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Exercise-induced intravascular haemolysis and ‘‘sport anemia” are widely reported in human sports
medicine. It has been recognized also in horses, however, the clinical importance and the onset of this
condition seem different than in human. In this study we investigated the episodes of intravascular
haemolysis, indicated by the increase in plasma haemoglobin and the decrease in serum haptoglobin lev-
els, after routine training sessions in race horses. Heart rate and changes in haematological parameters
confirmed, that the exertion was relatively high. Intravascular haemolysis did not appear in stallions
but was detected in mares after two training sessions. It has been determined that serum haptoglobin
levels were higher in mares than in stallions before and after all training sessions. It is postulated that
intravascular haemolysis induced by training is of limited clinical importance because it occurred only
in mares which are better adapted due to higher haptoglobin level at rest, and it had no cumulative effect.
Therefore gender differences should be taken into consideration in experiments with athletic horses.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Exercise related intravascular haemolysis is a pathophysiologi-
cal condition, recognized in both human and equine athletes. In
human, it is postulated as one of the causes of ‘‘sport anemia”
and iron deficiency (Telford et al., 2003; Beneke et al., 2005; Peel-
ing et al., 2009). It was described over 120 years ago in men after
long-distance march and since that time is has been widely re-
ported after swimming, cycling, rowing, weight training and resis-
tance training (Selby and Eichner, 1986; Schobersberger et al.,
1990; Beneke et al., 2005; Peeling et al., 2008).

Intravascular haemolysis has been determined in well-trained
endurance runners and triathletes as well as in untrained individ-
uals participating training programs (Beneke et al., 2005; Peeling
et al., 2009), however, the half-life of erythrocytes in male and fe-
male athletes is shorter than in non-athletic subjects (Weight et al.,
1991). In well-trained endurance athletes, the customary training
sessions are followed by hemolytic episodes and the cumulative ef-
fect has been shown (Peeling et al., 2009).

Intravascular haemolysis is indicated by an increase of free
plasma haemoglobin accompanied by decrease of serum haptoglo-
bin level (Sakurada and Tanaka, 1996; Malczewska et al., 2000) and
the presence of hemoglobinic pigment in urine (Schott et al., 1995).
ll rights reserved.

: +48 22 593 60 27.
ska).
Changes in haptoglobin level reflect intravascular haemolysis as
haptoglobin binds free plasma haemoglobin, so that prevents its
excretion in the urine and makes iron and globin able to recycle
in the liver (Hanzawa et al., 2002; Petersen et al., 2004). In humans,
this parameter is postulated as a good biochemical marker for the
monitoring of an athlete’s status (Sobiech, 2000). In horses serum
haptoglobin level has been proved to be a useful indicator of infec-
tion, inflammation and haemolytic disease (Mills et al., 1998; Pet-
ersen et al., 2004).

Intravascular haemolysis after exertion has been reported also
in horses, however the literature is more limited and presented re-
sults vary among authors. Evidences confirming such condition has
been found after endurance rides (Murakami, 1974), race (Pelleg-
rini Masini et al., 2003) and treadmill exercise of various intensity
(Schott et al., 1995; Inoue et al., 2005). The authors reported in-
creases in plasma free haemoglobin levels (Pellegrini Masini
et al., 2003; Inoue et al., 2005), decreases in plasma haptoglobin
levels (Pellegrini Masini et al., 2003), serum iron concentration (In-
oue et al., 2005) and transient haematuria (Schott et al., 1995). It is
interesting, that intravascular haemolysis occurred after treadmill
exercise at speed eliciting 60% of the maximal oxygen consumption
(Schott et al., 1995) and after treadmill exercise of moderate inten-
sity (Inoue et al., 2005). This observations may suggest, that com-
mon training sessions in race horses may also cause an
intravascular haemolysis. Changes in haptoglobin level throughout
training season were investigated by Willett and Blackmore
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(1979). They found no variations and suggested, that measure-
ments of haptoglobin is useful in the detection of frank haemolysis,
but insufficiently sensitive to detect mild red cell destruction (Wil-
lett and Blackmore, 1979). However, they examined horses four
times during training season and did not investigated the differ-
ences between the values before and after exercise. Exercise-in-
duced intravascular haemolysis has been confirmed under
various conditions in stallions (Inoue et al., 2005), mares (Schott
et al., 1995) and mixed population (Hanzawa et al., 2002). In
equine sports stallions and mares compete together. It is generally
believed, that exercise-induced haematological changes only
slightly differ between genders. This is true taking into consider-
ation only basic haematological values, but significant differences
in more specific parameters, including non-specific immune re-
sponse in stallions and mares have been reported (Escribano
et al., 2008). The parameters indicating intravascular haemolysis
have never been compared between genders. However, it has been
shown in rodents that cation-osmotic haemolysis in high ionic
strength media is significantly higher in male (Marossy et al.,
2004). Thus, the aim of this study was to investigate (1) if common
training sessions in race horses result in exercise-induced intravas-
cular haemolysis and (2) whether this condition differs in male and
female athletic horses.
2. Materials and methods

