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Abstract

This study aimed to investigate the effects of endurance exercise on erythrogram parameters and identify stress and
inflammation markers that could serve as reliable indicators for assessing recovery in endurance horses. The study involved
26 Arabian endurance horses (4 stallions and 22 geldings) aged between 8 and 12 years, each completing a race (10 horses in
80 km, 10 horses in 120 km, and 6 horses in 160 km). Blood samples were collected at six different time points: at rest (T0),
immediately after the race (T1), 3 hours after the race (T2), and 3, 7, and 14 days after the race (T3, T4, T5). The hemogram
analyses included several hematological indices such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), monocyte-to-lymphocyte ratio (MLR), eosinophil-to-lymphocyte ratio (ELR), red blood cell distribution width-to-
platelet ratio (RDW/PLT), hemoglobin-to-red blood cell distribution width ratio (Hb/RDW), hemoglobin-to-platelet ratio
(Hb/PLT), systemic inflammation index (SII), systemic inflammatory response index (SIRI), leukocyte shift index (LSI),
and adaptation intensity index of L. Harkavy (AI). The findings revealed that some indices, such as NLR, PLR, SII, SIRI,
MLR, RDW/PLT, and LSI, were sensitive to acute physiological changes related to the endurance race. These indices showed
significant variations immediately after the race, indicating a stress and inflammatory response. In contrast, the ELR and AI
indices displayed delayed and more prolonged responses, suggesting their utility in monitoring the post-exercise recovery
phase. Overall, this study offers insights into applying hematological markers to assess endurance horses' stress, inflammation,
and recovery. These findings could contribute to improved training and recovery strategies, promoting the health and welfare
of equine athletes during and after intense physical exertion. Further research is recommended to explore these indices in
larger samples and other equine sports.
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1. Introduction Assessing fitness and recovery in endurance athletes
often involves various methods, with serial blood count
evaluation commonly utilized. However, interpreting
hematological changes in the context of exercise presents
distinctive challenges. Endurance races impose substantial
physiological demands, resulting in transient alterations
that can be challenging to differentiate from pathological
shifts. Dehydration, splenic contraction, and exercise-

Endurance racing, an increasingly challenging discipline
within equestrian sport, has witnessed a surge in demands,
particularly in terms of speed [1]. This escalation places
metabolic, musculoskeletal, and cardiovascular stress on
the participating athletes. A comprehensive understanding
of these demands is imperative for optimizing performance,
mitigating injury risks, and preventing overtraining.
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induced changes in plasma volume further complicate the
interpretation of hematological parameters [2].

Research has demonstrated that exercise triggers
inflammation in response to local tissue damage in humans
and horses [3-6]. The immune system orchestrates this
response to restore tissue integrity and maintain homeostasis.
In fit and healthy athletes, immune system imbalance and
acute inflammation represent temporary states, considered
the initial steps in the recovery process to restore tissue
function [7]. However, unresolved acute inflammation poses
arisk for chronic inflammation, a significant factor in various

pathological conditions.

The innate immune system plays a pivotal role in the body
and is crucial for combating infections and other stressors
[8]. Intense exercise has been associated with a temporary
weakening of the immune system, increasing the risk of
respiratory disease in humans and horses, according to the
"open window" hypothesis. Nevertheless, there is ongoing
debate about the applicability of this theory to horses [9].

A study proposes [10] using established cellular inflammation
markers in exercise immunology, advocating for data analysis
solely from blood count in conjunction with classical blood
count analyses and flow cytometry. The authors posit that
blood-based inflammatory indices could serve as integrative,
cost-effective, and time-efficient markers to detect cellular
immune changes.

Our hypothesis posits that integrative cellular indices could
serve as valuable parameters for evaluating effort and,
particularly, recovery in horses subjected to endurance
exercise. This study investigates the impact of endurance
exercise on erythrogram parameters and platelet changes
over 14 days following a competition. Additionally, we seek
to identify potential stress and inflammation markers that
can serve as reliable parameters for assessing recovery from
inflammation after a race in endurance horses.

