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HOW MUCH OXYGEN?

« adult human at rest inhalesf1:8-2.4

= .. which is 10x higher for top athle
= .. and consumes 380 litres/O2 pe

« >6 billion tonnes of O2 |



Peter Rich

The cost of living

* most utilized by cytochrome oxidase in
mitochondria, reduced to H20

« 2 x 10%° mols CytOx to support VO3

« surface area of IMM = 14,000 m?

« transmembrane proton flux = 3 x 104
protons/sec

« ATP reformed at rate of 9 x 10%° mol/s

= turnover rate of 65 kg/day

Shining example: even at rest, a human body
requires as much power as a 100-watt lightbulb.
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PRODUCTION OF ATP

glucose
2 ATP

cytosol pyruvate [3-oxidation of fats

DAL AT DA DAY DA DR - AR “:A:'A:'A::A::A::A::A::A::A::A::A::A:W:A:\:'
B Sw Sw Swl Swl Swl Swll QA Swl Swl Swd Swrt A Lw Sw Swl Sw Swl Sw vl Sw v Sw v Sw Dwh Swl S
\/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/ \/

HY H* |
S 000 'e'ee‘d “o‘®: o‘e‘e‘el R /‘
0,0,0,80,0,80,0,80 1,0,8,! . .0,0,0,0 ) ':f
y

mitochondrion

24-31 TP

acetyl CoA

2 ATP pat |
Krebs' cycle



MITOCHONDRIAL UTILIZATION OF OXYGEN

H+

SYNTHASE

ADP + Pix /ATP

‘ electron transfer

ey Proton pumping



MITOCHONDRIAL UTILIZATION OF OXYGEN Heat
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Where Is the oxygen used?

Cellular Energy Utilization and Molecular Origin
of Standard Metabolic Rate in Mammals

DAVID F.S5. ROLFE AND GUY C. BROWN

Physiol. Rev. 77. 731-758, 1997.




ORGAN DISTRIBUTION OF OXYGEN UTILISATION IN HEALTH

TABLE 1. Contribution of the major oxygen-consuming
organs of the body to body mass and standard
melabolic rate

Body Mass, % Body Oxygen Use, %

(rgan Human Human

Liver : 17

Gastrointestinal tract ' 10
Kidney RS b

Lung g 4
Heart | X: 11
Brain 2 2()
Skeletal muscle 42 20
Total 19.8 838

Organ masses and oxygen consumption rates are mean values
from data on humans (1, 3, 72, 116, 135, 183) and rats (10, 71, 116, 117,
173, 181, 199). All data are for adult individuals except for data of Field
et al. (71), which are for 150-g animals.

Physiol. Rev. 77. 731-7858, 1997.




WHAT'S THE OXYGEN USED FOR?

e.g. liver

Non-mitochondrial =~5%

Mitochondrial uncoupled =15-20%

protein synthesis

+/K+
Mitochondrial coupled  =75-80% Na*/K*ATPase

to ATP synthesis
other ion pumps e.g.Ca2*ATPase

gluconeogenesis
ureagenesis

other e.g. MRNA synthesis

Physiol. Rev. 77: 7T31-T7588, 1997.




CELLULAR RESPONSES TO LACK OF OXYGEN

Animals (..and individual organs) can be subdivided into:

oxyregulators

... metabolism exhibits high obligatory rate of energy consumption
oxyconformers

... energy demands fall with decreasing availability of O,



ORGAN RESPONSES TO LACK OF OXYGEN

» oxyregulating brain generally regarded as most hypoxia-sensitive
* skeletal muscle among most hypoxia-tolerant

Anaerobic (glycolytic) ATP production can sustain pre-existing energy
demands for only a few minutes (brain) to hours (muscle)



WHAT IS SHOCK?

The abllity of the circulation to provide adequate O, and
substrate to meet cellular metabolic demands

Ergo, hypoperfusion represents supply-demand imbalance ..

.. and shock represents severe problem with either O, delivery or
non-utilization sufficient to cause a detectable systemic upset



Complement activation, endothelin-1 and
neuropeptide Y in relation to the cardiovascular
response to endotoxin-induced systemic inflammation
in healthy volunteers

: 2 3 5 :
A. Soor!, J. ALBerT?, E. WEITZBERG®, A. BENGTSsON®, |. O. N. LunpBerG” and A. SOLLEVI'
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Acta Anaesthesiol Scand 2004; 48: 74-81




Energy Metabolism 1n Sepsis and Injury

RENE CHIOLERO, MD, JEAN-PIERRE REVELLY, MD, AND LUC TAPPY, MD

Table 3. Resting energy expenditure in patients (difference (%) between measured and predicted”
values)

e e

Study Patient group No. of patients Difference (%)

