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ABSTRACT

Objective: This study was carried out to determine the prognostic importance of troponin enzyme levels in lambs
with White Muscle Disease (WMD).

Materials and Methods: This study consisted of 50 male and female lambs aged 0-3 months old, 30 of which
had clinical white muscle disease (Group I) and 20 of which were healthy (Group Il — Control Group). Group |
was composed of lambs that showed clinical symptoms of the disease. The disease was also identified by
laboratory analysis. The lambs in this group were treated and the course of the disease was followed for 15 days.
Results: Compared with the control group, the Group | before treatment results were as follows: AST, LDH, CK,
CK-MB, Troponin I and T (P<0.001) were high, while GSH-Px (P<0.001), SOD (P<0.01), Se (P<0.01), Retinol
and Tocopherol were low. Compared with the control group, the Group | After Treatment results were as follows:
AST, CK, Troponin T (P<0.001) were high, LDH (P<0.01) was high and GSH-Px (P<0.01) was low. Comparing
Group | Before Treatment and After Treatment results, AST, CK, CK-MB and Troponin | (P<0.001), as well as
GSH-Px, SOD and Se (P<0.01) were high. It was determined that LDH decreased and Tocopherol increased.
Whereas Vitamin D3 was determined to be insignificant in all three groups, the levels of CK-MB, Troponin I,
Retinol, SOD and Se were insignificant in the After Treatment and control groups, and the Troponin T and retinol
values were measured to be insignificant in the Before Treatment and After Treatment groups.

Conclusion: To conclude, measuring the AST, CK, CK-MB, LDH values as well as Troponin can be an important
parameter for the identification and prognosis of WMD.
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INTRODUCTION muscular dystrophy characterized by reluctance to
move, difficulty in standing, stiff gait, arched back,
White Muscle Disease (WMD) or nutritional and short and straight steps is a nutritional and
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enzootic disease of lambs, (farm animal species) by
skeletal and cardiac muscle degenerations. It is most
common in young, rapidly growing lambs, calves,
goat kids and foals born from dams that have been fed
for long periods, usually during winter months, on
diets low in selenium (Se) and vitamin E (Vit E)
(Radostits et al., 2006, Scott, 2015). Selenium and
vitamin E appear to be synergistic in preventing
WMD. Se deficiency is characterized by degeneration
and severe necrosis in myocardial and skeletal
muscles, resulting in acute heart failure and sudden
death without prior clinical signs. Se and vitamin E
deficiency induce lipoperoxidation in tissues, which
results in muscle degeneration and calcification
(Yavuz, 2017; Cooper and Valentine, 2016)

WMD can be diagnosed as clinically, laboratory and
pathological findings. The blood biochemical profile
should be determined in order to diagnose the disease,
monitor the course of the disease, and follow up the
response to the therapy. Blood parameters, such as
aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), creatine kinase (CK), creatine
kinase myocard band (CK-MB), glutathione
peroxidase (GSH-PX), superoxide dismutase (SOD),
Se, Retinol, and Tocopherol are among important
biochemical parameters in determining the
biochemical profile. These parameters are very
essential regarding to diagnose, treatment and
following up prognosis. Data regarding the
pathogenesis and prognosis of the disease can be
obtained from these parameters.

Clinical studies have indicated that serum cardiac
troponins  (cTns) are the earliest appearing
biochemical markers in acute coronary disease of
humans and that cardiac troponin-T (cTn-T) and
cardiac Troponin | (cTn-1) are valuable biochemical
indicators of myocyte degeneration. cTns are released
into the blood circulation as a result of acute
myocardial degeneration and necrosis (Mair et al.,
1995).

Troponin is divided into three basic parts troponin |
(Tn-I), troponin T (Tn-T) and troponin C (Tn-C),
which make up the troponin complex. (Kaneko, 1997;
Babuin and Jaffe 2005). Different isoforms of the
troponin complex proteins are found in cardiac and
skeletal muscles for Tn-T and Tn-I. The cardiac forms
are indicated as cTn-T and cTn-I. Troponin-C is not a
specific marker for cardiac cases because in the amino
acid arrangement of Tn-C, there is no difference
between cardiac and skeletal muscles (O’Brien et
al.,1997; O’Brien et al.,1998; Babuin and Jaffe,
2005).

