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ABSTRACT. To study the asscciation between increase in plasma laclate and
ammonia (NH,) with performance, 4 horses undertook 4 consecutive maximal
gallops each of 700 m. The horses were exercised on an all-weather track with 20
min rest between each gallop. Venous blood samples for determination of plasma
lactate, NH; and uric acid were taken prior to and 2, 10 and 20 min after each
gallop Average running time over the 4 700 m gallops increased from 47.0 to 53.8
s. Results of 3 of the 4 horses indicated a relationship between the increase in
running time over successive gallops and the increase in the pre-galiop ptasma
lactale concentration (i.c. as a measure of the degree of acidosis in the muscle celis),
and also 1o the sum of the previous rise in plasma NH; {i.e. as a measure of muscle
adenine nucleotide loss). These trends were not borne out by the results of the fourth
horse. No association was found in the comparisen of gallop time with the rate of
NH; accumulation relative to that in lactate. However, it was notable that horse Cp
which was fastest over the first gallop showed the highest rate of plasma NH,
accumulation at each gallop, a finding which paraliels recent work on human sprint

and middie distance runners
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INTRODUCTION

Deamination of adenine nucleotide (AN) to
inosine monophosphate (IMP) in muscle is a
feature of sustained high intensity exercise in
the horse, man and other species' ' resulting
in a net loss of adenosine triphosphate
{ATP). The change in AN content may be as
much as 40 % after just one gallop over typi-
cal flat racing distances.’ NH; released dur-
ing deamination appears rapidly in plasma
whilst over longer periods of time, increases
in the plasma concentrations of hypoxan-
thine and uric acid may also occur due to the
further degradation of IMP.¢

The onset of ATP loss in normal muscle
during intense exercise correlates with the
development of intracellular acidosis®
though human patients with myophosphory-
lase deficiency may show AN joss without

evidence of pH decreases.!' In either case,
however, the event of ATP loss appears
linked to & reduction in the capacity to re-
phosphorylate ADP formed with contrac-
tion.

In a previous study of maximal intermit-
tent excercise in the Thoroughbred horse, it
was found that the decrease in running speed
over successive gallops was related to the
extent of muscle ATP loss.'? It was suggested
that ATP loss, either on an absolute basis, or
the event itself (indicating a decrease in the
rate of ADP removal) may be contributory
to muscle fatigue. However, changes in ATP
in this study could not be separated from
changes in lactate.

In the present investigation the relative
changes in plasma ammonia {as a marker of
ATP loss in the musculature as a whole) and
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fig 1 Individual changes in plasmz lactate
(mmol 17 over the 4 % 700 m gallops and follow-
ing a 50 min recovery period.

lactaic over successive gallops, have been
examined using a similar intermittent exer-
cise model.

MATERIALS AND METHODS

Four trained Thoroughbred horses (4-7
years) were used in the study. Horses were
first prepared for repeated venous blood
sampling by catheterization of the left jugu-
lar vein following which they were walked 2
km to the start of the exercise track. This was
an all-weather track with a wood-chip sui-
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face. Following an initial canter of 200 m,
each horse completed four 700 m gallops at
maximal pace. A 20 min recovery period was
allowed between gallops during which the
horses were walked continuously with the

jockey in the saddle,

Venous blood samples were collected just
prior to the first gallop {pre) and 2, 10 and 20
min after each of the four gallops. Additional
samples were taken 30, 40 and 50 min after
the final gallop. Ten ml blood samples were
collected into tubes containing lithium hepa-
rin and stored on ice until centrifuged to
harvest plasma. Lactate was assayed in per-
chleric acid extracts of plasma according to
Hohorst.” NH, and uric acid were assayed
directly in plasma using kits from Sigma Di-
agrostics. A further 3 ml blood sample was
collected into 5 ml perchloric acid for deter-
mination of whole blood lactate, Relative
changes in whole blood lactate were essen-
tiaily the same as those in plasma lactate and
for the purposes of this report only the latter
are presented,

RESULTS

Average running time over the 4x700 m
gallops increased from 470 to 538 5. The
fastest horse over the first gallop (horse Cp)
showed the greatest change in running speed
and was the slowest over the fourth.

