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EARLY DOCUMENTATION OF USE OF MEDICINAL PLANTS
http:// www.nim.nih.gov/hmd/collections/archives/index.html

A Mesopotamian ~2,600 B. C. E.

A Egyptian ~ 1,800 B. C. E.

A Chinese; ~1,100 B. C. E. and continuing

A Indian ~ 1,000 B. C. E. and continuing

A Greek ~ 500 B. C. E.

Greco-Roman expertise preserved and coordinated with other

Avicenna. Persian pharmacist,
physician, poet, philosopher
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Great Moments in Pharmacy Collection APhA


http://www.nlm.nih.gov/hmd/collections/archives/index.html
http://www.nlm.nih.gov/hmd/collections/archives/index.html

Traditional Medicine and Drug Discovery

A80% of the world population resides in developing
countries

A80% of people in developing countries utilize plants
to meet their primary health care needs

AGlobal pop. ca. 7 billion A ca. 4.5 billion people
utilize plants to meet their primary health care needs

Farnsworth NR, et al. Medicinal Plants in Therapy. Bull.
W.H.O. 63:965-981 (1985)

Fabricant and Farnsworth, EnViron. Health Perspect.
109, 69-75 (2001)

b Cordell and Clovard, J. Nat. Prod., 75, 514-525 (2012)

Norman Farnsworth



1800s . Discovery of some active principles of major herbal

preparations

Newman and Cragg. Natural Product Chemistry for Drug Discovery, eds. Buss and Butler, M.
S., Royal Soc. Chem., Cambridge, 2010, pp. 3-27

European chemists (apothecaries) revolutionized
drug discovery and development.

1817. Serthrner reports isolation of morphine from Papaver somniferum.
Commercialized by E. Merck in Darmstadt in 1827

1820. Pelletier & Caventou i quinine from Cinchona species

1820. Pelletier & Caventou - colchicine from Colchicum autumnale and codeine (P.
somniferum)

1832. Robiquet T codeine from Papaver somniferum

1839. Pirai - salicylaldehyde from Salix species, converted to salicylic acid. Acetyl
salicylic acid synthesized by Gerhard in 1853. Developed at Bayer as the drug,
aspirin, in 1899.

1848. G. F. Merck i papaverine from P. somniferum.

1875. Schmiedeberg i digitoxin from Digitalis purpurea



ANTIMALARIAL DRUGS T THE ROLE OF TRADITIONAL MEDICINE
Marella et al., Malaria. Hitches and Hopes, Mini Rev. Med. Chem., 20144483

Quinine from Gnhchona sppused in the Amazon region for centuries for treatment of fever:
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Artemisinins fromArtemisia annuaused in TCM for centuries for treatment of fever
developed for the treatment of drug resistant malaria. %
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Vennerstrom et al., J.

Artemisinin Artemether R = CH, Med. Chem., 2013, 56,
Arteether R =CH,CH,4 HpNTbHPPDP




MORPHINE o AN INDISPENSABLE PAINKILLER

|solated from Papaver somniferum
Katz and Benoit, Opioids for neuropathic pain. Curr. Pain Headache
Rep., 2005, 9(3):153-60.

Oxycodone
In clinical use since 1917

Morphine: R;=R,=H

Codeine: R;=CH;; R,=H

Fleurs et capsules du pavol
(Papaver somniferum,
Papaveraceae). Le latex blanc,
c'est I'opium.

Heroin: R,=R,=COCH,

Hostettmann, K. Tout Savoir sur le Pouvoir des Plantes. 1997:132



COMBINATORIAL PEPTIDE LIBRARIES IN
DRUG DESIGN. LESSONS FROM VENOMOUS CONE SNAILS
Olivera et al., J. Biol. Chem., 2003, 278, 2177-2183; Curr. Pharm.
Des. 2008,14,2462-79; Lewis et al., Pharmacol. Rev. 2012, 64, 259-98
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Balmadero Olivera Cone snails pioneered a combinatorial library strategy to evolve highly
Univ. Utah bioactive venom peptides targeting cell surface receptors or ion channels
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H2N-CKGKGAKCSRLMYDJ’,CLTGS(liRSGKC-CONHz ’*GCCSDPRCNYDHPEICGGAAGG —

cVelA
Ziconotide / SNX-111 / Prialt
Ziconotide isolated from Conus majus
St for treatment of intractable neuropathic pain

APotent activity against voltage-gated Ca2*channels

/5 AApproved by FDA in Dec. 2004. Marketed as Prialt®

: M AApplication limited due to difficult delivery via intrathecal
infusion from reservoir in peritoneum.

Synthesis of orally bioavailable cyclic analogs (e.g, cVcl.1)
Craik et al., Angew. Chem. Int. Ed., 2010, 49, 6545-48; Fut. Med. Chem., 2012, 4, 1243-55.

