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2 Physiology of Jogging

THE importance of exercise towards maintenance
al positive health has been recognised since 10 AD
and to date physicians continue to prescribe it for a
maore healthy living.,  As such the body is built 1o be
active and thrives on exercize. A regiman of physical
activity builds up endurance of the heart, lungs and
muscles, stimulates various othel aorgans such as the
liver and kidney, reduces nervous tension and is said

to promole “well being'”.

Fach individual has his own exercisa and fitness
The raasons for a fitness program ne are
depanding on the age group of the

continuum.
as follows
individuals :

15-25 vears For compeatitive sports,
26-35 years [eeping weight under cantrol,
36-45 years Keeping fit to avoid coronary

heart disease and other diseases,
46 and above : To keep generally fit.
The importance of having physically fit personnel,
cspecially  aircraw, in the Air Force needs no
stressing.  Variely of fitncss programmes may be

followed which include jogging, on the spol running,
walking, ball and racgust games and swimming.

Jagging has been found to be a favourable
medium  for a ‘keep (it programma. By definition
jogging means “‘slow monotonous totting Y and
involves the Mmuscular elfort for running.  The
physinlogy of jogging. therefore, is moe clearly
undarstood on considering the bie-mechanics and

physiclogy of running.

Bio-mechanics of Jogging/Running

Running invelves worl against gravity (vertical
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displacement of the centre of gravity) as well as
w il generated while attaining forward motion.  The
tatal mechanical work in running up to speeds of
16-20 kph is about 04 to 08 Keals/Kg/Km {Cavagna
et al®) and for slower running specds, as in jogglng,
is expected to be lessar, Running efficiency is guite
high {40—5804%) and is due to the elastic racoil of
muscles/tendons,  The spzed of running is attained
by the length of the stride and number of movements
par unit Yime! and from this it becomes obvious that
both dimansions are dependent upen the fraquency
and power of muscle contractions.  Therefore an
impaitant aspect of the physiology  of jogging
involves the understanding of physiology of muscls
conl-action, s effect on oxygen cansumption and
the responses of the cardiorespiratory system to meet
with these reguirements

Muscle Physiology in Jogging

Through nervous control, muscles of the body
{in this case mainly of the lowcr extremities) are
commandeered to contract. Thase confractions are
translerred 1o the skeletzl system through the tendon
attachments. Electron microscopy has revealed that
during contraction the actin and myosin filaments
slide aver ong another o genarate tension and
produce contraction.,  This  in turn determines  tha
chamical encrgy release in the contracling muscle.

Thz Fuel for Muscle Coatraction

The main sources of snegy for muscular
gontraction are carhohydrate and fat. The braakdewn
of glycogen or glucese asrobically praduces 39
moles of ATP which in turn #re used up for the energy
needed in contracting the muscle by splitting up
ATP to ADP and Pl (energv). The ATP is resyntha-
sized by the donation of a high energy P bord from
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creatine phosphate. 1t is this step that is oxygen
dependent. During aerobic submaximal exercise as
in running, this process of bresk up of and
resyrthesis of ATP to generate enargy which in turn
iz transduced to mechanical encrgy and heat is kept
matcked, The ampuni of oxygen and alycocgen
delivered se acdequate for the purpuse,  However,
during intense oxercise ar under conditions where
oxygen transporl 15 not adequats to resynthesise the
ATP, the extra ATP must he any how provided. This
comes from formation of lactic acid because here the
lactic acid must bs the acceptar of H, from NADH
which should norcially have bean oxidised 1o NAD
by oxygen. Urfortunatcly, the lagiic acid coergy
yield is poor baing only about 1/20th of he acrehic
glucose oxidation!, Hence, in mild to modeate
axercise when the muscle is able to meet its enaigy
requirement aerobically the bBlood loctate does not
increase. Bul in severs to extaustive excreise when
anaerobic energy vield becomes a necessity, blood
lactate incresses markedly,

