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What will we be talking aboui?

en—

@ Starting from the « Inflammaging » concept
€ Bio-guided research aimed at non toxic anti-inflammatory molecules
€ « Small molecules » and Terpenoids

@ Lowering pro-inflammatory cytokines (pre-clinical)

€ RISTOMED EU FP7 first in human study on « terpenoid geroprotectors »




latromechanists British Enlightment XVII-XVII|

— George Cheyne
. (1671-1743)

~

Shgcpeishy) T is a common Say-
oo gs | ing, That every Man
% 3 ﬁ{; paft Forty is either a
%l oty £ool or a Phyfician:
3R | It might have been as

== ] jultly added, thar he
was a Divine too: For, as the World
gocs at prelent, there is not any Thing
that the Generality of the better Sort of
Mankind fo lavithly and fo unconcern-
cdly throw away as Health, except eter-
#al Felicity. Moft Men know when they
B arc

In 1725 « An Essay
of Health and
Long Life »




2  AnEssay of HEALTH

are ill, but very few when they are well.
And yet it is moft certam, ...

fier to preferve Health than to recover
it, and to prevem Mifeafes than to cure
them. Towards thei ~ the Means are
moftly in our own Pow.  Uittle clfe
is required than to bear «  “wbear.
But towards the latrer, the M. e
perplexed and uncertains and fou
Knowledge of them the far greateft Pa.
of Mankind muft apply to others, of
whofc Skill and Honefty they arc in a
great meafure jgnorant, and rhe Bencfit
of whofe Art they can but conditionally
and precarioufly obtain. A crazy Con-
ftitution, original weak Nerves, dear-
bought Expericnce in Things helpful and
hurtful, and long Obfervation on the
Complaint of othess, who camefor R elief
to this univerfal Infirmary, B AT H, have
at laft (in fome meafure) taught me fome
of the moft effe&tunal Means of preferving
Health and prolonging Life in thofe who
are tender and fickly, and labour undcr
chronical Diftempers.  And 1 thought I
could not fpend my lcifure Hours betrer
than by purting together the moft gene-
ral Rules for that Purpofe, and fetting
them in the cleareft and ftrongeft Light
I could, for the Bencfit of thefc who

mav

.

« Most men know
when they are ill,
But very few when
they are well. »

« And yet it is most

certain, that it is easier

to preserve
health than to
recover it and to
prevent diseases than
to cure them. »




Some centuries later chronic inflammation was

identified as the main mechanism of aging

\

Review > Ann N Y Acad Sci. 2000 Jun;908:244-54. doi: 10.1111/).1749-6632.2000.tb06651.x.

Inflamm-aging. An evolutionary perspective on
immunosenescence

C Franceschi 1, M Bonafé, S Valensin, F Olivieri, M De Luca, E Ottaviani, G De Benedictis




Inflammation that we ache about

Cardio Vascular Allergies Eye Disorders
Disease
Asthma
Breast Cancer
Diabetes
on

Colitis & Crohn’s
Disease

Arthritis &
Joint Pain

Obesity /\ |

Infection

Injury

Psorasis



Inflammation leads to Common Chronic Diseases

10 Common Chronic Conditions for Adults 65+

Quick Facts

80% ® © 6 & (8%
have have at ﬂ Q have 2 or more
least 1 chronic chronic
condition conditions

€ Inflammation that does not resolve

. | INFLANMMATION:
is at the bo.5|s of.concer, THE ARSENATL TO
degenerative diseases and CCD. DELAY AGEFING IN 2022

& Inflammation that does not resolve oo cuse ol sgang o o Lcanbediessl
is also the sign of gut mucosal
immunity impairement.




