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Simple Summary: The present study evaluated the physiological response to exercise
in horses after a rest period and in two different breeds. A specific 4-week training pro-
gram was evaluated for 10 Standardbred and 10 Saddlebred mares. During this period,
hematological parameters (red blood cells—RBCs; hemoglobin—Hb; hematocrit—Hct;
platelets—PLTs; platelet aggregation—AG; aggregation slope—Slope; fibrinogen—Fb),
as well as albumin (Alb) and non-esterified fatty acids (NEFAs), were evaluated. Blood
samples were taken at TOpre-TOpost, as well as T1, T2, T3, and T4pre-T4post. Statistical
analysis revealed an increase in all parameters assessed post vs. pre at TO and T4 and a
decrease in PLTs at TO and T4 in both breeds. Standardbred horses showed higher values
for RBCs and Hb at each time point; Hct at TO post, T2, T3, and T4 post; and NEFA at TO
post and T4 post compared to Saddlebred horses. Positive correlations were identified
between RBCs, Hb, Hct, PLTs, Alb, and NEFA in Saddlebred horses and between AG and
Slope in Saddlebred horses. Negative correlations were identified between AG and RBCs,
Hb, Hct, PLTs, Alb, and NEFA in Standardbred horses and for AG and Slope with RBCs,
Hct, and PLTs in Saddlebred horses.

Abstract: The response to exercise following a rest period may vary among horse breeds
based on the importance of the hematological and hematochemical profiles of athletic
horses. Ten Standardbred and ten Italian Saddlebred mares were subjected to a 4-week train-
ing program after a seasonal rest, and hematological parameters (red blood cells—RBCs;
hemoglobin—Hb; hematocrit—Hct; platelets—PLTs; platelet aggregation—AG; aggrega-
tion slope—Slope; fibrinogen—FDb), as well as Albumin (Alb) and non-esterified fatty acids
(NEFAs), were analyzed. Blood samples were obtained each week during the training
program following a simulated exercise performed at TO and T4 (TOpre-TOpost; T1, T2, T3,
and T4pre-T4post). A two-way ANOVA revealed an increase in all assessed parameters
post vs. pre at TO and T4 (p < 0.01) and a decrease in PLTs (p < 0.01) at TO and T4 in both
breeds. A significant effect of breed was observed, with higher values for RBCs and Hb at
each time point (p < 0.001); Hct at TO post, T2, T3, and T4 post; and NEFAs (p < 0.001) at TO
post and T4 post in Standardbred compared to Saddlebred horses. Positive correlations
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were identified among RBCs, Hb, Hct, PLTs, Alb, and NEFAs in both breeds and between
AG and Slope in Saddlebred horses. Negative correlations were identified among AG and
RBCs, Hb, Hct, PLTs, Alb, and NEFAs in Standardbred horses and for AG and Slope with
RBCs, Hb, Hct, and PLTs in Saddlebred horses. A comparable reaction to training was
observed in both breeds following the seasonal rest.

Keywords: hemogram; Jumpers; physical exercise; standardbred; platelet aggregation;
albumin; non-esterified fatty acids

1. Introduction

The horse should be regarded as the premier all-around athlete in the animal kingdom.
Various breeds participate in competitions with different levels of exercise intensity and
metabolic engagement [1-4]. The metabolic requirements of athletic horses are contingent
upon their discipline and intensity, from the aerobic and anaerobic metabolism utilized
in jumping events to the submaximal anaerobic exertion necessary for racehorses [5-12].
Continuous exercise elicits several alterations in the body at the cellular, tissue, and organ
levels. The principal method for assessing the effectiveness of training is to analyze
alterations in blood parameters during competition. It is essential to understand the
hematochemical changes caused by several exercise modalities, as they indicate changes in
the functions of various systems and the types of energy utilized [13].

