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ABSTRACT . The present study was undertaken to investigate: 1) changes in select-
cd plasma amino acid concentrations during | 000 m of high inlensity exercise. 2)
the influence of pre-exescise metabolic aikalosis on these changes, Twenty-four
Thoroughbred horses in training raced over a distance of 1 000 m onr two occasions
separated by 6-7 days. Four hours prior to exercise each horse was administered in
randomised manner, a 21 solution of sodium bicarbonale NaHCO,, (0.6 gka~' body
weight, test} or water (control) by nasogastric intubation. Venous blood samples
were taken prior to exercise and 5 min after exercise The concentration of 22
plasma amino acids were delermined using an automatic amino acid analyser. At
rest considerable variation was found between horses in individual amino acid
concentrations. Exercise produced changes in plasma amino acid concentrations;
some of them could be accounted for by the decrease of plasma volume. Marked
increases (mean * SE) were found in alanine (352.3£24 710 509.7 £ 36.3 umol 1,
p<0.001) and glutamine {263 7+16.0 to 304.2:+22.7 pmol 1, p<0.05) Signifi-
cant increases were also recorded for leucine (p<0 001) and the total amino acid
content {(p<001} Tryptophan decreased from 75.1%3.7 to 63.9+38 pmol i~
(p<0.01). Metabolic alkalosis, whilst affecting acid—base status, produced only
minor changes in some of the amino acid concentrations between control and test
group before and after exercise.

Rey words Horses: plasma amino acids; exercise; metabolic alkalosis; alanine;
glutamine.

INTRODUCTION

Despite considerable recent research in the
field of equine exercise physiology, there
have been few investigations of changes in
aming acids during high intensity exercise.
Some studies have been done examining the
alterations in alanine,'™"? glutamate and
glutamine'32! during exercise, which are cor-
related with their role as a transporter of
ammonia produced by working muscles.
However, there has been less interest in the
role of branched chain amino acids—leucine,
isoleucine and valine'>?' and other free plas-
ma amino acids during exercise,

The aim of the present study was to inves-
tigate: 1) the changes in selected plasma ami-
no acids during 1000 m of high intensity
exercise, and 2) the influence of metabolic
alkalosis on the plasma amino acid profile
following submaximal exercise. One might
expect a change to occur as a result of a pH
induced alteration in amino acid efflux and/
or production.

MATERIAL AND METHODS

Twenty 2 year old Thoroughbred racehorses
in training, but novices to competition, and



four 3 vear old horses, in training and in
competition, took part in the present experi-
ment. Horses used were from 4 training sta-
bles. All horses were fed on the same diet
{oats and grass hay), and the feeds were ob-
tained from the same source.

Four hours prior to racing each horse was
administered either a 2 | solution of sodium
bicarbonate (0.6 g kg~' body weight, test) or
water {control} by nasogastric intubation.
NaHCO; administration resulted in major
changes in pre-cxercise acid-base status (pH
7.43+0.02, pCO, 6.98+0.37 kPa, HCOy
34.5+1.7 mmol I-', BE8 3+ 1.4 mmoll~')
when compared with the control treatment
{(pH 7.35+0.02, p<0.00L; pCO, 6.61 0.4
kPa, p<0.001; HCOy 271+ 1.8 mmol I,
p<000t; BE 00%xi6 mmoli™,
p<0.00f)—see in Greenhaff et al.” In the 4
hours between intubation and racing, all
horses were allowed free access to hay and
fresh water. After 25 min of light warm-up
exercise {20 min walking and 5 min walk and
trot to the race starting point), each horse
raced over a distance of 1 000 m (flying start)
on two occasions separated by 6-7 days.
Each race involved one test and control
horse of matched training ability. Two jock-
eys were used for all 24 races, each rode the
same horse for both of the experimental
treatments. None of the horses performed
strenuous exercise the day prior to racing.

Venous blood samples were taken 5 min
prior to exercise {after 20 min walking
warm-up) and 3 min after racing (following a
walk recovery). Samples were collected into
heparinised syringes and immediately cen-
trifuged. Plasma was frozen in liquid nitro-
gen and stored at —20°C until analysis. Af-
ter deproteinisation, by the addition of 3%
sulfosalicylic acid, concentrations of 22 ami-
no acids (Table 1) wese determined using an
automatic amino acid analyser Chromaspek
(Hilger Analytical, UK).

