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Summary: The regulation of visfatin release depends on physical activity, as shown in humans and laboratory animals. In this study, we
aimed to test the hypothesis that physical training and/or exercise influence the plasma visfatin concentration in race-horses. A group of
22 young purebred Arabian horses submitted to race training of various intensities was studied. Twelve horses were submitted to standard
race training, including gallops on a track at a speed of 6-12m/s for a distance of 600-1200m, six days a week (ST group). The other
ten horses underwent standard training alternating with low intensity exercise sessions consisting of alternating walking, trotting and cante-
ring at a maximum speed of 6m/s, lasting about 30 min; these were performed every second day of the week (LT group). Blood samples
were collected three times during the training season: in the middle of May, July, and September. On each day of data collection, three
jugular blood samples were collected, i.e. at rest, immediately after the end of the exercise session, and 30 min after the end of the exercise
period. Blood plasma lactic acid (LA) concentration was determined immediately after the end of exercise. Plasma visfatin concentration
was determined in samples collected at rest and 30 min after the end of exercise using ELISA. In the ST group, the plasma visfatin concen-
tration decreased in September compared to May measurements. No significant correlations were found between post-exercise LA and vis-
fatin values. In conclusion, plasma visfatin concentration in horses may decrease depending on the method of training. The short-term,
intensive exercise performed in race training had no impact on the plasma visfatin concentration in young purebred Arabian horses at

30min post-exercise.
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Introduction

Visfatin, also known as pre-B-cell-colony-enhancing factor 1
(PBEF1) or nicotinamide phosphoribosyltransferase (Nampt),
is an enzyme that participates in nicotinamide metabolism.
Visfatin is highly expressed in visceral fat and its plasma level
increases mainly during the development of obesity (Fukuha-
ra et al. 2005). It has been identified as a multifunctional adi-
pocytokine present in the bloodstream. It is known that in
mammals, visfatin plays an endocrine, autocrine, as well as a
paracrine role (Adeghate 2008). This protein promotes, inter
alia, the production of inflammatory cytokines, corticosterone
release and vascular smooth muscle cell maturation (Cieli-
chowski et al. 2018, Wu et al. 2018). Visfatin, together with
leptin, regulates thermogenesis and the uncoupling protein
synthesis in brown adipose tissue (Dimitriadis et al. 2018). Of
particular importance, visfatin activates insulin receptors and
has insulin-mimetic effects, improving insulin sensitivity and
lowering the plasma glucose level (Fukuhara et al. 2005).
Some studies demonstrated a tendency for daily fluctuations
in plasma visfatin levels in mammals; they reported higher
values of visfatin in the evening than in the morning, and an
increase after a meal following 12-hour starvation (Ando et
al. 2005, Bilski et al. 2016).

There is clear evidence that an active lifestyle decreases plas-
ma or salivary visfatin concentrations (Aggeloussi et al. 2012,

Roupas et al. 2012, Rudwill et al. 2013). In rats, six-weeks of
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swimming exercise down-regulated visfatin levels in adipose
tissue (Gao et al. 2014). In humans, an exercise training pro-
gramme lasting at least 12 weeks significantly decreased
plasma visfatin concentration (Choi et al. 2007, Haus et al.
2009). However, the post-training decrease in plasma visfatin
concentration was closely related to the body fat mass lost in
overweight participants (Lee et al. 2010, Jirimde et al. 2011,
Seo et al. 2011). Thus, physical training led to a decrease in
plasma visfatin concentration in the studied subjects. On the
other hand, single bouts of exercise either increased (Fryde-
lund-Larsen et al. 2007, Ghanbari-Niaki et al. 2010, Plinta
et al. 2012) or decreased visfatin release from adipose tissue
in humans (Jirimée et al. 2009).

These ambiguous results lead to further questions about the
physiological relevance of visfatin, especially in other mam-
mals, including horses. To the best of the authors’ knowledge,
no studies exist regarding visfatin regulation in horses. These
domestic animals are generally used for different kinds of work
and are routinely submitted to a long-lasting training regimen
and extremely difficult exercise tests. The races, among other
activities, require the most intensive exercise, however, visfatin
in race-horses has not been thoroughly studied.

Thus, other than obesity, the main factors influencing plasma

visfatin concentration in mammals are training and, probably,
exercise. Therefore, the present study was designed to test the
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hypothesis that physical training and exercise of varying inten-
sities alter the plasma concentration of visfatin in race-horses.