Blood components are crucial for maintaining a high metabolic rate during exercise,
supplying oxygen, water, electrolytes, minerals, and hormones to active muscles [14-19].
Analyses of the horses” hemogram, although commonly employed in clinical practice, are
frequently complex due to several endogenous and exogenous factors that markedly affect
hematological parameters [20-26]. Among the primary endogenous determinants, the vari-
ations associated with the breed, age, and temperament of the animal are significant [27].
Among the exogenous components, sampling is crucial, as nutrition, microclimatic condi-
tions, infectious diseases, and the training the animal undergoes, as well as the discipline
with which the hemogram should be correlated, are very important [28,29]. When eval-
uating exercise response in humans, the necessity of understanding the physiological
effects of training based on an individual’s traits has been emphasized [30]. Hematological
and hematochemical characteristics were evaluated across different equestrian disciplines
and breeds, demonstrating the significant diversity in the measured markers. Moreover,
changes in lipid profiles in Standardbreds and Thoroughbreds were advantageous for
evaluating the metabolic consumption of various substrates and the progress of the train-
ing program [31-35]. Previous authors have evaluated the influence of training activities
on particular hematochemical parameters in racehorses [36,37] and the changes in blood
parameters caused by different training intensities [38].

The physiological consequences of exercise of different durations and intensities, in-
cluding evaluations of RBCs, Hb, Hct, and PLTs, were previously investigated. Hemoglobin
levels were shown to increase during exercise, primarily due to changes in the hemoconcen-
tration caused by alterations in intracellular fluid and losses during respiration and sweat.
Exercise increases the number of circulating platelets. The examination of coagulation has
been regarded as an effective tool for evaluating fitness in horses [39-44].

Numerous hemostatic abnormalities involving platelets, coagulation, and fibrinolysis
have been documented in horses after physical activity [45-50]. The activation of the
hemostatic process during physical exercise serves a protective function for the organism,
protecting against microtraumas caused by the activity, and acts as an adaptive mecha-
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nism during physical training. The pivotal process in the creation of the hemostatic plug
is platelet cohesiveness, generally referred to as platelet aggregation- AG [51]. Platelet
aggregation serves as an indirect measure of platelet function, with platelet responses
to exercise influenced by various parameters, including exercise intensity, duration, and
training conditions [52-55]. Exercise substantially impacts Alb and NEFAs and contributes
to a reduction in fibrinogen. Non-esterified fatty acids serve as a crucial energy source
for physical performance during prolonged, low-intensity aerobic exercise [43]. Multiple
studies in humans and horses have shown that Alb and NEFAs have opposite influences
on platelet activation, leading to platelet aggregation, whereas their connection with Alb
inhibits platelet activation. Albumin is the primary protein in mammalian serum and
is essential for regulating and sustaining oncotic or osmotic pressure. This function is
crucial during exercise when substantial fluid shifts occur from plasma due to changes in
flow and hydrostatic pressure [56]. Additionally, Alb serves as a carrier for hydrophobic
substances, including lipid-soluble hormones, bile salts, free fatty acids, calcium, ions, and
certain drugs [57]. Hematological and hematochemical markers, such as AG, Alb, and
NEFA levels, are acknowledged to vary in response to exercise and training [34]. A training
program must maintain an appropriate equilibrium between workloads and sufficient rest
intervals; its efficacy can be evaluated by the consistent assessment of specific psychological,
hematochemical, and physiological indicators [58].

The present study aimed to evaluate the impact of moderate exercise, according to a
4-week training program conducted after a summer seasonal rest (one month), on RBCs,
Hb, Hct, PLTs, AG, Slope, Fb, Alb, and NEFAs in two distinct horse breeds (Standardbred
and Italian Jumping Saddlebred). The objective was to determine the minimum duration
required to restore homeostasis post-exercise, positing that the response to exercise varies
between breeds following a seasonal rest period.

2. Materials and Methods
2.1. Animals

The present study was conducted by enrolling ten 4-5-year-old Standardbred mares
with a mean body weight of 450 & 30 kg and ten 7-8-year-old Italian Saddlebred jumping
mares with a mean body weight of 500 & 25 kg, returning to activity after the summer
seasonal competitive rest (one month) spent in paddocks.