2.1. Horses and training

Twenty-four thoroughbred horses in regular training, 12 mares
and 12 stallions, ranging from 3 to 6 years of age, weighing
520 ± 50 kg, housed in the same training center (Sluzewiec Race
Track in Warsaw) were included in the study. Horses were pri-
vately owned and were prepared to participate in racing events
by the same trainer. The animals were selected on the basis of clin-
ical examination performed by qualified veterinarian and haema-
tological analysis to exclude pathological conditions, and on the
basis of similar racing performance, as recorded from the previous
year’s athletic merits. The procedures have been approved by Local
Ethics Committee and the owners of the horses. All the horses were
dewormed and vaccinated at similar time, housed in the same
environment and fed the diet (hay and oat) that maintain the rec-
ommendation for exercising horses. Salt and water were available
ad libitum.

Stallions and mares trained together in mixed group with the
same intensity at Sluzewiec Race Track in Warsaw and were exam-
ined at the same days, four times, with 4 weeks intervals (in March,
April, May and June), before and after training sessions (Table 1)
including 10 min of walking, 5 min of trotting, 7 min of cantering
and 30 min of exercise on horse walker. The training was moni-
Table 1
Description of training sessions of 12 male and 12 female Thoroughbred horses, 3–6 year

Training session Maximal heart rate
(beats/min)

Average heart rate
(beats/min)

1st (March) Mares 196.67 ± 2.52 104.58 ± 3.22
Stallions 196.78 ± 4.51 109.92 ± 2.54

2nd (April) Mares 204.5 ± 4.83 110.22 ± 5.75
Stallions 195.42 ± 3.05 102.17 ± 2.07

3rd (May) Mares 199.09 ± 3.80 104.25 ± 3.71
Stallions 196.60 ± 5.88 105.7 ± 4.78

4th (June) Mares 199.00 ± 5.55 105.29 ± 5.29
Stallions 204.8 ± 6.85 103.00 ± 5.49

Differences between the values before and after exercise: ap 6 0.001.
tored using heart rate monitors RS800 on Polar Equine Wearlink
W.I.N.D (POLAR EQUINE) and G3 GPS with sensor.

2.2. Blood samples

Blood samples were obtained by jugular venipuncture before
and immediately after each training session. Samples were aspi-
rated into 20 ml syringe and immediately transferred into EDTA
tubes for haematological tests, heparinized tubes for plasma hemo-
globin measurements and into plain tubes for serum analyses. Lac-
tate concentrations were determined immediately by ejecting a
drop of full blood onto single-use lactate strip (Accusport, Roche).
The EDTA tubes were kept in refrigerator (+4 �C) and analyzed
within 6 h after collection. Routine hematological parameters: hae-
matocrit (HCT), haemoglobin concentration (HGB) and the number
of red blood cells (RBC) were counted with an automated hematol-
ogy analyzer (Abacus). Heparinized and plain tubes were promptly
centrifuged and plasma/serum samples immediately frozen at
�20 �C. Free haemoglobin levels were determined in plasma sam-
ples spectrophotometrically, according to Kahn’s method (Kahn
et al., 1981). Serum samples were used for the measurements of to-
tal protein and haptoglobin levels. Total protein levels were deter-
mined by using total protein (Biuret) reagent set (POINTE
SCIENTIFIC). Serum haptoglobin was measured colorimetrically
using PHASE haptoglobin assay (TRIDELTA LTD). The method is
based on the preservation of peroxidase activity of bound haemo-
globin at low pH. Thus, the amount of haptoglobin present in the
specimen is directly proportional to the preserved peroxidase
activity of haemoglobin (inhibited at low pH in case of free
haemoglobin).

Plasma haemoglobin and serum haptoglobin levels were ana-
lyzed after correction to avoid the influence of haemoconcentra-
tion. The values obtained after exertion were recalculated taking
into account the changes in total protein concentrations according
to the following formulation:

Hcorr ¼ H� TP1=TP2;

Hcorr – corrected serum haptoglobin or plasma haemoglobin
concentration, H – serum haptoglobin or plasma haemoglobin con-
centration determined after exertion, TP1 – total protein level be-
fore exertion, TP2 – total protein level after exertion.