2. Materials and Methods

Twenty-six Arabian and cross Arabian horses that had
completed an FEI (Fédération Equestre and Internationale)
endurance race and had cleared the last veterinary inspection
(hydration status, rectal temperature, gut sounds, and
lameness exam) were included in this study. Six horses
completed a 160 km race, ten completed a 120 km race, and
ten completed an 80 km race. As the FEI categories require
a minimum of two years of training experience, the horses
included in the study had at least two years of training.

Due to the previously reported differences in hematological
parameters between male and female athletic horses [11,12],
we have opted to exclusively include males in this study, as they
constitute the majority among endurance horses. The study
enrolled 26 horses, consisting of 4 stallions and 22 geldings,
aged between 8 and 12 years and weighing 400-440 kg.

These horses were owned by endurance riders and housed
in their farms and private training centers in Sdo Paulo. A
day before the race, all the horses were transported to the
competition venue and kept under similar stall conditions.

Blood samples were collected via jugular venipuncture in
vacuum tubes with EDTA (ethylenediaminetetraacetic acid)
to conduct a hemogram. Leukocyte differential slides were
prepared on-site and stained with the May-Griinwald Giemsa
method. The blood count was immediately processed using an
automated hematology analyzer (BC 2800Vet, Mindray, USA)
in the laboratory at the event's premises. Figure 1 shows the
time samples, which consisted of three collections at the race
venue (TO: at rest, before tacking; T1: immediately after the
final vet check, and T2: 3 hours after T1) and three collections
at the horse's origin farm (T3: 3 days after the race; T4: 7 days
after the race, and T5: 14 days after the race).

Using absolute blood cell counts, we calculated several
integrated hematological indices, including the neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), monocyte-to-lymphocyte ratio (MLR), eosinophil-
to-lymphocyte ratio (ELR), red blood cell distribution width-
to-platelet ratio (RDW/PLT), hemoglobin-to-red blood
cell distribution width ratio (Hb/RDW), and hemoglobin-
to-platelet ratio (Hb/PLT). Additionally, we calculated two
indices that consider three cellular types:

The systemic inflammation index (SII):

(Neutrophlis x Platelets)
Lymphocytes

SII =

The systemic inflammation response index (SIRI):

(Neutrophils x Monocytes)
Lymphocytes

SIRI =

The Leukocyte Shift Index (LSI) evaluates changes in the
count of neutrophils and lymphocytes following a stress event
such as exercise:

LSI _ (Post—exercise neutrophil count—Post—exercise Llymphocyte count)
(Pre—exercise neutrophil count—pre—exercise lymphocite count)

The adaptation intensity index of L. Harkavy (AI) was
calculated using the differential cells according to the
following formula:

Al = Lymphocytes
Segmented neutrophils

The open-source Jamovi statistical platform (version 1.2.1.1)
was used for data analysis. It was retrieved from https://www.
jamovi.org. The Shapiro-Wilk test was used to evaluate the
distributions of the traits before conducting further statistical
analyses. Non-parametric repeated measures were analyzed
using the Friedman test and compared using the Durbin-
Conover pairwise test. The significance level was set to
P < 0.05 for all statistical analyses.
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Endurance Race day

O

TO: before
tacking

O

T1: imediately after
the last vet check

O

T2: 3 hours after
T1 (in the stall)

O

T5: 14 days
after the race

9

T4: 7 days after
the race

O

T3: 3 days after
the race

Figure 1: Blood sampling times in endurance horses that completed 80 km, 120 km, and 160 km events. Blood samples were

collected before the event (pre-exercise), immediately after the event (post-exercise immediate), 3 hours post-event at the

same location, and on subsequent days (3 days, 7 days, and 14 days post-event) at their respective stables.

3. Results

All the horses in the study passed the veterinary inspection
before and after the race and completed the required distance.
The average speed of the horses was 17.12 (+1.06) km/h for
160 km, 17.88 (+1.20) km/h for 120 km, and 19.20 (£1.88)
km/h for 80 km. However, due to the small number of horses
in each class, their ranking positions could not be analyzed
or reported.

The current study has found alterations in various blood
parameters such as red blood cell count, hemoglobin, mean
cell hemoglobin concentration, hematocrit, neutrophils,
monocytes, platelets, and plateletcrit on the day of the
competition (T1 and T2). However, these parameters
returned to normal or lower levels after three days (T3).
Lymphocytes and eosinophils showed alterations on the
day of the competition but showed higher levels after T3, as
demonstrated in Table 1.

