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Upplagg av forelasningen

Aerobt arbete (uthallighetsarbete)

« Syrekrav och syreforbrukning

* Ventilatorisk respons

« Kardiovaskular respons

Syretransport

Metabolism under traning (aerob och anaerob)

Temperaturreglering

Effekter av traning



L 8 Leverera syre till arbetande muskler for att omvandla
,_/—Q/ /) naringsamnen till mekanisk energi

SYRGASKONSUMTIONEN, VO2

- VILA 0.3 L/min
« PROMENAD (el. 50W cykel) 1 L/min

* MAX KONSUMTION

OTRANAD MAN ]
Ca 3,0 L/min (35-40 mL/min x kg) ‘ OKNING MED 10 GGR

MYCKET VALTRANAD MAN .
Ca 6 L/min (85 mL/min x kg) ‘ OKNING MED 20 GGR



~®, Leverera syre till arbetande muskler for att omvandla
/) naringsamnen till mekanisk energi
-e- Trained

-& Untrained

Oxygen uptake (ml - kg-! - min-1)

0 3.2 6.4 9.7 129 16.1 193
(2.0) (4.0) (6.0) (8.0) (10.0) (12.0)
Speed, km/h (mph)

Figure 4.16 The relationship between exercise intensity
(running speed) and oxygen uptake, illustrating VO,max
in a trained and an untrained man.

KONDITION

R

Kroppens formaga att forbranna syrgas per minut och kg kroppsvikt,

dvs mL O,/kg x min



L 8, Leverera syre till arbetande muskler for att omvandla
naringsamnen till mekanisk energi

Kapillamat i lungorna

Central niva Mellan niva

* Harta «  Blodmangd
* Lungor .+ Blodtryck
*  Hemoglobin Vantrmar
Lokal niva koncentration
+ Kapillartathet «  Blodflode ,
*  Mitokondrier T -
* Blodfléde ‘

Kapillamét i kroppen

vvvvvvv

Energisubstrat

*  Fett

*  Kolhydrater

*  (Proteiner)

*  Fosfater (ATP-PCir)
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ANDNINGSFORANDRINGAR

-sakerstalla O, tillforsel och andas ut CO, som bildas

Ventilation Andningsfrekvens
Vila 6 L/min 12 andetag/min
Maximal anstrangning ca 100-140 L/min  Ca 50-60 andetag/min Otranad man
119 Start Siop

-~ 120

n

100

80

Moderate }

60
Light I

40 {
20 Exercise :

20 0NN 2 8 TS 6l
Time (min)

Pulmonary ventilation (L/m

» Proportionerlig 6kning i forhallande till syrebehovet (vid ventilatoriska
troskeln — borjar hyperventilera)
* Trots de stora forandringarna — finns reserv



Inspiratory reserve volume
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Figure 12.10. Tidal volume and subdivisions of pulmonary air during rest and exercise.
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Oxygen consumption (mL - min-1)
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Reglering av ventilationsresponsen

L Start Stop
120 /
100

80

40

Pulmonary ventilation (L/min)

20

21" 01 28 45 677
Time (min)

Figure 7.13 The ventilatory response to light, moderate,
and heavy exercise. The subject exercised at each of the
three intensities for 5 min. The ventilation volume tended
to plateau at a steady-state value at the light and moderate
intensities but continued to increase at the heavy intensity.

Direkt respons — feedforward/central command

Finjustering av kemoreceptorer och mekanoreceptorer

Cerebral cortex
(voluntary control)

Intercostal
muscles
Central
chemoreceptors Pons
(PORs/ Medulla

Peripheral oblongata
chemoreceptors

(PO,, PCO,, pH)

Active muscles

Diaphragm

intercostal

mienlac




CIRKULATIONSFORANDRINGAR
-sakerstalla O, tillforsel, eliminera CO2 och andra biprodukter, reglera temperaturen,
transport av hormoner och nutrienter

