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LINDHOLM, ARNE and BENGT SALTIN: The physiological and
biochemical response of standardbred horses to exercise of varying
speed and duration. Acta vet. scand. 1974, 15, 310—324. — Well-
trained standardbred horses were studied to examine the metabolic
response to excercise of various speeds and duration. Comparisons be-
tween interval (400, 700, 1,000 and 2,000 m) and continuous trotting
(1 hr., 2 hrs.) and racing were made.

Muscle and rectal temperatures were recorded before and im-
mediately after each work bout. Heart rate was linearly related to
trotting speed, and maximal heart rate (240 beatsxmin.-1) was
achieved when trotting at least 700 m at close to maximal speed (12.0—
12,5 m x sec.~1).

Biopsy specimens from the gluteus medius muscle and venous
blood were obtained before and after each work bout.

Muscle and blood lactate values were markedly increased first at
speeds close to maximal speed (11.4—12.5 m x sec.~1). Trotting 6 x 700
m at 12.5 m X sec.~! produced as high muscle and blood lactate values
as 23.7 and 19.0 mmol X kg—! wet weight and 1-1, respectively. Cor-
responding values after a race were about 15 mmol X kg—! (muscle) and
11 (blood).

Glycogen utilization was related to work intensity and was most
pronounced during the first work bouts. At a speed of 12 mxsec.~1
and trotting 2000 m, there was a glycogen utilization of near 12 mmol
glucose units x kg~ x min.~* wet muscle.

It is concluded that interval training over a distance of 700—
1000 m repeated 4—6 times with a trotting speed close to maximal
speed (11.4—12.5 m x sec.—1) appears to be optimal.

ATP; CP; bloodlactate; glycogenutilization; heart
rate; horseskeletal muscle; muscle lactate; racing
training.
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Blood lactate values have been found to be fairly low in trot-
ting horses, even at exercise intensities eliciting a marked in-
crease in heart rate (Asheim et al. 1970, Krzywanek et al. 1972,
Engelhardt et al. 1973). Blood lactate concentrations of the same
magnitude as after races were not observed until the speed was
great enough to produce near-maximal heart rate response (4s-
heim et al.).

If the aim of a training program is to mimic the physiological
stresses involved in racing, very high trotting speeds for extended
periods of time appear to be called for. The present study was
undertaken in an attempt to shed further light on critical speed
levels and the extent to which interval training programs can be
used. In addition to heart rate, temperature and blood lactate
concentration as parameters in quantifying exercise stress, gly-
cogen utilization and the muscular concentration of lactate,
adenosine triphosphate (ATP) and creatine phosphate (CP) were
also determined.

MATERIAL, PROCEDURE AND METHODS

The material comprised a total of 44 standardbred horses
(25 males and 19 females) from 4 to 8 years. All horses studied
were clinically healthy with regard to cardiopulmonary function
and were in good training condition. They were regularly raced
and able to trot 2100 m at a speed of 11.8 msec.”! (1 min. 25
sec. X km=1) or better. The horses were rested in the stable 24 hrs.
prior to the experiments and were fed in the morning, as usual,
prior to the investigations. No special diet regimen was proposed,
and all studies were performed between 9 and 12 p.m.