2.3. Statistical analysis

Statistical procedures, means and standard errors of mean were
computed using the STATISTICA 6.0 for Windows. Results are ex-
pressed as mean ± standard errors of mean (SEM). Statistical com-
parisons between the results obtained in stallions and mares were
made with Mann–Whitney U test. The results before and after
s of age.

Maximal speed
(km/h)

Lactate before training
(mmol/l)

Lactate after training
(mmol/l)

41.7 ± 3.05 1.33 ± 0.21 3.86 ± 0.87a

41.88 ± 4.09 1.77 ± 0.17 4.90 ± 1.54a

49.6 ± 3.5 1.30 ± 0.26 5.93 ± 1.21a

44.09 ± 2.81 1.07 ± 0.08 4.60 ± 1.19a

40.78 ± 3.95 1.36 ± 0.16 6.28 ± 1.48a

47.78 ± 2.81 1.07 ± 0.08 4.6 ± 1.19a

49.49 ± 1.19 1.38 ± 0.16 6.68 ± 0.92a

48.9 ± 2.76 1.60 ± 0.18 5.08 ± 0.72a



Table 2
Hematological parameters before and after training sessions; 12 male and 12 female thoroughbred horses, 3–6 years of age.

Training sessions HCT (%) HGB (g/dl) RBC (106/ll) Tot Pr (g/l) pHGB (mg/l)

Stallions
1st (March) Before 44.94 ± 1.23 15.08 ± 0.42 10.60 ± 0.30 65.16 ± 1.81 0.63 ± 0.38

After 59.54 ± 1.50c 18.58 ± 0.34c 13.97 ± 0.41c 67.70 ± 2.12 1.04 ± 0.46

2nd (April) Before 41.90 ± 0.97 14.23 ± 0.29 10.04 ± 0.22 65.94 ± 2.83 0.87 ± 0.45
After 58.89 ± 2.00c 18.39 ± 0.49c 14.00 ± 0.45c 68.23 ± 1.32 0.99 ± 0.28

3rd (May) Before 43.04 ± 1.20 14.46 ± 0.38 10.41 ± 0.31 65.36 ± 0.74 0.56 ± 0.15
After 56.27 ± 2.00c 18.05 ± 0.40c 13.64 ± 0.48c 69.88 ± 1.09b 0.75 ± 0.11

4th (June) Before 42.69 ± 0.94 15.06 ± 0.23 10.51 ± 0.24 65.41 ± 1.03 0.74 ± 0.16
After 57.81 ± 1.66c 18.97 ± 0.43c 13.97 ± 0.49c 66.83 ± 1.42 0.99 ± 0.22

Mares
1st (March) Before 43.21 ± 2.06 14.64 ± 0.58 10.58 ± 0.45 64.36 ± 2.65 0.58 ± 0.24

After 51.65 ± 1.31b 17.10 ± 0.29c 12.80 ± 0.23c 66.82 ± 2.45 0.81 ± 0.12

2nd (April) Before 40.63 ± 1.20 13.72 ± 0.33 9.99 ± 0.30 63.35 ± 2.14 0.84 ± 0.45
After 56.95 ± 1.37c 18.07 ± 0.29c 13.89 ± 0.30c 64.68 ± 1.95 0.95 ± 0.14

3rd (May) Before 41.74 ± 0.97 14.08 ± 0.26 10.43 ± 0.25 64.53 ± 0.79 0.58 ± 0.14
After 55.13 ± 1.93c 17.76 ± 0.44c 13.63 ± 0.40c 65.43 ± 0.95 0.91 ± 0.19a

4th (June) Before 41.77 ± 0.75 14.58 ± 0.20 10.58 ± 0.22 62.09 ± 0.51 0.63 ± 0.15
After 55.95 ± 1.59c 18.39 ± 0.36c 14.01 ± 0.38c 66.80 ± 1.12b 1.44 ± 0.19a

HCT – hematocrit; HGB – haemoglobin concentration; RBC – number of red blood cells; Tot Pr – total protein concentration; pHGB – plasma haemoglobin.
Differences between the values before and after exercise: ap 6 0.05; bp 6 0.01; cp 6 0.001.
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training sessions in each gender were compared with Wilcoxon
test; p 6 0.05 was considered significant.

