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ABSTRACT: This study assessed the metabolic responses of seven show-jumping horses subjected to an inclined treadmill training. The horses
were trained daily in 50-minute morning sessions, five days a week, which included dressage and flexion exercises, and jumping gymnastics.
The treadmill training occurred in the afternoon for 16 weeks, with two phases. In both phases, horses were trained twice weekly, with three-day
intervals between sessions. The first phase lasted six weeks with walking (1.7 m/s) and treadmill inclines of 0%, 7%, and 13%. The second phase
lasted ten weeks with similar training frequency and higher intensity, with treadmill at a 13% incline. Blood samples were collected before and
after the treadmill training and, during training sessions to determine AST, CK, LDH, uric acid, glucose and lactate. Data was analyzed by ANOVA
using a split-plot design, with evaluation time points (before and after training) as plots and blood collection times during the training session as
subplots. Means were compared using Tukey’s test. No difference in CK and uric acid were observed before and after training (P > 0.05). Both
variables were affected by collection time (P = 0.009), reaching peak values 12 h post-training. Differences of LDH were observed before and after
treadmill training. No differences were observed in the AST concentration. Glucose and lactate did not differ before and after the treadmill training.
The treadmill training of show-jumping horses was a safe protocol without evidence of muscle injury.

Key-words: equine, exercise, muscle enzymes, treadmill.

Respostas metabdlicas dos equinos de salto em treinamento na esteira inclinada

RESUMO: Este estudo teve como objetivo avaliar as respostas metabolicas de sete cavalos de salto da raga Brasileiro de Hipismo, submetidos
a treinamento complementar em esteira ergométrica em plano inclinado. Para avaliar as respostas metabdlicas, os cavalos eram treinados
diariamente em sessdes matinais de 50 minutos, cinco vezes na semana, incluindo exercicios de adestramento, flexionamento ¢ salto. Os
cavalos foram submetidos a treinamento em esteira ergométrica no periodo da tarde durante 16 semanas, em duas fases. Além disso, em ambas
as fases, os cavalos treinaram duas vezes por semana, com intervalos de trés dias entre as sessdes. A primeira fase durou seis semanas com
locomocgdo ao passo (1,7 m/s), com sessdes de treinamento na esteira com inclinacdo de 0%, 7% e 13%. A segunda fase durou dez semanas,
com treinamento similar, intensidade maior e esteira na inclinagdo de 13%. Amostras de sangue foram coletadas antes e depois do treinamento
complementar e, durante as sessdes de treinamento foram avaliados AST, CK, LDH, 4cido turico, glicose e lactato. Os resultados foram
analisados por ANOVA, em delineamento de parcelas subdivididas, com os momentos de avaliagdo antes e depois do treinamento analisados
como parcelas e os tempos de coleta de sangue analisados como subparcelas. As médias foram comparadas pelo teste de Tukey. No entanto,
nao houve diferenca na concentragdo de CK e 4cido urico antes e depois do treinamento complementar (P > 0,05). Contudo, houve efeito do
momento da coleta de sangue durante as sessdes de treinamento para ambas as variaveis (P = 0,009), atingindo valores maximos 12 horas apds
a sessdo de treinamento. Ademais, diferengas nas concentragdes de LDH foram observadas entre antes e apds o treinamento complementar
(P < 0,05). Entretanto, ndo foi observada diferenca na concentragdo sanguinea de AST e a glicose e o lactato ndo diferiram antes e depois
do treinamento (P > 0,05), respectivamente. Portanto, o protocolo de treinamento complementar em esteira inclinada com cavalos de salto
demonstrou ser seguro com adaptagdo metabolica e sem evidéncias de lesdo muscular.

Palavras-chave: equino, enzimas musculares, exercicio.

1 INTRODUCTION test and a more subjective evaluation of behavior
2 and locomotion. One of the primary goals of athletic
3 Jumping horses undergo specific training training in horses is to improve musculoskeletal
4 programs and their assessment usually requires a strength, thereby increasing resistance to injury.
5 combined approach, including a standardized exercise Physical exercise markedly influences the physiology
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of athletic animals, as high-intensity effort and
conditioning stimuli trigger broad cellular and
molecular responses (CHANDA & PETCHDEE,
2022; PLISAK et al., 2023). Competitions impose
a substantial physical demand frequently associated
with transient inflammatory and metabolic disorders
that can trigger injuries (KLOBUCAR et al., 2019).
However, many injuries are preceded by inadequate
adaptation of muscle or tendon tissues to exercise, an
imbalance between subclinical damage and cellular
repair activity, or both (PUGLIESE et al., 2020).
Consequently, injuries reduce athletic performance,
muscle capacity, and lead to financial losses
(RIBEIRO FILHO et al., 2018).

