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Influence of Diet on Substrate Metabolism

during Exercise
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A. LINDHOLM and S. G. B. PERSSON

Depariment of Medicine and Surgery, Swedish University of Agricultural
Sciences, $-75007 Uppsala, Sweden and 'Pripps Brewery,
Research Laboratories, 16186 Bromma, Sweden

ABSTRACT. Six horses were fed a normal (N-diet), a fat rich (Fat-diet) or a
carbohydrate rich {CHO-diet} diet, each for 3 weeks. The horses performed a
standardised exercise tolerance test (SET) and a submaximal exercise test to fatigue
(SEF) on a treadmiil during the iast week on each diet. Blood samples were taken in
connection with SET and SEF and muscle biopsies in connection with SEF The
speeds producing a bioed lactate vahue of 4 mmol [7' (V) and a heart rate of 200
bpm (Vi) were within the normal ranges on all diets during SET Diet had no
influence on the duration of SEF. The average durations of exercise of horses fed N-,
CHO-, and Fat-diets were 56, 51 and 52 min, respectively Muscle triglycerides
varied 5-fold among horses irrespective of diet. Resting muscle glycogen was 2%
higher in CHO-diet compared to N- and Fat-diets. In all diets, glycogen decreased
during SEF with a marked depletion in type | and 1A fibres at fatigue. Muscle
lactate and glucose-6-phosphate levels were higher at the end of exercise in CHO-
and Fat-diet than in N-diet period. Plasma concentrations of free fatty acids (FFA),
glucose, lactate, ammonia, alanine, branched-chain amino acids, tyrosine and tryp-
tophan increased during SEF. Higher concentrations of glucose, lactate, ammonia,
alanine and branched-chain amino acids were seen at end of exercise in CHO- and
Fat-diet than in N-diet period. At the beginning of exercise FFA concentration was
higher in CHO-diet compased with N-diet. The results indicated that dietary manip-
ulations could affect glycogen storage and change the substrate utilisation during
submaximal exercise. These changes did not appear to affect time to fatigue during
this type of exercise.

Key words: Horses: diet; exercise test; muscie glycogen; plasma metabolites.

INTRODUCTION

Carbohydrates, especially glycogen, in skel-
etal muscle of man and horse have been
showrl to be an important energy source dug-
ing various intensities of exercise *!0.14%6
During submaximal exercise in man, fatigue
is associated with glycogen depletion and a
close relationship is observed between initial
glycogen content and work time.!" A shorter
time to fatigue during submaximal exercise
has been observed in horses as in humans
when the glycogen level in muscle has been
markedly lowered.” Lipids also contribute
to energy utilization during submaximal ex-

ercise *¢ From a study on rats, it was sug-
gested that an increased availability of free
fatty acids (FFA) in blood may have a glyco-
gen sparing effect, thus delaying the time to
fatigue during prolonged running.? Protein,
as an energy source during exercise, is
known to be of minor importance, It has
been estimated that under normal condi-
tions the metabolism of protein and amino
acids contributes less than 10% to the total
energy yield during exercise in human sub-
jects.'? Protein and amino acid metabolism
has been suggested to have other important
functions, e.g. to serve as a metabolic link



between skeletal muscle and the brain, which
could explain the development of central fa-
tigue during sustained exercise.'

It is possible to alter substrate availability
in blood and muscle of man and rats by
dietary means and to influence performance
capacity. Carbohydrate (CHO) rich diets in-
crease glycogen stores in muscle of man and
have a benefical effect on performance
time.!? In contrast, rats exposed to a high fat
and low carbohydrate diet for several weeks
have low glycogen stores, but 2 prolonged
exercise time to exhaustion, presumably re-
lated to their increased ability to oxidize
fat.'® One dietary factor of importance for
protein metabolism has been 1eported to be
the supply of carbohydrates.'* An increase in
net protein degradation, based on measure-
ments of nitrogen excretion, was indicated
when exercise was performed with low mus-
cle glycogen levels or without a supply of
carbohydrates during the exercise. *

An increase in the glycogen content is ob-
served also in horses after CHO-rich diets.
Horses have higher resting muscle glycogen
content than humans.*'**% No beneficial
effect on performance and wortk time has
been shown in horses after CHO-rich diets *
Higher heart rates {HR) and greater lactate
production were observed during intense ex-
ercise when horses were fed a CHO-rich diet
as compared to those fed a fat rich diet.'™**
Fat rich diets fed to horses are never S0 ex-
treme as can be obtained in human or rat
studies. However, some studies on horses
have indicated that fat rich diets may have a
beneficial effect on performance times since
elevated glucose concentrations have been
observed following different types of exer-
cise.>™ Whether this is associated with a
glycogen or glucose sparing cffect during
submaximal exercise is unknown.