3. Results

Mean and maximum heart rate, maximum speed and lactate
levels did not differ between stallions and mares (Table. 1), thus
confirmed, that the exertion was similar and relatively high in both
genders. All haematological parameters (Table. 2) before and after
exercise varied within normal ranges for equine species (Hinchcliff
et al., 2004; Smith, 2008). In both, mares and stallions, RBC, HCT,
HBG and lactate concentrations increased in response to exercise
(p 6 0.001), however there were no significant differences between
genders. The significant increase in total protein concentration was
detected only after the 3rd training session in stallions and after
Fig. 1. Plasma haemoglobin and serum haptoglobin levels in mares before and after trai
after exercise: ap 6 0.05. Differences between serum haptoglobin concentrations before
the 4th training session in mares; no gender differences were
recorded.

Plasma haemoglobin level before training sessions did not differ
between stallions and mares. In mares, the significant increases
were observed after 3rd and 4th training sessions (Fig 1), but no
such changes were detected in stallions (Table. 2). Serum haptoglo-
bin concentrations were higher in mares than in stallions before
and after all training sessions (Fig. 2a and b). In stallions it did
not change significantly after the exertion, but in mares it was de-
creased after 4th training session (Fig. 1).

4. Discussion

In our study the exertion was similar in all training sessions, as
indicated by maximal heart rate, near 200 beats/min. At this value
ning sessions. Differences between plasma haemoglobin concentrations before and
and after exercise: *p 6 0.05.



Fig. 2. (a and b) Serum haptoglobin levels before (a) and after (b) training sessions
in stallions and mares. Differences between the values in stallions and mares:
*p 6 0.05; **p 6 0.01.
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most horses are close to the point of onset of blood lactate accumu-
lation and it is suggested as a reference point for comparison of
cardiovascular capacity (Hodgson and Rose, 1994; Inoue et al.,
2005). In our experiment, the increase in lactate concentrations
were evident after all training sessions. Thus, the intensity of exer-
cise during training sessions in our study was considered to be rel-
atively high and may be compared to the values reported in the
literature (Schott et al., 1995; Inoue et al., 2005). This fact was
confirmed also by changes in haematological parameters, which
reflect mobilization of splenic erythrocytes. Hematocrit, erythro-
cyte counts and haemoglobin levels increased significantly after
all training sessions and did not differ between stallions and mares.
In response to exertion, splenic erythrocytes are released due to
spleen contraction under the influence of catecholamines (Hinch-
cliff et al., 2004). This fact results in the increases of hematocrit,
erythrocyte count and hemoglobin concentration. The extent of
an increase in hematocrit depends on exercise intensity with linear
relation to the speed, up to a maximum of 60–65% (Hinchcliff et al.,
2004). In our study, the increases of hematocrit in response to
exercise were clearly visible after all training sessions and reached
60% in single cases. Splenic contraction is the main cause of
changes in erythrogram after race training, however, exercise-in-
duced fluid shifts also contribute those changes (Hinchcliff et al.,
2004). Total protein is a marker that provides a good estimate of
the degree of haemoconcentration. Although the changes in total
protein levels were significant only once in stallions and mares,
plasma haemoglobin and serum haptoglobin concentrations were
corrected to avoid the influence of haemoconcentration.

Similar and even less intensive exertions have been reported to
induce intravascular haemolysis indicated by the decrease in ser-
um haptoglobin levels in stallions (Inoue et al., 2005). In our study
no such changes were observed. This fact may be explained by dif-
ferent experimental protocol. Inoue et al. examined horses in one
week intervals. Serum haptoglobin concentration decreased signif-
icantly only in first and second week and then remained at the
same level. This may suggest an adaptation at the beginning of
the training. We did not observe changes between the values be-
fore training sessions because we examined horses in one month
intervals. However, serum haptoglobin levels observed in stallions
and mares in our study were lower than those reported by Inoue
et al., even at third week of exercise (Inoue et al., 2005). It may
be explained by the fact, that Inoue et al. used different method
for the measurement of haptoglobin concentration. In stallions be-
fore training sessions serum haptoglobin levels were similar to the
values reported in Standardbreds (the gender was not defined)
trained and competing in the race (Pellegrini Masini et al., 2003).
In these horses intravascular haemolysis indicated by the increase
in plasma haemoglobin and the decrease in serum haptoglobin lev-
els occurred 5 and 10 min after the race, but was not detected the
following day. The exertion was more intensive than in our exper-
iment and emotional stress induced by competing cannot be ex-
cluded. Thus, it can be postulated, that regularly trained stallions
adapt to the exercise; therefore intravascular haemolysis occurs
only after heavy exertion.