High speed treadmills’ had been widely
used for training, assessment, rehabilitation, and
biomechanics studies in horses, as it allows exercise
protocols to be standardized under controlled
conditions. It enables the stimulation of walk,
trot, and gallop, in any desired combination, while
providing safe and uniform locomotor conditions. In
addition, treadmill exercise allows precise control of
speed, acceleration, deceleration, incline, duration,
and distance according to the intended workload
(THOMASSIAN et al., 2007; PUGLIESE et al,
2020; LEWCZUK & MASKO, 2024). Inclined
treadmill exercise shifts the horse’s weight backward,
increasing pelvic limb loading and the force generated
by these limbs (ROBERT et al., 2000). According to
DENOIX (2014), uphill locomotion demands requires
concentric contraction of the propulsive muscles
to generate a resultant force vector directed both
forward and upward, displacing the horse’s center
of mass against gravity. A similar biomechanical
principle applies to jumping exercise. Furthermore,
MCDONOUGH et al. (2002) showed that when
Thoroughbred horses run on a treadmill with a 10%
incline, maximal oxygen consumption increases by
approximately 20% compared with running on a
level treadmill, with metabolic thresholds occurring
at proportionally higher absolute intensities, allowing
the horse to sustain greater effort before reaching
metabolic fatigue. Together, these biomechanical and
metabolic effects support the use of inclined treadmill
exercise as a complementary conditioning strategy
for show jumping horses, which require well-
developed musculature to generate sufficient power
and impulsion to overcome obstacles effortlessly.

Horses have morphological characteristics
suited to strength and speed and these attributes can be
developed through training. Conversely, inadequate or
excessive training demands routine may compromise
animal welfare, increase the risk of musculoskeletal

injury, and negatively affect athletic performance,
potentially resulting in the lost competitive season,
wasted investment, and depreciation within the
equine industry (HODGSON et al., 2014a; 2014b).

Serum levels of aspartate aminotransferase
(AST), creatine kinase (CK), lactate dehydrogenase
(LDH), glucose, lactate, and uric acid (UA) are well-
established biomarkers in equine exercise physiology.
These biomarkers provide relevant information
on muscle response (AST, CK, LDH), energy
metabolism (glucose and lactate), and oxidative
status (UA) during physical exercise (CASTEJON et
al., 2006; TEIXEIRA-NETO et al., 2008; FERRAZ
et al., 2008; KRUMRYCH, 2010). These parameters
offer a practical and clinically relevant approach
for monitoring performance, physical adaptation,
and metabolic responses in sport horses. This study
evaluated the metabolic response of jumping horses
undergoing complementary training on an inclined
treadmill.

MATERIALS AND METHODS

Animals and experimental design

Seven Brazilian Sport Horses, two
females and five geldings, with an average age of 12
+ 4 years and an average body weight of 498 + 58
kg, were used in this study. The horses were part of
the Instructor Riding Course at the Brazilian Army
Riding School in the show-jumping discipline. All
horses followed a daily training routine lasting
approximately 50 minutes. Weekly training included
outdoor exercises at walk, trot, canter and gallop,
jumping courses and pole gymnastics to improve
physical conditioning, flexibility, strength and
balance. Jumping exercises were performed on sand
or grass tracks during outdoor sessions. Sundays
were reserved for rest. The standard training routine
followed two main criteria: intensive jumping was
not performed on consecutive days and jumping
sessions were limited to two per week.

The horses underwent clinical
examinations to assess their health status before and
throughout the study. Body weight was measured,
and body condition scores were evaluated according
to HENNEKE et al. (1983). The animals were housed
in 4 x 4 m stalls equipped with feeders and automatic
drinkers, with free access to water. They were fed a
commercial concentrate ration and Coastcross hay at
amounts equivalent to 2% of body weight on a dry
matter basis. The diet was divided into four daily
meals: concentrate was provided at 05:00 and 18:00,
and hay was provided at 14:00 and 21:00.
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Training protocol

Animals were selected at the beginning of
the training season and acclimated to the treadmill
(Galloper 5500, Sahinco®, Palmital, Sdo Paulo,
Brazil) before the beginning of the complementary
training protocol (Figure 1). Treadmill acclimation
lasted three weeks, during which the horses become
able to walk safely at 1.6 m/s under 0%, 7%, and 13%
incline (Figure 2). After this adaptation period, the
complementary training protocol was initiated.