The aim of this study was to investigate
the influence of both a CHO-rich and a fat
rich diet on the metabolic response to sub-
maximai exercise and evaluate the effects on
endurance. The concentrations of glycogen,
triglyceride, factate and glucose-6-phosphate
in muscle and the concentrations of glucose,
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FFA, ammonia, lactate, alanine, branched
chain amino acids, tyrosine and tryptophan
in plasma were analysed in 6 horses perform-
ing a submaximal exercise test to fatigue
(SEF) on a treadmill after being on different
diets. A standardised exercise tolerance test
(SET) was also performed after the different
dietary regimens.

MATERIALS AND METHODS

Animals. Six clinically healthy Standardbred
horses (I mare, 1 stallion and 4 geldings)
with a mean age of 8 years (range 5-14) were
used.

Diets. All horses were fed 3 different diets
which were calculated to be isocaloric: a nor-
mal {N-diet), a fat rich (Fat-diet) and a car-
bohydrate rich (CHO-diet) diet. Each diet
was given for a 5 week period. During the
first 5 weeks, all horses were given N-diet
and thereafter, 3 of the horses were fed
CHO-diet while the other 3 horses were fed
Fat-diet. The Fat- and CHO-diets were then
switched and fed to the horses for another 5
weeks. During each dietary period the horses
were fed 3 times a day and given & total of 6
kg of timothy hay and 3 kg of pelleted feed.
The contents of the pelieted feed and the
calculated amount of protein, fat and carbo-
hydrate (starch and sugar} given to the
horses each day are shown in Table I. The
estimated digestible energy intake was 88.5
MJ on N-diet, 89.4 MJ on Fat-diet and 86,4
M} on CHO-diet.

Experimental protocol The horses were
weighed once a week., During the first 4
weeks on each diet, the horses exercised 3—4
times a week on a treadmill (5 min walk and
20 min trot at 5-6 m s~ ') in order to increase
the energy requirement. During the last week
of each dietary period the horses first per-
formed a standardised incremental exercise
tolerance test (SET) and later, with at least a
24 hour period in between, a submaximal
(with respect to intensity) exercise test to
fatigue (SEF).

SET This test was performed on a high
speed motor-driven treadmill (Sikob, Stock-
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Table 1. Composition of the pelleted feed and
the daily amount of protein, fat and carbohy-
drate (starch and sugar) for a normal (N-
diet), a Jar vich (Fai-diet) or a carbolydrate
rich (CHO-diet) diet

Fat- CHO-
N-diet  diet diet
Pelleted feed (%)
Oats/barley (crushed) 868 4314 45 6
Sucrose - - 325
Soya meal - 87 8.7
Vegetable oil - 13.0 -~
Straw treated with lye - 217 -
Molasses 0.9 109 10.9
Minerals and
vitaming 23 23 23
Hay + pelleted feed (g day=)
Protein 579 585 591
Fat 216 531 168
Carbohydrate 1 680 1203 2037

holm) with an incline of 6.25%. After 2 min
warm up of walking, the horses trotted at
incremental speeds. The duration of trotting
at each speed was 2 min Depending on the
fitness of the horse, the test was started at
either 5 or 6 m s~ ' and ended at either § or 9
m s~! in order to reach HR of at least 200
bpm. HR was continuously monitored and
recorded during the last 15 seconds at each
speed using a bipolar ECG lead (Mingograph
804 Siemens Elema, Stockholm). Venous
blood for lactate analyses was collected from
a jugular catheter at rest and during the final
15 seconds at each speed. Blood volume de-
termination was performed immediately af-
ter the test using the Evans blue dye dilution
technigue and the red cell volume (CV) was
calculated as the difference between the total
blood and plasma volumes.'? The speed giv-
ing HR 0f 200 bpm (Vi) and a blood lactate
(plasma lactate values were re-calculated to
whole blood values by using the following
regression: LA = 0,74-+0.55x plasma lac-

tate concentration) response of 4 mmol |~
(Vi.e) as well as the CV kg™!, were calculated
from SET.

