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Summary
It is well known that athletes undergo simultaneous potentiation of hemostatic pathways that affects both

ion ancl fibrinolytic activity. Increased fibrińolytic activity appears to'counteihalance'exercise-
increaŚes in clotiing. flowever, data available on horses are not-unequivocal. On account of this, we

investigated the effect of an endurance competition on some clotting (PT, aPTT, TT and fibrinogen) and
haematoló§ical (RBC, WBC, flb,IIct, MCV MCH, MCHC, PLr) paiameters in 6 horses during ań official
long distance run. Blood samples were collected from atl the horses: at r.est, immediately after the run, 30' and
60' after the run. Only TT showed statistically significant differences between the different experimental
conditions, being significantly prolonged immediately after the run, 30' and 60' after the run compared to
rest. The remaining clotting parameters (aPTT, PT, llbrinogen) did not demonstrate statistical significance.
This could be due to the type of exercise that implies a submaximal effort for horses.
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The increase in clotting and fibrinolytic activity due
to exercise is widely documented in man, for both
maximal ( 1 0, 1 6, 19, 33, 3 5) and near-maximal efforts
(I, 14,24,34). The simultaneous activation of fibrino-
lytic activity prevents detrimental effects of hyper-
coagulation (:4, 6).However, studies on haemostatic
balance showed that the clotting activity was susta-
ined during a time when fibrinolytic activity declined,
suggesting a more favorable situation for clot forma-
tion after exercise (I4, l9).It was observed a direct
correlation between f,rbrinolysis and exercise intensity
(I2); it is activated during aerobic efforts in man (8).
Several haemostatic changes involving platelets, co-
agulation and fibrinolysis have been reported after
exercise in horses (9 , 22). Data avatlable on effects of
exercise on clotting parameters in horses are not uni-
vocal: some researchers have found an evidence of
fibrinogen degradation with physical acttvtty (20),
whereas others have found no change in fibrinogen
(II,2I), The effects of maximal exercise on haemo-
stasis in horses have been previously studied (2, 3, 18).
These investigations have failed to document signifi-
cant changes in clotting times, with the exception of
an increase on platelets count (2). Previous investi-
gations on trotters (25) did not shwed an increased
coagulability and, conversely to man (6), no signifi-
cant changes in clotting times (p! aPTT and fibrino-

gen) were showed in trained subjects. Few authors
investigated the effects of near-maximal efforls on he-
mostatic processes of horses, showing an increase in
fibrinolytic activity and a faster platelet aggregability,
without significant changes in clotting times (22). This
activity observed in horses in response to endurance
exercise (11) and also documented in the rat (26), could
be due to the activation of fibrinolysis. Other studies
investigated changes of some hematological parame-
ters during physical activiĘ; increases in PC! platelet
count, RBC and WBC count (2, ],28) were showed
after running exercise in the horse,

Because the lack of data on changes in haemostasis
of horses during near-maximal efforts, the aim of our
research is to investigate the influence of a long di-
stance running on clotting (PT, aPTl TT and fibrino-
gen) andhaematological (RBC, WBC, Hb, Hct, MCV
MCH, MCHC and PLT) parameters in this species.

Matetia!and methods

Six endurance Arab horses (average age 9 + 1 years,
average body weight 430 + 35 kg) clinically healthy and
traditionally trained, were used for our study. Subjects were
fed three times a day: at 07:00 on hay, at l3.00 on concen-
trates, and at l9:00 both on hay and concentrates.

Horses took part to an official long distance nrnning,
consisting of a 16-km mainly hill course, to do at the given



speed of 8 km per hour. Race occoured the last week of
october, at an environmental temperature of 28"C and with
a Rh of 70%; heart index (HI), calculated with the formula:
Temperature [("C " 1,8) + 32] + Rh% (5), was l52. On all
the horses blood samples were collected through jugular
venipuncture: at rest, immediately after the trial, 30' and
60' after the trial. Two type of vacutainer tubes (Terumo
Cotporation, Japan) were used: with EDTA to evaluate, by
means of a double-capillary automatic cell counter (Hemat
8 SEAC) red blood cells (RBC), white blood cells (WBC),
haernoglobin (Hb), haernatocrit (Hct), mean corpuscolar
volume (MCV), mean corpuscolar haemoglobin (MCH),
mean colpuscolar haemoglobin concentration (MCHC) and
platelets (PLT); tubes containing 3.8% sodium citrate were
immediately centrifuged at 2600lpm for 10 min and on
obtained plasma, by means of a coagulometer (SEAC Clot 2),
Prothrombin Ti rne (PT), activated Parlial Thromboplastin
Tine (aPTT), Thrombin Time (TT) and fibrinogen were
assessed.