The inclined treadmill training protocol
was specifically developed for this study. The selection
of incline levels was informed by values reported in
the literature and by equipment constraints. Gradients
of treadmill inclination ranging from 6% to 10% have
been employed in previous equine studies to evaluate
neuromuscular and metabolic responses during
treadmill locomotion (ROBERT et al., 2000; CROOK
et al., 2010; TAKAHASHI et al., 2014). Treadmill a
10% incline shown to significantly increase hindlimb
muscle recruitment and metabolic cost of locomotion
in horses (McDONOUGH et al., 2002; CROOK et al.,
2010). Based on this evidence, a gradient of treadmill
inclination ranging from 0% to 13% was adopted as
the minimum and maximum gradient available on the
treadmill used in this study.

Training sessions were conducted on
Tuesday and Friday afternoons, between 13:00 and

18:00, in a temperature-controlled treadmill room
(18-22 °C). The training program lasted 16 weeks and
was divided into two phases:

Phase 1 of the complementary training -
The first phase lasted six weeks. Horses performed
exercise protocol on the treadmill twice weekly with
three-day intervals between sessions. On the first
weekday of training, the session began with a 4 min
warm-up walk at 1.7 m/s on a flat treadmill, followed
by 6 min at a trot at 3.8 m/s, with the final 3 min at
a 3% incline. Horses then walked for 2 min on a flat
treadmill, followed by 2 min on a treadmill at a 7%
incline, and completed the session with 5 min of cool-
down at a walk on a flat treadmill. On this day, horses
covered 2,694 m in 19 min (Table 1).

On the second training day of the week,
the session began with the same warm-up protocol.
Thereafter, horses performed three sequential walking
bouts at 1.7 m/s, each lasting 4 minutes and consisting
of 2 minutes on a flat treadmill followed by 2 minutes
on a treadmill at 7% incline. The session ended with
a 5 minutes cool-down at walk on a flat treadmill. On
this day, horses covered 3,510 m in 27 min.

Phase 2 of the complementary training
- The second phase lasted 10 weeks and was
characterized by increased exercise intensity. Horses
performed exercise protocol on the treadmill twice
weekly, with three-day intervals between sessions.

Figure 1 - Diagram of the experimental period.
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Figure 2 - Horse on the inclined treadmill.

Each session training began with the same warm-up at 1.7 m/s. The first bout lasted 4 min and consisted
protocol used in Phase 1 and ended with five minutes of 2 min on a flat treadmill followed by 2 min on a
cool-down at walk on a flat treadmill. After warm- treadmill at 7% incline, whereas the following two
up, horses performed three sequential walking bouts bouts lasted 5 min each and consisted of 2 min on a

Table 1 - Complementary treadmill training protocol during Phases 1 and 2.

Gaits e Speed (m/s)-------- Treadmill Inclination (%) -----Distance (meters)----- ----Duration (minutes)----
Phase |
First day of the week:
Walk 1.7 0 408 4
Trot 3.8 0 684 3
Trot 3.8 3 684 3
Walk 1.7 0 204 2
Walk 1.7 7 204 2
Walk 1.7 0 510 5
Total -- -- 2694 m 19 min
Second day of the week
Walk 1.7 0 408 4
Trot 3.8 0 684 3
Trot 3.8 3 684 3
Walk 1.7 0 204 2
Walk 1.7 7 204 2
Walk 1.7 0 204 2
Walk 1.7 7 204 2
Walk 1.7 0 204 2
Walk 1.7 7 204 2
Walk 1.7 0 510 5
Total -- -- 3510 m 27 min
Phase 2
Twice-weekly

Walk 1.7 0 408 4
Trot 3.8 0 684 3
Trot 3.8 3 684 3
Walk 1.7 0 204 2
Walk 1.7 7 204 2
Walk 1.7 0 204 2
Walk 1.7 13 306 3
Walk 1.7 0 204 2
Walk 1.7 13 306 3
Walk 1.7 0 510 5
Total - - 3714 m 29 min
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flat treadmill followed by 3 min on a treadmill at 13%
incline. Each session lasted 29 min, during which
horses covered 3,714 m.