Other tissues Other tissues

Skeletal
muscles

Skeletal
muscles

Skeletal muscle: 1.2 L/min 22.5 L/min
Heart: 0.2 L/min 1.0 L/min
Skin: 0.5 L/min 0.6 L/min
Brain: 0.8 L/min 0.8 L/min

Vasokonstriktion i icke arbetande vavnad (sympatikus aktivering), vasodilation i arbetande muskler (lokal reglering)
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HJARTMINUTVOLYM = Slagvolym x Frekvens

(ca 5 L/min i vila och 20-35 L/min vid maxarbetet)

Rest

Maximal exercise

Heart rate (bpm)

Stroke volume (ml)

Ca 50% okning i SV
Ca 2-300% 6kning i HR



HJARTMINUTVOLYM (Cardiac Output) = Slagvolym x Frekvens
(~5 L/min vid vila och ~20-35 L/min vid maximalt arbete)

Exempel pa hjartfunktonen hos en

otranad person respektive maratonlopare

Slagvolym (ml)  Hjartfrekvens (bpm)

Vila

Otranad 75 75
Maratonlopare 105 50
Maximalt arbete

Otranad 110 195
Maratonlopare 162 185

Maximal HR — individuell (“220-alder”), inte relaterat till VO,max



Excentrisk Hypertrofi @
(0kad EDV, 6kad slagvolym) Koncentrisk Hypertrofi

H THE ATH S HEART
Endurance athlete Strength athlete Combination athlete
e.g., runner, swimmer e.g., weightlifter, wrestler e.g., rower, canoeist
* Thickening of LV walls * Thickening of LV walls * Gross thickening of LV walls
* LV dilation * Mild LV dilation ¢ LV dilation

\?/Q’

00—

PATHOLOGICAL REMODELLING | PHYSIOLOGICAL REMODELLING

Hypertension Dilated cardiomyopathy, Hypertrophic cardiomyopathy
* Thickening of LV walls heart failure * Gross thickening of LV walls
* No dilation in early * Thinning of LV walls * No dilation/decrease
stages of disease * Significant LV dilation in LV chamber size
THE DISEASED HEART

Slagvolymen hos en uthallighetstranad ar hogre pga hypertrofi och ékad blodvolym
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Maximal Aerobic Exercise

o (=
u z L”s“am

Rest or Matched Submaximal
Aerobic Exercise

Untrained Trained Untrained Trained



Decreased Cardiac
Parasympathetic
Stimulation

100

Heart Rate (beats/min)

Vagus nerve fibers slow o
heart rate and conduction Rest A e
velocity through action Maximal Oxygen Consumption (%)

ofAChatSAandAdes./

Cardiovascular center
(Medulla)
Vagus nerve
Efferent sympathetic rasympathetic
fibers increase heart e - )
rate and myocardial
! dilate Oorl:y“:ynd Sympathetic nerves /
' arteries. \
Adrenal
(medulla)
 — ACh —— Epi-¥» Circulation —j
4 ‘ Epi = Epinephrine
Sympathetic nervous Released epinephrine delivered Nt Moo e
stimulation of adrenal medulla via blood accelerates SA node
causes epinephrine release. discharge, dilates coronary vessels,




REGLERINGEN AV
CIRKULATIONSMSTALLNINGEN

CENTRAL COMMAND
AKTIVERING AV SYMPATISKANERVSYSTEMET KOPPLAT TILL
AKTIVERINGEN AV MUSKLERNA

LOKAL KONTROLL

KEMORECEPTORER | DE ARBETANDE MUSKLERNA
(IpH, 1Pco, TADP, 1Mg?*, 1Ca?*, ttemp)

MEKANORECEPTORER | SENOR OCH LIGAMENT
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Start 88 176 264 352 440
Distance (yd)

M Anticipation _ |60 yd [l 220 yd [ 440 yd

Figure 16.6 * Heart rate response of sprint-trained runners.