Biomarkers

Aging Biomarkers: From Functional Tests to Multi-Omics

Approaches

Ksenia 5. Kudrpashova, Xsenio Burka, Anton Y. Kulags, Nataliya 5. Vorobyewa ¥

and Brian K Kennedy#*

Maolecular & cellular biomarkers

- Dysregulated metriant
senging

- Increased cell senescence

- Decreased stemness

- Genomic instability
& mutations

= Epigenetic modification
- Loss of protecstasis

- Mitochoendriol dysfunction - Altered intercellular
& oxidative stress

communicotion

E-:::|r|l,I stage co
damage events

Accumulation of deleterious
changes in cells and tissves

Systemic biomarkers

- Clossic blood-bosed biomarkars Physical ability

- Inflammateory markers and functienal
- Horm perfarmance
testing

- Metabolic markers
- Organ-specifle blamarkers

Late-stage pathological
processes and diseases

AGE

Omics-bosed molecule-paottern biomarkers

Transcriptomics & miRMNA omics

Genamics & epigenomics

Pratecsmics Metabolomics

L
ittt
tteid

1T

Aging profiles




WHO 2015 : « Intrinsic Capacity »

multidimensional indicator of health,

SUMMARY

WORLD

. \ REPORT
€ accounting for mental and physical capacities that are crucial to e ON

older people to continue doing what they value most. AGEING

Jaurnals of Gerontolegy: Medical Sciences
Personal View P e eite as: J Gerontol A Biol Sci Med S¢i 2022, Vol 77, No. 1, %-100
https://doiorg/10.1043/gerona/glab226.
® G GERONTOLOGICAL . il
SOCIETY OF AMERICA® _ .
Research Article
WHO working definition of vitality capacity for health 4 - . e
. g cenr 'ty capacity 4 "® Intrinsic Capacity: Validation of a New WHO Concept for
longevity monitoring L IO N
Healthy Aging in a Longitudinal Chinese Study
Soa— S— — — 03]
Mylenz Aubertin-Leheudre, Christopher Mikton, Matteo Cesari Yuka Sumi Theresa Diaz, Anshu Baneriee, on behaf of the WHOWarking Group John R. Beard, MBBS, PhD,"*" Yafei Si, MA,'*" Zhixin Liu, PhD*" Lynn Chenoweth,
onViality Capacityf

PhD,* and Katja Hanewald, PhD"*

ARTICLES | , 100284, AUGUST 2022

Validating intrinsic capacity to measure healthy aging in an upper middle-
income country: Findings from the ELSI-Brazil

=~ Mérlon J.R. Alibe o Laiss Bertola ! o Claudia Szlejf « Déborah Oliveira « Ronaldo D. Piovezan « Matteo Cesari o etal.

authors

o Published: May 27,2022 « DOI: https://doi.org/10.1016/j.1ana.2022.100284




« Vitality »

|—H—‘ |_HW ﬁl_‘ FHW |—‘: biological changes that

Higher level physiological systems
(eg, energy homoeostasis, stress response systems, and repair mechanisms)

Biomolecular systems

DNA integrity ‘/y Proteostasis = g
+ Nuclear em-cel
+ Mitochondrial : Cellular senescence \AA/' exhaustion Vitality

occur with aging

or SASP
Epigenetic changes v Intercellular communication
(methylation) (pro-inflammatory mediators)

Microbiome

| Genetic inheritance |

cellular or intracellular physiologic =
anges » John R Beard et al.




Around 2000 we
started to look for
botanical
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BIO-GUIDED RESEARCH aimed at the identification of a
non toxic anti-inflammatory molecule

-3"--':5;': J Institut de Chimie des
BV  Substances Naturelles

vThe monoterpene d-Limonene was the best

Wovered In fthe Holford/o kendack

heallng plant in the Vietham In forest

.




At the heart of these different effects,

« small molecules y»

€ Low molecular weight (£ 1KDa) organic compounds involved in the
regulation/modification of biological processes

€ Natural or artificial, many have a beneficial effect against diseases.

