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Exerci se Physi ol ogy
Dr T Noakes

(Thi s paper was presented at the recent SYMPQOSI UM 78 of BAROLOG A the South
African Soci ety for Underwat er Sci ence, to whomour t hanks are due for perm ssi on
to reprint.)

Exerci se may be cl assified as either static or dynamic. During static exercise,
like weight-lifting, the active nuscles remain contracted for the duration of
the activity, whereas during dynanm c exercise, typified by running, the active
nmuscl es contract and relax repetitively. The fundanental physiol ogical
di fference betweenthe two exercisetypesisthat duringstatic exercise skel etal
nmuscl e blood flow is reduced or stops conpletely. Thus the nuscle cell is
i solated from the cardi ovascul ar system and nust work under conditions of
i schaem a (reduced or absent blood flow). |In the absence of oxygen, cellul ar
energy requirenents nust be nmet by the anaerobic nmetabolismof glycogen. In
contrast, during dynam c exercise nuscle relaxation allows the fl ow of oxygen
and nutrients to the nuscle cell. Thus the energy requirenents of dynamc
exerci se can be net by oxidative metabolismin skeletal muscle mtochondria,
to which the nmetabolism of blood-borne free fatty acids and glucose can
contribute.

As the two different exercise types stress different netabolic pathways, it is
reasonabl e to expect different cellular adaptations to training with either
exerci se type. Dynam c exercise, because it stresses oxidative netabolism
i nduces adaptation in skeletal nuscle mtochondria (the site where oxidative
nmet abol i smoccurs). Thereis anincreaseinthe nunber, size and enzyne cont ent
of these mtochondria. The result is that dynamcally trained skeletal nuscle
has an enhanced capacity to generate oxi dative adenosi ne tri phosphate (ATP),
particularly fromfree fatty acids. The effect is that during exercise the
trai ned person produces a greater percentage of his energy fromfatty acidrather
t han car bohydr at e met aboli sm As thetotal body carbohydrate stores arelimted,
and since fatigue during prol onged exercise coincides with body carbohydrate
depletion, this enhanced capacity for fat in place of carbohydrate netabolism
explains, in part, the superior endurance capacity of the trained person

For reasons that are not yet clear, the cardi ovascul ar adaptations to training
(ie. the reduction in heart rate, blood pressure, and i n skel etal muscl e bl ood
flow during submaximal exercise) are limted to exercise with the trained
muscl es. This suggests that they depend on a peripherally situated training
adaptation rather than on intrinsic adaptation in the heart itself. Current
evi dence suggests that this is due to a training induced resetting of the
synpat hiti c nervous system so that the synpathetic activation during exercise

is reduced by training. It has been speculated that a |ink exists between
i ncreased skeletal nmuscular oxidative capacity and reduced synpathetic
activity.

Training with static exercise does not produce a change in skeletal nuscle
m tochondrial function. There is skeletal nuscle hypertrophy through an
increase in contractile proteins and this is mani fest as a change i n strength.
No change in overall cardiovascular function occurs in persons who train
exclusively with static exercises.

In sumary, adaptations to physical training are absolutely specific to both
the type of exercise and to the specific nuscle groups used in training. Thus
t he best training programme for a particul ar sporting activity is the activity
itself, provided that the activity is sufficiently strenuous to produce a
training effect. Swimm ng therefore nore closely covers the needs of the

49



Rubicon Research Repository (http://archive.rubicon-foundation.org)

underwat er diver than does running, because the latter (1) fails to train the
arms, and (2) trai ns the hanstring nuscl es at t he expense of t he quadri ceps (whi ch
are more activeinsw nmrng); or weight [ifting, becauseit is astatic exercise.
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North Queensl and Di vi ng Medi ci ne Conference
H nchi nbr ook I sl and

* Thi s conf erence was hel d 28 August t o 3 Sept enber 1978. Ten persons attended
plus a diving instructor. Despite a run of bad | uck, inclenment weather, boats
br eaki ng down, etc, the North Queensl and branch of SPUMS was established. The
clinical sessions included | ectures by Dr John Rubi nson and Dr Denni s Pashen,
based mainly on case histories, foll owed by general discussion on a w de range
of topics. These included Round Wndow injuries, Sinus Barotrauna,
Hyperventil ation, Drowning, Coral injuries, and “jelly” stings.

* The SPUMS meeting was held on Saturday night and Dr Pashen was asked to
continue as the acting Regional Director. It was decided to hold an in-
servi ce weekend and | ong weekend t rai ni ng sessi ons wi t h guest speakers from
both the north and fromother states. Aten day trip to the R bbon Reefs
was organi sed for Novenmber (and fully filled).

* Notification of the next Regional branch nmeeting will be sent out to the
i ndi vi dual nenbers. Persons wi shingto be placedonthe miilinglist should
contact Dr Dennis Pashen, 3 Wiite Street, Ingham Queensland 4850.
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SEA SECRETS
(March-April 1978)

QUESTION: What is the difference in netabolismand respiration that allow a
| obster to stay alive for days out of the water, while a fish would die if
subjected to this condition?

SV, WIllimntic, Connecticut

ANSVEER: Col d- bl ooded aninmals (poikilotherns) are fairly simlar in their
netabolic rates. Differences relate to differences in activity; eg. an active
fish (tuna) woul d have a greater netabolic rate than the | obster which, inturn,
woul d have a greater netabolic rate than an inactive fish (eg. toadfish).

The answer lies in the nature of the gills. For nost fishes, these are very
fine structures which coll apse when the fish is taken out of water. They can
no |l onger take up oxygen, and the fish dies of asphyxiation. Lobsters have
coarser gills, and they can al so take up oxygen fromthe branchi al chanber. In
a 100 percent humid environment, sone respiration is possible, sufficient to
enabl e the | obster to survive several days. Fishes that can take up oxygen by
routes other than the gills can al so survive several days inair: eg. eels and
catfishes use their skin to supplenment respiration. These fishes can survive
several days in air if kept cool and kept in 100 percent humi d conditions (eg.
wrapped in wet newspaper).
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