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- ning (85 m/mlnute, 30% grade, 15 second r\n, 20 s?cond rest,,

\ - ABSTRACT
The effect of glucose supplements (2 mls of 50% glucose)
glven at dlfferent t es before the performance of hlgh 1n-

ten51ty %ﬁort term work, was evaluated u51ng performance cap-

4 S

_ac1ty measures and 1sotop1cally labelled glucose aElghty—

one male Wrstar-rats were orlented to treadmlll sprintbrun—

r

10 repetltlons) f/;/three weeks prior to the experlment
AThe.anlmals w7feithen randomly a551gned to var;ous treatmentsﬁ

of glucose supplement; exercise, no glucose andfno exercise ‘

OVer a period of\2 days '~ The final Ferformance consisted of

"runnlng at the crlterlon rate untll %xhaustlon Performance N

- was gauged by the actual_runnlng tlme on the treadmill,'

» It was found tﬂat"carbohydratevwas'utilized anaerobic-

ally to a large'extent in this type of work,-.The sourceSﬂ'A

of this'carhohydrate pmovéd<toibefprimarily'thé blOOd glucose

pool and the muscle glycogen store 1n these rats. The liver ‘

glycogen levels d1d not decrease 51gn1f1cantly durlng exer- .

cise. Blood lactate' concentratlon rose 51gn1f1cantly to a '

-

maximum mean value of 207 mg% in a group that was/glven

‘glucose*andvexeré;se on both treatment days.- The percent

of the to al kactate in the blood derlved from the glucose

supplement was apprec1able in exer01sed anlmals w1th mean

A

values in some cases as hlgh as 61%

Performance of thlS type of the day 2 sprlnt work was-

found to 1mprove sxgnlflcantly only when the rats recelved

'the supplements‘prlorgto exerc1se on,both,days, y



The orlentatlon program to sprlnt {unnlng on the
treadmlll dld not alter the fiber type comp051tlon of the
soleus and plantarls muscles although the muscle glycogen

concentratlon was found to Bé\lower than accepted restlng"

-

.values. . R
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iNTéODUC%ioN
Durlnq the past decade,'through the cont utions’of
:"varlous lines of‘&esearch, ‘an exten51ve proflle has been’
composed whlch descrlbes 1n some detall the. comp051t10n and
metabollc characterlstlcs of skeletal muscle It was only ' ‘.' [
recently that sport phy51ologlsts began to understand the |
‘profqpnd :;fluence of varlous, seemlngly obtusel factors on
'these paxameters and on work performance capac1ty in general

0

. The fiber type Comp051t10n and assoc1ated metabollc ;
p!bpertles of a number of muscles %h—ﬁarlous spec1es;;1nclu;';.
,dlng man, have been eluc1dated (Llndholm 1973 Arlano, 1973
iGollnlck 19735 : Accordlngly,'lt has ‘been’ shown (Bass 1969)
that flber types tend to be enzymatlcally predlsposed to jv -
metabollze spec1flc substrates 1n a spec1f1c manner. Neuro—h
trophic influences (Engel 19664 and spec1f1c tBalnlng regl—t_,
'mens (Staudte', 1973; Exner, 1973; Gollnlck 1972 1973) tend N
to modlfy the metabollc characterlstlcs and predomlnant sub—
'”strate utlllzatlon of the whole muscle by affectlng the me=-

tabollsm of the flber type(s) of which it is. composed ﬂs'

' awell the nature of the work performed by the muscle has a

-v‘dlrect bearlng on the flber type recrulted and subsequent -
utlllzatlon of substrate. Several authors (Plehl 1974 E
:_Costlll, 1973, Gollnlck 1974 Baldw1n, l974) have shown
that durlng long term low 1ntensity work there 1s selectlye

‘depletlon of glycogen 1n the slow thtch hlgh ox1dat1ve ske- ;-'h

letal muscle flbers ThlS depletlon was shown to occur at

»

Ca hlgher rate 1n slow tw1tch flbers than in fas tw1tch



A3

‘“ .

;fiberslduring this tvpe of exercise. Evidénce_from glyCOgeny

‘ depletion studies-suggests also -that during prolonged'work;

’
as exhaustion approaches, more fast tw1tch flber& are re--

crulted-(Gollnlck 1974) - Thus it is thought that the avall—_
ablllty of substrate may dlrectly or 1nd1rectly llmlt the,

%grk capac1ty of a flber type. fAlteratlons in. substrate

avallablllty were 1n ﬁact shown to affect work capac1ty

(Costlll, l973l Bergstrom and Hultman (1967) have‘well do—.l

' cumented‘the caSe.for glycogen supercompensatlon and'im-

proved performance capac1ty for endurance WOrk | After dq—-

pletlon £ glycogen bv exhaustlve exerc1se there appeared to

. 01ty seemed to-be further enhanced

- prived of carbohvdrate after eXe

\

be ‘an increased-capa01ty for-glycogen storage in the muscle'

as a dlrect result of a hlgh carbohydrate d1et ' This capa-

f the subjects were de-'

1se and prlor to carbohy-

_drate loadlng Th1s supercompensatory effect was subsequent—

1,

shown | o 1ncrease capacrty ‘for prolonged submax1mal work
(0 in,'l97l‘ Gollnlck 197l) ' Plehl (1974) and Terjung

(1974) have as’ well,studled the repletlon of muscle glycogen

stores 'in skeletal musclg under varled d1et and exerc1se con— _

dltlons It has been suggested (Bar et al., 1965r that glu*

cose uptake in skeletal muscle 1sxuabdue to dlfferences in \\7

flber type characterlstlcs, ‘but rather 1t is’ a functlon of

the absolute depletlon in the flber. Hence the exerblse \

program whlch results 1n the recrultment of spec1f1c flber;-d)

type and subseauent glycogen depletlon also determlnes the‘,»;

relatlve uptake og'glucose 1n each flber (Gollnlck 1973)

s

-~

.",;s'/‘ “; |
-
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Piehl (1974) presented an. apparent contradiction to thlS_

]

,theory_ln demonstrat;ng after prolonged exer01se (slow tW}tCh
E&ber recruitment) higher“repletionAratesfih the fast‘tw1tch
'fibers However, Gollnick (1974)'showed increased fast

s ¢

tw1tch flber recrultment at near exhaustzon follow1ng pro-
"lonqed wokk) Therefore, one: mlght‘expect hlgh.rates of re-
: pletlon in fast twltch flberA The ratlonale for thlS pre—i\
dferentlal uptake of qucogen in the‘fast glvcolvtlc flbers'
“Ts Stlll equ1vocal since’ P1eh1 (1974) noted that thls reple-
‘tion contlnues at an elevated raté\\n these fibers in splte
‘of hlgher I-form.s?nthetase actlslty rn the‘slow'oxldatave
flbers 1 | | | 2
A relatlvely small portlon of the research 1n‘thls area'
deals~W1th the effects of ‘high 1nten31ty short term.work'on'f
.flger type recru1tment ‘metabollsm, substrate depletloh or
' the effect of dlet manlhulatlon or performance capac1ty.. -
'Exner et al. (l973) showed hlgher depletlon of glycogen.ln'
fa t tw1tch skeletal muscle flbers in. rags’during.sprint
exerclse; Gollnlck (1973) demonstrated\thls same effect 1no7;
hdmans Armstrong in 1973 shogedlthe adaptatlons of flber
"Jenzyme com9051t10n to sprlnt tralnlhg. \Later (1974» he‘de~ffth
: monstrated that at runnlng speeds above those whlch should o
elicit MVO for a rat there was a rapld decrease 1n PAS
‘starnlng 1nten31tv occurrlng prlmarlly 1n the fast glycoly—:v
;tlc flbers. | He suggested a major dependence on.anaeroblc

jfrbers durlng high 1nten51ty work output or durlng low 1n‘

‘ten51ty work when aeroblc flbers are depleted of glycogen.



i b ! -l - . .
Gollnick (1973 considered that this-selective depletion of -
glycogen in fast glycolytlc muscle durlng high ;nten51ty in-

AN @,
terval work could limit the capac1tv of the muscle to con—

.

tlnue’workr
Sincedsupercompensation is“not-always‘practical and the
depletlon of glycogen stores could be llmltlng in hlgh 1nten— h
.51ty‘1nterval work ihe beneflts of an acute supplemental |
‘dose of glucose prlor to work should be researched. In 1973,
"Costlll attempted to demonstrate the utlllzatlon of glucose
‘uslng an 1sotope tracer technlque in endurance type work
However,.the results were reported aszcounts per mlnute and
‘this leads one to guestion'the validity'of the resu1ts. Too,
;1t must be kept in mind that thls was iong term endurance_"
-work mlIf carbohydrate is dne of the ma]or substrates for

fast tw1tch high glycolytlc flbers and these fibers are dep—'
;eted‘durlng high’ 1nten51ty work (Gollnlck(et al., l973b)

then a;dietary glucose‘supplement could be»an/important'fac~i..
'dtor in the performance of this. type of work
va&It was the?efore of 1nterest and practlcal value to
v;study the~effects of a‘glucose supplement»on glycogen storage,l
substrate-utiliéation and thexperformance.capacity,of rats .
o during reneated'boutsdofrhigh intensitybshort termvwork;w It

was necég;;ry to determine the fate of the glucose supplement'

Jj
"//

“in such a system. In d01ng so, it was necessary to eluc1date

the extent to wh\&h it contrlbuted to a muscle glycogen'spar-.'
/

1ng effect was stored 1n llver and dlfferent muscle flber

{types, or utilized as a d}rect.metabollc energy source both

A

-



on the day of 1ngest10n or the day follow1ng 1ngest10n

(

' Havrng establlshed the degree to which these factors were

implicated under these condltlons-lt was 1mperat1ve that one
determine the benefit if any, on‘the-performanceycapacity

‘ . . ; S
.for this type of work

Spec1fically ‘the aims. of this study were threefold To
—

demonstrate the effect of glucose supplement admlnlstered

prlorato anaerob;c work performance on day'l.
Toidemonstrate the effect of glucose suppl ent'admin—‘.
: 1stered;pn day 1 on t e anaeroblc work performance and glu- -

cose metabollsm and sftorage parameters on day 2
TS demonstrate tHe effect of glucose admlnlstratlon on
day 1 and’ day 2 on the varlous parameters measured during

k'
work performance on day 2, <

s DEélNITION OF TERMINOLOGY
- The classification of muscle fibérs were made on the
basis of the cbservations of Peter'et al. (1972). Although

L

'the geperal classrflcatlon system of Peter et al. was used,p
it is empha51zed that a glycolytlc staln was not done
Strlctly_speaklng, the cla551f1cat10n of flbers used in thlS
study could;only reflect thelextent,ofjmyosrn ATPase actlv;ty
dandkthe oxidative capacity\as indicated by NADHAdiaphorase.
Fast Glycolytic (F.G.)‘—-ﬁhoselfibersfwﬂth_a high gly-
colytiC'capacity,’low’okidatiyé Capacity,-high myosrn‘AT?asel

aCthlty and fast twitch contractlle characterlstlcs.

S_Slow Ox1dat1ve (s.0. ) - Those flbers show1ng low glycoly—-/l

tic capacity, high oxldatlvevcapac1ty, ‘low my091n ATPaSe.f



-

[ |
activity and slow tW1tch contractlle characterlstlcs

Fast Ox1dat1ve Glycolytlc (F. 0.G. ) - Those flbers demon4“

stratlng hlgh glycolytic capac1ty, hlgh oxldatlve capac1ty,

’ hlgh my051n ATPase actlvlty and fast twitch characterlstlcs

,! *
|

Other deflnltlons end abbrev1atlons 1nclude
Short term ngh Intenalty Work-— Interval work 1nvolv—

ing repeated high 1nten51ty work output\over a short period o
L

\\ /
~’

of tlme,,followed by-a 51m11ar.per10d of rest. In thlS case

“s runnlng speed of 85 m/min. at a 30%\grade,for 15 seconds

followed by a 20 second rest perlod B . 7*51‘

PAS. - Perlodlc Acid SChlff staln fOr glycogen after
.Pearse 1961 (Dubow1tz and Brooke, 1973).

l Myosin ATPasevAct1v1ty~— Adenosine lriphospatase‘Activ-
1ty as demonstrated by the 1nten51ty of a staln for ATPase
lfpresence'}hva t;ssue (Padykula and Herman) as modlfled by'
"éuth andeamaha,f1969.

Glucose Dosg - 2 mls of 50% glucose solutlon

14C glucose (Unlformly labelled glucose, labelled glucj ;
. ose) - D~glucosel4c (U)~ | o
‘14C glucose Dose - 2 mls. of a 50% glucose solutlon tOo
. which has been added SAPC1 of —glucose

v Cpm - Counts per minute. !The numbér of dlslntegratlonSp
per mlnute of a radloactlvely decaylng element reglstered 1n:;
la countlng system.t“ | ; |

me - Dlslntegratlons per mlnute _ The absoluteinumber~

e

of dlSlntegratlons per mlnute of a radloactlve element in a

‘compound sample, equ1valent to the Cpm corrected for sample o

.



preparation recovery, background counts and the efficiency of
the counting system.
Specific Activity’— The-totai radicactivity of a given

isotope (ihlthi§»Case,l4C) per unit weight of the compound;'

eg. dpm/mg or dpm/mM;: - S
METHODOLOGY

ANIMAL CARE-

!