Trotting intensities from 3.3 m)(sec.”® up to 12.5 msec.™?
were employed in order to investigate different training and
racing conditions. Interval training with exercise sessions of
varying length (400, 700, 1000 and 2000 m) and intensity plus 1
or 2 hrs. of long-distance trotting were also investigated. All
studies were performed at Solvalla race track in Stockholm,
Sweden. The track has a length of 1000 m. The test room was
situated in the Solvalla Horse Hospital which is located very
close (<10 m) to the track. The experiments were only per-
formed under good weather and track conditions but with vary-
ing outdoor temperatures, as the experiments comprised studies
both in winter and summer.
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Biopsies and venous blood samples were taken from the horse
at rest, in the test room and immediately after each work bout
as soon as the horse entered the test room. At this time measure-
ments of muscle and rectal temperatures were also made. Each
work bout ended at the part of the track closest to the test room
and it took an average of 20 sec. from the end of exercise before
sampling could be started. The biopsies, blood samples and
temperature measurements were made within 20 sec. to 2 min.
after the end of each work bout. Between work bouts, the horse
rested for 5 min. in the test room. The biopsies were taken from
the deep part of the gluteus medius muscle as described by Lind-
holm & Piehl (1974). After careful shaving and disinfection,
2—3 ml of 2 % Xylocaine (Astra, Sweden) was injected s.c. 10
cm dorso-caudal to the trochanter major of the tuber coxae. A
mm incision was made with a scalpel including both skin and
fascia, and a biopsy needle (Bergstrom 1962) with an external
diameter of 5 mm was used. Muscle samples weighing 20—40 mg
were obtained when the inner cylinder was pushed back and
forth 1—2 times. Biopsy sampling took 1—3 sec. Specimens were
immediately frozen in liquid nitrogen. Determinations of glyco-
gen, adenosine triphosphate (ATP), creatine phosphate (CP),
glucose-6-phosphate (G-6-P), glucose and lactate in the biopsies
were made with the Lowry technique as described by Karlsson
et al. (1970). Venous blood was taken from the jugular vein.
Glucose determinations were made using whole blood kept in
plastic tubes containing NaF (sodium fluoride) and placed in
ice-cold water until subsequently analyzed on the same or next
day according to a glucose oxidase method (Hjelm & de Verdier
1963). For analyses of blood lactate, 0.2 ml of whole blood was
immediately pipetted into 1.0 ml of ice-cold 0.6 N-HCIO, (per-
cloric acid) and lactate determined by a micro-modification of
an enzymatic method (Scholz et al. 1959).

Muscle (gluteus medius) and rectal temperatures were deter-
mined by electro-thermometry (Electric Universal Thermometer,
Type E 3). Heart rate was telemetrically recorded on a single
channel recorder according to methods described by Asheim et
al. (1970), using a telemetric equipment (Medinic, Orsundsbro,
Sweden) with the receiver at the Horse Hospital close to the
track. Two silver-plated crocodile clamps were used. One was
attached 10 cm cranial to the apex of the sternum and the other
o the supraorbital process of the frontal bone on the forehead.
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RESULTS
Trotting 1000 and 2000 m at different speeds (Figs. 1 and 2).

At rest in the test room heart rate was usually around
40 beats ) min.~*. As soon as the horse started to trot, a rapid in-
crease in heart rate was noted. Within 30—45 sec. a new and
fairly stable level was attained, as long as the speed was kept
constant. Exercise heart rate averaged 140 beats)>min.~* even at
a speed as low as 3.3 m)<sec.”* (5 min.)XXkm'). At higher speeds
up to the speed the horse was able to sustain for 1000 m, a linear
increase was found for the heart rate related to work intensity;
maximal heart rate being around 240 beatsX min.~.

Mean muscle temperature, which was 36.8°C at rest
was higher at each exercise level, averaging 41°C after the 1000
m at maximal speed. Exercise duration in all these work bouts
was fairly short (1 min. 20 sec. — 5 min.). Therefore, the dura-
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Figure 1. Mean values and s.e.m. for muscle and blood lactate

concentrations (upper panel), muscle and rectal temperatures (middle

panel) and heart rate (lower panel) in 6 standardbred horses when

trotting 71000 m with increasing speed from 3.3 m Xsec.~! to max-

imal speed (11.7—12.5 m Xsec.”!). Five min. of rest was allowed be-
tween work bouts.
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Figure 2. Mean values and s.e.m. for glycogen utilization, blood

lactate and muscle lactate concentrations in 5 standardbred horses

before and after trotting 2000 m at 4 different speeds (8.3—12.0 m X
sec.~1). Only 1 experiment was performed on the same day.

tion may not have been long enough for the muscle temperature
to reach an equilibrium at each trotting speed. This must be the
case to an even greater extent for rectal temperature for which
values up to 39.4°C was recorded.

At speeds up to 10 mXsec.”* (1 min. 40 sec.)XXkm') only a
very minor increase in muscle and blood lactate was
found. Not until a speed of 11.1 m){sec.”* was there any further
significant increase in muscle and blood lactaie concentrations,
which were more dramatically elevated at maximal speed (15
mmol X kg=' and 12 mmolX1-' for muscle and blood lactate,
respectively).

Trotting 2000 m at different speeds resulted in almost the
same heart rate response as found for 1000 m. At the lower
speeds, muscle temperature was 0.2—0.5°C higher when trotting
the longer distance. At the highest speeds, no clearcut differences
were observed, and essentially the same peak muscle temperature
was also found. Rectal temperature was slightly higher at the
same speed trotting for twice the distance reaching 39.5°C at
maximal trotting speed.

