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Abstract

The effect of interval vs. continuous exercise on plasma leptin and ghrelin concentration in young
Standardbred horses was studied. The experiment was conducted on 27 trotters, in the age between
2 and 3 years. They were divided into two groups according to the type of exercise. Blood samples
were collected through jugular venipuncture in the following experimental conditions: at rest, im-
mediately after exercise and 30 minutes after the end of the effort. Plasma leptin and ghrelin concen-
trations were determined using RIA tests. The continuous exercise induced an increase in plasma
leptin concentration whereas the interval type of exercise did not influence the level of this hormone
(3.47 ± 0.78 vs. 4.07 ± 0.94 and 2.31 ± 0.15 vs. 2.36 ± 0.21 ng/mL, respectively). The plasma ghrelin
concentration measured after the continuous exercise, significantly increased (720 ± 27.4 vs. 814
± 13.8; p ≤ 0.05) whereas concentration of this hormone assessed after the interval exercise, signifi-
cantly dropped (982 ± 56.5 vs. 842 ± 35.6 pg/mL; p ≤ 0.05). The changes in plasma ghrelin concentra-
tion measured after the end of the effort correlated inversely with blood lactic acid concentration. In
conclusion, the obtained results showed that medium-intensive type of exercise, such as trot, interval
or continuous, slightly affected plasma leptin level but significantly affected plasma ghrelin concentra-
tion in young Standardbred trotters.

Key words: leptin, ghrelin, hormones, horses, energy metabolism, exercise

Introduction

An improvement of energy production is a basic
part of the adaptive mechanisms of race horses to
training. A potential role in this process may be
played by the gut hormones, leptin and ghrelin, which
are related to the control of energy metabolism
through a neuroendocrine pathway (Gao and Horvath
2008). Leptin, secreted mainly by white adipocytes, is
known as an important regulator of various aspects
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of the state of satiety and hunger, feed intake, and
reproduction ability (Gentry et al. 2002, Prentice et al.
2002, Waller et al. 2006). It also promotes the oxida-
tion of lipids increasing energy expenditure (Dotsch et
al. 2003). In horses, the peripheral concentration of
plasma leptin is related to fat mass and body condi-
tion score (Buff et al. 2002, Kearns et al. 2006). The
level of this hormone showed the diurnal variation
attributed to feeding time and insulin response (Gor-
don and McKeever 2005, Steelman et al. 2006). Feed
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deprivation or other states of negative energy balance
led to a decrease in plasma leptin concentration in
mares (McManus and Fitzgerald 2000, Buff et al.
2005, Buff et al. 2006, Kędzierski et al. 2008). Never-
theless, the effect of exercise on plasma leptin level in
horses is not clear. A few studies revealed that there
were no changes in leptin level during exercise tests.
However, some modulation in concentration of this
hormone was observed a few hours after effort (Car-
tmill et al. 2003, Piccione et al. 2005, Gordon et al.
2007a).

Ghrelin, which is produced mainly in the stomach,
as well as in other gastrointestinal segments and se-
lected areas of the brain, plays an opposite role
(Gil-Campos et al. 2006). This hormone increases ap-
petite, food intake, energy balance and as a result,
body weight (Hayashida et al. 2001, Gil-Campos et al.
2006). In cases of low-caloric diets or chronic exercise
the plasma ghrelin level in horses increased (Gordon
and McKeever 2005). Moreover, in states of satiety or
after glucose challenge the concentration of this pept-
ide decreased (Gordon and McKeever 2006). The in-
fluence of exercise on the plasma ghrelin level in
horses was less studied. In the study of Gordon et al.
(2007a), the exercise tests led to changes in plasma
ghrelin concentrations in old mares a few hours after
the end of effort. On the other hand, an increase in
plasma ghrelin level was shown during exercise tests in
trained trotters (Gordon et al. 2006). Hence, leptin
and ghrelin play a major role in energy homeostasis.
There are new data on the functional role of these
hormones and their possible interactions with each
other, with glucose – insulin dependent metabolism,
and with cortisol as well (Gordon et al. 2007b).