Materials and methods

Horses

The study was performed between May and September
during one training season. A total of 22 purebred Arabian
horses aged three to four years were assessed during their
race training. Initially, the number of horses included in the
study was larger, however, some horses were later excluded
for reasons beyond the authors’ control (e.g. a break in trai-
ning due to injuries or infections, an owner’s decision fo
move a horse). The investigated horses were trained and
competed in official races on the Stu ewiec Horse Race Track
(Warsaw, Poland). They completed their routine training and
competed in official races during the whole race season. The
studied horses were randomly divided into two groups accor-
ding to the infensity of their training.

Twelve horses (3 three-year-old colts, 3 three-year-old fillies,
3 four-year-old colts and 3 four-year-old mares) were trained
in a standard manner (ST group). They were exercised six
days a week in a similar way. The training sessions were per-
formed for about one hour a day. The riders rode the horses
at a walk and trot for approximately 10 min as a warm-up
exercise, then the horses cantered or galloped on a sand
track at a speed of 6-12m/s, covering a distance of
600-1200m. The speed and duration were individually
adapted to each horse’s performance level by the trainer.
After exercise, the horses were cooled down on an automatic
horse walker for 30 min.

Ten horses (2 three-year-old colts, 2 four-year-old colts, 3
three-year-old fillies and 3 four-year-old mares) underwent
standard training alternating with low intensity exercise ses-
sions (LT group). Namely, three days a week (Mondays, Wed-
nesdays and Fridays), these horses completed standard exer-
cise sessions described as above, but on the other days of the
week (Tuesdays, Thursdays and Saturdays), they had low
intensity sessions which lasted at least 1.5 hours and included
a warm-up walk (about 10min), alternating walking, trotting
and cantering (at a maximum rate of 6m/s) in a cohort
(approximately 30min), and then walking tfoward the stable
(about 10 min). The horses were then cooled down on an
automatic horse walker for 30 min.

The horses from both studied groups began regular training
in early April, and started to compete in official races at least
once a month starting at the end of May. All studied horses
were treated and fed in the same manner characteristic for
their use in races. The colts and females were kept in separate
stables within a box stall measuring 4m X 4m and lined with
straw bedding. During the study, each horse received an indi-
vidual ration of hay, oats and concentrate according to their
body condition and workload. The daily feed dose was split
into three feedings provided at 6 am, 12 pm and 6 pm. The
feeding regimen (kg/horse) for three-year-old horses in July
was as follows: 5.5kg oats, 6.0kg meadow hay, and 0.8kg
concentrate. A mineral salt block and fresh water were provi-

ded ad libitum.
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For each horse, the body condition score (BCS) was always
determined by the same, experienced veterinarian. The
method is based on the visual and palpable evaluation of fat
cover over set points of a horse’s body. The rating system
devised by Henneke et al. (1983) was used, with scores ran-
ging from 1 to 9. All studied horses took part in official races
until the end of the race season. The official published han-
dicap value for each horse was divided by the mean handi-
cap for all similar-aged horses that had started on the race
track throughout the whole season (relative handicap).

Blood sampling and analysis

All horses were studied during morning exercise sessions.
Blood samples were collected three times at two-month inter-
vals, i.e. in the middle of May, July, and September. In May,
all horses galloped at a speed of 6-8m/s, covering a distan-
ce of 1200m. In July and September, some horses galloped
at a low speed (about 6 m/s), some others at a medium speed
(about 9m/s), and others at a high speed (exceeding 12m/s),
according to the trainer’s rules. The speed of each horse was
monitored using Polar RS800CX telemeters equipped with
GPS sensors (Polar OY, Kempele, Finland).

On each day of data collection, three jugular blood samples
were collected: 1) at rest, immediately before the exercise
session; 2) immediately after the end of exercise; 3) 30min
after the end of the exercise period. Blood samples were col-
lected info tubes containing tri-potassium EDTA and were
immediately cooled in a water bath with a temperature of
+4°C, centrifuged, aliquoted and stored frozen at -70°C
until analysis.

Plasma visfatin concentration was determined in samples col-
lected at rest and 30min after the end of exercise, using a
horse visfatin ELISA kit (Wuhan Fine Biological Technology
Ltd., Hubei, China). The sensitivity of the assay was
0.94ng/ml, and the range was from 1.56 to 100ng/ml.
Absorbance was measured by a Multiskan reader (Labsystem,
Helsinki, Finland) using GENESIS V 3.00 software. The intra-
and infer-assay for data determined in the laboratory amoun-
ted to 6% and 8%, respectively; values were expressed in
ng/ml. To evaluate the relative intensity of exercise, the blood
plasma lactic acid (LA) concentration was determined in sam-
ples collected immediately after the end of exercise. Plasma
LA concentrations were measured using the colorimetric
method and a Dr. Lange portable analyser (Dr. Lange Labo-
ratory System LP450, Germany).

