in painstaking detail my JNP manuscripts, and
even a few NIH grants. His knowledge
of natural products is expansive, and
his generosity to members of the natural product community is epic. He
certainly has been a hero to me on
many levels.
—Edward Kennelly

D

oug has never ceased to
amaze me. Over
the past 25 years,
he has devoted
his superb talents,
together with endless editing hours
shared with colleagues like Harry Fong, to advancing
the Journal of Natural Products from
a relatively little-known publication to
a premier journal in the natural product sciences. At the same time, he
has excelled as an outstanding world
leader in the realm of drug discovery
and development from natural sources. In paying tribute to Doug, I wish
to reiterate what Dave Newman and
I stated in our tribute to him in the
2015 Spring Issue of the Newsletter
(Vol. 51, Issue 1): “To us, Doug is the
epitome of excellence, integrity, and
selfless commitment in all spheres of
scientific endeavor. He has been, and
continues to be, a source of inspiration, and we can think of no better
role model for aspiring young scientists.” Doug remains a major inspiration to me, and I’m sure to many
others, and I consider it a great pleasure and privilege to have collaborated with him as a close colleague and
friend over the past 30-plus years.
—Gordon Cragg

D

r. Kinghorn impacted my career as
a graduate student, professor and
overall member of the scientific community. He is the consummate profession-
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al, ideal colleague,
and creative scholar. Learning and
working together
with Dr. Kinghorn
at the Journal of
Natural Products
and as a part of a
collaborative team
is truly inspiring.
He provides us all with the example of
how to train, how to treat others, and
how to test the power of the natural
world as medicine.
—Joanna Burdette

D

oug, through
his leadership
of the Journal of
Natural Products,
has certainly benefited me, but
more importantly, he has lifted
the entire field of
natural products research. By making JNP the flagship Journal in the
field, he has created a platform where
our field’s best practices, disciplinary
breadth, and high standards are on
display to instruct and inspire
researchers around the world.
—Jon Clardy

F

rom his careful
manuscript editing to his nomination of me and
my research for
recognition in the
Journal of Natural
Products, and opportunities to participate in Journal activities, Professor
Kinghorn has made me feel included
and recognized as a scientist. I am so
very grateful for the confidence and
career advancement that his unfailing
support has provided me.
—Kerry L. McPhail
continued on page 6
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A Tribute to Doug Kinghorn, Editor par excellence
continued from page 5

D

r. Kinghorn
is a role
model/mentor/
major research
advisor who inspires and encourages me to
strive for greatness, to reach
my fullest potential in the area of natural products.
He taught me how to be a conscientiousness, careful, and meticulous
scientist. He also taught me to be
detailed and thorough in preparing
scientific papers. He encourages persistency in research and fosters my
intellectual activity, while showing me
how to take responsibility for completing research projects and manuscripts. Without Professor Kinghorn, I
wouldn’t be where I am today, an Associate Professor at the University of
Hawaii’s College of Pharmacy in Hilo.
—Leng Chee Chang

A

s an alumnus
of the Kinghorn
lab, I have most directly been involved
with Professor
Kinghorn’s teaching
and mentorship. He
combined a direct
involvement in my
research studies with a sufficiently
hands-off approach that allowed me
and my fellow students the freedom
to explore while still providing the
necessary guidance that a graduate
student requires. It is a delicate balance that I very much try to emulate
with my own trainees. He edited our
manuscripts and our theses with
the same exacting editorial insight
that he uses as editor-in-chief, and
this attention to detail has made an
indelible imprint on his students as
we move forward into our independent careers. Finally, he has continued to provide insightful mentorship

as I have continued my career and
is always quick to respond to requests for advice or letters of recommendation.
—Marcy Balunas

D

r. Douglas
Kinghorn has
impacted positively my career
as a natural products researcher
in many ways, but
I will here emphasize his role as
the editor of the Journal of Natural
Products. As a good editor, he always
understood the goal of my research.
Each paper of mine he has edited
has been a master class of how to
find its ideal form. Doug thoroughly
edited all of them, focusing not only
to ensure science accuracy but formatting and language. As a nonnative English-speaking author, I have
always appreciated his sharp eye for
detail and skill to figure out how to
make the most of the not-so-good
writing. Thank you so much, Doug.
I applaud you for providing our community with such an exceptional and
high quality Journal.
—Rachel Mata

S

hepherd.
Whether the
term is invoked
in a spiritual or
secular context,
we are all familiar with its meaning—one who
guides in a particular direction. For a quarter of a
century, Dr. Douglas Kinghorn has
been our shepherd at the helm of the
Journal of Natural Products. Through
his hard work, leadership, and brilliant editing, Dr. Kinghorn has shepherded this Journal—our Journal—to
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become the flagship venue for
chronicling our natural product
discoveries and adventures. We are
grateful to you for shepherding us
and for your dedication to the natural
product sciences.
—Robert Cichewicz

P

rofessor
Kinghorn’s
high professional standards for
both the Journal
of Natural Products and for effective author
communications has had a major influence on me. He taught me a great
deal about precision in communication. While I still get plenty of red
corrections, I greatly appreciate his
tireless efforts to improve us all and
to make the Journal the highly respected publication it is today.
—Susan Mooberry

I

t was a privilege for me to
work with Doug
for about seven
years as one of
the associate
editors for the
Journal of Natural Products.
Throughout my career, I have appreciated his mentorship on various
topics, including as a natural products scientist, author, and associate
editor of the Journal. What always
seemed so remarkable to me about
Doug was not only his devotion to the
extremely time demanding Journal
editorship, but that he was simultaneously able to run one of the premier natural products programs
in the world. Pretty awesome!
—William Gerwick
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What’s in a Number? Journal of Natural Products
Impact Factor Surpasses 4.0!
By Philip J. Proteau, PhD

4.257 That is the 2018 Impact Factor (IF) for the Journal of Natural Products.
Why is this important? This is the first time in the history
of the Journal that the IF has exceeded 4.0 and is a fitting
achievement of the tenure of Dr. A. Douglas Kinghorn as editor-in-chief of the Journal.
To put this number in perspective, 20+ years ago (1998)
the IF was 1.641. The 2.0 mark was exceeded in 2004
(2.202) and the 3.0 barrier was broken in 2009 (3.159).
Now with another 10 years on the calendar, we finally
are above 4. This reflects a continued commitment by Dr.
Kinghorn and the editorial team to work with authors and
reviewers to improve the quality and impact of articles published in the Journal.
Although the IF is an imperfect measure of the quality of
a Journal, it is still a relevant number for gauging the general relevance of the Journal relative to other natural product-focused journals. And with an IF >4, J. Nat. Prod. sits

above our competitor journals, indicating recognition by the
research community that the Journal is of high quality. Surpassing an IF of 4 also has a practical effect.
The Journal is seeing a record number of submissions, and
the annual number of manuscripts submitted is expected
to surpass 1300 for the first time by the end of 2019. The
larger number of submissions creates additional work for
the editors, but the extra recognition that the Journal has
will allow us to maintain a very high level of quality in published articles.
Dr. Kinghorn has positioned the Journal well in his 20+
years as editor-in-chief. It is my goal as incoming editor-inchief to maintain this lofty status, and with the help of the
associate editors, we will aim to push the IF up even further
in the years to come. n

UNIVERSITY OF DENVER LIBRARIES
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From the Archives: Kinghorn’s Esteemed Career
at the University of Illinois, Chicago, 1976-2004
By Devhra BennettJones, CA

I

n 1975, Dr. Norman R. Farnsworth, head of the department of pharmacognosy and pharmacology at the University of Illinois, Chicago (UIC), began enlisting Dr. A.D.
Kinghorn to join his team, initiating Kinghorn’s twenty-nine
years as a pivotal member of the pharmacognosy coalition
at UIC. Farnsworth wrote to him, “We are not only interested in a scientifically and technically proficient individual, but
one who relates well with co-workers, graduate students and
all other individuals in the Department.”1 Those that know
Kinghorn are fully aware of how his scientific excellence coupled with outstanding social acumen have led to great opportunities and endeared him to the Society’s members. Dr.
Harry Fong described his tenure at UIC:

Dr. Kinghorn collecting NMR spectra at UIC College of Pharmacy

When A.D. Kinghorn was recruited as a Research Associate by the late Norman R. Farnsworth in 1976,
it was with the intention of grooming a young, technologically advanced pharmacognosist to become a
core tenure track faculty member in the continued
transition and development of the department’s
post 1970 pharmacognosy teaching and, especially, research missions based on the philosophy of
a “collaborative multidisciplinary team” approach
for the discovery and development of natural products compounds/leads from medicinal plants and
other natural sources. At that time, the prevalent
research modality of “independent research” was
favored by most members of the College’s Promotion and Tenure Committee. It was to Doug’s credit
that he accepted the challenge and joined this “radical” department, side-stepped academic politics,
and let his work (teaching, research and public service) speak for itself. Besides his initial collaboration with Norman on the search for anti-neoplastic
agents from plants, Doug launched a decade-long
search for naturally occurring sweetening agents,
leading him to become the world’s leading expert
in this area. In addition to these research endeavors, Doug joined John Pezzuto’s multidisciplinary
research team in the search for natural occurring
cancer chemopreventive agents in the role of coinvestigator and leader for natural products chemistry. (I had the privilege of being the jungle-hopping,
botanical-sourcing lead on this team.) Doug also
joined Geoff Cordell and Norm Farnsworth, among
others, in a multidisciplinary research team (later
becoming its Principal Investigator) in the search
for anti-neoplastic agents from plants.2
continued on page 9

Those that know Kinghorn are fully aware of how his scientific excellence
coupled with outstanding social acumen have led to great opportunities
and endeared him to the Society’s members.
Besides his initial collaboration with Norman on the search for anti-neoplastic
agents from plants, Doug launched a decade-long search for
naturally occurring sweetening agents, leading him to
become the world’s leading expert in this area.
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From the Archives: Kinghorn’s Esteemed Career at the University of Illinois
continued from page 8

Kinghorn’s tenure at UIC contributed to natural products
drug research in a multitude of realms. Dr. Geoffrey Cordell
lauded:
Dr. Kinghorn joined UIC as a postdoctoral scholar with
Professor Farnsworth. He assisted in the development
of the on-going anticancer drug discovery programs,
eventually leading the NCDDG (National Cooperative
Drug Discovery Group) collaborative program. He also
developed his own research program on plant-derived
sweeteners and collaborated with John Pezzuto on a
cancer chemoprevention program. Doug was noted for
his high-quality teaching at the professional and graduate levels. He was also an excellent adviser to both
graduate students and postdoctoral fellows. His colleagues at UIC were delighted when Doug was named
and agreed to be the editor of the Journal of Natural
Products (JNP) and to house the editorial activities in
the department, joining several other editorial responsibilities. Doug’s leadership, hard work, and dedication on JNP have been exceptional. All of us in the
field should be grateful for Doug’s outstanding service
in developing JNP as the leading international journal
devoted to natural products. I personally wish Doug all
the very best for the future and some well-earned relaxation after years of very hard work on behalf of the
global natural product community.3