Following the ride, there was an increase in hematocrit levels
during T1 and T2 compared to before the ride (T0). This
shows that there was a concentration of red blood cells during
the exercise. The levels of red blood cells and hemoglobin
increased after the ride, which is a normal response to the
increased need for oxygen during exercise. Immediately after
the ride, there was a significant increase in neutrophils and a
decrease in lymphocytes, indicating a stress response. There
was an increase in lymphocytes from T3 to T5. Monocytes
showed a noticeable increase after the race (T1 and T2)
and decreased from T3 to T5. On the race day, there was a
distinct decrease in eosinophils, followed by higher levels
after T3. The levels of platelets increased significantly after the
ride, which may be related to the increased demand during
exercise. The values for mean corpuscular volume (MCV),

mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and red cell distribution
width (RDW) were generally stable across the time points
with no significant changes, indicating no major alterations
in red blood cell size, hemoglobin content, or distribution
width. PCT increased at T1 and T2, then returned to basal
levels from T3 to T5.

After the competition, there was a significant increase
in NLR, suggesting potential inflammation, as shown in
Table 2. However, there was a significant decrease in
NLR at T3 and T4. Similarly, PLR increased post-ride but
decreased over the subsequent days. SII and SIRI indicated
the systemic inflammatory response, significantly increasing
post-ride. A decrease followed these indices in successive
days. Furthermore, MLR increased post-ride, which reflects
potential stress or inflammation responses, and there was a
decrease in ELR at T1 and T2 and an increase at T3.

After a horse has undergone endurance exercise, it enters
an immediate post-ride period where signs of acute stress
and inflammation are evident. This is reflected in increased
NLR, PLR, SII, and SIRI. However, subsequent days (T3 and
T4) indicate a resolution of inflammation, as evidenced by
decreasing levels of NLR and PLR.

Monitoring the LSI and AI indices over time provides
insights into the balance between exercise-induced stress
and adaptive responses. There was an increase in LSI and a
decrease in the Al values at T1 and T2, which corresponded
to the conclusion of the competition, indicating stress.
However, at T3, T4, and T’5, the values were within the range
considered "quite an adaptation,” returning to the adaptive
threshold only 14 days post-competition.
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Table 1: Median values (Friedman test) of hematological parameters measured in endurance horses at different times: before
the race (T0), immediately after the race (T1), three hours after the race (T2), three days after the race (T3), seven days after

the race (T4), and fourteen days after the race (T5).

Sample time

T0 T1 T2 T3 T4 T5 p
Eritrogram
PCV (%) 36.0 (35.5) 43.5 (44.0)A 41.0 (41.8)* 343 (33.8)°  322(32.0)°  33.8(34.0)° <001
RBC (10°/mm?®) 13.5 (7.59)" 18.6 (8.87)* 17.3 (8.25)* 14.0 (7.39)" 14.7 (8.00)" 14.4(8.20)®  <.001
Hemoglobin (g/dL) 13.6 (13.3) 16.0 (16.1)* 20.1 (14.8) 13.6 (129  12.5(12.4)%  13.0 (12.4)°  <.001
MCV (fL) 51.7 (51.4) 52.2 (51.2) 51.2 (50.5) 51.2 (51.0) 51.2 (51.0) 51.9(52.0)  0.785
MCH (pg) 18.6 (18.7) 18.4 (18.7) 18.7 (18.2) 18.1(17.7) 18.9(17.8) 18.7 (18.2) 0.830
MCHC (g/dL) 35.9 (35.8)" 37.9 (36.0)* 37.8 (36.1)* 35.5(35.5)® 35.3 (35.0)® 36.4 (34.7)*  0.002
RDW (%) 17.5 (17.3) 17.4 (17.5) 17.7 (17.6) 16.7 (17.0) 16.7 (17.0) 165(16.7)  0.332
Leukogram
Neutrophils (10°/mm?) 5900 (5650)® 11632 (11400)* 12691 (12850)* 4514 (4350)¢ 5200 (5000)® 4823 (4800)® <.001
Lymphocytes (10/mm’) 2077 (1650)° 2350 (1600)¢ 1591 (1500)° 2832 (2400)® 3536 (2800)* 2573 (2950)®  <.001
Monocytes (10°/mm?®) 443 (418)¢ 833 (709)* 586 (600)® 486 (401)° 469 (400)° 354 (320)°  <.001
Eosinophils (10°/mm?) 183.2 (90.0)¢ 49.1 (0.0)° 63.2 (0.0)° 735.5 (675.0)*  749.5 (450.0)* 230.0 (190.0)® <.001
Platelets
Platelets (10/mm?) 153 (156)¢ 305 (321)A 214 (201)® 162 (168)° 171 (158)¢ 144 (134)°  <.001
MPV (fL) 6.73 (6.70) 6.70 (6.60) 6.57 (6.55) 6.76 (6.75) 6.66 (6.70) 6.58 (6.50)  0.736
PDW (%) 15.8 (15.8) 15.9 (15.9) 15.9 (15.9) 16.1 (16.0) 16.0 (16.1) 16.1(16.0)  0.170
PCT (%) 0.103 (0.104)°  0.231 (0.147)*  0.174 (0.160)®  0.097 (0.101)°  0.125 (0.107)¢ 0.098 (0.105) <.001

