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Red: very important.

Green: Doctor’s notes.
Pink: formulas.

Yellow: numbers.

Gray: notes and explanation.

Physiology Team 436 — Respiratory Block Lecture S

Lecture: If work is intended for initial studying.
Review: If work is intended for revision.



Objectives

o Describe the effects of moderate and severe exercise on
oxygen consumption, and ventilation volumes.

o Describe the effects of exercise on arterial PO2, PCO2 and
H+ ions.

o Define the diffusing capacity of the respiratory membrane, and
its typical values at rest, and explain its changes in exercise.

o Explain causes of hyperventilation in exercise.



The Respiratory System and Exercise

» During exercise muscles need more O2 and more CO2
must be removed from working muscles

» As a result we increase

= Forced breathing

» Oxygen used during exercise can increase up to 20
times a person’s normal oxygen uptake = 250 ml/min

Up to vital capacity:
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Energy Systems

* I. Phosphocreatine - Creatine + PO3

Il. Glycogen ->Lactic acid
=—=) ATP->ADP + AMP

* Uses fatty acids, glucose or amino

acids
e X + 02 -5C02 + H20+Urea

* X = glucose fatty acids or amino
acids
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The Phosphagen Energy System

Relation between exercise duration & energy source:

» The combined amounts of cell
ATP and cell phosphocreatine

» These
together can provide maximal
muscle power for to

seconds, almost enough for a
|00-meter run.

» Thus, the energy from the
phosphagen system is used for
maximal short bursts of muscle
power.
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xplanation of the Upcoming Slides

The stimulation of the respiratory system during exercises is MAINLY by neurogenic
mechanism, the blood gases (PO2 + PCO2 levels) do not have to be disturbed to

stimulate the hyperventilation, it get stimulated before the blood gases get disturbed so
we can maintain within normal levels.

In other words; the blood gases and partial pressures during exercises are normal but
we hyperventilate to maintain the normality.

Hyperventilation to prevent disturbance of gases under normal conditions rather than fixing after damage and
disturbance occur. (when impulses are sent to muscles to contract impulses are also sent to the respiratory system
to hyperventilate as well) to maintain normality not to correct abnormality.
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Hyperventilation means increase in both breathing rate and depth.

Body heat increases during exercise due to metabolism.
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Effect of Exercise on the Respiratory System

Explanation:

Arterial tension is the
partial pressure of any gas
in the artery.
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> During exercise the respiration is 100
stimulated by neurogenic PO, |
mechanisms and in this situation (mm Hg) 9o
the blood gases do not have to
become abnormal.
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PCO?2 increases slight in transition 10
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O steady state exercise.

Rest 0 1 2 3 4 5 6
Exercise time (min)

» 6 Partial pressure: one part of the atmospheric pressure. i.e. oxygen only (21% of 760)
(atmospheric pressure composition: 21% oxygen - 80% nitrogen along with traces of water and other insignificant gases)



Effect of Exercise on the Respiratory System & Regulation of Respiration During Exercise

120 ~
» In exhausting “strenuous” exercise O2 consumption and CO?2 £ o0 - P |
formation increase 20 times more than normal but alveolar £ "] -7
g D
ventilation increases almost exactly in step with the increased 2ol

levels of metabolism. T o T

O, consumption (L/min)

Figure 41-8

» Therefore the arterial PO2, PCO2, PH all remain almost Erot o sxerces cn crygen coneumoton ara vertatony et

exactly normal.
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What Causes Intense Ventilation During Exercise?

» The brain, on transmitting motor impulses to the exercising muscles, transmits at the same

time collateral impulses into the brain stem to excite the respiratory center. g 3 25 50 paiiill 3 5
¢ Ladll

» A large share of the total increase in ventilation begins immediately on initiation of the exercise,
before any blood chemicals have had time to change.

» It is likely that most of the increase in respiration results from neurogenic signals transmitted
directly into the brain stem respiratory center at the same time that signals go to the body
muscles to cause muscle contraction.



What cause intense ventilation during exercise?

I. Neural signals from the motor areas of the brain to the respiratory center. ¥ w5
2. The joint proprioCceptors( im s s Ws cSlinaly Guiill S jal & L8] Ju i Jealiall o aii L
3. Body temperature (hypothalamus).