SEF. This test was performed on the hori-
zontal treadmill at a speed of 7 m s~ The
horses trotted as long as they were able to
keep pace with the treadmill. The point of
fatigue was associated with the horses begin-
ning to move backwards on the treadmill
and losing speed in spite of vigorous encour-
agement. HR was recorded at 5 or 10 min
intervals. Venous blood from a jugular cath-
eter was collected at rest and after 5, 10, 15
and 20 min, and thereafter with 10 or 15 min
intervals until fatigue.

Muscle biopsies from m. gluteus were tak-
en at rest and after 15 and 35 min (45 min in
2 horses) and at the end of exercise. The
biopsies for the biochemical analyses were
immediately frozen in liquid N, and stored
at —80°C until analysed. Muscle biopsies
obtained at rest and after exercise were pre-
pared for histochemical analyses. These
pieces were rolled in talcum powder before
freezing in liquid N,.

Biochemical analyses The muscle tissue
was freeze dried and dissected free of fat,
connective tissue and blood. For glycogen
determination, 1-2 mg of tissue were heated
in a water bath (100°C) for 2 hours in I M
hydrochloric acid in order to form glucose
residues, The concentration of glucose, as:
weil as the concentration of glucose-6-phos-
phate (G-6-P) and lactate in neutralized per-:
chloric acid extracts, were all analysed using
fluorimetric enzymatic techniques.'* The
concentration of triglyceride was analysed in
duplicate samples.” !

Histochemical analyses Serial cross sec-
tions were cut in a eryostat. Sections were
stained for myofibrillar ATP-ase after pre-
incubation at pH 4.6° in order to identify
type 1, [IA and IIB fibres. Glycogen within
cach fibre was evaluated by staining with
periodic acid Schiffs (PAS) reaction.'® The
fibres on the PAS stained cross sections were
evaluated by the same person according to
their staining intensity as high (H), medium
{M} or low (L). The PAS stains were then




Table 2. Mean + SD for the red cell volume
kg~ (CV kg=') the speed giving a blood lac-
tate response of 4 mmol [=% [V, ,4) and a heart
rate of 200 bpm (Vi) obtained from a stan-
dardised exercise tolerance test performed by
6 horses after 5 weeks on either normal (N-
diet), fat rich (Fat-diet) or carboliydrate rich
(CHO-diet) diet

N-diet Fat-diet  CHO-diet
CVkp™' 649+67 638+60 64968
Vi 787058 7234058 7110647
Vae 7982046 T7.80+037 756+058"

4 Significantly different from N-diet.

compared with the ATP-ase stain to identify
the fibre types.

Plasma analyses Glucose was analysed us-
ing a seralyser reflectance photometer (Ames
Division, Miles Laboratories, IN). Lactate
was analysed using a lactate analyser (Ana-
lox Instruments Lid, London) FFA and am-
monia concentrations were determined with
modified fluorimetric techniques.'** Ami-
no acids were analysed on plasma samples
which were deproteinized with 5% trichloro-
acetic acid (1:3) and centrifuged at 9000 g
for 2 min. The supernatant was stored at
—70°C until the concentration of amino ac-
ids was measured by reversed-phase
HPLC,* with orthophthaldehyde (OPA) as
the derivatizing agent.

Statistics  Conventional methods have
been used to calculate means and standard
deviations {SD). Statistical analyses of the
data were carried out with the Statistical
Analysis System (SAS Institute Inc 1985).%
Differences between the dietary regimens re-
garding the rate of inecrease or decrease in
plasma and muscle concentrations vs exer-
cise time (linear regression coefficient) were
evaluated by a two-way analysis of variance.
To cvaluate the resting levels between di-
etary regimens the intercepts were come-
pared. These statistical calculations include
all available data. Most of the horses were
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able to perform 50 min of exercise and there-
fore a GLM procedure for analyses of vari-
ance, using horse, diet and {ime as main
effects was used to evaluate dietary effects
during this period. This statistical model was
also performed with body weight of the
horses included as a covariate. Statistical sig-
nificance was declared at p<0.05.

