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''All parts of the body which have a function 
if used in moderation and exercised in 

labors in which each is accustomed, become 
thereby healthy, well developed and age 

more slowly; but if unused and left idle they 
become liable to disease, defective in 

growth and age quickly.''

Hippocrates of Kos, ca 400 B.C.
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Robert Marchand: 26 November 1911 – 22 May 2021
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• A diminutive 5 feet in height and weighing about 
115 pounds, Mr Marchand said he had not 
exercised regularly during most of his working life 
as a wine dealer, truck driver, gardener, firefighter 
and Canadian lumberjack. 

• He began training at 101, by the age of 105, the 
French amateur cyclist and world-record holder is 
more aerobically fit than most 50-year-olds — and 
appears to be getting even fitter as he ages

Lessons On Aging Well



A Central Question in Biology

Is aging simply the consequence of 
cumulative wear and tear with an 

inevitable decline in our ability to self-
repair?

or…
Is aging a physiologic “program” that 

can be slowed or even reversed?



Heterocephalus glaber



Naked mole rats…
� Native to East Africa

� Don’t experience an increased risk of death with aging

� Can survive 18 minutes without oxygen                           
(vital organs can use fructose as fuel)

� Only rarely get cancer

� Are resistant to pain

� Females never go through menopause

� Experience neurogenesis for decades

� Have active DNA repair and high levels of chaperones 
that help other proteins fold correctly 



Biological Age                       
(vs Chronological Age)

� Organ specific (varies from organ to organ)

� Result of genetic and environmental/lifestyle related risk 
factors (diet, exercise, sleep, exposome)

� Assessed by
� Biometric measures (blood pressure, BMI, RHR, etc)
� Blood biochemistry/immunology biomarkers

(CRP, WBC, glucose, lipids, albumin, creatinine, DHEA) 
� Telomere length
� DNA methylation patterns at CpG sites (epigenetic clock)
� Gut microbiome signature
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Key Physiologic 
Pathways Associated 
with Biological Aging



López-Otin, Carlos et al, Cell. 2013; Vol 153(6): 1194–1217 

9 Hallmarks of Aging



Physiologic Pathways of 
Molecular & Cellular Aging

� Genetic/epigenetic damage
� Genomic instability: insufficient repair of DNA mutations
� Telomere attrition (resulting in senescent cells)     
� Dysregulated DNA methylation: (global & CpG sites)

� Protein misfolding & accumulation (impaired autophagy)

� Inflammaging (chronic NFKB activation)

� Oxidative stress (esp mitochondrial)

� Senescent cell accumulation - post-Hayflick (SASP)

� Dysregulated nutrient & energy sensing



Inflammaging





Inflammation, But Not Telomere Length, 
Predicts Successful Ageing at Extreme Old 

Age: A Longitudinal Study of Semi-
supercentenarians

� Analysis of data from multiple Japanese studies of 
centenarians and supercentenarians

� Biomarkers of inflammation (CRP/IL-6) were best 
predictor of all-cause mortality

� “We conclude that inflammation is an important 
malleable driver of extreme old age in humans.”

EBioMedicine 2 (2015) 1549–1558 



Inflammatory Foods!!!



The “Pro-Aging” NFKB Retox Diet



NF-kB:
Inhibitors and Modulators

� Glucocorticoids

� Calorie restriction / intermittent fasting / time-restricted feeding

• Omega-3 fatty acids (EPA, DHA)

• Plant polyphenols and flavonoids
• Curcumin
• Green tea polyphenols
• Resveratrol/quercetin

• Glutathione enhancers: 
• N-acetyl cysteine (NAC)
• Alpha lipoic acid

1. Zhang N, Li Z, Mu W, Li L, Liang Y, Lu M, Wang Z, Qiu Y, Wang Z. Calorie restriction-induced SIRT6 activation delays aging by 
suppressing NF-κB signaling. Cell Cycle. 2016;15(7):1009-18 

2. Williams-Bey Y, Boularan C, Vural A, Huang NN, Hwang IY, Shan-Shi C, Kehrl JH. Omega-3 free fatty acids suppress macrophage 
inflammasome activation by inhibiting NF-κB activation and enhancing autophagy. PLoS One. 2014 Jun 9;9(6):e97957. doi: 
10.1371/journal.pone.0097957. 



Curcuma Longa



Curcumin:

Anti-inflammatory
Mechanism of 
Action



How might eating less 
(calorie restriction) 

contribute to longevity?
By influencing multiple 

energy sensing pathways.



Nutrient & Energy 
Sensing Pathways that Control Aging

� Mitochondrial energy/biogenesis pathway 
� AMKP
� NAD+ -- Sirtuin1/Sirtuin3
� PGC1-alpha 
� FOX01 / FOXO3                     

� Insulin-IGF/FoxO signaling:  IIS pathway

� mTOR pathway

� Cytoprotective pathway
� Nrf2/Keap1
� Antioxidant response element (ARE)



Healthy cristae (left) vs damaged (right)





J Intern Med. 2013 Jun; 273(6): 529–543.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3675642/


How does exercise lead to more 
mitochondria? 

