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Unique Aspects of Herbal Whole System Research

Suzanna M. Zick, Herbert Schwabl, Andrew Flower, Dip Lac, Bibhas Chakraborty, and Kristine

Hirschkorn

Abstract

Introduction—Whole systems of healthcare offer unique methodological and theoretical

challenges for researchers. Herbalism has its own set of methodological and philosophical research

issues, which are beyond those presented for whole system research, in general.

Methods—An International Society for Complementary Medicine Research (ISCMR) workshop

was presented on, “Challenges in Herbal Whole Systems Research”. Starting from a definition of

herbalism the most important challenges to herbal whole system research (HWSR) were elicited with

inputs from both the workshop presenters and the audience.

Results—Five major challenges unique to herbal whole systems research were identified: (1)

Defining herbalists and herbalism; (2) role of natural products industry in herbal research; (3)

designing placebos and delivering active herbal treatments as are given by herbalists; (4) researching

the herb as a living entity; and (5) designing trials to investigate and develop multi-component herbal

therapies.

Conclusions—To design studies of herbalism requires unique methods and theoretical

frameworks. Solutions to these methodological challenges need to be addressed to conduct research

that examines herbal systems of medicine versus conducting trials on individual herbs given out of

their original therapeutic context.

Keywords

Whole Systems; Herbalism; Research Methodology

INTRODUCTION

Complementary and alternative medicine (CAM) is partially composed of systems of

healthcare such as Traditional Chinese Medicine (TCM) and naturopathy. These systems of

healthcare are made up of complex interventions, e.g. diet, exercise, herbs and supplements.

These whole systems also have their own methods of diagnosis and prognosis as well as disease

classifications and causation that are often distinct from Western Biomedicine. Researching

and even defining alternative whole systems of healthcare has offered numerous

methodological and theoretical challenges. A definition of whole system research has been

proposed by groups of CAM research experts 1 as have various methodological challenges2

that apply to whole systems in general. A few alternative systems of medicine such as

naturopathy3 and acupuncture4 have also been explored for some of their unique
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The Plant

The advantages of plants is that they are naturally dilute and broad spectrum.

The disadvantage of plants is that they are naturally dilute and broad spectrum.

Michael Moore
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Evolution 
Boileau, T. W. M., Liao, Z., Kim, S., Lemeshow, S., Erdman, J. W., Jr., and Clinton, S. K. (2003). Prostate Carcinogenesis in N-methyl-N-nitrosourea (NMU)-Testosterone-Treated 
Rats Fed Tomato Powder, Lycopene, or Energy-Restricted Diets. J Natl Cancer Inst %R 10.1093/jnci/djg081 95, 1578-1586.

 Biochemical systems that appear to have evolved for a simple 
straightforward effect, such as toxins, are in fact quite complex

 Snakes, for example, which are ancient in comparison to most 
animals but are newly arrived by plant standards, have evolved 
venoms that are strikingly complex 

Evolution
Firn, R. D., and Jones, C. G. (2003). Natural products--a simple model to explain chemical diversity. Nat Prod Rep 20, 382-91.

 A large body of experimental evidence supports the view that many 
alkaloids, cyanogenic glycosides, glucosinolates, terpenes, saponins, 
tannins, anthraquinones and polyacetylenes are allelochemicals

 They represent adaptive traits that have diversified during evolution 
by natural selection in order to protect against virus, bacteria, fungi, 
competing plants, and most importantly herbivores 
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Chemically diverse metabolites in plants, modified by natural selection 
during evolution, occur in diverse mixtures of several structural types

Evolution
Spelman, K., Duke, J. A., and Bogenschutz-Godwin, M. J. (2006). The Synergy Principle in Plants, Pathogens, Insects, Herbivores 
and Humans. In "Natural products from plants" (P. B. Kaufman, ed.), Vol. Publication Forthcoming. CRC Press, Boca Raton, Fla.

Evolution
Spelman K. 2005. Philosophy in Phytopharmacology: Ockham’s Razor vs. Synergy. J Herb Pharmacol
5(2):31-47.

