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Roses, A. D. (2008). Pharmacogenetics in drug discovery and development: a translational

perspective. Nature Reviews Drug Discovery, 7(10), 807-817. doi:10.1038/nrd2593
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Figure 1. All new chemical entities, 01/1981—06/2006, by source (N = 1184).

v
S*/NM &% 8
10% - 14%

S/NM
10%

ND
23%

S
30%

“B” Biological; usually a large ( > 45 residues) peptide or protein either isolated from an
organism/cell line or produced by biotechnological means in a surrogate host.

“N” Natural product.

“ND” Derived from a natural product and is usually a semisyn-thetic modification.

“S” Totally synthetic drug, often found by random screening/maodification of an existing
agent.

“S*” Made by total synthesis, but the pharmacophore is/was from a natural product.
“V” Vaccine.

Subcategory. “NM” Natural product mimic

Zlgl/vlrgz;n D.J. and G. M. Cragg (2007). "Natural products as sources of new drugs over theo&?ltg%? g%?/rso IJ N?t Prodezgs\?g (:j



Scheme 1. Drugs approved during 2005-2010.

Mishra, B. B. and V. K. Tiwari (2011). "Natural products: an evolving role in future drug discovery." Eur J Med Chem 46(10):
4769-4807. Copyright © by Folix. All rights reserved




Table 1

NP-derived drugs launched since 2005; lead compounds, classification and therapeutic area [17—117].

Year Generic name (trade name) Lead compound Classification Disease area
2005 Dronabinol 1/Cannabidol 2 (Sativex®) Dronabinol 1/cannabidol 2 NPs Pain

2005 Fumagillin 3 (Flisint®) Fumagillin 3 NPs Antiparasitic
2005 Doripenem 4 (Finibax®/Doribax™) Thienamycin 5 NP-derived Antibacterial
2005 Tigecycline 6 (Tygacil®) Tetracycline 7 Semi-synthetic NP Antibacterial
2005 Ziconotide 8 (Prialt®) Ziconotide 8 NP Pain

2005 Zotarolimus 9 (Endeavor™ stent) Sirolimus 10 Semi-synthetic NP Cardiovascular surgery
2006 Anidulafungin 11 (Eraxis™/Ecalta™) Echinocandin B 12 Semi-synthetic NP Antifungal
2006 Exenatide 13 (Byetta®) Exenatide-4 13 NP Diabetes
2007 Lisdexamfetamine 14 (Vyvanse™) Amphetamine 15 NP-derived ADHD

2007 Retapamulin 16 (Altabax™/Altargo™) Pleuromutilin 17 Semi-synthetic NP Antibacterial
2007 Temsirolimus 18 (Torisel™) Sirolimus 10 Semi-synthetic NP Oncology
2007 Trabectedin 19 (Yondelis™) Trabectedin 19 NP Oncology
2007 Ixabepilone 20 (Ixempra™) Epothilone B 21 Semi-synthetic NP Oncology
2008 Methylnaltrexone 22 (Relistor™) Naltrexone 23 Semi-synthetic NP Pain

2009 Everolimus 24 (Afinitor®) Sirolimus 10 Semi-synthetic NP Oncology
2009 Telavancin 25 (Vibativ™) Vancomycin 26 Semi-synthetic NP Antibacterial
2009 Romidepsin 27 (Istodax®) Romidepsin 27 NP Oncology
2009 Capsaicin 28 (Qutenza®™) Capsaicin 28 NP Pain

2010 Monobactam aztreonam 29 (Cayston™) Aztreonam 29 Semi-synthetic NP Antibacterial

Mishra, B. B. and V. K. Tiwari (2011). "Natural products: an evolving role in future drug discovery." Eur J Med Chem 46(10):
Copyright © by Folix. All rights reserved

4769-4807.
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A systemic traditional Chinese medicine (TCM) quality research
approach: from comprehensive research to simplified standard

TCM Quality Control Standa@
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Bioresponse
Fingerprint

Comprehensive Research
Guo, D.-a., W.-Y. Wu, M. Ye, X. Liu and G. A. Cordell (2015). "A holistic approach to the quality control of traditional Chinese
medicines." Science 347(6219): S29-S31. Copyright © by Folix. All rights reserved




Holistic quality control model for traditional Chinese
medicines. TLC, thin layer chromatography; LC-MS n, liquid
Chromatography/multiple-stage mass spectrometry.
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medicines." Science 347(6219): S29-S31. Copyright © by Folix. All rights reserved
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FIGURE 1

Natural product new molecular entity (NME) derivatives. (a) The average
number of FDA-approved NMEs is shown on an annual basis. Note these
numbers solely represent approvals and do not address drugs subsequently
withdrawn. (b) The fraction of annually approved NMEs is separated into
non-mammialian natural products (NMNPs) and biochemical natural products
(BCNPs), as well as their semisynthetic or synthetic derivatives.
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FIGURE 2

