Optional Lecture Notes

CV in Steady State Exercise
· steady state = time invariant state; cardiovascular and respiratory aspects
· In exercise, as you increase heart rate, usually increase stroke volume
· O2 flow = [O2] blood x blood flow
· [O2] Blood= function (PO2, [Hgb] with normal PO2); 
· usually one liter of blood holds 0.2 L of oxygen
· O2 flow = 0.2 x CO
· O2 consumption = utilization coefficient x O2 flow
· O2 consumption rate = measurement of exercise
· utilization coefficient increases with increased consumption
· as you increase exercise, increase utilization coefficient (amount of oxygen you can extract)
· exercising muscle can extract up to 100% of oxygen that flows to the muscle; however, since not all the blood flows to the muscle, the maximum amount of oxygen taken from total blood = 75% (brain and other organs take less than 75% of oxygen delivered to it)
· relationship between oxygen consumption and CO2 production (respiratory) depends on what fuel you’re burning
· Carbs=1.0
· protein = 0.8
· fat=0.7
· respiratory quotient for exercise = 0.8
· VCO2= FCO2 x VA; VA = 19 VCO2
· limitations/constraints on steady state exercise: 
· HR < 180 for diastolic filling; 
· SV < 180 mL; 
· [Hgb] < 19 (to keep viscosity reasonable);
·  no constraint on oxygen flow to tissues but must equal oxygen flow from alveoli to capillaries, which is diffusion capacity
· max extraction of oxygen = 75% (see above)
· maximum ventilation depends on kinematic viscosity (turbulent v. laminar), viscosity of breathing medium (helium v. air), strength of ventilatory muscles
· what limits us from increasing our maximal exercise abilities:

· cannot increase cardiac output anymore because heart rate and stroke volume have reached max

· NOT because you’ve reached the maximum of how much you can breathe, how much oxygen your muscles can consume or how much oxygen can flow to your muscles
· Olympic athlete: can reach maximum limitations on heart rate and stroke volume(max cardiac output

· anemia

· [Hgb] = 7 (normal = 14)

· needs a CO of 10 at rest (normal = 5 L/min)

· HR at rest = 115 (resting tachycardia = cardinal sign of anemia)

· max exercise tolerance = less than moderate; cardiac output places severe limitation

· increasing hemoglobin increases performance (blood doping via transfusion or erythropoietin)

CV in Dynamic Exercise

· dynamic = time dependent state; changes in rate of work (power) when you begin and end exercise; metabolic aspects
· rate of O2 consumption lags behind rate of work when you begin exercise
· rate of O2 consumption gradually falls to basal state after you stop work
· conservation of energy: the difference in the rate of work and rate of oxygen consumption over time at the beginning of exercise is equal to that at the end of exercise
· sprinting = no steady state
· energy stores for exercise
· oxidative phosphorylation provides the most amount of energy; followed by anaerobic glycolysis and then reserved pool/store of high energy phosphates
(*note = oxidative phosphorylation and glycolysis provide energy in the form of high energy phosphates (ATP) and contribute to the pool of high energy phosphates)
· however high energy phosphates have the highest rate of energy delivery (power); followed by anaerobic glycolysis then oxidative phosphorylation
· switch from oxidative phosphorylation to glycolysis when high energy phosphate concentration falls to half of max value 
· mild exercise = 0.5 L O2/min
· high energy phosphate reservoir provides energy but replenished by oxidative phosphorylation
· moderate exercise = 1 L/min
· high energy phosphate reservoir provides more energy than in mild exercise by replenished by O.P.
· maximal steady state exercise = 4 L/min
· 50 % of high energy phosphate reservoir is used up by anaerobic glycolysis has not started yet
· when stop exercising, high energy phosphate reservoir is restored by O.P.
· sprinting = 12 L/min back down to 0 L/min
· use up all of high energy phosphate and engage anaerobic glycolysis
· at rest O.P. and anaerobic glycolysis restore high energy phosphate reservoir(explains why anaerobic glycolysis still occurs after exercise = delayed lactate production
· But anaerobic glycolysis reservoir also needs to be replenished by O.P. and steals some energy from the high energy phosphate reservoir = alactic debt replacement
· When anaerobic reservoir is less than full, the replenishing of the high energy phosphate reservoir is slow
· Once the anaerobic reservoir is full and O.P. energy goes all to the high energy phosphate reservoir, replenishment is faster
· reduced cardiac output (reduced maximum oxygen consumption from oxidative phosphorylation
· depends on anaerobic glycolysis during moderate exercise
· consumption of ATP speeds up the rate of glycolysis via regulation of the fructose-6-phosphate ( fructose bisphosphate step
· effects of exercise on CV system
· beginning of exercise (events are listed in order in which they occur)

· mean circulatory pressure increases by contraction of muscle and abdomen that compress veins and vena cava(increase CO

· autonomic mediated increase in mean circulatory pressure (increase CO

· increase in ionotropic effect on myocardium(increase CO

· increase in HR(increase CO

· decrease in peripheral resistance(increase CO
