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ABSTRACT

A severe form of recurrent exertional rhabdomyolysis occurs enzootically in a well-defined region of
Transylvania, Harghita county. At the highest lying two settlements (more than 800 m above sea level),
the prevalence of equine rhabdomyolysis is between 17 and 23%, while in the neighbouring villages in
the valley it is less than 2%. The objective of our study was to clarify the role of selenium and vitamin E
in the high prevalence of rhabdomyolysis in that region. Soil and hay samples were collected from each
area to evaluate mineral content. Ten horses from the non-affected and 20 horses from the affected area
were tested for serum selenium, vitamin E, glutathione peroxidase (GSH-Px), muscle enzymes, lactate
and electrolytes. Hay samples collected from the affected area had lower selenium content. Horses in the
affected regions had significantly lower serum selenium (P = 0.006) and GSH-Px levels than animals
living in the non-affected regions. A good correlation between erythrocyte GSH-Px and serum selenium
concentration could be demonstrated (r = 0.777, P < 0.001). Serum vitamin E levels were low inde-
pendently of the origin of the horse. Based on our results, selenium deficiency possibly has a role in the
Transylvanian enzootic equine recurrent rhabdomyolysis syndrome.
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sea level) the prevalence of equine rhabdomyolysis is be-
tween 17 and 23%, while in the neighbouring villages in the
valley it is less than 2% (Koésa et al, 2015). This specific
rhabdomyolysis syndrome is associated with exertion in
most cases, but clinical signs also occur sporadically in
horses not doing any intense exercise (Kosa et al., 2018).
Clinical signs include painful, swollen muscles, stiffness,
weakness, rhabdomyolysis, myoglobinuria, and in more se-
vere cases dysphagia and recumbency also occur. In most
affected horses the episodes are recurrent, while in chronic
cases muscle atrophy is observed (Kosa et al., 2018).

Determining the underlying cause of rhabdomyolysis is
complicated due to the fact that a given disorder may have
variable clinical signs while myopathies of different aetiology
may show a similar clinical picture (Ludvikova et al., 2005b,
2007; Valberg, 2018). Beyond a probable hereditary factor,
there does not seem to be a single cause that triggers
recurrent rhabdomyolysis in horses. Among these factors we
can mention the overfeeding of non-structural carbohy-
drates, poor conditioning or fitness, sudden increase of
workload, electrolyte or mineral imbalances, or imbalance of
certain hormones (Valentine, 2005; Radostits et al., 2014).
Among dietary factors, the main theory that dominates in
the aetiology of recurrent rhabdomyolysis is selenium/
vitamin E deficiency (Aleman, 2008; Streeter et al., 2012).

There are several equine muscular disorders associated
with vitamin E and/or selenium deficiency. White muscle
disease (WMD) is the main clinical manifestation of sele-
nium and, to a lesser extent, vitamin E deficiency in horses.
WMD is also often associated with inappropriate physical
exercise or increased dietary supply of unsaturated lipids
(Lofstedt, 1997). It has been reported that foals younger than
one year prevail among horses affected by WMD (Lofstedst,
1997; Harris, 1998; Valberg, 2002; Streeter et al., 2012) but
some authors have found a higher percentage of adult horses
(Ludvikova et al., 2005b).

Yellow fat disease, also named polymyositis or muscular
dystrophy, can also be associated with nutritional selenium
and/or vitamin E deficiency (Foreman et al., 1986). A clear
relationship between exertional rhabdomyolysis (tying-up
syndrome) and vitamin E or selenium deficiency has not yet
been described in horses (Valentine, 2005) but the important
role of selenium in these myopathies has been recognised
previously (Gomez et al., 2015). Nevertheless, these condi-
tions have been treated by aggressive antioxidant therapy
including vitamin E, selenium, and vitamin C (Kirschvink
et al.,, 2008). In the recently described vitamin E-deficient
myopathy, horses may develop clinical signs related solely to
muscle atrophy and weakness (Bedford et al.,, 2013). Sele-
nium deficiencies in horses have been determined
geographically and apparently they depend on the chemical
composition of the soil in areas used for pasture (Wyga-
nowska et al., 2017). A deficiency of this element has been
noted in horses that graze on pastures with selenium-defi-
cient soil or whose diet is based on feed from such areas
which is not supplemented with organic or inorganic sele-
nium (Janicki et al., 2000; Wyganowska et al., 2017). The
selenium status of animals can be evaluated by the direct

determination of selenium concentration in the blood or
indirectly by derivation from the measurements of gluta-
thione peroxidase (GSH-Px) activity (Ludvikova et al,
2005a).