He assisted in the development of
the on-going anticancer drug discovery
programs, eventually leading the
NCDDG (National Cooperative Drug
Discovery Group) collaborative program.
By the 1980s Kinghorn was well-known in the pharmacognosy field. The Linnean Society of London elected him a Fellow
in 1985. That year through 1988 Kinghorn served as a member
of the ASP Executive Committee. After nine years on the faculty at UIC he earned the rank of professor in the department
of medicinal chemistry and pharmacognosy. Kinghorn’s dynamism continued to grow in the 1990s. He earned the Doctor
of Science from the University of London, United Kingdom and
Gastprofessor from the Swiss Federal Institute of Technology
in Zurich, Switzerland. Kinghorn was awarded a National Cancer Institute National Cooperative Drug Discovery and Development Group grant as Principal Investigator for the program,
Novel Strategies for Plant-Derived Anticancer Agents.4 The Royal
Pharmaceutical Society of Great Britain elected him a Fellow.
From 1990-1991 he served as the ASP president. In Kinghorn’s
presidential address he characteristically celebrated his col-
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Dr. Kinghorn declined this offer from the late Dr. Norman
Farnsworth at University of Illinois, Chicago in 1975, as he had
already accepted a position as a postdoctoral research associate
with Dr. Norman Doorenbos at the School of Pharmacy, University
of Mississippi. Dr. Kinghorn later joined the University of Illinois
at the Medical Center in 1976 as a research associate.
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continued on page 10
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From the Archives: Kinghorn’s Esteemed Career at the University of Illinois
continued from page 9

leagues, “I can echo Matt Suffness’ words from 1990 by again
stating that the past year has been highly successful. Most of
what has been achieved has been due to a sustained effort
over the years by the various members of the Executive Committee.”5 The Society in turn acknowledged his contributions.
He stated, “It is a privilege, and I am proud to be designated
an Honorary Member…. My advice to the younger members is
to work hard, play enthusiastically, and support natural products.”6 Kinghorn concluded his address with, “…it has been a
heartfelt honor and enormous pleasure to serve in the capacity of your President. I am truly thankful for all of the support
I have received.”7
Among Kinghorn’s tremendous contributions to the science
of pharmacognosy and a testament to his cemented impact
on the field is his editorship of JNP. As a venerated member
of the UIC faculty, Kinghorn began as editor-in-chief designate,
and Dr. Harry Fong shouldered the associate editor designate
position in 1993. The team followed the excellent work of
Drs. James Robbers, editor-in-chief, and Jerry McLaughlin, associate editor. The following year the ASP and the American
Chemical Society established a joint Journal Study Committee. Over a three-year period Kinghorn represented the ASP
on the negotiating team in the collaboration with the American
Chemical Society and the ASP’s co-publication of JNP. Fueled
by Kinghorn’s leadership, the JNP’s impact factor grew and total citations soared. In the president’s message at the 2000
annual meeting, Dr. Jim Gloer praised the excellence of JNP
in contributing to the Society’s membership growth.8 Over the
years of his editorship, the significant growth of the ASP Foundation’s resources is attributed to increased JNP subscriptions. Kinghorn’s UIC colleague Dr. Harry Fong applauded his
accomplishments:

Amidst his participation in these multidisciplinary targeted research projects at UIC, Doug accepted the
daunting post of Editor-in-Chief of the JNP in 1994.
Soon after, he caught me in a weakened moment and
roped me into one of his Associate Editor posts. It
should be noted that we did not have the benefit of a
copy editor to help at that time, which necessitated
us to take on that task as well. Thus, we worked, ate,
and slept with JNP manuscripts 24/7. After two years
of this monastic life, I tried to tender my resignation,
but Doug pulled out the “fine prints.” (I finished my
5-year term!) My congratulations to Doug for his quarter of a century service to the ASP as the JNP Editorin-Chief. It is a marvel that he was able to carry on
this extraordinary assignment for so long, while simultaneously performing world-class research, scholarly and multiple public service activities. My hat’s off
to Doug. Well done, old friend.9
Recognition of Kinghorn’s pharmacognosist excellence
during his years at UIC are a testament to his dedication to
science and contributions to the organizations that support
pharmacognosy. Dr. Fong observed, “Doug’s research endeavors at UIC (and later at The Ohio State University) made him
one of the leading international natural products chemistry
researchers and ultimately led the ASP to award him the Norman R. Farnsworth Research Achievement Award in 2010.
(That was a most proud and rewarding experience for Norm,
who passed on just a year later).”10 In 2004 Kinghorn was
named the first Jack L. Beal Chair in Natural Products Chemistry and Pharmacognosy in the College of Pharmacy, The Ohio
State University. Dr. Kinghorn continues to excel in this esteemed position. n
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ASP HOSTS ICNPR 2020 IN SAN FRANCISCO THIS JULY
By Guy Carter, PhD and Roy Okuda, PhD

T

he organizing committee would like to invite you to attend ICNPR 2020 (icnpr2020.org) to be held this summer, July 25-30, in San Francisco, California.
ICNPR 2020 will be the 10th international meeting
of natural products societies. The first was held in 1970 in
Vienna, Austria and involved ASP and the GA. The consortium has now grown to seven societies, with the Korean
Society of Pharmacognosy (KSP) officially joining the group
in 2020. The seven societies participating in ICNPR 2020
are: AFERP, ASP, GA, JSP, KSP, PSE and SIF.
One important change from previous ICNPR and ASP
meetings is that sessions are planned to extend into
Thursday morning, July 30. ICNPR now involves seven
participating societies, and this extra half-day will accommodate an expected heavy demand for oral and
poster presentations. ICNPR 2020 will officially end at
noon on Thursday, July 30. Please plan to stay until then.

A comprehensive and contemporary scientific program is
in the process of being organized by the ICNPR 2020 Scientific Program Committee. The scientific program for this ICNPR will feature for the first-time plenary sessions organized
by each of the sponsoring societies. These sessions are intended to provide the opportunity for each society to showcase their scientific prowess and will include award lectures
as well as other keynotes. The one other plenary session
will be a memorial to our late colleagues Drs. Koji Nakanishi
and Yuzuru Shimizu.
Afternoons will begin with three concurrent “breakout”
sessions and finish with poster presentations Sunday
through Wednesday. The breakout sessions will include six
symposia devoted to specific themes in natural products
research and six topical sessions that are more broadly defined. Each of these will be open for the submission of contributed abstracts. The current lineup of these sessions is
continued on page 12
listed below:

SYMPOSIA

TOPICAL

Cutting-Edge Technologies in Natural Products Research

Plant Natural Products

Modernization of Traditional Medicine Systems

Marine Natural Products

Climate Change’s Impact on Natural Products Sciences

Microbial Natural Products

Natural Product Applications in Agriculture

Synthesis of Natural Products

Next-Generation Natural Product-Derived Drugs

Biosynthesis of Natural Products

Medicinal Natural Products: From Bench to Bedside

Genomics in Natural Products Research
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single/double, $284 triple and $309 quad (but not recommended for 4 adults). These are exceptional rates for this
highly desirable hotel at the height of the summer tourist season. In comparison, rates were >$400/night + tax in summer
2019. (The single/double rates are the same as for the Grand
Hyatt in NYC for ICNPR 2012.) In addition, anyone booking using the ICNPR booking system will be exempt from the typical
“destination fee” of $29/night. Nearly all other hotels in San
Francisco will charge an additional destination or resort fee
ranging from $15 to $35/night. Besides being in a spectacular location, there are numerous other benefits to staying at
the Hyatt Regency SF Embarcadero. Please see the “Accommodations” link on the ICNPR 2020 website for more details.

icnpr2020.org/accommodations

continued from page 11

The scientific program will continue through Thursday
morning, which will again feature three concurrent oral sessions devoted to contributed presentations grouped according to the topical themes. The program will also involve a
large number (~100) of short oral talks and approximately
1,200 posters, which will provide ample opportunities for
attendees to present their results. Please visit the ICNPR
2020 website for the roster of invited speakers as well as
for any program updates at www.icnpr2020.org.
As this is a global conference, an overarching theme of
ICNPR 2020 will be to promote diversity among speakers
from around the world. This will be reflected most notably in
the oral sessions.
The hotel and main venue of ICNPR 2020 is the Hyatt
Regency San Francisco at Embarcadero Center. Located
across the street from San Francisco Bay, this 17 story,
recently remodeled hotel and conference center is ideally
suited to our meeting.
Please note there are multiple Hyatt properties in the
San Francisco Bay area. Be sure you are coming to the
Hyatt Regency San Francisco at Embarcadero Center
(street address is 5 Embarcadero Center).
The contracted rates for ICNPR 2020 are $259/night for

The ICNPR 2020 reservation is now open. Rooms are
expected to sell out on some nights, so we strongly encourage you to book your room as soon as possible. Late July
is “high season” for tourism in San Francisco, and we are
very fortunate to have contracted this hotel at such a good
rate and without the destination fee. ASP members should
have received an alert when the ICNPR 2020 hotel registration system opened – ONLY use the link on the ICNPR
2020 website. (Please do not book through the regular
Hyatt system!)
All events for ICNPR 2020, except for the Night at the
California Academy of Sciences (see below), will take place
at the Hyatt Regency SF Embarcadero.
The ICNPR 2020 Opening Reception will take place in the
evening of Saturday, July 25 in the atrium of the Hyatt. The
presidents of the seven participating societies will make
welcoming remarks, and we are planning a special toast to
welcome attendees from around the world.
Each ICNPR meeting has a special event which highlights a
local attraction. The “Signature Event” for ICNPR 2020 will be A
Night at the California Academy of Sciences on Sunday evening
(July 26). The “CalAcademy” is one of the oldest private research and educational institutions in the western US. Besides
extensive public exhibits, the Academy supports a research
staff, many of whom work in areas relevant to natural products research, such as ethnobotany and ecology. We will have
the entire CalAcademy facility to ourselves, which will include
the three-story enclosed rainforest, the Steinhart Aquarium,
the Morrison Planetarium, a unique “living roof,” and numerous
other displays. Don’t miss the earthquake shaker exhibit!
The evening will begin with a strolling light meal, which will
allow you to view the exhibits. Later in the evening, a DJ will
play music which reflects many of the countries represented
continued on page 13