Especially in recent years in human and animal
medicine (Gunes et al, 2005; Ataollahi et al., 2013;
Gunsolus et al., 2018), that cTn-T and cTn-I are
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helpful biochemical indicators for determining the
death of cardiac muscles. Studies have proven that
cTn-T and cTn-I are emitted into circulation as a result
of acute myocardial syndrome and necrosis (Bertsch et
al., 1997; M-Bardorff et al., 1999; Azzazy and
Christenson 2002; Murphy, 2004). It was asserted that
Troponin | and T levels, which function in the
contraction of cardiac and skeletal muscles, increase in
human muscle degeneration (Christenson et al., 1998;
Panteghini, 2000; Boccara et al., 2000). It was also
stated that these proteins were found in the skeletal
muscles of animals (O’Brien et al., 1998; Fredricks et
al., 2001).

In this study the identification of serum troponin levels
concurrent with muscle originated enzymes (AST, CK,
CK-MB, LDH), as well as the determination of serum
troponin levels as an indication of whether any cardiac
muscle degeneration has occurred during the period
when the clinical symptoms of the disease were
observed, are considered significant in the diagnosis of
cardiac muscle damage and the prognosis of the
disease.

The aim of this study is to synchronically measure
muscle originated enzymes and serum troponin (cTn-I
and cTn-T) levels reported to be cardiac specific; and
in the light of the data obtained, to determine the
effectiveness of the observed changes in troponin
levels on the identification of any possible cardiac
damage that may occur due to the white muscle disease
widespread in the region.

MATERIALS AND METHODS

The material of this study was composed of 50 male
and female Akkaraman race lambs aged 0-3 months.
The lambs, 30 of which had clinical white muscle
disease and 20 of which were healthy, were obtained
from Van and its districts. The lambs were diagnosed
with clinical white muscle disease based on clinical
symptoms (such as not being able to stand on legs,
developmental retardation, stiff gait, arched back, and
collapsing on hind legs) and laboratory analyses. In
addition, a control group from the same region was
formed of lambs that were healthy according to clinical
examination and laboratory findings. A single dose of
a combination of 1 mg sodium selenite and 60 mg
vitamin E (Eselen®, Vetas™, Turkey) was applied to
the inside of the muscles of the lambs in the group with
clinical white muscle disease. Blood samples were
collected in non-anticoagulant tubes from the lambs
with white muscle disease before treatment (0 day) and
after treatment (7th day), and from healthy lambs only
once. The blood samples were kept at room
temperature for an hour, and then their serum was
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removed by centrifuging them for 10 minutes at 3000
cycles (Rotofix 32®Hettich). The samples thus
obtained were kept at -20°C until they were analyzed.

Serum AST (AS® 521/Randox/UK), LDH (LD®
401/Randox/UK), CK (CK® 110/Randox/UK), CK-
MB, superoxide dismutase (SOD) (RANSOD®-
SD125/Randox/UK) and glutathione peroxidase
(RANSEL®-RS505/Randox/UK) levels were
measured spectro-photometrically according to the
procedures stated in the commercial test Kits
(Boehringer-Mannhein Photometer 5010, Mainhein-
Germany).Vitamin A, Dz and E levels and serum Se
levels were analyzed by means of a high performance
liquid chromatography device (HPLC 1100®-Agilent
Technologies/USA) and an atomic absorption
spectrophotometer  (Solar AA  Spectrometers®-
ThermoElk. Co./JUK), respectively. Serum cardiac
troponin | and T concentrations were measured by
means of ELISA (ELISA reader®DAS) and an
immunoassay  device  (Elecsys®  2010-Roche)
according to the procedure stated in their commercial
test Kits.

To determine the changes in the serum values of the
animals with white muscle disease before and after
treatment, as well as for the control group, Student’s
t-test was applied using the SPSS software package.

