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 Energy production
 What happens inside the cell?
 What are mitochondria?
 Physiology – a brief overview

 What regulates their growth? 
 How does exercise affect mitochondria? 
 Does nutrition impact mitochondria? 
 Mitochondrial-boosting workouts

SESSION FOCUS



WHAT IS ENERGY?

ENERGY IS THE ABILITY TO DO WORK

or . . . POWER DERIVED FROM THE UTILISATION OF PHYSICAL 

OR CHEMICAL RESOURCES



THIS PROVIDES OXYGEN AND 
GLUCOSE TO ACT AS FUEL

THIS FUEL IS USED IN
OUR CELLS TO PRODUCE 

WORK ENERGY

ENERGY PRODUCTION STARTS WITH  

BREATHING & DIGESTING FOOD

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimm7-BhZbTAhWEo5QKHQLiBcoQjRwIBw&url=http://www.ck12.org/book/human-biology-breathing/section/4.1/&bvm=bv.152174688,d.dGo&psig=AFQjCNH9r0piaP-CgjrGxMjFkwwiaW8ESg&ust=1491781389719491


ENERGY PRODUCTION IN THE CELL IS CALLED

CELLULAR/INTERNAL RESPIRATION 

IT TAKES PLACE IN THE CYTOSOL & 

MITOCHONDRIA OF THE CELL



THE BASICS: Lots of mitochondria = lots of energy

Healthy mitochondria contribute to a healthy body



WHAT ARE MITOCHONDRIA?

MITOCHONDRIA

ARE ORGANELLES 

(OR PART OF 

A CELL)

NUCLEUS



A CLOSER LOOK

They are AMAZING and pre-date human life.

They’re considered a prokaryotic cell (no nucleus)

Symbiotic relationship developed

The larger cell swallowed the smaller cell without digesting it!

https://www.youtube.com/watch?v=f2rX-nWDqoU

https://www.youtube.com/watch?v=f2rX-nWDqoU




AMAZING MITOCHONDRIA

• HAVE THEIR OWN CHROMOSOMES

• HAVE THEIR OWN DNA

• MAKE THEIR OWN PROTEINS

• BEHAVE LIKE BACTERIA

• CAN BE DAMAGED BY ANTIBIOTICS

• ARE INHERITED FROM MATERNAL SIDE

• ARE IN MOST CELLS IN THE BODY

• IMMUNE FUNCTION

• PRODUCE ENERGY VIA

AEROBIC METABOLISM
Male mitochondria propels sperm but 

doesn’t get through the egg wall



WHERE ARE THEY FOUND?: IN CELLS USING O2

• – IN MOST CELLS IN THE BODY 

• – NOT IN RBC

• – LOTS IN LIVER, BRAIN AND MUSCLES

• – THEY MULTIPLY ACCORDING TO DEMAND

MITOCHONDRIA PERFORM TWO FUNCTIONS: 

1. THEY ARE THE PRIMARY SITES FOR ATP SYNTHESIS IN THE CELL – HENCE CALLED THE 

POWERHOUSE OF THE CELL

2. THEY HAVE A KEY ROLE IN APOPTOSIS – PROGRAMMED CELL DEATH – INTRINSIC 

PATHWAY – CANCER LINK



MITOCHONDRIA IN NERVE CELLS



MITOCHONDRIA IN MUSCLE FIBRES



HOW DO CELLS MAKE ENERGY?

CELLULAR RESPIRATION STEPS:

1. GLYCOLYSIS – IN CYTOSOL –

GLUCOSE (FOOD)