The “Signature Event” for ICNPR 2020 will be
A Night at the California Academy of Sciences on Sunday evening (July 26).
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Public sculptures along the Embarcadero near the site of ICNPR 2020
continued from page 12

in ICNPR, and all are invited to sing and dance to music from
around the world!
Our scheduled time at the CalAcademy is “only” 4 hours,
which may not be enough time to see everything, so you
may want to schedule a return visit later in the week. To get
a small taste of what the CalAcademy has to offer, please
visit their website: www.calacademy.org. However, one has
to see it in person to really appreciate what it has to offer.
Another important component of ICNPR (and ASP) meetings are events which are specific for our “YMs,” or Younger
Members (students, postdocs, young professionals). We estimate from 400 to 500 YMs will attend the Congress. Usually,
one event is planned, but for ICNPR 2020, we are planning
TWO noteworthy events for Younger Members! The first will
be a workshop on Saturday morning (July 25) at the Hyatt featuring a panel discussion by professionals who were trained
in natural products research, but who work in industries in
which their acquired skills have been applied to other areas,
such as biotech. It is highly notable that as of now, three vicepresidents of local companies have agreed to participate in
this panel. (Other panelists will be added.) Another part of
this workshop will include CV preparation and interview skills
given by people who have experience in hiring staff for companies. This workshop will be extremely valuable for anyone
contemplating employment in the near future.
The second YM event will be held Monday evening (July 27)

at the Hyatt Regency San Francisco. This will begin with a light
dinner followed by a discussion on careers in professions related to natural products. Following this will be a casino night
with arcade games staffed by senior members of the natural
products community! This will be a chance for YM’s to network
with each other in a relaxing and fun environment. We hope
this will begin interactions between younger members from all
parts of the world that will last far beyond ICNPR 2020.
In addition to the YM workshop on Saturday, July 25, three
other workshops will occur during the day. Two are based on
the applications of NMR techniques on natural product structure determination. The morning session will be led by Roberto
Gil and Thomas Williamson and the afternoon session by Bill
Gerwick. Another afternoon workshop will be led by Barbara
Sorkin and Mahtab Jafari and will focus on the process for
developing a plan. Please visit the “Workshops” tab on the
ICNPR 2020 website for details on each of these workshops.
The Closing Banquet will be held on Wednesday, July 29
in the Hyatt Ballroom. Seating is limited, so be sure to register early.
Please note ICNPR 2020 will still have oral sessions from
8:00am to noon on Thursday, July 30, so plan to stay to hear
these talks.
The Scientific and Local Committees are working hard to
prepare a memorable Congress for everyone involved. We
hope you will join us for ICNPR 2020 in San Francisco!
continued on page 14
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LIST OF CONFIRMED SPEAKERS
SPECIAL MEMORIAL SYMPOSIUM
Memorial Symposium for Koji Nakanishi and Yuzuru Shimizu
Speakers for Koji Nakanishi
Nina Berova (Columbia University)
Ray Cooper (The Hong Kong Polytechnic University)
Toyonobu Usuki (Sophia University, Tokyo)
Speakers for Yuzuru Shimizu
William Fenical (Scripps Institution of Oceanography)
Lucie Maranda (University of Rhode Island)
Rachel Mata (UNAM)

SYMPOSIA
Modernization of Traditional Medicine Systems
Clara Lau (The Chinese University of Hong Kong)
De-an Guo (Shanghai Institute of Materia Medica)
Cutting-Edge Technologies in Natural Products Research
Jean-Luc Wolfender (University of Geneva)
Tamir Gonen (UCLA)
Leslie Hicks (University of North Carolina Chapel Hill)
Next-Generation Natural Product-Derived Drugs
Bruce Littlefield (Eisai Inc.)
Mande Holford (Hunter College, City University of New York)
Alun Bermingham (Revolution Medicines)
Climate Change’s Impact on Natural Product Science
Valerie Paul (Smithsonian Marine Station at Fort Pierce)
Natural Product Applications in Agriculture
Emily Whitson (Bayer US)
Elibio Rech (Parque Estação Biológica, Brasilia)
Medicinal Natural Products: From Bench to Bedside
Ulrike Grienke (University of Vienna, Austria)
Krystyna Skalicka-Wozniak (Medical University of Lublin, Poland)
Catherine Vonthron-Senecheau (University of Strasbourg, Illkrich, France)

TOPICAL SESSIONS IN THE FOLLOWING AREAS
Microbes
Sang-Hee Shim (Duksung Women’s University, Korea)
Plants
Eva Pferschy-Wenzig (University of Graz, Austria)
Hiroyuki Morita (Toyama University, Japan)
Marine
Brent Copp (University of Aukland, New Zealand)
Sophie Tomasi (University of Rennes, France)
Synthesis
Biosynthesis
Genomics
Dong-Chan Oh (Seoul National University, Korea)
Each of the above Topical Sessions will involve two invited speakers and contributed short talks.
continued on page 15
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SOCIETY PLENARY SESSIONS
(each of the Seven Participating Societies will organize and host their own session)

AFERP
Erwan Poupon (Université Paris)
Marc Litaudon (Gif-sur-Yvette, France): Pelletier-Tillequin Award
Michel Frédérich (Liège, Belgium)
Emmanuel Mikros (Athens, Greece)
Séverine Derbré (Angers, France)
Catherine Roullier (Nantes, France)
Marieke Vansteelandt (Toulouse, France)
ASP
Suffness Award (tba)
John Cardellina (Tyler Award)
Bradley Moore, UCSD (Farnsworth Award)
GA
Egon Stahl Award in Gold – Award lecture - tba
Nikolas Fokialakis (Athens, Greece)
Planta Medica Best paper awardee and short presentation - tba
Oliver Kayser (Dortmund, Germany)
JSP
Masami Ishibashi (Chiba University)
Kazuki Saito (Chiba University)
Ikuro Abe (University of Tokyo)
KSP
Jee Hyung Jung (Pusan National University)
Young Ho Kim (Chungnam National University)
Eun Kyoung Seo (Ewha Womans University)
PSE
Satyajit D Sarker (Liverpool John Moores University, UK)
PSE-PF Prize lecture - tba
SIF
Orazio Taglialatela Scafati (Naples)
Two 20-min presentations - tba
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Molinski to Be Honored with 2020 Ernest Guenther Award
By Kirk Gustafson, PhD

D

r. Tadeusz (Ted) Molinski will receive the 2020 Ernest Guenther
Award in the Chemistry of Natural Products at the spring ACS National Meeting in Philadelphia on March
22-25. The Ernest Guenther Award is
a lifetime achievement award and the
ACS’s highest honor in natural products
chemistry, that recognizes outstanding
achievements in the structure elucidation, synthesis, and analysis of natural
products. An award symposium in honor
of Molinski will be held at the ACS meeting on Monday, March 23, and include a
number of distinguished speakers including Drs. Raymond Andersen (University of
British Columbia), Amos Smith, III (University of Pennsylvania), John MacMillan
(UC, Santa Cruz), Carole Bewley (NIDDK,
NIH), and Babak Borhan (Michigan State
University).
The Ernest Guenther Award was established in 1948 and the impressive list of
prior awardees includes Satoshi Omura
and four other Nobel Laureates, as well
as ASP “heavy weights” such as David
Kingston, William Fenical, John Daly,
G. Robert Pettit, Kenneth Rinehart, Jon
Clardy, Paul Scheuer, and Koji Nakanishi.
Receipt of this award represents a major accomplishment and milestone for
Molinski’s innovative chemistry research
career. A single Ernest Guenther Award is
made each year and it honors the recipient with recognition at the ACS National
Meeting, a medallion, an award certificate, and a monetary prize of $6000.
Molinski’s research program focuses
on the chemistry of marine invertebrates
and it has resulted in the discovery of a
vast number of new metabolites, many of
which displayed unprecedented molecular
scaffolds, new functional group arrays, or
potent biological properties. Memorable
discoveries from the Molinski laboratory
include compounds such as the phorboxazoles (mixed NRPS-PKS alkaloids), zwittermicin A (a diaminopolyol), oceanapiside (a
“two-headed” sphingolipid), and the mollenynes (halogenated acetylenic amides).
Molinski is well known in the natural prod-

ucts research community for his pioneering advances in the development and
application of new chiroptical methods for
defining the structure and absolute configuration of challenging compounds. He
also pushed the limits of NMR sensitivity and experimental capabilities with his
discovery and structural definition of complex new molecules that were conducted
“on the nanomole scale.”
Another important advancement in NMR
that Molinski undertook was the development of experiments that allow detection of
the 35Cl/37Cl isotope effect on chlorinated
carbons for directly assigning sites of chlorination in a molecule. Molinski’s research
group has also been very active in synthetic chemistry efforts. They utilize synthetic

Molinski’s research program
focuses on the chemistry
of marine invertebrates
and it has resulted in the
discovery of a vast number
of new metabolites,
many of which displayed
unprecedented molecular
scaffolds, new functional
group arrays, or potent
biological properties.
chemistry as a valuable tool in structure
elucidation and have also successfully
undertaken the total synthesis of diverse
natural product structures including alkaloids, macrolides such as enigmazole A,
peptides, and lipids. Through these efforts
both the constitution and configuration of
novel natural products were established,
and new synthetic methodologies were developed which could be applied to other
target molecules. Throughout his research
endeavors, Molinski has demonstrated a
broad interest in, and mastery of, diverse
areas of natural products, spectroscopy,
and synthetic organic chemistry.
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After receiving his PhD at the Australian National University, Molinski moved
to the Scripps Institution of Oceanography to work as a postdoctoral fellow with
D. John Faulkner, followed by postdoctoral
studies with Chris Ireland at the University of Utah. He began his independent
career as an assistant professor at the
University of California, Davis in 1989
and by 1997 was a full professor in
the Department of Chemistry. In 2005
Molinski transitioned back to the University of California, San Diego where he is
a professor of chemistry and biochemistry, and also a member of the Skaggs
School of Pharmacy and Pharmaceutical
Sciences.
I have known and interacted with Ted
since his early days at Scripps, and from
the very beginning I was impressed with
his diligence, productivity, and expansive
knowledge of organic chemistry and related disciplines. His individual and collaborative research work has resulted in over
200 high-quality publications that have
helped shape and inform contemporary
natural products studies. Ted Molinski, as
a long-time ASP member and past president of the Society, exemplifies a diversity
in interests and commitment to excellence in the field of natural products that
we can all be proud of. Hats off to Ted for
the well-deserved honor and recognition
of the 2020 Ernest Guenther Award in the
Chemistry of Natural Products! n
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Bolzani Honored with Symposium
By Marilia Valli, PhD

A

SP member Prof. Vanderlan Bolzani was honored on her
70th birthday with a symposium dedicated to the “Invisible
Beauty of Biodiversity” on November 30, 2019 in the auditorium of the Institute of Chemistry at Sao Paulo State
University, Araraquara, Brazil. ASP President Barry O’Keefe stated,
“The American Society of Pharmacognosy joins in this appreciation
of Dr. Bolzani’s long and impactful career. Vanderlan has been a
long-time member and participant in the ASP and has been fully engaged with the Society, including currently on the nominating committee. We congratulate Dr. Bolzani on her many accomplishments
and look forward to many more contributions to come, both from
Vanderlan and her numerous former students and colleagues.”
The American Society of Pharmacognosy joins in this appreciation of Dr. Bolzani’s long and impactful career. Vanderlan has been
a long-time member and participant in the ASP and has been fully engaged with the Society including currently on the Nominating
committee. We congratulate Dr. Bolzani on her many accomplishments and look forward to many more contributions to come both
from Vanderlan and her numerous former students and colleagues.
The event was organized by her students and alumni and featured presentations by a number of researchers, including Professors Eduardo Cilli (Director of IQ-UNESP), Glaucius Oliva
(IFSC-USP), Paulo Cesar Vieira (FCFRP-USP); Leticia Lotufo (ICBUSP); Lourinalda Dantas da Silva (UFRPE); Adriano Andricopulo
(IFSC-USP), Amanda Danuello (UFTM), Luiz Henrique Catalani
(IQ-USP), Norberto P. Lopes (FCFRP-USP), Dulce H. Siqueira
Silva (IQ-UNESP), and postdoctoral researcher Dr. Marilia Valli.
Bolzani is a pharmacist and has spent her entire career working
with natural products, publishing more than three hundred papers
(8,688 citations, h-index of 50) and receiving numerous prizes for
her remarkable work. She is very enthusiastic and dedicated to
her students, and is a great inspiration for younger researchers.