120 times more potent than gabapentin in animal models in the treatment of neuropathic
pain.


http://www.molbiolcell.org/content/vol8/issue11/images/large/mk1170465001.jpeg

VENOMS AS SOURCES OF POTENTIAL ANALGESICS
King, Expert Opin. Biol. Ther., 2011, 11, 1469-1484

Pain: Targets - e Na, 1.7, 1.8 and 1.9 voltage-gated sodium ion channel sub-
types found in peripheral nervous system.Na,1 . 7 i s the most 0O
target. 6 other subtypes found in brain, heart, and muscle tissue.

Halford, C&EN, 2014 (Mar. 24), 92 (12), 10-14
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USLPTX. From venom of the Chinese red-headed centipede Scolopendra
subspinipes mutilans: potent, selective blocker of Na, 1.7 channel.
Yang, King et al., Proc. Nat. Acad. Sci., 2013, 110, 17534-17539
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Protoxin-1. From venom of the Peruvian green-velvet tarantula, Thrixopelma
pruriens. Spider-venom peptides are generally potent, but not selective,
sodium channel blockers Klint, King et al., Toxicon, 2012, 60, 4787 491.




TREATMENT OF TYPE 2 DIABETES T NATURAL INSPIRATION
Krentz and Bailey, Oral antidiabetic agents: current role in type 2 diabetes mellitus.
Drugs. 2005;65(3):385-411
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Galega officinalis . Synthesis, 1922

Herbal use to treat polyuria (excessive urination) associated with Type 2 diabetes. Metformin
decreases hyperglycemia primarily by suppressing liver glucose production. Also being
developed for treatment of cancer. Leone et al., Cancer Treat. Res. 2014,159,355-76.

H-His-Gly-Glu—-Gly-Thr-Phe-Thr— Exenatide (Byetta; Bydureon).
Ser—Asp—Leu-Ser-Lys—-Gln-Met—  Synthetic version of exendin-4
Glu—Glu-Glu-Ala-Val-Arg-Leu— from saliva of the Gila Monster,
Phe—Ile—-Glu-Trp—Leu—Lys—Asn— (I-:I(hel_oderma JSlfpe;:\um. 'IXipIitt &

iquette, J. Am Pharm Assoc,
g}q:ﬁgi;:22:;:"_6”_“3_ 2006,46,44-52; Cvet kovi i
2 Plosker, Drugs, 2007,67, 935-54.

Mimics natural incretin hormones that stimulate the release of insulin in response to a
meal. FDA approved use in 2005 but is investigating possible increased risk of pancreatitis
and pre-cancerous cellular changes/pancreatic duct metaplasia
http://www.fda.gov/drugs/drugsafety/ucm343187.htm



http://www.fda.gov/drugs/drugsafety/ucm343187.htm

THE MICROBIAL WORLD OF BACTERIA AND

FUNGI
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SOURCE OF CHEMICAL DIVERSITY

Alexander Fleming i
serendipitous discovery

of penicillin in 1928 WONDER DRUGS

[

7. Cordyccps militaris

Jianzhe, Ying. et al.. Jcons of Medicinal Fungi from China, 1987:16

Lentinus edodes (Berk.) Sing.

Jianzhe, Ying, et al.. Icons of Medicinal Fungi from China, 1987: frontispiece



MICROBIAL -DERIVED DRUGS

Demain and Sanchez, Microbial drug discovery:
80 years of progress.

J. Antibiot (Tokyo), 2009, 62(1):5-16.

Singh and Barrett, Empirical antibacterial drug
Arnold Demain discovery--foundation in natural products.
Biochem. Pharmacol., 2006, 71,1006-15

A Penicillins (Penicillium spp); cephalosporins(Cephalosporiumacremoniumn;
glycopeptides tetracyclines polyketides(Streptomyces spp.

Almmunosuppressive agentsCyclosporin, rapamycins (Streptomyces spp.
ACholesterotowering agents:Mevastatin, lovastatin, etc. Penicillium spp)

AAnticancer drugs: Anthracyclines (e.g., doxorubicin),bleomycins
mitomycins, staurosporins(Streptomyces spp.epothilones(Myxobacterig



Demain, Antibiotics: natural products essential to human health. Med.
Res. Rev. 2009, 29(6), 821-42.
Newman & Cragg, Natural Products of Therapeutic Importance. In
Comprehensive Natural Products Il Chemistry and Biology; Mander & Lui, Eds.;
Elsevier: Oxford, 2010; volume 2, pp.623i1 650.

Penicillins (Penicillium spp.).
Kardos and Demain, Penicillin: the medicine with the greatest impact on
therapeutic outcomes. Appl. Microbiol. Biotechnol., 2011, Nov;92(4), 677-87
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Structure 1945 o ) _ o _ _
y\oH 6-Aminopenicillanic acid. Basis for

synthesis of multiple penicillin analogs
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o the basis for the synthesis of many /e
y\OH carbapenems which have been a o
o) last resort in the treatment of many O%OH
Thienamycin drug resistant bacterial infections.

