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ABSTRACT

In intense .exercise the maintenance of muscle contraction and.,
metabolism is critically dependent on the regulation of intracellular

hOllIeos tasis. The present studies have examined the physiological and

biochemical effects of three factors which influence this re~~ation at

rest and in exercise; these factors are the strong ions, the weak ions

!

(weak acid and base electrolytes), and carbon dioxide (C0
2
),

This thesi~ describes three series of experiments which were

designed to demonstrate the importance of ion r~~lation in the

maintenance of muscle performance and metabolism in intense ~~ercise.

The purposes of these studies were three-fold: (n to quantify the

intracellular composition of strong ions of fast- and slow-twitch

skeletal muscles at rest and at the end of intense exercise; (2) to

deter=ine the relative contributions of strong ions, weak acids and

bases, and CO
2

to the total intracellular ionic cooDosition of

,
inter-relationships

in ~~ercise; and (3) to demonstrate themuscle at rest and

between intracellular ion regulation, muscle

metabolism and muscle performanc~ during intense exercise.

The first series of experiments ~~aoined the ionic and

metabolic composition rat hindlimb muscles (white gastrocnemius, ~~;

plantaris, PL; red gastrocn~ius, RG; soleus, SL) sa:pled at rest and

following 4.5 min of intense swimming exercise. Intracellular ionic

PCOz was held constant at various levels and

iii
J

/

status is dependent upon the PCOZ' strong ion difference ([SID]),

and the total concentration of weak acids and bases ([ArOT]) of the
/

intracellular fluids!,



~--~-------------

intracellular strong ion concentrations
r
were measured using

instrumental neutron activation analysis. [AraT) is a pooled term

representing all of the intracellular weak electrolytes and cannot be

directly measured. A method for determining [~OT) indirectly from

Illeasurellents of pH. [SID) and PCOZ muscle homogenates was

formulated and is described. Intracellular [SID) was found to be

significantly higher in fast twitch we (161 mEq/l) than in slow twitch

SL (137 mEq/l); this was primarily due to a higher [K+) in resti~

WG~ Muscle [~OT) averaged 190 mEq/l at rest. and there,was little

difference betveen muscles. Intramuscular pH was determined using

three methods' ~he distribution of the weak acid DMO, froc pH

measurements of muscle homo~enates. and was calculated from· the

preparation.

independent variables [SID]. [AraT) , and PC02• Correspondi~

to its higher [SID). the WG had a si~ificantly higher intracellular pH
,\~ .. '

at rest (6.94) than SL (6.72).

The second series of ~~eriments ~~amined cha~es in extra- and

intra-cellular ion and metabolite concentrations, and quantified the

ion and metabolite fluxes between muscle and blood at rest and during

intense electrical stimulation using an isolated perfused rat hindlicb

These studies confirmed that K+ and La leave the

cuscle +cells d~ring contraction and that Na and Cl enter. and

that these ionic disturbances cause the increase in intracellular

[a+j associated with the decrease in muscle performance. With

stimulation. the major changes affecting intracellular ion status and

cetabolism were large increases in intracellular lactate concentration

These changes were greatest in we. a highly glycolytic muscle. and
iv
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lease in SL. a predoadnantly oxidative lIlUllcle; the rise in [La-)i

accounted for 67: and SO: of the fall in (SID] in ~ and· SL,

respectholy. Correspondingly, the' largest chattl;es in ion status

occurred in~. '!be high initial [SID)i in resting we prevented

ex~e.si~ in~re·.es in [1I+) d t iii i t d i~ .~ ~ ~ an pro e n on %at on sate ur ttl;

muscle contraction.

'!be' third series of experiments exAlllined the effects of

extracellular metabolic and respiratory alblosis on muscle

performance. metaboliSlll and ion re!tUlation, and provided an opportunity

to test the hypothesis that eh~es in intracellular ionic status will
(.

affect the regulation of metabolism. With alblosis, compared to

controls, there ver;e no differences with respect to performance and,
metabolism, hovever. the rate of U efflux from ClUscle was

•

s~ificantly increased and [La-)i was significantly reduced.

associated with increased fl~~es ofalso.:as

into muscles, resulting in large increases in

\ +during stimulation; K effl~~ in alkaloticandrestat

Extracellular alkalosis
"

Na"" from \.perfusate

hindlimbs was significsn~ly reduced, compared to controls,
,

duri~

stimulation. A theory is proposed whereby exercise-induced chan~es in

intracellular - + +[La ), [K ) and [Na ) exert direct effects on

the ioo1%ed state of intracellular proteins ~~d on oetabolic regulation

during exercise.

v
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