Depending on the availability of grass and fresh hay, a
horse can consume less than the daily recommended
amount of vitamin E. Horses without access to green forage
should be supplemented with vitamin E on a daily basis
(Finno and Valberg, 2012). In horses, plasma and adipose
tissue concentrations as well as plasma, hepatic and muscle
concentrations of vitamin E are linearly correlated (Finno
and Valberg, 2012), thus one plasma sample would be
enough to gain insight into the animal’s overall vitamin E
supply status (adequate, marginal, or deficient).

The objective of this study was to clarify the nutritional
background of the high prevalence of rhabdomyolysis in a
specific Transylvanian geographical region, focussing on the
role of vitamin E and selenium.

MATERIALS AND METHODS

The study was approved by the Bioethics Commission of the
Faculty of Veterinary Medicine Cluj-Napoca (175/
18.09.2019).

The study was conducted in four villages of Transylvania:
two villages from the affected region of Szentegyhdza and
Képolnasfalu (high villages: HV) and two villages in the
non-affected neighbouring valley region (valley villages: V'V,
Lovéte and Homorddfiirdo). In the HV areas there were
approx. 800 horses and in the VV area the population was
smaller, approx. 260 horses. Altogether 30 horses were
randomly selected for the study: 20 animals in the HV
(mean age + SD: 8.5 + 4.4 years; 7 females and 13 males)
and 10 horses in the VV area (9 + 3.5 years, 5 females and 5
males). The number of samples was estimated with the help
of the ‘www.epitools.ausvet.com’ with the odds ratio and
expected number of cases based on previous studies (Kosa
et al, 2015). The selection was performed on the patient
database of the treating veterinarian (the first author) ac-
cording to the selection criteria. If the owner did not give
his/her consent to the examinations at that time, another
horse was randomly selected.

All horses were of a similar local warmblood breed with a
cold-blooded type phenotypic influence. The enrolment
criteria were the following: age between 3 and 20 years and no
acute clinical signs of any disease at the time of sampling. All
these animals were working equids taking part in the seasonal
forestry works and were kept under similar conditions in
individual stalls. Their daily ration consisted of 2.5% DMI of
locally harvested pasture hay, to which no concentrate or
mineral, electrolyte or vitamin supplement was added. The
horses had access to water from local water sources twice a
day. All of them regularly took up the normally required
amount of 40-60 mL water/kg of body weight.

Clinical signalment and history of the horses were taken
where we noted that a particular horse had been previously
affected by rhabdomyolysis.
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Blood was collected from the jugular vein into sterile test
tubes with no anticoagulant and it was kept at room tem-
perature until centrifugation. Within 4 h these samples were
used to determine serum vitamin E, selenium, muscle en-
zymes including creatine kinase (CK), aspartate trans-
aminase (AST) and lactate dehydrogenase (LDH), lactate
and some electrolyte levels (Na, K, Cl, Ca, P). Whole blood
(2mL) collected into lithium-heparin tubes and centrifuged
within 1h after sampling was used to determine the activity
of GSH-Px. Samples were frozen after centrifugation and
kept at —20 °C until processing. Blood enzymes, lactate and
electrolyte parameters were evaluated spectrophotometri-
cally by using commercially available test kits with a
chemistry analyser (Olympus AU640, Beckman Coulter,
Hamburg, Germany). Vitamin E was assayed by a modified
high-performance liquid chromatography (HPLC; Praxislab
Ltd, Budapest, Hungary) with fluorescence detection (Che
et al,, 2015). Selenium analysis of the serum was performed
by atomic spectroscopy (Optima 8300 ICP-OES Spectrom-
eter, PerkinElmer, USA) and GSH-Px enzymatic activity in
erythrocytes was determined based on the method of Paglia
and Valentine (1967) (Screen-Master plus, MedWoW Ltd,
Nicosia, Cyprus) supplied by Biochemical Systems Interna-
tional. Samples were taken in the spring when animals had
only a low to moderate workload.