Blood sample collection

For biochemical analyses, blood samples
were collected by jugular venipuncture using
vacutainer tubes containing K2-EDTA, clot activator,
or sodium fluoride, according to the analyte to be
measured. Collections were performed on the first
training day of Phase 1 and on the last training day
of Phase 2, while horses were maintained on their
regular diets and feeding schedules. Samples for
AST, CK, LDH, and uric acid analyses were collected
before, immediately after the training session, and at
1, 2, 3, 6, 12, and 24 hours post-exercise. Samples
for glucose and lactate analyses were collected before
exercise, immediately after the training session, and
at 5, 15, and 30 min post-exercise.

After collection, blood samples were
immediately centrifuged at 150 x g for 10 minutes to
obtain plasma and serum. Aliquots were transferred
to properly labeled Eppendorf tubes and stored at the
appropriate temperature until analysis. Analyses were
conducted using a BTS 310 analyzer (Biosystems®,
Curitiba, PR, Brazil) with specific reagent Kkits
(Labtest®, Lagoa Santa, MG, Brazil).

Statistical analyses

Blood biochemical results (AST, CK,
LDH, uric acid, glucose, lactate) from treadmill-
trained horses were assessed for normality and
homogeneity of variances using the Shapiro-Wilk
and Bartlett tests, respectively. When the results did
not meet the assumptions for ANOVA, logarithmic

transformation was performed. The biochemical
parameters were analyzed by ANOVA (o = 0.05)
using a split-plot design according to the following
statistical model:

where Y, is the observed value of the biochemical
variable; u is the overall mean; A4, is the random
effect of animal; 7; is the fixed effect of evaluation
moment, before and after complementary training;
e, is the main plot error; C, is the fixed effect of
blood collection time during the training session;
(T C)jk is the interaction between evaluation moment
and collection time; and e, is the residual error.
When significant effects were observed, means were
compared using Tukey’s test. Statistical analyses
were performed using R CORE TEAM (R software,
version 3.6.3).

RESULTS AND DISCUSSION

No differences were observed in blood AST
concentration before and after the treadmill training
program (P > 0.05) or among the evaluated blood
collection times (P> 0.05) Similarly, CK and uric acid
concentration did not differ before and after training
protocol (P > 0.05). However, blood collection time
during the training sessions significantly affected
both CK and uric acid concentrations, with peak
values observed 12 hours post-exercise (P = 0.015
and P = 0.009, respectively) (Table 2).

Performance  evaluation based on
hematological and biochemical indicators requires
consideration of the metabolism demands of exercise
in horses from different equestrian disciplines
(MASKO et al., 2021). Blood concentrations of

Table 2 - Mean values of blood concentration of aspartato aminotransferase (AST), creatin kinase (CK), and uric acid in horses during

treadmill training sessions.

Blood collection time ~  —————————- AST (IU/L)
Before training 3152+ 169.0
Immediately after training 321.7+130.7
After training - 1 hour 315.6 £169.1
After training - 2 hours 320.9 £ 165.5
After training - 3 hours 3202+ 165.7
After training - 6 hours 310.0+129.3
After training - 12 hours 314.0+£165.8
After training - 24 hours 306.7 £ 184.1
P value 0.89

CK (JU/L)=mmmmmmmmm —emme Uric acid (mg/dL)-------
140.4 + 53.7° 0.57 +0.1%
170.9 £ 67.6™ 0.55+0.1*
157.8 + 83.8% 0.51+0.1°
161.7 + 63.9® 0.55+0.1%
148.9 + 68.8% 0.49+0.2°
172.1 £75.6™ 0.54 +0.1%
185.3+91.8° 0.60 = 0.1°
141.2 +55.8° 0.51+0.1%
0.015 0.009

Means followed by different letters in the column differ from each other according to the Tukey test (a = 0.05).
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CK and AST may vary according to breed, age,
exercise type and duration, environmental conditions
and management practices (GOMIDE et al., 2006;
THOMASSIAN et al., 2007, CAIADO et al,
2011). Training can attenuate the increase in serum
AST activity after exercise. Similarly, increases in
CK are influenced by the training protocol and the
type of exercise. Recreational horses may exhibit
greater post-exercise increases in CK than endurance
horses, suggesting that lower physical conditioning
can enhance enzyme release (WITKOWSKA-
PILASZEWICZ et al., 2019; MIGLIO et al., 2020).
Conversely, well-planned and controlled training
programs can result in moderate increases in CK
after physical activities, suggesting adaptation to
exercise (CARDINET, 1997; THOMASSIAN et al.,
2007; SALES et al., 2013). PADILHA et al. (2017)
reported that CK blood levels in Brazilian Sport
horses returned to reference ranges within 24 hours
after exercise, whereas LDH and AST concentrations
returned to baseline within up to 72 hours.