Different letters in the same line mean statistical difference (p < 0.05). PCV = packed cell volume; RBC = red blood cells; MCV = mean cell volume;
MCH = mean cell hemoglobin; MCHC = mean cell hemoglobin concentration; RDW = red cell distribution width; MPV = mean platelet volume; PDW =

platelet distribution width; PCT = plateletcrit.

4. Discussion

The endurance race causes notable alterations in several
blood parameters, reflecting the significant physiological
demands placed on the horses [13]. Immediately after the
race, we observed a sharp increase in Packed Cell Volume
(PCV), Red Blood Cell Count (RBC), and Hemoglobin (Hb),
indicating hemoconcentration likely due to dehydration and
splenic contraction. This increase in red blood cell parameters
reflects the body's adaptation to maintain oxygen delivery
during intense physical exertion. During exercise, a horse's
spleen contracts to expel reserve amounts of blood, increasing
the number of red blood cells in circulation and ultimately
enhancing oxygen delivery. This is possible due to the
spleen's large storage capacity, per the previous findings [14].
This study observed an increase in RBC, PCV, hemoglobin
concentration, and MCHC in T1 and T2, and these levels
returned to normal beyond T3.

Horses may exhibit an increase in MCV following high-
intensity exercise, attributed to the release of larger
erythrocytes from the spleen. The RDW index measures
RBC distribution generated by a hematological automated
machine. It reflects the heterogeneity in erythrocyte size and
is the most sensitive indicator for determining the degree
of anisocytosis. There was no significant alteration in these

parameters in the horses of this study at any collection time,
aligning with the findings reported in the literature [15-18].

Platelets exhibit significant variations during exercise, crucial
in hemostasis and immune modulation. A previous study
[2] highlighted the importance of MPV, PDW, and PCT.
The increase in platelet count and PCT during T1 and T2,
followed by normalization beyond T3, suggests a dynamic
response. MPV and PDW remained unaltered, emphasizing
the nuanced platelet dynamics during exercise.

Plateletcrit (PCT) changes during and after the endurance
race suggest significant physiological adaptations to exercise-
induced stress. Immediately following the race, PCT increased
dramatically, indicating a surge in platelet activity likely driven
by splenic contraction and exercise-induced stress. This
initial rise is consistent with the body's response to potential
microtraumas and preparation for hemostasis and tissue
repair [19]. As the recovery progressed, PCT levels gradually
decreased, reflecting a return to normal hemodynamics and
a resolution of the acute stress response. This decline could
be attributed to rehydration and hemodilution as the horses
regained lost fluids and decreased inflammation as the body's
immuneresponse stabilized. The decrease in PCT also suggests
that the horses recovered efficiently, with their physiological
systems returning to baseline. These findings highlight
the importance of monitoring PCT in endurance horses to
assess their recovery status. A rapid return to baseline levels
of PCT can indicate successful recovery, while prolonged
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elevation may signal ongoing stress or a slower recovery
process. Understanding these patterns can guide training
adjustments and inform recovery strategies, contributing to
endurance horses' overall health and performance. To develop
comprehensive recovery protocols, further research could
explore the relationships between PCT, other hematological
markers, and endurance performance.