Each horse was included in this study following the owner’s informed consent. Before
being enrolled in this study, horses were subjected to a clinical exam including hemato-
logical and hematochemical tests to ensure their healthy status. Each horse was regularly
trained before the summer rest period. None of the horses had a history of change in
hemostatic parameters, and none had received any medication treatment during the pre-
ceding months. All animals were housed in individual boxes (3.50 m x 3.50 m) and were
fed traditional rations based on hay (first cut meadow hay, sun-cured, late cut, average
8 kg/horse/day, 6.9% crude protein on average) and a mixture of cereals (oats and barley,
50% each, about 3.5 kg/horse/day) provided three times a day (06:00, 12:00, and 18:00).
The composition of the cereal mixture was (dry matter basis) 13.0% crude protein, 20.7%
crude fiber, and 3.4% ether extracts, with a calculated net energy content of 0.80 UFC (Unite
Fouragire Cheval); water was available ad libitum. Ambient temperature and relative hu-
midity for each experimental day were continuously recorded with a data logger (Gemini
Chichester, West Sussex, UK).

This research complied with the guidelines of Good Clinical Practices (EMEA, 2000)
and the Italian and European regulations on animal welfare (Directive 2010/63/EU). Ac-
cording to national legislation, no ethics committee approval was needed for this study. All
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treatments, housing, and animal care reported were carried out following the standards
recommended by the European Directive 2010/63/152 EU for animal experiments.

All horses involved in this study were subjected to a simulated race, different for
the horses’ attitude, followed by a 4-week training program performed on a sand track
that concluded with another simulated race. The characteristics of the simulated race and
training program for each group are reported in Tables 1 and 2, respectively. The same
driver and the same rider performed the training program, for both the Standardbred and
Saddlebred jumping horses.

Table 1. Weekly training schedule performed by the ten Standardbreds during the protocol period.
Speed = distance/time.

Day per Week Gait Time (min) Speed (m/s)

Walk 15

2 Slow trot 20 5.0
Walk 15

Walk 15 5.0
) Slow trot 5

Moderate trot 10 7.0
Walk 15

Walk 15 5.0
1 Slow trot 5

Moderate /high trot 10 10.0
Walk 15
Walk 15

1 Interval training 15 11.0
Walk 15

1 Rest - -

Table 2. Weekly training schedule performed by the ten jumper horses during the protocol period.

Day per Week Gait Time (min) Height Obstacles (cm)

Walk 10

3 Trot 25

Canter 15

Walk 10
Walk 10
Trot 20

2 Canter 15 90-100
Walk 10
Walk 15
Trot 5

1 Canter 10 125
Walk 15

1 Rest - -

2.2. Blood Sample Collection and Processing

All horses had a designated 4-week training regimen following a seasonal rest pe-
riod, with two simulated races conducted at the commencement and conclusion of the
4-week training program, as in previous studies [59]. Blood samples were obtained via
jugular venipuncture using tubes (Terumo Corporation, Tokyo, Japan) containing ethylene-
diaminetetraacetic acid (EDTA), tubes with 3.8% sodium citrate (1 part citrate/9 parts
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1600 m race

blood), and tubes with a clot activator, both before and after the initial race (TOpre-TOpost),
weekly for three data points (T1-T2-T3), and before and after the final race (T4pre-T4post),
conducted by the same veterinarian at a consistent time of day (Figure 1).

1600 m race

Standardbred

(average speed 830 m/minute) (average speed 830 m/minute)

Blood samples | | .
datapoints (91 )10 (o)== e 2 e T (B T 00
(dﬂyS) 1 1 1
show jumping course of 650 m length show jumping course of 650 m lengt
with 13 fences (125 cm) Jumper with 13 fences (125 cm)
(average speed 350 m/minute) (average speed 330 m/minute)

Figure 1. Schematic representation of the 30-day experimental protocol. The race consisted of a
1600 m run, and show jumping consisted of a 650 m course with 13 fences (six verticals 120-130 cm
height; three oxers 125 cm height and 1 m deep; one triple combination of two verticals 125 cm height
and 1 oxer 120 cm height).

Upon collection, all samples were promptly sent to the laboratory, and blood samples
treated with EDTA were utilized to conduct a blood smear [41]. A manual platelet count
was conducted to confirm and authenticate the computerized count. EDTA tubes were
maintained at 4 °C and tested within 2 h after collection using an automated hematology
analyzer (HeCo Vet C, SEAC, Florence, Italy) to evaluate RBCs, Hb, Hct, and PLTs.