Acute ATP depletion activates 
stress pathways, which stimulates 

mitochondrial biogenesis





↓ ↓ ↓ ATP +
↑ ↑ Hypoxia =

Mitochondrial Biogenesis

3440 m



Hormetic Stress/ATP depletion
Calorie restriction, Exercise, Cold 
Temperatures, Transient Hypoxia

AMPK SIRT1

PGC-1alpha
(muscle, brain, liver, brown adipose tissue)

Mitochondrial biogenesis:                                      
↑ATP, ↑Fatty acid oxidation, ↑Energy, Endurance,   Weight loss, 

Longevity!!!

Gene 
regulation



HIIT for mitochondria



AMKP Activation for
Healthy Aging:

Metformin vs. Berberine?



Coptis
Chinensis
rhizome
(Huang 
Lian): 

Source of 
berberine



Rhizoma Coptidis and Berberine as a Natural 
Drug to Combat Aging and Aging-Related 

Diseases via Anti-Oxidation & AMPK Activation

� Berberine is a promising anti-aging 
natural product, and has pharmaceutical 
potential in combating aging-related 
diseases via anti-oxidation and AMPK 
cellular kinase activation.

Aging and Disease, 2017, Vol 8(6): 760-777



Vitis vinifera                                   
(special fermented preparation)



Sirtuins
Silent Information Regulators of Transcription

N Engl J Med 2011; 364:2235-2244
Annu Rev Pathol. 2010; 5: 253–295

� Family of 7 NAD-dependent
deacetylases

� Found in most living organisms

� Activation linked to longevity, insulin 
sensitivity & protection against diet-
induced obesity 



If resveratrol is so powerful for 
activating sirtuins, why has it 

failed (mostly) in clinical trials?

One answer:  sirtuins require 
NAD+ as a cofactor



NAD+ 
Regulation of 

Sirtuins



NAD+ 
(Nicotinamide Adenine Dinucleotide)

� Enzymatic cofactor for metabolic activators, 
cell signaling, DNA repair

� Activates mitohormesis (biogenesis)

� Metabolic regulator of ROS/ATP
� Modulates free radical production
� Controls rate of oxidative phosphorylation & 

ATP production

Canto, Cell Metabolism 2015, Vol 22: 31-53



NAD+ Depletion

� NAD+ is consumed & depleted by 
� DNA repair -- poly-ADP ribose polymerases
� sirtuins (deacetylases): metabolic activators
� cADP-ribose synthases: intracellular 

signaling

� As result, NAD+ levels decline with aging  and
stress – a hallmark of senescence

Canto, Cell Metabolism 2015, Vol 22: 31-53



NAD+ Repletion

� Calorie restriction/intermittent fasting

� Oral (dietary) NAD+ precursors:
� Tryptophan (inefficient source)
� Niacin/nicotinic acid
� Niacinamide/nicotinamide (sirtuin inhibitor)
� Nicotinamide riboside                                               

(via NR kinases – highly efficient)
� Nicotinamide mononucleotide

� Synergistic phytochemicals
� Resveratrol
� Quercetin
� Apigenin



Nicotinamide Riboside (NR)

� Vitamin B3 analog, produced endogenously 
and found in food (beer, cow’s milk)

� Extensively researched at Dartmouth Medical 
School, Cornell, & Univ of Iowa

� Efficient dietary precursor to cellular NAD+ 
(Brenner, 2004)

� Activates sirtuins 1 & 3 resulting in 
� mitochondrial biogenesis 
� improved energy metabolism



Clin Transl Med. 2016; 5: 25.



Extending Healthspan:            
Core Strategies

� Daily stress reduction: prayer/contemplation/meditation

� Active social network (Make friends!)

� Regular exercise, HIIT + resistance

� Dietary strategies
� Overall caloric restriction
� Time-restricted feeding (16:8 regimen)
� Intermittent fasting / fasting mimicking diets                            

(meal replacement)

� Nutritional and botanical supplements

� Appropriate hormone replacement



Categories of Longevity 
Enhancing Agents

� Telomerase activators (?)
� Anti-inflammatories                        

(NFKB downregulators)
� mTOR inhibitors
� AMPK-SIRT-PGC1-alpha activators
� Nrf2 activators (indirect antioxidants)



Research-Worthy Longevity Agents

�Rapamycin (pulsatile?)
�Metformin
�Berberine
�Nicotinamide riboside with resveratrol
�DIM + Sulforaphane
�Curcumin; ellagic acid; quercetin; green tea
�Omega-3 fatty acids
�N-acetylcysteine (NAC); alpha lipoic acid