Assessing inflammation and immune status due to exercise
remains challenging but pivotal. Studies delve into cytokine
level changes, activating monocytes and cells to produce
proinflammatory cytokines [5,6,20]. This study aligns with
such findings, observing neutrophilia and lymphocytopenia
in early recovery, akin to responses observed in pathological
conditions. Leukocytes in the peripheral blood system can
be a universal indicator for assessing the body's overall
homeostasis. Prolonged periods of intense physical activity
can lead to significant leukocytosis in endurance horses,
which may last up to 48 hours. This happens due to an
increase in the release of cortisol, which leads to neutrophilia.
At the same time, hypercortisolemia can cause eosinopenia,
but this does not affect the value of the Ne/Ly ratio because
of the predominant increase in the number of neutrophils
[20]. The observed decrease in neutrophils and the increase
in lymphocytes during the recovery period, specifically from
T3 (three days after the race) to T5 (14 days after the race),
indicate a shift from the acute stress response to a more stable,
recovery-focused immune state. This pattern reflects the
body's efforts to return to homeostasis following the intense
physiological demands of endurance racing. This pattern
can be an essential marker for trainers and veterinarians,
suggesting that horses move from the acute stress phase to a
more adaptive, healing state.

Monocytes are critical components of the immune system,
acting as phagocytes that help clear pathogens and cellular
debris. They also play a role in signaling to other immune cells
[21]. In this study, monocytes showed significant changes in
response to the endurance race, indicating their involvement
in the immune and inflammatory processes following intense
exercise. Immediately after the race, monocyte counts
increased significantly, suggesting an early immune response.
This monocyte surge could be linked to the body's need
to address tissue damage and initiate repair mechanisms
following the physical exertion of the endurance race. Given
their role in the immune system, the elevated monocyte levels
might also indicate a transition from acute stress to recovery
and repair. However, as the recovery phase progressed,
monocyte counts gradually decreased. Monocyte levels began
to normalize three days post-race, aligning with the overall
reduction in other stress markers, such as neutrophils. This
trend suggests that monocytes are involved in the early stages
of inflammation and recovery, then taper off as the body's
immune response stabilizes.

Inflammation markers are commonly used in human
performance settings to measure the impact of exercise and
the recovery process. The response of leukocytes to physical
exertion is essential in objectively assessing the body's degree
of adaptation. By analyzing individual recovery kinetics using
these markers, exercise programs can be adjusted to better

suit the individual's needs [22-24]. The current study aimed
to introduce the established cellular immune inflammation
markers in equine exercise physiology.

A prior study [25] explored various inflammatory markers
across athletic disciplines, including those derived from
red blood cells (such as RDW/PLR, Hb/RDW, and Hb/
PLT) and the eosinophil-to-lymphocyte ratio, among other
established indicators.

The stability of MCHC, Hb/RDW, and Hb/PLT during and
after the endurance race indicates that intense exercise did
not affect red blood cell morphology and oxygen-carrying
capacity. The decrease in RDW/PCT suggests a temporary
shift towards platelet activation, possibly as a physiological
response to stress and hemostatic needs during the race.
These findings underscore the complex adaptive mechanisms
that endurance horses use to maintain physiological balance
during and after intense exercise.

The NLR has long been used as a stress marker in horses,
reflecting the relationship between specific and non-specific
immunity. According to various studies, it effectively predicts
exercise stress and fitness [20,23,24]. The hormone cortisol
mediates the increase in neutrophils after long-duration
exercise, and its effects can last for several hours or even
days after the race. On the day of the competition (T0-T2),
there was an increase in NLR, PLR, SII, SIRI, and MLR.
These indices are calculated using cells that participate in
and orchestrate the acute inflammatory response, such
as neutrophils, lymphocytes, monocytes, and platelets.
Therefore, they provide a reliable recovery scenario as they
returned to baseline values from T3 onwards.