Platelet aggregation was assessed using blood samples collected in vacuum tubes
(Terumo Corporation, Tokyo, Japan) containing 3.8% sodium citrate. Platelet-rich and
platelet-poor plasma were obtained through centrifugation. Platelet-rich plasma (PRP)
was prepared by centrifuging samples at 300x g for 20 min within 15 min of collection.
The resulting PRP was extracted with a plastic transfer pipette and transferred into plastic
containers. To create platelet-poor plasma (PPP), the initial blood sample tubes were
re-centrifuged at 4500 g for 15 min, and the resulting PPP was extracted and put into
plastic containers. Platelet aggregation was subsequently evaluated using Anti-poly-ADP-
ribose binding reagent (Mascia Brunelli S.p.a., Milano, Italy) at a dose of 1 uM as an
agonist to induce platelet activation. Fifteen microliters of ADP was combined with
290 microliters of PRP while stirring, utilizing a dual-channel aggregometer (Clot 2, SEAC-
Radim, Company, Florence, Italy). The results were presented as percentage aggregate. The
same operator confirmed that the platelet count in the acquired PRP exhibited an increase
ranging from 2.8 to 4.5 times that of whole blood, as indicated by prior investigations
conducted on horse species [58-61]. The AG response was assessed using two parameters:
the highest aggregation level and the initial aggregation velocity (Slope). The highest
degree of aggregation was ascertained by measuring the peak height of the aggregation
wave during a four-minute interval, commencing at the initiation of platelet aggregation.
The maximum degree of aggregation was quantified as a percentage (%) of the highest
potential variation in light transmission. Slope was ascertained by drawing a tangent line
through the steepest linear segment of the aggregation trace and calculating the slope from
a certain point along the curve. The gradient of this tangent was articulated in percentage
per minute (%/min).

Blood samples for plasma fibrinogen concentration assays were collected in sodium
citrate and promptly centrifuged at 3000 g for 15 min at ambient temperature. Fibrinogen
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levels were measured in the collected plasma using a specialized kit designed for the SEAC
Clot 2 coagulometer (SEAC, Florence, Italy). The tubes with clot activator were allowed to
stand at room temperature for 20 min and subsequently centrifuged at 3000 rpm for 10 min.

The resulting sera, which were neither lipemic nor hemolyzed, were analyzed for
Alb and NEFA concentration utilizing commercially available kits (albumin, Byosistems,
Reagents and Instruments, Barcelona, Spain; NEFAs, Randox, Crumlin, UK) with an au-
tomated ultraviolet—visible spectrophotometer (model Slim SEAC, Florence, Italy). All
calibrators and samples were analyzed in duplicate. Samples demonstrated parallel dis-
placement relative to the standard curve. The intraassay coefficient of variation was less
than 5%.

2.3. Statistical Analysis

Data were expressed as mean =+ standard deviation. Data were normally distributed
(p > 0.05, Shapiro-Wilk test). Two-way analysis of variance (ANOVA) for repeated mea-
sures was applied to the investigated parameters to identify statistical differences due to
experimental conditions (time points) and horses’ groups.

The Pearson correlation coefficient (r) was analyzed in order to consider the multiple
correlation of the variation of each analyzed parameter based on the exercise protocol
response, using the statistical software GraphPad Prism 9v (GraphPad Software, San Diego,
CA, USA). Values of p < 0.05 were found to be statistically significant.

3. Results

Table 3 shows the mean values of the examined parameters, given in their standard
units, together with the statistical significance determined through post hoc comparison
(Figures 2—4). The utilization of two-way ANOVA for repeated measures indicated a
statistically significant effect of exercise and breed.

Specifically, an elevation in circulation levels of all examined markers was noted due
to exercise (post-exercise vs. pre-exercise) (p < 0.01) at TO and T4, with the exception of
PLTs and Fb. Platelets exhibited a statistically significant reduction post-exercise (p < 0.01)
at TO and T4, but Fb displayed no alterations. Significantly increased values were seen in
Standardbred horses compared to Saddlebred jumping horses for RBCs and Hb at each
time point (p < 0.0001) and for Hect at TO post, T2, T3, and T4 post (p < 0.0001). Higher NEFA
post-exercise values were recorded in Standardbred compared to Saddlebred jumping
horses (p < 0.001).