A total of 106 maleirats of the Wistar strain (specific

pathogen free CFN rats) welghlng approx1mate1y 160 gram5~

~

//were obtalned through the D1rector of the Health Anlmal o :

/-ASc1ence Centre at The Unryer31ty of Alberta._ Upon arrlval A
. o,

the animals were welghed housed separately 1n self cleanlng

"W

cages, and prOVlded w1th Purlna chow (Aopendlx 6) and water
ad llbltum.. Immedlately they were, subjected to a reversal ﬁ
of the day/night cycle (llght 6 pm. to. 6 am ) wh1ch was |

| malntalned untll the end of the experlmengal program - (the

. rest of their llves) : The anlmals were allowed a perlod of-
7 davs of orlentatlon to the new env1ronment before the O‘
treadmlll program wa begun. Each dav the cages were shlfted.
systematlcallv by o{t p051tlon on the rack such that no ani- .
‘ mal remalned in the same p051tlon for two consecutlve days-'

' more.v At a spe01f1ed t1me each mornlng (0630 hours) the

aanlmals were welghed and thelr food and water replenlshed
.The 501led papers were changed the trays swabbed,.and cages LT

rotated at thls ‘time. After the flrst week thlS phase waS
done’ aftex the dally mornlng exerc1se perlod Once each
week all tJe cages were washed ‘and’ sterlllzed ‘At the

A



-, o

beginning of the'second week the animals began their orien-

_'tation to: treadmill running (Appendix 2). IneVitably, some
: ’ Co Yy A . I

- animals were bruised and cut in' the area of the“loWer‘hind'
limbs while running: in these cases. the injured area was:

treated:externally with Blue.Lotion (MTC'Pharmaceuticals;:~
'London,.Ontario). Before tach running SeSSlOn the animals' -

hindquarters were soaked with water and after each seSSion

.

* each animal was‘thoroughly dried and imspected before being

! .
i . . - ’

_returned to its cage.
vThe treadmill orientation period in all cases lasted'

_:for 22 days beginning and ending on ‘a MOnday On the even—

]

ing of the 22nd day (17 hours before experimental treatment)

L} -

. the animals were deprived of Ehow and randomly aSSigned to -

N -
R 4

Htreatment groups. A_ter the " first treatment day, the

:animalé on a two day ty atment protocol were allowed chow
until 166% hours at which time they were agarp deprivedﬁof
fchow in preparation for the day 2 treatment of the 2nd &ay
All animals were sacrificed by decapitation.b At this -
ftime the samples of blood and tissue were taken.

Of the 106 animals destined for this study, data from .
T8l animals were included in the final analy31s. This frgure

—;accounts for the incluSion of 15 animals in pilOt experiment%

_and an exnerimental attrition rate of 10 9%. .

ORIENTING PROCEDUQE/ACUTE EXERCISE PROTOCOL
Generallv speaking, labonatory rats are not accustomed
" to running at these speeds and it ‘was found necessary to

'-orient the animals to short term high intenSLty work on a

.ﬁ'\ .



" treadmill. The animals were found to perform satisfactorily'

.

after 20 days of Orientatidnr
Ali the animals weredexercised'on aumotor driven tread;.
mill: con51st1ng of a w1de endless belt on roilers'divided‘
1nto 10 compartments (75 X 10 cm.) ., Eachucompartment uas-
fitted'yith abshock:grld'across:whlch,was maintained a/poe
'tentiai”of'és:vdﬂts (Staudte} 1963).. The animals'Were'
orlented to runnlng by strlctly adherlng to;the'program‘
outllned 1n'hppend1x 2 Brlefly, this procedure‘included a
max1mum of 2 exerc1se bouts dally beglnnlng at 0800 hours
and at 1500 hours 5 days per week - Each day the speed and/ .
or the number of repetltlons was 1ncreased (per schedule y.'h} l"(
Appendlx 2) and the durat;on of exerc1se and rest intervals |
decreased untll the anlmals could complete 10 repetltlons
(15 seconds runn1ng,_20 seconds rest) at a speed of 85 m/mln.‘:
and a grade of 30% %ge anlmals were malntalned at thls |
crlterlon level untllAthe end of the orlentatlon perlod jf.;-
Durlng this perlod they were exerc1sed in groups of 5 an1- .

,mals at a time.’ Serlously 1n]ured and "non runnlng anlmals

were ellmlnated from the study.

. _
The acute exerC1se test admlnlstered on de51gnated

? treatment days conglsted of hgving the anlmals run, at the . ";/d
.‘crlterlon rate untll fatlgue (deflned as the p01nt at whlch
the{gnlma1‘;;§ted aqalnst the Shock grld for 8- 10 seconds dh547“ﬁ
w1th proddlng) Durlng the acute exerc13e test the anlmals |

‘were run 1nd1v1dually o .d‘d'-a-? ‘;f( B

L



LXPERIMENTAL DESIGN
At the end of the 20 day orlentatlon perlod the animals .
" were randomly-a551gned to one of l4'treatment groups.or 2

non‘treated control groups. .The protocol of each group 1s

1outlined_in Figure 1.° Anlmals de91gnated as’ hav1ng to re- .

v

;:celve glucose or labelled glucose were dosed w1th 2 mls 'f
50% glucose ~The admlnlstratlon of . the glucose was 1ntra—
l’gastrally by gavage 1 to 1. 5 hours before the next step in’

the group protocol. The exerc1se phase Was descrlbed earller
. } Pt .

as the acute exercise:test Sacrlflce was by decapltatlon.

14

"The de51gnatlon "MET CAGE~ "C" means that the anlmal was‘

' placed in a restralner and placed 1n51de a cyllndrlcal meta—
_bollsm cage through‘whlch room air was " drawn at 400 ml/m;nute

. By bubbllng the effluent gas through an. ethanolamlne solutlon :

all the Y4co.

3\

was trapped In cases that the anlmal was

2 !
. ‘
;exerc1sed the collectlon of the 14002_was begun-w1th1n 20 .
seconds after completlon of exerc1se. .Th 14CO2 gas sa les

';were collected }n sc1nt111at10n v1als contalnlng 5 mls.'
_ / |
the ethanolamlhe/ethylene glycol monomethyl ether 1:

ution Samples were- collected for - three mlnutes every 10

‘-mlnutes for 40 mlnutes.
Those/anlmals de51gnated to groups 1nvolv1ng "MET CAGE f

A

<
o

fCOé? Were restralned and placed in the metabollsm cage
'through Wthh air wa§ belng drawn at a rate of 1150 mls/mln—
’»uteQ‘ Samnles‘%f the welI mlxed effluent gas were drawn ” |
fthrouqh an - oxygen and CO2 analy. r.; Readlngs were noted at.

-3 mlnutes, 5 mlnutes and each lO mlnutes after that for the ;"

g L

l-_’
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first'AO;minutes&pOSt exercise.

In .all cases thé'time for the absorption of the admi-

o,
N

‘nlstered glucose was not greater than 1.75 hours and not

-“1ess than l 0 hours before the next step . in the group proto-

”'colﬂ; When the anlmals were placed ln the metabollsm cage
.after exercrse, the air flow 3as started w1th1n 20 seconds
‘of.cessatlon of‘exercrse;j I 'Qp
.In»attenptlngtto“proVidé eVidence'as‘a hasishfor'the N
"“resolutlon of the prev1ously stated proposals, certain as-
pects, of performance and glucose metabollsm and storage weré
hlnvestlgated Brlefly,the study 1nvolved evalu ion of
-vcertaln dependent Varlables at varlous p01nts in treat;
.ment protocol as outllned in Flgure 2t L | _;,-/
}l)' the: absolute runnlng tlme (secdﬁ3°7 ” o
2) ;the lactate concentratlon in: the blood (mq%),
h35~\the percent of the total lactate 1n the blood
derrved from the dose of glucose, . ‘

.4)‘,the volume of carbon d10x1de produced in the flrst

e

K

40 mlnutes post exerc1se (mls ),: . |
‘ o 5_5) the percent of the total CO2 producedtZO-minuteSg

: joo .
post exer01se derlved from the dose,v ‘

N

‘ jé)t the concentratlon Qf glucose in the blood (mg%),‘-'Vj

CL// ) the concentratlon of glycogen ‘in the plantarls and

¥
0.

‘7=301eus muscle of the rlght hlnd leg (mq%),>‘

\

8) the percent Of thls total glvcogen 1n these musCleS

h;derlved from the dose of glucose; .
"3

9){ the concentratlon of glycogen 1n the llver (mg%).

12
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'DRPENDENT VARIABLE GROUP MEANS TESTED. TEST
S (n).. | ‘
Performance - 54746 Vs 9+;0 ‘t-test-

o - (16 - (10) R
N _Bloqd‘LaCtate?Concn' . 5vs 9 | t-test
= . » .8y (5) S
// $ Total Lactate from 'ef"x,
- dose -5 (6) . _ — o
C02 ProductiOn' 7 vs. 10 vs 14 Vs 14 “anova,
| o (5)-7 (5) - (5) (5) = t-tést
% Total C02 from dose 6 vs 3' e T R fk
. -8 (5y . (4) . t-test
' - o 3 LT
' Blood Glucose Concn - 5.ws 9 vs 11 vs.15- -anova, -
' (6)  (5) - (6) = (5) ‘t-test’
Muscle'Glycogen.Cohcn '5'Vs;9*vsﬁlltvs;15; anoVa;
‘M. Soleus o (6) (5) - _(6) " (5) t-test
% Total lecogen from 5 ws.ll o SR
dose , - .. (6)  (6)" _ t-test
M. Plantaris . 5'ys 9 vs 11 vs 15 anova," o
‘ : (6). (5) ~.(6) = (5) Lt test
% Total Glycogen frOm 8 vs 11 ,--A‘!\ :
1 dose ™ - .~(6) (6) o t«test -
Lrwer Glycogen Concn; 5 ys 9 vs 11 vs 1507 ﬂ anova,'_f”
(6) (5) g.(§{1A (5) ‘t-test.
%'Totel Glycogen'dose 5 wvys 11 . o ‘j_ S
~ ' s . (6) ,(6) t»t-test
:1Figufe 2 A851gnment of AnlmalS to Demonstrate the L
S Effect of Supplement Administered on Day '1°
\ on the Various Parameéteyrs on Day 1 and the .
o . Tests Used to cOmpare Group Means ‘ ’W,§<r

i3
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'llb)- the percent of*the total llV X glycogen derlved
L . r .

3

<

'from the dose of qlucose."

L3

To demonstrate the effect of the glucose supplement ad-
e

<

.mlnlst%red day 1 prlor to}exerc1sé\the comparlson of grouo
means were reported as-in Flgure 2. | |

- To demonstrate the ef‘ect of glucose admlnlstered prlor
to exerc1se on. day l on anaeroblc work pefformance and glu—'
'rcose storage and metabollsm parameters on day. 2, the'procef
’ ldure was as. outllned in Flgure 3, o
.To demonstrate the'effect of-administratidn‘of the glu—d‘
.'cose supplement on day b\and{?ay 2 on the respectlve para—

meters durlng anaeroblc work performance on day 2, the com- '$3?';

parlsons were carrled out as 1n Flgure 4

B

PREPARATION BLOOD EXTRACTS AND ANALYSES

Immedlately post exerc1se'or as . otherw1se spec1f1ed, the
Tanlmals were decapltated us1ng a small anlmal gu1llot1ne and |
' 5 -6 mls of mlxed arterlal/venous blood were collected from :
3>ilhe wound in heparlnlzed flasks. Allquots of thls blood
vl‘were taken for subsequent glucose and 1actate analy51s f,?“

p'f ASSAYG T The glucose analy31s was accompllshed u51ng B
the method of Feterls (1965) (Slgma Klt 635) The blood
sample asslgned to lactate analv51s was deprotelnlzed, c_;‘.xu
:-cleared and the perchlorlc extract was subseguently used to.

» determlne enzymatlcally the lactate concentratlon by the

.method of Noll (Lowry and Passonneau, l972) In cases of

_the anlmal hav1ng receLVed labelled glucose, a l ml aliquotf".

1



" Supplement Given Day-1 on Various Parameters on .

t Day 2. and the Tests Used to Compare Group Means'

o

N 15
. /‘ |
\.\..
_DEPENDENT VARIABLE  GROUP MFANS TESTED (n)  TEST
Perfofmance o _ . 6+1+2 vs 10 _‘ ..+ t-test
- ‘ S5y . (5) S
107 vs 10 t-test
(5 (5 SN
6+1+2 vs 82+12+102 t~test
o T as) (s ETER
Blood'LactatevConCn ‘6 vg 5 6 .vs 10° - t-test.
, R (5) . (6) (50 (5) o
% Total Lactate - Dose _a%G'vs 5 - | ' “t-test
: . (5 (6)- o R
‘coé Production. = - 7 vs 2 t-test .
Co o ~(5) (5) C
% Total CO, - Dose - 6:vs 1 t-test
: e S5y (5
Blood Glucose Conmcn - . 6 vs 10 vs 16 - anova, -
. ' - (5) (5) (5) “t-test
_ o 6+10+16 vs 5+9+15 ' o
e as o aey v
. 5vs 6° 9 vs 10 15vsle
_ , - (6) (5)(5) - (5) (5) (5). .
L'Muscle Clvcogen Concn Ay 6 vs 10 vs 12 vs 16 vs 3 énova,
M. Soleus . S (5) (5) (5) - (5)- (4) t-test |
% Total Glycoqen - Dose les 12 vs 3 6 vs 5 anovag-f‘
o . (5) (5) (4) (5) (6)  t-test
11'vs 12 3 vs 5 S
S (6) (5) (4) (6) S N
~ M, Plantaris . S 6.vs'10~vs«12 vs\lG’vs\i)ianova,'
. (5) 6) - (5) . (5) (4) t-test’
%.Totai'GlchgénffDosé. 6 vs 12 vs' 3. 6 vs 5. “anova,
- - S (8) (8) (&) (5) (6)  t-test
| ll‘vs 123 VS 5 '
o , (6) (5) (4) ~(6). | o
Liver Glycogen Concn - = 6 Vs 10 vs 12 vs 16°Vs 3 anova,
PRI o s (5) (5) (5). (4) t-test
% Total Glycogen fbésé' 6.vs-12 vs- 3 6 vs 5 -5-;anbVa,i S
e A8)Y A8) - (5)- (5) ¢ (6) t-test
llv's',_1:2.. 3vs5 I
‘ (6) (5) (5) (6)
-~ Figure 3: A351gnment of Animals to Demonstrate ‘the Effect of =



g

-/

(5) (5) @ (5)

tftesti

oFigufe 4:

A351gnment of Animals to Demonstrate the K
Effect of Glucose Supplement on. Both Days

(R ‘Prior to Analy51s on Day 2 and the Tests
R . Used to Compare. Group Means ‘ ~

S

.DEPENDENT,VARIABLE : 'GROUP'MEANS TESTED (n) TEST
7Performance 7+13+4.vse6¢i+2 vs 10~  anova,
L (14) . (15) - (5) . t-test
© Blood Lactate Concn 6 vs 7 vs 0 anova,
R o (5) . (5) (5) ' . t-test
'7eTotal,Lactate -Dose 6 vs 7 vs 12" ~anovaj
SRR o - (5) (;& (5) t~test
e'Coz'Production - '-\f"’fﬁ4 vs 2. o  t-test

o S (5 (5)

% Total CO2 =Dose 13 vs 1 t-test.