Differences in serum haptoglobin levels between stallion and
mares are in contrast with the findings reported in human and
mice, where the lower levels have been determined in females
(Lamason et al., 2006; Jeschke et al., 2008). In human exogenous
oestrogen administration caused the decrease in haptoglobin lev-
els (Studnitz and Nyman, 1975) whereas androgen had the oppo-
site effect (Seal et al., 1978), but long lasting administration of
low doses of ethinylestradiol and desogestrel had no or transient
effect on serum haptoglobin level (Uchikova et al., 2006). However,
in horses and cattle other relations have been reported.

In mares it has been determined that serum haptoglobin con-
centration was high for 4 months pre-partum, passing increase at
delivery, and then decreased at 2 weeks post-partum returning to
normal within 1 month (Taira et al., 1992). The authors did not dis-
cuss the differences between males and non-pregnant females.
Their results, however, indicated that haptoglobin concentration
was significantly higher in 8–10 years old mares than in stallions
at the same age. Thus, hormonal changes such as concentration
of oestrogen during pregnancy should be considered as a factor
that affects serum haptoglobin level. Moreover, exogenous oestra-
diol have been shown to stimulate haptoglobin secretion by iso-
lated bovine liver parenchymal cells in vitro (Higuchi et al.,
1994). Lavery et al. reported that haptoglobin mRNA expression
in bovine liver is up-regulated during the peri-oestrous phase of
the oestrous cycle (Lavery et al., 2004). So it may be postulated that
higher serum haptoglobin levels in mares result from different hor-
monal profiles in stallions and mares.

Exercise-induced haemolysis in mares has been reported by
Schott et al. It was recognized on the basis of pigmenturia after
treadmill exercise at 60 and 95% VO2max (Schott et al., 1995).

Intravascular haemolysis in athletic horses results from in-
creased fragility of erythrocytes (Hanzawa et al., 1999; Hanzawa
and Watanabe, 2000) due to frequent accumulation in the spleen
(Hanzawa et al., 1999, 2002). Anaerobic nature of the exercise also
promotes the increase in osmotic fragility of red cells, while aero-
bic exertion cause the opposite effect (Hanzawa et al., 1992, 1995,
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1996; Smith et al., 1989). During anaerobic exercise the fragility of
erythrocytes increases progressively with the running velocity
(Hanzawa and Watanabe, 2000). It is also related with the decrease
of blood pH resulting from the increases of carbon dioxide partial
pressure and lactate concentration (Carlson, 1995; Kronfeld et al.,
1995; Hanzawa and Watanabe, 2000). In our study the exertion
was the same in all the horses and relatively high, but intravascular
haemolysis was observed only in mares. This fact, however, seems
to be of limited clinical importance due to the higher serum hapto-
globin levels before the exercise in mares and no relation to ath-
letic merits, moreover, no evidence for cumulative effect was
noted.

Gender differences in sport horses receive little attention due to
similar athletic capacity and basic haematological parameters in
stallions and mares. Mixed populations are analyzed frequently.
However, sexual dimorphism exists, as it has been proved in the
context of non-specific immune response (Escribano et al., 2008).
The authors reported slight differences in the parameters of non-
specific response and different correlations with catecholamine
and cortisol levels in males and females. The clinical importance
of these findings also seems limited, however confirms the hypoth-
esis that in experiments with athletic horses gender differences
should be taken into consideration and more specific parameters
should not be analyzed in mixed population.
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Sobiech, K.A., 2000. Przydatność markerów biochemicznych w ocenie monitoringu
wysiłku fizycznego. Nowa Medycyna 108, <http://www.borgis.pl/czytelnia/
nm_sp27.php>.

Studnitz, W.V., Nyman, M., 1975. Effect of androgens on a2-globulins in women.
Journal of Clinical Endocrinology and Metabolism 17, 910–912.

Taira, T., Fujinaga, T., Okumura, M., Yamashita, K., Tsunoda, N., Mizuno, S., 1992.
Equine haptoglobin: isolation, characterization, and the effect of ageing,
delivery and inflammation on its serum concentration. Journal of Veterinary
Medical Science 54, 435–442.

Telford, R.D., Sly, G.J., Hahn, A.G., Cunningham, R.B., Bryant, C., Smith, J.A., 2003.
Footstrike is the major cause of hemolysis during running. Journal of Applied
Physiology 94, 38–42.

Uchikova, E., Batashki, I., Milchev, N., Mateva, N., Markova, D., Gŭrova, A., 2006. The
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