The range of energy expenditure during physical
activity depends on many parameters like the intensity
and duration time of exercise as well as horse current
performance, age, breed, etc. (Kędzierski et al. 2009).
In the process of conditioning trotters, two types of
exercise schedules are used in practice. They are an
interval type of exercise and a continuous type of ex-
ercise. The interval exercise produces a rise in per-
formance in trotters but also appears to increase the
risk of various injuries (Shearman et al. 2002). It is
known that this type of effort alters also feed intake as
well as the leptin and ghrelin concentrations in adult
Standardbred mares (Gordon et al. 2006). However,
the range of post-exercise changes in plasma leptin
and ghrelin level seems to be depended on the age of
studied trotters (Kędzierski and Kapica 2008). In
European breeding practice, Standardbred horses are
involved in a training routine when they are
one-year-old. At this time, they are still in growing
period and training and workload particularly loads
their metabolism (Kędzierski et al. 2007b). Hence, the
main goal of this study was to assess the effects of
interval and continuous types of exercise on plasma

ghrelin and leptin concentration in young Standar-
dbred horses. The relative intensity of exercise per-
formed was assessed by the analysis of blood lactic
acid (LA) concentration. It is important to note that
concentration of leptin and ghrelin may serve as indi-
cators of energy sufficiency, providing valuable infor-
mation regarding the current energy state of the
young trotters.

Materials and Methods

Animals

The effect of the type of exercise which was a part
of the usual training routine was studied in a group of
27 clinically healthy young French Standardbred trot-
ters aged 2-3 years. The animals were fed twice per
day, at 6.00 and 16.00 with the standard diet designed
for athletic horses. A mineralized salt block and fresh
water were always available. The horses were divided
into two groups according to the type of exercise per-
formed: 10 of them realized the continuous type of
exercise and 17 subjects performed the interval type
of exercise of medium intensity. Prior to the start of
the observation period, the horses had been condi-
tioned in a conventional training program. The type
of training, as well as its intensity, was consistent with
the principles of the qualified trainer preparing the
horses for races. The horses were exercised five days
a week. On consecutive days they realized alternately
the interval type of exercise and continuous type of
effort. This training routine was applied for about
6 months. The study was accepted by the Local Ethi-
cal Review Committee for Animal Experiments of the
University of Life Sciences in Lublin, and conducted
according to the European Community regulations
concerning the protection of experimental animals.

Procedures

The study was conducted during two consecutive
days in summer time. All horses took part in training
sessions which consisted of a 45 minute trot on a sand
track. Each session started at least two hours after
morning feeding. A group of 17 horses was adminis-
tered the interval type of exercise. First, the horses
had a warm-up of 15 min in trot. Then they were
trotted at changeable speed during the next 15 min.
Lastly, the horses were trotted for three steps of 500
m each, at increasing speeds: 5.1, 6.7 and 9.2 m/s.
After every step they had a rest in walk of 1 min. The
exercise was terminated by 10 min of a slow trot. The
other group of ten horses realized the continuous ex-
ercise. They were continuously trotted on the distance
of 11 000 m with the constant speed of 5.1 ± 1.1 m/s.
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Three blood samples were collected from each horse
via jugular venipuncture using tubes with tri-potass-
ium EDTA. These samples were taken at rest (A),
immediately after the end of exercise (B) and 30 mi-
nutes after the end of the effort (C). All samples were
immediately centrifuged at 2000 × g for 10 min and
plasma was stored at -20oC until assayed.

Analyses

Plasma leptin concentration was determined using
a multi-species leptin RIA kit (Linco Research, St.
Louis, USA) previously validated for the use in horses
(McManus and Fitzgerald 2000). The lowest level of
leptin that can be detected by this assay is 1 ng/ml.
The total ghrelin plasma concentration was deter-
mined using the RIA kit (Linco Research, St. Louis,
USA) demonstrating the sensitivity at the level of 93
pg/ml. The results were expressed as human equival-
ents of immunoreactive ghrelin (Gordon and McKe-
ever 2005). Samples were run in duplicate and
counted for one minute in a gamma counter (Packard
Instruments Company, USA). Blood LA concentra-
tion was measured using enzymatic diagnostic
kit (Dr Lange, Berlin, Germany) and expressed as
mmol/L.

Statistics

The results are presented as means ± standard er-
ror (SE). Statistical analyses were performed using
the statistical software package GraphPad Prism
(Graph Pad Software, USA). Comparisons between
the consecutive groups of horses were analyzed by the
use of the unpaired Student’s t-test and the effects of
exercise using the Dunnett’s t-test. The correlation co-
efficient was also assessed to compare plasma leptin,
ghrelin, LA and glucose concentration, which was de-
scribed previously (Kędzierski et al. 2007a). The stat-
istical significance was accepted at the level of
p ≤ 0.05.