Slight variations in similar molecules, perhaps described as a protective 
chemical overlap, can be seen as the evolutionary development of a 

chemical economy; a network of protection 
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One study of sequiterpene synthesis in plants demonstrated that one 
enzyme produced 34 different compounds from a single substrate, and 

another enzyme produced 52 products from a single precursor

Evolution
Spelman K. 2005. Philosophy in Phytopharmacology: Ockham’s Razor vs. Synergy. J Herb Pharmacol
5(2):31-47.

Evolution
Wink M. Phytochem 64:3-19, 2003.

Such “catalytic flexibility” is likely to yield products with multiple 
functionalities and bioactivities. And even if the individual interaction 

of a particular plant metabolite might be unspecific and weak, the sum 
of numerous metabolite interactions can lead to a substantial effect
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Evolution

Dyer et al (2003) demonstrated this economy of chemistry by showing 
that three of the allelochemicals expressed by a Piper sp. act 

synergistically as allelochemicals and exhibit a broad spectrum 
protection against several species of pests

Evolution

Wu et al (2002) point out that allelopathic effects usually result from 
groups of constituents, often demonstrating synergy, rather than just 

one chemical. 



5/20/2016

7

Plant Chemistry 

The phytochemical matrix is selected to be broad spectrum

Unique PK Properties 
Selected over hundreds of millions of years
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Two Types of Synergy

 Pharmacodynamic
 Multiple modes of activity (biochemical convergence)

 Engaging multiple genes/proteins/pathways 

 Multiple constituents working on one mode of activity
 Multiple molecular species working on one gene/protein

 One constituent multitasking

 Pharmacokinetic
 Alterations in ADMET:

 Absorption, Distribution, Metabolism, Excretion, Toxicology

Deductive Landscape
A Broad Perspective

Phytochemical Matrix

Spelman K. 2007. Ecological Pharmacology II: Molecular Details UnifiedEnergetics 3(6): 58-62.

High Affinity
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Deductive Landscape
A Broader Perspective

Spelman K. 2007. Ecological Pharmacology II: Molecular Details UnifiedEnergetics 3(6): 58-62.

Phytochemical Matrix

Target 1
High Affinity

Target 2
High Affinity

Target 3
High Affinity

Pharmacokinetics
If pslant could not deliver their allelochemicals

then production of these compounds was all for naught



5/20/2016

10

Pharmacokinetics is the characterization of the time course of 
drug/metabolite concentrations in the body 

Pharmacokinetic Processes

 Absorption

 Distribution

 Metabolism 

 Excretion 

 Toxicology
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Bioavailability Enhancement

…our experiments indicate that a dose of whole plant has a five-fold increase in anti-malarial activity over that of 
the corresponding amount of artemisinin. This increased efficacy may result from a documented 40-fold 
increase in the bioavailability of artemisinin in the blood of mice fed the whole plant, in comparison to those 
administered synthetic drug.



5/20/2016

12

Artemisinin content in tea preparations from

Artemisia annua

Amount of 
material

per litre water

Method of

tea 
preparation

Artemisinin
Concentration

in the tea

Extraction 
efficienc

y

250 mg pure 
artemisinin

A 10.6 mg/1itre -

5 g leaves
10 g leaves
20 g leaves
40 g leaves

A
A
A
A

12.0 mg/1itre
24.5 mg/1itre
32.8 mg/1itre
64.4 mg/1itre

41.4 %
42.2 %
28.3 %
27.8 %

5 g leaves B 7.2 mg/litre 24.8 %
Mueller MS, et al. The potential of Artemisia annua L. as a locally produced remedy for 

malaria in the tropics: agricultural, chemical and clinical aspects. J Ethnopharmacol. 

2000 Dec;73(3):487-93. 

Pharmacodynamics 
What the plant does to the body…
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Pharmacodynamics 

 Pharmacodynamic
 Multiple modes of activity (biochemical convergence)

 Engaging multiple genes/proteins/pathways 

 Multiple constituents working on one mode of activity
 Multiple molecular species working on one gene/protein

 One constituent multitasking
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The herbal formula Yokukansan causes a drop in body temperature which were responsible for promoting sleep. Those 
that did not drop body temp had no effect on sleep.