Statistical analysis

Statistical analysis was performed using a multifactorial
ANOVA assay (GLM, SAS software 9.3) to test the influence
of the time of blood sampling (May, July, September), activity
(at rest, 30min affer the exercise period), and training inten-
sity (ST and LT groups). Data were checked for normality of
distribution using Shapiro-Wilk, Kolmogorov-Smirnov, and
Anderson-Darling tests; the tests did not reject the normal
distribution hypothesis. Post hoc multiple comparisons were
made using Tukey's test. The relative handicap values in ST
and LT groups were compared using a Student’s t-test. The
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Pearson correlation coefficient was calculated to compare
plasma visfatin values obtained at rest with BCSs, as well as
exercise-induced changes in plasma visfatin concentrations
with post-exercise LA values. Statfistical significance was
accepted at P <0.05. The results are presented as means =+
standard deviations (SD).

Results

Plasma visfatin concentrations measured at rest are shown in
Table 1. The most important, statistically significant differen-
ces were observed in the ST group, where the mean value of
visfatin decreased in September as compared to May measu-
rements. The mean concentrations of the studied adiponectin
in plasma collected at rest and after exercise did not differ
significantly (data not shown). Plasma LA concentrations in
studied horses ranged from 0.7 mmol/l to 22.5mmol/l,
depending on the speed of gallop. Data obtained in the indi-
vidual months of the study are presented in Table 2. The
mean post-exercise LA concentration reached
7.50 = 6.48 mmol/l (median =5.01 mmol/l). The correlation
coefficient for LA and differences between plasma visfatin
concentrations determined after exercise and at rest was
0.08, and did not reach the level of statistical significance.
The mean BCS values in studied horses tended to decrease
gradually during the study: 4.9 +0.38 in May, 4.5+0.30 in
July, and 4.3 +0.28 in September (P=0.056); BCS did not
differ significantly between the studied groups. There was no
significant correlation between BCS and plasma visfatin con-
centrations determined at rest in the studied horses.

The mean estimated relative handicap for the LT group was
significantly higher than for the ST group (Table 2).

Discussion

The results of this study indicate that training may decrease the
plasma visfatin concentration in purebred Arabian horses trai-
ning for races. The decrease in the adipokine level was evident
in horses in the standard race training programme only, in the
period of time from May to September, during one training
season. However, no similar decrease was found in the horses
that trained less intensively. The studied horses were trained
using two strategies because trainers constantly try new metho-
dologies to improve the effectiveness of the training process
(Szarska et al. 2014, Ringmark et al. 2017). It can be conclu-
ded that intense race training lasting at least six months may
lead to a decrease in plasma visfatin concentration. It seems
that this is a phenomenon that is characteristic for mammals.
A training-induced drop in plasma visfatin concentration was

Table 1

purebred Arabian race horses (ng/ml; means = standard deviations)

Plasma visfatin concentration determined at rest in

Time of sample collection ST group LT group

May 24.3 £ 2.98° 23.6 = 2.71°
July 21.4 +2.93% 22.1 + 3.69°
September 19.9 + 3.03% 23.0 + 3.86°

ST group — horses trained in a standard manner; LT group — horses trained less
intensively a,b— means in columns marked with the same letters do not differ
significantly at P < 0.05, according to Tukey's test
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previously described in humans (Choi et al. 2007, Haus et al.
2009, Aggeloussi et al. 2012, Roupas et al. 2012, Rudwill et
al. 2013), as well as in rats (Gao et al. 2014). A drop in vis-
fatin level caused by physical training can be the result of
decreased sensitivity to corticosteroids. Corticosteroids stimu-
late visfatin synthesis in adipocytes (Maclaren et al. 2007),
however, glucocorticoid receptor synthesis is downregulated
during training (Bonifazi et al. 2009, Campbell et al. 2009),
as the tfissue’s response to long-lasting cortisol elevation indu-
ced by training (Kedzierski 2014). It is also possible that a
decrease in visfatin is a result of systematically repeated expo-
sure fo free fatty acids. Namely, an increase in the lipolysis rate
with daily exercise leads to a higher concentration of free fatty
acids in plasma (Kedzierski 2014) and downregulates the vis-
fatin gene expression in adipocytes (Wen et al. 2006).

In the present study, no correlation was found between BCS
values and plasma visfatin concentrations. This is in contrast
with other studies showing correlations between visfatin and
overall adiposity in humans (Jirimée et al. 2011, Aggeloussi
et al. 2012). In fact, these studies compared overweight, phy-
sically inactive individuals with lean, physically active ones.
The horses in the present study had similar BCSs, ages, and
performance levels. Individual differences in BCS and plasma
visfatin concentrations were rather low. We observed a similar
phenomenon for leptin, another adipokine produced by adi-
pose tissue (Kedzierski 2014, 2016b). In general, the level of
plasma leptin reflects the body fat stores (Gentry et al. 2002,
Kearns et al. 2006), however, some horses have high or low
resting leptin levels regardless of their body fat mass (Cartmill
et al. 2003, Suagee et al. 2013). Thus, the plasma leptin
concentration did not correlate with BCS in groups of horses
of similar body condition and race performance (Gordon and

McKeever 2005, Kedzierski 2016a).