2. KREBS CYCLE – IN MITOCHONDRIA 

USING OXYGEN

3. ELECTRON TRANSPORT CHAIN – IN 

MITOCHONDRIA USING OXYGEN

1. Glucose via the digestive system into cytosol 

2. O2 via lungs into mitochondria together called CELLULAR RESPIRATION



THE MITOCHONDRIA ENERGY CONNECTION

STEP 1

External respiration

O2 movement from environment 

to the blood 

CO2

O2

O2

O2

O2



STEP 2

Cellular respiration

Movement of glucose 

from blood to cell 

cytosol

GLYCOLYSIS to feed 

the mitochondria

THE MITOCHONDRIA ENERGY CONNECTION



Cellular Respiration 

O2 movement from blood 

into the cell mitochondria in 

the body’s tissues

THE MITOCHONDRIA ENERGY CONNECTION

STEP 3



Cellular respiration 

using energy from 

glycolysis and oxygen 

to fuel mitochondria to 

create energy in form 

of ATP

THE MITOCHONDRIA ENERGY CONNECTION

STEP 4



MITOCHONDRIA TRANSFORM ENERGETIC SUBSTRATES. 
EG, GLUCOSE AND OXYGEN INTO ENERGY

H2O

CO2

HEAT



MITOCHONDRIAL 
DISEASE

• MITOCHONDRIAL DISEASES RANGE IN SEVERITY FROM ASYMPTOMATIC 

TO FATAL

• BECAUSE CELLS HAVE MULTIPLE MITOCHONDRIA, DIFFERENT 

MITOCHONDRIA IN THE SAME CELL CAN HAVE DIFFERENT VARIATIONS 

OF THE MTDNA

• WHEN A CERTAIN TISSUE REACHES A CERTAIN RATIO OF MUTANT 

VERSUS WILDTYPE MITOCHONDRIA, A DISEASE WILL PRESENT ITSELF.

• DIABETES MELLITUS, FORMS OF CANCER AND CARDIOVASCULAR 

DISEASE, LACTIC ACIDOSIS, SPECIFIC FORMS OF MYOPATHY, 

OSTEOPOROSIS, ALZHEIMER'S DISEASE, PARKINSONS'S DISEASE, 

STROKE, MALE INFERTILITY

• STATINS MAY BE LINKED TO MITOCHONDRIA DYSFUNCTION

• NUTRIENTS CAN PROTECT AGAINST OXIDATIVE DAMAGE TO 

MITOCHONDRIA. THESE NUTRIENTS INCLUDE Ω3 FATTY ACIDS, 

ANTIOXIDANTS (VITAMIN C AND ZINC), MEMBERS OF THE VITAMIN B 

FAMILY (VITAMIN B12 AND FOLIC ACID) AND MAGNESIUM. 



WHAT REGULATES MITOCHONDRIAL GROWTH?

AMPK



PGC-1Α



NRF 1/2



MITOCHONDRIA



CAN MITOCHONDRIA WASTE?

AMPK ACTIVITY HAS BEEN 

SHOWN TO DECREASE WITH 

AGE AND SEDENTARY LIFESTYLES, 

WHICH MAY CONTRIBUTE TO 

DECREASED MITOCHONDRIAL 

BIOGENESIS AND FUNCTION 

WITH AGING AND DISUSE.



HOW DOES EXERCISE EFFECT MITOCHONDRIA?

MUSCLE CONTRACTION 

INCREASES THE ACTIVITY OF 

AMPK (WHICH DETECTS FALLING 

ENERGY AVAILABILITY IN THE 

MUSCLE), WHICH INCREASES THE 

EXPRESSION OF PGC-1Α & 

SIGNALS THE GROWTH & 

PROLIFERATION OF 

MITOCHONDRIA.

.



DOES ALL TYPES OF EXERCISE EFFECT 
MITOCHONDRIAL EQUALLY?

AEROBIC EXERCISE THAT 

EMPHASIZES VOLUME IS THE 

MOST POTENT CONTROLLER OF 

MITOCHONDRIAL GROWTH. 

AEROBIC EXERCISE THAT 

EMPHASIZES INTENSITY

REGULATES THE FUNCTION OF 

MITOCHONDRIA.

.



RESISTANCE TRAINING & MITOCHONDRIA?

MUCH LESS IS KNOWN ABOUT 

THE EFFECT OF LIFTING WEIGHTS 

ON MITOCHONDRIA.

AVAILABLE EVIDENCE SUGGESTS 

A ROLE AT INCREASING THE 

FUNCTION OF MITOCHONDRIA



HOW DOES NUTRITION IMPACT MITOCHONDRIA?