Changes in CK and AST activity are
sensitive markers of muscle fatigue and adaptation
to exercise, and may vary considerably according to
sport modality and level of physical conditioning
(MASKO et al., 2021). Furthermore, increases in AST
after exercise may be associated with increased cell
membrane permeability in different tissues, and do not
necessarily indicate tissue injury (SALES et al., 2013).
THOMASSIAN et al. (2007) observed that AST
peaked 24 h after physical activity, while CAIADO et
al. (2011) reported significantly lower values before
and immediately after the exercise, with the highest
value recorded before exercise (210.2 IU/L). Similarly,
MASSANYI et al. (2022), evaluating horses subjected
to a 15-min inclined treadmill protocol comprising two
uphill steps at 6.7 km/h (10 minutes at 3° followed by 5
minutes at 6°) reported AST values of 274.3 IU/L before
exercise, 254.8 IU/L during exercise, and 302.1 IU/L at
the end of the session. These values are comparable to
those observed in the present study, in which AST peak
at 321.7 IU/L at the end of the exercise.

Normally, creatine kinase (CK) is
measured alongside AST, as these enzymes provide
complementary information for the diagnosis of
muscle injury. CK is usually the first enzyme to
increase after muscle injury, rising within 4-8 h,
peaking between 12 and 24 h, and returning to
baseline within 96 h (CARDINET, 1997, BENESI
et al., 2009; DI FILIPPO et al.,, 2016). The Ilate
elevation of AST and CK was also highlighted by
THOMASSIAN et al. (2007), who confirmed that the
late elevation may indicate muscle injury, with CK

peaking between 3 and 6 h and AST between 12 and
24 h after exercise. Regarding AST, peak values in
the blood occur between 24 and 36 h after muscle
injury because of its half-life of approximately eight
days (MATTOSINHO et al., 2017).

In the present study, CK activity peaked 12
h after the training session (185.3 £ 91.8 IU/L) and
decreased significantly at 24 h post-training (141.2 +
55.8 IU/L). These findings suggested that in healthy
Brazilian sport horses undergoing treadmill training,
CK activity peaks approximately 12 h after exercise
and returns to pre-exercise levels within 24 h.

The significant increase in CK
concentration 12 hours post-exercise may reflect
acute muscle adaptation or altered membrane
permeability resulting from the varying physical
demands of each training session, without evidence
of long-term enzyme accumulation. Muscle damage
is hypothesized to occur when post-exercise CK
activity exceeds 100% of the resting (baseline)
value, i.e., when CK activity more than doubles
following exercise, reflecting sarcolemma disruption
and myofibrillar necrosis rather than a transient
physiological adaptation (VALBERG et al., 1993;
CARDINET, 1997). In the present study, the mean
CK increase from baseline (140.4 + 53.7 IU/L) to
the 12-hour post-exercise peak (185.3 + 91.8 TU/L)
corresponded to an increase of approximately
32%, well below this threshold. The post-exercise
increase observed in the present study is therefore
consistent with this physiological profile, supporting
the interpretation that the variation observed may
represent an expected physiological adaptation to
exercise rather than evidence of clinical muscle
damage. This is consistent with MASSANYT et al.
(2022), who reported average CK values of 266.16
IU/L before exercise, 299.7 IU/L during exercise,
and 276.06 IU/L at the end of exercise, without
visible clinical changes in the horses throughout the
experiment. While CK provides an early, transient
signal that returns to baseline within a short period,
AST follows a different release pattern that is
determined less by exercise duration and more by
the severity of cellular injury. In horses, the ratio
of cytoplasmic AST (cAST) to mitochondrial AST
(mAST) is greater than in other mammals, and it has
been postulated that a greater magnitude of serum
AST increase (via release of mAST in addition
to cAST) occurs specifically with more severe or
irreversible cell injury, rather than as a function of
exercise duration (JONES & BLACKMORE, 1982;
BILLINGS et al., 2021). Because of its slower release
kinetics and longer half-life compared to CK, AST
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is considered a marker of past or prolonged muscle
damage/hypoperfusion, as discussed further below
(MASKO et al., 2021). In the present study, AST
concentrations did not differ significantly before and
after training (P > 0.05), which, together with the CK
increase remaining well below the 100% damage
threshold, reinforces the interpretation that the
treadmill training protocol did not induce clinically
relevant muscle injury.