Prof. Vanderlan Bolzani

To recognize her commitment to mentoring of students and
other scientists, she was presented with artwork depicting her
network of alumni, accounting for 130 of her own students and
more than 300 students of her students. She was also presented with a book telling her own story in a “cordel” narrative,
typical of her hometown region in Brazil.
The contribution of Bolzani to sciences in Brazil and worldwide
continues to be highly significant. She currently mentors ten students and postdocs and is actively involved in the coordination
of projects, including Biota-Fapesp, national and international
societies and association of sciences, being the current president of the Academy of Sciences of Sao Paulo.
The event was a truly wonderful opportunity to demonstrate
how deeply grateful we are for her intense dedication to students and science. ASP enthusiastically congratulates Professor Bolzani on this special recognition and her numerous
accomplishments! n

Dr. Bolzani’s
Network of Alumni.
NETWORK ART CREATED
BY ALAN C. PILON:
DATA BY MARILIA VALLI
AND VILMA PESTANA
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Natural Product Discovery and Development
Plants for millennia have provided the major source of
the medicinal compounds used to treat illnesses.
By James D. McChesney, PhD

C

hemicals derived from higher plants have played a
central role in the history of humankind. Plants for
millennia have provided the major source of the medicinal compounds used to treat illnesses. The utilization of plant derived starches, fats and proteins as a
major source of food materials cannot be contested. Similarly, the importance of fibers derived from plants for the
preparation of clothing and building materials is well recognized. The Age of Discovery, which brought western civilization out of the so-called “dark ages,” was stimulated by the
desire to discover cost-efficient sea routes to Asia for the
procurement of plant derived substances: spices, fragrant
oils, etc. These materials are still of primary importance in
many other uses as well, including to flavor foods and as
components of cosmetics and toiletries.
The navigation to the Americas as a consequence of the
effort to find a sea route to Asia brought about a rapid expansion of Western civilization and more importantly the
opportunity for the expansion of world economies by the
exploitation of the huge resources of the undeveloped Western Hemisphere. The impact of these events is well known.
The importance of plant derived chemicals as the underlying stimulus to cause these events may not be as widely
recognized.

…today, according to the World Health
Organization, nearly three quarters of
the world’s population relies upon
medicinal plant preparations for their
primary health care needs.

Until the early 1900s plant-derived pharmaceuticals,
primarily as preparations of mixtures derived directly from
plant material, represented the major source of pharmaceuticals throughout the world. Yet today, according to the
World Health Organization, nearly three quarters of the
world’s population relies upon medicinal plant preparations
for their primary health care needs. The recognition of the
importance of active ingredients in these complex mixtures
fostered the development of organic chemistry, physiology
and pharmacology as important contributors to the practice of medicine. With the isolation and characterization of
the structures of select natural products, synthetic organic

The recognition of the importance
of active ingredients in these complex
mixtures fostered the development
of organic chemistry, physiology
and pharmacology as important
contributors to the practice of medicine.
chemistry became an important contributor to pharmaceuticals, and a number of important pharmaceuticals modeled
upon natural products began to be developed. The development of aspirin based upon the salicylic acid of willow bark
is a classic example.
In the 1930s, the observation that microorganisms
produced substances which inhibited the growth and development of other microorganisms triggered the “Age of
Antibiotics” and their use in medicine. These naturally occurring substances had profound impact upon humankind
continued on page 19
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Natural Product Discovery and Development
continued from page 18

The recognition that all living organisms produce complex mixtures of
small organic molecules for various physiological functions
(communication, defense, growth regulation, etc.) has broadened the interests
of natural product researchers to organisms of the entire biosphere:
plants, microorganisms, marine organisms, even insects and certain animal species.
through adequate treatment of infectious diseases, formerly a major cause of early mortality in humans. Consequently,
significant increases in life span have occurred over the last
50 years.
The recognition that all living organisms produce complex
mixtures of small organic molecules for various physiological
functions (communication, defense, growth regulation, etc.)
has broadened the interests of natural product researchers
to organisms of the entire biosphere: plants, microorganisms,
marine organisms, even insects and certain animal species.
Although in the following I focus on potential for pharmaceutical applications of natural product compounds, either
directly as a drug or as a prototype for drug development,
natural product substances may similarly serve for discovery and development for a host of other utilities (agrochemicals, cosmetics, etc.).
The utilization of microorganism fermentation to produce
natural products for application in medicine and the growing
sophistication of synthetic organic chemistry largely displaced
interest in plant derived substances as pharmaceuticals from
the 1940s through today. Interest in the study of natural products as potential drug leads has been largely relegated to the
academic community. Most importantly, however, the National
Cancer Institute retained a core program of research on plant
derived natural products for the discovery and development of
anti-cancer pharmaceuticals. The discovery and development
of Taxol™ (paclitaxel), as the most successful anticancer
agent ever, caused a momentary resurgence of interest in natural products for drug discovery. This interest has once more
been replaced by focus on new approaches to drug discovery

such as combinational chemistry and computer-based molecular modeling coupled to high-throughput screening of biomolecular models (receptors, enzymes, etc.). The importance
of plant-derived natural products within the pharmaceutical
industry has waned significantly over the period from the discovery of antibiotics to today.
There is an urgent need to identify novel active chemotypes as leads for effective drug development, and, as was
dramatically illustrated by the discovery of the antibiotics
of the 1940s and 1950s and the anticancer agent paclitaxel in the 1970s, nature is the prime source of such
unique, novel lead discoveries. As emphasized by the late
Dr. Norman Farnsworth, a leading world-renowned natural
product researcher, “The world of plants, and indeed all natural sources, represents a virtually untapped reservoir of
novel drugs awaiting imaginative, progressive companies.”
The role of natural products in the discovery of prototype
pharmaceuticals arises from the observation that organisms
interact with their environment by chemical means. Plants protect themselves, attract pollinators, etc. by means of chemical
substances. Those interactions are very effective. Since plants
are rooted in place, they have evolved mechanisms to protect
themselves by producing chemical defense substances. The
function of these chemicals is to enhance the competitiveness
of the plant in its environment, making it more successful, in
turn creating the opportunity for it to propagate offspring.
There are hundreds of thousands of plant species all
producing large numbers of discrete chemical defense
substances, which means that there are literally millions
of chemical structure types to select from for evaluation

The importance of plant-derived
natural products within the
pharmaceutical industry has waned
significantly over the period from
the discovery of antibiotics to today.

The role of natural products in the
discovery of prototype pharmaceuticals
arises from the observation that
organisms interact with their environment
by chemical means. Plants protect
themselves, attract pollinators, etc.
by means of chemical substances.
continued on page 20
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Natural Product Discovery and Development
continued from page 19

Indeed, the majority of current therapeutic classes derive from a natural product
prototype, and interestingly, even today, roughly two-thirds to three-quarters of
the world’s population rely upon medicinal plants for their primary health care.
for pharmaceutical application. It may also be argued that
these substances represent “nature’s combinational chemicals” and that they have the advantage of already having
been screened evolutionarily for pharmacological utility.
Similarly, microorganisms and marine organisms must compete for space, nutrients, etc. so the development of natural
compounds to assist in this competition is to be expected.
As there are untold numbers of microorganisms, marine organisms, insects, etc. there is a nearly infinite variety of
natural product compounds to be discovered and evaluated.
The promise of plant-derived natural products as pharmaceuticals has not gone unnoted historically since plantderived natural product preparations have been the major
source of pharmaceutical agents. Indeed, the majority of
current therapeutic classes derive from a natural product
prototype, and interestingly, even today, roughly two-thirds to
three-quarters of the world’s population rely upon medicinal
plants for their primary health care. Those medicinal plants
represent natural product substances or preparations which
have utility as pharmaceutical agents. In Europe and the US
there is increasing interest in the utilization of plant preparations (botanicals, herbs or phytomedicines) for self-medication. This trend is accelerating as the costs of health
care increase and as populations age since many people
perceive plant preparations to provide significant palliative
benefit, especially for chronic diseases or conditions.
An important consideration of the discovery process from
natural products has to do with the way in which natural product extracts are prepared for evaluation. Plants have evolved
at least three levels of defense: 1) mechanical thorns, thick
bark, etc.; 2) general non-specific macromolecular toxins/tannins and other similar materials; and 3) specific and more selective toxins (small molecules), i.e., those natural products
which are of potential as pharmaceuticals, such as terpenes,
alkaloids, etc. Similarly other
classes of organisms have various modes of defense strategies,
but importantly chemical defense
compounds represent a common
thread. Therefore the strategy
employed in the preparation of
plant extracts for evaluation is of
significant importance; one wishes to have an extract which contains all the substances of type
three which occur in the particular plant species but would like
to minimize the concentration of
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substances of type two which would interfere with the assay
through non-specific mechanisms. Additionally extract preparation procedures, which would prefractionate the preparation
to reduce the concentration of non-specific substances and
thereby increase the relative concentration of prospective active principals, are desirable. Such a procedure would also
have the effect to increase the probability of detecting active
principals present in biomass at very low concentration; the
selective prefractionation procedure would effectively concentrate such materials into discrete preparations.
Natural product preparations are very complex mixtures
of substances. To measure a specific biological activity utilizing a mixture of substances has the potential to create
problems of assay interpretation. Interactions of the components of the mixture, either antagonism by one material
of another’s activity or addition or even synergy of activities,
can give misleading results. Similar concerns plague evaluation of mixtures produced by combinatorial synthesis. Partial
fractionation of active extracts by a solid-phase extraction
process and reevaluation of the fractions is the most direct
means for confirmation of desirable biological activity.
Once biological activity has been demonstrated for an extract in an appropriate bioassay or primary screen, based
upon today’s advanced technology in separations and structure elucidation, there is the capability to isolate, purify and
determine the chemical structure of the active principal in
a few weeks. Those separation advances are particularly
associated with high-performance chromatography methodologies. Structure elucidation technology has evolved
significantly with the development of high-field nuclear magnetic resonance (NMR) spectroscopy as well as high resolution mass spectrometry (MS) and mass spectrometry-mass
spectrometry (MSn). Most important are the multi-dimensional NMR techniques that have been developed which allow very rapid and straightforward assignment of structure
to complex natural products. Additionally, the technologies
of coupled methods (LC-MS, LC-NMR, etc.) provide very powerful methodologies for separation and structure elucidation. These advances contribute to capability for the rapid
characterization of natural products as new prototype compounds for pharmaceutical development.