Statistical analysis. Since the intragroup variance was
not significant, the statjstical elaboration of data was car-
ried out on mean values of the clotting and haematological
paratneters studied. Analysis of variance (one-way and re-
peated measures ANOVA) was applied in order to eva]uate
the statistical significant differences between the different
experimental conditions (at rest vs immediately after the
trial, at rest y.s 30' and ys 60' after the trial, immediately
after the trial vs 30' and ys 60' after the trial and 30' after
the trial vs 60' after the trial). If ANOVA showed an accep-

l(6)

table level of significance (P < 0.05), Bonferroni's test was
applied lor post hoc comparison.

Results and discussion
Table 1 shows the mean values of the clotting para-

meters (PT, aPTl TT and fibrinogen) together with
the relative standard deviations, standard errors and
statistical significances obtained on the different experi-
mental conditions (at rest, immediately after the trial,
30' and 60' after the trial) in 6 long distance running
horses. Table 2 shows the męan values of the hemato-
logicalparameters (RBC, WBC, Hb, Hct, MCV MCH,
MCHC and PLT), together with the relative standard
deviations, standard errors and statistical significan-
ces obtained on the different experimental conditions
(at rest, immediately after the trial, 30' and 60' after
the trial) in 6 long distance running horses. Figure l
shows the variations of the clotting parameters (PT,
aPTT and TT) observed on the different experimental
conditions (at rest, immediately after the trial, 30' and
60' after the trial) in 6 long distance running horses.
Figure 2 shows the scatter graph of fibrinogen mean
value obtained on the different experimental condi-
tions (at rest, immediately after the trial, 30' and 60'
after the trial) in 6 long distance running horses.

Among clotting parameters, only TT showed stati-
stical significant differences between the different
experimental conditions and, applying repeated mea-

Tab. l. Mean values of the clotting parameters, together with the re]ative standard deviations, standard errors and statistical
significances obtained on the different experimental conditions, in 6 long distance running horses G + SD)

palametet
Expetimental condilions

Trial | łner so' I nner oo'B esl

PT (sec)

aPTT (sec)

TT (sec)

Fibrinogen
(ms/dl)

12.57

43.57

8.78

1 48.70

0,68

2.00

0.61

22.13

0.28

0.81

0.25

9.28

11.92

44.08

24.03-

159.30

0.81

5.26

3.42

22.90

0.33

2,14

1.40

9.35

,l2.13

41.15

25,81 *

152.80

0.93

3.82

3.09

19.64

0.38

1.56

1.26

8.02

11 .70

40.45

25.97*

130.30

0.64

5.00

2.7 4

12.47

0.26

2.04

1.12

5.09

Explanation: * y.srest: P<0.001

Tab. 2. Mean values of the hematological parameters, together with the relatiye standard deviations, standard errors and
statistical significances obtained on the different experimental conditions, in 6long distance running horses G+ SD)

parameter
Rest

Expelimental condilions

Trial I Rfier eo' I nner oo'

RBc (M/pL)

WBc (KĄL)

Hb (s/dl)

Hcl (%)

McV (lL)

MCH (pg)

MCHC (g/dL)

PLT (KĄL)

6,03

7.18

9.13

25.48

42.50

1 5.18

35.88

1 33.70

0.29

1.59

0.37

1.36

1.76

0.33

0.66

14.35

0.12

0.65

0.15

0.55

0.72

0,1 3

0.27

5.86

9.13a

1 0.07b

13.10a

39.60a

43.17

,l 4.38

33.10a

176.20a

0.91

1.46

1.03

3.30

1.72

0.50

0.33

13.59

0.37

0.59

0.42

1.35

0.70

0.20

0,13

5,55

7.00ą d

8.70

10.18c, d

30.1 5h,d

42.83

14.57

33.80a

1 58.70c

0.62

1.24

0.82

2.45

1.60

0.44

0.33

9.91

0.25

0.51

0.33

1.00

0.65

0.18

0.13

4.05

7.00ą d

9.05

1 0.07d

3 0.1 5b, d

43.33

14.45

33.48a

149.30e

0.58

0.98

0.60

1.73

1.37

0,64

0.43

16.72

0.23

0.40

0.25

0.71

0.56

0.26

0,17

6,82

Explanation: a-ysrest: P<0.00l;b ysrest: P<0.01;c y.rrest: P<0.05; d-ystrial: P<0.00 l;e vstrial: P<0.05
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Fig. 1. Variations of the clotting parameters (Pl aPTT and
TT) observed on the different experimental conditions in 6
long distance running horses
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Fig. 2. Scatter graph of fibrinogen mean value obtained on
the different experimental conditions in 6 long distance run-
ning horses