The Monocyte-to-Lymphocyte Ratio (MLR) index describes
the balance between the effector and afferent chains of the
immune response. It has been found that an imbalance
between the different subpopulations of leukocytes,
especially between neutrophils and monocytes and between
lymphocytes and monocytes, can indicate overtraining in
men [23]. Monocytosis was observed at T1 in the horses of the
present study, with values decreasing at T2 and normalizing
by T3. The monocyte-to-lymphocyte ratio (MLR) mirrored
the dynamics of monocytes, exhibiting a similar pattern
across the observed time points.

During a competition day, the PLR, SII, and SIRI indexes
were also found to be sensitive. When horses exercise, their
platelet count increases as the spleen, bone marrow, and lungs
release fresh platelets to aid in the healing of microtrauma
caused by exercise [26]. Platelets are crucial in primary
hemostasis and possess various proinflammatory properties,
making them useful as an inflammation marker. However,
limited information is available regarding the hemostatic
changes that occur after exercise in horses. Some studies have
suggested that exercise-induced thrombocytosis in horses
leads to changes in the clotting mechanisms, a physiological
adaptation of the hemostatic system to exercise [27-29]. All
horses in the study showed a significant increase in platelet
count, SII, SIRI, and PLR at T1 (p < 0.05) and a decrease at T2,
albeit different from the baseline levels, with normalization
after three days.
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Table 2: Median values (Friedman test) for key hematological indices in endurance horses measured at various time points:
before the ride (T0), immediately after the ride (T1), three hours after the ride (T2), three days post-race (T3), seven days

post-race (T4), and fourteen days post-race (T5).

Sample time

Indices TO T1 T2 T3 T4 T5 p

NLR 3.85 (3.92)" 8.20 (8.42)* 9.81 (8.98)* 1.90 (1.89)¢  2.20(2.03)¢  2.34 (1.60)C <.001
PLR 0.097 (0.090)°  0.219 (0.207)*  0.169 (0.135)®  0.078 (0.072)¢  0.080 (0.055)¢ 0.076 (0.056)°  <.001
SII 478 (503)® 2548 (2286)* 2156 (1815)* 307 (334)8 414 (292)® 329 (236)8 <.001
SIRI 945 (858)" 6226 (5835)* 5509 (5664)* 855 (814)" 824 (766)° 840 (710)® <.001
MLR 0.26 (0.23)® 0.54 (0.42) 0.43 (042)* 026 (0.17)*  0.18(0.16)*  0.18 (0.12)® <.001
ELR 0.103 (0.073)®  0.041 (0.000)°  0.024 (0.000)  0.355 (0.274)* 0.327 (0.172)* 0.113 (0.072)®  <.001
LSI 0.18 (0.00)¢ 2.43 (2.30)* 2.90 (2.60)* 0.44 (0.00)® 0.43 (0.00)® 0.59 (0.12)* <.001
Al 0.35 (0.00)® 0.22 (0.00)>  -0.12(-0.08)  0.62 (0.40)*  0.68 (0.52)*  0.54 (0.42)* <.001
RDW/PLT 0.19 (0.12) 0.06 (0.05)® 0.06 (0.09*  0.12(0.10)*  0.12(0.10)*  0.14 (0.12)* <.001
Hb/RDW 0.78 (0.75) 0.82 (0.82) 0.89 (0.83) 0.81 (0.78) 0.75 (0.75) 0.79 (0.76) 0.788
Hb/PLT 0.09 (0.08) 0.07 (0.05) 0.09 (0.07) 0.09 (0.08) 0.08 (0.07) 0.09 (0.08) 0.891

Different letters in the same line mean statistical difference (p < 0.05). NLR = neutrophil-to-lymphocyte ratio; PLR = platelet-to-lymphocyte ratio;

SII = systemic inflammation index; SIRI = systemic inflammation response; MLR = monocyte-to-lymphocyte ratio; ELR = eosinophil-to-lymphocyte ratio;
LSI = leukocyte shift index; AI = adaptive response index; RDW/PLT = red cell distribution width-to-platelet ratio; Hb/RDW = hemoglobin-to-red cell

distribution ratio; Hb/PLT = hemoglobin-to-platelet ratio.