Glycogen utilization could not be accurately estimated at the
1000 m distance. Trotting 2000 m at a slow to moderate speed
was found to produce — as expected — varying glycogen utiliza-
tion in relation to exercise intensity (Fig. 2). At the highest
speed (12 msec.™!), almost 32 mmol X kg~ were broken down
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Figure 3. Mean values and s.e.m. for muscle and rectal tempera-

tures, i.m. concentrations of ATP, CP, glycogen, G-6-P, lactate and

glucose, blood lactate and glucose concentrations for 5 standardbred

horses before and after a real race. Distance 2100 m. Mean speed 11.8

m X sec.”l. Biopsies were obtained from the gluteus medius muscle

within 2—3 min, after finish of the race. Note the different scales for
temperatures and metabolites.

in 2 min. 50 sec., which is 6 times faster than at 8.3 m)sec.”2.
Peak muscle and blood lactate levels were higher in trotting 2000
m, but almost identical lactate concentrations were found at the
slower speeds.

Racing (Fig. 3)

Studies of temperature and metabolites could be performed
on 4 horses in connection with races. Muscle and rectal tempera-
tures reached 41.5°C and 39.8°C, respectively. In spite of the fact
that the biopsies were taken 2—3 min. after the race, phosphagen
levels were still down to 60—70 % of their normal values. As
much as 50 mmolX kg of glycogen were broken down in the
gluteus medius muscle. As very little glycogen is probably
utilized in the pre-race warm-up (cf. Fig. 2), most of the glycogen
breakdown must have occurred during the race.

Another indication of the enhancement of glycolysis during
the race was the 8 to 10-fold increase in G-6-P and glucose levels.
In fact, the blood glucose level appeared to be somewhat lower
than the muscle glucose level. Muscle and blood lactate concen-
trations were greatly elevated, and 14.4 mmolXkg? and 15.7
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mmol X 1-! were observed, respectively. The sampling time 2—3
min. after the race explains the similarity in the 2 concentrations.
The lactate concentration is probably also higher in the muscle
fibre than in the capillary at this time. Lactate concentration was
also determined on blood samples from 38 other standardbred
horses 3 min. after a race. The mean value was 15.9 + 0.4 (s.e.m.)
mmolX1-1, which is in very close agreement with the afore-
mentioned value.

Interval training programs (Figs. 4—6)

A series of experiments was performed in order to evaluate
how closely one can attain racing values for the different variables
studied in interval training of varying speeds. Six times 400 m
was studied first, the horse trotting at near-maximal speed
(12.2—12.4 mXsec.”!) in each work bout. Heart rate approached
220 beatsXmin.~! in the first exercise period, and no further
significant increase was found during the remaining periods. The
same appeared to be the case for muscle lactate which amounted
to 13.0 mmol X kg after the second work bout and 13.8 mmol X
kg after the final work bout. Blood lactate increased more
gradually and reached a final value of 12 mmolXI-. Total gly-
cogen depletion in the gluteus medius muscle amounted to 40
mmol X kg

When trotting was performed for 700 m and repeated 6 times,
the critical nature of speed in attaining true maximal values
could be demonstrated. Although all 3 speeds used were close to
maximal speed, only the highest speed, 12.5 m>sec.”?, was high
enough to elicit heart rate, body temperature and muscle and
blood lactate responses equal to or greater than the response en-
countered in the race. Of further note may be the fact that glyco-
gen utilization was most pronounced during the first and second
work bouts. The increase in lactate concentration produced in
muscle and blood at each work bout must then be, in part, the
result of uncomplete lactate removal during rest periods.