Microbial enrichment of natural product new molecular entities (NMEs). (a)

The cumulative percentage of FDA-approved natural product NMEs,

separated by environmental source. (b) The fraction of annually approved

NMEs is separated by environmental sources, over time. ved

~

Patridge, E., P. Gareiss, M. S. Kinch and D. Hoyer (2016). "An analysis of FDA-approved drugs: natural products and their
derivatives." Drug Discov Today 21(2): 204-207.
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Primary classes of natural product NMEs
(accounting for 86% of NP-derived NMEs)
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Drug Discovery Today
FIGURE 3

Therapeutic classes rich in natural product new molecular entities (NMEs). (a) The cumulative percentage of FDA-approved natural product antibacterials,
separated by environmental source. (b) Nine leading functional areas for natural products (accounting for 86% of all natural product derivatives). The asterisk (¥)
indicates the founding natural products which are not FDA approved. The dagger (1) indicates classes involving G-protein-coupled receptors (GPCRs). (c) Ten class |ts reserved

singletons for FDA-approved natural product NMEs.

Patridge, E., P. Gareiss, M. S. Kinch and D. Hoyer (2016). "An analysis of FDA-approved drugs: natural products and their

derivatives." Drug Discov Today 21(2): 204-207.




Qinghaosu (Artemisinin # % #)

Hien and White, Lancet 1993:341:603-608.

White NJ.: Qinghaosu (Artemisinin) The price of
success. Science 2008;320:330-4

First extracted from the leaves of Artermesia annua in
China in 1971.

The endoperoxide bridge essential for antimalarial
activity.
Concentrated in parasitized erythrocytes,

Over 1 million patients treated with ginghaosu, meta-
analysis indicated superiority in fever and parasite
clearance time over conventional drugs.

Copyright © by Folix. All rights reserved 15
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Al AAAS | Asian governments hope that high-volume screening and rigorous clinical trials will unlock the secrets of ancient
herbal remedies—and that the results will pass muster with Western scientists

The New Face of Traditional
Chinese Medicine

Copyright © by Folix. All rights reserved 16
Normile, D. (2003). "Asian medicine. The new face of traditional Chinese medicine." Science 299(5604): 188-190.



Hours of development

Qinghaosu (Artemisinin): The Price of Success
! .
12 24

ghao
| l‘AAAs| Science 320, 330 (2008);
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-
]
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N. J. White
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¢ | I5 0
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~10um - Artemisinin
« Quinine »

Fig. 1. The intraerythrocytic life cycle of P. falciparum. Parasitized red cells circulate for the first third of
the 48-hour cycle and then sequester in capillaries and venules. Artemisinins inhibit development of a
broader age range of the parasites than do quinine and other antimalarial drugs. The effect on the young
rings prevents their development to the more pathological mature parasites that sequester.

White, N. J. (2008). "Qinghaosu (artemisinifi)’ thE&'Brice of alictedd™ Sdiaiibd 320(5874): 330-334. L



Qinghaosu (Artemisinin): The Price of Success
N. J. White

AVAAAS | Science 320, 330 (2008);

1.R:=0
2. R: pO-CH,

3.R: pO-CH,

4. R: aCO(CH,),COO

0-0
5 CONHCH,C(CH,),NH,

Fig. 3. Chemical structures. (Top) Artemisinin and its deriv-
atives. 1, artemisinin; 2, artemether; 3, artemotil (arteether); 4,

artesunate. (Bottom) The synthetic trioxolane 0OZ 277 (51).

1.00+
E
= 0.951
e 0.0
= Artesunate
=
% 0.85+
[

0.80+ Quinine

0 10 20 30
Days after entry to study

Fig. 6. Treatment with intravenous artesunate was associated with ;
35% reduction in mortality from severe malaria compared witl
intravenous quinine in a randomized trial of 1461 adults and chil
dren in Southeast Asia (36). The vertical axis shows the proportion o
patients surviving.

White, N. J. (2008). "Qinghaosu (artemisinifi)’ thE&'Brice of alictedd™ Sdiaiibd 320(5874): 330-334. 18




Figure 3 Artemisinin. (a) Molecular structure of artemisinin. (b) A three-dimensional model of
artemisinin. Carbon atoms are represented by black balls, hydrogen atoms are blue and oxygen atoms
jare red. The Chinese characters underneath the model read Qinghaosu.

Figure 2 Artemisia annua L. (a) A hand-colored
drawing of ginghao in Bu Yi Lei Gong Pao Zhi
Bian Lan (Ming Dynasty, 1591 CE). (b) Artemisia
annua L. in the field.