RESULTS

The different diets were accepted by all
horses. Mean body weight of the horses was
436+ 29 kg at the beginning of the experi-
ment, 458 + 31 kg after 5 weeks, 463+ 34 kg
after 10 weeks and 477 = 35 kg after 15 weeks
at the end of the experimental period. Body
weight was thus increased 3-4% at the end
of the third 3 week period compared to the
first and second 5 week period.

SET All horses reached HR of 200 bpm.
Values for Vagg, Ve and CV kg~ are shown
in Table 2. The CV kg~! did not differ due to
diet. No difference was seen in Vagp 0o Viag
when CHO- and Fat-diets were compared,
Vago was lower in CHO-diet and V4 was
lower in both Fat- and CHO-diets compared
to N-diet.

SEF. HR response differed somewhat be-
tween the horses and the diets. From 5 to 50
min of exercise mean MR increased in all
diets and mean HR at 5 and 50 min was 142
and 151 bpm in N-diet, 151 and 159 bpm in
Fat-diet and 154 and 165 bpm in CHO-diet.
Neo differences were found between CHO-
and Fat-diets in HR response. HR response
in these diets was slightly higher compared
to that in N-diet.

The time to fatigue ranged between 35 and
75 min and did not vary with diet. It was
36+ 10 min in N-diet, 51 #8 min in CHO-
diet and 52+ 10 min in Fat-diet.

Plasma samples. Exercise caused an in-
crease in the concentration of lactate, glu-
cose, ammonta and FFA regardless of the
dietary regimen. The responses of glucose,
lactate and ammonia concentrations to exer-
cise did not differ between CHO- and Fat-
diet. These diets showed a different metabol-
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Fig I Mean values for plasma free fatty acid,
glucose, lactate and ammonia concentrations dur-

ic response to that in N-diet (Fig. 1) Lactate
and glucose concentrations were higher after
40 and 30 min of exercise and ammonia

concentration was higher after 50 min of

exercise in both Fat- and CHO-diets com-
pared to N-diet. The rate of increase in FFA
concentration was lower in CHO-diet com-
pared to both Fat- and N-diet, In CHO-diet,
FFA concentrations were higher at rest and
during the first 20 min of exercise compared
to N-diet.

Regardless of the dietary regimen, cxercise
caused an increase in the concentration of all
amino acids measured, except tryptophan,
which was unchanged after N-diet (Fig. 2).

The rate of increase in the concentration of

alanine and the branched-chain amino acids
during exercise did not differ between CHO-
and Fat-diets. These diets showed a different
metabolic response to that in N-diet. In
CHO- and Fat-diets alanine concentration
was 30% higher and branched chain amino
acid concentration was 25% higher, com-
pared with N-diet after 50 min of exercise.

Lactate {mM)

Ammonla  {pM)

i .
L
L ]
g4 -
e 1 dfip)
7 s FAT-i01
—a—  CHOdiot
2 e
0 ¥ T T T T 1
a 1 20 30 40 50 43
TIME {min)

wer— N diat
—g FAT.dig!
—&—-  CHO diot

100

a 10 20 a0 40 50 :3e]
TIME (min)

ing 50 min of submaximal exercise at 7m s~'. An
asterisk denotes significant difference to N-diet

In Fat-diet the resting level of the
branched-chain amino acids was increased
by 26% and in CHO-diet a tendency to high-
er resting level (8%) was found {5 of the 6
horses had higher levels) compared to N-
diet. Resting levels and the metabolic 1e-
sponse during exercise of the other amino
acids were not affected by the different di-
etary regimens (Fig. 2).