€ They can be administered orally and some are excellent anti-inflammatory
agents. -—

@ They are considered different from biologics but may have similar effects.




d-Limonene and its metabolites

oPP OPP
‘ M2t
—_— —_—

Geranyl diphosphate (GDP) Linalyl diphosphate (LDP)
COH COH CH,0H
-H*
- - - e
x L
Dihydroperillic acid Perillic acid Perillyl alcohol (POH) | Limonene a-terpinyl cation

Potent small molecule T



Anti-Inflammartory Senescence Actives AISA
Inhibit adhesion molecules and actin cytoskeleton

v  Response to pro-inflammatory cytokine stimulation
generates a senescent phenotype

v 80% reversibility of adhesion molecules expression
and actin stress fibers

v d-Limonene monoterpenene at 0.002% and 0.004% -
= micromolar concentrations

———

. i




2005 national award for innovative research

UNIMNERSITE
B CONCOURS
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2007 First results at SENS 3 conference

[l 0.001% AISA 5203-L

SENS 3
O 0.002% AISA 5203-L
Aisa TX

Patrizia D'Alessio
at Sens3 gofference

http://S€AS.0rg
— \4

% inhibition

—

LDJRE - IS

Mechanisms of Ageing and Development 136 (2020) 111206

EEJUVENATION RESEARCH
Voleme 11, Number 7, 2008
@ Mury Anm Licbert, bac . ; Contents lists avallable at SclenceDirect
DO 10 T SRR
£ Mechanisms of Ageing and Development
g5 N geing p
~ journal homepage: www.elsevier.com/locate/mechagedev
. ——— Anti-Inflammatory Senescence Actives 5203-L Molecule
to Promote Healthy Aging and Prolongation of Lifespan
AISA can control the inflammatory facet of SASP m
\ v
Patrizia A. d’Alessio™*, Marie C. Béné” -

 Genopui Erureprses, 4 e erre Forain, 91058, By, France
* Pt Eapormotres Service @Hamaiote Biologigue CIU de Nors, 9 Qual Moncrsss, #4000, Nense, rance

Jean-Frangois Bisson,! Chantal Menut,® and Patrizia d"Alessio®

e



Concomitantly, in a rodent stress model : change in
behavior confirmed in humans

Mood modulation effect in humans

60 120 Dot Diisk + DPE

Interest for objects Figure 3 Gender partiion and CES-D variabion In diet versus dist pius OPE

\ D-Limonene decreases depression-like behavior and improves

memory via an anti-neuroinflammatory mechanism under chronic
restraint stress in rats
 MEHMET ALKANAT!, Hafize Alkanat?, and Arif Keskin®
1Giresun University Faculty of Medicine
2Giresun Universi

ity
3Giresun Universitesi Tip Fakultesi

August 4, 2023




AlISA in vitro PRE-CLINICAL colitis model : inflammatory
cytokines inhibition transcription factor NF-kB

$J
:
£
3
<P

Canlrol TNBS TNES
10

Life Sciences. 2013;92:1151-1156



AISA in vifro PRE-CLINICAL dermatitis model : inflammatory
cytokines inhibition in a wound healing model

Anti-Inflamnatory & Anti-Allergy Agents in Medicinal Chemistry, 2014, 13, 000-000 1

Skin Repair Properties of d-Limonene and Perillyl Alcohol in Murine
Models

Patrizia A. d'Alessio’”, Massoud Mirshahi’, Jean-Frangois Bisson® and Marie C. Béné*

lUniversily Paris Sud-11 Biopark Campus Cancer, Villejuif, France; JUniversil_]* Paris 6-Pierre et Marie Curie,
Inserm E 9912, Paris, France; JETAP Research Centre, Vandoeuvre-lés-Nancy, France; lHema{aIagv, CHU & Nantes

University, Nantes, France




Tissue repair in an auto-immune disease model

lesion mim
for AD
=N
>< 1 TPA 12-O-Tefradecanoylphorbol-13-Acetate POH Perillyl alcohol =

. —



First in human study FP7 Capacities

« Healthy aging by Nuftrition »
\A

Contents lists available at ScienceDirect CLINICAL

Clinical Nutrition 35 (2016) 812—818

LTI,

Clinical Nutrition

ELSEVIER journal homepage: http://www.elsevier.com/locate/clnu T

Randomized control trials

Impact of diet and nutraceutical supplementation on inflammation in @ CrossMark
elderly people. Results from the RISTOMED study, an open-label
randomized control trial*

b o o . ALMA MATER STUDIORUM
\ R. Ostan ¢, M.C. Béné °, L. Spazzafumo €, A. Pinto “, LM. Donini ¢, F. Pryen ¢, Z. Charrouf ', UNIVERSITA DI BOLOGNA