Natural product preparations are
very complex mixtures of substances.
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ADEQUATE QUANTITIES OF ACTIVE PRINCIPAL
FOR CONFIRMATION OF ACTIVITY, PRELIMINARY
EVALUATION FOR DEVELOPMENT POTENTIAL
AND COMMERCIALIZATION
A very important consideration, which in my judgment has
perhaps most limited interest in natural products for pharmaceutical discovery and development, has been concern over
the availability of quantities of pure biomass derived chemical substances. These quantities are required for development, i.e., the generation of the various kinds of information
needed to understand and assess the real potential of the
substance for pharmaceutical application. Ultimately, perhaps the most limiting is how to deal with the quantities required to meet market demand should a natural product lead
become a successful drug in the market place. Market demand can reach the hundreds of kilograms per annum scale.
With the advances in bioassay, separation and structure
elucidation technologies made in the last decade, we are
now able to discover and identify substances from natural
sources with potential utility quickly and with very modest
amounts of material. The sensitivity of the bioassays routinely in use today and the desired potency for new prototypes make it easily possible to detect substances which
are present at very low concentrations in extracts of biomass. Our modern analytical instrumentation allows structure determination with micrograms to at most milligram
quantities of the isolated, pure natural product. Discovery
of the real potential of the new substance requires hundreds of milligrams for confirmatory secondary bioassays
and preliminary toxicology studies, and if development is to
be pursued, grams to 10s of grams will be required. How
are these larger quantities to be provided?

CHROMATOGRAPHY TECHNOLOGY
FOR SCALE-UP ISOLATION
Chromatography and particularly preparative chromatography is the usual tool of choice for that isolation and purification process.
The natural products researcher has several chromatographic options available to accomplish this necessary
isolation and purification. These are different in two major
ways: the pressure of operation and the mode of separation. Pressures of operation may range from very low (the
pressure of the elution solvent head above the chromatographic adsorbent bed) to very high (>20 bar/300psi).
Smaller particle sized adsorbents require greater pressures
in order to attain the necessary flow rate to accomplish the

chromatography but have the great advantage of much higher efficiency and capacity of loading due to their much higher surface areas. Modes of separation may be adsorption
(usually referred to as “normal” phase), partition (usually
referred to as “reversed” phase), size exclusion, and ion exchange. Sarker and Naher (1) describe the basic principles
of PPLC as well as the details of the columns, stationary
phases, column packing methods, mobile phases, sample
introduction, collection of separated materials and other
technical features.
A more comprehensive review of the use of chromatography for isolation of natural products was authored by
ASP Fellow Dr. Otto Sticher (2). A literature search using
the terms “preparative chromatography” returns almost entirely examples of separations made by simple scaling of
reversed-phase analytical separations. These lead to separations providing milligram quantities of natural product sufficient for in vitro bioassay or sophisticated spectroscopic
examination. The need for larger quantities of material for
more extensive evaluations and potential development requires larger scale separations than is routinely practiced.
I will focus on comparison of normal- and reversed-phase
chromatographic approaches and their respective advantages and limitations for these larger scale separations.
Two contrasting approaches are routinely taken to affect
preparative chromatographic separations: 1) the mobile
phase is less polar (more organic) than the stationary phase,
so called “normal” phase chromatography; and 2) the mobile
phase is more polar (aqueous) than the stationary phase, so
called “reversed” phase chromatography. Reversed-phase
chromatography is perceived to have economic advantages
over normal-phase chromatography due to the usual practice
of replacement of the normal-phase adsorbent after one or
at most a few uses, whereas the reversed-phase adsorbent
can be used for hundreds of separations. Also the nearly
exclusive use of reversed-phase chromatography for analysis of samples and the ability to scale chromatography from
analytical separation to preparative separation directly has
re-enforced the selection of reversed-phase chromatography
for preparative separations. Indeed, a literature search for
recent publications citing preparative chromatography yields
almost exclusively citations to publications which have used
scaled up reversed-phase chromatography for the isolation
and purification of specific natural products from extracts.
Ordinarily these “preparative” isolations yield at most milligrams of natural product, quantities sufficient for charactercontinued on page 22

Two contrasting approaches are routinely taken to affect preparative chromatographic
separations: 1) the mobile phase is less polar (more organic) than the stationary phase,
so called “normal” phase chromatography; and 2) the mobile phase is more polar (aqueous)
than the stationary phase, so called “reversed” phase chromatography.
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ization employing today’s sophisticated structure elucidation
instrumentation but not sufficient quantities for other than a
limited number of in vitro biological evaluations. The requirement for quantities of natural product sufficient for more
broad biological evaluation and especially in vivo evaluation
is not easily met employing reversed-phase technology.
The gravitation to reversed-phase technology for preparative separations has occurred even in spite of the recognized
advantages of normal-phase chromatography. Normal-phase
chromatography has significantly greater capacity per column run and ease of compound recovery from the organic
solvent of the mobile phase, both very important advantages
for production scale separations. At production scale, the
energy required to recycle the normal-phase organic solvents
is less than that of reversed phase aqueous solvents. The
waste disposal costs are reduced for the normal-phase organic solvents because of their usually higher BTU content.
Because of the perception that normal-phase adsorbents
are not reusable or of a very limited useful life, less expensive poor quality normal-phase adsorbents are typically employed in preparative column packings. The poorer quality
normal-phase adsorbent is usually of irregular shaped particles and possesses a wide particle size distribution which
together gives poor chromatographic performance for the

or better grades of organic solvent used in the operation of
the normal-phase chromatographic separation, usually as
mixtures, contain a low concentration of water, about 0.1%,
which is well below saturation. These organic solvent mixtures have a capacity to hold water at a low concentration
which is greater than the concentration of water typically
present in fresh solvent. This concentration will vary depending on the specific solvent(s) or mixtures used.
As the “dry” solvent flows over the hydrated silica gel stationary phase, it absorbs water from the silica as evidenced
by the increased concentration of water in the mobile phase
exiting the column compared to the concentration of water in the mobile phase entering the column. The mobile
phase is drying the silica gel bed. The band width of the
compounds in the mixture to be separated increases and
the separation capability or performance of the column
decreases as the silica is dried, contrary to conventional
wisdom. For example, Latif and Sarker (1) state that “Care
must be taken to control the aqueous content of the solvents as water deactivates silica causing a breakdown in
the separation.” The problem of dehydration of the silica is
overcome by the addition of water to near saturation of the
mobile phase. When the silica gel and mobile phase are
near equilibrium for the concentrations of water, the con-

With the technologies outlined below, normal-phase chromatographic
processes can be developed providing cost savings to users through
better performance, higher capacity, easier product recovery,
less costly solvent recovery, and less costly solvent disposal.
packed bed. High quality normal-phase adsorbents are available with spherical particles and narrow particle size distributions. As quality normal-phase adsorbent costs about
$5,000 per kilogram and is perceived not to be reusable,
development of normal-phase preparative chromatographic
processes has largely been avoided or not considered. With
the technologies outlined below, normal-phase chromatographic processes can be developed providing cost savings
to users through better performance, higher capacity, easier product recovery, less costly solvent recovery, and less
costly solvent disposal. This technology thus provides an
economic and convenient approach to the isolation and purification of larger quantities of potentially interesting natural products for confirmation of their bioactivities.
A column packed with silica gel stationary phase and run
with technical or better grades of organic solvents will show
increasing peak broadening and consequent loss of performance as it is used for multiple column runs. This is due
to two reasons. The first relates to the state of hydration of
the silica gel adsorbent of the normal-phase column. Newly
packed silica gel is hydrated to some uncontrolled extent of
about 5 - 8% by weight for normal packaging. The technical
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centration of water in the mobile phase entering the column
will be nearly the same as the concentration of water in the
mobile phase exiting the column. With this water equilibrium established, the compound band width is reduced and
the separation capability or performance of the column is
improved, maintained or restored. Further, the addition of a
small amount of organic acid such as acetic acid, 0.1 to 1%
v/v, to the mobile phase has the benefit of further reducing
the compound band width improving the separation capability or performance of the column.
The second reason for decreased performance of normalphase chromatographic columns with multiple uses is that
the mixtures of compounds to be separated frequently contain compounds that are highly retained by the silica. As
additional column runs are performed, these highly retained
compounds load up on the column and reduce its capacity to
separate the mixtures adequately and may even slowly elute
from the column contaminating later column runs. Guard columns, which have capacity to retain highly bound impurities,
can be employed to reduce this problem; however, the column will load up anyway at a reduced rate. The resolution
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to this problem of the column loading up is the use of a
regeneration solvent after each column run or series of column runs. This regeneration solvent is of an appropriately
increased polarity and will wash these highly retained compounds off the column thus restoring the capacity and performance of the column. Measurement of the mass of these
compounds flushed off the column confirms this.
For example, a separation is performed using a typical
normal-phase solvent, ethyl acetate. The ethyl acetate becomes saturated with water at about 3% . Water is added to
the ethyl acetate to 2-2.5% and 0.1% acetic acid is added.
The mixture is mixed and allowed to absorb the water and
equilibrate. The preparative separation is performed using
this mobile phase. After the last of the compounds of interest have exited the column, a column volume of regeneration solvent comprised for example of 75% ethyl acetate,
20% methanol, 4% water and 1% acetic acid is introduced
to the column followed by an equilibration volume, approximately 2 column volumes, of the original “wet acidified”
(wa) ethyl acetate. As the regeneration solvent exits the column, the highly retained compounds are flushed from the
column into the “regen” fraction/pool.
With respect to the water or hydration equilibrium, the initial
regeneration solvent exiting the column will have lower concentrations of water in it, evidence that the silica gel stationary
phase is adsorbing water. As the displacement of the regeneration solvent by the wet acidified ethyl acetate progresses,
the concentration of methanol decreases to zero and the water concentration decreases as well. When the methanol concentration is zero, the ethyl acetate is saturated with water
which is above the starting concentration of water in the mobile phase, evidence that the mobile phase is adsorbing water
from the silica gel which was retained from the regeneration
solution. As flow continues, the concentration of water in the
mobile phase exiting the column will decrease and approach
the concentration of water in the mobile phase entering the
column. The column is now ready for the next separation.
In practice, the column does not need to be fully equilibrated before the next column run can be started. The per-

formance of the subsequent separation does not appear
to be particularly sensitive to incomplete re-equilibration,
and during the column run the mobile phase will continue
to equilibrate the column. The degree necessary to which
equilibrium is approached will vary for the specific separation and the solvent system that is employed. This can be
optimized to minimize the volume of regeneration solvent
used and the equilibration with mobile phase volume when
performing repetitive column runs of similar mixture and
mobile phase compositions.
Determination of mobile phase composition for a preparative normal-phase separation can be accomplished by using
an analytical silica column and system. However, in practice
this usually requires the changing of an analytical system
from a reversed phase setup to a normal-phase setup and
back. Determination of the mobile phase by thin-layer chromatography (TLC) avoids this interchange of the analytical
systems from reversed-phase to normal phase and back.
Small quantities of prospective elution solvent mixtures are
prepared being sure they are appropriately wetted and acidified, ordinarily about one half to one percent below water
saturation and containing 0.1 to 1.0 percent acetic acid.
These then become TLC elution solvents and the TLC elution
solvent mixture, which gives an Rf of between 0.15 and 0.2
for the target compound, is usually acceptable as the mobile
phase for scale up to the preparative separation. A more
detailed discussion of this chromatographic technology may
be found in McChesney and Rodenburg (3) and an example
of application in Rodenburg et al. (4).
With this technology, normal-phase silica gel preparative
columns can be used for hundreds of column runs without
repacking, and their separation capability is maintained effectively equivalent to the originally packed column, much
above what heretofore has been expected for normal-phase
columns.
Utilization of these simple modifications to the operation
of normal-phase chromatographic procedures has a profound effect on the performance and economics of natural
product purification by chromatography. n
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and PYL genes, both of which are important for resistance
to desiccation, came from horizontal gene transfer from
terrestrial soil bacteria around 580 million years ago. The
data places this lineage of alga before the evolution of land
plants (the bryophyta and the vascular plants). It also demonstrates the power of modern genomic analytical systems
as a method of answering questions of import, and perhaps
“altering” the lectures that plant specialists should use in
the future.