Muscle samples Mean values of muscle
glycogen, triglyceride, lactate and G-6-P con-
centrations are shown in Fig. 3. Muscle tri-
glyceride concentration varied markedly
among the horses. In one horse the values
ranged between 9 and 48 mmol kg~! dw in
all diets, whereas in another horse the range
was from 49 to 138 mmol kg~' No effect of
diet on response to exercise was seen in the
triglyceride concentration. The resting mus-
cle glycogen concentration was 12% higher
in CHO-diet compared to both Fat- and N-
diets. Glycogen had decreased at the end of
exercise on all diets. The rate of decrease in
the concentration of glycogen and the rate of
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Fig 4 Serial cross-sections from m. gluteus of two
horses To the left is after 75 mia and to the right
is after 35 min of & submaximal exercise test to
fatigue (7 m s~'). The top sections iflustrate the
PAS stain and the bottom sections the ATP-ase

increase in lactate during exercise did not
differ between diets. At rest, lactate concen-
trations were higher in CHO-diet compared
to N-diet The rate of increase in G-6-P con-
centration during exercise did not differ be-

tween CHO- and Fat-diet. A higher rate of

increase was seen in CHO-diet compared
with N-diet G-6-P concentration was in-
creased by 100% in both Fat- and CHO-diets
after 35 to 45 min, whereas no change was
scen in N-diet. Lactate concentration was
increased 100% at the end of exercise in N-
and Fat-diet and by 70% in CHQO-dict, At
end of exercise lactate and G-6-P concentra-
tions were 50% and 100% higher, respec-
tively, in CHO- and Fat-diets compared with
N-diet,

stain after preipcubation at pH 4.6 Nole that
fibres which have low staining inlensily on the
PAS stain are identified as type I (black) or type
A (white) on the ATP-ase stain

Histochemical analyses The PAS stain
showed that at rest all fibres contained a high
amount of glycogen as they were ait classi-
fied as having high staining intensity. At the
end of exercise all type 1 fibres and about
hatf of the type A fibres had a low glycogen
content as they were classified as having ei-
ther a low or medium staining intensity. In
contrast almost all type 1IB fibres had a high
glycogen content at the end of exercise as
they were classified as having a high staining
intensity (Fig. 4, Table 3)

DISCUSSION

The results of this study show that horses
tolerate marked alterations in their diets



Table 3. Percentage of low and mediunm PAS-
stained fibres in m ghuens at end of a sub-
maximal exercise test fo fatigue performed by
6 horses after 3 weeks on either a normal (N-
diet), a fat rich (Fat-diet) or a carbohydrate
rich (CHO-diet} diet

Fibre N-diet Fat-diet CHO-diet
type (n=4) {(n=35) {(n==6)

I 99 99 97

A 73 79 51

1B 6 6 3

without any adverse effects. The horses were
in positive energy balance during the whoie
experimental period as seen from the main-
tained and even slightly increased body
weights by the end of the study. The N-diet
was fed to all horses in the first 5 week peri-
od to standardise conditions, whereas CHO-
and Fat-diets were both fed during the sec-
ond and third 5 week period. It can be ques-
tioned if it is valid to compare these diets
with N-diet as one cannot exclude a period
effect. However, except for the slight in-
crease in body weight of the horses no obvi-
ous period effect was observed. Since horses
also performed exercise tests in N-diet it was
of interest to compare these results with
those in CHO- and Fat-diets. The change in
body weight has therefore been taken into
consideration when comparing N-diet with
Fat- and CHO-diets.

HR and blood lactate responses {0 an exer-
cise tolerance test as well as CV kg~' may all
indicate fitness and performance potential of
horses.*>*® In all diets the values for CV
kg™', Va4 and Vygp were within the normal
range.”’ However, the lower values for Vi
and Vg in CHO-diet and for Vy,, in Fat-
diet compared to N-diet may in part be relat-
ed to the fact that the horses had increased
somewhat in body weight. When body
weight of the horses was included in the sta-
tistical analyses as a covariate, no differ-
ences were abserved in Vi, and Vo due to
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diet. A previous study showed that CHO-
rich diet in comparison to fat-rich diet gave
rise to a higher blood lactate and HR re-
sponse in 3 horses performing intense exer-
cise.!” Therefore, one cannot exclude a pos-
sible influence of CHO-diet on Vi, and Vi
during an exercise tolerance test.