Differences between test and control treat-
ments, were determined using i-test for
paired data. Values in the text and tables
represent mean = SE. They have not been
corrected for the plasma volume changes.
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RESULTS

The plasma amino acid changes that oc-
curred during exercise on the test and con-
trol treatments are shown in Table I
Marked increases were observed in the total
plasma amino acids conient (p<001 on
both treatments) and in the levels of alanine
(p<0.001 on both treatments), glutamine
{(p<0.00} test, p<0.05 control) and leucine
{(p<0.00} on Dboth treatments) Increases
also occurred in the concentrations of tau-
rine (p<0.001 test), threonine (p<0.05 con-
trol) and lysine (p<0.05 control). A signifi-
cant decrease in tryptophan was observed
(p=<0.001 test, p<0.01 control}.

Concentrations of the majority of amino
acids were lower in the test group when com-
pared with the control group before and after
exercise. Before exercise significant differ-
ences between groups were observed in ser-
ine, alanine, histidine (p<0.01 in each case),
glutamine, arginine and the total plasma
amino acid content (p<0.05 in each case).
After exercise significant differences be-
tween treatments were in  histidine
(p=<0.01), threonine, serine, glutamic acid
and proline (p<0.05 in each case).

DISCUSSION

Considerable variation exists in the reported
concentrations of the individual plasma ami-
no acids in the horse at rest. Many factors
can influence resting concentrations such as
time of feeding prior to sampling,'®'** com-
position of diet, age of horses,”® as well as the
health® and fitness'*?! level. These concen-
trations are not influenced by sampling loca-
tion 2!

To determine the effect of high intensity
exercise on the concentration of selected
plasma amino acid, we compared samples
taken 5 min prior to cxercise with those ob-
tained 5 min after exercise. The changes ob-
served could be partly accounted for by the
change in plasma volume during exercise,
which can achieve values more than 8%.7
The greatest increase occurred in plasma ala-
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Table 1. Concentrations of plasma amino acids in horses before and after exercise {umol 171}

Test group

Control group

Mean * SE Mean + SE Mean + SE Mcan + SE
Alanine 310 3222 (pers 484.1+27.6 3523424 THww 50974363
AAAAY 150217 143%19 11L.6+10 135+1.3
Arginine 476x11.6 1612+138 2029+199 198.0x225
Aspartate 221+38 237+44 244442 215536
Glutamate 80,190 7621429 759+81 84.1+351
Glutamine 2266+ 1] 5¥¥* 261 3+133 2637+ 160% 30425227
Glycine 508 7232 510.8+£227 3226260 5249x2435
Histidine 79131 77.9+3.0 89.8:+4.5 88.7x4 0
Isoleucine 602544 63.0:+30 61.3+47 628+32
Leucine 108 814 7H** 1274452 107 94 5 2%%* 1280%354
Lysine 97494 107.4+60 99,1 +7.7* [172+8.1
Methionine 368+17 37.5+19 324215 366+29
3 Mhis® 328x21 344429 I66+3.0 3491314
Ornithine 628%56 73.1+7.0 66.5%6.7 769+6.1
Phenylalan. 73.0+3.4 T21x28 707+29 733%25
Proline 1043353 1079+54 H0%.i+71 I8 5270
Serine 247.5+13.1 2388x114 2813157 28274210
Taurine 1.1+ 14 gre* 102 5140 7861146 97.7+200
Threonine 116963 1194+56 I21. 618 8* 145.8+120
Tryptophan 76,214 | *** 60.2+39 751+ 3.7%* 639+38
Tyrosine 69320 Til1x24 68.4+2.6% 75134
Valine 187181 191 9+80 184 8+8.7 1942+88
ZAA 274809+ 104 4% 3028 3983 2969 8+127. 7% 32705+ 143.0