~ o (51 (5)
Blood ¢lucose Concn 7vVs 6 vs 3 vs B anava,
. ' (5) (5) (4) (5)' t-test
. Muscle Glycogen ‘Concn 7 Vs 6 vs 3vs 8. . ‘anova,

' M. Soleus o (5% (5) (4} (5) t-test
% Total lecogen —Doie 7'vs 6 vs 3 vs 8 f anova,
| o S (5) (5) (4) (5) - t-test

. M;.Plantarls 1 vs‘G 'vs 3 vs 8';= .~ anova, -
SR o (5) (5)  (4) " (5)  t-test.
% Total Glycogen -Dose 7vs 6 vs.3.vs 8 dnova,
SRR .. (5) (5) (4) (5) _t-test
Liver Glycogen Concn 7 Vs 6 vs 3 vs 8 fanQVaf
L (5) 4y (5)  t-test
;o% Total Glycogen -Dose 7 vs 6 vs 3 vs 8 - ' anova,



" of the extract was set dside for 14C—lactate analysls“by.the:

H

.-method of Fremlnet et al (1972) The'original'counting sol-

ution was modlfled such that the hyamlne hydnox1de was ellm-

'inated. . (See Preparatxon for,l4C Countlng)

3

TISSUE PREPARATION R T .

o

Immedlately follow1ng exsangulnatlon, the plantarls and

soleus muscles of the rlght hind leg were 1solated and ex—

cised.. Each muscle .was- lelded 1nto samples of suff1c1ent ;

‘51ze for hlstochemlcal (50 70 mg ) and blochemlcal (40 60 mg)

l

",analy51s In the case of those anlmals hav1ng recelved
14,

C- glucose an addltlonal 35 50 mg sample was cut Samples

of similar size’ were taken from the llver for glycogen and,,

v

‘where appllcable, 14C analys;s. After recordlng the welqht

\

. of each sample, the tlssue was 1mmersed in llqu1d nltrogen

cooled 1sopentane and stored at 60 C h Sy
GLYCOGEN ASSAY - The glycogen was lsolated from .the =

:muscle and llver tlssue by the method of, Lo et al (1970)1
. Q.

'and analyzed colorlmetrlcally for glycogen content. . In-the -

[

51tuat10ns that anlmals were dosed w1th 14‘--glucose, a 1 mlv

jallguot of the aqueous glycogen extract was frozen and saved -

at -30° C for subsequent countlng

’PREPARATION FO’R"l c cOUﬁING'*'_'_ @

All samples were counted u51ng llquld sc1nt111at10n
’fcountlngstechnlqueSu The sc1nt111atlon c0ckta11 suggested
" by Freminet et‘al.;(1972),for'the counting of-the laetate‘ |

a

- L S e, - T
- solution was modified such that 0.5 mls. of the final

S 17
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-

ﬁﬁi nstead of hyamlne hydroxrde and ethanol) and the 10 mls.

: efflClency»ln each sample. ‘ .-

EOL . \ B 18

[

oof the PPO POPOP in toluene/syst\m Thls decreases ‘the

"*chémllumlnescence due to | Qhe presence of the hyamlne hydrox~

v?\..

; é' %&he ba51c premlse of this method was the dlfference in

wlactate has been removed The authors farl.to mention °
q « . ) ) ) .
thatrbecause'of the addltlon of NAD+ and LDH to one samplez
(forxthe extractlon of lactate) the quench characterlstlcs

are no lonqer 51mllar for both systems. Therefore, 1n dolng

V.
"

the calculatlons, one must allow for dlfferences 1n}count1ng

i

‘Thée 1 ml. aliquots allocated to 14c glyCogen counting
were added to vials‘containing 10 mls. of fluor (PPO;G;gm/l.,-.

POPOPASO mg/l; in toluene)j Slmls.wpf méthanol and 1 ml. of

ethvlene glycol monomethyl ether

‘g

"Th 14C carbon diox1de collected from ‘the metabollsm

cage gas effluent 1n 5 ml, of-the ethanolamlne trapping se—'
lutlon (ethanolamlne/ethylene glycol monomethyl ether, 1:2 —_”
methyllcellosolvel was counted in 12 mls. of a 50% solutlon

. ) ' R . ] )
of PPO—POPOP fIhor in methyl cellosOlve All counting~was

j'done in. Searle Mk III and Plcker quulmat 220 iif*ﬁachlnes.A

#

. HISTOCHEMICAL ANALYSIS
" The frozen muscle plugs obtalned from the sacrlflced
anlmals were mounted on’ a cthuck and malntalned at 25 to

—30 C in the cryostatf‘ Serlal sectlons lqM tthk were cut

© .



.and- mounted on microscope slldes in preparathn for glycoqen

vy
A

va051n ATPase and NADH dlaphorase stalnlng The samples
l were allowed to dry at least 3 hours before belng stalned
.. The method used for qucogen stalnLng was the PAS stain ;Lg—
?gested by Dubow1tz and Brooke (1973) ﬁhe procedure fol- '
lowed for'the estlmatlon of myosin ATPase was the method of
N.Padykula and Herman as modlfled by Guth and Samaha (1969)

.The tetrazollum blue reactlon procedure for stalnlng for'

) .
NADH dlaphorase Was~taken from-Dubow1tz-and Brooke (1973)

N
L‘b
Cut serlally and stalned as outllned above.~ Sectlons of

muscle from 2 anlmals representlng»each treatment group were -

photoqraphed and representatlve areas of the photographs
l(ﬁr75 flbers) were analyzed for flber type cbmpos1 ion and

qucogen depletlon

CALCULATIONS

e Lactate: To calculate'the percent of the total'blood'

.“1actate derived from'the-dose the“following;equations-were_

used: ‘ _
(Cpm, - Cpm,) X CE . '
LR i —— X D
= f — X 100 = % from doée'

~ ;*'[Lacthl X Volg, ' : '
-where, T“. R 4,»'4‘ ey

Cpm(A) and Cpm(B) are the count rates of the two samples
(A Cpm-ﬁ Cpm of 14C Lactate) o - ’l_ e - l”

AN o

CEyls‘the countinq-efficienchof‘theysystemv

: ~
e 7.

¢

All muscle plugs from all the anlmals sacrlflced Were‘_~v

.19



is the specific activity of the lgC-glucose

. “ »

‘§p Act(l)

dose as lactate. _
, ' " Co
g . *

D‘iS'a dilution factor (1n this Case 6)

‘.[Lact]'B is the blood lactate concentratlon in mM/unlt

volume;/
.VolBL is the estlmated blood volume (65 ml/kc), 1974."‘
ARS/Sprague Dawley Calendar.- | | ‘
o .
14

C,CarhonfDioxldey— The calculations for % CO, pro-
duced derived'from the dose were similarflnlformﬂto the above:

L.

CDPM_, IR

co, . o |
Sp Act<2)" X 100 = % CO, Total from dose
where, -
DPMCb_ was. the c0unt rate produced in the flrst 40 mlns
v 5 _

post exerc1se calculated from means of the measured values.

Sp),Act is. the spec1f1c act1v1ty of the dose as.

(2)

carbon d10x1de

[CO 1 is the amount of CO (mM ) produced 1n “the flrst

2.

40 mlnutes oost exerc1se calculated from 51m11arly treated
~,~grouns in the gas analysts«cage“ Example-f

. % CO, X Vol./min. X 40 o
'? S (STP! ' = mM C02/{40 minutes

22.4

where,

$ CO, is the mean percent CO
eXercise. o , i.v°v ‘

2f.over 40 minuteskaSt

»-

#Z
Vi

20 -



minutes ‘post exercise.

Vol/min. is the air flow‘rate through the cage.
X 40 is the volume in 40 minutes adjusted to‘STP.
"KnOWing.that 1 mole CQé occhpies>22}4 1. at STP volume

then divide by 22.4 and derive the number mM produced in 40

_ . : T o :
14-C'—-‘G’lycog'en - Similarly for glycogen: . R

'DPM ., X D

- Pla1ye F P v |
Sp ACt(3)‘A.lHX 109-1.% Mtsclelglycogen~frcm dOSe‘
[glye] x wr = . ]
_where, ‘O‘ o | 'ﬂ
ciDPMglyclls the corrected- coﬁnt rate of the glycogen

sample multlplled by a dllutlon factor Dl

: Sp Act(3

'cogen

[glyc] is. the glycogen concentratlon in the muscle 1n

N
.

.‘mg/mg wet weight

. WT is- the estlmated total welght of the muscle (from

| ‘average welghts of ‘the total muscle from the. contralateral

v»leg) E

It must be kept 1n mlnd that these calculatlons are

theoretlcal and are based on a number of assumptlons and es—"

)

“=t1mat10ns For example, in- the calculatlon of the’ percent

'lactate derlved from the‘dose,lt is assumed that blood vol- "

o ume remains constant durlng the exerc1se..‘-

APPARATUSES ST

_Quinton Rodent Treadmill Model 21-40

) 1s the Spe01f1c act1v1ty of the dose as gly—

21



Small animal guillotine

Dewar Flask fitted to cool isopentanevin N, (liq) -

Metabolism cage withKQ%Strainer.

: VaCuUm\pump‘“

Flow méter (air)
- Vacuum Bell jar with A pore size bubbler
- » o ’ : A\

Beckman o, analyzer'(constant flow) .

'Caphdgraph‘COQ anéljzer |
'Eegkman.Qynograph (§raphic-réadOUt) | "‘. £
nyostat > o N N R
e S
Timer R . .
- Dye Séthéf’ - ?l - o _':‘?
  Oveﬁhe§d;miér6scope‘élide’projectéf‘v _
.Le;tz“mic;oscope wiﬁh " 6£Qgraphic_aaaptor“7
B Packafd Tri Cafb'Sam;;ZhOxidizer Modél.306_.
‘Searle Mk III LsC B . |

. 'Picker Liquimat 220 LSC



RESULTS
T treatment of each group is summarlzed uSLng a
maximum of four symbols (G) - glucose supplement,(E)— acute

exer01se test,(N - no treatment.

The flrst symbol in the series concerns the admlnlstra-
‘tion of glucose on treatment\day 1; .the’ thlrd glucose admln—
1stratlon an day 2. The second symbol in the serles concerns:'

—~
exerc1se on treatment day l and the fourth symbol, exercrse
on day 2. Thus GENE represents the treatment of an anlmal

.

that recelved glucose and exerc1se on day l and exercrse on
day 2 _. . .v / /\./ ' - oo .

| The outcome of the comparlsons of treatment group means
’are tabulated accordlng to the dependent varlable tested in
. Tables I through Ix'i 154: Lo f"_;f_i .f o |

WORK PERFORMANCE = Table I represents the effect of

treatment comblnatlons on work performance measured on-. treat—,
ment day 1 and day 2 - There was n statlstlcally 51gn1f1cant_
dlfferenéi 1n\the mean runnlng tlme of those,rats represen-».?
‘ted by the comparlson of groups 6+5+7(GE) and 9(NE)+10(NE)
Slmllarly there was no srgnlflcant difference in the mean

o N

-runnlng tlmes of groups 6+l+2(GENE) and lO(NENE) when evaluated

on day 2, bhus 51gn1fy1ng n beneflt in terms of performance .
from haV1ng rece}V@S~glusoe§>on day 1. Groups that recelved
glucose supplements on both days had a slgnlflcantly hlgher

u

mean runnlng tLZi/on day 2 than ﬂhose that dld not recelve‘fuir L

' ,any-glucose_sup ement on’ elther day and those that had

Lo _ N
glucose;on,dayul,only. No statlstlcally 31gn1f1cant
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| o C A/ “
_ dlfference in runnlng time. ex1sted between the day l and- day
2 means of those groups that recelved none or one glucose .
supplement over the treatment perlod owever, n1mals~that
were fed glucose on both treatment days ran 51gn1flcantly
3longer ( < 05) on the seCond day than on the flrst day of
_treatmenﬂ . ‘ I o (,

| BLOOD LACTATE CONCENTRATION - The results of the blood
lactate analyses are outllned in Table VI, The mean blood
.‘lactate concentratlon of group 5(GE) was 51gn1f1cantly hlgh-.
;er than those anlmals of group 9(NE) A 31gn1f1ca;% dlf—
['ference was not present between the means of group 5(GE) and
' group 6(GENE) There was no 31gn1flcant dlfference between
?pthe group mean blood lactate concentratlon of groups 6(GENE), _fu//
df7(GEGE), and 10(NENE) Whlch were all evaanted after exer-h* |
01se on day 2 | | o | | |

| .~ The, estlmated percent of the total blood. lactate belng

o

f_derived from the glucose dose was 51gn1f1cantly lower on day

2 than post exer01se on day l as demonstrated by the com-‘\"
fyparlsons of the means of group S(GE) and 6(GENE) : The mean f
E value of group 6(GENE) was compared as . well to group 7(GEGE)

7v~*Aga1n the ‘mean percent of the total blood lactate derlved
‘;from the dose was 31gn1f1cantly 1ower 1n group G(GENE) s

EXPIRED CO - ThlS data is presented in Table ,Ix{;yinf,; ¢faf'

' 2 - . . l» '» ‘.J r. . : -
',ﬁroups of antmals evaluated for CO productlon over the flrs S

- 40 mlnutes post exerc1se on day 1, the mean CO2 product;on of.

i :gr up 7(GEGE) wh1ch recelved a pre—exerc1se glucose supple

?,ment was’ not 51gniflcantly dlfferent from group IO(NENE);Jyfr

4



. s1gn1f1cantly lower than that of .group lO(NENE) ' There was

.»E.