A lower HR response was abserved in N-
diet during SEF compared with CHO- and
Fat-diets. When the body weight change was
considered, MR response was similar in all
diets. Fven though there was no marked ef-
fect of diet on the duration of submaximatl
exercise, the metabolic response differed
somewhat. Differences between CHO- and
Fat-diets were only scen in resting muscle
glycopen and plasma FFA concenirations.

The lower rate of increase in plasma FFA
concentration with exercise in CHO-diet
may be related to the higher initial levels.
When N-diet was compared with CHO- and
Fat-diets the plasma concentrations of glo-
cose, ammonia, lactate, alanine and the
branched chain amino acids and the muscle
concentrations of G-6-P and lactate were
higher at end of exercise in CHO- and Fat-
diets. Again it can be questioned if this is
related to the body weight being greater on
CHO- and Fat-diets. However, both diets
and especially CHO-diet showed a different
metabolic response to that seen in N-diet
even when body weight was considered.

Glucose uptake from blood might have
been slower in both CHO- and Fat-diets due
to increased G-6-P levels in muscle, as it has
been shown that (G-6-P has an inhibitory
cffect on hexokinase, the enzyme which
phosphorylates glucose ! The high G-6-P
and lactate concentrations in CHO-diet peri-
od may be related to the higher initial glyco-
gen concentrations in this diet period com-
pared to Fat- and N-dicts. Studies on man
and rat have shown that the rate of glycogen
breakdown during exercise is accelerated by
high pre-exercise glycogen levels giving rise
to an inhibition of glucose uptake as well as
an increase in the release of lactate from the
muscle®? An accelerated glycogenolysis
would lead to an increase in the production
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of pyruvate and consequently of both lactate
and alanine in the muscie, which could ex-
plain the high levels of plasma lactate and
alanine concentrations found after CHO-
diet. The high G-6-P and lactate concentra-
tions in muscie and the high plasma lactate
and alanine concentrations in Fat-diet may
not only be related to a high rate of glycogen-
olysis, but also to a reduced rate of pyruvate
oxidation due to an inhibitory effect of lipid
oxidation on pyruvate dehydrogenase. ' In
both man, rat and horse there is a greater
dependence on lipid metabolism during sub-
maximal exercise after a fat rich diet ! '8%7
It has been shown in humans that several
weeks on a fat rich diet increase muscle lipo-
protein lipase activity, the enzyme that hy-
drolyses plasma triglycerides, and in horses,
plasma triglyceride levels decrease with in-
creasing levels of dictary fat.*!! Thus, it is
tikely that adaptation to a fat rich diet in
horses may also be related to a higher capaci-
ty for uptake of FFA from circulating plasma
triglycerides.

The marked variation seen in muscle tri-
glyceride content between horses in the pres-
ent study agrees with earlier observations * '
The different diets did not seem to alter
muscle triglyceride content and no changes
were seen during SEF . It has been shown
that muscle triglycerides can be utilized in

connection with submaximal exercise but of

lower intensity and fonger duration than in
the present study ™

In all diets, muscle glycogen was used as a
substrate for energy production during SEF,
as seen from the lowered glycogen content at
the end of exercise. In agreement with earlier
studies, an increase was observed in glyco-
gen content at rest after CHO-rich diet.'™
Studies on humans show that CHO-rich diet
enhances submaximal exercise performance
and the larger the initial glycogen content the
longer the work time '® It was therefore in-
teresting to note that in spite of increased
glycogen levels in CHO-diet, none of the
horses performed longer in the submaximal
exercise test as compared to Fat- and N-
diets. It is, however, notable that even if the

carbohydrate content differed between the
diets, these were all sufficient for maintain-
ing high glycogen stores at test. It is only
when glycogen stores are markedly reduced
that a negative effect on performance time is
observed.® Limited glycogen stores as a
cause of fatigue were not indicated by the
biochemical analyses which showed that as
much as 400-500 mmol kg~! of glycogen
{glucose units) was still available at the end
of exercise. However, it could be seen from
the histochemical stains that almost all type |
fibres were depleted of glycogen at the end of
exercise and that most type UA fibres
showed a reduction in glycogen content.
This pattern was seen in all horses irrespec-
tive of diet and is in agreement with earlier
studies in which horses have performed
similar types of work. "** Glycogenolysis in
type Land IIA fibres thus seems to be of great
importance for energy production during
submaximal exercise of the intensity used in
this study. The intensity was moderate as
indicated by the low HR and plasma lactate
responses and this suggests that depleted fi-
bres may play a role in development of fa-
tigue,