Tu, Y. (2011) The discovery of artemisinin (ginghaosu) and gifts from
Chinese medicine, Naturefriédicine 17,1217-1220.



The discovery of artemisinin (qinghaosu) (4sker~DEBAKEY CLINICAL MEDICAL

and gifts from Chinese medicine

Youyou Tu

Joseph Goldstein has written in this journal
that creation (through invention) and rev-
elation (through discovery) are two different
routes to advancement in the biomedical sci-
ences!. In my work as a phytochemist, par-
ticularly during the period from the late 1960s
to the 1980s, I have been fortunate enough to
travel both routes.

I graduated from the Beijing Medical
University School of Pharmacy in 1955.
Since then, I have been involved in research
on Chinese herbal medicine in the China
Academy of Chinese Medical Sciences (pre-
viously known as the Academy of Traditional
Chinese Medicine). From 1959 to 1962, I was
released from work to participate in a training
course in Chinese medicine that was especially
designed for professionals with backgrounds
in Western medicine. The 2.5-year train-
ing guided me to the wonderful treasure to
be found in Chinese medicine and toward
understanding the beauty in the philosophi-
cal thinking that underlies a holistic view of
human beings and the universe.
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Figure 1 A Handbook of Prescriptions for Emergencies by Ge Hong (284-346 CE). (a) Ming dynasty
version (1574 CE) of the handbook. (b) “A handful of ginghao immersed with 2 liters of water, wring
out the juice and drink it all” is printed in the fifth line from the right. (From volume 3.)

Figure 3 (a) Molecular
structure of artemisinin.
(b) A three-dimensional
model of artemisinin.
Carbon atoms are
represented by black
balls, hydrogen atoms
are blue and oxygen
atoms are red. The
Chinese characters

Ight © buhRdernédthths modeled

-

read Qinghaosu.

RESEARCH AWARD

s
Bars,

Figure 2 (a) A hand-colored drawing of
ginghao in Bu Yi Lei Gong Pao Zhi Bian Lan
(Ming Dynasty, 1591 CE). (b) Artemisia annua
L. in the field.
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The Nobel Prize in Physiology or
Medicine 2015

© Nobel Media AB. Photo: A. Mahmoud © Nobel Media AB. Photo: A. Mahmoud © Nobel Media AB. Photo: A. Mahmoud
William C. Campbell Satoshi Omura Youyou Tu
Prize share: 1/4 Prize share: 1/4 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2015 was
divided, one half jointly to William C. Campbell and
Satoshi Omura "for their discoveries concerning a
novel therapy against infections caused by roundworm
parasites” and the other half to Youyou Tu "for her

discoveries concerning a novel therapy against
Malaria." Copyright © by Folix. All rights reserved
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TABLE 1. Number of botanical pre-INDs and INDs submitted to CDER (2004-2013).

Submissions 2004 2005 2006 2007 2008 2009 Total
Pre-IND 12 6 11 7 14 10 91

IND 21 38 22 39 ar 27 318
Pre-IND and IND 33 44 33 46 41 37 409

Copyright © by Folix. All rights reserved
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New therapies from old medicines

Shaw T Chen, Jinhui Dou, Robert Temple, Rajiv Agarwal, Kuei-Meng Wu & Susan Walker

=
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Green tea leaves are the source for sinecatechins, the active ingredients of Veregen—the first botanical
product to be approved as a prescription drug by the FDA.

Chen, S. T, J. Dou, R. Temple, R. Agarwal, K. M WandsSy Walker (2008)cNew therapies from old medicines.” Nat o
Biotechnol 26(10): 1077-1083.



Table 1 Primary endpoint efficacy results of intent-to-treat trial

Study CT 1017 Study CT 1018
10% Veregen 15% Veregen 10% Veregen 15% Veregen
Placebo ointment ointment Placebo ointment ointment
n 103 199 201 104 202 196
Success (%) 38 (36.0) 99 (49.7) 102 (50.7) 35U383:7) 111 (55.0) 111 (56.6)
Fail (%) 65 (63.1) 100 (50.3) 99 (49.3) 69 (66.3) 91 (45.0) 85 (43.3)
Pvalue — 0.0384 0.0284 — <0.001 <0.001

Data were analyzed by Fisher's exact test. Source: US Food and Drug Administration

Chen, S. T, J. Dou, R. Temple, R. Agarwal, K. M MwandsSy Walker (2008) .cNew therapies from old medicines.” Nat = o5
Biotechnol 26(10): 1077-1083.
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Introduction Salix Pharmaceuticals, Inc.
- Brand name: Fulyzaq R
- Generic name: Crofelemer OH R=H, OH

- Pharmacological class:
Antidiarrheal

- Formulation: Enteric-coated
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- Strengths: 125mg p——— N
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Science