+ . . . .
B . [} . L . : A
K ! . '3

_ wh1ch did- not - get the glucose supplement Thls mean- CO2

productlon Was 51gn1flcantly\h1gher in group 7(GEGE) than 1nf'

/

group 14, (GN) Slmllarly, the group 14 (GN) mean value was

slgniflcant dlfference in mean post exerc1se 002 produc—

- tio between groups that were glven glucose on day l, exer—i

| w1th groups 7(GEGE) and 4(GEGE)

c1sed and evaluated on day 2, and those whlch were. tested on o

day'l or those whlch were agaln glven glucose and exerc1se

on day 2. Thls is shown in the comparlsons of group 3(GN)

)

The mean percent total 002 produced in- the flrst 40-

~ mlnutes post exerolse derlved from the glucose dose was 31g~

/

nlflcantly hlgher in group 6(GENE) than 1n groups 3(GN) and

l(GENE) B Group 13(GEGE) as well had a 51gn1f1cant1y hlgher
A .

4>”' mean % CO2 derlved from the glucose dose than did group 2

R

(GENE)

BLOOD GLUCOSE CONCENTRATION —-The results of the blood -

'f analyses for glucose concentratlon are outllned in Table II

T

Mean blood glucose concentration 1n group 9(NE) anlmals were '
srgnlflcantlyilower than those of control anlmals (Group 15
(NN)), Group ll(GN), and Group 5(GE) Group 5(GE) and group‘

11(Gﬁ) means were not 51gn1f1cant1y different from the con-'s

trol (NN) mean nor Was the group 5(GE) mean signlflcantly

‘less than the group 11 (GN) mean glucose concentratlon.,’lu
The group 6(GENE) pOSt exerc1se levelsof glucose 1n tn\*~ 3

blood on day 2 were not 51gn1f1cantly d1fferent from those

‘Aof group lO(NENE) or control group 16 (NNNN) Group IO(NENE)
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N &

"‘mean glucose concentratlon was not 51gn1flcantly lower than

control levels (Group lG(NNNN)), group 6(GENE) mean" blood

glucose concentratlon was - not 31gn1f1cantly dlfferent from

: that of grOUp 7(GEGE) ' However, 1t was 31gn1f1cantly lower

» L]
than group 8(GEGN) The group 3(GENN) mean glucose concen-

tratlon was found to be 51gn1flcantly hlgher than that of
group 7(GEGE) and s1gn1f1cantly less than group 8(GEGN)
Group 3(GENN) was npt 51gn1f1cantly dlfferent fx\m group 6.
(GENE) Group 7(GEGE) had 51gn1f1cantly lowerxblood glucose
concentriylon than group 8(GEGN) R

MUSCLE GLYCOGEN CONCENTRATION - The muscle glycogen.

~—

. concentratlon was - analyzed in 2 muscles, soleus and plant-:' ;

’

'arls,_and the results are, presented in Tableslmland VI

H

There was no 31gn1f1cant dlfference between group ll(GN) 1n‘-»‘

both plantarls and soleus muscles ‘and the control group 15

(NN) - However, there was 51gn1flcantly hlgher glyCOgen con- -

' ,centratlon 1n both muscles 1n group ll(GN) than in groups’

9(NE) and S(GE) In the plantarls muscle there was .a sig-

nxflcant dlfference between these two groups ln mean glycogen

th concentratlon. The plantarls muscle glycogen of groups 5(GE)_~;»'

ahd 9(NE) .was also 51gn1flcantly less than the control but

]

| ‘this was ‘not: dlfferent 1n the soleus muscles of these groups.

¥

. -

Group 6(GENE) muscle glycogen concintratlon was analyzed on .

day 2 It was found not to be 81g 1f1cantly dlfferent ln

'~‘ elther muscle from that of group IO(NENE) There was 319—"1;umf S

n1f1cant dlfference 1n mean glycogen concentratlons between

l
grcup 6(GENE) and group l2(GNNN) and the control group
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lé(NNNN) 'inzboth plantaris and soleus‘muscles Group 3
'(GENN mean glycogen levels 1n plantarls and soleus were
51gn1flcantly lower than the control (16) ‘and’ group lZ(GNNN),
but not 31gn1f1cantly greater than group 6 (GENE) . In the
,soleus muscle the glycogen concentratlon was~51gn1flcantly

hlgher in group 3(GENN) than in group lO(NENE) : Thevgroup

R ~

_lO(NENE) muscle glycogen levels were lower 1n plantas and E
soleus muscles than those 'in the control group or 1n group
-12(GNNN) | The group 12(GNNN) mean muscle glycogen/concen-
tratlon was not slgnlflcantly dlfferent from control levels;
,There were also no 31gn1f1cant dlfferences between groups
7(GEGE),_6(GENE), 8 (GEGN) and 3 (GENN) in either muscle.
PERCENT TOTAL MUSCLE GLYCOGEN DERIVED FROM DOSE - The
-'estlmated percent of the total muscle glycogen in plantarls .
h_iand soleus muscle derlved from the glucoSe dose was cal-"
~ ‘culated and presented 1n Tables v and WH The mean Valuesil
.for'group 5(GE) were signlflcantly hlgher 1n plantarls ‘than

1.1n group ll(GN) When group S(GE) was compared w1th group '

i6(GENE) there was no 51gn1f1cant dlfference between them,

f‘fnor was there“any 51gn1f1cant dlfference between groups ll

‘7(GN) and 12(GNNN) There was however, a 51gn1f1cantly greater
/ I

"_percent of total glycogen derlved from the dose 1n the plantarlsvjf“

.-'mUSCle 1n ‘graup- 3(GENN) than group S(GE) However, the group
',3(GENN) mean for soleus muscle ‘was. not 51gn1f1cantly greater ,al
1Ethan that of group S(GE) In comparlng the means of groups

’ s3(GENN), 6(GENE) and lZ(GNNN), no 51gn1f1cant dlfference 1n'_’u”
”-the percent of glycogen derlved from the dose was found in

. s ;
1 . : ST |



A
W

.thebsoleus muscle,'however,'the plantaras muscle showed a
signiflcantly higher.percent in group'3(GENN)'than in_bothét
groups leGNNN),and G(GENE).' There'was no,signifidant dif-
ference in either.muscle between.the means,ofugroups 6 (GENE)
| and.12(GNﬁN) -In’the plantaris muSCle there-was"a SIgnifi;'
. cantly hlgher percent of the total glycogen der1ved from the:
-dose in group 3(GENN) than in group 8(GEGN) | In both mus-
cles there was 51gn1f1cantly hlgher mean values for group“7
"(GEGE) than group 8(GEGN), howéver, there was no srgnlflcant
drfference of the means of groups 8(GEGN) and 6(GENE) in
'elther-muscle In the soleus muscle,group 7(DXDX) anlmais
had 51gn1f1cantly hlgh percent 1ncorporatlon of glucose fromp

' the dose | than did groups G(GENE) or 3(GENN) In plantarls '

| thlS was also hlgher for groups 7(GEGE) than 6(GENE) but not

abetween groups 7(GEGE) and 3(GENN) Only in plantarls of

.group 3(GENN) muscle was the percent of the total glyc0gen 1;15 -

derlved from the dose srgnlflcantly hlgher than that of group s
"f's(GENE> T }-.1A!‘ S ‘l.,-ﬁ“_ oS o I
“ LIVER GLYCOGEN - The summary of the llver glycogen conﬂ
centratlon in the experlmental groups 1s outlined in Table HI
There were no 51gn1f1cant dlfferences in the mean values o{'v
hglycogen concentratlon in all the groups compared These-:"'

fgroups 1nc1uded iIXGN), lS(NN), (GE) and 9(NE) for day 1 -

L .'analy.ses and Q(GENE) ' ]_O(NENE) " 12 (‘GNNN) v 16(NNNN) and 3(GENN) ‘l

'ffor analysrs on day 2 There were also no 51gn1f1cant dli-"t'
',”ferences rn the mean values of 11ver glycogen concentratlon Qf'

of groups 7(GEGE), 6(GENE), 3(GENN) and 8(GEGN)
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In the same table are presented the mean estlmated per-
‘cent of the total glycogen derlved from . the glucose supple—-
ment The group 5(GE) mean percent ‘'was not 51gn1f1cantly

‘dlfferent from. group ll(GN) nor were the means of group 6 -

- (GENE) and’ group lZ(GNNN) s1gn1f1cantly dlfferent 'The

ﬂ.group 6(GENE) mean however, was found to be sxgnlflcantly

‘-lower than the mean value calculated for . group 3(GENN)
This same relatlonshlp held for the comparrson of the group
7(GEGE mean w1th group 3(GENN) The mean percent incor-
poratlon of the glucose dose to glycogen 1n llver in group
‘i6(GENE) ‘was compared to the. mean of group 5(GE) The mean>;“'
of group 6(GENE) was 51gn1flcantlyfless than that of group,"
‘*S(GE) - The mean of group ll(GN) was. 51gn1f1cantly higher';':h
ithan group 12(GNNN) There was no 51gn1flcant dlfferencesg.'
,1n the mean percent glucose 1ncorporatlon from the dosefto

‘llver glycoy‘., "in groups S(GE) and 3(GENN), 8(GEGN) and

"3(GENN), 05 ild 8(GEGN) , However, the mean of group

6 (GENE) ‘was } ‘fntly less than groups 8(GEGN), 7(GEGE),.

and,B(GENN). g?an of group 7(GEGE) was not 51gn1flcantly

differentﬁfroﬁ : group 3(GENN) mean.r'

HTSTOCHE,t "Y;— The results of the tlssue stalnlng ex=
= per1ment are. o: Bined in Table)ﬂI.“ Qn the‘extreme right~ f/
:erare the perCent‘fiber typeS‘in'SQIeus;and"

4

- 51de of the tﬁ

‘plantarls muscles : The treatment groups are llsted in the

NI

o T
'.vertlcal columns on the rlght sxde of whlch 1s the percent

‘of the flber types hav1ng a relatlve PAS staln lntenslty of':

| dark medlum or llght.. The percent flber type 1s llsted on

'.the left 31de of the column for both muscles

L . . - . :
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DISCUSSION
The importance of carbthdrate stores in muscle and
llVer to endurance work has been well eluc1dated (Hultman,h

1967; ergstrom et al., 1967- Gollnlck et al. 1973) Sim-

X

1larly, the role of blood glucose in long term work has been

outllned The concensus of oplnlon 1s that there is a shr{ﬂ\

.1n the’ muscle metabollsm to 1ncreased fatty acid uptake and

f

ox1datlon (Keul et al., 1973) There is evidence that.car-
“ bohydrate utlllzatlon 1s drastlcally 1ncreased durlng heavy '
| _exerc1se (Wahren et al l97l COStlll et al., 1973) |

- was attempted 1n the present study to evaluate u51ng varlous

t

.technlques, the effect of an lngested glucose supplement at .

g

different times prior to performance{of‘hlgh 1nten51ty in-
: terVal work" The'only situation inlwhich an.increase-in

performance was noted was the case of rats recelvlng two
glucose supplements 24 and l 5 hours before the exerc1se

formance was enhanced but not: srgnlflcantly so’ o

' test. The
v ! @ .
;1n those a 1mals that recelved the gluCOSe l 5 hours before_p:

:exerclse pe for,ance._ 1f lt is true that blood glucose 1s'

“important as\a.s strate durlng sprlnt exerc1se as lS the

caseiduringipr 'nged work, (Keul et al., 1914 Baldw1n etll'
ak., 19737, then the data of thlS study corroborates thls.
'1dea.g The post exerc1se blood glucose in the non treated
.:anlmals was less than that of glucoseedosed and control anev'
r;;I;} The rats that were ex-rc1sed and dosed had SLgnlfl—:ﬂ”h

'L,cantly hlgher blood glucose hhan exerc;sed anlmals but not 37

"51gn1f1cantly hlqher th control groups.‘ ThlS 1nd1cates U

G



D

£

that if the peifoimance.isodependent‘onVblOOd glucose_then‘

the dosed animals haye a'greater-Capacityyfor thisvtype'oﬁ*.
’eXercise'- There was nodsignificant d?kference between any

of the groups that were‘sacrlflced on day l T erefore, itg

is- p0551ble that exerc1se of thls type does hot depend on

pre= exerc1se glucose dose or llver glycogenoly51s to a large ‘f
extent ' It appears that, in the\groups of anlmals with some—"

what depleted llver glycogen and glven the glucose supplement:

A

mechanlsms are functlonlng

' and exerc1sed the glucogene51

A

as 42% of the total llver glyc gen was derlved from the gluc—

"vféﬁgfff_that llver glycogenolytlc mechanlsms nust be worklng
at a comparable rate such . that equrdlbrlum is malntalned
Nelther exerc1se of thls nature nor the dose appear to Shlft n
. the equlllbrlum elther way The muscle«glycogen levels of = -
" the rats used ‘in’ this study are somewhat lower than those ;

reported for restlng, Sprlnt tralned control rats (Armstrgng_‘

HQ 4). The dlscrepancy of mean values could be as—_

et al;r

cribed.to th orlentatlon that was used in. the study vArm—c

-~

strong et al (1974) spec1fy the tralnlng program‘ ) e"runé

ning Speed was 80.5 m/mlnute for 30 seconds foﬁ!‘wed by 80 : f.