We collected soil samples of 30 cm depth from the pas-
tures of both regions (3 samples from the VV and 4 samples
from the HV region) to evaluate the macro- and micro-
mineral content (Ca, K, Mg, Na, P, S, Cu, Zn, Mn, Mo, Fe,
Pb, Cd, Se) of the geographic area. Sampling of the pasture
hay bales for nutrient analysis and determining the macro-
and micromineral content (Ca, K, Mg, Na, P, S, Cu, Zn, Mn,
Mo, Fe, Pb, Cd, Se) were carried out by selecting 16 repre-
sentative bales in the HV area and 13 bales in the VV area
and collecting two core and two circumference samples from
each. All samples from each bale were put in a bucket and
homogenised. Hay analysis included the determination of
dry matter (DM), ash, ether extract, crude protein (CP),
neutral detergent fibre (NDF) and acid detergent fibre
(ADF). These measurements were carried out according to
relevant ISO standards (ISO 5983 - 16472) 1-6. Digestible
energy (DE) was estimated from the chemical composition.
Mineral content analysis of the soil, water and forage was
performed by atomic spectroscopy (Optima 8300 ICP-OES
Spectrometer, PerkinElmer, USA).

The role of water sources in selenium availability and
homoeostasis was also examined. We tested all potable water
present in the observed area (8 representative samples in the
HV area and 8 samples in the VV area) to see whether the
water samples contained any dissolved organic matter, fulvic
acid (FA) and humic acid (HA). The UV-VIS spectrum and
absorbance of the filtered water samples (5-8 um filter
paper) were examined with a spectrophotometer (SP-UV
1100 Spectrometer, DLab Scientific Inc., California, USA)
between 190 and 1,100 nm wavelength according to the
International Humic Substance Society (IHSS) standard. We
also measured pH, total dissolved solids (TDS) and electric
conductivity (EC) of the water samples.

All analyses were performed in R 3.4.4. (R Development
Core Team, the R Project for Statistical Computing, USA).
The significance level was set at P < 0.05. Difference in the
occurrence of the disease between HV and VV was analysed
by Fisher’s exact test (SPSS). In order to find out the dif-
ferences between the two habitats, we analysed their hay and
soil parameters. For further analysis we created four groups
according to habitat and disease (HV with disease: n = 12,
HV without disease: n = 8, VV with disease: n = 1, and VV
without disease: n = 9).

Differences between groups regarding age and sex were
analysed by linear models. We examined the measured
blood parameters of horses looking for differences in three
groups (as among VV horses only one horse was showing
disease and we excluded that horse/group from this anal-
ysis). The measured values were mainly non-normally
distributed. Therefore, generalised linear models for non-
normally distributed values were applied for all the
measured parameters of hay and soil to test for significant
differences between habitats, and for all the measured blood
parameters to test for significant differences between the
three groups.

Correlations among GSH-Px, selenium concentration,
vitamin E, AST, LDH and CK were tested by correlation
tests (Spearman, IBM SPSS Statistics 20 Documentation,
USA). The results of water samples originating from the two
different regions of VV and HV areas were compared by
ANOVA.

RESULTS

In the HV region 8 out of 20 horses got the disease only once
and 8 did more than once, while in the VV area 1 out of 10
horses got the disease twice recurrently. The chance of get-
ting the disease was 18.7 times higher in the HV than in the
VV area. This fact was also confirmed by the Fisher test
(P = 0.005).