By David Newman, DPhil

T

his newsletter I decided to “almost” cover the waterfront, ranging from findings that may make people
consider “what physiological changes led to the colonization of terrestrial habitats, then to a very interesting and important series of findings that may well explain
why there are so many “off-target effects,” particularly in
antitumor drugs directed at “kinase targets.” These are followed by a paper identifying a relatively common target in
malarial mosquitoes with a compound that, though synthetic, definitely can be traced back to the quinine, chloroquine
and related compounds loci. The final paper demonstrated
that compounds originally considered to be totally synthetic
flame retardants are also produced by Nitzschia as chemical
defense compounds. This latter finding brings up memories
of reports of fluorinated nucleosides and plasticizers “produced by” or “isolated from” marine organisms. It might be
time to reinvestigate some of those earlier reports!

SOIL BACTERIAL GENES IN VASCULAR
PLANT ANCESTRY
The first paper1 by a multinational group (in alphabetical order from Canada, China, France, Germany and Russia), using
current state-of-the-art phylogenetic analyses, demonstrated
that a species-rich group of streptophyte algae, specifically
the Zygnematophyceae, are the closest sister group to embryophyte land plants, contrary to what had been “almost
gospel” since the early 1990s, that the structurally complex
Charophyceae and Coleochatophyceae were the closest relatives of embryophytes. Recent transcriptome assemblies
documented, however, that the “molecular tool kit” enabling
life in a terrestrial environment evolved in the streptophyte
algae before the origin of the embryophytes.
The paper itself is a very complex one but if the reader
can obtain a copy, including the extremely extensive phylogenetic analyses (over 100 MB in total) and, in particular,
the graphical abstract, then the case is made that the GRAS
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OFF-TARGET EFFECTS OF KINASE INHIBITORS,
SHOULD ONE REALLY BE SURPRISED?
Although the original kinase inhibitors, with imatinib aka
gleevec (1) being the poster child, were touted as being
“specific” for a given kinase or very closely related proteins, it became quite obvious early on in the use of these
agents that they were not specific, even though the screening groups that produced them claimed that they were, and
using interfering RNA processes, showed that they could
“knock down” the target and lose the activity. A series of reports compiled in an excellent graphical format by Fabbro2
in 2015 demonstrated that kinase inhibitors had activities
ranging from a few “targets” in the human kinome to multiple targets in many different kinase families. Thus, a major
problem could well occur in the screening of such targets.
The analysis effectively originated by Fabbro was significantly extended in a paper in Science Translational Medicine in September of 2019 by Lin et al.3 This paper was a
more thorough analysis of work first published by the same
group in 2017.4 In the earlier paper, Lin and her colleagues
questioned reports that removal of the maternal embryonic
leucine zipper kinase (MELK) target by other investigators
using RNAi and other kinase inhibitors established enough
preclinical data to propel the “MELK Inhibitor OTS167” (2)
into early phase clinical trials. However, when the Lin group
mutagenized the MELK in the cell line using CRISPR/Cas9,
the treated cells exhibited “wild-cell” doubling times and
were STILL sensitive to OTS167, thus bringing into question the correct target of this inhibitor, as the cells treated
with OTS167 still died, but the “target” had been removed!
It should be noted that this drug candidate is in Phase I/II
clinical trials, but its MoA is not what it was thought to be.
One wonders what will occur when the real target is realized
if it advances into later trials.
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Further analyses of published work using both siRNA and
shRNA failed to link MELK to any tumor induction, thus bringing to the fore the question as to whether or not this was a
valid target. The use of the term “off-target toxicity” implies
that the target is correctly assigned, but in any screen utilizing a “target-based approach” the target has to be correct
otherwise it cannot be “off-target toxicity.”
As mentioned above, following on from their 2017 paper, Lin et al. expanded their investigations and published
them in a recent paper in Science Translational Medicine.3
In so doing they demonstrated very effectively that a range
of compounds in clinical trials do not function via the “kinase inhibition” ascribed to them and confirmed via siRNA
or shRNA studies. In fact, one drug OTS964 (3), which was
assigned as a TOPK inhibitor, turns out from their analyses
to be a previously unrecognized inhibitor of CDK 11 and is
in fact the first such molecule to be identified as an inhibitor
of this kinase.
Although the paper and its associated diagrams and discussion points take a little time to “read and inwardly digest,” their points about poly-drug treatment in cancer where
one utilizes “a mixture (two or more) of different agents with
known targets” in a clinical trial, certainly need to be taken
into account by anyone designing such trials, but whether
they will be is “a question to be answered.”

well as to the closest parasite kinase, PfCLK1, and other
parasite kinases such as PfPKG, and PfCDPK1.
Due to the potent effects of TCMDC-135051 in P. berghei
blood cultures, its in vivo activity in mice infected with P. berghei was studied using twice daily intraperitoneal dosing.
This resulted in a dose-related reduction in parasitemia over
a 5-day infection period, with the maximal dose (50 mg/kg)
resulting in near-complete clearance of parasites from the
peripheral blood. Other in vivo experiments looking at liver
invasion and sporozoite development gave EC50 values of
400 nM, with toxicity at 25 times that concentration.
A major barrier associated with development of protein
kinase inhibitors is selectivity, due to the ATP binding pocket being similar between protein kinases. In this instance,
TCMDC-135051 showed surprising selectivity toward PfCLK3 compared to its paralog in P. falciparum PfCLK1 and
also towards its human ortholog (PRPF4B) and the closely related human kinase CLK2. Since their transcriptional
studies showed very few off-target events, the findings indicate that the selectivity of TCMDC-135051 for PfCLK3
observed in vitro was maintained in vivo with the parasite.
These results bode well for its (and/or chemical modifications) future development.

KINASE INHIBITORS AS ANTIMALARIALS

The synthetic flame retardants “trihalogenated anilines”
have now been reported to be produced by the biofilm producing microalga, Nitzschia cf pellucida. A recent publication
from the Pohnert group in Jena reported in their paper in
Chemical Communications5 in September 2019 that these
compounds appeared to be produced by the alga. They realized from the beginning that they had to rule out outside
contamination as a potential source. To prove the algal biosyntheses, they followed the production of the labelled metabolites (mono, di and tri bromo anilines, and some of the
mixed bromo-chloro-derivatives) using 15N, 13C and 2H as labels. All confirmed that the alga was the source of the materials isolated. They pointed out that none of these agents
were particularly soluble in aqueous solutions and made
the valid assumption that since the algal produced biofilms,
these probably acted as a “container” by which the point
concentrations may well be high enough to deter/kill any
predators.
They also note in the beginning of their paper that this
alga is also known to produce cyanogen bromide (BrCN) as
an allelopathic agent, so the necessary haloperoxidases are
certainly present in this organism.
This finding brings a new aspect as to what is or is not a
man-made marine contaminant, and it will be interesting to
see what further discoveries may be out there in the ocean,
just waiting to be “discovered.” n

A recent paper in Science5 discussed the results seen when
two essential members of the Plasmodium falciparum kinome PfCLK family, PfCLK1 and PfCLK3, were subjected to a
high throughput screening system, using as their feedstock
the 24,649 compounds that comprised the 13,533 compounds from the Tres Cantos anti-malarial set (effectively
all from GSK compound libraries), the 1,115 compounds
from the protein kinase inhibitor set (though it might be
worth pointing out the caveats in the discussion above)
and the 9970 MRCT index library. Following screening at a
nominal 10 micromolar concentration, 2,579 compounds
“survived initial screening.” These were added to 400 compounds from the Medicines for Malaria Kinase set and
then full concentration curves were generated. From these,
and using a comparison of activity against both kinases,
compound TCMDC-135051 (4) which is a pyrrolopyridine
compound with a general substitution pattern reminiscent
of chloroquine, without the halogen but with the pendant diethylamine substitution, was selected for further investigation. Its formal IUPAC name being: 4-(2-[5-[(Diethylamino)
methyl]-2-methoxyphenyl]-1H-pyrrolo[2,3-b]pyridin-4-yl)-2(propan-2-yl)benzoic acid.
TCMDC-135051 exhibited no activity against the P. falciparum protein kinases PfPKG and PfCDPK1 and showed selective inhibition of PfCLK3 when it was compared against
the closely related human kinases PRPF4B and CLK2, as
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SO YOU THOUGHT THAT HALOGENATED ANILINES
WERE SYNTHETIC?
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New Members of ASP Winter 2019
ASP would like to welcome our new members. The Society’s main objectives are to provide the opportunity for
association among the workers in pharmacognosy and related sciences, to provide opportunities for presentation of
research achievements, and to promote the publication of meritorious research. New members include five full
members and six associate members. We look forward to meeting you and learning more about you and your work.