_seconds followed by 30 seconds rest Thls was. done each day;
N : .

juntll exhaustlon for 10 weeks prlor to the exper1ment£T
sperlod Thls tvpe. of tralnlng 1s known to augment the caéa:
bohydrate store in the muscle._ However, they do not specifyfi4

'the tlme perlod between the end of tralnlng and beglnnlng



A
B!
B

of the experimental period,A In‘this study the‘anlmals at?
talned a hiqnet inteneity.of-wotk (BSJm/minute; 30%‘grade)
after three weeke ontwice’daily'work periods.. This train-
lhg or orlentatlon perlod 1s probably not sufflclently long
1to allow any augmentatlon that would take place due to train-

ing. The time between_the flnal orlentatlon bout. and the_

exﬁerimental'treatmentfwas only 17 hours during which time

46

they were deprived of chow. - The fact the repletiOn.of muscle ~

- glycogen was not complete was also evident in the histochem-

ical analysis:_ There was evidence of depletion in all muscle

fibers control and exercised, in that the PAS,stain wascnever

luniform in'colour intensity The muscle glycogbn was further
depleted to some degree 1n the plantarls and soleus muscles
’ as_a_result‘of exerc1se.u All fibers 1n the;soleus muscle
were stalned lightlyAindicating depletlon of glycogen‘stores
in that muscle of anlmals that were only exerc1sed on day 1.
The plantarls muscle from thesée same anlmals aid not appear
(AppendleS).tovbe depleted to the same'extent-and.all'three
fiber typesfwere‘comparably deoleted’(SO%), ‘The:levels of-

glycogen depletion were Significantly greater in the soleus
. € . . 0 . . EE ) :

muScle‘than in the plantaris muscle'(Table'IV VI) ' Although'

. the glycogen cogcentratlon in the muscle of anlmals glven .
~'glucose were not 51gnlgépantly hlgher than’control‘leyels,

the muscle glycogen concentration’was significantly higher

(not 51gn1f1cant in soleus muscle) 1n anlmals fed- the glucose:

M)

fand exercised than those Just exerc1sed (Table IV VI) - Zhis

mean.value was slgnlflcantly'lowe: than those*anlmals“that
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. were jUSt fed glucose in both the plantarls and soleus mus—
.cles.’-These dlfferences 1nd1cate a "sparlng effect of nus-
‘cle glycogen or preferentlal use of 1ngested glucose in-

K
these muscles in thlS type of .exercise. It must be kept 1n

\

" mind as well, that the 1n1t1al glycogen levels are oulte low

u

,and the work 1nten51ty qulte hlgh and therefore one would | .
expect a greater rellance on blood glucose as a substrate
»The uptake of the dose glucose to muscle glycogen is. qulte
"hlgh in non- exerc1sed anlmals further supportlng the 1dea of
llnltlally low glycogen levels 1n the muscle ThlS uptake
was 51gn1f1cantly less than ln the, exerc1sed and dosed animals.
The lactate concentratlon ln the blood of exer01sed |
anlmals was- quite hlgh and attests to the extent to wh1ch
.thlS type of work relies on anaeroblc metabollsm."Armstrong.
et al.‘(1974) recorded hlgher blood lactate concentratlons
in sprint exerc1sed rats than had prev1ous1y been reported
.The mean values obtalned in this study .are generally 51m11ar
to hlS results. However, the mean- blood lactate concentra—;
‘tion of one‘group of anlmals studled rose to 207 mg%, some—
"what:higher,than the maX1mum 190 mg% reported by Armstrong
. et al.~ Theiexerc1se 1nten51ty used in this study, as- was~ '
‘pointedlout earller, ‘'was more severe than the .one they used‘
-,and’as well thelr rats were tralnEdﬁTu weeks prlor to. the‘
etest}‘. |
'1,Thelratslthat‘receiyedvglucoseaprlorAto.exerciseihad a
Slgnlflcantly hlgher blood lactate concentratlon tha‘:the-*

-
exercrsed anlmals that dld not recelve glucose (Table VIII)



‘\\

hThlS is partlcularly noteworthy 51nce there was no. 51gn1f1—

cant dlfferencg in the mean’ runnlng tlmes of the two groups

Thls mlght 1mply that anaeroblc cataboblsm of the ingested

glucose dose partlally pre—empted the use of other substrates. s:fQ
used by the non dosed anlmals or. that some of the lactate : |
'produced by the non dosed anlmals is- utlllzed aeroblcally by

'-ox1dat1ve ‘tissue to a. greater extent than in: ‘the dosed an— o
dlmalsf An estlmated 61% of the total lactate produced was 5»
derlved from the dose<glucose elther as blood glucose‘or as

dmuscle gﬂycogen Thls 1nformatlon further supports the

'theory that durlng this type of work under these experlmental
«condltlonsy there is exten51ve utlllzatlon of the dose gluc--
hose. In light of'prev1ously reportedublood glucose'and\llver?
glpcogen data and the flndlng that. as much as an estlmated hh;‘
"61% of the total blood 1actate was derlved from the glucose |

';supplement,kone is ‘led to belleve in this case, the substan—"
tlal'anaeroblc utlllzatlon‘of the_dose,glucose.

'The manner in which the cOz'datafwas’collécted-andré;
‘ported makes it more dlfflcult to 1nterpret‘f The time over . |
Wthh the CO2 productlon was measured nece551tates the con-'

‘ srderatlon of a number of addltlonal sources of CO2 As,a;;
‘gross measure’ 1t glves a relatlve 1dea of the eventual aero- v
bic fate of the dose"” glucose. The total CO2 productlon 1nﬁ
he flrst 40 mlnutes post exerclse in- dosed and exerc1sed
J.anlmals was 51gn1f1cantly greater than the anlmals that were

dosed and not exerc1sed and essentlally equal to non dosed

exerCLSed anlmals.r An estlmated 69% of thlS volume of CO2
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was derived.from'the glucose dose and thisris significant'y
greater than the mean value 'of the. dosed non- exercrsed group
This data relnforces the 1dea of the - 1ncreased utlllzatlon S

3

'.of the dose blood glucose durlng this type of work under

o these condltlons. Although‘the dose glucose made up ‘substan-

'7"the blood glucose concentratlon would not be elevated before '

_tlal portlons of lactate produced and had a glycogen sparlng
"effect in exerc1sed plantarls and soleus muscles as well as
 the’ llver, the results of thls study 1nd1cate that there 1su
- 'no s1gn1f1cant enhancement of performance or 1ncreased run~
vnlng tlme 1h rats that recelved a pre-exerclse glucose sup-
plement . | -
There was no 51gn1flcant dlfference 1n the day 2 perfor-‘?
.mance in groups of anlmals that rece1Ved the supplement on
"day‘l and those that d1d not As well there was no- 51gn1f—f:
‘~nlcant lmprovement of the performance on day 2 over day l 1n
'vthose anlmals that were dosed on day l Thus this data doesp
not conflrm a 31gn1f1cant augmentat1on of performance capa-' <
c1ty in’ rats havrng recelved glucosed and exerc1sed 24 hoursa'
iprlor to day 2 exerc1se performance._ These flndlngs support
the hypothesrs that under these condltlons the dose glucose
.gOn two successrve days 1s an: 1mportant substrate for perfor—"'
»mance of Sprlnt work ThlS fact was - born out dlrectly by ‘
. the data of thlS study prev1ously descrlbed If the gluco-w'

_Stath humoral mechanlsms are functlonlng normally only a

x tran51ent hyperglycemla over 24 hours would be expected and .

exercrse performance on the second day ThlS 1svshown by -

o .



—Vthe hlgh percentages of uptake of the glucose dose ln llver
and muscle tlssue (Table III, V VII) The . blood glucose

concentratlon data for these groups lndlrectly support this
theory in. that there was no 31gn1f1cant dlfference 1n post

'exercrse blood glucose levels 1n the animals dosed on day l.;

K and those not. dosed w1th glucose. ‘The srgnlflcantly IOWer

blood glucose in exer01sed anlmals compared with controls”
should conflrm a substantlal blood glucose utlllzatlon in -
sprlnt exerc1se However, the mean glucose concentratlons

©

1n acutely exercrsed anlmals havrng recelved glucoseaon day-'

1 and those not hav1ng recelved glucose are not 51gn1f1cantly

_ lower than’control levels. However, the mean performance .

tlmes in these groups are low (Table x) and thlS may account IJ

- for the 1ncon51stency The blood lactate levels in these
two”groups (groups 7 8) althpugh not s1gn1f1cantly dlfferent,
are elevated (Table VIII) 1ndlcat1ng a hlgh level of aﬂaero—'
‘;.bloowork . f: . IA; :: R ; °-,' o 'N o

The post exerc1se muscle glycogen:concentratlon ln the L
'two muscles measured were not srgnlflcantly dlfferent in the
,.anlmals dosed and not dosed W1th glucose on day l Singe" |
‘the work performange of these anlmals were. not 51gn1f1cantly
'dlfferent, 1t follows therefore, that glucose admlnlstratlon\
ifollowed by e#ercrse 24 hours prlor to day 2 exercxse dld not

.1ncrease muscle glycogen conCentratlon to a large extent..

.eThlS 1s s1gn1fled by the flndlng that there was no. 51gn1flcant

Q

I: dlfference in groups lZ(GNNN) and 16(NNNN)w. The flndlng

-’\/\J

: ,(Tahles IV, VI) that the muscle glycogen 1evels of day l I

50



glucose dosed exerc1sed and non- glucose dosed, exerc1sed
:anlmals were 51gn1flcantly lower than day 1 glucosed dosed,
“-non. exercised and control anlmals, suggests that muscle |
glycogen mlght seem, under these condltlons of 1nit1aldy low
muscle glycogen, a secondary ‘source of énergy for thls type
of work However,_lt is possible that’ the dose glucose prlor

o

to exer01se was 1ncorporated into muscle glycogen 1n the 1. S

"Ihour 1nter0al and then used as the substrate for the exer-'

cise. . The groups that recelved glucose and exerc1se on day
_l and were sacrlflced on day 2 were signiflcantly lower in’
'muscle glycogen than control values but hlgher than those of
.acutely eXerc1sed anlmals (Table IV, VI) These data 1nd1—-’
'cate that the pre exerc1se glucose dose of day l does not
.fully replenlsh the muscle glycogen stores and that day 2

’ exerc1se utlllzes stored glycogen remalnlng in the muscle’.”

oA

tlssue.

The 1nterpretatlon of the estlmated percent of the total

"Iglycogen present 1n a muscle is difflcult because it does

not relate the absolute amounts of glycogen concerned Thus.f

x,

51 -

LI .

an acutely exerc1sed group of animals may haVe a hlgher er-5f"

rcent of the. total muscle glycogen derlved from the. dose than

- a control grougﬁbut may Stlll have a lower absofuﬁe\upkake

of glucose from the dose.~ Therefore, these results should

.

only be con51dered 1n llght of s;mllar exerc1se condltlons. h“

_ There was, no srgnlflcant dlfference 1n the percent total

siglycogen der1Ved from the dose in groups that received gluc-~f':

ose - and were sacrlflced on’ day l and those that were=



sacrificed‘on dainF(Table V ‘VII);' This data would suggest}'
‘-that there 1s no addltlonal glucose uptake between day 1 and _
_day 2. 1n these groups. ThlS 1s perhaps due to the prlor

:l depletlon of blood glucose to the extent that slgnlflcant j"
'muscle uptake is 1mpa1red The post exerc1se repletlon‘of-1

_glycogen with dose glucose is 1nd1cated by the hlgher per—;"

cent (not 51gn1f1cant in soleus) 1n anlmals sacrlflced on

day 2 after glucose supplement and exer01se on day 1 than 1nh

'_those rece1v1ng glucose and exerc1se and sacrlflced on day l‘_

‘(Table V VII) These data suggest that under these con-i

d1t1ons the glucose dose was stored as muscle glf oge only';,j‘

‘to the extent determlned by some other factor than absolutej,

depletlon~-perhaps thlS 1s the avallablllty of glucose. ‘A

.ds1gn1f1cant 1mprovement ln performance of thls/type of workﬁi”'
,-would not be expected 1f the performance capac1ty was a |
‘ functlon of muscle glycogen alone, as there lS no 1ncreased‘
storage over control levels due to prlor glucose supplement

LR

"admlnlstratlon.
Although not slgnlflcantly so, the 11Ver glycogen con—"
1centratlon 1n control and non-exerc1sed but glucose dosed

anlmals was hlgher than that of- exercxsed anlmals (Table III)

uThls 1nformatlon suggests that although the llver 1s not 1m—‘

w]

jpllcated to &n apprec1able extent 1n the acute exer01se 31t—‘7
'_uatlon, the llver does compensate for utlllzatlon of blood |
glucose and muscle glycogen over a 24 hour perlod.: The data
-also show a 51gn1f1cant llver uptake of the day 1 dose in

:exerc1sed anlmals 1n that the percent of the total 11ver ’;fﬂ”
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_glycogen on day 2 derlved from the day 1. dose: 1s hlgher in
“day 1 exerc1sed than non exerc1sed anlmals.‘ SRR e

The percent of. the ‘total CO2 produced in the flrst.405
minutes post exercise derlved from the day 1 dose was less. --:_\
’hafter exercrse on day 2 than after exerc1se on day 1. Thus,_ |
-fprobably a large amount of the dose has been metabol;zed in
the 1nter1m between and durlng exerc1se bouts. ' |

These data 1mply that not only does the glucose supple—‘

‘ment. of day 1 not improve the. performance of thls type of

'v’sprlnt exercise to a large extent .on day 2, 1t is also used

to a much lesser extent on. day 2 than on day 1 It 1nd1catesf
A . s :
as. well that a large part of the dose glucose 1s not acces—f'

51ble for metabollsm durlng exerczse on day 2, perhaps be-
'.fcause it has been catabollzed or stored before day 2“exerc1setff
The anlmals that. were dosed w1th glucose ‘on both treat—A
ment days showed SLgnlflcant 1ncreases 1n performance cap—
ac1ty over those that d1d not recelve any glucose on- elther

; day and those that recelved glucose on day 1 only (Table I)

Further, there was a 51gn1f1cant 1mprovement in day 2 per~5‘;~ '

'y \

>formance of anlmals dosed on both days over day l performance." ;