Analysis of soil samples collected at both sites of HV and
VYV revealed low selenium levels of 0.46 + 0.33 ppm and 0.41
+ 0.12 ppm, respectively. The arithmetic mean was estab-
lished as a pedogeochemical background and significant
differences related to it were the higher levels of Ca
(+60.4%), Cu (4+70.1%), Zn (+75%), Cd (+68.2%), Fe
(4+45.2%), Mn (+44.2%) and Na (+34.1%) in the HV areas.

The results of hay analysis are presented in Tables 1 and
2. There were no significant differences between hay samples
originating from the HV and VV areas in terms of CP, ash,
ether extract, ADF, NDF and DE.

The content of selenium was below our detection limit of
0.05 ppm in all HV samples and it was 0.65 ppm in VV hay
samples. Significant percentage differences were the higher
iron (445.2%) and lower manganese (-111.4%) values in the
samples from the VV areas. Relatively higher mineral values
(calcium 22.5%, potassium 21.7%, magnesium 14.6%, so-
dium 6.9%, and phosphorus 4.0% higher) related to the
mean of the statistical population were measured in the VV
hay samples.
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—_ The results of biochemical parameters measured from the
3 é § § § § § serum samples of horses are shown in Tables 3 and 4. Marked
e selenium deficiency was observed in all horses of the HV re-
gion (30.2 + 19.2ug/L™"). Serum selenium was significantly
< E o o w lower in HV affected horses compared to VV non-affected
©& Ss23 horses (P = 0.006) and it was significantly lower in HV non-
affected compared to VV non-affected horses (P < 0.001)
(Fig. 1). GSH-Px was significantly lower in HV affected horses
£ g 3233 (129.8 + 33.7 pkat -17") compared to VV non-affected horses
& —H o (300.4 + 35.9 pkat -17") (P < 0.001) (Fig. 2).
Spearman correlation between erythrocyte GSH-Px
~18 waog and serum selenium concentration indicated a high
2 g E 23 RN correlation (r = 0.777, P < 0.001). Analysing the two
AR Lo . .
= S sampling areas (HV, VV) separately, the correlation was
- significantly lower (r = 0.365, P = 0.364) in the affected
cE|E ocamve group (HV) and there was no correlation in the case of the
= g 3' Ssa3 non-affected horses (VV) (r = 0.300). This was also
S supported by the regression analysis performed for HV
. and VV horses (Fig. 3). The significant culmination of the
Sl B[R 8g«d two statistical populations could be seen in this case, as
~|=8&le BFFES well. The fact that VV horses were more inhomogeneous
> N — R
ey was also noted.
g The level of vitamin E was very low in all animals: 0.45 +
= 4 ’g S 223 § 0.17 pg/ml ™", 0.57 + 0.20 ug-ml~" and 0.43 + 0.38 pug/ml™"
2N Elg gd28 in the HV affected, HV non-affected and VV groups,
Z respectively. A significant positive correlation (r = 0.66)
g . between serum selenium and vitamin E concentrations was
&3 El9 253 % demonstrated.
o *® NN Y T T . : c.
%= = There was no significant difference regarding the activity
g _ levels of muscle enzymes in any group of horses. All muscle
g . Moo :| No T g enzymes were increased in more than 80% of horses
£ e independently of their origin and history of being affected
Lkl B or not.
kS e There was no significant difference among groups
=) | ) N — 1N O . . . .
Sl~2L DIon regarding sodium, chloride, calcium or phosphorus con-
i A centrations. Lactate concentration was significantly lower in
;A ~| VV non-affected horses compared to HV affected horses (P
SleT S Zegg = 0.022). These observations are also supported by the
E “ é,; 3 eee-e boxplots shown in Fig. 4.
We did not find any correlation between GSH-Px or
DDTA D v~ selenium and LDH or CK enzymes, but there was a negative
s 2 b q2I3 correlation between GSH-Px and AST (r = -312), and GSH-
S Px and lactate (r = -350).
e o In order to evaluate the water parameters (Table 5), the f
MoBP E 2 f ns test was carried out for pH, EC and TDS. The results showed
CI that the calculated f values were higher than the f critical
~| o values, therefore the variance of the water is unequal. To
3 '_%Q N verify if the results obtained with the f test are correct, the ¢-
wl S SO test (two-sample assuming unequal variances) was applied.
- The analysis of water samples did not reveal any dis-
solved organic matter in any of the examined areas that
g could influence selenium absorption. According to the re-
§ sults, the mean values of the two types of water sources were
3 equal, hence the calculated t values were lower than the
E critical t values for pH, TDS and EC. Analysis of variance
% ) (ANOVA, Table 6) showed that there were no significant
2 =R ~E4 differences between the samples and the water types in the
S 2e== above parameters.
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Table 2. Biochemical parameters of hay in valley villages (VV) area

