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HORMESIS CONCEPT

 Low doses of numerous stressors (e.g.
exercising, intermittent fasting, hypoxia, heat,
cold, ionizing/non-ionizing radiation,
electricity, toxins, chemicals/drugs) can
stimulate a wide range of adaptive responses.



 These induced adaptive responses have the
potential to profoundly affect the success of
medical interventions for numerous disorders
(e.g., heart attack, stroke, shock, brain
traumatic damage, organ transplant,
surgeries).



e Stressors that trigger adaptive responses also
offer ways to enhance healthy aging, improve
human performance and prevent damage to
tissues exposed later to injurious levels of
stressors and enhance tissue repair.



* At the center of this adaptive response
concept is the phenomenon of hormesis, a
biphasic dose response that mediates
processes by which human adaptation and
performance may be improved, optimizing the
dosimetry while providing the underlying
molecular mechanism.



e What is hormesis, how can it be used to
achieve these public health and medical
advances?



HORMESIS

Definition:

 Dose response phenomenon characterized by a low
dose stimulation and a high dose inhibition.

e |tis a non-monotonic/biphasic dose response, with
specific dose response features.



EVIDENCE OF HORMESIS

General Summary:

e Hormesis databases: many thousands of dose
responses indicative of hormesis using
rigorous entry/evaluative criteria.



EVIDENCE OF HORMESIS

General Summary:

* Hormesis is a very general phenomenon:
independent of model (e.g. plant, microbial,
invertebrate, vertebrate, human) (e.g. in
vitro/in vivo), endpoint, agent and level of
biological organization (i.e. cell, organ,
individual).



* Generally similar quantitative features
with respect to amplitude and range of
the stimulatory response.




DOSE RESPONSE

Stimulation Amplitude:
e Modest, 30-60% > Control
e Usually Not More Than 100% > Control

Stimulation Range:

* Typically over a 5 to 20-fold Range
Immediately Below Threshold
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e Hormetic responses are integrative responses
across multiple levels of biological
organization;



Cell proliferation
Fecundity

Tissue Repair
Behavioral/Learning

Disease/Injury Resistance/Pre- Post-
Conditioning

DNA Damage/Tumor Incidence
Aging/Longevity



WHAT IS HORMESIS INDICATING?

e The low dose stimulation is different than the
nigh dose inhibition/toxicity;

 Low dose stimulation: It is a measure of
viological performance, not toxicity;

* |t determines how much a system can
respond.



KEY OBSERVATIONS

e Hormesis is the first quantitative estimate of
biological plasticity.

* The Hormesis stimulatory response is
constrained by the limits of plasticity.



HORMETIC MECHANISMS

 Many studies provide mechanisms to account
for hormetic responses;

 Each mechanism is unique to the model,
tissue, endpoint and agent;

 Regardless of mechanism the quantitative
features of the dose response are similar.



PRE- POST-CONDITIONING HORMESIS

Concepts:

 When sufficient doses are used
preconditioning dose responses are biphasic
and conform to the quantitative features of
the hormetic dose response.

— Evidence — several hundred examples in the
published literature



PRE- POST-CONDITIONING HORMESIS

Concepts:

* The hormetic dose response for pre- post-
conditioning is independent of:

— Biological model
— Organ

— Cell type

— Inducing agent
— Endpoint

— Mechanism



PRE- POST-CONDITIONING HORMESIS

Integrating dose, temporal and
mechanistic relationships between the
conditioning dose and the protective
effects of preconditioning experiments



Figure 1. General Preconditioning Scheme: Temporal and Dose-Response Relationship Between Conditioning Dose/Response and
Protective Response
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CONCLUSIONS

e Hormesis is a central biological concept.

|t affects all disciplines utilizing the dose
response concept.

* |t represents a general adaptive strategy
through which biological performance is
enhanced and mediated.



CONCLUSIONS

Pre- post-conditioning response = adaptive
response = hormetic response



CONCLUSIONS

 The quantitative features of pre- post-
conditioning are constrained by the limits
of plasticity as described by the hormetic
dose response.



CONCLUSIONS

* Preconditioning protective biphasic dose
responses can be directly linked to the actions
of the conditioning dose based on optimal
dosage, temporal relationship, and receptor
based and/or cell sighaling based
mechanismes.



CONCLUSIONS

 Knowledge of the biphasic nature of the
preconditioning dose response provides a
means to optimize therapeutic applications.

 Hormesis provides both the theoretical basis
and the molecular foundations to create
biological shields to protect against chemical,
radiological, and microbial threats.
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