ﬂueﬁhem_an et al. (1982) Malnourished 8 NS
Stressed 20 NS
Catabolic 16

NS
Roulet et al. (1983) Sepsis 11 C+15 D
Gil et al. (1985) Protein—energy depleted 1B — 21
Septic or injured 14 C+14 O
Wolfe et al. (1987) Severe burns B +23
Jeevanandam et al. (1990) Injured 5 +9
Septic 3 C+13
Monk et al. (1996) Critically injured 10 +55

* Calculated wusing Harris—Benedict equation (Harris & Benedict, 1912); for males, BMR=
66-5+ 13-75W + 5H — 6-8A; for females, BMR = 66.5 + 9-6W + 1-85H — 4.7A; where BMR is expressed in kecal/d,
W is weight (kg), H is height {cm), A is age (years).

Nutrition 1997;13(Suppl):455-31S.




Similar metabolic responses to standardized total parenteral
nutrition of septic and nonseptic critically ill patients':?

Christian Zauner, Beate I Schuster, and Bruno Schneeweiss

Results: Resting energy expenditure was not significantly differ-
ent between septic and nonseptic patients on day 0 (2.65 £ 0.49

and 2.36 = 0.56 kJ-min~'-m™2, respectively).

Resting
energy expenditure on day O was negatively correlated with the
severity of illness 1n septic patients only (r = —0.58, P < 0.0)5).

Am J Clin Nutr 2001:74:265-70.




TABLE IL

EFFECT OF TREATMENT ON RESTING
ENERGY EXPENDITURE

Energy Metaboli ary

RENE CHIOLERO. MD, JEAN-P Catecholamines D

Treatment AREE (%) Reference

process, 1n(
Celsius elev

Epinephrine, healthy subject
Epinephrine. septic shock
Morepinephrnine, healthy subject
Norepinephrine, septic shock
Dopaming, healthy subject
Dopamine, septic shock
Dobutamine, septic shock
Dobutamine, healthy subjects
Dobutamine, healthy + siress
Beta-blockers
Propranolol, severe burns
Propranolol, head injury
Sedatives
Postoperative patients, mechanical
ventilation
Barhiturates, head injury
Morphine analgesia
Morphine, postoperative patent,
FEWaRming
Crincally ill patients
Muscular relaxants
Head injury
Mechanical ventilation
Postoperative
Acute respiratory failure {ARDS)
Cooling
Hyperthermia + mechanical
ventilation
Mutrition (DIT)
Healthy subyects
Major burns +20

T 3=20

Sjdstrom et al.»®
Mackenzie et al.®®
avedmyr et al,™
Edwards et al.™!
Rutuman et al,”*
Jardin et al.”™
Jardin et al.’
Uusaro et al.™

Breitenstein et al.
Chioléro et al,*
Boyd et al. *
Dempsey et al.™®
Rodriguez et al.¥
Swinammer et al.*®
Clifion et al.®

Wiale et gl *t
Shikora et al @

' consuming
:ach degree

Manthous et al.™

lequier et al.'
Allard et al.™

AREE, change in resting energy expenditure; ARDS, acute respiratory

455-318.

distress syndrome; DIT, diet-induced thermogenesis.




Oxygen consumption and resting metabolic rate in
sepsis, sepsis syndrome, and septic shock

GEORG KREYMANN, MD; SEBASTIAN GROSSER, MD; PETER BUGGISCH, MD; CLAUS GOTTSCHALL;
STEPHAN MATTHAEI, MD; HEINER GRETEN, MD

Crit Care Med 1993: 21:1012-1019
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Changes In ratio of measured resting energy expenditure to
predicted energy expenditure (REE/REEp) In sepsis & trauma

REE/REEp

%, Days Affr Admission

Uehara et al. Crit Care Med 1999: 27:1295-1302



Faecal peritonitis rat model
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Alex Dyson Temporal changes in tissue cardiorespiratory

Alain Rudiger

Mervyn Singer function during faecal peritonitis
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= local Oz supply-demand affected in some organs at 6h - yet not sick
= local Oz supply-demand balanced at 24h .. yet sick++ —> shutdown!

Intensive Care Med (2011) 37:1192-1200




VO and temperature In fluid-resuscitated rat peritonitis model

(D,) @inresadwal




_— oxygen consumption
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triacylglycerol
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SUMMARY

oxygen used for multiple processes (mitochondria, ROS...)

... and heat production (uncoupled respiration)

utilization differs between organs - in health and disease

In shock states:
» temporal alterations in Oz use (whole body + intra-organ)
» modifications in metabolic substrate

* early shift towards fat metabolism in sepsis

» Implications re: inflammation, metabolic efficiency

* Increased In non-survivors ... causal or epiphenomenal??