Results of this study show that all crude drug components of Yokukansan contribute to its sleep-promoting 

effects.

Whole Extract
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Ogawa Y, Fujii Y, Sugiyama R, Konishi T. 2016. The role of the seven crude drug components in the sleep-promoting effect of Yokukansan J Ethnopharmacol177:19-27.

Ogawa Y, Fujii Y, Sugiyama R, Konishi T. 2016. The role of the seven crude drug components in the sleep-promoting effect of Yokukansan J Ethnopharmacol177:19-27.
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Ogawa Y, Fujii Y, Sugiyama R, Konishi T. 2016. The role of the seven crude drug components in the sleep-promoting effect of Yokukansan J Ethnopharmacol177:19-27.

Antibiotic Research
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What is the MDR Efflux Pump?
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…the activity of rhein, the principal antimicrobial from rhubarb, was potentiated 100- to 2,000-fold 
(depending on the bacterial species) by disabling the MDRs. Comparable potentiation of activity was 
observed with plumbagin, resveratrol, gossypol, coumestrol, and berberine. 
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An investigation into the use of A. annua tea (60 mg 
artemisinin) was as effective as the standard dose of 500 -
1000 mg of isolated artemisinin over the same time period

Artemisinin content in tea preparations from

Artemisia annua

Amount of 
material

per litre water

Method of

tea 
preparation

Artemisinin
Concentration

in the tea

Extraction 
efficienc

y

250 mg pure 
artemisinin

A 10.6 mg/1itre -

5 g leaves
10 g leaves
20 g leaves
40 g leaves

A
A
A
A

12.0 mg/1itre
24.5 mg/1itre
32.8 mg/1itre
64.4 mg/1itre

41.4 %
42.2 %
28.3 %
27.8 %

5 g leaves B 7.2 mg/litre 24.8 %
Mueller MS, et al. The potential of Artemisia annua L. as a locally produced remedy for 

malaria in the tropics: agricultural, chemical and clinical aspects. J Ethnopharmacol. 

2000 Dec;73(3):487-93. 
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1 2 3 4 

days

Artemisia annua Against Malaria

Spelman K, Duke J, Bogenschutz-Godwin M. The Synergy Principle with Plants, Pathogens, Insects, 
Herbivores and Humans. Chapter in: Natural Products from Plants. CRC Press.
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In vitro investigations of the extract of the plant have shown that 
other constituents, notably flavonoids, enhance the 

antiplasmodic activity of artemisinin 

Figure 3. Dose comparisons of WP and AN treatments from the third replicate of data: WPLO

Elfawal MA, Towler MJ, Reich NG, Golenbock D, et al. (2012) Dried Whole Plant Artemisia annua as an Antimalarial Therapy. PLoS ONE 7(12): 
e52746. doi:10.1371/journal.pone.0052746

High dose A. annua

Low dose pure artemisinin

Placebo control

Low dose pure artemisinin

High dose pure artemisinin
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Wan Y, Zhang Q, Wang J: Studies on the antimalarial action of gelatin capsule of Artemisia annua. . Chung Kuo Chi Sheng Chung Hsueh Yu Chi. Sheng Chung Ping Tsa Chih
1992, 10:290-294

In experiments with P. berghei infection a crude ethanolic extract of A. 
annua formulated with oil in a soft gel capsule, the ED50 value with 

respect to the Artemisia content was 35.1 mg/kg whereas the ED50 of 
artemisinin was 122 mg/kg. 

• A pilot phase I crossover clinical trial comparing 132 mg in extract to 
pure artemisinin (500 mg). 

• The bioavailability relative to the dose received was 2.1x greater for 
the extract than for the pure compound
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Sannella AR, Messori L, Casini A, Francesco Vincieri F, Bilia AR, Majori G, Severini C: Antimalarial properties of green tea. Biochem Biophys Res Commun 2007, 353:177-181

• Epigallocatechin-3-gallate (EGCG), the most abundant tannin in green 
tea has antimalarial activity which is additive when combined with 
artemisinin
• EGCG is an MDR inhibitor and