“ g-aminocadipic acid
# 3-methylhistidine

*p <005, ¥ p<001, *** p<0.001

nine This increase has previously been de-
scribed in the exercising human® and the
horse'?'® and is explained by the existence of
the glucose-alanine cycle and the necessity of
ghiconeogenesis and detoxication of am-
monia formed in muscle duoring exer-
cise.” ¥ Further large increases were no-
ticed in the case of glutamine. This amino
acid serves as a carrier of ammonia from the
exercising muscle and from the brain '3
According to Plumley et al'® and Wei-
bourne,™ glutamine is also synthesized by
the lungs. Glutamine is consumed by the
kidneys, where it supports renal urogene-
sis,>* while alanine is taken up by the liver to
support hepatic gluconeogenesis.™ Accord-
ing to Felig,® alanine is released from muscle

tissue in proportion to severity of the exer-
cise and to the availability of glucose-de-
rived pyruvate. Uptake of alanine by the
Hver during short term exercise remains at
resting ievels, resulting in an accumulation
of this amino acid in the blood.

The significant increase in leucine during
the present experiment has been described
previousiy during mild exercise.'? This ami-
no acid together with valine and isoleucine
can be utilised by contracting muscle during
prolonged exercise when the availability of
carbohydrate becomes limited.'*? Its in-
crease in plasma during high intensity short
term exercise could be caused by its release
from the splanchnic bed as a fuel for a possi-
ble prolongation of exercise. Similarly, in-



creased concentration of lysine, also ob-
served by McLean et ai.,'” is probably due to
its liberation from proteins since mamma-
lian organisms are not able to synthesize it.
The increase observed in taurine is in agree-
ment with the results of McLean et al.,'” who
suggested that an increase in the circulatory
level of this amino acid may occur because
of a redistribution of the {ree taurine level in
excitable tissues.

The only amino acid to decrease in con-
centration was tryptophan. Similar changes
were reported by McLean®® after mild exer-
cise in horses and by Kron'! after endurance
exercise in human. This may be due to the
role played by tryptophan as a precutsor of
3-hydroxytryptamine (serotonine),’? levels
of which are increased in the brain during
exercise.! Flevated brain S-hydroxytrypta-
mine resulting from exercise could trigger
fatigue-related symptoms as suggested by
Parry-Billings.!” A recent report, however,
seems to challenge this idea, suggesting that
tryptophan ingestion prior to exercise en-
hanced endurance performance. Increased
S-hydroxytryptamine concentration  was
postulated to decrease sensitivity to pain,
thus allowing intense exercise to continue
significantly longer.!

We have found little information concern-
ing the effect of altered acid-base status on
plasma amino acids in the literature. One
might have expected the appearance of plias-
ma glutamine and alanine to be lower in test
treatment, because of the reported lower ad-
enine nucleotide loss and NH; production
during exercise after NaHCO; ingestion * In-
creased production of glutamine in acidotic
organism via stimulation of its synthesis has
been reported in rat and human.*** Howev-
er, because the exercise duration/intensity of
the present study was not sufficient enough
to measurably affect muscle nucleotide loss
and ammonia production,® the similar
change in plasma alanine and glutamine lev-
els on each treatment is perhaps not surpris-
ing. The lower concentrations of the major-
ity of the amino acids seen in the pre-exer-
cise bicarbonate treated group are similar to
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the decrease in total plasma protein concen-
tration. It is likely that these decreases result
from the high osmolality of sodium bicarbo-
nate causing an uptake of water into the in-
travascular compartment. A larger differ-
ence between treatments was found only in
the case of threonine. Because this amino
acid is essential, we suggest that threonine
concentration increased in the control group
due to its redistribution in plasma.

The following conclusions were drawn
from this investigation.

1. Considerable variations exist in the
resting concentrations of plasma amino ac-
ids in Thoroughbred racehorses.

2. High intensity exercise led to an in-
crease of total amino acids from
2969.8+127.7 to 3270.6+143.0 umol [~}
(p=<0.01). Among 22 amino acids studied,
the largest increases were observed in ala-
nine, glutamine and leucine and a decrease
was observed in tryptophan. Small changes
were observed in the case of tyrosine and
iysine. The changes observed in the remain-
der of amino acids studied were minor or
non-existent.

3. Sodium bicarbonate administration
produced small but statistically significant
differences between the test and control
group {before exercise in serine, glutamine,
alanine, histidine, arginine and total plasma
amino acids content; after exercise in threo-
nine, serine, glutamic acid, proline and histi-
dine). The most likely reason for these differ-
ences is the removal of the water resulting
from changes in osmolality.
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