• MACRONUTRIENTS?

• FOOD COMPONENTS?

• TIMING OF MEALS IN THE DAY?

• TIMING OF NUTRITION IN RELATION 

TO EXERCISE?



HOW DO MACRONUTRIENTS IMPACT 
MITOCHONDRIA?

DIETS WITH LOW GLYCEMIC 

RESPONSE, HIGH FIBRE WITH 

MODERATE PROTEIN INTAKE AND HIGH 

PLANT VARIETY (MEDITERRANEAN DIET) 

HAVE BEEN SHOWN TO PROMOTE 

HEALTHY MITOCHONDRIA



FOOD COMPONENTS & MITOCHONDRIA?

GREEN TEA EXTRACTS, 

SODIUM BICARBONATE, 

CAFFEINE, 

COCOA, 

RESVERATROL, 

QUERCETIN.



TIMING OF MEALS & MITOCHONDRIA?

FASTING MIMICKING DIETS

KETOSIS

TIME-RESTRICTED FEEDING





SUPPLEMENTS & MITOCHONDRIA

CREATINE, L-CARNITINE, Α-LIPOIC ACID, 

COENZYME Q10, REDUCED 

NICOTINAMIDE ADENINE 

DINUCLEOTIDE (NADH). 

SUPPLEMENTS CONTAINING 

NICOTINAMIDE RIBOSIDE APPEAR TO 

HAVE THE MOST LIKELIHOOD AT 

HAVING A POSITIVE EFFECT ON 

MITOCHONDRIA 



NUTRIENT TIMING INTERACTIONS WITH 
MITOCHONDRIAL

PERFORMING EXERCISE OR 

RECOVERING FROM 

EXERCISE WITHOUT THE 

PROVISION OF 

CARBOHYDRATE HAS A 

FAVOURABLE EFFECT OF 

MITOCHONDRIAL 

ADAPTATION. 



NUTRIENT TIMING INTERACTIONS WITH 
MITOCHONDRIAL



HIT VS CONTINUOUS EXERCISE?

BOTH INTENSITY & VOLUME 

APPEAR TO EFFECT 

MITOCHONDRIA IN 

DIFFERENT WAYS 

(FUNCTION VS GROWTH)



HIT VS CONTINUOUS EXERCISE?

WHEN MATCHED FOR TOTAL 

VOLUME, 

HIT APPEARS TO HAVE A 

SUPERIOR EFFECT.



WHY IS HIT SO EFFECTIVE?

BOTH HIGH-INTENSITY 

MUSCLE CONTRACTION

&

THE RATE AT WHICH 

SUBSTRATES ARE DEPLETED IN 

MUSCLE ACTIVATE AMPK 

SIGNIFICANTLY.



TONY’S FAVORITE MITOCHONDRIAL BOOSTING 
WORKOUTS



CONTINUOUS ENDURANCE TRAINING

• 45+ MINUTES

• INTENSITY 180-AGE

• 3-7 DAYS PER WEEK

• USING SLEEP LOW AND FASTED 

STATE



SPRINT INTERVAL TRAINING

4-6 X 30 SECONDS ‘ALL OUT’ WITH 4.5 MINUTES EASY

4-6 X 20 SECONDS ‘ALL OUT’ WITH 2:10 MINUTES EASY

4-6 X 60 SECONDS ‘BEST HARDEST PACE’ WITH 4 MINUTES EASY



CONTINUOUS HIGH-INTENSITY INTERVAL TRAINING

60 SECONDS HARD WITH 60 SECONDS EASY REPEATED 10 

TIMES

4 MINUTES HARD WITH 1 MINUTE EASY REPEATED 4-6 TIMES

3 MINUTES HARD WITH 2 MINUTES EASY REPEATED 4-6 TIMES



INTERMITTENT HIGH-INTENSITY INTERVAL 
TRAINING

(20S WITH 40S REST X 8, REST 2 MINUTES) X 3

(30S WITH 30S REST X 8, REST 2 MINUTES) X 3

(40S WITH 20S REST X 8, REST 2 MINUTES) X 3
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