L. Valentini £, H. Lochs ", I. Bourdel-Marchasson **¥, C. Blanc-Bisson " ¥, E. Buccolini ', : :
_ P. Brigidi ™, C. Franceschi *™°, PA. d'Alessio P" Prof. Claudio Franceschi /




Oral administration in the first in human study

« Healthy aging by Nufrition »

Inflammation markers Anti-1L-6 efficacy as food supplementation
DIET + AISA DIET ONLY DIET + AISA
(=] 18 F
] 16 M
% B _E 14 _g i —
§ o o=l 3 .
5 T o g
P £ oot | 3
3 gL . £ -

i il i |
;,E: - }E 2 | tg (=i |
- I
Marmaland  Higl roemal and High
irlerrmedisle irflarmrmalony score intermediale inflammalory soore

iMflammatsysceee infammatary scare

Significant modifications of inflammation markers
(RISTOMED diet + d-Limonene) between DO and D56.




Biomarkers of cardio-metabolic syndrome,
diabetes, thrombosis

Monoterpens target IL-6 and
fibrinogen, but also insulin and markers
of insulin resistance*

and D56

* Homeostasic model assessment of insulin resistance HOMA-IR

% variation betwaen DO
1 i i

FIBRINGGEN -6 INSULIN HOMA-IR




Gut barrier repair

Leaky Gut Syndrome
g )
2 @t e= G Oy Y
e
Triggers Causing o ‘“ o= - V\-\'L\ o
Inestinal Damage Dietary Proteins Low HCLand  Antibiotics Infections Blood Sugar An(lbodlu
Enzymes Issues
u ﬁ\ ! \ { F ’
Pregnancy Stress Menopause \'oxlm FoodAlltvqm

Intestinal
Mucosal Cells

Table 1
OPE containing 95% of d-Limonene: effect on epi barrier funcion.
Control OPE Blood Stream
75 pM 150 pM 750 pM 1500 pbA
R 107 + 3% 106 + 4% 112 + 3% 132 + 3% 153 + 4%
n [ [ [
Blood Brain Inflammation  Autoimmunity Malabsorption
P nE, =0.001 =0.001 Barrier Breach &nutrient deficiency




Conseguences on microbiota

ARTICLES

https://doi.org/10:1038/541564-018

nature
microbiology

The neuroactive potential of the human gut
microbiota in quality of life and depression

Mireia Valles-Colomer('2, GwenFalony'?, Youssef Darzi©'?, EttjeF. Tigchelaar?, Jun Wang ©'2,

Raul Y. Tito"*#, Carmen Schiweck®, Alexander Kurilshikov®3, Marie Joossens ©'?, Cisca Wijmenga 35,
Stephan Claes®”, Lukas Van Oudenhove’®, AlexandraZhernakova®, Sara Vieira-Silva®"2°

and JeroenRaes®'2%*

% variation betwean DD and DS6
g
1

CL/B ratio

Monoterpen d-Limonene
modulates microbiota ratios
Clostridium cluster |V/Bifidobac%

e




« VITALITY » a matter of bacterial metabolites

Faecalibacterium & Coprococcus for
VITALITY, emotional well-being & social functioning

.... . associated to good QoL
® ¥ Coprococcus spp are
O decreased in case of depression

even after correction for the effets /

®
® O s anti-depressants. 4 )

GLM i cosfficient = ——




Leaky Gut Syndrome

N e S
e 7 Yy
" P e S
&
Triggers Causing “ . " N i
Inestinal Damage Dietary Proteins  Low HCLand  Antibiotics Infections Blood Sugar  Antibodies
ymes Issues
B o A, ®
> | & ~{\\~:.¥ @
!
y = w e
Pregnancy Stess Menopause Toxing Food Allergies

. o

Intestinal
Mucosal Cells

Blood Stream

Clrculating Immune Complex
=

Blood Brain
Barrier Breach

Inflammation  Autoimmunity Malabsorption

& nutrient deficiency
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GUT-BRAIN AXIS
ANDSKIN AGEING

Patrizia A d’Alessio explains how the gut-brain relationship can be the causeand
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Observational study in intermediate psoriasis