There seemed to be an abundance of other
substrates available for the glycogen deplet-
gd fibres in ail diets as both blood glucose,
lactate, FFA and branched chain amino acid
concentrations increased with exercise. It
can, therefore, be questioned whether con-
tinuous glycogenolysis is needed in type I
and I}A fibres in order to support the energy
demand during treadmill exercise at sub-
maximal intensities. The repetitive nature of
treadmill exercise may limit the ability of the
horses to work with the muscles and fibres in
the most efficient pattern,

Of interest was the increase in plasma am-
monia concentration during exercise in all
digts. During intense exercise when ATP lev-
els are low and lactate levels are high, ammo-
nia levels are shown to increase both in plas-
ma and in musele” It is thus likely that am-
monia can be produced in glycogen depleted
type [ and IIA fibres during submaximal ex-
ercise, if resynthesis of ATP is impaired in



these fibres This will give rise to increased
AMP and ADP levels activating AMP-dcam-
inase. This reaction, which is part of the
purine nucleotide cycle, produces IMP and
ammonia. Another possible metabolic path-
way in which ammonia may play a rofe is
amino acid metabolism

The results of this study indicate that pro-
tein metabolism was influenced by different
diets. It is important, however, to point out
that only changes in plasma concentrations
of amino acids were measured. This means
that the observed changes in concentrations
of amino acids can only indicate an altered
uptake or release from various tissues. The
results in this study indicate that different
diets may alter the liver and/or musclc me-
tabolism of alanine and branched chain ami-
no acids whereas tyrosine does not seem {0
be affected by dietary regimen. Since tyro-
sine is an essential amino acid and is not
metabolized by muscle, an increase in its
plasma level suggests a net protein degrada-
tion in muscle or a decrease in the uptake of
tyrosine by the liver during exercise The
plasma concentration of branched-chain
amino acids increased during exercise after
all 3 diets, but the increase was larger in
CHO- and Fat-diets. This indicates that 5
wecks on either CHO- or Fat-diet may alter
the lver and/or muscle metabolism of
branched-chain amino acids which leads to
elevated levels both at rest and during exer-
cise.

A hypothesis to explain central fatigue has
been based on the exercise-induced increase
in the plasma ratio of tryptophan/branched
chain amino acids found in human subjects
after prolonged severe exercise.! An increase
in this ratio could lead to an increase in the
transport of tryptophan into the brain and
also an increased production of the neuro-
transmitter S-hydroxytryptamine, which has
been suggested to contribute to the develop-
ment of central fatigue. In the present study
the increase in the plasma concentration of
tryptophan was less than or similar to the
increase in that of the branched chain amino
acids after all 3 diets. It has been suggested,
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however, that the free concentration of tryp-
tophan, rather than the total concentration,
regulates the transport into the brain. It is
shown both in pivo and in vifro that a
marked increase in the FFA concentration
releases part of the tryptophan from albu-
min, thereby increasing the concentration of
free tryptophan.! When the horses fatipued
fatty acid concentrations in plasma were ele-
vated to a great extent which may indicate
that also the free tryptophan is increased
One could speculate that an increase in the
concentration ratie of free tryptophan to
branched-chain amino acids may have oc-
curred and played a role in development of
fatigue.

In conclusion, the results of the present
study indicate that exercise time to fatigue
during submaximal trotting on a treadmill
for approximately one hour is not influgnced
by the different diets employed, while amino
acid, lipid and carbohydrate metabolism
during exercise may be altered by changing
the dietary regimen. The question that still
needs to be answered in the future is whether
CHO- and Fat-rich diets have a positive in-
fluence on performance either with short
maximal exercise as in races or with pro-
longed submaximal exercise intensities as
during endurance rides.
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