…orally ingested, powdered dried leaves of whole plant A. annua kills malaria parasites more effectively than a 
comparable dose of pure drug… Among the compounds in A. annua not yet fully investigated are more than a dozen 
other sesquiterpenes, some of which have shown promise for killing parasites in rodent models.
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Across all of our experimental data sets (from 94,110 multi- dose combination experiments), the selectivity 
distributions showed consistently positive bias for synergistic combinations 

Synergistic combinations…offer opportunities for more precise control of biological systems 

Network Pharmacology
Occam’s Razor was Theology...
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The Genome - Network Properties
Birney E, Stamatoyannopoulos JA, Dutta A, et al. Identification and analysis of functional elements in 1% of the human genome by the ENCODE 
pilot project. Nature. Jun 14 2007;447(7146):799-816.

Genes operate in complex networks!

Network Pharmacology

The recognition, informed by systems biology, that drugs for many 
disease states may require multiple activities to be efficacious, together 

with the observed promiscuity of old, small-molecule drugs, points 
strongly at the potential efficacy of medicinal plants as effective 

therapeutics
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Asthma Targets 
Hopkins AL. 2008. Network pharmacology: the next paradigm in drug discovery. Nat Chem Biol 4:620-90.

aminergic GPCRs

α-2a

α-2c

α-2c1

β1

β3

nuclear hormone receptors

peptide GPCRs

CCR3

CXCR2

NK1

phosphodiesterases

PDE4A

lipophilic GPCRs

CRTH2

protein kinases

EGRF

ion channels

P2X7

GR

enzymes

5-LO

α-1a

H1

H3

H4

M1

M2

M3

NK2

NK3

PDE4B

PDE4C

PDE4D

PDE7A

PDE7C

DP

DP1

EP1

EP2

EP4

LTB4

IKKa

IKKb

ITK

PI3a

PI3b

SYK

adenosine receptors

A1

A2A

A2B

Asthma Targets 
Hopkins AL. 2008. Network pharmacology: the next paradigm in drug discovery. Nat Chem Biol 4:620-90.
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Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antiallergic

gallic acid

myricetin

ascorbic acid

caffeoyltartaric acid

calcium

oleanolic acid

opcs

pantothenic acid

procyanadins

Antiasthmatic

α-tocopherol

β-carotene

ascorbic acid

gallic acid

limonene

opcs

protocatechuic acid

quercetin

selenium

ferulic acid

kaempferol

linalool

luteolin

niacin

quercetin

rutin magnesium

Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antibronchitic

gallic acid

Antihistaminic

ascorbic acid

catechin

caffeic acid

chlorogenic acid

kaempferol

niacin

opcs

procyanidins

quercetin

linalool

linoleic acid

luteolin

myricetin

rutin

ursolic acid
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Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antileukotriene

(-) epicatechin

caffeic acid

caffeoyltartaric acid

chlorogenic acid

oleanolic acid

quercetin

resveratrol

selenium

Antipharyngitic

quercetin

Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antioxidants

(+) gallocatechin

(-) epicatechin

(-) epigallocatechin

alanine

alpha tocopherol

anthocyanidins

anthocyanins

ascrobic acid

chlorogenic acid

cholesterol

cyanidin

delphinidin

ellagic acid

epicatechin

epicatechin 3 o gallate

ferulic acid

fumaric acid

gallic acid

gentisic acid

histidine

isochlorogenic acid

isoquercitrin

kaempferol

lupeol

lutein

luteolin

lycopene

malvidin

delphinidin 3 o

beta d glucoside

hyperoside
(+) catechin

beta carotene

beta sitosterol

caffeic acid

campesterol

manganese

methionine

myricetin

myristic acid

opcs

p coumaric acid

p hydroxy benzoic acid

Palmitic acid

pelargonidin

peonidin 3 o beta glucoside

petunidin 3 o beta glucoside

piceid

oleanolic acid

procyanidin B 2 3’ o-gallate

procyanidin B 2 3,3’ DI o-gallate

procyanidins
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Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antioxidants