sures P<0.0001,WithaF(,,.,r):
51.63 oni's multiple compdrisón
test, TT showed a statistical significant increase im-
mediately after the trial, 30' and 60' after the hial com-
pared to rest (P < 0.001), Regarding hematological
parameters, by applying repeated measures ANOVA,

stical signif,rcant increase immediately after the trial
(P < 0.001),30'and 60' after the tńal (P < 0.05) com-
pared to rest and a statistical significant decrease 30'
and 60' after the trial (P < 0,001) compared to imme-
diately after the trial. WBC showed a statistically signi-
ficant increase immediately after the trial (P < 0.01)
compared to rest. Hb showed a statistical significant

increase immediately after the trial (P < 0.001) and
30' after the hial (P < 0.05) compared to rest and a
statistical significant decrease 30' and 60' after the trial
(P < 0.001) compared to immediately after the trial.
Hct showed a statistical signif,rcant increase immedia-
tely after the trial (P < 0,001), 30' and 60' after the
trial (P < 0.01) compared to rest and a statistical signi-
ficant decrease 30' and 60' after thę trial (P < 0.001)
compared to immediately after the trial, MCHC
showed a statistical significant decrease immediately
after the trial, 30' and 60' after the trial compared to
rest (P < 0.001). PLT showed a statistical significant
increase immediately after the trial (P < 0.001) and
30' after the trial (P < 0.05) compared to rest and
a statistical significant decrease 60' after the trial com-
pared to immediately after the trial (P < 0.05).

From the analysis of the obtained results, among the
clotting parameters considered, we observed statisti-
cal significant differences only for thrombin time (TT):
TT was significantly prolonged immediately after the
trial, 30' and 60' after the trial, according to other
authors, which have obtained a slight but significant
prolongation of aPTT (23).Itis possible that these pre-
vious researches did not detect exercise-induced
hypercoagulability because blood samples were not
collected during exercise, when clotting times were
shortened, but when values mayhave refumedto base-
Iine (22).In man, several studies have shown that blood
is hlpercoagulable when it is checked immediately
after strenuous physical exercise or after a marathon
run (13, 15). Previous researches showed that throm-
bin formation increases during exercise as a function
of exercise intensity. Our prolonged TT implies a de-
crease of thrombin, which could be fully inactivated
by AT-III, as postulated in other studies, avoiding
fibrin formation (23). However, another study showed
an increase in AI-III levels in men performing anaero-
bic exercise (I2);the role of this clotting inhibitor needs
to be detailed. In our study, the remaining clotting
parameters (aPTl Pl fibrinogen) didnot showed sta-
tistical significant differences between the different
experimental conditions. This couldbe due to the type
ofexercise and the duration ofstrenuousness: horses
which are exercised under the threshold of maximal
oxygen consumption did not showed changes in clot-
ting times, as observed in men after maximal exercise
and after long duration activities (4). Horses in the pre-
sent sfudy were subjected to a near-maximal effort
which did not induce changes in clotting activity. As
for haematological parameters (RBC, WBC, Hb, Hct,
MCV MCH, MCHC and PLT), acute maximal and
near-maximal exercise is associated with marked
shifts of intravascular plasma water into the inter-
stitium without a proporzional loss ofplasma proteins
(I2,32). This is reflected in the statistical significant
increase in haematocrit observed after exercise com-
pared to rest. The increased erythrocytes number, as
well as the increased haemoglobin level, guarantee



more efflcient distribution of oxygen in the organism
(21 ,29). Horses may store up to 600ń of erythrocytes
in spleen (29). During effort spleen contracts and
erythrocytes get into the circulatory system, which
improves oxygen transport. The statistical signif,rcant
increase observed in Hct and Hb after exercise com-
pared to rest testifies that the increase of the haemato-
logical indices is due not only by post-exercise blood
dehydration but also by activation of erythrocyte reser-
ves in spleen and proper reaction ofa trained subject
to effort (30), The increase in haematocrit value due to
physical activiĘ bas been described in horse (l7) and
inman (32).Exercise also induces an activation ofpla-
telets since platelets count and aggregability show
a marked rise, in man, after acute exercise or mara-
thon runs (1, 15, 31). In horses, Bayly et al. (3) ob-
tained similar results after maximal efforts. Further-
more, it was reported that there is an increased pro-
portion of circulating platelet-neutrophil aggregates in
horses in response to near-maximal exercise (36).

Gonclusions
Study of platelet aggregabili§, together with other

investigations on clotting and haematologic parame-
ters, leads us to better understand the haemostatic
processes in the horse, to monitoring this important
mechanism particularly during athletic performance
and, from a clinical point of view, to prevent clotting
disorders.
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