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1. THE ANTIOXIDANT PARADOX



THE BIOLOGY OF AGEING



THE RISE AND FALL OF ANTIOXIDANT THERAPIES 1st ROUND 

(1960s)



THE RISE AND FALL OF ANTIOXIDANT THERAPIES 2nd ROUND 
960s)



“Indeed, despite patophysiologic, 
epidemiologic, and mechanistic 

evidence, these clinical trials have 
been, to date, mostly negative. 

THE ANTIOXIDANDTS PARADOX



WHY HAVE ANTIOXIDAND FAILED IN CLINCIAL TRIALS?



WHY HAVE ANTIOXIDAND FAILED IN CLINCIAL TRIALS?

This has been attributed to the non-drug-
likeness of available antioxidant 
compounds. These compounds have both 
high unspecific reactivity and poor 
solubility and consequent limited 
absorption profiles, hence low 
bioavailability and low concentrations at 
the target site.” 



In this context, radically new antioxidant safe 
substances like nanoceria, may overcome previous 
limitations and finally enable antioxidant therapies to 
improve human health.

In order to understand how does nanoceria works, it is 
useful to start by focusing on the chemical substrate 
that supports any biological system and state, 
understanding the fundamental bases of metabolism 
and the chemistry of life.

METABOLISM AND THE CHEMISTRY OF LIFE



2. THE CHEMISTRY OF LIFE



HYDROCARBONS (CxHy)

6 CO2 + 6 H2O

6 C6H12O6 + 6 O2

LIFE IS THE COMBUSTION ASSISTED CARBON REDUCTION, 



METABOLISM AND THE CHEMISTRY OF LIFE



METABOLISM, CATABOLISM AND ANABOLISM



METABOLISM: ENERGY IS PRODUCED AT THE MITOCHONDRIA
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ROS AND OXIDATIVE STRESS
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METABOLISM AND THE CHEMISTRY OF LIFE



Table.1. The three different mitochondria operating modes.

MITOCHONDRIA MODES OF WORK



3. THE BIOLOGY OF DISEASE



THE BIOLOGY OF DISEASE

ΔG = ΔH-TΔ S

G for Gibbs or Free energy
H for Entalhpy

T for Temperature 
S for Entropy

Table.1. The three different mitochondria operating modes.

THE BIOLOGY OF DISEASE



1.- Biological matter is intrinsically out-of-equilibrium,  where 
intermolecular interactions operate at the edge of chaos.

2.- This is better satisfied with high entropy gains. 

3.- Disease and damage to tissue results in a loose of entropy and 
increase of enthalpy.

4.- Inflammation, which literally means setting in flammes is the 
biologial expression of this solution to the Gibbs equation.

5.- Immune cells have adapted to this metabolic mode to defend 
our body from commensal organisms and have the ability to set on 
and off inflammation.

6.- Impossibility of ending inflammation and restoring homeostasis 
results in pathological inflammation and tissue damage

Table.1. The three different mitochondria operating modes.

DISEASE: ENTALPHY AT EXPENSES OF ENTROPY



THE BIOLOGY OF DISEASE





Table.1. The three different mitochondria operating modes.

THE BIOLOGY OF DISEASE



(cortisone is not so good)

RECOVERING  HEALTH
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Table.1. The three different mitochondria operating modes.

THE IMMUNE SYSTEM PHENOTYPES (POLARIZATION)



FEVER

BODY TEMPERATURE 
CONTROL ED BY 
HYPOTHALAMUS
AND FOOLED BY 
PYROGENS

Table.1. The three different mitochondria operating modes.

HOW WE DEAL WITH EXCESS T



Table.1. The three different mitochondria operating modes.

HOW WE DEAL WITH EXCESS ROS



3. THE NANOCERIA PARADIGM
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CeO2 - CERIUM OXIDE NANOPARTICLES: NANOCERIA



NANOPARTICLES AND CERES



“An examination of the annual statistical 

data compiled by the American Cancer 

Society quickly reveals that the rate of 

mortality from cancer has changed very 

little over the past 50 years. Yet despite 

progress in understanding cancer, its 

diagnosis and treatment have remained 

essentially unchanged for decades, and 

death rates from the disease are about 

what they were in 1950” P.A Kiberstis et al. 

Celebration a Glass Half-Full, Science

312, 1157 (2006)

Sally Davies NIHR

THE ADVENT OF NANOMEDICINA 



1940 film 1966 film

THE ADVENT OF NANOMEDICINA 



Prof. Dr. Beverly A. Rzigalinski,
Professor of Pharmacology at VCOM and the director of NanoNeuro Laboratory and is 
known, by nickname, as Dr Z. She (or Bev)...
https://lifeboat.com/ex/bios.beverly.a.rzigalinski

THE ADVENT OF NANOCERIA



THE NANOCERIA LONG STORY
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NANOCERIA: HOW IT WORKS



Ce4+
(s) + OH· (l) -> Ce3+

(s) +1/2O2(g) + H+
(l) (1)

Ce3+
(s) + OH· (l) ->Ce4+

(s) + OH-
(l) (2) 