Results

Leptin

The mean concentration of leptin in the blood
plasma of the horses investigated is presented in
Table 1. During the continuous exercise, the concen-
tration of this hormone tended to increase after the
effort in comparison to the values obtained before
exercise and amounted to 4.07 and 3.47 ng/mL, re-
spectively. Moreover, the difference between values of
leptin concentration determined immediately after

the end of effort and at rest (ΔB-A) was significantly
higher (p ≤ 0.05) during continuous than during inter-
val exercise.

Table 1. Plasma leptin concentration in young Standardbred
trotters exposed to different types of exercise (means ± SE,
ng/mL).

Continuous exercise
(n = 10)

Interval exercise
(n = 17)Samples

A 3.47 ± 0.78 2.31 ± 0.15
B 4.07 ± 0.94 2.36 ± 0.21
C 3.94 ± 0.98 2.73 ± 0.31
ΔB-A 0.60 ± 0.21x 0.05 ± 0.17y

Δ C-A 0.47 ± 0.27 0.42 ± 0.22

A – samples taken at rest/before training, B – just after the
end of the effort, C – after 30 minutes rest, n – number of
horses
x, y – values compared with rows statistically differ at p ≤ 0.05
according to t-Student test.

Ghrelin

In response to continuous exercise, plasma ghrelin
concentrations determined just after the end of effort
increased significantly (p ≤ 0.05) as compared to rest-
ing values, and decreased afterwards. The 30 minutes
rest, however, was insufficient to reach the resting
level of this hormone (Table 2). In contrast, during
the interval exercise plasma ghrelin concentration
dropped slightly just after the effort as compared to
resting values. It reached a significant decrease 30 mi-
nutes after the end of exercise (p ≤ 0.05). The values
of ghrelin levels obtained just after the exercise and at
rest (Δ B-A) and 30 minutes after the end of effort
and at rest (Δ C-A), differed significantly
statistic-wise, between studied types of exercise
(p ≤ 0.01).

Table 2. Plasma ghrelin concentration in young Standar-
dbred trotters exposed to different types of exercise (means
± SE, pg/mL).

Continuous exercise
(n = 10)

Interval exercise
(n = 17)Samples

A 720 ± 27.4a 982 ± 56.5a

B 814 ± 13.8b 907 ± 39.4ab

C 758 ± 19.6ab 842 ± 35.6b

Δ B-A 94.2 ± 25.4x -75.8 ± 52.5y

Δ C-A 37.7 ± 20.9x -140 ± 61.3y

A – samples taken at rest/before training, B – just after the
end of the effort, C – after 30 minutes rest, n – number of
horses
a,b – values in columns statistically differ compared to sample
A at p ≤ 0.05 according to Dunnett’s t-test
x, y – values compared with rows statistically differ at p ≤ 0.05
according to Student’s t-test.
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LA

The mean level of LA measured immediately after
effort in the blood of horses in continuous exercise
approximated 0.91 ± 0.03 mmol/L (in range from 0.80
to 1.08 mml/L). It was significantly different (p ≤ 0.01)
in comparison to the level of interval-exercised horses,
in which it raised to 2.36 ± 0.44 mmol/L (in range from
0.98 to 7.23 mml/L).

The inverse correlation between ghrelin Δ B-A
and LA blood concentration was stated on the level of
r = -0.60. Moreover, the inverse correlation (r
= -0.51) was also defined between ghrelin ΔB-A value
obtained in this study and glucose Δ B-A value de-
scribed in our previous study (27).

Discussion

The interval type of exercise is applied in training
routine to improve horse performance (Shearman et
al. 2002). However, the latest studies of Cottin et al.
(2005, 2006) suggested the lack of positive effect of
this type of training. Although, it is known that in
adult mares the interval exercise test was associated
with alterations of plasma leptin and ghrelin levels
(Gordon et al. 2006). Hence, the major aim of the
present study was to evaluate how the different types
of exercise influence the leptin and ghrelin profile in
young race trotters. The Standardbred horses used in
this study were involved in specific types of moderate
exercise, namely interval and continuous. The inten-
sity of exercise performed in the present study was
verified by measurement of blood LA. Lactate is
a product of muscular glucose metabolism and it accu-
mulates in muscle and blood when a high intensity of
exercise takes place (Courouce 1999). Several papers
revealed that the average blood LA concentration is
strongly and positively correlated with the intensity of
the effort and after the acute phase of training
sessions it exceeded 4.0 mmol/L (Ferrante et al. 1994,
Rainger et al. 1994, Guhl et al. 1996). The results of
the present study, with the mean level of blood LA
amounted to 2.36 mmol/L, proved that the proposed
modes of exercise were not highly intensive.