—

tof dosed'anlmals. One can only speculate as. to the mechan—'if'

r'lsms by whlch thlS occurs.. The fact:that the dose glucose

o is used £6 a large degree as a substrate for thlS type of

v'exer01se under these condltlons emphasizes the 1mportance oti“j.
the day 2 glucose Supplement Whether 1t was used as blood ‘fsf;tff
'_glucose or 1ncorporated lnto muscle glycogen and then used

~as~substrate xs,unclear,l Purther, it seems that endogenous



B muscle glycogen is 1mportant ‘as well and therefore fully

’ repleted muscle glycogen stores would be benefLCIal to per— )
formance of thls type of work | Slnce the second gluébse
dose could serve to replete the glycogen stores, the neces—
‘.ASlty/Of day 2 dose for lmproved per{ormance is IndlcatedA '
-’The groups of anlmals that recelved glucose supplement on

S l :
, both days before the acute exerCISe test dld not have s1g-

_nificantly different blood glucose concentratlons than those N

“dthat dld notfreceiye the glucose on the secodd day Thfg
nfght imply that&the dose glucose was used dlrectly or was
'_:lncorporated.rapidly 1nto muscle or llger glycogen | | |
As mentloned prev1ously, the runnlng tlmes for the group
whlch recelved glucose and exerCISe on both days was 51gn1f-l
lcantly better than the group whlch d1d not recelve glucose
'hon day- 2. Therefore, in llght of 51m11ar llver glycogen‘}f"

‘-levels (Table III) and non—s1gn1flcantly dlfferent muscle

54

:191ycogen (Table IV) and blood glucose leVels (Table II) in BRI

h;the anlmals Whlch were dosed and exerc13ed oh both days
Asus those that recelved -the dose on’ day 1 only,woqe could
.reason that the 1mproved work performance of the - day 2 dosed
:anlmals was due to. the addltlonal dose of glucose recelved

‘on day 2. This lS further Implied in that the anlmals whlch

~ﬂh'were dosed and exercised on both days had slgnlflcantly lower

" blood glucose levels than anlmals whlch were dosed both days
- ?but exerc18ed only on day l (Table III) Also, thls latter

'\group had hlgher blood glucoSe leuels than animals whlch

o were dosed and exercrsed on day l and had no treatment on‘ fﬂh

A
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day 2 (Table I1I). Although non—significant 'the-mean s

“.1:c1e glycogen values of groups 7(GEGE) and 8(GEGN) show a.

difference between them (soleus 0. 06 ¥ 0.00 and 0.14 ¥ o. 04;

‘ plantarls 0. 03 : 0. 00 and 0 10 - O 01) » There is an lmpll— '.

-catlonperhaps that performance of this type of %ork under
.these condltlons depends to a llmlted extent on the muscle

.%\'

;glycogen stores | .
| In 1nterpret1ng the percent of the total glycogen de-’
'”.rlved from the’ dose lt must be reallzed that although d1f~ -
'ferences in percent values may not be evxdent, the absolute
amount of dose glucose 1ncorporated may- be qulte dlfferent.

"‘In grOUps that were dosed and exer01sed on day 1 ahgut 30%

55

'-and 54% of the muscle glycogen in soleus and plantarls, res~ jf‘ﬁ

, pect1Ve1y, analyzed on day 2 was derlved from the dose of

1 -_glucose dosed, exercised and glucose dosed agaln on day 2

: 1
1nCorporated glucose from the day 2 dose such that 47% and

| VZS% of the total muscle glycogen was incorporated from Fhe'

;dose in the soleus and plantarls muscles, respectlvely : ;;*‘V<5:'

,(Tables V VII) ' Slnce the total glycogen zn these two“
| ?groups in both muscles was not slgnificantly dlfferent, 1t

‘seems that greater uptake of the second dose ocourred 1n

:fsoleus muscle but’ not 1n plantarls.- The reason might be re-;r

i .
lated to the 1n1t1a1 levels of glycogen on day 2 but these
~-

.fwere shown to be, 51m11ar. Therefore the reason for the pre~hf""

'ferentlal uptake in soleus as a. result of éhe addit10na1 dose

t but.not in plantarls is unclear, Although it 1s 30591b1e

fthat 81nce soleus 1s solely ox1dat1ve,,thls type of t\ssue

- oo el
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may - have a faster rate of glycogeneSIS than qucolytlc tlssue
: \

.The post exerclse percent of the total muscle glycogen de-
_nlved from the dose was 51gn1f1cantly hlgher in . those anlm—’

als that were dosed and exerc1sed on both days (label on-day .

' v2) than those that were dosed and exerCLSed on day 1. Also,

y51nce both the total muscle glycogen and the percent glyco—
fgen from dose were greater (though not 51gn1f1cantly) 1n thej f
Jgroup whlch had addltlonal glucose on day 2 (Table IV), 1t
would further lndlcate that thetday 2 dose does play a role
1n 1ncreas1ng muscle glycogen levels v*.:[ '”?_ ‘ '.,151:"> :,_1
There was’ essentlally no change 1n the liver glycogen f
*concentratlon whether the anlmals were glven glucose and/or
lvexercxsed or not ThlS data mlght 1mp1y that liver glycogen-'uf
v-loly51s does not contrlbute 51gn1f1cantly to the substrate o
‘pool requlred 1n the performance of thlS sprlnt typ; work.
hHowever, 1t 1s possxble that the liver may lndirectly con- )
trlbute to day 2 exerc13e by partlally replenlshlng the pre-
”v1ously depleted muscle glycogen store or supplylng glucose
; to the blood as a substrate Data from ‘the percent of the f

htotal llver glycogen derived from the supplement mlght sug—

fmgest that the llver could play thls role 1n that the percenti"""

llver glycogen derlved from the dose was, found to he 51gn1f—:j7" N

1
i

'1:1cant1y hlgher 1n anlmals that were glucose dosed and exer-

c1sed aga1n on day 2 (Table VIII) ThlS data ihdlcates that :
a large part of the day~l dose whlch was 1ncorporated 1nto |

' the llver was utlllzed elther before exer01se on the second

| day through basal metabollsm and/or replenlshment of glycogen
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‘stores, or used durlng exercrse -as blood glucose There is

also, an indication that there is some addltlonal uptake by

!

the llver of the day 2 glucose dose after the anlmals have.

recelved glucose and’ exercxse on day 1 (Table III) These

-data. also 1nd1cate that there igs a large uptake of ‘the day 2

(,

\

glucose dose after glucose dose and . exerc1se on. day 2 since

56% of the llver glycogen was from the 1ngested day 2 dose

‘Slnce there 1s no dlfference in the llver glycogen levels in

R Q
groups Whlch had exerc15e and glucose and those whlch d1d

not on day 2, it seems that the 11ver glycogen from the day

. 2 dOSe does not. contrlbute exten51vely to the performance of

thlS type of work (Table III)

The post exerc15e lactate concentratlon after day 2

:glucosé supplement was: not dlfferent from that of anlmals

'that were not dosed on day 2 However, 36% of the total

"blood lactate was derlved from the day 2 dose and thls 1s-"

'51gn1f1cantly hlgher than that reported value from the day 1l

_dose (9%)-after exercxse on day 2/’ It is. 1nterest1ng to note’

sthat the contrrbutlon of day l dose to day 1 lactate (61%)

lS 51gn1flcant1y hlgher than the contributlon of day 2 lac- -

‘ftate (36%) after hav1ng had glucose on day 1.] This implles T

W

':a }sparlng .effect of the dav l glucose dose on the day 2

4‘}‘

o

I .

dbse glucose utlllzatlon. Agaln thls fact empha51zes the
i
mportant role of the day 2 glucose admxnistratxén 1n the

performance of sprlnt work 1n thls study.'v_ _'7f_5f;' ft.

Gt

tarls ahd soleus muscles 1nd1cate that there was essentlally
TR . : . _

,’_\ .

HISTOCHEMISTRY - The hlstochemlcal analyses of the plan-*?"Vf”
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lno alteratlon of the flber type comp051t10n of these muscles

: over the treadmlll orlentatlon perlod (Appendlx 7) The

'v_f1ber type - comp051tlon of soleus and plantarls muscles of

' the anlmals in thlS study were 51m11ar ‘to those reported in
normal. anlmals in the llterature (Baldw1n et al. l97%;
'fArlano et al., 1973) | B |

| .f The glycogen content as 1ndlcated by the 1nten51ty of
:the PAS staln, of the muscle of control anlmals was somewhat
'_‘depleted in that some flbers appeared llght compared to yv-

1'others. In. both muscles analyzed there was no unlform dark

o staln throughout the sectlon that 1s expected from a satur—t'

’;ated PAS staln (Appendlx 7) ThlS corroborates the blochem-
chal data 1nd1cat1ng loWer levels of muscle glycogen in these
anrmals;ﬁfGenerally 1t is noted that the anlmals that were 5
» eXerclsed before sacrlflce show a hlgh.percent llghter staln*
_1ng flbers than those that were not exeféised, dosed and not

'exerc1sed and the rats that were glucose dosed and exerc1sed

fDepletlon after day l exercrse is demonstrated 1n group 5 ln.

'the soleus muscle but the F. G and F, O G.. of the plantarls‘
are not extens1vely depleted of thelr glycogen. Thls sug—

,gests recrultment of both of the oxldative flbers in soleus

‘ 'muscles and certalnly more slow ox1dat1ve in- the plantarls.‘r‘7777

In the other acutely exerc1sed groups rt appears that all

flbers are generally depleted and to the ‘same extent after -

exerc1se. Gollnlck et al (1973) suggested lncreaslng re—lh‘
Jcrultment of all flbers at or near the end of exhaust;ve |

:exerc1se in humans and perhaps thls 1s the explanatlon for

» :_.58
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the severe depletion in this study.
CONCLUSIONS ~ ST o,

.\ summary of the group mean values (= S E. ) of ‘the par—

' ameters measured is presented in Table XIV ngh~1nten51ty

work of the type used in thls study was shown to utlllze’
carbohydrate metabollsm as an: energy source to a large ex-'
tent, The h1gh post exerc1se blpedﬁlactate concentratlon '

[
- attests to the predomlnantly anaeroblc nature of thlS sprlnt

'__worki, It seems, from the data presented that the prlmary

. .not in 1tself seem to be SUfflClent to 1ncrease the capac1ty

sources of thls carbohydrate substrate are the blood glucose :y;
‘_and muscle glycogen pools. The llver glycoqen pool 1s per—;'
haps a secondary source of carbohydrate under these experlerﬁ'
mental condltlons belng 1mp11cated more in a restorat1Ve role
l?after the exerc1se 1s completed ‘Thus lt was shown that-

pre- exercase glucose admlnlstratlon on the day before pere }y
‘formance does auqment the performance capacrty, presumably
'_bby relnforc1ng depleted or partlally depleted muscle glycogen L
-stores. ThlS 1n¢1al dose is in 1tself not SufflCIEDt to 51g—;;
nlflcantly affect the performance but must be followed by |
another glucose supplement Just before day 2 exercrse.' Gluc-;

ose supplements g1Ven 1mmed1ately before (1 5 hours) sprlnt

,;exar01se is anaeroblcally metabollzed to a degree but does

for Sprlnt work 1n rats. Thus 1t 1s noteworthy that ‘a com—i'
.blnatlon of both glucose treatments used 1n the study dld
. produce a 51gn1flcant%1mprovement ln the.performance of_hlgh

llntenSIty work in rats. It WaS‘ShOWn thﬁﬁ’the_OIJQHtatxon;;"h:'

e
v

5 3 s . . . . :
AT ’ . . . .
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; to be suff1c1ent to replete gly;ogen stores.

to sprint treadmlll runnlng did not 1nduce changes ‘in the

) &

‘flber type comp051tlon of the rat soleus and plantarls

) ‘ . : ‘ N
muscles. S B ' S ) '
RECOMMENDATIONS - In view of the low tissue glycogen

conCehtration-ievels observed in the animals of this‘stpdy,

W

~itiis,recomme::7d that the time ihterval'betWeeh the final

oriehtatioh'e rc1se bout and the beglnnlng of the food dep-

trrVatlon be extended | A perlod of 36 to 48 hours durlng

B

Wthh the anlmals‘are fed ad llbltum purlna w is thought

“tio it 1s 1mportant to begln the starvatlon perlod late in.

(8- 12 hours) the wake phase, and thus ensure max1mal tlssue

'glycogen leVels before the beglnnlng of experrmental treat--

ment o Co N : ~
’ o ' o ’
\ - '

4
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REVIEW OF THE hITERATURE ’

rHISTORICAL BACKGROUNDl
Researchers have dlfferentlated skeletal muscle flber.>

types for well over a century The ba31s for thls dlfferen—.

