Botanical Safety
Discovering Common Struggles, Needs, and Solutions
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Broad consumer demand for natural health and
nutritional products

o U.S. dietary supplement industry: $46 billion in annual sales.!

e More than 170 million Americans take dietary supplements annually, including
vitamins, minerals, botanicals, and specialty products.

e Half of dietary supplement users take at least one botanical product.
* Most popular Botanicals in dietary supplements include?:

e Horehound (Marrubium vulgare)

Echinacea (Echinacea spp.)
Turmeric (Curcuma longa)
Elderberry (Sambucus nigra)
Green Tea (Camellia sinensis)
Ginger (Zingiber officinale)

lvy Leaf (Hedera helix)
Garlic (Allium sativum)

Fenugreek (Trigonella foenum-graecum)

Black Cohosh (Actaea racemosa)
Saw Palmetto (Serenoa repens)
Flax Seed (Linum usitatissimum)
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Botanicals with recognized pharmacologic
and foxicologic properties

e [n addition to plants as an essential part of the diet, plants are
creative chemical factories, tor good or harm.




Safety concerns

e Adulteration continues as o Few essential oils met label spec in recent
. . test
problematic reality R vlin =i

e Complexity and uncertainty also drive
the Safety concerns.

This stimulant is banned in sports but
found in dietary supplements. A doctor
asks why

By ELIZABETH COONEY &cooney_liz / SEPTEMBER 6, 2018

Essential oil adulteration continues to be an issue in the marketplace, according to testing
results revealed by a major dietary supplement manufacturer.




Botanicals are complex

 Plants are chemical factories

« 28,187 plant spec:es recording as being
of medicinal use*

« Very few (16%) cited in regulatory
publications

« Secondary metabolites exhibit a broad
range of bioactivities

 Many bioactive constituents from plants
have been exploited by humans for use

as pesticides, pharmaceuticals, po:sonsg

or other consumer products
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https://stateoftheworldsplants.org/2017/useful-plants.html
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Agricultural practices drive addifional
complexity
R—

e Good Agricultural Practice
e Harvest Condifions

e Botanical Parts
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Botanical raw material processing adds
additional complexity




Botanical products are variable

Plant part (aerial,
root, whole plant,
leaf, seed)

Climate

Soil conditions
Season

Plant maturity

Contaminants
(mold, pesticides,
metals)

Co-harvested
materials (other
plants, soil)

Extraction process
Solvents
Adulteration
Contamination

Storage/shipping
conditions

Manufacturing
process

Excipients

Combination with
other botanicals

Adulteration
Contamination

Storage/shipping
conditions
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Botanical products are variable

Plant part (aerial,
root, whole plant,
leaf, seed)

Climate

Soil conditions
Season

Plant maturity

Contaminants
(mold, pesticides,
metals)

Co-harvested
materials (other
plants, soil)

Adulteration

Extraction process
Solvents
Adulteration
Contamination

Storage/shipping
conditions

Manufacturing
process

Excipients

Combination with
other botanicals

) Nutritional status
Adulteration

Contamination

Storage/shipping
conditions

Dose (use pattern)
Length of dosing

Life-stage
Disease-state

Background
genetics

Co-exposures
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Testing scheme built on single chemicals

e Toxicity testing, safety evaluation, and risk assessment processes
was built around and optimized for single chemicals (drug,
pesticides...)

Drugs Botanicals
- Regulatory structure aimed at - Regulatory structure aimed at
p ensuring safety and efficacy ensuring access
| ‘{' - Assumed fo be harmful until - Assumed to be safe until proven .‘.h
{ W proven safe harmful % o=
' - Simple and consistent - Complex and variable
— Biological activity is - Biological activity is associated
associated with the with the whole mixture

constifuent



Safe HIS"ory of Documented Use:
Hallmark of a botanical risk ossessmen’r
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Food & Function Dynamic Artcle Lin kSO

. Die-I-Ory Use pO-I"I-ernS prOVide Cite this: Food Funct, 2011, 2, 760
essential bridge fo safe human use g osdincon

Safety assessment of plant food supplements (PFS)+

REVIEW

n den Berg,* Lluis Serra-Majem,” Patrick Coppens” and Ivonne M. C. M. Rietjens”

e Accurate historical records establish:

o dose, duration, population size & /@mﬂmemmts T
diversity; eurnpe e
e botanical part, species identity,

e harvest conditions, extraction conditions,
solvents...

e What if not identical?

SUPPLEMENTS
CONTAINING
BOTANICALS

IMPORTANT ISSUES TO CONSIDER IN THE
DEVELOPMENT OF REGULATORY MEASURES

Quality of Botanical Preparations

Specific Recommendations for the Manufacturing of Botanical Preparations,
Inclucing Extracts as Food Supplements

October 2014

Food Supplement Associations




Traditional toxicology tools are generally
not fit-for-purpose for botanicals

For a novel botanical, the current safety qualification process is
highly dependent on animal testing:

e Often a high degree of variability when evaluating mixtures,
e An insensitive tool for discerning minor variations,

e Resource and fime intensive,

e Moral/ethical consideration:s.




New 215t Century methodologies are
providing an improved path forward
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e Differential analysis provides
framework to evaluate relevant R A T
d |ffe rences Analysis of Grape Seed Extract

Sica, V.P.; Mahony, C.; Baker, T.R. “Multi-detector Characterization of Grape Seed
Extract to Enable In Silico Safety Assessment” Frontiers in Chemistry, 2018, 6, 334.




New 215t Century methodologies are
providing an improved path forward

e Current Safety Methods (in vifro, ex vivo, in silico) provide @
suite of new options
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Finding Common Ground

eum

CONNECTING FOR A SAFER FUTURE

53 Congress of the European Societies of Toxicology

DECISION MATRIX

Safe History of Use

AV

‘ Chemical Characterization

A4

‘ In Silico/In Vitro/Ex Vivo

v

‘ Risk Assessment

] Development of a
Consensus Approach for
Botanical Safety

ﬁ Evaluation — A
TL Roundtable Report.
zl J C. L. Galli, et. al., Tox.
Lett. 314:10-17, 2019
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Common Struggles, Needs, and Solutions

e Growing demand for botanical products, and growing frend
towards modified or specialty botanicals.

e Diverse botanical starting materials, coupled with variable
agricultural and processing practices.

e Ongoing need for bridging to biosimilar materials, and a
transparent discussion on qualification of new materials

e Desire to apply 215t Century (non-animal) methodologies
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Mission of the Botanical Safety Consortium
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To enhance the botanical safety toolkit and
bring clarity to botanical dietary ingredient assessments for
manufacturers and regulators.
/
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