The heat map of correlation analysis showed a significant multiple relationship be-
tween all the investigated parameters during the experimental period in both breeds.
Positive multiple correlations were identified among RBCs, Hb, Hct, PLTs, Alb, and NEFAs
in both breeds. AG exhibited a positive connection with Slope in Saddlebred horses. Nega-
tive correlations were identified between AG and RBCs, Hb, Hct, PLTs, Alb, and NEFAs in
Standardbred horses, and AG and Slope were negatively correlated with RBCs, Hb, Hct,
and PLTs in Saddlebred horses (Figure 5).
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Table 3. Mean values and ranges of all the significant values obtained with their standard units in Saddlebred and Standardbred horses monitored before the
training program at TO (pre—post), T1, T2, T3, and T4 (pre—post).

Saddlebred Standardbred
TO T1 T2 T3 T4 TO T1 T2 T3 T4
pre post pre post pre post pre post
RBCs 7.46 8.24 7.35 74 7.33 7.34 8.3 8.51 11.47 8.57 8.72 8.58 8.39 9.77
(106/uL) (6.84-8.37) (7.38-9.71) (6.5-8.19) (6.59-8.15) (6.7-7.77) (6.59-8.41) (7.5-8.87) (8.23-8.81) (10.8-11.9) (8.08-9.01) (8.2-8.9) (8.03-9.01) (8.07-9.35) (8.6-10.8)
Hb (g/dL) 11.7 14.96 11.79 12.01 11.75 11.95 14.46 13.96 18.2 14.15 13.9 13.85 13.64 16.42
& (10.7-13.5) (12.7-15.5) (10.6-12.6) (11-13.6) (10.8-13.6) (11.1-13.3) (12.2-15.9) (13.5-14.4) (16.9-19.3) (13.5-14.8) (13.1-14.9) (13-14.6) (13-14.4) (15.3-17.6)
Het (%) 32.84 41.06 34.57 32.74 32.8 33.22 41.21 35.35 46.59 36 35.9 35.66 34.14 44.06
? (28.8-35.7) (38.3-46) (31.6-37.6) (31-35.8) (29.7-36.3) (29.9-36.5) (38.6-42.6) (34-37.1) (43.3-49.8) (34.7-37.3) (33.6-38) (34.2-38.6) (31.1-37.4) (40.4-48.1)
PLTs 142.1 198.6 140.6 143.2 141.3 146.8 194.1 147 178.6 148.3 153 156.8 157.31 197.8
(106 /L) (133-153) (177-209) (129-155) (131-157) (131-157) (139-155) (174-215) (118-188) (148-209) (134-171) (142-177) (132-187) (120-175) (180-223)
AG (%) 40.1 31 41 40.6 40.2 40.4 30.2 40.1 32.6 42.7 419 422 40.6 33.65
? (35-46) (21-38) (32-45) (33-48) (30-47) (34-47) (22-38) (30-51) (28-42) (33-50) (30—49) (30-50) (35-48) (24-51)
Slope 4.62 3.5 4.55 4.5 4.67 4.57 3.02 4.96 3.88 4.36 4 4.26 524 4.28
(%/min) (4-5.5) (2.5-5) 3-6) (3-5.5) (3.25-4.75) (3.75-5.5) 2-4) (4.25-6.5) (3-4.56 (2.5-5.5) (3-5.5) (8.5-5.5) (4.5-6) (3-5.5)
Alb (/L) 2.88 4.07 2.87 2.82 2.84 2.77 4.03 3 4.39 2.95 3.0 2.86 2.74 4.29
& (2.36-3.8) (3.1-4.8 (2.4-3.6) (2.15-3.44) (2.3-3.24) (2.07-3.31) (3.2-4.8) (2.3-3.6) (3.1-5.5) (2.15-3.5) (2.5-3.4) (2.5-3.3) (2-3.5) (3-5.5)
NEFAs 79 258.5 73.5 79 77.7 78.5 257.8 86.9 302.4 85.5 87.6 83.2 85.4 304.2
(mmol/L) (74-89) (220-301) (63-78) (72-85) (72-85) (72-86) (236-278) (79-89) (278-324) (75-97) (75-99) (75-96) (76-94) (283-324)
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Figure 2. Mean values =+ standard deviations of RBCs, Hb, and Hct, shown in their standard units,
together with the statistical significance (p < 0.05) determined through post hoc comparison. * denotes
the statistical impact of exercise (post versus pre) in Jumpers (red) and Standardbred (grey). The
letter A delineates the significant differences between the two breeds.
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along with the statistical significance (p < 0.05) determined through post hoc comparison. * denotes
the statistical effect of exercise (post versus pre) in Jumpers (red) and Standardbred (grey).
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Figure 5. Heat map of correlation analysis (r-values) of hematological parameters (RBCs, Hb, Hct,
PLTs, AG, Slope, and Fb), Alb, and NEFAs observed in Standardbred and Saddlebred horses. Each
heatmap reports the r coefficient of each Pearson correlation matrix from —1 to +1.