IV E Y From: Lam W et al. Sci. Transl. Med. 2010;2:45ra59
Medicine The Four-Herb Chinese Medicine PHY 906 Reduces
MYAAAS | Chemotherapy-Induced Gastrointestinal Toxicity

PHY906(=%%), a four-herb Chinese medicine formula first described 1800
years ago, decreases gastrointestinal toxicity induced by the chemotherapeutic
drug CPT-11 (irinotecan), as shown in a phase I/Il clinical study. Similarly, in a
murine colon 38 allograft model, PHY906 increased the antitumor activity of CPT-
11 while decreasing animal weight loss caused by CPT-11. Here, we have further
examined the effect of PHY906 on the intestinal toxicity caused by CPT-11 in mice.
PHY906 did not protect against the initial DNA damage and apoptosis triggered
by CPT-11 in the intestine, but by 4 days after CPT-11 treatment, PHY906 had
restored the intestinal epithelium by promoting the regeneration of intestinal
progenitor or stem cells and several Wnt signaling components. PHY906 also
potentiated Wnt3a activity in human embryonic Kidney-293 cells. Furthermore,
PHY906 exhibited anti-inflammatory effects in mice by decreasing the infiltration
of neutrophils or macrophages, tumor necrosis factor—a expression in the intestine,
and proinflammatory cytokine concentrations in plasma. Chemical constituents of
PHY906 potently inhibited nuclear factor kB, cyclooxygenase-2, and inducible
nitric oxide synthase. Our results show that the herbal medicine PHY906 can
counteract the toxicity of CPT-dl:wia severalimechanisms that act simultaneously.
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Developing Phytocompounds from Medicinal Plants

as Immunomodulators
CHIH-CHUN WEN,” HUI-MING CHEN"" AND NING-SUN YANG "'

Folk medicine Comparative plant Human/Animal Bioactive
4 metabolomics metabolomics | =9  metabolites

t

Bioactive

Empirical medicine
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of plant materials:
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microscopic and

molecular

Biochemical assay
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Fig. 1. Schematic representation of technological systems for drug discovery from
phytocompounds of medicinal herbs as immunomodulatory agents using various
experimental approaches.

Wen, C.-C., H.-M. Chen and N.-S. Yang (2012).ddgyelaping \Phytocompaunds trom Medicinal Plants as Immunomodulators.
Advances in Botanical Research, Elsevier. 62: 197-272.
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Steps in coronavirus replication that are potential targets
for antiviral drugs and vaccines.
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Specific Plant Terpenoids and Lignoids Possess Potent Antiviral Activities against Severe Acute
Respiratory Syndrome Coronavirus

Chih-Chun Wen,"+* Yueh-Hsiung Kuo,** Jia-Tsrong Jan,Y"* Po-Huang Liang,“ Sheng-Yang Wang,' Hong-Gi Liu,®
Ching-Kuo Lee,® Shang-Tzen Chang,* Chih-Jung Kuo,“ Shoei-Sheng Lee,” Chia-Chung Hou," Pei-Wen Hsiao,’
Shih-Chang Chien,” Lie-Fen Shyur,*" and Ning-Sun Yang*:’

Vero EG6 cells

No SARS-CoV With SARS-CoV infection

(negative control) (positive control)

Vero E6 cells + SARS-CoV (100 TCID5y/well) + test Compounds

+++

+

TH protective Bifect of #4t Eotrigblinds %



A Terpenoids
OH

Replication

Table 2. Inhibition of Vero E6 Cell Proliferation and SARS-CoV

- compound CCso(uM)? ECso (uM)? selective index®
1 2R=H R=H 5 6 ‘ A .
3Ri=H R,=OH Diterpenoids (Abietane-type)
4R,= OH R,= OCH, 1 0.4 1.39 58.0
2 305.1 4.00 76.3
3 N.T.¢ N.T.¢ N.C.*
-4 78.5 =10 <19
5 =750 1.47 =510
6 127 1.15 111
7 89.7 5.55 16.2
8 303.3 1.57 193
Diterpenoids (Labdane-type)
=750 4.71 >159
10 674 7.5 89.8
Sesquiterpenoids
11 >750 >10 N.C.e
12 76.8 4.44 17.3
Triterpenoids (Lupane-type)
13 150 =10 <15
14 112 0.63 180
15 =750 =10 N.C.c
16 =750 1.13 =667
17 N.T.4 N.T.¢ N.C.
18 88.9 6.50 13.7
19 68.3 3.80 18.0
curcumin, 20 >250 >10 N.C.c
15 16 17 10 R~ PICEETA niclosamide, 21 22.1 <0.1 >221
C Miscell B//f Zg’ valinomycin, 22 67.5 1.63 41.4
ISscellaneous
w‘& - o
Hsco OCHz O Hwi:
. OH T
OH Copyrlght © WII rights reserved 39



Table 3. Kinetic Properties of Specific Compounds That Inhibit the
Enzymatic Activity of SARS-CoV 3CL Protease

compound ICso (uM) K@
betulinic acid (13) 10 82407
betulonic acid (14) =100 N.T.?
hinokinin (15) =100 N.T.2
savinin (16) 25 9.1+£24
curcumin (20) 40 N.T.?
niclosamide (21) 40 N.T.2

@ K; value was measured using two fixed compound concentrations and
varying substrate concentrations containing 50 nM SARS-CoV protease.