The individual changes in plasma lactate

Cp

Sa

Fig. 2. Individual changes in plasma
‘@ NH; {(pmol 1"} over the 4% 700 m
g gallops and following a 50 min re-
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are shown in Fig. 1. Peak concentrations
generally occurred 10 min after the end of
exercise. Based on the change in plasma lac-
tate between 10 and 20 min post-exercise,
there was a trend towards slower rates of
disappearance. Thus from Gl to G4, mean
10 to 20 min recovery disappearance rates
were 38.6 (SD 12.0), 23.3 (8D 6.8), 19.1 (SD
9.6), and 15.0 (SD 7.1), mmol I~' h~!, re-
spectively. However, between 30 and 40 min
recovery following the end of G4, the mean
rate of plasma lactate disappearance was
30.6 (SD 14.2) mmol 1= h~!, similar to the
disappearance rate foliowing GI.

Plasma NH; peaked approximately 10
min post-exercise exercise and showed pro-
gressive increases with each gatlop (Fig. 2)
suggesting an increasing loss of AN with
successive gallops. In horse Cp a maximum
concentration of NH; close to 1 000 pmol 1™
plasma was observed after the fourth gallop.
This is the highest value that we have record-
ed in any study. Further evidence of the ex-
tensive loss in AN is provided by the similar
changes in plasma uric acid (Fig. 3). The
continuing rise in uric acid showed that peak
concentrations are usually not reached until
20-40 min post-cxercise.

Mean haematocrits (1 1"} prior to the first
gallop (pre) and immediately after the 4 gal-
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lops were; pre—0.58 (8D 0.04), G1--0.63
(SD 0.035) G2—0.65 (82 0.00), G3--0.64 (SD
0.06) and G4—0.65 (SD 0.06) 1 1~

DISCUSSION

Based on previous experience of the 4 horses
used in the study it was expected that Cp
would be the fastest over the {irst gallop and
Br the slowest. As shown in Table 1 this was
the case with 6 s difference in running times
over G1. What could not have been foreseen
from the results of the first gallop was the
marked deterforation which occurred in
Cp’s performance over the next 3 gallops
culminating in a 15 s slower running time at
(4. This was in contrast to the minimal

Table 1. Running times (s} over the 4 X 700 m
gallops (G 1G4}

Horse Gl G2 G3 G4 Total
Cp 44 46 30 59 199
Ki 47 47 49 50 193
Sa 47 48 51 54 200
Br 50 46 48 52 196
X 470 468 495 53.8

SD 3.0 10O 1.3 3.9
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Fig 4 Comparison of gallap times (s) to the pre-
gallop plasma jactate concentration {mmol 1),
Results of Cp, Sa and Ki showed a similar trend
and data for these horses are joined, for purposes
of illustration, by a continuous line Data of horse
Br showing a different trend are joined hy a
dashed line. O, Cp; A, Sa; @, Br; A, Ki

change seen in the performance of horse Br
The relative changes between these horses
are similar to those seen in our previous
study. ' It was the intention of the present
investigation {o examine whether such
changes in performance could be explained
on the basis of increased muscle acidosis or
some measure of AN loss.

Muscle acidosis

In Fig 4 gallop times have been compared to
the pre-gallop plasma laciate concentration
as a measure of the degree of acidosis still
persisting in the muscie at the start of each
exercise. The use of the pre-gallop lactate
concentration in this way is justified on the
basis of earlier work demonstrating a close
relationship between the lactate concentra-
tion in intra-muscle cell water and in the
plasma water phase during recovery.® Sec-
ondly, throughout recovery a near linear re-
lationship persists between muscie pH and
the lactate content,*? even if the work un-
dertaken is intermittent. The results of 3
horses {(Cp, Sa and Ki) showed a similar
trend in the relationship between gallop time
and plasma lactate, consistent with a dete-
rioration in speed with increasing pre-cxer-

cise acidosis. For these 3 horses the relation-
ship of gallop time to pre-gailop lactate could
be adequately described by:

galiop time (5) = 45.8-0.1603
x [lactate]+0.0086 x [lactate]?

1 =( 88 {calculated with disregard to the be-
tween-horse variance in the relationship).

The results from the fourth horse, howev-
er, showed 4 totally different trend between
gallop time and plasma lactate and, as such,
question any general expression for these
two parameters which would cover all
horses. A comparison of gallop time to peak
post-gallop lactate, as a measure of the aci-
dosis in the muscies at the end of each gal-
lop, gave a similar plot to that in Fig 4, with
simiiar conclusions.