Y"

"tlal analv51s has been modlfled throuqh time. The first re—‘ '

port of a varlatlon in the colour of certaln muscles of the

'_’rabblt was publlshed by Loren21n1 in 1678 At'that tlme he

- | .
assumed that the appearance of red in some muscle was due to

I

‘a rlcher supply of blood to these muscles. A hypothe51s ad—.

vanced by Kuhne in 1865 suggested that ‘the red colour of '

' wsome flbers was due “to the presence of a- plgment 1nt1mately ,

assoc1ated Wlth the contractlle protelns of the muscle. Thls:"
. substance termedvmyocrome;px\ﬂgrner in 1897 later became
‘known as~myohemoglobin orimyoglo. n. In 1871 Lankester |
noted that the most actlve muscles éentalned greater amounts'
.of thlS plgment Subseauently,,Ranv1er N 1873 uslng,elec-{‘
trlcal stlmulatlon'of "red" and'"white" musclesfdescribed‘."
some of the contractlle characterlstlcs of these dlfferent»h
'flbers:'" red" muscle contracted and relaxed at a: slower |
'“ratehthan-"whlte" muscle.v Grutzner in 1887 whlle studylng
) the propertles of dlfferent muscle durlng 51ngle tw1tch andﬁl;[
vdurlng tetanus confirmed the work of Ranv1er and suggested |
:that muscles of hlgher anlmals contalned a mlxture of the
_~d1fferent flber types. He also theorlzed that the ratlo of o
the "red" to "white" flbers 1n a partlcular muscle governedh:

flMuch’%f the 1nformat10n.and reference materlal are contalned

1n Plehl (1974a)
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l
| its contractile propertie§< In that sameiyear, Gliess suq—
gested a dlfferent metabollsm for "red" and "whlte musCle
: fibersrlfln 1891 Knoll c1a531f1ed the frbers as: "protoplasma—‘
?arm" and "protoplasma relch" It wasn't untll 1927 that |
'Denny Brown noted that flbers dlsplaylng slmllar contractlle

*propertles were contalned in discrete, bundles w1th1n the,”

muScle; The concensus of these early reports was. that "red"

muscles‘were~assoc1ated w1th sustalned repetltlve type»work -

whlle "white" muscle was assoc1ated with rapld v1gorous con-.°

‘tractrons of brlefer duratlon.'v | |
The modern hlstochemlcal and blochemlcal characterlzation

- of skeletal muscle fiber 1s based on these ldeas that were

' flrst reported before the turn of the century Exten51ve

: examlnatlon of many dlfferent muscles of a variety of species,

1nc1uding horses (Llndholm, 1974), plgs, and humans (Goll-,‘v

'jnlck 1973 Dalrymple, 1974, Arlano, 1973). _ogata (1969)

descrlbed three dlstinct flber types 'in humans based on the:

_stalnlng 1nten31ty of several oxldatlve enzymes. Barnard

l

!ﬂ_et-al (1971) usrng hlstochemical technlques as’ well des—

(1965)
&

B found a hlgher ATPase act1v1ty in man 1n whlte muscle than

hcrlbed three frber types 1n gulnea plgs. Barany et a'.

©in red muscle and later (1967) showed a, hrgh correlatlon

'“dbetween speed of contractlon and ATPEQE%aétivity. For this
'reason, some resegfzhers now term the frbers as bemng fast.s’

.tw1tch and - slow tw1tch based on ATPase stalnlng 1nten51ty _r""

'(Gollnlck 1973) Other methods of frber characterlzatlon v

o are based on- atyplcal constant proportlon enzyme groups -

71
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(Bass,.l969), a concept whlch recently has beenjquestloned
(Dalrymple, l974), ‘and resplratorv capac1ty of the dlfferent ;
flbers (Baldw1n, 1972) Today there is not 100% agreement,cl
but is is generally construed that human muscle contalns

E onlv two dlStlnCt flber types, fastvtw1tch glycolytlc and -
__slow tw1tch ox1dat1ve (Gollnlck 1974) based~on ATPase act-

1v1ty and NADH dlaphorase. DLfferences in reSting membrane

‘;'potentlals and [K ] in dlfferent flber types has been demon—

strated (Camnlon, 1974)

"MUSCLE’GLYCOGEN»DEPLETI@N bURlNG EXERClSEV
The- fact that the body s carbohydrate supply 1s stored

as qlvcogen pr1nc1pally 1n the llver, in muscle and 1n the

’{kldney has been recognlzed for many years -So too, has thelh.v

1mportance of muscle glycogen to the metabollsm of muscle.

tMuscle»glycogen'was flrst descrlbed by Claude Bernard 1nj:

1859 Since.. that tlme a number of studles of human muscle

'have been carrled out, alded by the muscle b'op y technlque
of Bergstrom (1962) This method prov1des a'means to accur-v.
-cately determlne the glycogen content of muscle. Hermanson»
C(1967) reported that durlng prolonged heavv exerc1se (78% '
.'VO max) there 1s progre351ve decrease 1n muscle glycogen |
‘-concentratlon from l 6 g/lOO gww to less than 0 5 g/100 gww
»lln the guadrlceps femorls of human subjects exerc191ng on a

lblcycle ergometer. Thls glycogen depletlon was found to
8

clds

"bustrbn u51ng RO and VO2 ; Thls suggests that at hlgh work-‘

loads 1t is pr1mar1ly ‘the glycogen stores that supply the f‘_-



substrate  Low glycoqen content was found to accompany, the‘b

A

1p01nt of exhaustlon beyond whlch the subjects could no lon—

e

v

ger.contlnue exerc1se." On the ba51s of ATPase and PAS. staln—
glng technlgues; Gollnlck (1973) showed-brlmarv depletlon of
‘the slow tw1tch flbers durlng prolonged exer01sé Rowever)?
as.ekerc1se contlnued and exhaustlon was emlnent fast'twitch
";flbers were recrulted to a larger extent, as shown by thelr
.glycogen_depletlon; These subje s worked on a blcvcle err'
,hgometer at moderate workloads'(GO 70% VO max) He noted ins -
these subjects qreater rates o epletlon of the fast tw1tch

: flbers than 1n the slow tw1tch flbers. ‘This demonstrates

the 1neff1c1ency of ATP productlon and the qreaterﬁfonsump—'

¢

tion of ATP per unlt of contractlle force in the fast tw1tch- K

flbers The energy turnover however is much hlgher than ‘in
. i N
bfast tw1tch flbers e = -4*g '

&

The absolute amount of glycogen sto%%d in muscle is f; o

‘dependent ba51cally on two enzyme systems; that for the svn—’

o

the51s of glvcogen and ‘that svstem 1nvolved in 1ts breakdOWn.

L]

;One of the enzymes for glvcogen synthesgﬁ was found to be

73

. rate 11m1t1ng (L9101r, 1957) glycogen synthetase.: The ‘en— .

‘ zyme phosphorybase 1s respons1ble for the bﬁﬂakdown of gly—A
.tcogen The max ratemof glycogen synthe51s in v1trobls Aboutv
'1/100 that“of breakdown u51ng these enzvme svstems. It has
: been reported that the amount of glvcogen as welléas the ac—'

¢

‘tivity of thlS enzvme varies in th dlfferent human skeletal'

-muscle flber types (Engel 1962 Edstrom, 1969Lq Thls was ”Ld

‘also shown to be the case ‘in rats (Kugelberg, lQGBi ,White}



fiber,has‘been feund'to have hfgher'phoshhorylasebactivity.
'.It‘is,reascnable'to_assume'that:tbe“activity\of’tbis enzyme
and the amount of dlycoqen preSeht\in‘a fiber reflects the
:abllltv to utlllze qlvcoqen and further 1t is llkely Ehat_ g
fibers w1th a hlgh level of this enzyme predomlnantly use’
glvcogen as substrate 1n enerqgy productlon ' The PAS stain

" has been used to follow the depletion of(g}?cogen in the

‘fibers of skeletal muscle (Edgerton, 1970a) and it was.found

1

. £
" during electrlcal stlmulatlon of nerve and muscle thaé there

was a preferentlal loss of . glvcogen in whlte flbers.” This
was found not to be tbe case in the depletlon of glvcogen in
guinea pig skeletal muscle in prolonged exhaustlve exercxse
‘(Edgerton, l970b; Armstrong,vl973). Costill (1973) also on'
the basis of PAS staining,‘studied'glyCOgen depletion pat-
_terns in human‘skeletal muscles durlng lonq dlstance runhing.,
They demonstrated marked depletlon of slow—tw1tch fﬁbers.
This was not in total agreement wlth_the work Qf Qollnlck
(19%3) wbo shoWed'greater depletion of»élow—twitch;fibers at
Athe.outset~cf;biCYCle exercise with‘increaslng fast—twitch
flber debletibn s €xhaustion became»apparent}‘VThis-was.per—

<

' haps SO because at the end of the race the runners- tended to.

e

 walk the difficult sectlons and hlllsjfln whlch case:thee
’fast}twitcbvfibers may not have been recru1ted 'They'ccnf.v
l}cluded‘from tbis study that there is a primary relianceVOn-
slowjtmitch fibers>in_prolongedArunniﬁd. They also point -
“cut, the limitatiobs‘of_assessibg’substrate Utilisation cr
availability in yorking‘fibers.frcm;muscleysamplessWith mixed

v
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fiber populations. : , SR -
.Baldwin (1973hfdetermined'the-time.course depletion of

~

substrate stores in three skeletal muscle»fibers of rats.

during prolonged running. - They showed a dlfference 'in dep—.'

o letion patterns under dlfferent types of running exercxse

programs in rats.” One. group ran at 1 mph, 8%'grade,‘and
speed increased to 1. S mph for l mlnute every ninth minute
lfor 2 hours, another group-ran alternate 30 second perlods
of O 5 mph and 1.5 mph for 2 hours, a thlrd group ran at one
mph for 2 hours ‘at ‘an 8% grade. Changes in muscle glycogen
‘content- in the dlfferent flbers was noted at various points:
durlng exer01se. »There was mlnlmal depletron in the white
(vastis lateralis) infall_exercise programs'when_comparedlto

'depletion in the red fibers (deep.vastis'lateralis) and in-

termediate'!ibers (soleus) over the 2'hour period. They con-h

cluded that when exercise is of .an 1nten51ty that can- be

maint ned for 2 hours of 1onger, the work is performed prrm—\

arily by the red and lntermedlate flbers wlth llttle in- -

volvement_of the white fibers. Thls 1s in keeplng w1th

W

Gollnick!snfwork and Costill's work«(l973). They also noted

28
i

that during the 2=hour»period 85% of the glycogen store in
'11Ver was depleted in all groups. Thus they empha51zed the-
1mportance of llver glycogen as a- substrate for muscle met-
abolism. In a subsequent study (Baldwin et al., 1975) thlS‘
group demonstrated in rats a "sparlng effect" of endurance

swim tralnlng on muscle glycogen depletlon durlng an acute‘
treadmlll run. The:F.G., F.Q.G,,.and‘S.O. flbers were dep-

‘leted significantly morelslowly inbthe'trained than in the

75
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‘untrained.animals.‘ Thisewas-also‘the.case_in the depletion’
h.of liver glycogen. -Terjung.(l§74)kalso emphasized.the im-
portance of liyer glycogen in swimming‘rats‘to exhaustlon
The contrlﬁhtlon of glucose by the liver was found in both
cases to be con51derably larger than that of muscle glycogen
In a follow—up study Gollnlck (l973c) reported the-muscle'
glycogen depletlon pattern in human skeletal muscle durlng
.short “high 1nten51ty exerc1se on a blcycle ergometer. dThe
exercvse was estlmated to requlre the equlvalent of 15('.% VO2
max and was performed in 6 one—mlnute sprlnts w1th 10 mlnutes
of rest: between work bouts. Blop51es were taken from the
vastls lateralis at various tlmes durlng exerc1se and using
~ PAS stalnlng they showed 1ncrea51ng total. glycogen depletlon
in muscle w1th 1ncrea31ng number of work bouts They ‘demon= |
strated: also that at thls 1ntensxty of work the low ox1dat1ve,.
~high glvcolytlc fast tw1tch f1bers were flrst to become de-
‘pleted of glycogen stores suggestlng greater recrultment of.
these flbers Staudte et al (1973) ShOWed a 31m11ar res—hk:.
ponse in rats durlng sprlnt tralnlng and they too suggest
fgreater gast tw1tch flber recrultment in short-term hlgh 1n-'
tten51ty work . Thls has earller been shown by Barnard (1970)
"1n the electrlcal stlmulatlon of gu1nea plg skeletal muscle.
The results of studles of muscle fibers durlng prolonged |
-‘work are exactly the opp051te in ‘that the slow-twitch flbersyd

bwere flrst to be depleted A study by Gollnlck (1974a) dem-’y

-onstrated thlS dlfferentlal recrultment at different exerCLSe
'ilnten51t1es _ The study 1nvolved human subjects pedalllng ad’

~-.°

w



bicycle;ergometer at differentlrates and different work loads
. from'30;150% vozxmak They demonstrated a dramatic 1ncrease
‘in total muscle glycogen depletion with 1ncrea91ng workload
PAS stalning revealed that the hlgh ox1dat1ve slow tw1tch
fibers were flrst depleted at submax workloads, ie. after
.prolonged low 1nten81ty wo k there was Stlll high glycogen
'content 1n ‘the fast twitch fibers. Progre351ve depletion of,
jhlgh glycolytic fast twitch fibers as work ‘time 1ncreased,h
further there was pronounced depletion of fast—tw1tch fibers
Aat workloads above VO max. On the ba31s of these results

2
they suggested 1ncreased recruitment of the fast tW1tch fib-

*"-\'-

‘ers during high 1nten51ty exercise, .Exner et'al.‘(1973);al—_.

77

50 suggests a preferential recruitment,of fast'twitch muscle. =

during short ~term high 1nten51ty (1sometr1c) work in rats.