Skeletal muscle




Vad hander med blodtrycket under arbete?
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Rest 2 B 6 8 10 12 14
Treadmill elevation (% grade)

Systolic blood pressure B Diastolic blood pressure

SBP 6kar pga stor 6kning av cardiac output
DBP ar vanligen oforadrad pga lag perifer resistens




VILA ARBETE

Dilated B

arteriole

— Constricted arteri .
Open precapillary

spincters

Closed precapillar
spincters

Thoroughfare Thoroughfare
o channel G channel

Ca 1/30 kapillarer 6ppna



Presence of capillaries and proliferating endothelial cells in human skeletal muscle before, during and
after a 7 week training period a trained (*) and control (o) leg.

Capillary-to-fibre ratio (C:F), capillary density (cap/mm?) and endothelial cell associated proliferating cells
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Artery Capillary Vein

Vila O e

20 ml Os a-vO: diff | 15.16 ml O
per 100 ml 4-5 ml Oz per 100 mi
blood per 100 ml blood blood
a
Artery Capillary Vein
|ntensivt _}
arbete 20 ml O» | a-vO. diff 5 ml O
per 100 ml 15 ml Oz per 100 ml
blood per 100 ml blood blood
b

Figure 8.6 The arterial-venous oxygen difference (a-vO,
diff) across the muscle (a) at rest and (b) during intense
aerobic exercise.

VO, = Cardiac Output x a-vO, diff



Dissociationskurva for Hemoglobin
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PO, i muskler ca 40 mmHg — brant kurva gor att sma férandringar orsakar stora
andringar i syreavgivelse

Vid arbete — hogre temperature och lagre pH gor avgivelsen an hogre



Kroppens valuta for alla energikravande processer - ATP

Nerve
#1 transmission

.

—
\

Glandular .-"l
secretion /. |
f

Muscle
action

|
\

v/

| 1 .
Triphosphate , Ribose  Adenine Circulation

1 .
Adenosine

Tissue
synthesis

| den arbetande muskeln bildas ATP fran kreatinfosfat eller forbranning av
energisubstrat: GLUKOS, FETT, (och PROTEIN)



Intestine

r .
Muscle tissue

absorbed 2 Yycog Contraction
Rest ADP
r Liver glycogen ' 5 /
¢ Exercise P, Myosin ATPase
1
Glucose
T Glycolysis
. (anaerobic) Ca-ATPase
Am_lno Pyruvate
acids o
Lactate Lactate «———— Pyruvate Relaxation
L creatine
Adipose  Glycerol + fatty acids > Fatty acids —> Acetyl CoA IS
tissue g >
Lipids stored in Triglycerides l £ 123
adipose tissue 8
Oxidative
phosphorylation Creatine ~{P) (PCr)
Gas exchange O, > and - o
atthelling= =00, citric acid cycle ADP
(aerobic)
S

Glucose comes
from liver glycogen
or dietary intake.

Fatty acids can be
used only in aerobic
metabolism.

Lactate from anaerobic
metabolism can be converted
to glucose by the liver.

Both aerobic and anaerobic
metabolism provide ATP for
muscle contraction.




CH,OH

Energy Transfer From Glucose Catabolism o

Anaerobic <:J

Respiration
in cytoplasm

Glucose OH OH
] OH
Glycolysis
in cytoplasm

!

Pyruvate
(2 ATP)

m=) _Aerobic

Respiration
in mitochondria

:

Animal:
Lactic Acid

Nedbrytning av glukos
till laktat ger 2 ATP

: |
Plant:

Ethanol + CO,

Substrate phosphorylation
2H,(4H)

2H; (4H)
Substrate phosphorylation
8 H, (16 H)

Citric acid cycle
Citric acid cycle

TOTAL: 36 {ATP}




Total Energy Transfer From Fat Catabolism

O

l . g Ny ey L~ L~ o o~

H-C-O-H Ho-"" e T T T i N -"CH_\,

H - C_O - H HO i N -
|
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Glycerol 3 Fatty Acids

(o]

-

Source Pathway ATP yield per
molecule neutral fat

| 1 molecule glycerol Glycolysis + Citric acid cycle

3 molecules of 18- 3-oxidation + Citric acid cycle
carbon fatty acid




RESPIRATORISK KVOT, RQ. (RER)
FORHALLANDET MELLAN BILDAD MANGD CO, OCH FORBRUKAD MANGD o,

VCO,

+Vid forbranning av KOLHYDRATER férbrukas lika manga O,
molekyler som det bildas CO, molekyler, dvs RQ =1

+Vid forbranning av FETT forbrukas betydligt fler O,
molekyler an det bildas CO, molekyler (140 % fler), dvs
RQ=0.71

 Beroende pa vilken blandning av de olika energikallorna som
vi anvander kommer alltsa RQ att variera mellan 0.71 och 1.