FULL MEMBERS

ASSOCIATE MEMBERS

Ms. Amanda Dwikarina
Laboratory Technician
Bogor Agricultural University
Bogor, Indonesia

Ms. Lydia Davis
Graduate Student
University of Illinois at Chicago
Chicago, IL

Dr. Aaron Puri
Assistant Professor
The University of Utah
Salt Lake City, UT

Dr. Christa Venable
Pharmacist Consultant
Vista del Valle
San Jose, Costa Rica

Prof. Roland Kersten
Assistant Professor
University of Michigan
Ann Arbor, MI

Ms. Nicole Avalon
PhD Candidate
University of South Florida
Tampa, Florida

Dr. Victor Silva
Co-Founder and Chief Scientific Officer
Apothema, LLC
Edwardsville, IL

Mr. Clement Olusoji Ajayi
PhD Student
Mbarara University of Science and Technology
Mbarara, Uganda

Dr. Irving Ramirez-Erosa
VP, Natural Products
Destiny Bioscience
Leduc, Alberta, Canada

Ms. Moneerah Alqahtani
PhD Student
King Saud University / University of Mississippi
Oxford, MS
Mr. Tomayo Berida
PhD Student
University of Mississippi
Oxford, MS
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Pharmacognosy Field Notes:
Blue-Greens in Full Bloom
By Matthew Bertin, PhD

S

tudying the metabolome
of the cyanobacteria genus Trichodesmium has
been the focus of my
research group at the University of Rhode Island. We have
isolated almost 30 new metabolites from Trichodesmium
samples collected in 2014
from the western Gulf of Mexico, and we have continued
to acquire subsequent Trichodesmium samples through a
partnership with Texas A&M.
However, we wanted to be directly involved in collecting the
samples to learn more about
the biology and distribution of
these organisms. We were curious how conserved the chemistry would be from bloom to
bloom across multiple years.
We wanted to get into the
field to collect samples, but
there were some logistical issues we needed to deal with
before we set sail. The main
obstacle was getting to the
Trichodesmium; blooms often occur past the continental shelf in the Gulf of Mexico.
We were hoping to sample at
multiple sites along a transect,
and this would require a goodsized ship. We were able to address both issues by working
with the National Oceanic and
Atmospheric Administration’s
SEAMAP Spring Ichthyoplankton Cruise. SEAMAP’s goal
was to assess the occurrence,
abundance, and geographical

Trichodesmium bloom

distribution of spawning fishes.
Their main focus was studying
bluefin tuna from the mid-continental shelf to the deep waters
of the Gulf of Mexico.
On May 14, we set sail from
the Pascagoula, MS laboratory aboard the R/V Oregon II.
There were two legs of the trip,
and each leg was two weeks.
Classes had not quite wrapped
up, so we had to catch up with
the rest of the crew for the
second leg of the trip. In retrospect, finals may have come at
a good time because I am pretty sure I would not have made
it a month out there. NOAA allowed me and my graduate
student Chris Via to come onboard as volunteers. This was
a fantastic opportunity as an
early career investigator on a
budget. The trade-off as a volunteer was that we would take
part in NOAA’s mission, and we
would also be able to collect
our own samples if and when
the opportunity arose.
The ship operated 24 hours
a day, so Chris and I would work
12-hour shifts. I took noon to
midnight and Chris took midnight to noon. I was not too worried about Chris, but I had not
been out on a research cruise
for nearly ten years. I had become accustomed to binge
watching TV shows and had not
handled a neuston-framed net
in a while. The folks at NOAA

PHOTO CREDIT STORMY PAXTON

continued on page 29

Mr. Via in front of the RV Oregon II in Pascagoula, MS
PHOTO CREDIT MATTHEW BERTIN

We had three major objectives on the trip:
1) collect Trichodesmium biomass for chemical analysis,
2) collect Trichodesmium filaments for genetic analysis, and
3) isolate Trichodesmium colonies for cultivation.
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Pharmacognosy Field Notes: Blue-Greens in Full Bloom
continued from page 28

could not have been more
accommodating. They even
went as far as picking us up
from the airport and allowing
us to ship our supplies down
before we left.
We had three major objectives on the trip: 1) collect
Trichodesmium biomass for
chemical analysis, 2) collect
Trichodesmium filaments for
genetic analysis, and 3) isolate Trichodesmium colonies
for cultivation. We had a 20
cm bongo frame fitted with
one 200 μm and one 50 μm
net for surface collections.
Additionally, we had two 20
μm sieves to wash colonies
and several collection bottles. We also brought sterile
loops, RNAlater® preservative, and sample vials to collect filaments for genetic
analysis. One convenient
thing about Trichodesmium
species is they often form
dense blooms, which are
“floating islands” of brown
cyanobacteria cells. These
blooms can cover many kilometers of surface waters and
can become so large they are
even seen from space.
There was some uneasiness beginning the cruise;
we were unsure if we were going to be able to locate these
bacteria in the vast ocean,
and it could seem impractical. However, our trip was in
May and our previous partners had noted that May has
historically been a good time
to collect Trichodesmium. It is
a big ocean out there, though,

Dr. Bertin collecting bloom material on deck
PHOTO CREDIT ANDREW MILLETT

Puff and raft Trichodesmium colonies being
washed in a sieve

and I was missing the finale
of “Game of Thrones” for this,
so I needed some success.
After leaving Pascagoula, it
was a 36-hour trip to the first
sampling station. Chris and I
shared a pretty small stateroom but working opposite
shifts typically allowed us to
have the space to ourselves.
There were lots of ways to
pass the off-time on the
R/V Oregon II. The ship was
equipped with WiFi, so computer work was no issue, you
just didn’t have the bandwidth
to Skype. The ship also had a
lounge where you could watch
movies and talk with other
crew members. The lounge
even had a small satellite
TV, so I did not have to miss
“Game of Thrones” after all.
Our sampling was done
from the deck. The bongo net
was deployed from the deck
using a J-frame operated by
a winch. The net was gently
towed on the surface with the
goal of funneling cells into
the cod ends of the net. The
more experienced personnel
on deck were incredibly helpful, probably out of fear that
we would throw their net overboard by accident. My main
task was simply to steady the
net and toss it into the water.
Looking back, I think that was
a good thing because I was
falling all over the place, hitting my head on a surprising
number of things. (We wore
hard hats on deck, thankfully.)
We found Trichodesmium
continued on page 30
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I raced to the bow and could not believe it;
we were about to cruise right through a massive Trichodesmium bloom.
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Our collection procedure first involved washing the nets with seawater
to concentrate the collected biomass in the cod ends.
Then the material in the cod ends was transferred to the sieves to
wash off any loosely associated organisms, followed by
transferring the Trichodesmium biomass to collection bottles to
be stored in on-board freezers. Filaments of Trichodesmium were transferred
to tubes filled with RNAlater® for genetic samples and DNA analysis.
colonies at the first station we visited.
Our collection procedure first involved
washing the nets with seawater to concentrate the collected biomass in the cod
ends. Then the material in the cod ends
was transferred to the sieves to wash off
any loosely associated organisms, followed by transferring the Trichodesmium
biomass to collection bottles to be stored
in on-board freezers. Filaments of Trichodesmium were transferred to tubes filled
with RNAlater® for genetic samples and
DNA analysis. We were finding Trichodesmium colonies on nearly every tow, so
things were going well.
On May 20, nearly a week into the trip,
I got a call from the bridge that they saw
some discolored water off the port bow.
They were wondering if it was the “algae” that I kept talking to people about
at meal times, and leisure times, and
basically all times. (I guess my nerdi-
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above:

Colonies transferred
to a collection tube

PHOTO CREDIT MATTHEW BERTIN

below:

Sunset in the
Gulf of Mexico

PHOTO CREDIT MATTHEW BERTIN

ness paid off.) I raced to the bow and could
not believe it; we were about to cruise right
through a massive Trichodesmium bloom.
We were able to deploy the nets and collect
liters of samples. As I was processing the
biomass, I could not help but laugh. It was
kind of an odd feeling to be so excited and
breathless about collecting brown bacteria;
but it is our lab’s odd thing.
Throughout the trip I kept wondering when
I would get my sea legs. About a week in
I thought I might have them, but that only
lasted an hour. A week later we were back
on land, and I could not find those legs either. Things were not perfect out there. We
ran into some nine-foot swells, and one of
the bongos was dashed against the side of
the ship. (NOAA lent us a backup, thanks!)
But we met some great people, had fantastic food, and had a very successful cruise.
We are enjoying investigating the samples
as I write this! n
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Conference Calendar
The Newsletter is pleased to announce the following upcoming conferences and meetings. The events portrayed here
reflect what listings and notices the Newsletter has specifically received. For a more extensive calendar, please visit the
ASP website at www.pharmacognosy.us. If you have a conference or event you would like mentioned, please send us
relevant information, including any graphics or appropriate fliers, at asp.newsletter@lehman.cuny.edu.

Gordon Research Seminar: Chemical Biology
and Drug Discovery from the Marine
Environment
February 22-23, 2020
Gordon Research Conference: Discovery,
Functional Development and Enabling
Technologies of Marine Natural Products
February 23-28, 2020
Ventura, California
www.grc.org/marine-natural-products-grsconference/2020

T20 Phytochemical Society of Europe
March 6, 2020
Liverpool, UK
www.ysm2018.wixsite.com/t20liverpool

4th Annual Institute of Cannabis Research
Conference
April 4-6, 2020
Pueblo, Colorado
www.csupueblo.edu/institute-of-cannabisresearch/2020-conference/index.html

Gordon Research Seminar: Integrative
Microbial Oceanography
May 23-24, 2020
Gordon Research Conference:
The Interconnected Microbial Ocean
May 24-29, 2020
Les Diablerets, Switzerland

Society for Economic Botany joint with
International Society for Ethnobiology
May 31-June 4, 2020
Mona, Jamaica
www.econbot.org

Phytochemical Society of North America
2020
June 21-24, 2020
Kelowna, BC, Canada
www.psna-online.org/meetings.html

Directing Biosynthesis VI
June 29-July 1, 2020
Edinburgh, Scotland
www.rsc.org/events/detail/39023/directing/biosynthesis-vi

14th International Coral Reef Symposium
July 5-10, 2020
Bremen, Germany
www.icrs2020.de

12th International Congress on Natural
Products Research
July 25-30, 2020
San Francisco, California

www.grc.org/marine-microbes-conference/2020/
THE ASP NEWSLETTER

WINTER 2019 VOLUME 55, ISSUE 4

icnpr2020.org

PAGE 31

Brief News from Washington
By Georgia Perdue, PhD
➢ President Trump nominated Dr. Stephen Hahn, an
oncologist, to be the next FDA Commissioner. He
was confirmed on December 12. His name had been
bantered around since September. His confirmation
hearing was held on November 20 by the Senate
Health, Education, Labor and Pensions Committee,
chaired by Senator Lamar Alexander (R-TN). It was a
very congenial hearing. Dr. Hahn was highly praised. Dr.
Norman Sharpless, Director, National Cancer Institute,
filled the position since April and was favored by many
to fill the post. He returned to NCI. Since 2018, 59-yearold Dr. Hahn has been the chief medical executive and
chief of radiation oncology at MD Anderson Cancer
Center in Houston, Texas. He received his MD from
Temple University. His internship and residency in internal
medicine were at Temple University, Philadelphia, PA. From
1989-1995 he was chief of the prostate cancer clinic
at NCI’s clinical pharmacology branch. He completed a
residency in radiation oncology as well as a fellowship in
medical oncology at NCI. He practiced in Santa Rosa, CA
and was professor and chair of radiation oncology at the
University of Pennsylvania School of Medicine.
➢ The Nobel Prize in Medicine, $918,000, was awarded
on October 7 to two Americans and one Britisher:
William G. Kaelin, MD, Harvard University; Gregg L.
Semenza, MD, PhD, Johns Hopkins University; and Sir
Peter J. Ratcliffe, FMedSci, Oxford University. With
the time difference from Sweden, some recipients were

not awake when the call came. The work for which
they received the awards was for discovering how
cells sense oxygen and adapt to it. This is helping
with the treatments against anemia, cancer, etc.
While studying a gene in a rare cell type in the kidney,
they discovered the gene releases erythropoietin
(EPO) which controls red blood cell production when
cells are deprived of oxygen. Patients with chronic
kidney disease develop anemia because kidneys stop
producing EPO. New drugs will now zero in on EPO
production. This discovery also has implications for
cancer patients for which there are no drugs to treat
hypoxic cells within the cancer which ultimately kills
the patient. Scientists are looking at coronary heart
disease, limb ischemia and more. In its press release,
NIH noted “Dr. Kaelin has received continuous funding
since 1990 totaling more than $30 million from [NCI].
Since 1988 Dr. Semenza has received funding of more
than $20.3 million from NIH’s National Heart, Lung and
Blood Institute and Institute of Diabetes and Digestive
and Kidney Diseases.” Our money at work.
➢ The FDA has renamed the Office of Hematology and
Oncology Products (OHOP) to Office of Oncologic
Diseases, now with six divisions. Three former
divisions and one nonclinical division now are part of
the six divisions, three of which are oncology divisions
and one nonclinical division. The prospective divisions
continued on page 33