Ca K Mg Na P S Cu Zn Mn Mo Fe Pb Cd Se
gkg™) (gkg) (gkg) (gkg') (gkg') (gkg') (ppm) (ppm) (ppm)  (ppm) (ppm)  (ppm)  (ppm)  (ppm)
Laboratory reference value 4.7-7.2 20-26 1.8-2.3 0.2-0.8 2.6-34 1.7-2.4 8-9 25-27 70-90 0.40-0.63 180-200 - - 0.06
Mean 10.7 17.4 2.6 0 1.3 1.8 6.7 329 137 0.4 366.9 0.4 0.2 0.1
SD 2.9 34 0.8 0 0.1 0.2 0.1 7.4 40.9 0.2 179.3 0.3 0.1 0
Min 7.8 15.4 1.8 0 1.1 1.6 6.6 26 109.1 0.2 175.2 0.2 0.2 0.1
Max 13.7 214 35 0 1.4 2 6.8 40.7 183.9 0.5 530.6 0.7 0.4 0.1
Table 3. Biochemical parameters from serum samples in horses from the HV area
AST LDH CK Lactate GPx Se E-vit Na P Cl Ca
(UL™Y (UL™Y (UL™Y (mmol L") (ng L™ (Ug L™ (mg LY (mmol L") (mmol L) (mmol L) (mmol L)
Laboratory reference values 100-370 80-650 20-350 0.5-2.0 =200 100-200 1.00-5.00 132-146 0.9-1.8 89-108 2.5-3.6
Mean 841.86 1,350.80 789.26 3.50 129.79 43.53 0.45 135.24 0.97 99.29 2.93
SD 638.26 1,069.56 940.85 0.69 34.97 46.16 0.17 2.99 0.21 1.41 0.14
Min 312.30 778.80 319.10 2.79 70.00 10.39 0.10 130.90 0.72 95.80 2.69
Max 2,750.90 4,977.30 3,862.30 5.39 202.00 186.00 0.80 141.00 1.57 102.00 3.22

AST: aspartate transaminase.
LDH: lactate dehydrogenase.
CK: creatine kinase.
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Fig. 1. Boxplot showing serum selenium levels in affected horses
from high villages (HV), non-affected horses from HV and horses
from valley villages (VV)
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Fig. 2. Boxplot showing erythrocyte glutathione peroxidase (GSH-
Px) levels (note: measurement was not performed in the group of
non-affected horses from HV)
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Fig. 3. Regression analysis between erythrocyte GSH-Px and serum
selenium concentrations in the healthy VV horses and the affected

HV horses (dots illustrate the affected HV horses and squares
represent the VV horses)

DISCUSSION

In this study we demonstrated that horses in the affected
regions had significantly lower serum selenium levels and
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Fig. 4. Boxplot showing lactate levels in the different groups

Table 5. pH, total dissolved solids (TDS) and electric conductivity
(EC) values of different water sources

Water sample ID pH TDS (ppm) EC (us/cm™ ")
VV1 7.6 64 129
AP 7.2 106 211
VA% 7.53 75 151
VVv4 7.32 125 251
VV5 7.41 109 219
Ve 7.8 502 1,004
vv7 7.61 77 156
VV8 7.35 137 273
HV1 7.4 44 88
HV2 7.42 46 93
HV3 7.16 43 85
HV4 7.09 45 92
HV5 6.9 33 66
HV6 7.29 50 99
HV7 7.34 46 93
HV8 7.63 39 78

HYV: high villages.
VV: valley villages.

glutathione peroxidase activities than animals living in the
non-affected regions. Although selenium deficiency is most
probably not the single cause of the Transylvanian enzootic
equine recurrent rhabdomyolysis syndrome, based on our
results it certainly has a major role.