The same general results were observed in trotting 61000
as in trotting 6400 and 6X 700 m. The importance of speed in
eliciting a maximal physiological response was again demon-
strated. A speed of 11.1 m<sec.™* may be sufficient to stress the
circulatory system, but a speed of only 11.8 m)sec.”? caused
muscle and blood lactate values to approach very high levels.
This is in accordance with the findings reported in Fig. 1.
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Figure 4. Mean values and s.e.m.
for glycogen depletion (upper pa-
nel), muscle and blood lactate con-
centrations (middle panel) and
heart rate (lower panel) for 4
standardbred horses before and af-
ter trotting 6 x400 m at maximal
speeds (average 12.1 mXxsec.m1).
Muscle and blood lactate concentra-
tions and heart rate were also deter-
mined after each 400 m run. One
min, of rest was allowed between
work bouts when muscle and blood
samplings were performed.
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Figure 5. Mean values and s.e.m. (from top to bottom) for muscle

and blood lactate concentrations, glycogen utilization, muscle and

rectal temperatures for 5 standardbred horses at rest and after each

work bout, trotting 6 x 700 m at 3 different speeds (11.1, 11.8 and 12.5

mXsec.”?). Only 1 speed was performed on the same day. Heart rate

was recorded during each work bout. A 5-min. rest was allowed be-
tween work bouts.
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Figure 6. Mean values and s.e.m. (from top to bottom) for muscle

and blood lactate concentrations, glycogen utilization, muscle and

rectal temperatures and heart rate for 4 standardbred horses at rest

and after each work bout, trotting 61000 m at 2 different speeds

(11.1 and 11.8 mXxsec.~!). Only 1 speed was performed on the same

day. Heart rate was also recorded before (B) and during each work
bout (A). A 5-min, rest was allowed between work bouts.
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Traditional training programs (Figs. 7 and 8)

For purposes of comparison, studies were also made of nor-
mal training programs for the horses at this track. In addition
to very slow irotting for 60 to 120 min. a day, which caused no
or only a minor increase in heart rate, temperature and lactate
(Fig. 8), the normal training programs also comprised some
speed training 1 to 2 times a week. The usual distance was 2100
m which is first repeated twice (a rest period of a couple of min.
inbetween) at a speed of around 75 % in the first and 85 % of
maximal speed in the second work bout. After a rest period of
30 min. the horse then trotted a third time, this time at maximal
speed. As might be expected, all the observed variables only
achieved maximal or racing levels in the last work bout. This
was especially true of muscle and blood lactate concentrations.

DISCUSSION

The present study confirms previous results, i.e. that the max-
imal heart rate in horses is very high compared to other species of
the same size (Bayer 1968, Asheim et al. 1970, Hall 1972, Ehrlein
et al. 1973). Both speed and duration of excercise have a decisive
effect on heart rate, and a maximal heart rate is only achieved
after maximal trotting for at least 700 m at top speed. With a
longer excercise duration and 1000 m or more of trotting, the
same heart rate can be achieved at a speed close to the maximal
trotting speed.

Lactate accumulation increased strikingly at maximal speed
or near-maximal speed (11.4—12.5 m)<sec.”?). Lactate values
were then equal to or greater than the values obtained during a
race. Exercise sessions covering 400 m were obviously too short,
even at maximal speeds, to produce the same lactate concentra-
tion as in a race. However, repeated exercise sessions covering
700 and 1000 m were shown to be more suitable as training
distances at maximal or near-maximal speeds.

A 5-min. rest between exercise episodes was too brief to permit
the removal of lactate from blood and muscle. Even at distances
greater than 2000 m, elevated lactate values on racing levels were
only obtained at maximal speed or very near-maximal speed.
Thus, traditional training with 3—4 2000-m heats with success-
ively increased speed only produces pronounced anaerobic load-
ing in the fastest and final heat (Fig. 8). Since a maximal lactate
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Figure 7. Mean values and s.e.m. (from top to bottom) for muscle

and blood lactate concentrations, glycogen depletion, muscle and

rectal temperatures and heart rate for 4 standardbred horses at rest

and after various time courses when slow-trotting (average speed 3.3

m X sec.—1) for 2 hrs. The horses rested for 3 min. during the sampling

procedure. Heart rate was recorded when trotting immediately before
each sampling occasion.

Figure 8 Mean values and s.e.m. (from top to bottom) for muscle

and blood lactate concentrations, glycogen utilization, muscle and

rectal temperatures for 7 standardbred horses at rest and after trotting

2000 m at 3 separate heats (speed 9.8, 10.6 and 11.8 m xsec.”1). Dur-

ing each heat heart rate was recorded when trotting the last 500 m.

There was a 5-min. rest between heats 1 and 2 for the sampling proce-
dure and 30 min. of rest between heats 2 and 3.
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increase is only obtained at maximal or near-maximal speed, a
distance even over 2000 m may be too long and too taxing for
the immature skeletons of 2—4-year old horses at the speeds
required. That is why an increased number of shorter training
intervals would be advantageous.