The work for which they received the awards was for discovering
how cells sense oxygen and adapt to it. This is helping with the treatments
against anemia, cancer, etc. While studying a gene in a rare cell type
in the kidney, they discovered the gene releases erythropoietin (EPO)
which controls red blood cell production when cells are deprived of oxygen.
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Brief News From Washington
A shortage of vincristine, the well-known cancer drug for childhood leukemia
and four other cancers, was in the spotlight in October.
Another cancer drug, irinotecan, isolated from the plant Camptotheca
acuminata, is now considered a top drug for metastatic colorectal cancer.
continued from page 32

include Division of Hematologic Malignancies and the
Division of Non-malignant Hematology.
➢ A shortage of vincristine, the well-known cancer drug
for childhood leukemia and four other cancers, was
in the spotlight in October. Dr. Peter C. Adamson,
Chair, Children’s Oncology Group and Dr. Alan R.
Cohen, Endowed Chair in Pediatrics, Perelman School
of Medicine, University of Pennsylvania Children’s
Hospital, shed light on the problem. It seems the frenzy
and anxiety were caused by Pfizer/Hospira which
experienced the shortage due to a “manufacturing
delay.” This was further exacerbated last July when
Teva Pharmaceuticals stopped supplying the drug
to the US. Dr. Adamson noted that the US was
“impacted to a significantly greater extent than
Europe…” Stay tuned. [Memory Lane: I vividly remember
how happy, nay, ecstatic, the ASP members were in 1964
when the society hosted a special celebratory meeting for
the discovery of vincristine and vinblastine isolated from
the Madagascar periwinkle plant, Vinca. Eli Lilly scientist
Dr. Gordon Svoboda discovered vinblastine and vincristine.
Unknown to him, Canadian scientists under Dr. R.L. Noble
discovered vinblastine. Rightfully so, it was a most joyous
ASP meeting. If any of the younger generation can find the
book Green Medicine by Margaret B. Kreig they will not regret
reading it].

➢ Another cancer drug, irinotecan, isolated from the plant
Camptotheca acuminata, is now considered a top drug
for metastatic colorectal cancer. It was developed by
Yakult Honsha Co., Ltd., Japan and licensed to RhonePoulenc Rorer. In recent years Ipsen Pharmaceuticals,
the company which has developed the drug, issued
a press release noting “Liposomal irinotecan and
5-FU/LV, Onivyde, is used in combination with

fluorouracil (5-FU) and leucovorin to treat metastatic
adenocarcinoma of the pancreas….” [Background:
“Camptotheca acuminata was introduced in the U.S. from
China by USDA in its continuing plant introduction program.
Extracts from samples of this tree, provided by the U.S. Plant
Introduction Station, Chico, CA were tested in the antitumor
screening program of the Cancer Chemotherapy National
Service Center, NCI. Crude extracts [had] significant activity
against lymphoid leukemia, L-1210 in mice.” This is excerpted
from the Technical Bulletin No. 1415, USDA, written by the late
Dr. Robert E. Perdue, Jr., who was responsible for obtaining
the plant samples! He also published a scientific paper in
September 1968, CAMPTOTHECA ACUMINATA—Source of
Promising Cancer Drug. A few years later he published several
papers about this interesting plant].

➢ “‘Superbugs’ to outpace cancer deaths by 2050.”An
interesting but disturbing headline in the November
11 Washington Times should give the pharmaceutical
industry pause to reconsider their priorities. At the
World AMR Congress, health officials, including Dr.
Rick A. Bright, Director, Biomedical Advanced Research
and Development Authority, noted that resistant bugs,
i.e., “bacteria or ‘superbugs’ are projected to kill 10
million people by the year 2050.” “Scientists have not
discovered a new class of antibiotics since the 1980s,”
stated Jonathan Van-Tam, deputy chief medical officer,
United Kingdom Department of Health and Social
Care. However, he noted that “a new antibiotic might
be available on the U.S. market soon.” It seems high
production cost and a lagging market dampened the
incentive for new discoveries. Stay tuned for more.
➢ Acting FDA Commissioner, Dr. Ned Sharpless, recently
sent a warning letter to the Wakefield, MA based
continued on page 34

“Scientists have not discovered a new class of antibiotics since the 1980s,”
stated Jonathan Van-Tam, deputy chief medical officer, United Kingdom
Department of Health and Social Care. However, he noted that
“a new antibiotic might be available on the U.S. market soon.”

THE ASP NEWSLETTER

WINTER 2019 VOLUME 55, ISSUE 4

PAGE 33

Brief News From Washington
“The regulation of gene expression in the parasite that causes malaria
and detection of the changes of small amounts of proteins in the parasite
during the course of its life cycle, could have significant implications
in exploiting new strategies in combating the disease.”
continued from page 33

company Curaleaf, Inc. “for illegally selling unapproved
products containing cannabidiol (CBD).” In his statement
Dr. Sharpless noted, “selling unapproved product with
unsubstantiated therapeutic claims puts patients and
consumers at risk by leading them to put off important
medical care.” He also mentioned the many questions
surrounding the science, safety and effectiveness of the
“unapproved products containing CBD.” The company
actually claimed CBD was shown to have “properties…
countering the growth and spread of cancer.” To make
matters worse, the company claimed “CBD is effective
in killing human breast cancer.” It also claimed CBD is
effective in treating Parkinson’s and Alzheimer’s disease.
[some data from Medscape News]

➢ On November 5 the FDA announced it is changing its
approach to regulating homeopathic drug products that
pose significant risks to patients.” Stay tuned for details.
➢ The National Science Foundation issued a press release
on November 8 re: malaria research by NSF-supported
scientists at Penn State, Institute for Systems Biology in
Seattle, Johns Hopkins and the University of Washington.
“The regulation of gene expression in the parasite that
causes malaria and detection of the changes of small
amounts of proteins in the parasite during the course
of its life cycle, could have significant implications in
exploiting new strategies in combating the disease.”
NSF’s Major Research Instrumentation Award given to Robert
Moritz “to develop new mass spectrometry instrumentation
provided the means to identify the proteins,” said Robert
Fleischmann, NSF’s program director of the Division of
Biological Infrastructure.
➢ Is it hemp or cannabis? If there are not enough problems
already with cannabis, a November 13 report in the
Washington Times noted that extracts from hemp and

cannabis are so similar “police officers and field tests they
use on suspected drugs cannot tell the difference.” Since
the US government removed industrial hemp last year from
the list of illegal drugs, similar cases have cropped up across
the country. Problems are just beginning! Stay informed.
➢ On November 17 and 18 at the American Heart Association
scientific sessions, data was presented by Tarang Parekh of
George Mason University, showing “…a link between the
frequent use of marijuana and the higher risk of stroke…if
marijuana is used in addition to cigarettes or e-cigarette.”
It was also reported that the use of marijuana “is significantly
higher among 18-24-year-old males and non-Hispanics.”
Truly sad! [Medscape News]
➢ The world of medical research lost a renowned cancer
pioneer when Bernard Fisher, MD died on October 16 at the
age of 101!! Born in Pittsburgh, he received his bachelor’s
degree in 1940 and his MD in 1943 from the University
of Pittsburgh. He then completed a 2-year fellowship in
experimental surgery at the University of Pennsylvania. In
1955 he accepted a position as research fellow at the
Post Graduate Medical School at Hammersmith Hospital,
London, England. Subsequently he was appointed
chairman of the Clinical Studies Panel, National Cancer
Chemotherapy Service Center, NIH. In 1957 he and 22
other surgeons met at the Stone House of NIH to form
what later became known as the National Surgical
Adjuvant Breast and Bowel Project. These appointments
led to new areas of research: the very important new
entity, clinical trials, a study of metastasis, prevention
of breast cancer and his use of tamoxifen to increase
survival rates especially in high risk cases. Perhaps his
capstone achievement was preventing breast cancer with
tamoxifen. Dr. Fisher’s contributions to research and cancer
cures remain outstanding! [Medscape News] n

Is it hemp or cannabis? If there are not enough problems already with cannabis,
a November 13 report in the Washington Times noted that extracts from hemp
and cannabis are so similar “police officers and field tests they use
on suspected drugs cannot tell the difference.”
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Jimmy Orjala, PhD, Treasurer
The American Society of Pharmacognosy
3149 Dundee Road, #260,
Northbrook, Illinois 60062

ASP Membership
Full Membership
Full membership is open to any scientist interested in the study of natural products.
Current membership dues and Journal of Natural Products subscription rates can be found at www.pharmacognosy.us.

Associate Membership
Associate membership is open to students of pharmacognosy and allied fields only. These members are not accorded voting privileges.
Current membership dues and Journal of Natural Products subscription rates can be found at www.pharmacognosy.us.

Emeritus Membership
Emeritus membership is open to retired members of the Society who maintained membership in the Society for at least five years.
Current membership dues and Journal of Natural Products subscription rates can be found at www.pharmacognosy.us.

Honorary Membership
Honorary members are selected by the Executive Committee of the American Society of Pharmacognosy on
the basis of meritorious service to pharmacognosy.

Present Honorary Members are:
Dr. John H. Cardellina • Dr. David P. Carew, University of Iowa • Dr. John M. Cassady, Oregon State University
Dr. Geoffrey A. Cordell, University of Illinois at Chicago • Dr. Gordon C. Cragg, National Institutes of Health
Dr. Harry H.S. Fong, University of Illinois at Chicago • Dr. William Keller, Nature’s Sunshine Products, Inc.
Dr. Ikhlas Khan, University of Mississippi• Dr. A. Douglas Kinghorn, Ohio State University
Dr. Robert J. Krueger, Ferris State University • Dr. Roy Okuda, San Jose State University
Dr. James E. Robbers, Purdue University • Dr. E. John Staba, University of Minnesota
Dr. Otto Sticher, Swiss Federal Institute of Technology • Dr. Barbara Timmermann, University of Kansas
Dr. Hildebert Wagner, University of Munich • Dr. Mansukh Wani, Research Triangle Institute
Additional information about membership may be obtained by writing to the Treasurer of the Society:
Jimmy Orjala, PhD, Treasurer, The American Society of Pharmacognosy,
3149 Dundee Road, #260, Northbrook, Illinois 60062. Email: asphcog@gmail.com