Selenium and vitamin E serve as biological antioxidants:
they prevent cellular damage from reactive oxygen species

resulting from normal cellular metabolism and counteract
negative changes in the skeletal muscles (Aleman, 2008;
Radostits et al., 2014; Valberg, 2018). The functions of the two
are linked, vitamin E present in the cell membrane will
decrease the formation of lipid peroxides and selenium in the
intracellular fluid will remove the lipid peroxides that form
(Uttam et al., 2016). There is also another link between se-
lenium and muscle integrity apart from the function of se-
lenium in glutathione peroxidase. Selenium is incorporated in
many other selenoproteins and one of these is selenoprotein
W which shows the highest expression in skeletal muscle and
heart and might be involved in oxidation-reduction reactions.
Selenium deficiency is believed to induce muscular degener-
ation by decreasing the production of selenoprotein W
(Fairweather-Tait et al., 2010). A weak but significant corre-
lation was identified between serum vitamin E and whole
blood selenium concentration. The same observation was
noted in a previous study by Streeter et al. (2012). The authors
suggested a potential abnormality in the dietary intake of both
of these antioxidants which might be a case in our study, as
well. Possibly related to no access to fresh green grass, vitamin
E level was very low in both groups of horses independently
of whether or not they were affected by rhabdomyolysis. The
interplay between vitamin E and glutathione is important for
maintaining an appropriate antioxidant balance, and a low
daily intake of both might result in more frequent rhabdo-
myolysis outbreaks (Streeter et al., 2012). On the other hand,
vitamin E has an influence on selenium metabolism as well
(NRGC, 2007; Uttam et al., 2016).

We demonstrated a negative correlation between GSH-
Px and AST, and GSH-Px or selenium and lactate levels but
not with CK. A probable explanation for this is that low
antioxidative capacity might result in chronic muscle dam-
age and thus increased AST and abnormal anaerobe meta-
bolism with increased lactate content. In a previous study,
similar results have been found (Streeter et al., 2012). These
authors also failed to identify significant associations be-
tween selenium status and the muscle enzyme CK, as an
indicator of muscle-related damage. Since CK has a rela-
tively short half-life of hours compared to AST of several
days, it might indicate chronic muscle damage less reliably
since its serum level is rather strongly related to the timing
of the exercise (Valberg, 2018).

Table 6. Results of f test, t-test and ANOVA evaluating water sources

T-test two-sample assuming

f test unequal variances ANOVA

Parameters  F crit.  F cal. Observation Tcrit. Tcal. Observation Fcrit. F cal Observation

pH 0.26 0.73  Unequal variances  2.14 1.89  Equal mean 3.7 0.94  No samples and water type dif.
5.59 3.49

TDS 3.78 782  Unequal variances  2.36 2.07 Equal mean  3.78 1.06  No samples and water type dif.
5.59 4.44

EC 3.78 762  Unequal variances  2.36 2.07 Equal mean  3.78 1.06  No samples and water type dif.
5.59 4.44

TDS: total dissolved solids.
EC: electric conductivity.
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The concentration of selenium in feedstuffs is influenced
by variations in soil selenium, pH and other soil minerals
(NRC, 2007). Forages and grains containing less than
0.1 ppm selenium may result in a selenium/vitamin E defi-
ciency disorder; a much higher incidence of this disorder
occurs when the selenium concentration drops below
0.05ppm (Uttam et al., 2016). All our hay samples origi-
nating from the HV areas had selenium levels below our
detection limit of 0.05ppm, while the average selenium
content of hay in the VV areas was sufficient but showed
high standard deviation. Based on all these data, the daily
dietary selenium intake was generally higher in the VV area
but still very variable. As described previously, plants grown
in poorly aerated, acid soils or soils originating from vol-
canic rock or soils with a high content of some specific
minerals (e.g. iron or sulphur) contain less selenium (Ale-
man, 2008).