PN.T.: not tested.

o

Copyright © by Folix. All rights reserved
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Traditional Chinese medicine herbal extracts of °
Cibotium barometz, Gentiana scabra, Dioscorea
batatas, Cassia tora, and 1axillus chinensis inhibit
SARS-CoV replication

Chih-Chun Wen"*$, Lie-Fen Shyur™*, Jia-Tsrong Jan>*, Po-Huang Liang’, Chih-Jung Kuo®”,
Palanisamy Arulselvan®, Jin-Bin Wu', Sheng-Chu Kuo"", Ning-Sun Yang™’

Table 2. Effect of test extracts on Vero E6 cell proliferation and
SARS-CoV replication

Sample  CC50 (ug/ml)® ECS50 (ng/ml)°  Selective Index®

CBE >500 8.42 >59.4
Table 1. Effect of Traditional Chinese Medicine extracts on e - i o
cytopathogenic effect (CPE) of SARS-CoV on Vero E6 cells i : ’
Extract Concentration (pg/ml) GSH >500 8.70 >57.5
e ol 00 180 3. 28 B DM >500 8.06 >62.0
Rhizoma Cibotii ( #1 % gbu ji) CBE +++ ++ + + — CTH >3500 8.43 >39.3
Rhizoma Cibotii ( # % géu ji) CBM +++ + B o TCH >500 539 >928
Gentianae Radix ( #£ 42 long dan) GSH +++ ++ + +  — VAL * 75.01 1.81 414
Dioscoreae Rhizoma ( s % shanyao) DBM +++ ++ + + — ®Determined as the cytotoxic concentration of test extracts that
Cassiae Semen ( 3£ 8 -F jué ming zi) CTH ++ ++ + + —  reduced cell viability to 50% of the control (1.e., cells with a treated
Lo (RS Saplidae) TEH +F 9 4 — equal volume of vehicle control). Each value was calculated with
- data obtained from triplicate samples.
Valinomycin VAL NT NT NT ++ — ®Determined as the effective concentration at which inhibition of

*N.T.. not tested

viral replication was reduced to 50% of the untreated (control) cell
cultures. Each value was calculated with data obtained from triplicate
samples.

¢ Selective index was taken to be the ratio of CCs, to ECs, (CCSJECSO)

Copyright © by E%%Augi%ﬁgﬁmrved

* VAL., valinomycin
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Middle East respiratory syndrome coronavirus (MERS-CoV)

5umma|y of Current Situation,
Literature Update and Risk
Assessment
July 2015 -- This publication brings
together all of the latest information
on the current MERS-CoV outbreak
and reports on WHO's support to
countries to help contain the virus.
The summary gives guidance and
recommendations for WHO best
practices for infection, prevention, and
control that is specific to the current
360/ outbreak. The maps and graphs
0 highlight cases by country, an
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affected, and a global map that shows g
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Integrative Approach to Analyze Biodiversit
and Anti-Inflammatory Bioactivity of
Wedelia Medicinal Plants

Wen-Ching Lin'?*, Chih-Chun Wen'*, Yung-Hsiang Chen', Pei-Wen Hsiao', Jiunn-
Wang Liao®, Ching-l Peng**, Ning-Sun Yang'**

ARG E
'.'* 052206500

Table 2. Wedelia species in Taiwan.

Species Acronym Additional Varieties Acronym
Wedelia chinensis wC

Wedelia trilobata wWT

Wedelia biflora wB Wedelia biflora var. ryukyuensis WBR
Wedelia prostrate WP Wedelia prostrata var. robusta WPR

Lin, W. C., C. C. Wen, Y. H. Chen, P. W. Hsiao, J. W, Liae, €.J, Peng and N Se¥ang{(2015). "Integrative approach to analyze
biodiversity and anti-inflammatory bioactivity of Wedelia medicinal plants.” PLoS One 10(6): e0129067.
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Fig 2. Transverse sections of stems and leaves of Wedelia species. A, Tissue sections of stems: 1.
- Epidermis; 2. Cortex; 3. Phloem; 4. Xylem; 5. Pith; 6. Resin duct; 7. Pro-resin duct; and 8. Secretory cells. B &
C, Tissue sections of leaves: 1. Upper epidermis; 2. Palisade tissue; 3. Lower epidermis; 4, Spongy tissue; 5.
Bundle sheath; 6. Xylem; 7. Phloem; 8. Stoma; 9. Trichome; 10. Resin duct.