(OBS - Vid anaerob forbranning gar RQ déver 1)



At low-intensity exercise, muscles get more energy from fats than
from glucose. During high-intensity exercise (levels greater than
70% of maximum), glucose becomes the main energy source.
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Figure 3-1: The three systems of energy transfer and their percentage
confribution to total energy output during all-out exercise of
different durations.

Short-term
energy system

r (Glycolysis)

100%

Long-term
energy system
(Aerobic)

Immediate

Percent capacity of energy systems

- energy system
i (ATP-CP)
1 1 1 1
10 30 2 5
s s min min

Exercise duration

Reference: McArdle, Katch and Katch. (1996). Exercise Physiology. Energy, Nutrition and Human
Performance. Williams & Wilkins, Maryland. p. 190.

» Kortvarigt hart arbete, 10-20 sek: Tillgangligt ATP (ATP-CP).
» Hart arbete upp till nagra minuter: anaerob férbranning av glukos (glykogen).

» Langre arbete: aerob forbranning av fett och glukos (glykogen).



Phosphocreatine

Glycolysis

Carbohydrate
Oxidation

Fat
Oxidation

Energy store

100 kcal

250 kcal

Carbohydrates 600g
(Liver glycogen 100g
Muscle glycogen 500g)
2 500 kcal

Fat depot > 8kg
55 000 kcal

- Anaerobic

- Aerobic




Individer anvander energisystemen i olika utstrackning beroende pa genetik,
hur mycket de trdnar, vad de tranar och pa olika naringsstrategier.

Types Of Muscle Fibres

Stor genetisk komponent, men

Type 1 Type 2A Type 2B . . .
kan andra fibertyp med traning.

< ¢ " Och kan d@ndra storlek, innehall
ol 4 4 .
L y ¢ ¢ och antal fibrer.
Slow twitch Fast oxidative Fast glycolytic

Exempel pa naringsstrategi:

& Control test

[0 After fasting

@ After fasting + protein intake

A After fasting + carbohydrate intake

Fat Oxidation (g/min)

100

Exercise Intensity (% of VO,,,..,)

Andersson-Hall et al. 2018 IJSNEM



ANAEROBT ARBETE OCH
LAKTATBILDNING

o

—
o

—o— Untrained
-=-o-=-- Trained

@®

e— 5 ——o-

Blood lactate concentration (mmol/L)
(o))

125 150 175 200 250 275 300 325 350
Work rate (W)

FIGURE 6.10 The lactate threshold training effect.



ANAEROBT ARBETET OCH “SYRESKULD”

EPOC- Excessive post-exercise oxygen consumption

Oxygen
deficis ‘Steady state’
/ oxygen consumption
Oxygen
Consumption
Exercise interval e Oxygen debt
/EPOC

Time

En del av EPOC gar at till att aterstalla anaeroba systemen (kreatinfosfat
och laktat-rensning). Storre del till aterfylinad av energilager och
reparation/underhall (upp till 48h forhojd syreférbrukning).



Temperaturreglering

MUSKLERNAS VERKNINGSGRAD ca 20-25%
(férmaga att anvénda energin till muskelarbete)

Dvs vi bildar vid arbete overskotts-varme som vi

maste gbra 0ss av med.

KONVEKTION genom Gkat blodfléde till huden.
Inneb&r dock minskad andel av
hjartminutvolymen till musklerna.

SVETTNING: viktigaste mekanismen for att
avge vdrme. Innebdr samtidigt véatskeférlust
och minskad blodvolym. Ju varmare och
fuktigare vadret &r ju stérre blir férlusterna.