Muscle AN loss As a measure of the extent
of AN loss which has occurred prior to the
start of each gallop we have used the accu-
mulated rise in NH; (SANH;) calculated
over each proceeding gallop; in each case
from the pre {for G1) or last 20 min value
and the following peak concentration. The
use of LANH, in this way is based upon
carlier work showing a close correlation be-
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Fig 5 Comparison of gallop times (s) to LANH,
{(pmot -1} Results of Cp, Sa and Xi showed a
similar trend and data for these hotses are joined,
for purposes of illustration, by & continuous line.
Data of horse Br, showing a different trend arc
joined by a dashed fine. O, Cp: A, Sa; @, Br, A, Ki
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Fig 6 Comparison of gallop times (s} to the
change in the plasma NH; concentration (pmoi
1="y with each gallop, relative to the change in
lactate {(mmol 1-'}. Ratios were calculated without
change in the units of concentration for NH, and
lactate. O, Cp; A, Sa; @, Br; A, Ki. Data points for
horses Cp and Sa over the 4 gallops have been
joined in sequence.

tween the rise in plasma NH; with intense
exercise and the loss of AN (to IMP) in the
middle gluteal muscle,® and presumably
therefore in the musculature as a whoie. In
comparison to the loss of AN, resynthesis
from IMP is a slow process.'?

Comparison of gallop times to ZANH;
(Fig. 3) showed a similar dispersal of points
as in Fig. 4, with the same 3 horses (Cp, Sa
and Ki) showing a common trend. For these
3 horses the relationship of gallop time to
ZANH; could be adequately described by:

gallop time (s} = 46.1 ~0.0057 x [EANH;] +
0 000024 x[ZANH;)?

r=0.91 (calcuiated with disregard to the be-
tween-horse variance in the relationship).
As with lactate, however, the results of the
fourth horse showed a different trend be-
tween gallop time and XANH;. There was no
apparent relationship between gallop time
and the immediate post-gallop NH; concen-
tration indicating that this in itself is unlike-
ty to be an immediate cause of fatigue, at
least over the concentration range observed.

L7

Comparison of gallop times t¢ “"mefabolic
stress” The deamination of AN to IMP with
high intensity exercise may be seen as a sig-
nal of increasing metabolic stress within the
working muscle. However, the event of AN
loss and the rate at which it is occurring, is
possibly more important than the absolute
loss itself. In Fig. 6 gallop times have been
compared to the change in the plasma NH;
concentration relative to that in lactate
(ANH;/A lactate). In either case the change
has been calculated from the difference be-
tween the immediate pre-gallop concentra-
tion and the eventual peak. The quotient is
used as an experimental measure of the de-
gree of “metabolic stress’; a rise in the rate
of NH; accumulation relative to that of lac-
tate indicating that this has increased. As can
be seen there was no obvious association
between gallop times and ANH/A lactate.

General. The loss of AN to IMP under
conditions of high metabolic stress and high
energy demand appears something of a para-
dox. As indicated earlier, AN loss can
amount to as much as 40% of the muscle
store in the equine middle gluteal ©'" Deam-
ination of AMP to IMP provides an impor-
tant mechanism for the displacement of the
adenylate kinase reaction and through this
the maintenance of low ADP concentrations
at the site of contraction. This appears to be
of gieatest importance in fast twitch muscle
fibres where the highest levels of AMP-de-
aminase are found.!’ In sprinting athletes
the onset of AN loss appears to be linked to
the acidification of the muscles, through lac-
tate production, with possible implications
to the fatipue process. The present paper
failed to establish any association between
the gallop times of successive runs and meas-
ures of AN loss or muscle acidosis based on
measurements of plasma NH; and lactate,
However, it was notable that Cp, which was
both initially the fastest horse, but also the
most fatiguable, showed a higher rate of NH;
production relative to lactate than any other
horse at each gallop. This is illustrated in
Fig. 6 where the data points for Cp (and also
those of Sa, the nearest to Cp) are joined in
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sequence over the 4 gallops. Given that all 4
horses were approximately equally well
trained, the overall picture obtained for Cp
is that of a sprinter with a preater endow-
ment of low-oxidative fast-twitch muscle fi-
bres. As recently reported for human ath-
letes,” the measurement of the plasma NH,
response to exercise may help in the identifi-
cation of potential sprinters.
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