4. Discussion

Hematology and hematochemistry are essential instruments for evaluating the func-
tionality of various body systems in athletic horses. The main aim of blood analyses in a
trained horse is the comprehensive assessment and oversight of its general fitness. The
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current study revealed a substantial effect of exercise on all assessed parameters, excluding
PLTs and Fb levels in both breeds. The levels of all assessed parameters were within the
physiological range for horses and corresponded with the results of Piccione et al. (2008,
2014) [49-59].

Moderate exercise performed during the 4-week training program after a seasonal
rest showed an effect on hematological and hematochemical parameters. In particular,
special attention must be given to alterations in red blood indices due to the volatile nature
of red blood cells [1,61]. In the post-exercise data point, a significant increase in RBCs,
Hb, and Hct was observed, in both breeds [62]. This increase may be due to the secre-
tion of catecholamines during physical exertion. The alteration in red blood cell counts
during exercise results not only from the splenic release of red blood cells but also from
the displacement of water from plasma during physical activity [63-66]. The elevation of
RBCs, Hct, and Hb following exercise indicates the physiological adaptations necessary
for muscle oxygenation, metabolite supply, and catabolite removal [65-67]. The elevation
in Hct represents a discernible rise in blood viscosity. Fedde and Wood [68] indicated
that the apparent blood viscosity in exercising horses is reduced. The elevation in Hct
was correlated with an augmentation in cardiac output and the mean blood flow veloc-
ity, alongside an increase in shear rate and a simultaneous decrease in apparent blood
viscosity [34,41]. The perceived viscosity of blood enhances oxygen transport capacity by
increasing circulating RBCs without a corresponding rise in cardiac workload [9,69]. We
can postulate that the renowned release of catecholamines during exercise not only affected
the splenic release and augmented the oxygen-carrying capacity, thereby enhancing RBCs,
Hct, and Hb values post-exercise, but also affected the quantity of circulating PLTs, which
significantly increased after exercise in both groups. Contrary to the rise in PLTs post-
exercise, a reduction in AG rate and Slope was noted following exercise, at both T0 and T4,
in Standardbred and Saddlebred horses. The available data about the impact of physical
exercise on clotting factors are not singular. Reports indicate hypocoagulative, hypercoag-
ulative, and unaltered coagulative states. Certain writers ascribed these variations to the
many protocols employed, including different training schedules, breeds, animal health
status, and conducted analyses [39]. It has also been shown that AG may be influenced
more by noradrenaline increasing than adrenaline after exercise, likely due to the down-
regulation of adrenergic receptors [9]. A reduction in AG and Slope post-exercise has also
been ascribed to the stimulation of endothelial cells to release prostacyclin and nitric oxide
by noradrenaline, both recognized as powerful inhibitors of platelet aggregation [70]. The
activity of platelet adhesion is affected by the combined effects of several sticky and soluble
agonist receptors. It has long been established that AG generally occurs at locations of flow
disruption following vascular injury; nevertheless, it is suspected that this phenomenon
is directly induced by the buildup of soluble platelet agonists at these disturbed flow
sites [71]. Additional indicators of equine fitness exhibited dynamic fluctuations during
the monitoring period. The present increased blood Alb levels after exercise may result
from protein fluxes and a diminished intravascular fluid volume due to fluid movement
from intravascular to extravascular compartments or fluid loss via perspiration. Albumin
is the primary osmotically active plasma protein, due to its abundance and diminutive size,
accounting for approximately 75% of plasma’s osmotic activity. It functions as a crucial
storage reservoir for proteins and transporters of amino acids and hydrophobic compounds,
including NEFAs which showed a similar behavior [57]. Diverse factors regulating energy
homeostasis influence the mobilization and utilization of NEFAs, which are essential for
optimizing physical performance during aerobic activities as free fatty acids are liberated
from adipose tissue and transported via the circulation to the muscles, where they serve as
fuel for muscular contraction [72]. Free fatty acids compete for binding to Alb; hence, the
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increase in NEFA content during exercise results from elevated adrenergic tone that stimu-
lates subcutaneous lipolysis [35]. The increase in NEFA levels seen after exercise indicates
a metabolic response of the horse to physical activity and can be ascribed to the recognized
ability of horses to utilize lipids as an energy source [73,74]. It was suggested that any
condition leading to increased NEFA levels may contribute to platelet hyperactivity [73].
Nevertheless, this behavior was followed by a decrease in AG and Slope after exercise in
both breeds, as observed by similar previous studies [72].