On the one hand we found that the mineral content of
soils originating from the HV areas was higher, resulting in
interactions potentially affecting the selenium absorption of
plants. On the other hand, the level of selenium in plants
depended primarily on the water-soluble selenium content of
the soil. It seems that groundwater was washing out water-
soluble minerals from the high-area soils towards the valley,
which is also reflected in the relatively higher TDS content of
the VV water sources. We found generally higher mineral
content in the VV hay samples, although the differences were
not significant in most cases. Significantly higher iron con-
centration was detected in the VV hay samples, although this
could have limited selenium absorption from the gastroin-
testinal tract. Also, this was possibly counteracted by the
higher selenium availability in the forages. Complex in-
teractions with S, Ca and Cu might also influence the sele-
nium absorption of animals (Uttam et al., 2016).

In the HV area the low selenium content of the hay was
reflected by the deficient selenium status of the horses, but in
the VV areas, even with very variable daily selenium intake,
the horses maintained sufficient serum selenium levels.
Hayes et al. (1987) also found that dietary selenium con-
centrations often do not correlate with blood selenium
levels. They concluded that besides interactions with other
minerals, breed differences might play a role in the ability to
absorb selenium. In humans, a single nucleotide poly-
morphism in GPx1 (Prol98Leu) was associated with sele-
nium deficiency and impaired GPx1 activity. This
observation raised the issue of whether common poly-
morphisms in selenoprotein genes would have a significant
effect on the metabolism of dietary selenium and would
generate different bioavailability figures (Fairweather-Tait
et al., 2010).

All the horses included in the study, independently of the
area, were of a similar breed, although the effect of indi-
vidual genotype was not examined. All horses had a similar
diet and workload. Based on all these, the cause of the dif-
ference in serum selenium levels between HV and VV horses
was not completely clarified.

Many authors have demonstrated a positive correlation
between selenium and GSH-Px in horses (Caple et al., 1978;

Roneus and Lindholm, 1983; Higuchi et al., 1989; Ludvikova
et al., 2005a). Vervuert et al. (2000) described a correlation
between the activity of GSH-Px in the blood and selenium
concentration in the blood plasma using linear regression.
The coefficient of correlation determined by them is very
low (r = 0.49). We found a stronger correlation (r = 0.777)
between selenium and GSH-Px results. These differences
possibly arise from different methodologies as it has also
been suggested previously by Maas et al. (1996). Another
possibility, based on a previous study by Vervuert et al.
(2000) and on our own results, is that the correlation be-
tween plasma selenium and GSH-Px is stronger when values
are low and animals are deficient. On the other hand, low
sample numbers could also influence all study results.
Another aspect of the correlation between selenium and
GSH-Px is that serum selenium reflects actual intake and
GSH-Px rather reflects the long-term supply. Selenium is
incorporated into erythrocytes during erythropoiesis and the
activity of GSH-Px is thus regarded as an indicator of long-
term selenium status; in contrast, selenium concentration in
the whole blood reflects the immediate supply status of the
organism (Harris, 1998). In our study, affected horses living
in the HV area had low GSH-Px level as opposed to animals
in the non-affected region with values in the physiological
range reported by most authors (Roneus and Lindholm,
1983; Ludvikova et al,, 2005a). According to our results,
horses in the HV area had an absolute chronic selenium
deficiency since both measurements produced low values.
Nutritional myopathy was associated with glutathione
peroxidase values lower than 200 pkat/L " (Ludvikova et al.,
2005a,b) and with serum selenium values lower than
60 ng/L~" (Blackmore et al., 1982; NRC, 2007; Streeter et al.,
2012). In the present study, horses living in the affected
areas had similarly low mean levels of serum selenium
(37.95 + 58.22 g L™ Y and glutathione peroxidase (119.57 +
45.55 ug/Lfl). On the other hand, Vervuert et al. (2004)
reported that Icelandic horses with low plasma selenium had
no health problems. When evaluating the correlation be-
tween low selenium and myopathies, the level of physical
stress should also be considered. A decrease in selenium
concentration of the blood is observed in horses used
intensively as working hours increase (Wyganowska et al.,
2017). Taking into consideration the physical stress, it has
been demonstrated previously that selenium deficiencies in
horses undergoing intensive training can be critical due to
the fact that physical exertion increases the level of reactive
oxygen species in the blood (Valberg, 2012). In the horses
included in the current study, rhabdomyolysis episodes were
more commonly associated with the dramatically increasing
workload when forestry works started. Antioxidant defi-
ciency could be tolerated during periods of rest and low
exercise intensity but muscle damage by reactive oxygen
species became significant during heavy work. On the other
hand, foals born in the area were not affected by the typical
selenium/vitamin E deficiency syndromes like WMD or
equine degenerative myeloencephalopathy (EDM). Even the
vitamin E deficiency-related equine motor neuron disease
(EMND) had low prevalence in the area. It is possible that
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foals are protected because pregnant mares have access to
pastures and concentrates in the last trimester of gestation
which could sufficiently increase their daily selenium and
vitamin E intake. The pregnant mares do not perform heavy
work, so antioxidant usage is relatively low in this period.