Oxygen Consumption during Exercise

An excellent method of gauging the efficiency of
the individual while performing exercise is bis oxyyen
consumption. An increased muscular sfficiency anl
physical fitness are indicated by improving V0,
Coopar® has based his 12 minules test on the WO,
Ha correlates the distance covered in & pariod of 12
minutes with this parameter. Grealer the distance
covered (in milas) in 12 minutas, greatzr is the VU,
max and hence the physical fitness.  In the |AF a fit
individual is expected to covar mile In 10
minutes or if looked at from Coopst's classification,
122 miles im 12 minutes. This corresponds 10 a
maximum oxygen censumption of 2534 miliKgimin or
about 21 Lj/min. An  extremely fit and  lrained
individual will have an oxygen consumption of about
52 mlKg/min. Horvath' reports the highest value of
BB mliKg/min, Jagging in terms of energy oulput
gives about -8 Keal/Kgfmin equivalent to aboutr 1°5
litras VO.fmin which for an average individual
amount 1o about 70%, of the max V0.'. Cardiores-
piratary fitness is by far the most impartant aim of
exoreise and therefore the submaximal exercise
cardiovascular responses would aptly describe the

changes that accur in jogging.

ng
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The main physiological response 1o axercise is a
coordinated chain reaction, probably by some higher
cent.es, and involves the cardiopulmonary, endacrinal
and thermoiegulatory systems®. The main aim of
the involvement of the various systems is o supply
adeguate axyvgaen to the working muscles because in
the final analysis it is the availability which doter-
mines endurances to prolonged work and therefare
the oxyaen transpart mechenizms play a vital rale in
tolerance/training Ly exarcise.

Thea Cardiovascular System during Exercise

The cardiovascular system contributes by an
increase in heart rate and increased power of cantean-
tion of the myocardial muscles. The fesponse is
initiated probably by higher centras which results in
an increasad symnathetic drive with a withdrawal of
parasympathetic The cardiac ouolpul  is
increased and redistributed with the working musolas
getting 8 bulk of the share Blood flow ta the
splanchhic aresds skin reduces due to  tha
vasoconsttiction produced by syinpathetic stimala.
tion. The large scala vasodilatation of the resistance
vassels with an increasad tone in capacilancs vassels
increases markedly the wvenows return to the heart.

tone.

andd

This iz also the likely factor in the increase of haart
rate during exarcise by initiation of the Bainbridge's
roflex, though most believe that during exercise in
an intact animal, this may not be an important factor,

Tre increase in blood pressure is mamnly in the
systolic pressUse with a slipht increase or no change
in the diastolic pressure, In facl an increase in
digstolic pressure during even sumaximal work out
by 15 mm Hg has besn taken as an indication of
coranary aitory diseasa'  The increase in ssstolic
blood piessura should normally  lead ta a reflex fall
in heart rate through the carotid baroreceptor
mechanisms, But this does not happen, probably
hecause the batoreceptor reflex is turned off during

exercisa’

The increase in heart rate during exercise is one
af the major factors aiding the cardiovascular system
to maintain a2 high level of cardiac output. This
increase during moderate exercise as maet with in
jogging {about 50-70% of YO, max) should be
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arourd 130 beats/min'.  The rise occurs initially
bacause of a release from parasympathetic tone cnd
later due to increased sympathetic drive'!. A numbar
of factors have been thought to be contributing 10
the neural regulation of heart rate and include
dfferant reflexes from working muscles and tandons’,
and inwolvemeant  of  higher  centres and  from
chemaorecentors'!,

The stroke volume also increases during exercise.
This increasa |5 more dependent upan greater systo.ic
gmptyirg due lo increasad myocirdial contractil ty
rathet than 1he Starling mechanism''l.  In submaximal
gxercise some contribution of  streke volume to
increased ezrdisc eutput has been suggested. The
increase in stroke output due to exerciss becomes
more obvious in the erect posture’.

Respiration during Exercise

Ventilation increascs  duweing  exercise. This
increzse is hoth rate snd volume dependent. At VO,
of about 1-1.5 Limin &5 in moderate exeroise toe
minute ventilation (VEY is about 28 L and expactad 10
ba around 30—35 L/L of oxygen consumed during
max work, during submax exercise the steady siate
in wventilation is reachaed within few minutes and
adjusted 1o mest the oxyoen regairements and
provide adzquate catban dioxidz excration. Hut svan
at menimal exereize the V0. and VE is the imiting
factor.