According to MELO et al. (2013), uric
acid concentrations in athletic horses range from
0.030 to 0.035 mmol/L. During endurance exercise,
uric acid levels have been positively correlated with
lactate, CK and heart rate, and higher concentrations
have been observed in metabolically imbalanced
horses, supporting its role as a marker of sustained
post—exercise metabolic stress and consistent with
the results of the present study (CASTEJON, 2006;
ADAMU et al., 2012). CASTEJON et al. (2006) also
reported increased uric acid concentrations in horses
that did not complete a race, associating this response
with prolonged energy imbalance, metabolic acidosis,
and, in severe cases, cellular fatigue. Uric acid is a
byproduct of ATP degradation and may increase after
strong effort because of adenosine 5’-triphosphate
breakdown. Therefore, it can be used as a marker
of relative exercise intensity. In addition, uric acid
concentrations may help faster as fitness level
increases (ESCRIBANO et al., 2013; EVANS, 2000).

In the present study, the uric acid blood
peak observed at 12 hours post-exercise may be
attributed to sustained purine degradation via xanthine
oxidase activity in peripheral tissues, as described
by RASANEN et al. (1996). Additionally, oxidative
stress may persist during recovery, maintaining
elevated uric acid levels even after other metabolic
parameters return to baseline (SOARES et al., 2011).
SCHUBACK & ESSEN-GUSTAVSSON (1998)
reported increased uric acid concentration between 20
and 30 minutes after exercise, whereas RASANEN et
al. (1996) observed peaks up to 6 hours post-exercise.
The later peak observed may also reflect individual
variation in enzymatic clearance or antioxidant
replenishment dynamics (SAUTIN & JOHNSON,
2008). Since uric acid concentrations did not differ
before and after the training program, this may
suggest a limited impact on purine-related oxidative
metabolism. However, as uric acid is an indirect
and non-specific marker, and specific oxidative
stress markers were not assessed in this study, this
interpretation should be considered with caution.

Regarding LDH, a significant difference
was observed between the mean before and after the

training protocol (P = 0.007), but not between the
blood collection times (P > 0.05) (Table 3). DIAS
et al. (2009) and SANTOS et al. (2015) evaluated
LDH concentrations in Brazilian Sport Horses
after a show jumping competitions and reported
significant increases, with mean values of 201.29
IU/L and 265.53 UI/L, respectively. THOMASSIAN
et al. (2007) observed higher LDH values and
suggested that the variation may be related to the
characteristics of the horses evaluated, which could
influence the activity of muscle enzymes, justifying
the higher variation also observed in the present
study. Considering these associations, along with
differences among breeds and exercise types, LDH
does not appear to be specific to skeletal muscle
tissue. ASSENZA et al. (2016) observed a significant
increase in LDH activity 10 minutes after the end
of each showjumping competition compared to the
values before the first competition day, probably
due to the increase in physical effort and enzymatic
activity, concluding that LDH activities has a longer
half-life compared to CK, in fact, peaking 24 hours
after exertion and potentially remaining elevated for
48 hours post-exercise.

BENESI et al. (2009) reported that
the values of AST, CK, and LDH do not show
significant variations after 24 months of age in the
Brazilian Sport Horse breed. DI FILIPPO et al.
(2016) observed that LDH was similar to that in
the present study at the basal level, with an average
value of 347.8 IU/L, while the values after training
were significantly higher compared to other authors,
reaching 877.3 IU/L. Some studies have shown
that CK and LDH, being located in the cytoplasm,
can leak out when cell membrane permeability
changes. Small fluctuations in CK activity may
occur during exercise due to increased muscle
membrane permeability, especially in prolonged
or strenuous exercises (ALLEN et al., 2016). This

Table 3 - Average blood concentration values of desidrogenase
lactica (LDH) in horses before and after the
complementary treadmill training protocol.