In this study, the performed exercise resulted in
the increase in plasma leptin concentration, especially
in the continuous type of effort in comparison to more
intensive interval effort. In our previous study, acute
exercise caused a significant increase in plasma leptin
concentration in 1.5-year-old foals, but not in the
group of older trotters (Kedzierski and Kapica 2008).
Gordon et al. (2007a) did not state any changes in
adult horses during exercise tests. On the other hand,
no changes in the plasma leptin concentration in ath-
letic horses were observed both during and after the
jumping trial (Piccione et al. 2005). Moreover, Gor-

don and coworkers (2006) proved that plasma leptin
concentration was not changed during the interval ex-
ercise tests, whereas it increased 30 min after the ef-
fort. Successive study of Gordon et al. (2007a) showed
that short term, high intensive exercise led to a de-
crease in this hormone concentration in blood plasma
24 hours after the end of the exercise test. These ob-
servations are generally in agreement with the results
of the present work where, however, only young
trained trotters were studied.

The exercise performed by the studied horses also
increased plasma free fatty acids (FFAs) concentra-
tion (Kedzierski et al. 2007b). FFAs are the principal
substrates for the energy production during physical
effort. Dotsch et al. (2003) showed that the main func-
tion of leptin is not only an anorectic effect but it also
increases the hepatic FFAs oxidation. In this light, the
increased level of leptin, as a hormone increasing the
hepatic FFAs oxidation, can play a positive role in the
process of energy metabolism regulation. The precise
mechanism involving the rise in plasma leptin concen-
tration during exercise still remains unclear.

In general, the changes in blood leptin concentra-
tion can have multidirectional effects. Recent studies
in humans and horses have suggested that hypolep-
tinemia could interfere with proper immunity, bone
metabolism, and reproductive function (Elefteriou et
al. 2005, Montez et. al. 2005, Waller et al. 2006). This
could finally lead to changes in food intake and reduc-
tion of body weight (Prentice et al. 2002, Gordon et
al. 2007b). However, the results presented in this work
showed that the mean concentrations of leptin at rest
time in horses reached values higher in comparison to
those presented in the study of Gordon et al. (2007b).
On the basis of the results by Buff et al. (2005) and
Van Weyenberg et al. (2007), which revealed that the
leptin concentration is positively related to energy bal-
ance in animals, it was possible to conclude that the
medium intensive exercise, applied in this experiment,
positively influenced the energy homeostasis of the
horses through the increase of plasma leptin concen-
tration.

In the studied horses the exercise influenced also
the plasma ghrelin concentration. Moreover, a rela-
tionship between the changes in the concentration of
ghrelin and the intensity of training was found. The
differences between values of this hormone obtained
just after exercise and at rest were inversely correlated
with blood LA level measured after effort. A similar
correlation was found between the analogous changes
in ghrelin and glucose level, as well. The results of
plasma glucose level in studied horses were described
previously (Kedzierski et al. 2007a). It is probable,
that the intensive exercise, through increasing the
plasma glucose level, results in a decrease in plasma
ghrelin concentration. Gordon and McKeever (2006)
reported that the concentration of this hormone in
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horses was reduced after an oral or intravenous glu-
cose challenge. Moreover, Gordon et al. (2007a) did
not observe any changes in plasma ghrelin or glucose
concentrations during an exercise test. In the light of
these facts, a drop in plasma ghrelin concentration in
horses takes place after high intensity exercise. It is
also correlated with a rise in glucose level. The high
level of glucose in exercise tests is a result of an inten-
sification of the glycogenolysis rate. The results of the
study by Broglio et al. (2003) suggested that ghrelin
could directly stimulate glycogenolysis. The study of
Barazzoni et al. (2005) showed that ghrelin might in-
tegrate energy balance by decreasing the lipid oxida-
tion in the liver. The decrease in plasma ghrelin con-
centration, which was shown here after the interval
exercise, can promote the use of lipids in the process
of energy production. It leads simultaneously to more
economical glucose utilization. On the other hand,
ghrelin increases appetite and food intake. The lower
value of this hormone after exercise can induce a de-
creased feed intake. This can lead also to losing of
weight and condition in trained horses.