protocatechuic acid

pterostilbene

quercetin

resverotrol

riboflavin

rutin

salicylic acid

selenium

sinapic acid

shikimic acid

protocatechualdehyde

squalene

stigmasterol

syringaldehyde

syrigic acid

tryptophan

tannin

ursolic acid

vanillic acid

vanillin

Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antiprostaglandin

(+) catechin

beta sitosterol

caffeic acid

catechin

coniferyl aldehyde

Antispasmodic

ascorbic acid

cinnmaldehyde

caffeic acid

cinnamic acid

ferulic acid

niacin

p coumaric acid

potassium

protocatechuic acid

lupeol

resveratrol

tryptophan

geraniol

kaempferol

limonene

linalool

luteolin

magnesium

quercetin

rutin

shikimic acid
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Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Asthma-preventative

ascorbic acid

Bronchodilator

gallic acid

Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Bronchorelaxant

linalool

COX-Inhibitor

(+) catechin

cinnamaldehyde

catechin

gallic acid

kaempferol

quercetin

resveratrol

salicylic acid

tannin

oleanolic acid

pterostilbene

trans resveratrol

ursolic acid
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Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Expectorant

acetic acid

Immunomodulator

alpha tocopherol

chromium

ascorbic acid

copper

gallic acid

magnesium

oleanolic acid

opcs

rutin

limonene

linoleic acid

selenium

ursolic acid

astragalin

benzoic acid

betaine

geraniol

limonene

linalool
zinc

Vitis vinifera
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Lipoxygenase Inhibitor

(-) epicatechin

caffeic acid

catechin

chlorogenic acid

cinnamaldehyde

rutin

squalene

tannin

Mast Cell Stabilizer

quercetin

cinnamic acid

epicatechin

kaempferol

luteolin

myricetin

p coumaric acid

quercetin

ursolic acid
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Network Pharmacology

• Compounds that selectively act on two or more targets of interest in 
theory should be more efficacious than single-target agents

Hopkins A. 2007. Network Pharmacology. Nature Biotechnology 25(10):1110-1111

Realities 

Integrating drug data with genetic-disease associations, gene-
expression information and protein-protein interaction data, 

researchers investigated the relationships between approved drugs and 
observed a rich network of polypharmacology interactions between 

drugs and their targets

Yıldırım, M.A., et al, 2007. Nat. Biotechnol. 25, 1119–1126.
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Realities

drugs acting on single targets appear to be the exception

Yıldırım, M.A., et al, 2007. Nat. Biotechnol. 25, 1119–1126.

Network Pharmacology 
Ágoston V, Csermely P, Pongor S. Multiple, weak hits confuse complex systems: A transcriptional regulatory network as an example. 
Phys Rev E. 2005;71(5):1-8.

• In comparisons of various pharmacological strategies, 
multiple but partial perturbations of selected targets 
in a network are almost always more efficient than 
the knockout of a single, well-selected target
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Network Pharmacology 
Csermely P, Agoston V, Pongor S. The efficiency of multi-target drugs: the network approach might help drug design. Trends 
Pharmacol Sci. Apr 2005;26(4):178-182.

• Redundant pathways of cellular networks are not 
generally inhibited by just one pharmacological agent

Network Pharmacology 
Ágoston V, Csermely P, Pongor S. Multiple, weak hits confuse complex systems: A transcriptional regulatory network as an example. 
Phys Rev E. 2005;71(5):1-8.

• Robust living molecular networks are commonly 
resistant to high-affinity, high-selectivity single hits 
such as generated by the current pharmacological 
methodology
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Network Pharmacology 
Ágoston V, Csermely P, Pongor S. Multiple, weak hits confuse complex systems: A transcriptional regulatory network as an example. 
Phys Rev E. 2005;71(5):1-8.

• While a high-affinity compound can knock out a single 
interaction, a compound with less specificity can 
interact with more targets of a particular protein or 
operon

Network Pharmacology 
Ágoston V, Csermely P, Pongor S. Multiple, weak hits confuse complex systems: A transcriptional regulatory network as an example. 
Phys Rev E. 2005;71(5):1-8.

• Such network activity is very similar to the interface 
between plant compounds and a human system when 
a person ingests a medicinal or food plants
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Ensemble Properties

Radix Curcumae formula: Curcuma longa, Gardenia root, Moschus, Borneolum

Reduces brain injury and enhances functional recovery after TBI.
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74 of 475 phytochemicals, 15.6%, show oral bioavailability and drug-likeness. 58 compounds interact 
with targets for cardio and cerebrovascular diseases. Each of 9 compounds hits more than 10 potential 
targets.