If we add the two equations:

2OH· (l)-> H2O(l) + 1/2O2(g)        (3)

NANOCERIA: HOW IT WORKS



However, we have also to take two other equations 
into account. At low OH· concentration, reaction (2) 

can be outcompeted by:

Ce3+
(s) +1/2O2(g) + H+

(l) ->   Ce4+
(s) + OH· (l) (4)

and the ROS scavenging stopped. Additionally, at low 
ROS and O2 concentrations, the Ce3+ ion, which is 

soluble at pH below 8, may dissolve 

Ce3+
(s) -> Ce3+

(l)      (5)

NANOCERIA: HOW IT WORKS



NANOCERIA: HOW IT WORKS



NANOCERIA: THE FACTO REDOX BUFFER



3. FORMULATING NANOCERIA



SOLE DOSIS FACIT VENUM

Philippus Aureolus Theophrastus Bombastus von Hohenheim 

NANOTOXICOLOGY

NANOPARTICLE RISKS: HAZARD + EXPOSURE



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BEFORE NANOTECHNOLOGY



NANOPARTICLES BIODISTRIBUTION



NANOPARTICLES BIODISTRIBUTION



THE CERIASOME



THE CERIASOME



THE CERIASOME



NANOCERIA CHARACTERIZATION
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i.- Anticipation. Safety and sustainability (nanosafety by design)

ii.- Communication with the stakeholders. 
Two ways –transforming- dialogue.

iii.- Including stakeholders, consumer associations, worker safety, 
ecotoxicity

iv.- Creat Nanosafety Experts in our working environment. 

v.- Education. “The case of sun screens.”

RESPONSIBLE RESEARCH AND INNOVATION. HOW?



SUSTAINABILITY. Following the list of 12 Principles of Green Chemistry
developed by Paul Anastas and John Warner on 1998, a list of
requirements that an ideal "green" or environmentally friendly chemical, process or
product would follow or accomplish:

1.- Prevention.
2.- Atom (matter) Economy.
3.- Less Hazardous Chemical Syntheses.
4.- Designing Safer Chemicals.
5.- Safer Solvents and Auxiliaries.
6.-Design for Energy Efficiency.
7.- Use of Renewable Feedstocks.
8.- Reduce Derivatives.
9.- Catalysis.
10.- Design for Degradation.
11.- Real-time analysis for Pollution Prevention.
12.- Inherently Safer Chemistry for Accident Prevention.

RESPONSIBLE RESEARCH AND INNOVATION. HOW?



Chronic and acute inflammation, from Septic shock to ageing

Also it will be interesting in METABOLIC DISEASES

The previous theoretical considerations apply well to Cancer 
where the immune activation is at the origin and 
the progression of the disease and the warburg effect.

TISSUE REGENERATION, transplants.

Other disease where nanoceria is showing promising result is
in those related to neuroinflammation and epilepsy.  

TARGET APPLICATIONS:THE FUTURE USE OF NANOCERIA.



https://www.researchgate.net/figure/Contributors-of-neuroinflammation-and-its-
relation-with-epileptogenesis_fig1_328689945

HYPEREXCITABILITY AND NEUROINFLAMMATION



THE GUT BRAIN AXIS



1. Traditionally, nanotechnology has been presented as an adjuvant for drug
delivery, radiotherapy, or medical imaging. In this case, it is a new paradigm. It
is the nanoparticle itself, thanks to its nanometric form and a high
concentration of oxygen vacancies at its surface, the active principle, radically
different from the previous pharmacologic antioxidants substances.
palette.
2. Nanoceria is a potent anti-inflammatory agent contributing to treating
inflammation-related diseases.

3. Cerium is a rare earth element that, in its nano-oxide form, has clear
biomedical potential as it is capable to efficiently remove excess ROS in
situations of metabolic imbalance, showing biological activities similar to the
SOD and catalase enzymes.

4. Ceria is highly soluble; its action is catalytic (does not intervene in the
reaction) and does not get consumed.

CONCLUSIONS



5. Its ROS scavenging capacity decreases as the concentration of ROS decreases,
becoming inert at healthy homeostatic conditions. Indeed, nanoceria act as a redox
buffer: only in the case of an abnormally high concentration of free radicals is nanoceria
active. Otherwise, it is rather inert and slowly dissolves at healthy physiological
conditions into Ce3+ ions which are excreted through the urine in a matter of weeks.

6. The mechanism responsible for these actions is their state of dual oxidation (+3/+4).

7. Nanoceria competing advantages are multifold: It is oxidative-stress selective (only
degrades ROS in excess) but not ROS selective (degrades any kind of ROS and free
radicals), i.e., it is only active in oxidative stress conditions.

8. As a robust catalyst, it performs well at low doses and for extended periods of
time.

9. When adequately formulated (endotoxin-free, stable, soluble), no toxic effects have
been observed in vitro or in vivo at applicable doses.

10. All these advantages make us think about new increased population health by
controlling metabolism and immune metabolism with severe implications for aging,
cancer, and inflammation.

CONCLUSIONS



THANKS