In conclusion, the intensity and type of effort in-
fluenced the value and the direction of the changes in
plasma leptin and ghrelin concentrations. The mean-
ing of the observed phenomenon and the eventual
possibility of using the determination of these hor-
mones as a diagnostic method of race trotters require
further research.

References

Barazzoni R, Bosutti A, Stabel M, Cattin MR, Roder E,
Visintin L, Cattin L, Biolo G, Zanetti M, Guarnieri
G (2005) Ghrelin regulates mitochondrial-lipid metab-
olism gene expression and tissue fat distribution in liver
and skeletal muscle. Am J Physiol Endocrinol Metab
288: E228-235.

Broglio F, Benso A, Castiglioni C, Gottero C, Prodam F,
Destefanis S, Gauna C, Van Der Lely AJ, Deghenghi R,
Bo M, Arvat E, Ghigo E (2003) The endocrine response
to ghrelin as a function of gender in humans in young and
elderly subjects. J Clin Endocrinol Metab 88: 1537-1542.

Buff PR, Dodds AC, Morrison CD, Whitley NC, McFadin
EL, Daniel JA, Djiane J, Keisler DH (2002) Leptin in
horses: Tissue localization and relationship between pe-
ripheral concentrations of leptin and body condition.
J Anim Sci 80: 2942-2948.

Buff PR, Johnson PJ, Wiedmeyer CE, Ganjam VK, Messer
Iv NT, Keisler DH (2006) Modulation of leptin, insulin,
and growth hormone in obese pony mares under chronic
nutritional restriction and supplementation with rac-
topamine hydrochloride. Vet Ther 7: 64-72.

Cartmill JA, Thompson DL Jr, Storer WA, Gentry LR, Huff
NK (2003) Endocrine responses in mares and geldings
with high body condition scores grouped by high vs. low
resting leptin concentrations. J Anim Sci 81: 2311-2321.

Cottin F, Barrey E, Lopes P, Billat V (2006) Effect of re-
peated exercise and recovery on heart rate variability in

elite trotting horses during high intensity interval train-
ing. Equine Vet J Suppl 36: 204-209.

Cottin F, Medigue C, Lopes P, Petit E, Papelier Y, Billat VL
(2005) Effect of exercise intensity and repetition on heart
rate variability during training in elite trotting horse. Int
J Sports Med 26: 859-867.

Courouce A (1999) Field exercise testing for assessing fit-
ness in French standardbred trotters. Vet J 157: 112-122.

Dotsch J, Meissner U, Rascher W (2003) Leptin-induced
weight loss is not solely mediated by anorexia. Eur J En-
docrinol 148: 11-12.

Elefteriou F, Ahn JD, Takeda S, Starbuck M, Yang X, Liu
X, Kondo H, Richards WG, Bannon TW, Noda M, Clem-
ent K, Vaisse C, Karsenty G (2005) Leptin regulation of
bone resorption by the sympathetic nervous system and
CART. Nature 434: 514-520.

Ferrante PL, Taylor LE, Kronfeld DS, Meacham TN (1994)
Blood lactate concentration during exercise in horses fed
a high-fat diet and administered sodium bicarbonate.
J Nutr 124: 2738S-2739S.

Gao Q, Horvath TL (2008) Neuronal control of energy ho-
meostasis. FEBS Lett 582: 132-141.

Gentry LR, Thompson DL Jr, Gentry GT Jr, Davis KA,
Godke RA, Cartmill JA (2002) The relationship between
body condition, leptin, and reproductive and hormonal
characteristic of mares during the seasonal anovulatory
period. J Anim Sci 80: 2695-2703.

Gil-Campos M, Aguilera CM, Canete R, Gil A (2006)
Ghrelin: a hormone regulating food intake and energy
homeostasis. Br J Nutr 96: 201-226.

Gordon ME, McKeever KH (2005) Diurnal variation of
ghrelin, leptin, and adiponectin in Standardbred mares.
J Anim Sci 83: 2365-2371.

Gordon ME, McKeever KH (2006) Oral and intravenous
carbohydrate challenges decrease active ghrelin concen-
trations and alter hormones related to control energy me-
tabolism in horses. J Anim Sci 84: 1682-1690.