4. Possibility that the neurogenic factor for control of ventilation during exercise is a learned response.

During maximal effort:

Pulmonary ventilation at maximal exercise 100-110 L/min

Maximal breathing capacity 150-170L/min

Maximal breathing capacity is about 50 % greater than the actual pulmonary ventilation during maximal exercise to giving
athletes extra ventilation E.g.:

I. Exercise at high altitudes.
2. Exercise under very hot conditions.
3. Abnormalities in the respiratory system
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Interrelation Between Chemical Factors and Nervous Factors in the
Control of Respiration During Exercise

» Direct nervous signal stimulate the respiratory center almost the proper amount to supply the extra
oxygen required for exercise and to blow off extra carbon dioxide.

» Occasionally, the nervous respiratory control signals are either too strong or too weak.

» Then chemical factors play a significant role in bringing about the final adjustment of respiration
required to keep the O2, Co2,and H+ ion concentrations of the body fluids as nearly normal as
possible.dws 3 slll e cSliiuaall ) &5
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The Neurogenic Factor for Control of Ventilation During Exercise is a
Learned Response (Conditioned Reflex)

» The ventilatory response during exercise, is at least partly a

learned response. -y
» That is, with repeated periods of exercise, the brain becomes 128

progressively more able to provide the proper signals required to ~ It I

keep the blood PCO?2 at its normal level. % so{
» The cerebral cortex is involved in this learning, because 5 -

experiments that block only the cortex also block the learned 2"

- Exerci
response. ol < Resing
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Arterial PCO, (mm Hg)

Learned Response:
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. . ” - . than normal. The shift, believed be caused by neurogenic
if your brain knows you will exercise (e.g. when you enter a gym you always go to) it faotors, is almost ensolly the Aoht sssount fo cesinkein artesiel PO,

starts sending imp to muscles to contract before even beginning. during heavy exercise




Summary of factors that stimulate
ventilation duringe exercise

Example: using the stairs needs alveolar

ventilation from 4-6 so the body provides 7 Oecillatcry ANotor
8 to wash out the CO2 so the range keeps changss In corntex
fluctuating and sometimes provides more anavial
. . - T ———— - —
than needed which may disturb blood gas Po,- ch- Lo | [ Motor cortex sends impulses N
levels then it goes back to normal with to th it Pt :
fluctuation to release less CO2. Viaa cheaermoreceptiors Od Ie :e:pllra or)ll cetntﬁr :
We tune this by blood gases working on v and sieleta ml‘,ISC catthe |
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Respiratory
center
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Peripheral Raeceptors in _Proprioceptors Core Chemical state Motor Subcortical
chemoreceptors lung tissue in joints/muscles teomperature of blood cortox regions of brain
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ERAINSTEM
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VENTILATORY MUSCLES
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Diffusion Capacity of the Respiratory Membrane

>

Is the volume of gas
that diffuses through
the membrane each
minute for a pressure
difference of |mmHg.

Diffusing capacity for
oxygen at rest
=2 Iml/min/mmHg

Even if the oxygen
pressure difference across
the respiratory membrane
is | ImmHg

| Ix21=230ml oxygen
diffusing through the
membrane each minute.

>

During rest tissues

consume 250 ml O2 per

min.
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» Changes occur on

oxygen diffusing capacity

during exercise it will

become =
65ml/min/mmHg

This is due to
increased number of
open pulmonary
capillaries which were
dormant (inactive),
thereby increasing the
surface area for gas
exchange.

In addition to
increased alveolar
ventilation.
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Diffusing capacity for carbon dioxide

* During rest tissues consume 250 ml O2 per min, CO2 diffuses Blood In
20 times greater than oxygen due to greater diffusion coefficient
which is 20 times that for oxygen. Y
» Diffusion capacity for carbon dioxide = P
* During exercise = AIVGO"

Remember:

Oxygen-Diffusing Capacity of Athletes

The differences between diffusing capacity at resting and the state of maximal
exercise make blood flow through many of the pulmonary capillaries and
provide greater surface area through which oxygen can diffuse into the
pulmonary capillary of blood.

Blood Out

More pulmonary capillaries = more surface area 2 more diffusion
More soluble in water therefor more diffusible because it is more soluble in tissue water

Remember:
diffusion coefficient =S / VMW

- CO2 more soluble than O2 ,so it diffuses more.

15



Oxygen Diffusing Capacity Cont.

» During exercise the oxygen requirement increases 20 times, and cardiac output
increases and so the time blood remains in the pulmonary capillaries becomes less

than half normal despite the fact that additional capillaries open up.

» But the blood is almost completely saturated with oxygen when it leaves the

pulmonary capillaries.