Lin, W. C., C. C. Wen, Y. H. Chen, P. W. Hsiao, J..W; Liag; €.4, Peng and;NesSe¥ang(2015). “Integrative approach to analyze
biodiversity and anti-inflammatory bioactivity of Wedelia medicinal plants.” PLoS One 10(6): e0129067.

Fig 1. Macroscopic characteristics of Wedelia species. A, habitat; B, flower structures: (a) flowers, (b) ray fi




Table 4. Nucleotide sequence length of ITS1, 5.8S rRNA and ITS2 genomic DNA fragments of four species and two additional varieties of Wedelia.

Species ITS regions (bp) Accession number
ITS1 5.8S ITS2 Total NCBI database

W. chinensis 254 164 228 646 AY947415%'

W. tnlobata 256 162 218 636 AY303442*°

W. bifiora 253 163 225 641 JF934953

W. prostrata 253 167 217 637 AY947412%'

W. biffora var. ryukyuensis 253 163 225 641 JF430396

Wedelia prostrata var. robusta 253 167 218 638 JF430395

*'! The sequences AY947415 and AY947412 were submitted to GenBank by Yuan, C.I., Hsieh, Y.C. and Chiang, M.Y.
*2 The sequence AY303442 was submitted to GenBank by Dias de Moraes, M., Panero, J.L. and Semir, J.

Copyright © by Folix. All rights reserved 45
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Fig 3. Multiple alignment of the ITS regions of Wedelia species in Taiwan. A, ITS1 and ITS2 genes are
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Fig 6. Effect of different extracts of Wedelia species in mice with DSS-induced acute colitis. Mice were
simultaneously administered orally with vehicle (sterilized water), Sul: sulfasalazine (positive control, 50 mg/
kg) or different extracts of Wedelia species (50 mg/kg), respectively. A, Percentage of murine body weight. B,
Disease activity index. C, lel wm«l . E, Hi t of mice with DSS-induced
acute colitis. Data memmgﬁ n= %)WSM *P<0.05 **P<0.01,

***p < 0,001, significant difference compared with the DSS group.
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The Future of Medicine

n my 55 years as a physician. I've seen my share of what modern medicine can do. Dur-

ing the 40 years when I was a pediatric surgeon. I saw 95%% mortality rates for congenital

defects transformed into 95%% survival rates because of what surgery can accomplish. As

U.S. Surgeon General. | saw effective prevention and treatment techniques beat back the

mortality from tobacco use and AIDS. And now. as an 85-year-old. my life has been

prolonged and kept active by wonder drugs unknown to my parents. So it’s been some-
what surprising in this era of triumph for modern medicine to see the rapid growth of alterna-
tive/complementary medicine. which 1s used by as many as one in three Americans. Although
most of those still refrain from informing their regular physicians about that use, there is a
growing tendency among physicians to acknowledge and even embrace certain forms of alter-
native/complementary medicine.

Changes in the use of the terms “alternative™ and ““‘complementary™ suggest the shape of this
shift. At first, it was called simply “alternative medicine.” reflecting a dissatisfaction with regular
medicine as well as a cultural rebellion against the biomedical community. In more recent years,
several studies indicate that there has been a shift from “alternative™ therapies to “complementary™
therapies, adopted not in opposition to regular medicine but in alliance with it. And increasingly
those who use one of the many forms of complementary medicine are not treat-
ing a specific medical problem. Rather. they are practicing prevention in ways

B

they find more congruent with their philosophical values or lifestyle. The natural
Now 1 think we may be secing another refinement, one that is taking us

from “complementary™ to ““safe and effective.”” For some people. the appeal Pl'Od ucts industry

of alternative medicine lies in its alternative stance. and as some of these .

therapies enter the mainstream. some of these individuals may seek other al- should work with

ternative practices. But more and more Americans are demanding greater cer- -

tainty from alternative or complementary products as an increasing number medical research

of press reports document health problems resulting from certain natural
products and complementary practices. Thus, the baby-boom health con-
sciousness that led to the resurgence of alternative/complementary medicine
now turns toward solutions that rest more heavily on science. We went
through a somewhat similar passage a century ago, when dissatisfaction with regular medicine
and a growing consumer market in health products led to the widespread use of a variety of nos-
trums and patent medicines: some no doubt helpful. some merely enjoyable. and some downright
dangerous. At that time., journalists and the public pressed for scientific research to support
proper branding and safety. culminating in the Pure Food and Drug Act of 1906. Much later. evi-
dence of effectiveness was added to the list. Some among the sellers and buyers of health prod-
ucts objected at first to the intrusion of research-based evaluation into the health market., but
soon both came to profit from increased consumer confidence in those health products.