Gordon ME, McKeever KH, Bertos CL, Manso Filho HC
(2007a) Exercise-induced alterations in plasma concen-
trations of ghrelin, adiponectin, leptin, glucose, insulin,
and cortisol in horses. Vet J 173: 532-540.

Gordon ME, McKeever KH, Betros CL, Manso Filho HC
(2007b) Plasma leptin, ghrelin and adiponectin concen-
trations in young fit racehorses versus mature unfit Stan-
dardbreds. Vet J 173: 91-100.

Gordon ME, McKeever KH, Bokman S, Betros CL,
Manso-Filho H, Liburt N, Streltsova J (2006) Interval
exercise alters feed intake as well as leptin and ghrelin
concentrations in Standardbred mares. Equine Vet
J Suppl 36: 596-605.

Guhl A, Lindner A, von Wittke P (1996) Use of relationship
between blood lactate and running speed to determine
the exercise intensity of horses. Vet Rec 139: 108-110.

Hayashida T, Murakami K, Mogi K, Nishihara M, Nakazato
M, Mondal MS, Horii Y, Kojima M, Kangawa K,
Murakami N (2001) Ghrelin in domestic animals; dis-
tribution in stomach and its possible role. Domest Anim
Endocrinol 21: 17-24.

Kearns CF, McKeever KH, Roegner V, Brady SM,
Malinowski K (2006) Adiponectin and leptin are related
to fat mass in horses. Vet J 172: 460-465.

Kędzierski W, Bergero D, Assenza A (2009) Trends of he-
matological and biochemical values in the blood of young
race horses during standardized field exercise test. Acta
Vet (Beogr) 59: 457-466.

The effect of interval versus continuous exercise... 377



Kedzierski W, Kapica M (2008) Plasma concentration of
leptin and ghrelin in Standardbred foals as related to the
age, sex, exercise and training. Animal 2: 582-587.

Kędzierski W, Kapica M, Kolstrung R, Pluta M (2008) The
concentrations of plasma leptin, ghrelin and parameters
of lipid metabolism in Purebred Arabian and pony mares
during periparturient period. Med Weter 64: 427-430.

Kędzierski W, Kowalik S, Janczarek I (2007a) Influence of
interval and endurance training on the level of chosen
blood parameters and heart rates in trotters. Med Weter
63: 1258-1261.

Kędzierski W, Kowalik S, Janczarek I (2007b) Chosen bio-
chemical and hematological blood parameters and heart
rates of young trotters in consecutive phases of training.
Acta Sci Pol Med Vet 6: 15-24.

McManus CJ, Fitzgerald BP (2000) Effects of a single day of
feed restriction on changes in serum leptin, gonadot-
ropins, prolactin, and metabolites in aged and young
mares. Domest Anim Endocrinol 19: 1-13.

Montez JM, Soukas A, Asilmaz E, Fayzikhodjaeva G, Fan-
tuzzi G, Friedman JM (2005) Acute leptin deficiency,
leptin resistance, and the physiologic response to leptin
withdrawal. Proc Nat Acad Sci USA 102: 2537-2542.

Piccione G, Grasso F, Costa A, Fazio F, Caola G (2005)
Influence of short-term exercise on serum leptin concen-
tration in the horse. Vet Arhiv 75: 15-22.

Prentice AM, Moore SE, Collinson AC, O’Connell MA
(2002) Leptin and undernutrition. Nutr Rev 60: S56-67.

Rainger JE, Evans DL, Hodgson DR, Rose RJ (1994) Blood
lactate disappearance after maximal exercise in trained
and detrained horses. Res Vet Sci 57: 325-331.

Shearman JP, Hamlin MJ, Hopkins WG (2002) Effect of
tapered normal and interval training on performance of
Standardbred pacers. Equine Vet J 34: 395-399.

Steelman SM, Michael-Eller EM, Gibbs PG, Potter GD
(2006) Meal size and feeding frequency influence serum
leptin concentration in yearling horses. J Anim Sci
84: 2391-2398.

Waller CA, Thompson DL Jr, Cartmill JA, Storer WA, Huff
NK (2006) Reproduction in high body condition mares
with high versus low leptin concentrations. Theriogenol-
ogy 66: 923-928.

Weyenberg S, Hesta M, Buyse J, Papadopoulos GA, Jan-
ssens GP (2007) Short-term effects of energy changes on
plasma leptin concentrations and glucose tolerance in
healthy ponies. Vet J 178: 233-237.

378 S. Kowalik, W. Kędzierski