Training protocol LDH (IU/L)
Before treadmill training protocol 312.8+30.6°
After treadmill training protocol 393.9 +£45.2°
P value 0.007

Means followed by different letters in the column differ
significantly by Tukey’s test (a0 = 0.05).
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behavior is also observed when CK is related to
different degrees of muscle injury. Conversely, AST,
which is located within mitochondria, increases
only with more severe mitochondrial injury. Beyond
the magnitude of injury itself, AST elevation may
also reflect prolonged exercise duration or tissue
hypoperfusion, as demonstrated in horses subjected
to hypotensive stress independent of exercise (DUKE
et al., 20006), as well as exposure to hot and humid
environmental conditions that exacerbate cellular
stress (BROWNLOW & MIZZI, 2023).

No significant differences were observed
in the plasma glucose concentration before and after
the treadmill training protocol (P > 0.05). However,
plasma glucose concentrations varied significantly
among blood collection times (P = 0.029) (Table 4).
In contrast, lactate concentration did not differ before
and after treadmill training (P = 0.24) or among blood
collection times (P = 0.51). The glycemic response
may be related to gluconeogenic activity, mainly
through pathways associated with lipid mobilization,
as well as hepatic glycogenolysis. These mechanisms
can influence glucose fluctuations according to
exercise types, intensity, duration, and levels of
physical stress. During physical activity, the energy
demand of skeletal muscles increases, and during
high-intensity or long-duration exercises, oxygen
availability may become insufficient to fully support
aerobic energy production, increasing reliance
on alternative metabolic pathways. MASSANYI
et al. (2022) suggested that variations in glucose
concentrations may also be influenced by different
diets or more intensive training programs, which
require greater intake of soluble carbohydrates.

In response to exercise, skeletal muscles
increase anaerobic energy production, thereby raising
lactate levels; consequently, lactate levels are expected
to increase (CAIADO et al., 2011). The increase in

blood lactate concentrations is an indirect indicator
of the onset of metabolic acidosis, a condition whose
variation during physical activity is related to the
horse’s physical conditioning and depends on the
intensity and duration of effort, and training level
(GOMIDE et al., 2006). The present study observed
no predominance of energy production via the lactic
anaerobic pathway, in agreement with the findings of
GOMIDE et al. (2006), who state that this condition
occurs at values above 4 mmol/L. LEGUILLETTE
et al. (2020) observed similar lactate values during
a 5 m/s canter (0.6 = 0.2 mmol/L), which were
significantly lower than those after an 11 m/s gallop
(7.4 £ 2.1 mmol/L). VINCZE et al. (2010) state that
in show jumping competitions, with jumps up to 100
cm in height and a minimum average speed of 300 m/
min, there is no substantial anaerobic energy supply.
Over time, the increased workload from jumping
higher obstacles may alter the ratio of aerobic to
anaerobic metabolic pathways, thereby increasing the
workload for the equine athlete, even over smaller
obstacles and during basic flat work (LEGUILLETTE
et al., 2020).

CONCLUSION

The results of this study indicated that the
complementary treadmill training protocol applied
for show-jumping horses induced transient and
reversible metabolic responses, consistent with those
of moderate-intensity exercise and physiological
adaptation. The CK and uric acid blood concentration
peaked 12 hours post-exercise and returned to baseline
within 24 hours, suggesting muscle adaptation rather
than damage. The LDH increased over the training
period, reflecting greater cumulative metabolic
demand, while AST remained stable throughout.
Glucose and lactate concentrations were consistent

Table 4 - Mean values of blood glucose and lactate concentration in horses during treadmill training session.
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Blood collection time =~ meemeememmeemeeeee Glucose (mg/dL) Lactate (mmol/L)-----------------—-
Before training 91.4+10.8" 1.18+04

Immediately after training 78.2+11.2% 1.22+0.4

After training - 5 minutes 84.3+7.9° 1.16 £ 0.3

After training - 15 minutes 92.8 £16.4" 1.09+0.3

After training - 30 minutes 86.6 + 16.3* 1.08+£0.4

P value 0.029 0.51

Means followed by different letters in the rows differ significantly according to Tukey’s test (o = 0.05).
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with aerobic energy predominance, indicating
that exercise intensity did not exceed the animals’
anaerobic threshold. Collectively, these metabolic
responses demonstrated that complementary inclined
treadmill training is a safe and effective strategy for
improving the metabolic fitness of show-jumping
horses without inducing muscle damage.
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