Since the 400 m interval is apparently too short with a view
to heart rate and lactate increases, 700 and 1000 m appear to be
more ideally suited to horses. Further support for this view is
found in Fig. 9, which shows the heart rate, blood and muscle
lactate concentrations from 1 standardbred horse after different
types of interval training. The heart rate response during a race
was similar to that found in an interval training program con-
sisting of 61000 m sessions with a speed close to maximal
speed. The same type of training was also enough to raise blood
and muscle lactate to about the same values measured during the
race; shorter distances produced a lower lactate level and 3 2000-
m sessions produced muscle and blood lactate values equally
high (23.8 mmolXkg= and 20.6 mmol 1%, respectively).
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Figure 9. Heart rate, blood and muscle lactate values from 1

standardbred horse at rest and after trotting 6 x 400, 6 x 700, 6 x 1000,

32000 m, as well as after a real race. Speed close to maximal (11.8
mX sec.”1) or maximal (12.1 m Xsec.™1).
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Since the horse must exercise with maximal work loads in
order to achieve efficient training, high working temperatures are
obtained in both muscle and rectal measurements. A muscle
temperature of 43°C and a rectal temperature of 41° have been
measured. This means that at maximal speed a horse exercises at
a critical temperature level, which might have a negative effect
on the performance, especially in the races.

Horse musculature is rich in glycogen, compared to other
species, including man (Lindholm & Piehl 1974). Glycogen values
never fell to critically low levels (low enough to impair the
horse’s performance capability owing to e.g. carbohydrate de-
ficiency) in any of the results from training models nor in the
race presented here.

The horse has 3 major fibre types (Lindholm & Piehl). In
addition to the slow twitch (ST) and fast twitch (FT) fibres
found in man, the horse, like most other animal species, also has
fast twitch, high oxidative (FTH) fibres. All contain glycogen,
even if ST fibres appear to have less than the other types. At low
speeds mainly ST and FTH fibres, both of which with a large
oxidative capacity, are put to use (Lindholm et al. 1974). Fibres
with a low oxidative capacity (FT) are only utilized from the start
of work when the horse trots at very close to its maximal speed.
This explains why lactate in greater amounts only accumulates
in this situation. It also means that if such a speed is not used
during training, this fibre type which constitutes 43 % of the
cross-sectional area of horse muscle, remains inactivated except
in races.
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SAMMANFATTNING

Det fysiologiska och biokemiska svaret pd trdning av varierande
intensitet och utstrickning hos travhdstar.

Valtrinade travhistar studerades for att undersdka effekten av
olika typer av travarbeten pa vissa metaboliska parametrar. Intervall-
traning (400, 700, 1000 och 2000 m), distanstrianing (1 och 2 tim) samt
tavling har jamforts.

Muskel- och rektaltemperatur mittes fore och omedelbart efter
varje travpass. Hjirtfrekvensen befanns vara direkt relaterad till trav-
hastigheten. Den maximala hjirtfrekvensen (240 slag X min—1) registre-
rades vid travarbete nira maximal fart (12,0—12,5 m xsek—1) i minst
700 m.

Muskelbiopsier fran gluteus medius samt blod fran vena jugularis
togs foére och efter varje travpass. Koncentrationen av muskel- och
blodlaktat steg kraftigt forst vid farter nira maximal fart (11,4—125
mxsek—1). Vid 6 st 700 m travarbeten (12,5 m xsek-1) med 5 min
intervall erhélls si héga muskel- och blodlaktatvirden som 23,7 och
19,0 mmoler X kg—! vat muskel respektive 1-1 blod. Motsvarande tiv-
lingsvirden uppgick till 15 mmoler X kg~ vat muskel respektive 1-1
blod.
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Glykogen forbrukningen var relaterad till arbetsintensiteten och
var storst under de forsta passen vid intervalltriningen. Vid en has-
tighet av 12 m x sek-! och 2000 m distans var glykogenférbrukningen
niara 12 mmoler glukosenheter x kg—! vat muskel X min—1,

Sammanfattningsvis konstateras att intervalltrining 700—1000 m
upprepade 4—6 ggr i ndra maximal fart (11,4—12,5 m X sek~!) synes
ge optimal triningseffekt.

(Received January 7, 1974%).
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