S. Cattleya 1976 Carbapenems



Cephalosporins (Cephalosporium acremonium)

Long and Williams, Cephalosporins currently in early clinical trials for the
treatment of bacterial infections. Expert Opin. Investig. Drugs. 2014, 23
Posted online on June 23, 2014. (doi:10.1517/13543784.2014.930127)
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Cephalosporin C 7-Aminocephalosporanic acid
Reported 1948
Structure 1961

Estimated that well over 20,000 penicillin and cephalosporin-based
molecules have been produced by semi- and total syntheses based
on 6-aminopenicillanic acid and 7-amino-cephalosporanic acid.



Glycopeptides and Polyketides
Kahne et al., Glycopeptide and lipoglycopeptide antibiotics. Chem Rev.,
2005,105(2), 425-48; Katz L, Ashley GW. Translation and protein synthesis:
macrolides. Chem Rev., gSOS, 105(2), 499-528
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Semi-synthetic derivatives: Oritavancin,
Telavancin/FDA approved 2009, Dalbavancin/
approved by FDA May 23, 2014, both for treat-
ment of skin infections

Erythromycin (Streptomyces erythreus)
1952

Semi-synthetic derivatives:

Telithromycin (Ketek). FDA approved

2004; safety warnings 2007

Cethromycin (Restanza)

EDP-420.



Tetracyclines

Pet kovil et a Btreptontyees enosus,she oXytetracycline producer.
Microbiol. Mol. Biol. Rev. 2006 Sep;70(3):704-28;.

R, o oH%0 o

Tetracycline (Streptomyces viridifaciens) (R,= R,= OH; R;= H) 1955
Aureomycin (S. aureofaciens) (R,= Cl; R,= R;= H) 1945

Oxycycline (S. rimosus) (R;= R,= R;= OH) 1950

Doxycycline (semisynthetic) (R,= OH; R,= H; R; = OH) 1962

Tigecycline (Tygacil)

FDA approved 2005. Active against drug resistant Staphylococcus
and Enterococcus spp. and Streptococcus pneumoniae.
Wenzel et al., Nat. Rev. Drug Discov. 2005, 4, 809-10.



Antifungal Antibiotics
Roemer et al., Confronting the challenges of natural product-based
antifungal discovery. Chem. Biol. 2011 18 :148-64

Amphotericin 1955 OO .
Cereghetti and Carreira Review U
Synthesis, 2006, 6, 914- 42 HO" ; OH

NH,

Echinocandin class. Active against infections
caused by Aspergillus and Candida species
refractory to amphotericin.

FDA approved 2001

Letscher-Bru et al., J. Antimicrob. Chemother.,
2003,51,513-21.




A Bacterial Battle. Bacteria are Outsmarting Us!
Jarvis, C&EN, 2014 (June 16), 92(24), 9-14

Antibiotic Resistance Factors

| nacti vation of antibiotics by enzjyactamsi
by -ldztamase)

Efflux mechanisms by which antibiotics are transported out of cells by pumps
(e.g., tetracyclines subject to tet M efflux pumps)

Target mutation to decrease binding efficiency of antibiotics (e.g., modification
of D-Ala-D-Ala to D-Ala-D-Lac making vancomycin less effective)
Overproduction of target (e.g., DHFR)

Bypass of the metabolic pathway to remove the essentiality of the target (e.g.,
peptide deformylase in Streptococcus pneumonia)

Decreased uptake of antibiotics (e.g., Pseudomonas aeruginosa loss of its D2
porin)

o  PoTo T o T»

Antibiotic Resistance: Walsh & Wright, Eds., Chem. Rev., 2005, 105,(2), 391-774

16 papers covering Aminoglycosides, Antifolates, Anitumor antibiotics, Glycopeptides and
Lipoglycopeptides, b-Lactams, Lantibiotics, Macrolides and polyketides, Streptogramins
and Oxazolidinones, Quinolones and pyridones, Rifamycins, Thiopeptides.

Davies and Davies, Origins and evolution of antibiotic resistance. Microbiol Mol Biol Rev.
2010 Sep;74(3):417-33.



CHOLESTEROL LOWERING DRUGS

The Birth of the Statins i A Valuable Gift from Nature

Lasker-Debakey Clin. Med. Research Award: Endo, Nat. Med., 2008, 14, 1050-1052;
Steinberg, J. Lipid Res., 2006, 47, 1339-1351
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Compactin: R; =R, =H; from Penicillium centrinum, O HN
Endo et al., J. Antlblot 1976, 29, 1346-1348
Lovastatin: R, = H, R, = CHj; from Aspergillus terreus, FDA approval Atorvastatin \©
1987; Alberts et aI Proc. Natl. Acad. Sci., 1980, 77, 3957-3961 (Lipitor)
Simvastatin: R; = R, = CH;. FDA approval 1991

FDA approval 1996
Pravastatin: R, = H R2 OH; FDA approval ; FDA approval 1991 PP