_ This effect of hlgh 1nten51ty, 1ntermittent or contlnuous,‘
<7

_:work to exhaustioh was further oorroborated by Gollnick

(1974b) in humans; He showed that duringyiSOmetric contrac~“

tionSvinvolving less}than 20%‘mvc.there islaﬂgreater.and

';greater depletlon in - fast twitch than in slow twitch fibers.
Thus they concluded that thlS selectlve glycogen depletion~

exls 1ndicat1ve of a differential recruitment of muscle fibers.

during 1sometric exerc1se of varying inten51ty T

. : N : | N : . . . Xt )
‘GLYCOGEN REPLETION AND GLYCOGEN SYNTHETASE ACTIVITY L L}J:y R

Much of the 1nformatlon we have today regarding muscle
'glycogen supercompensatlon was contributed by Bergstrom and
Hultman. In the original studies (1966) they found that aff_

_ter decreasing glycogen stores to near zero values -in musclev

.Tl



through exhaustive exercise, a hlgh’carbohydratevdletien:t
hancement drastlcally glycogen storage ln the exerC1se‘muscle
In‘the non exerc1sed muscle there ‘was m1n1mal 1ncreased
storage comparatlvely They concluded that exerc1se w1th
concommlttant local glycogen depletlon enhances glycogen\
resynthe51s and that the factor 1nvolved acts locaily 1n»the
‘ exercised nuscle; Thls effect last for 2- -3 days. cEarller}
Bar (1965) had shown that oral admlnlstratlon of glucose to
'fasted rats three ‘hours before sacrlflce resulted 1n the in- .
V.creased glycogen storage in red (dlaphragm) muscle but not
in whlte (ext . obllque),muscle. ‘When ‘the muscles.were.ln—'w
cubatedlin 14C-glucose medium there was‘anjincrease in~g1y; ’
cogen in all samples except. in red muscle with high lnitial
'».glycogen-levels._ They concluded that the differences'in net~
»glycogen change and glucose 1ncorporat10n'1nto glycogen was
secondary and’ not SpElelC to flber typef Bocek-et'al
(l966a b) on the basis of in vitro studles on the 1ncubat10n”
"of red and whlte flbers 1nterpreted thelr data as 1ndicat1ng;5‘
athat the pathway glucose to glycogen is more actlve in red
muscle and that glycogen metabollsm is dlfferent in both N
. flber types. From thelr work on 1solated rat soleus muscle,a-"
| a¥oorthy and Gould (1969) 1mp11ed that glycogen Synthe51s Was

limited by the avallablllty of glucose and not by the level -

'of glycogen 1tself

¥

More recently attentlon has centered on the act1v1t1es

' of enzymes respon31ble for the res\nthe51s of glycogen.i-

.. UDPG- transglucosylase or: glycogen synthetase has been found |

¢

¥ T
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to have the lowest activity'of the enzymes.involved It is .
therefore thought to be the rate- llmltlng enzyme in the
serles Act1v1ty of.thls enzyme is regulated by the 1nter;
;conver31on of 2 ‘isomers of the proteln 'the form (depen-
"dent on. the presence of glucose 6¢phosphate for act1v1ty) B ‘;‘
fand the 'Ij form . (1ndependent of glucose 6—phosphate for | :
activity) "The conver51on from thei‘I' form to the 'D* form :'_
is medlated by an enzyme synthetase klnase whlch is actlvated
;1n the presence of C—AMP Synthetase D is dephosphorylated

to ‘the I form in- the - presence of synthetase D phosphatase

MATP + SynthetaSevI Proteln Klnase Synthetase D + mADP :

Synthetase 'D' _ .‘,AA Synthetase - + ey i
. Synthetase D e SN
phosphatase‘ o .@’ : o . g o

- .
~ . &
i w

Under phy51olog1cal-cond1t1ons glycogen synthesxs 1s ‘con- f
'trolled largely by the I 1somer OW1ng to the 1nh1b1tlon of |
the D ‘form by ADP ATP and P (Bergstrom, 1972) ’ Actxvxty:..
of the I- form is 1nversely related to the concentratlon of'7
fglycogen in- muscle, iev when glycogen content is low there”,'~’

| _1s a hlgher concentratlon of the enzyme 1n the' I fqrm (Dane
forth 1968) in rats; In man atvrest the I- form represents o
10- 25% of the total synthetase act1v1ty, however, after _?, : |
exerc1se depletlon of glycogen thlS act1v1ty is about 75% of

the total (Bergstrom, 1972) ~ This confirmed earller obser—
'vat&ons of an 1nverse relatlonshlp of glycogen and I form

-act1V1ty 1n-rats.; Taylor (1974) showed that glycogen syn~

lthe5121ng enzyme act1v1ty was related to restlng mu!cle’

.os
<




glycogen content‘and-the relatiye‘fitness of the~suhject.
- Terjung (l974l studied the'ratékof glycogen repletlonf
in rat skeletal muscle and\llver after an exhaustlve swim.
hThey used soleus; superf1c1al vastls.lateralls and deep vas—

,_.tlS lateralls as belng typlcal of each flber type They
found that the exhaustlve sw1m almost totally depleted the

'llver but skeletal muscle was- depleted by 75% They sug**

- gested that hypoglycemla secondary to llver depletlon, atherv
‘gthan depleted muscle glycogen was respon81ble for the phy-
_7s1cal exhaustlon .in sw1mm1ng The peak rates of glycogen |

‘l_resynthe51s in fast tw1tch flbers (red) were three tlmes

'greater ‘than peak rates in wh1te muscle and two ‘times great-lf

“:er than those in’ slow red muscle The llVer repletlon rate

ﬁgfs many tlmes greater than 1n muscle 'They aﬂso suggested
that the synthetase I form is not the rate llmltlng step 1n

,glycogen resynthe31s because repletlon contlnued at a hlgh
rate even when synthetase I form act1v1ty decreased 1n all

ihmuscle f1ber types ‘ Plehl (1974), u51ng human subjects,

showed no dlfference 1n glycogene51s of the two flbers.

T AND'GLYCOGEN STORAGE

‘age in. human skeletal muscle have been studled in depth

-‘(Bergstrom, 1967 1972 Hultman, 1967 Pernow, 1971 Gollnlck,

f1972)

80

he gross effects of dlet and exerc1se on glycogen stor- o

Bergstrom llQG?)Qstudying'human'subjeCts during blcyCIél': o

ﬂ’exerc1se reported that muscle glycogen content in man ‘can- be ORI

_.manlpulatedxby exer01se depletlon and dlet Thelenhanoement,.r'_
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of- glycogen synthe51s by carbohydrate rlch dlet is locallsed '

" to the exerc1se depleted muscle : When a hlgh fat or proteln
dlet‘was admlnlstered,-rncomplete and;slow'glycogen synthe51s'
occurred. On the other hand only moderate increases in.

_ muscle glycogen occurs when a carbohydrate rlgh’dlet is glven
'_w1thout prev1ous depletlon of glycogen Thevaverage work

' capaclty was also lnfluenced by diet after depletion{-indeedi

'the_longeSt_workltimeS' ere recorded by thosefsubjects'on

“the high carbohydrate die'l Muscle.glycogenbleyels;after

depletlon and. dlet were 3-7 g/100 gww Afterdsubsequent_
'depletlon, these Values were 0 45 g/1oo gww "Similar-results-
‘ were - also reported by Saltin. (1967) Hultman (1967) also o 5j:ff
reported maxrmum glycogen storage values up to 4- 5 g/lOO gww
‘after exerc1se depletlon and subsequent carbohydrate dlet
.He also noted longer work times 1n these subjects as opposed 1
‘to those 1n sub]ects on fat andvproteln dlets. He showed |
ltoo, that synthetase I form ag.}Vlty decreased in splte of
'thlgh levels of glycogen resynthe51s - Pernow (l97l) demon—*”'
2:~strated that work capac1ty was hlghly correlated w1th deple~
-g'tron ofzmuscle glycogen stores.f It was found that exerc1se .
.depleted glycogen drastlcally - When.subjects were kept on a lfy*'
carbohydrate dlet the work capacrty 1ncreased 31gn1fr§antly | ;)

: - L
Bergstrom (1972) showed that following exhaustlve work gly- z

7

"=cogen in the muscle was almost totally depleted 1n the quad—iz5

Y

irlceps femorls of human SUbJECtS. The synthetase I form ac-i
'V5t1v1ty 1ncreased accordlngly from 12 70% of the total syn-’

.
N,

-:thetase‘act1v1ty. Durlng the admlnlstratlon of a hlgh ‘kll'ﬁ

SO

-
.- .




carbohydrate dlet after exerc1se/the glycogen resynthe51s
_was recorded at a’ hlgh rate when synthetase I act1v1ty was _
decreas1ng Glycogen repletlon contlnued when synthetase 1.
v'formdwas back to normal levels GOllnle (1972) studied the
\effects of d1et and exerc1se on: glycogen changes in flber

| types of human skeletal muscle Hls observations were based
. on PAS stalnlng and ATPase actLV1ty | In subjects performlng
Aat 74% of VO2 max for 30 mrnutes on a blcycle ergometer the |
v'effect of dlet varlatlon Was studled t It was found thatv

glycogen depletlon durlng exercxse was less in fast tW1tch

walbers than 1n slow—twltch'after the mrxed and carbohydrateﬂ-

‘dlets but much hlgher after the fat—proteln dlet’~ Thus‘it-}
'.would seem that hlgh carbohydrate diet has a sparlng effect
on . fast tw1tch flbers .during prolonged sub—maxlmal work

Glucose admlnlstratlon durlng prolonged submax1mal work
} .

tends to mlnlmlze the fall 1n muscle glycogen (Hultman, 1937)

Curtls~Prlor (1967) Studled the assrmllatlon of orally ad—

mlnlstered glucose in rats It was found that many tlssuesvf’

_were actlvely 1nvolVed 1n the ugtake of glucose but that ‘-
2'muscle because of 1ts larger prop&rtlons 1n terms of body
- weight (38%) showed the greatest absolute uptake After l 5
“hours of post admlnlstratlon skeletal muscle uptake repre—
'afsented 17% of the total dose. Nuttall (1972) also studled
the effect of oral glucose admlnistfatlon to rats (4 g/Kg in

"34% solutlon) ‘and showed over a two hour perlod increased

'_synthetase I form act1v1ty w1th hyperglycemla.~ The glucose'jjgt‘ﬁﬂ

~absorptlon rate was also found to be flrst order with' the
‘ . - U o ;,1/' .

©
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amount of glucosé.:emaining_inlfhe gastrointestinal tract.

© Costill. (1973) showed that intestinal.absorption of glucose '

"in man was not affected by_exércise but that orally adminis-

‘tered glucose was used at a much higher3rate during exercise'._'l

than at réét.
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. (RUNNING TIME [LACTATE] g, , Co'z' o
GROUP # . (seconds) CONCN. % FROM . TOTAL “% FROM
DAY 1 DAY, 2 (mg®) DOSE . DOSE
L X 246 214 15
S.E.. . 24 17 . 10
o, X 7T 261 212 ¢ 395 ,
S.E. 14 22 14 ()
; X 225" 22 39 26
S.E. 25 4 ;9/} : 3
. k S : ;
R ¢ 372 498 | 375 ,
% S.E. 32 27 4
: B ‘l. . ,
5 X 307 Wl el o
‘S.E 48 } 37, 6 i i
s - 267 351 167 - 9. i 69
S.E. - 33 62 37 1 e 6
: . o ¢ _ ¢
, X . 255" 33Q 207 36 386
. ' SL.E. 26 -89 15 9. . T12
g X 267 ' 21 23 381
S.E. .30 6 - 5 13
9 X . 264, 123 ’ | :
. . S.E.‘ . 15 ‘\_/‘19 18 . . . ”..#*75' . v '( B .
10 X v2q7e . o249 186 v 384 »§\5\,f/”
" S.E. 36 42 17 S s
. r ‘ e, : ' ‘
, X " 13 47
Hosmn 1 .5
. X 17 33
12 g g, 2 6 .
13 X 210 348 "~ 57
> S.E. 16 83 10
. - o ‘ . : o
14. X 285 RO -387
2S:E. S Y : 25 |
X | 295 .
M1k, ! e T
B " 13 |
15 S.E. 2 ‘
! 1]



: RUNNING TIME {LACTATE] g1, : COp
GROUP # - (seconds) CONCN ¢ FROM ' TOTAL ¥ FROM
DAY 1 DAY 2 ' (mg%) DOSE .~ DOSE
X C ' ). 4 - 23 L
16 5 k. .3

TABLE X MEAN VALUES OF RUNNING TIME,
" [LACTATE]p, AND COy
PRODUCTION FOR EACH GROUP

a

. . H
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_ GROUP

FG

_ $ PAS

'D M. L’

PLANTARIS'

FOG

- % PAS. -
bW T

" 10

11

&

12 -

13

36

26

19

11
30

48

. v l5;3‘

25

. 4. o

. 48

26

18

42

49

14
50 |

50

" 53
50

62

~100 -

100

flSl, :

37 49

100

0

47

50

50

2
[

50

60

68

60

40

78

28

61

59

44 56

70 30

40 60

100

50 50

50 50

75 25

41 50 9

14 95 5

'-13 RS

14 - 100

12 50

16

219 50

14 50

R N

137 100

50

100"

.50 ‘ :

50"

54

R

S+

 TABLE XII

. SUMMARY OF .FIBER TYPE COMPOSITION.
OF PLANTARIS MUSCLE AND' PAS STAINING

INTENSITY FOR EACH FIBER TYPE
D - Dark

M —IMedlum

L - nght



GROUP

10

11

S12 0

13
14

15

2222 78 ‘.78 40

38 - 62
. 100+

33y 6
24 50 s0 76
4387 13 s 61
28 100 :72"' |
S o33 "_ 1Qo.I}66 8

“21 46 54 79 24

.38, 100 . 60 22

41 43 59 59 29

60

100 .

34

- 37

100 -
36
100

55

88 .

56

78

.51':

20 .

10

v33 . ;  _ 'if'66f

‘TABLE XIII

SUMMARY OF FIBER TYPE COMPOSITION

"OF SOLEUS MUSCLE AND PAS STAINING -

INTENSITY FOR EACH FIBER TYPE °
D‘— Dark M - Medlum B L —»nght
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;
N -
. o
SRR - _PURINA'CHOW;,
Crude proteln not: less thap,. “ e 23.0% .
'Crude fat not less than L Lol 4.5%
Crude flber not more_than . e . .l 6,0%

Ash not more than . . . .7, e 9,0%
; ,

Meat and bone m‘e;l; “d‘rie'd Skimmed' milk-,' wheat -ge'rm\mea'l'
fish meal _anlmal liver meal, drled beet pulp, ground ex-
'truded corn, ground oat groats, soybean meal dehydrated o
alfalfa meal can molasses, anlmal fat preserVed W1th BHA,
ultamln B12 supplement, calc1um pantothenate, chollne

chlorlde, folic ac1d, rlboflav1n supplement brewers drled

yeast thlamln, n1a01n, v1tam1n A supplement D actlvated e

.-; plant sterol v1tam1n E supplement, ca101um carbonite;}dl-

calclum phosphate, 1odlzed salt, 1ron sulfate, iron\ox de,’
3
manganous ox1de, cobalt carbonate, copper ox1de, !?hc oxjide.

". . : "".

© e,

.

97 o



 APPENDIX 7

98



R..,

e

SOLEUS
o1y
o2)

- 3)

e

HISTOCHEMICAL MICROGRAPHS

Myosin ATPase
NADH Diaphorase
PAS '
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