-1 SAPIENZA

UNIVERSITA DI ROMA




Case study ATOPIC DERMATITIS

High levels of zonulin / anti-food IgG

Partial restoration after 10 days cure with
anti-inflammatory terpenoids

Gut barrier repair, with
restitution of skin quality

VISIble mood ameliorafion




The « small molecule » d-Limonene and

its metabolite POH reset body multi-systems

&

g

8

% variation between DO and D56
2

'%éL;

CU/B ratio

=2 Anfi-inflammatory effect
enhances dopamine

Restoration of the gut barrier
fights dysbiosis —



Antl-inflammatory supplements can adress

v The molecular complex identified In Halfordia kendackis
also present in Citrus sinensis peel extract (OPE)

v’ of the same botanical Genus, and as rich
in d-Limonene

v Anti-Inflammatory Senescence Actives




2020-2022 Terpenoid « geroprotec

Food and Chemical Toxicology 123 (2019) 233-257

antioxidants PR —

Food and Chemical Toxicology

journal homepage: www,elsevier,com/locate/foodchemtox

Review

Terpenoids as Potential Geroprotectors Monoterpenes modulating cytokines - A review

Jullyana $.S. Quintans®, Saravanan Shanmugam®, Luana Heimfarth®, Adriano Antunes S. Aratjo”,
Jacksen R.G.da S. Almeida®, Laurent Picot®, Lucindo J. Quintans-Jinior™"

Ekaterina Proshkina ¥, Sergey Plyusnin 20, Tatyana Babak !, Ekaterina Lashmanova ! ey B . e o i S 1 e S Gt et
r r r ’ Cener fo Studies and Reseatch of Meicinl Panis (NEPLAME), Federal Universy af an Francisco Volley (UNIVASP), Perolia, Permariuco, Bresi

Faniya Maganova ?, Liubov Koval 12, Elena Platonova 12, Mikhail Shaposhnikov ! and R CHRS TGS, ity of Rl 0%, Bl et
Alexey Moskalev 1.2+

AIMS Molecular Science
2022, Volume 9, Issue 2: 46-65. doi: 10.3934/molsci. 2022003

Research article

(¥) Previous Amicle

d-Limonene challenging anti-inflammatory strategies

Patrizia A d'Alessio ! - % 5 Marie C Béné 2, Chantal Menut 3

1. AISA Therapeutics, University Paris Sud-11 and Genopole, Evry, France
2. Hematology Biology, CHU de Nantes & Inserm 1232 CRCINA, Nantes, France
3.IBMM, Univ Montpellier, CNRS, ENSCM, Montpellier, France

Received: 12 November 2021 | Revised: 09 January 2022 | Accepted: 07 April 2022 | Published: 20 April 2022




Redefining markers Y

€ To characterize « aging profiles »

Healthy GVB

; f ® ~ A PV
International Journal of K\ 2 4 & ¢ 9 ﬂe Perlcyte
Molecular Sciences MD\Py " ¥ ; :
Review

The Gut-Vascular Barrier as a New Protagonist in Intestinal and e "
Extraintestinal Diseases -

VCAM-1
— ICAM-1
Natalia Di Tommaso !, Francesco Santopaolo ', Antonio Gasbarrini 2 and Francesca Romana Ponziani 2*& 1 i
a
———— @ molecules
Salmonella typhimurius




The First Ristomed Consensus meeting




Moving to perspectives
—

€® Launch an enhanced RISTOMED clinical study taking into account
the Vitality Capacity criteria, in an African population.

® Reshape the EU research program « Stress on Chips » (2018) on
stress resilience genetic background, in the African population.




Salutogenesis and AfroLongevity

As for the AfroLongevity specificity, The anti- ————

inflammatory paradigm, from microbiota to neuro- ===
inflgmmOTion, COUld be reposn’ioned Salutogenesis and beyond

Abstract

‘vention. Then, four paradaxes of the biology of heahh wil be discussed The first deals with the

& as Africans may embody intrinsic longevity
dynamics due to active microbiota and
Important resilience scores, physical activity.

longeyvity a universal concept could
e fo Afrolongevity.
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