33 active compounds of Curcuma have 8 specific potential targets. 17 active compounds of Gardenia 
posses 5 specific targets.  Curcuma & Gardenia have 15 common targets; Curcuma and Moschus have 8 
common targets

According to our analysis this formula can be used for other diseases such as neoplasms and metabolic 
disorders. 
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Tai W, et al. 2013. Network pharmacology-based predication of the active ingredients and potential targets of Chinese 
herbal Radix Curcumae… J Ethnopharmacol 145:1-10.
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Tai W, et al. 2013. Network pharmacology-based predication of the active ingredients and potential targets of Chinese 
herbal Radix Curcumae… J Ethnopharmacol 145:1-10.

Multicomponent Remedies
Wald NJ, Law MR. 2003. A strategy to reduce cardiovascular disease by 
more than 80% BMJ 326:1419

• The Polypill strategy, based on a single daily pill 
containing six components 
• A statin 

• Three blood pressure lowering drugs, each at half standard 
dose

• Folic acid (800 mcg)

• Aspirin (75 mg)

• would prevent 88% of heart attacks and 80% of strokes

• About 1 in 3 people would directly benefit, each on 
average gaining 11-12 years of life without a heart 
attack or stroke (20 years in those aged 55-64). 
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Garlic
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Cholesterol lowering agents

apigenin

adenosine

ajoene

allicin

alliin

campesterol

diallyl-disulfide

diallyl-trisulfide

inulin

lignin

methyl-ajoene

nicotinic-acid

phytic-acid

rutin

s-allyl-cysteine-sulfoxide

s-allyl-l-cysteine

s-methyl-l-cysteine-sulfoxide

taurine

trigonelline

Blood pressure lowering agents

glutathione

querceitin

allicin

caffeic acid

trans-ajoene

apigenin

asparagine

caffeic acid

chlorogenic acid

citrulline

kaempferol

myricetin

oleanolic acid

ACEI Ca2+ Channel 

Blockers

Diuretics

Garlic
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antiinflammatory agents

2-vinyl-4h-1,3-dithiin

caffeic-acid

kaempferol

oleanolic-acid

quercetin

salicylic-acid 

α-linolenic-acid

chlorogenic-acid

ferulic-acid

linalool

myricetin

vanillic-acid 

Antiaggregants

2-vinyl-4h-1,3-dithiin

adenosine

ajoene

allicin

alliin

allyl-methyl-trisulfide

apigenin

caffeic acid

cycloalliin

ferulic acid

kaempferol

methyl-allyl-trisulfide
allyl-trisulfide

α-linoleic acid

phytic-acid

quercetin

salicylates

COX Inhibs Other
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Garlic spp. 
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antioxidants

alliin

allixin

allyl-mercaptan

apigenin

campesterol

caffeic acid

chlorogenic acid

diallyl-disulfide

diallyl heptasulfide

diallyl hexasulfide

diallyl pentasulfide

diallyl sulfide

diallyl tetrasulfide

diallyl trisulfide

ferulic acid

glutathinone

kaempferol

lignin

myricetin

oleanolic acid

p-coumaric acid

p-hydroxy benzoic acid

pentadecanoic acid

phytic acid

rutin

s-allyl-cysteine-sulfoxide

s-allyl-L-cysteine

s-allyl-mercaptocysteine

salicylic acid

sinapic acid

taurine

vanillic acid

ionol quercetin

allicin

Garlic, through another lense
for URIs?
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Allium sativum
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Analgesic/Anesthetic/Antinociceptive

adenosine

allithiamin

caffeic acid

chlorogenic acid

ferulic acid

jinalool

quercetin

rutin

salicylic acid

Antiallergic

ajoene

apigenin

citral

ferulic acid

kaempferol

linalool

oleanolic acid

quercetin

rutin

Allium sativum
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Anti-flu

2-vinyl-4h-1,3-dithiin
allicin

caffeic acid

diallyl trisulfide

quercetin

Antihistaminic

apigenin

caffeic acid

chlorogenic acid

citral

kaempferol

linalool

myricetin

quercetin

rutin
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Allium sativum
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antiinflammatory agents