Tempreglering under ett relativt hart arbete
(70%) i neutral temp (e) eIIer varm temp ()
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Temperaturreglering forts.

Svett har ldgre osmolaritet an plasma, men innebér anda
saltforluster. Kan acklimatiseras (6kad aldosterone utséndring)

Vétskeforlusten vid tex ett maratonlopp kan uppga till 2-3 I/tim.

Hur mycket ska man dricka?

Rekommendation - lita pa térst men
som mest 2-3% viktfériust
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Continuous improvements in Vo2 max over 10 weeks of high-intensity aerobic training
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Figure 21.21 ¢ Continuous improvements in VOsmax during
10 weeks of high-intensity aerobic training. (From Hickson
RC, et al. Linear increases in aerobic power induced by a
program of endurance exercise. ] Appl Physiol 1977;42:373.)



Hur ska man trana?

MICT HIIT/SIT
MOderate /]\ Cardiac output /I\/I\ . . ..
Intensity 2 suokevorume M ngh IntenS|ty|Inte?r\./aITrammg/
Continuous D voymax P Sprint Interval Training

. 3 %
Training ) =

/I\ 1\ Capillary density /[\
/P 1\ A-V 0, difference 1\

1. SPRINT
Vb BodyFat Several 8-20
second bursts
‘ ) Every 7-10 days,
when 100% energized
Type Fiber-type specific Type Il LIFT HEAVY
adaptation THINGS
Predominant 2 Brief, intense
OXPHOS gy oty Glycolysis resistance exercises
2 times per week for 10-30 minutes

- g@ﬁ & MOVE FREQUENTLY
* More general daily movement

Mitochondrial efficiency & (Avoid prolonged inactivity)

respiration

» Cardio workouts at “180 - age” heart rate
(Cycle, hike, walk/jog, water activities)
* Flexibility/mobility
medicine...and dose matters” 2021 (Pilates, yoga, tai chi, gymnastics,
dancing, dynamic rolling/stretching/therapy work)

Langan & Grosicki “Exercise is

Det mesta pekar pa bast utfall bade fér uthallighetsatleter (prestation) och metabola syndromet (halsa)
ar att ha en MICT bas med HIIT/SIT trdning som komplement — pyramidstruktur

Vad ar mest realistiskt fér en person med metabola syndromet?



Aerob traning - Centrala effekter

TABLE 9.4

Summary of Expected Physiological Alterations Resulting From Endurance Training in a Previously Inactive Man,
Compared With Values for a Male World-Class Endurance Athlete

Sedentary normal male World-class
Variables Pretraining Posttraining endurance runner
Cardiovascular
HR at rest (beats/min) 71 59 36
HRmax (beats/min) 185 183 174
SV at rest (ml/beat) 65 80 125
| SVmax (ml/beat) 120 140 200
Q at rest (L/min) 4.6 4.7 4.5
Qmax (L/min) 222 25.6 34.8
Heart volume (ml) 750 820 1,200
Blood volume (L) 4.7 5.1 6.0
Systolic BP at rest (mmHg) 135 130 120
Systolic BPmax (mmHg) 210 205 210
| Diastolic BP at rest (mmHg) 78 76 65

. Diastolic BPmax (mmHg) 82 80 65



@Q Leverera syre till arbetande muskler for att omvandla ){ 9
naringsamnen till mekanisk energi _OJ_Q/ /)

Kapillamat i lungorna

Central niva Mellan niva

* Harta «  Blodmangd
* Lungor .+ Blodtryck
*  Hemoglobin Vantrmar
Lokal niva koncentration
+ Kapillartathet «  Blodflode ,
*  Mitokondrier il -
* Blodfléde

Kapillamét i kroppen

vvvvvvv

Energisubstrat

+  Fett

*  Kolhydrater

+  (Proteiner)

*  Fosfater (ATP-PCir)
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Rikne-exempel:
Normal person med
maxpuls 200bpm
maximal slagvolym 100ml|
m=) max hjarminutvolym 200x100= 20L/min

Koncentrationen syre = 200ml/L syre
==) max 4.0L O,/min
om ALLT syre togs omhand (vendst pO,=0, ej realistiskt)

Alltsa, 6ka slagvolymen for att 6ka VO, max.