The lack of influence of performed exercise on plasma visfatin
concentration in studied horses is also worth noting. Regard-
less of the intensity of the exercise, there were no changes in
the plasma concentration of visfatin when assessed 30min
after the end of exercise and at rest. However, exercise was not
standardised; only the plasma LA concentration determined
immediately after the end of an exercise session was used to
evaluate the relative intensity of the exercise. It is possible than
other undefined factors, like training phase or horse perfor-
mance, could influence the release of visfatin during and after
exercise. In some reports, exercise induced an increase in this
adipokine production in humans (Frydelund-Larsen et al.
2007, Ghanbari-Niaki et al. 2010). However, other resear-
chers did not find exercise-induced changes in visfatin values

Table 2
determined immediately after the end of the exercise, and relative
handicap in studied horses (means = standard deviations)

Plasma lactic acid concentration (LA, mmol/l)

Time of sample collection ST group LT group

May 5.58 = 2.05 4.62 + 195
July 8.28 = 7.09 7.74 £ 519
September 5.30 = 3.43 10.1 = 6.58
Handicap 0.88 = 0.09 1.01 = 0.1V

ST group — horses trained in a standard manner; LT group — horses trained less
intensively x,y — means in rows marked with different letters differ significantly at
P < 0.05, according to Student’s t-test; for LA, — no statistically significant
differences were found according to Tukey’s test.
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(Roupas et al. 2013), or simply found an exercise-induced
drop in this adipokine (Jirimde et al. 2009, Roupas et al.
2012, Bilski et al. 2016). These reported discrepancies in vis-
fatin responses to exercise could be a partial result of varia-
tions in the type of studied exercises: anaerobic versus aero-
bic, intensive short-term versus endurance exercise. The inten-
sity and duration of exercise can affect the response of the
organism and change multiple biochemical parameters, hor-
mones or cytokines. Once again, by analogy, plasma leptin
concentration increased after exercise, lasting at least 45 min,
but only in very young or untrained horses (Gordon et al.
2006, Kedzierski and Kapica 2008, Kedzierski 2016b). No
exercise-induced changes in plasma leptin concentration were
found in response to training sessions typical for galloping
race horses (Kedzierski 2014, Kedzierski and Cywinska 2014).
Similarly to leptin, plasma visfatin concentration was probably
not affected by the short-time exercise used in race training. It
is also probable that the 30 min post-exercise rest implemen-
ted in the study was too short to achieve any changes in visfa-
tin synthesis and release. Finally, we found that the horses that
submitted to standard race training achieved worse results in
official races than horses from the less intensively trained
group. Thus, if less intense training, which was applied to the
LT group, was sufficient to achieve the handicap on a medium
level, it can be assumed that horses in the ST group were over-
trained. However, the genetic component specifying the per-
formance of the individual horse cannot be excluded.

To summarise, this is the first study that shows a training-indu-
ced decrease in plasma visfatin concentration in horses. In
general, training should lead to improving the efficiency of
exercise and, inter alia, to an increase in the oxidation rate of
lipids, as well as a decrease in glucose utilisation and LA pro-
duction in exercised muscles. Therefore, the importance of
glucose as a source of energy decreases with time spent trai-
ning. Thus, taking info account the fact that visfatin improves
tissue sensitivity to insulin and simultaneously decreases the
glucose level in the blood, a drop in plasma visfatin concen-
tration in intensively trained horses could be a marker for the
horses’ performance, indicating over-training. Further rese-
arch is needed fo test the changes in exercise-induced visfatin
kinetics. This study is limited to purebred Arabian race-horses
and therefore, these findings might not apply to other horses
exercised in a different way.

Conclusions

The intensity of short-term exercise has no impact on plasma
visfatin concentration as determined in horses at 30 min post-
exercise. Nevertheless, plasma visfatin concentration in hor-
ses may decrease under the influence of intensive training.
Thus, visfatin is a measurable adipokine that should be furt-
her investigated in horses to test the hypothesis that it can be
a new, usable parameter to indicate the performance level of
trained horses.

Animal Welfare statement
The study was performed in accordance with the protocol

approved by the Local Ethic Review Committee for animal
experiments in Lublin (reference number 45/2017).
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