2-vinyl-4h-1,3-dithiin
ajoene

apigenin

caffeic acid

kaempferol

salicylic-acid 

ajoene

allicin

Alpha linolenic acid

apigenin

caffeic acid

chlorogenic acid

Antiviral

ajoene

allicin

allyl alcohol

apigenin

caffeic acid

chlorogenic acid

ferullic acid

kaempferol

lignin

linalool

myricetin

oleanolic acid
diallyl disulfide

diallyl trisulfide

quercetin

rutin

COX Inhibs Other

oleonolic acid

quercetin

ferulic acid

kaempferol

myricetin

oleanolic acid

quercetin

quercetin 3 o

beta d glucoside
rutin

salicylates

salicylic acid

vanillic-acid 

Allium sativum
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antibacterial

allicin

alliin

allistatin i

allistatin ii

alpha phellandrene

apigenin

caffeic acid

chlorogenic acid

diallyl disulfide

diallyl sulfide

diallyl tetrasulfide

diallyl trisulfide

endolysin

ferulic acid

geraniol

kaempferol

muramidase

myricetin

oleanolic acid

p-coumaric acid

p-hydroxy benzoic acid

quercetin

rutin

aalicylic acid

lignin sinapic acid

ajoene

citral linalool vanillic acid
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Allium sativum
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Antipneumonic

2-vinyl-4h-1,3-dithiin
diallyl trisulfide

Antipyretic

Salicylates Salicylic acid

Allium sativum
Duke J. 2014. Phytochemical Database and Ethnobotanical Databse. http://www.ars-grin.gov/duke/

Expectorant

2-vinyl-4H-1,3-dithiin

beta phellandrene

Immunostimulant

allicin inulin

citral

geraniol

inulin

linalool

alliin

alpha linolenic acid

ascorbic acid

caffeic acid

chlorogenic acid

diallyl disulfide

oleanolic acid

S-allyl-L-cysteine
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Multi-Targeting

Over 40% of drug targets that map with disease genes mapped to more 
that one disease

Hopkins A. 2007. Network Pharmacology. Nature Biotechnology 25(10):1110-1111.

Disease as Multi Factorial 

• A network analysis of the OMIM database of genetic associations 
showed that the genetic origins of most diseases are shared with 
other diseases: 
• of 1,284 disorders catalogued in OMIM, 867 share at least one gene with 

another disorder

Goh, K.-I. et al. Proc. Natl. Acad. Sci. USA 104, 8685–8690 (2007).
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Systems Biology
Borisy AA, et al. (2003). Systematic discovery of multicomponent therapeutics. Proc 
Natl Acad Sci U S A 100, 7977-82.

A drug discovery approach consonant with a systems 
biology framework, and complementary to the target-
based approach, entails identification of combinations 

of small molecules that perturb cellular signaling 
networks in a desired fashion

Systems Biology
Martin KR. 2006. Targeting apoptosis with dietary bioactive agents. Exp Biol Med 231(2):117-29 

• It is clear that a large number of phytochemicals, 
often considered superfluous, directly or indirectly 
modulate gene expression
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Intervening in a Network
Csermely, P., Agoston, V., and Pongor, S. (2005). The efficiency of multi-target drugs: the network 
approach might help drug design. Trends Pharmacol Sci 26, 178-82.

Pharmacological strategies with multiple targets might 
have a better chance of affecting the complex 

equilibrium of whole cellular networks than drugs 
that act on a single target

This also includes an enhanced safety profile

Deductive Landscape
A Broad Perspective

Phytochemical Matrix

Spelman K. 2007. Ecological Pharmacology II: Molecular Details UnifiedEnergetics 3(6): 58-62.

High Affinity
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Deductive Landscape
A Broader Perspective

Spelman K. 2007. Ecological Pharmacology II: Molecular Details UnifiedEnergetics 3(6): 58-62.