Men — inte bara VO2max som paverkar prestation.

(Laktattroskel, oxidativ formaga osv)



Ytterligare om cirkulation och traning :

Den 6kade slagvolymen verkar framforallt ha att géra med Frank-Starling

effekten pga 6kad ventrikelfylinad. Okad ventrikelfylinad pga

1) Okad kammarstorlek

2) Okad blodvolym (vilket 8kar vanster formaks drivande tryck och 6kar
fyllnad)

3) Okad diastol funktion, alltsa kammaren vidgar sig lattare

4) Lagre HR (vid vila och submax arbete) vilket ger langre tid for fylinad.

(overkurs):

Intressant nog verkar inte aldre personer dka sin ventrikulara compliance
med traning (kravs livslang traning). Men slagvolymen 6kar med traning i
aldre man, ffa pa grund av 6kad blodvolym.

Aldre kvinnor verkar inte 6ka slagvolym med trining... (men livslang
traning ger samma effekt som hos méan). Aldre kvinnor kan 6ka sin
VO2max, men da pga okad av-dif. (OBS begrdnsat enligt réiikneexemplet pa
férra bilden)



Aerob traning - Perifera effekter

Fle"r och St.or.'.re mitokondrier Storre formaga att anvanda fett
Storre kapillaryta |]|]|::> som energikélla, som innebar att
MyOQIObln halten okar négot muskeln kan spara

Okad enzymaktivitet (oxidativa enzymer) glycogendepaerna

Storre formaga att forvara glycogen i muskeln

Storre mangd triglycerider som forvaras i muskeln

Ml Aerobic enzymes

__| Oxidative potential of FT fibers

[ Glycogen

_| capillaries Figure 21.15 * Generalized
B VO, max summary of increase in aergh
capacity and muscle
adaptations with endurance
training. (Modified from Saltif
B, et al. Fiber types and
i metabolic potentials of skele

0 12 18 24 muscles in sedentary man an
Control Training duration (months) No training endurance runners. Ann NY.
Acad Sci 1977;301:3) |
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Vad hander vid period av inaktivitet?

© a-V0,diff max
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~® VOZmax

Duration of detraining (d)
Average changes in maximum heart rate (HR,y), stroke volume, arteriove-

nous oxygen differences (a-VO, diffy,y), cardiac output, and VO, over
84 days of detraining.

MAXIMAL PRESTATIONSFORMAGA OXIDATIVT ENZYM
SYREUPPTAGNING (SDH)
ml Oz/kg/min min mmol/kg/min
66 204 16 4
64 - 1% 18 14 -
3% 3 -9%
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Figur 25. Viirden for maximal syreupptagning, prestationsférmaga (1opning intill utmattning med
en given fart pa l6pbandet) samt for aktiviteten av ett oxidativt enzym (succinat dehydrogenas,
SDH) i underbensmuskulaturen hos lépare i forhallande till; nir l6paren trinade (F: fore), efter tva
veckors total inaktivitet, gipsat ben (I: inaktiv) och tva veckor efter det att traningen aterupptagits
[A: dterupptagen trining).



Kan vi farmakologiskt harma halsoeffekten av traning?

“Exercise mimetics”
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Hittills har sk exercise mimetics varit
inriktat pa metabola funktioner i muskeln.

. o o .o --'_Tu > =2 ‘,‘." QEEDQTED
Osannolikt att nagot/nagra lakemedel - Mo ey @ o>
kan harma de manga olika effekterna
av traning.

< m
Saecolemmal disruption PA Akt, mTOR, FOXO1

”Realistically, what single pill could simultaneously increase skeletal muscle oxidative
capacity and endurance, improve muscle strength and function, stimulate cardiovascular

remodelling and enhance autonomic nervous system function?”
Hawley et al. J Physiol 599.3 (2021)
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