After the competition, the horses exhibited a significant
decrease in eosinophils. However, all horses in this study
showed an increase in eosinophils on the third day, which
persisted until the seventh day after the competition. These
findings are consistent with other research conducted on
endurance horses [30]. Eosinophils are cells that generate
various cytokines, some of which help maintain a healthy
balance in the body, while others contribute to inflammation
and release proinflammatory mediators that can damage
tissues. Both endurance and strength exercises in humans
can activate eosinophils through non-allergic means, as
these cells also play a role in the regeneration of injured
muscles by modifying the production of glycosaminoglycans
by fibroblasts [31].

The complement system (C3, C4, and C5) may be activated in
injured muscles, which can then activate eosinophils. A study
conducted on human ultramarathon runners found elevated
serum concentrations of eosinophil cationic protein (ECP).
Previous research [31,32], observed that ECP (eosinophil
cationic protein) levels and the number of eosinophils
remained abnormal for 72 hours after an event. This is
consistent with the findings of the current study. However,
in horses, eosinophilia (an increase in eosinophil count)
was observed for up to seven days, possibly due to their
larger muscle mass compared to humans. The eosinophil-to-
lymphocyte ratio (ELR) reflected the changes in eosinophil
levels and remained high for a week. Since eosinophils
have non-allergic functions and the ELR remained elevated
for several days following the competition, this indicator is
considered appropriate for evaluating the recovery of horses.

The Leukocyte Shift Index (LSI) is a measure that helps assess
changes in the distribution of different types of white blood
cells, such as neutrophils and lymphocytes. The movement of
these cells depends on the intensity and duration of exercise.

Studies have investigated the relationship between leukocyte
counts and physical fitness, revealing an inverse relationship
between the total leukocyte count and physical fitness [33].
However, the available search results do not specifically
discuss the adaptation of the Leukocyte Shift Index to exercise.

According to research conducted on human athletes [34],
Adaptation Intensity (AI) values are utilized to identify
different types of Adaptive Reactions (AR). These AR types
include stress (0.3 and below), orientation (0.31 - 0.5), quiet
adaptation (0.51 - 0.7), re-activation (0.71 - 0.9), and increased
activation (0.9 and above). The values of the Adaptation
Intensity Index (AI) declined at T1 and T2, corresponding
to the conclusion of the competition, indicating stress.
However, at T3 and T4, there was an increase, with the values
falling within the range considered "quite an adaptation,"
and returning to the adaptive threshold only 14 days post-
competition. The most significant discrepancy between
neutrophil and lymphocyte values, as observed by the
Leukocyte Shift Index (LSI), also occurred post-competition
(T1 and T2) and stabilized from the third day post-
competition (T3). This observed stabilization in T3 indicates
a more balanced state between neutrophils and lymphocytes,
suggesting that the initial stress response was subsiding, and
the horses were entering a recovery phase.

Based on the obtained results, it can be concluded that specific
hematological indices, such as NLR, PLR, SII, SIRI, MLR,
RDW/PLT, and LSI, are sensitive to acute changes associated
with physical exertion during equine competition. These
changes were observed on the day of the event, indicating the
ability of these indices to reflect the immediate physiological
response to exertion. On the other hand, the ELR and Al
indices exhibited delayed and persistent responses, making
them more specific indicators of the post-exercise recovery
phase. The persistence of these changes beyond the third day
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suggests that these indices could provide valuable insights
into prolonged adaptation and recovery in equine athletes.

An integrated approach that considers indices sensitive to
the acute phase of exertion and those indicative of prolonged
recovery can provide a more comprehensive and accurate
evaluation of equine physiological performance in sporting
environments. A thorough understanding of these blood
parameter changes and indices offers a robust framework
for assessing endurance horses' stress, inflammation, and
recovery, which can help trainers and veterinarians develop
optimal training and recovery protocols to enhance equine
athletes' overall health and performance. However, further
research is necessary, including animals in training across
multiple sports, to determine precise cutoft points for horses.

5. Conclusion

Our study on endurance horses investigated hematological
and inflammatory responses following prolonged exercise,
providing valuable insights into blood cell dynamics. The
utilization of NLR, PLR, SII, SIRI, RDW/PLR, MLR, and LSI
as markers on the day of competition, along with ELR and Al
as delayed recovery indicators offers a promising approach.
These integrated cell indices can guide training and medical
care for endurance horses, emphasizing the significance of
monitoring strategies for performance improvement and
equine well-being.
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