A notable disparity in the levels of RBCs, Hct, Hb, and NEFAs was detected between
Standardbred and Saddlebred jumping horses in response to exercise. Red blood cell
indices exhibit considerable variability among horse breeds. This relates to characteristics
such as the expansion of plasma volume, which is observed in endurance-trained animals
but not in Thoroughbred or Quarter horses, suggesting that exercise type and intensity can
considerably influence red cell indices [62]. A similar response has been noted in both Stan-
dardbred and Saddlebred jumping horses. Standardbred and Saddlebred horses typically
participate in different sport disciplines (middle-distance racing and jumping); however,
both possess the capacity to derive energy from aerobic and anaerobic pathways [73].
Aerobic training is known to reduce blood serum catecholamine levels, downregulate
lipolysis, decrease the mobilization of NEFAs, and enhance energy use from NEFAs by
muscle post-training [73].

The increasing values of hematological parameters after exercise showed a positive
correlation with Alb and NEFAs, highlighting the enhancement of the oxygen capacity
that is a crucial element of the horse’s elevated aerobic capacity and affecting both splenic
contraction and AG in both breeds [63]. A negative correlation was observed among
the hematological parameters, AG, and Slope, highlighting the diminished aggregation
capacity during exercise. This confirms that elevated hematological and hematochemical
parameters can inhibit AG in horses during exercise in both breeds [72].

In the Standardbred horses, the period of time required for the restoration of home-
ostasis after exercise performed during the experimental period seems to vary. RBCs, Hct,
and Hb statistically showed a difference from the results obtained for Saddlebred horses.
This could suggest a different physiological adaptation mechanism to exercise according to
the two breeds, taking into account a genetic influence that should be further investigated
considering previous studies in which this influence was observed, showing a significant
difference in recovery during sport performances, and a genetic basis appropriate for
selection [74].

In the present study, a range of different ages were analyzed in the different breeds,
and certainly, this could be a limitation for the present study. However, few studies are
present regarding the influence of different ages and performances on hematological and
hematochemical parameters in horses. In fact, it is known that age does not influence other
physical, hematological, and hematochemical parameters in endurance horses [75].

5. Conclusions

An effect of exercise was observed in the different hematological parameters analyzed
in both breeds, and a difference in the effect of training on the hematological profile
analyzed was observed among the breeds considered. Moreover, it appears that the period
required for the restoration of homeostasis following moderate exercise carried out after
rest and after 4-week training may vary according to the influence of the breed.

The experimental results effectively enhance our understanding of alterations in the
horse’s internal environment during exercise, providing a comprehensive overview of the
physiological responses in different breeds and disciplines, both after a rest period and
after a targeted prolonged training regimen.
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More studies would be desirable for the evaluation of the homeostatic response to
exercise under different training programs, but especially the evaluation of the same train-
ing protocol subjected to higher intensities would be of interest. Based on the homeostatic
response of different breeds of sport horses, this information will be useful in establishing
appropriate management and training protocols, considering a seasonal rest period, ensur-
ing health conditions and proper preparation of animals for preventive purposes so as to
prevent physiological imbalances or pathological outbreaks during athletic performances
based on discipline and breed.
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