Phytochemical Matrix

Target 1
High Affinity

Target 2
High Affinity

Target 3
High Affinity

Biochemical Individuality
Pharmacogenomics, Pharmacogenetics

and Polymorphisms
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RDAs are not useful

The nutrient needs of individuals differ far more substantially from person to 
person than the RDAs account for

Nutrition is for real people; statistical humans are of little interest

Discussion of optimum molecular concentrations, rates of reactions

…local cerebral deficiencies may lead to mental disease…
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Pharmacogenomics and pharmacogenetics represent the study of a 
large number of genes that influence drug activity, toxicity, and 

metabolism

Genomics

The human genome contains 30,000 different genes, with a total of 
3.12 billion nucleotides

Single nucleotide polymorphisms (SNPs) occur at a frequency about 
one in every 1250 base pairs

Thus we can expect to see more than three million genetic variations 
with the potential to influence response to a single substance
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Pharmacogenetics

The study of genetic factors that influence an organism's 

reaction to a drug

Pharmacogenomics

Developing drug therapies to compensate for genetic differences in 
patients which cause varied responses to a single therapeutic regimen
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Why?

The drug level in plasma can vary more than 1000-fold between two 
individuals of the same weight at the same drug dosage

Constitution, An Old Idea

It is “more important to know what sort of patient has a disease than 
to know what sort of disease a patient has.”

Sir William Osler 

Originally Stated by Parry of Bath
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Formation of Constitution
Genetics

Similarities in Local  Populations
Polymorphisms

Environment
Exposures to Same Influences

Induction of Genomic Shifts

Developmental Factors

Physiological Dynamics
Endocrine, Immunologic, Neurologic Ranges

Hypothalamus
Pituitary
Thyroid 

Axis

Hypothalamus
Pituitary
Adrenal

Axis

Hypothalamus
Pituitary
Gonadal

Axis

Formation of Constitution
Developmental Factors

Physiological Dynamics
Endocrine, Immunologic, Neurologic Ranges

Hypothalamus
Pituitary
Thyroid 

Axis

Hypothalamus
Pituitary
Adrenal

Axis

Hypothalamus
Pituitary
Gonadal

Axis

Groupings of Physiological Trends
AND Biochemical Individuality  

Informational Milieu 
Autonomic, HPT, HPA, HPG, etc.
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…in the study population of normal healthy participants, induced maximal platelet 
aggregation (MPA) was highest among the Vata-pitta types as compared to the other 
prakriti types and these individuals responded better to lower dose of aspirin 
compared to other prakriti types.

Our results suggest that identifying the prakriti may help in individualizing therapy or 
predicting proneness to a disease.

The extensive metabolizer (EM) genotype (*1/*1, *1/*2, *1/*3) was found to be 
predominant in Pitta Prakriti (91%). Genotype (*1/*3) specific for EM group was 
present only in Pitta Prakriti. 

Poor metabolizer (PM) genotype (*2/*2, *2/*3, *3/*3) was highest (31%) in Kapha
Prakriti when compared with Vata (12%) and Pitta Prakriti (9%). 
Genotype (*2/*3) which is typical for a poor metabolizer was significant in Kapha
Prakriti.

These observations are likely to have significant impact on phenotype–genotype 
correlation, drug discovery, pharmacogenomics and personalized medicine.
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Plant Metabolites

Direct Biochemical

Activity

Metabolism

CYP450s COXs, LOXs, COMT, MAO, etc 

New Structures

Biochemical Activity Further Metabolism

Further Metabolism Biochemical Activity New Structures

This Process is Dependent on 

Environmental Context

SNPsGenetics

SeasonTime of Day

New Structures

Dosing 
An example from Cannabis
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Gallily, R., Zhannah Yekhtin, Z., & Hanuš, L. O. (2015). Overcoming the Bell-Shaped Dose-Response of Cannabidiol 
by Using Cannabis Extract Enriched in Cannabidiol. Pharmacol Pharm, 6, 75-85.

A Characterized CBD Extract

Gallily, R., Zhannah Yekhtin, Z., & Hanuš, L. O. (2015). Overcoming the Bell-Shaped Dose-Response of Cannabidiol 
by Using Cannabis Extract Enriched in Cannabidiol. Pharmacol Pharm, 6, 75-85.
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Questions?
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