Reasons for this are as follow:

|. The diffusing capacity for oxygen increases almost three folds
during exercise, this results mainly from increasing numbers of
capillaries participating in the diffusion and a more V/Q ratio all
over the lung.

(It is the ratio of alveolar ventilation to pulmonary blood flow
(cardiac output) per minute).

2. At rest the blood normally stays in the lung capillaries about
three times as long as necessary to cause full oxygenation.
Therefore, even with shortened time of exposure in
exercise, the blood is still fully oxygenated or nearly so.

16
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Relation Between O2 Consumption and Total Pulmonary Ventilation at
Different Levels of Exercise

There is a linear relationship between both oxygen consumption (Vo2 Max) and total pulmonary ventilation increase
about 20-folds between the resting state and maximal intensity of exercise in the well-trained athlete.
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Pulmonary Ventilation and Maximal Effects of Exercise on Arterial PO2,
Breathing Capacity(MBC) PCO2 and H+ Ions.

_ . Many studies have since reported that the lactate threshold (LT) is
During maximal effort: strongly correlated with ventilatory anaerobic threshold (VAT). The
oL , oL term VAT actually refers to the onset of exercise induced
* Pulmonary ventilation (minute ventilation) at hyperventilation during effort. This increase in is a homeostatic
maximal exercise 100-1 10L/min response to deal with the consequences of the excess lactate
. . ) _ production which can dissociate to release H+ ions from lactic acid
* Maximal breathing capacity 150-170L/min into the blood stream. The H+ ions are buffered by bicarbonate and

release COZ2. This buffering of lactic acid results in extra CO?2

: : L o
» Maximal breathing capacity is about 50 % production over that produced by aerobic metabolism and increases

greater (70% in some references) than the the arterial CO2 partial pressure (PaCO2). The increase in PaCO?2
actual pulmonary ventilation during maximal stimulates excess ventilation that follows on from the lactate
threshold.

effort (i.e. exercise).

o B B |
~ . -

In conclusion the result of that is two sources of CO2 that increases the PCO2:
|. Normal metabolic process. Thank you team 435 for the graph!
2. Excessive production of CO2 from Kreps cycle during anaerobic effort.

18



Oxygen Consumption and Pulmonary Ventilation in Exercise

» Normal oxygen consumption for a young man at rest is about ml/min.

» However, under maximal conditions, this can be increased to approximately
the following average levels:

» Untrained average male > ml/min

» Athletically trained average male —— ml/min

» Male marathon runner > ml/min
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Oxygen Debt

» Oxygen debt is the extra consumption of oxygen after
completion of strenuous exercise (about liters). - T
P ( ) : 02 Deficit

b rfes

whd
» You will develop oxygen debt after about ° minutes or E’
more of constant exercise. This is the point when the -
exercise becomes anaerobic (without the use of oxygen) M
and which has to be paid back. If the exercise is just g
aerobic (with oxygen) there will be no oxygen debt. 0

c

v

0

2

X

0

» Example: when you have a short intense burst of exercise
such as sprinting you generate energy for this anaerobically
or without oxygen. When you stop exercising you are still 02 Debt
breathing heavily. This is your body taking in extra oxygen -
to 'repay' the oxygen debt. Time
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Summary (Numbers)

» Oxygen consumption (Vo2) at rest =
» Untrained average male -
»  Athletically trained average male -

» Male marathon runner =2

Diffusing capacity for oxygen at rest =
diffusing capacity of oxygen during exercise =

Diffusion capacity for carbon dioxide at rest =

Diffusion capacity for carbon dioxide during exercise =

» Phosphagen system = 8 to 10 seconds

»  Glycogen—lactic acid system = 1.3 to 1.6 minutes
»  Aerobic = unlimited

» Oxygen debt = (about )-

v

O2 consumption and CO?2 formation and pulmonary ventilation
(minute ventilation) increase during strenuous
(exhausting) exercise

Pulmonary ventilation (minute ventilation) at rest =

Pulmonary ventilation (minute ventilation) at maximal exercise

9
Maximal breathing capacity =2

21




» https:// www.onlineexambuilder.com/effects-of-exercise-on-the-respiratory-system./exam-128832

Link to Editing File

(Please be sure to check this file frequently for any edits or updates on all of our lectures.)

References:
* Girls’ and boys’ slides.
* Guyton and Hall Textbook of Medical Physiology (Thirteenth Edition.)
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