Although, according to Valberg (2018), low GSH-Px
activity and/or selenium concentration are specific to the
diagnosis of nutritional myodegeneration, we still need to
evaluate the possible role of hereditary myopathies (Delesalle
et al,, 2017; Valberg, 2018). Both the clinical picture of ex-
ertional rhabdomyolysis and the phenotype of the horses
increase the possibility of polysaccharide storage myopathies
(PSSM) (Delesalle et al., 2017), so genetic tests and muscle
biopsies would be needed to fully evaluate the situation (the
relevant results will be reported in the second part of this
paper). Previously, Valentine (2005) suggested that horses
with PSSM and also with selenium or vitamin E deficiency
may exhibit more frequent and/or more severe signs of ex-
ertional rhabdomyolysis owing to oxidative injury incited by
the release of free radicals from damaged muscle cell
membranes.

Most of the cases occurred as exercise-induced rhabdo-
myolysis but in some cases clinical episodes occurred while
the horse was resting in the stable, and dysphagia was one of
the leading signs. These observations also underline the
possible role of selenium deficiency. Myodegeneration of the
masseter muscles secondary to antioxidant deficiency could
be the explanation, as it was previously described by Lud-
vikova et al. (2005a). This Transylvanian rhabdomyolysis
syndrome seems to have complex underlying causes, and
selenium deficiency is only one of them. Also, this reported
selenium deficiency might explain some but not all of the
cases.

Further myopathies were excluded as follows: atypical
myopathy was excluded based on clinical signs, no access to
pastures and lack of Acer trees in the surrounding area
(Gonzalez-Medina et al.,, 2017). Electrolyte loss by sweating
and overexertion are both possible causes of sporadic
rhabdomyolysis but not of chronic, recurrent cases (Valberg,
2018). Looking back to the past 60 years, it was observed
that almost all cases occurred in the two high-lying villages
and the problem was rarely reported in the other two villages
in the valley, although the horses performed the same work
(similar workload in the same surroundings with a similar
diet) with the same potential risk of electrolyte loss and
overexertion (Kosa et al., 2015, 2018).

Resting muscle enzymes were increased in both groups,
although a trend towards higher values could be seen in the
HV horses. This might be caused by the presence of a
persistent underlying musculoskeletal problem in both
populations of horses, which manifests only in specific
circumstances of increased workload and selenium defi-
ciency. When the selenium content of the soil is lower than
0.6 ppm, there is a clear risk of low selenium content in the
grass, and it has been suggested that it is desirable to
control the selenium levels in food and feed crops to a
range between 0.1 and 1 ppm (Delesalle et al., 2017). Since
both the soil of this area and the forage fed to the affected

horses in this study contain low levels of selenium, oral
supplementation should be a regular practice. If pasture
grazing is not available, then daily vitamin E supplemen-
tation in the feed is also advised to prevent deficiency
syndromes such as myopathies.
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