For too long. the natural health products industry has kept its distance from medical research
and from clinical medical practice. focusing instead on the short-term marketing advantages de-
rived from keeping herbal and nutritional remedies exempt from any Food and Drug Administra-
tion (FDA) review of efficacy. A wiser approach would be for the natural products industry to < : ;
work with medical resecarch, including the FDA. so that consumers and medical practitioners HERBAI-

could be warned about potential harm and assured that the claimed health benefits were really MEDIG'NE

and the FDA.

there. Although the growth in the use of alternative/complementary medicine is likely to contin-
ue. recent surveys and market data confirm a growing American concern about safety. In this
new climate of national wariness and concern for personal safety, those interested in selling and
buying natural products associated with complementary medicine will be better off in the long
run if reliable research is able to certify their safety and efficacy. As America’s baby boomers be-
come senior citizens. the health care system needs the relief provided by effective prevention of
disease and disability. There is a potential role for some complementary therapies and natural
health products in preparing us to meet the challenges of the 21st century. But it can only be
played if that industry and its proponents are prepared to meet real scientific and regulatory tests
of safety and effectiveness.

C. Everett Koop is the Elizabeth DeCamp Mcinerny meessopmjgl];r@ BX;Em%tAqu@bIS JQS%IBE/V ety

Surgeon General of the United States. *"®"SCIENCE Vol 295 Jan. 11492002

It's great business, but is
it good for what ails us?




12008 Nature Publishing Group http://www.nature.com/naturebiotechnology

COMMENTARY

New therapies from old medicines

Shaw T Chen, Jinhui Dou, Robert Temple, Rajiv Agarwal, Kuei-Meng Wu & Susan Walker

Although new botanical drugs pose many challenges for both industry and the FDA, approval of the first botanical
prescription drug shows they can be successfully met.

On October 31, 2006, the US Food and
Drug Administration (FDA) approved
the new drug application (NDA) for mar-
keting of Veregen (sinecatechins), a topical
treatment for perianal and genital condyloma.
Unlike most small-molecule drugs that com-
prise a single chemical compound, Veregen, an
extract of green tea leaves, contains a mixture
of known and possibly active compounds. It
is the first new botanical prescription drug
approved since the publication of the FDA's
industry guidelines for botanical drug prod-
ucts' in June 2004. The approval shows that
new therapies from natural complex mixtures
can be developed to meet current FDA stan-
dards of quality control and clinical testing.
In recent years, interest in further develop-
ment of herbal or botanical drug products

Spice Healer

By Gary Stix

earching for new drugs by milling through ancient folk  TURMERIC

S pharmacopoeia or by just picking a plant while walking in
the woods has a decidedly checkered history. Many well-
established therapeutic compounds originated in trees, shrubs,
mollusks, even dirt. Aspirin came from willow bark, choles-
terol-lowering statins from a mold, and the antimalarial arte-
misinin from a shrub used in traditional Chinese medicine. Yet
after raising $90 million during the 1990s in a much publicized
bid to tap indigenous knowledge for new drug leads, Shaman

Pharmaceuticals had to lower its sights until it was doing &Qp-yrlght © by Folix. AlLrighy

(Curcuma longa)
grows rhizomes,
tuberous under-
ground stems,

from which the spice
of the same name

is produced.

Nat Biotechnol. 2008 Oct; 26(10) :
1077-83
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Dietary plant agents suggested to confer anti-
cancer properties

Artichoke Oleander Tomato Garlic Carrots Tea
(Silymarin) (Oleanderin) (Lycopene) (Diallyl sulfide, ajoene, (B-carotenes) (Catechins)
S-allyl cysteine, allicin)

Red grapes Red chilli Turmeric Cloves Honey-bee propolis Cruciferous
(Resveratrol) (Capsaicin) (Curcumin) (Eugenol & (Caffeic acid, CAPE) vegetables
isoeugenol)

(Sulforaphane)

Aloe
(Ellagic acid) (6-Gingerol) (Ursolic acid) (Anethol) (Genistein) (Emodin)

Pomegranate - Ginger -

Fig. 1 - Dietary agents with anti-cancer properties.

(Aggarwal and Shishodia, 2006)
Copyright © {BHDCH EbAPEARMACOL 71:1397-4121, 2006 k1
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AR ER ALLTum macrostemon Bge.
7 5 :
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13 i ¥ 5 %) Ocimum basilicum 2H
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14 |SERR A Euphoria longan (Lour.) Steudel (synonym) i’i:**i
Nephelium longanum Cambess (synonym)
¥4z Lycium chinense Mill.
15 k
i ¥ 24942 Lycium barbarum . AR
FORR VAR R
16 |&1% #% Prunus mume (Sieb.) Sieb. et Zucc. ®ooag¥m
3
X & (4 # Ziziphus jujuba Mill.
17 4.24) R RBRRT MR - ER- 8 51
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23 |i&F i& Nelumbo nucifera Gaertn. R BT S
” #= 3 Vigna calcaratus Roxb. .