& furthet help in delivery  of the much neaded
oxygan ta the tiszue is given by the rightward shiit
of the oxygen dissociation curve whizh ensures a
maove rapid delivary of oxygen to the tisrues.

Exercise Training

Physical fitness in young Indians is lesser than
that found in subjects of more developed countries
and ane of the cantributing factors is less parti-
clpation  In physical Physical training
promuies cardiorespiratory  endurance and at this
stage the various physiolonical changes that occur
in an individual during exsrcise Utaining will be
considered.

aehivily ™,

By far the maost significant changes of even
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submaximal exercise training are raflected upon the
cardiovascular system and as jogging is cansidered
to be submaximal in nature, it is expected to produce
cardiovascular adaptations. The major cardiovascular
training effects are |

a) a reduction in resting and submaximal cxercise
hoart rate,

by an increase in stroke volume, obvious mainly
at maximum exeiCISe,

c} an increase in cardise  output  manifested

during maximum exercise, and

d} reduced peripheral wvascular  resistance in

trained muscles.

The most obvious change is a reduction in
resting and submaximal exercise heart rate' though
the meximum hearl rate does notalter”.  For such
changs 1o be established the training sessions should
be savera anough to produce heart fates above
130/min.'t The mechanism of this phenomenon is
nel clear,  The training bradycardia usvally erases
itself in about three weaks il training is dizsconti-
nued®, ¥,  Bradycardia ellect is mosl obvious whan
the exercise is parformed with trained muoscles whila
a part ot the bradycardia also manifests itself with
axerciss with untrained muscles,

Myaoeardiel contractility increases with training*.?
and this is a factor contributing o increased stroke
vo'uma.,  The maintenanca of a normal candiac
putput is due 1o the increzsed stroke volume aidud
by the increase in circulatory fluid valume. In toct
in highly trained individuals the cardiac oulpul
during submaximal exercise may aclually diminjsh,

Submaximal exercise training produces a variable
affect on resting blood pressure,  There may be no
change of a slight reduction in both systolic and
diastoliz pressures.

Exarcise traiming results i incressed VO, max
This accurs bacause ol 8 greater delivery of nutrignts
to the working muscles due toa reduced ragistance to
Blood flow, an increase in the oxidalive capacity in
gkeletal museles due te an increase in size and/or
number af the muscle cell mitochondris, as we!l as
an imcrease in enzymas contant and activity., There is
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also an increase in the number of capillaries psr unit
area in the muscle’.

Physiolagically, exeicise training with running!
jogging does produce benelicial effects. Thers are
certain principles, however, on which an exercise
trainining programme must be based®, These are

a) Balanced aim of the litness programme, i c.,
kecping fit, shedding excess weight and abave all to
promete cardiorespiratory endurance by inclusion of
cOrrect cxercises.

b} Specificity of exervise programme  and |ts
regularity must be stricthy followed. It should be
indulged in at least three tmes 8 week and up to a
maximum of five times par weelk,

c) It is wery essential lo ‘warm up’ before an
exarcise and ‘cool down’ altar it

impartant aspect of physinlogic
training is to overload the systom for adeguate
cardiopulmanary adaptation.  This overload must
marifest itself as a heart rate of 120 or more beats
per minute in healthy  young individuzls or about
60 70", of maximum heart rate. In older individuals
the maximum heart rate reduces and therefore the
level of cardiovascular overload which must be given
also reduces slightly.

d) The mast

Conclusions

a} Joguing as a form of exercise to keep fit or to
improve cardiorespiratory  adaptation  is strongly
recommendod.

b} For an ettective programme, the exercise

must be performed at least thrice weekly to a
maximum of five times a waek and the aim should be

to achieve a heart tate of around 120 per minute.
¢} A pre-eaxercise warm up is 5 muost.

d} Fra-training level of physiclogical state is
reached in about three weeks time and breaks from
exarcise should not excesd that time it cardiorespiia-
tory fitness is 1o be maintained.

e) Jogging is a way of living with fitness and
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should be included in the normal life slyle of aver
individual,
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