24 |HhE 1_\1 Vigngnangularis Ohwi et Ohashi SUIR A AT

o ¥ e sit ;‘if Coix lacryma-jobi L. var. ma-yuen (Roman. ) S0 A A

fc 4138, Ostrea  gigas Thunb.

Kk B 4L 88 Ostrea talienwhanensis Crosse
26 +

A I 38 Ostrea  rivularis Gould AR

W 8 F s Crassostrea angulata

27

3
-
(4

# it Chrysanthemum morifolium (Ramat. ) Tzvel. $OER 5K fE 5

% it %4 Polvgonatum cyrtonema Hua.
28 | % ¥ Polygonatum sibiricum Delar. ex Redoute YRR Y
K% ¥ Polygonatum kingianum Coll. et Hemsl.

29 |44 M 75 Mentha haplocalyx Briq. R B if s 4i4h ek L35
30 G XL & Gynostemma pentaphy!lum Makino ey
(&R | if pentapiy 2
) # 8 Cassia obtusifolia L.
=l T i8] Cassia tora L. wReF
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4 & Dendrobium nobile Lindl.
#ric o & Dendrobium loddigesii Rolfe.
¥ 3 % &+ Dendrobium chrysanthum Wall.
32 |&Ht 58 5 & Dendrobium fimbriatum Hook. var. oculatum %7 & 3% $t 5k &
Hook.
& & & Dendrobium candidum Wall. ex Lindl
¥ it % & Dendrobium tosaense Makino
33 |ME ¥ Citrus reticulata Blanco At 3% 54§, o R &
34 M Ei M 8.5 Myristica fragrans Houtt. IR AE =
3B |z M 93 Alpinia katsumadai Hayata ;U# LR
M5 & %% Amomum villosum Lour.
45%7 Amomum villosum Lour. var. xanthioides (Wall.
= 5 n
ol ex Bak. ) T. L. Wu et Senjen LR MR
A b8y Amomum longiligulare T. L. Wu
3T |A%iE A% Panax ginseng C. A. Meyer SRR
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Microbiome

Human Gut Microbiome

Q@ What is it?

disease.

@ Modification of the microbiome to

maintain health or treat disease.
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Microbiome
e

Microbiota
@ The microorganisms that live in an

established environment.

Microbiome (microbe+genome )
@ The full complement of microbes, their
genes, and genomes in a particular

environment.
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Microbiome

Y

[ Microbiota > Microbiome \
|

Vil o i AGTCTGTCTAATTCCGT. .

| M AGTCTGTTAGAAGGGTG. .

L R S e R S e SR s AGTGTTGGATCTTCCGT. .

} ............ AGTCTGATAATTTTCGT. .

......................... AGTTCTTCTAATATACG. .
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Comparison between the geography of
obesity and antibiotic use
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Comparison between the geography of
obesity and antibiotic use
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18 week

3 week

Microbiota, Antibiotics, and Obesity

C@%
-%-D

Normal microbiot,

R low-dose penicillin

B M BB BT P
/"’@-‘ 0\ i

m
(J' -] Q”ZR / 9 / \\\“\r
) < 7. |

Altered microbiota

Ve

A % Microbiota transfer to germ-free mice
.

A

)
B

e

M Ictccwnzrl mdmr.rob tag ined / p - T I m
fasle m; an mice receiving orm Im cl;ybno( | ,’ [\ i Q\X Ota ass
Fat mass

\ (- ;
(—\L__J
” ‘-

N Engl J Med 2014,371:2526-2528
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Fecal microbiota transplant

Nature Reviews
Gastroenterology & Hepatology
Vol 9, 88-96 (2012)



GASTROENTEROLOGY

& HEPATOLOGY

Healthy colon
//—a-
Resolution of symptoms
‘Healthy’
microbiota
f . N .
Restoration b Reduced gut microbial

species and diversity

Ingestion

of C. difficile

spores from

the environment
(] Oeo

« C. difficile spores
germinate
= Bloom of C. difficite

Filtration

E o5 ——— o+ microbiota
.i' §?° Administration by: &
= Enema .
Donor = Transcolonic infusiol
fecal = Nasoduodenal or
Fampia nasogastric infusion

///—_Eunenl infection

C.difficile killed but
SpOres can remain

Antibiotics

Pseudomembranous colitis

Dysbiosis of the

d gut microbiota

Development of CDI

= Severe diarrhea, abdominal pain, nausea and fever
u . difficile toxins induce inflammation and cell death
= CDI can cause pseudomembranous colitis
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