RESULTS

Compared with the control group, the before-
treatment results of the diseased animals were
determined as follows: AST, CK, CK-MB, Troponin
| and Troponin T were statistically high (P<0.001)
while GSH-Px was considerably low (P<0.001).
Furthermore, LDH was high (P<0.001) but SOD and
Se (P<0.01) as well as Retinol and Tocopherol
(P<0.05) were low.

Compared with the control group, the after-treatment
results were as follows: AST, CK, Troponin T
(P<0.001) were high, LDH (P<0.01) was high and
GSH-Px (P<0.01) was low.

Comparing before-treatment and after-treatment
results, AST, CK, CK-MB and Troponin | (P<0.001),
as well as GSH-Px, SOD and Se (P<0.01)
measurements were high. It was determined that LDH
(P<0.05) decreased and Tocopherol (P<0.05)
increased. Whereas Vit D3 was determined to be
insignificant in all three groups, CK-MB, Troponin |,
Retinol, SOD and Se were insignificant between after-
treatment and control groups, and Troponin T and
retinol values were insignificant between before-
treatment and after-treatment groups.
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White Muscle Disease is defined as an enzootic and
nutritional disease characterized by reluctance to
move, difficulty in standing, stiff gait, arched back,
and short and straight steps (Or et al.,2003). Although
animals have an appetite, due to degeneration in the
muscles, they encounter problems in feeding and in
later stages cardiac muscles are also affected, leading
to the death of the animal (Or et al.,2003).

Laboratory and pathological findings are used in the
identification of White Muscle Disease but
identification by clinical findings is difficult since the
clinical symptoms and observation time can be
confused with those of many other diseases (Guns et.
al. 2010; Aksoy 2012; Yiiksek et al, 2017). In
identification by pathological findings, difficulties can
be encountered due to the variability of the affected
muscle groups and the degree of the lesions. Vitamin
E and/or Selenium deficiency plays a role in the
etiology of the disease (Aytug et al., 1990; Gunes et
al., 2010; Ataollahi et al., 2013).

Vit E and Se deficiency leads to antioxidant deficiency
and accordingly it increases free radicals so that
degeneration occurs in muscle. Se enters the structure
of the enzyme of glutathione peroxidase (GSH-Px)
working in the body's antioxidant protection and acts
on H,O; or H,O reduction (Radostits et al., 2006). In
the laboratory diagnosis of the disease, Vitamin E
and/or Selenium levels, glutathione peroxidase activity
and muscle originated enzymes (AST, CK, LDH,
ALT) are used (Aytug et al.,1990; Nizamlioglu et
al.,1991; Radostits et al., 2006; Scott, 2015).

GSH-Px is prevents the oxidation of unsaturated fatty
acid by making harmless of oxidants that known as
reactive oxygen species pro-oxidants hydrogen
peroxide etc. Vit E also makes similar task.

The increase in oxidants that results of Se and Vit E
deficiency, leads to the hyaline degeneration and
calcification of muscle fibers. The muscle
degeneration is much more so than occurs in skeletal
muscle because of high metabolic activity in skeletal
muscle. Serum Lactate dehydrogenase (LDH),
creatine kinase (CK) levels is increases in serum
because muscular dystroph (Turgut 2000, Radostits et
al., 2006; Scott, 2015; Yiiksek et al, 2017).

Or et al. (2003) established that GSH-Px enzyme
activity is a diagnostic parameter in identifying white
muscle disease; in addition, it is important that serum
enzymes such as AST, ALT, LDH, ALP and CK are
also measured in the sick lambs. They studied the
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Control Group

White Muscle Disease Group

Parameters (n=30)
(n=20)

Before Treatment After Treatment
AST (IU/L) 51,86+9,2? 1892,07+205,6%" 138,44+25,34
LDH (1U/L) 825,80+128,8° 1692,25+423,8¢* 1464,58+100,6°
CK (IU/L) 213,52+42,82 4384,91+829,8% 357,80+39,91¢
CK-MB (1U/L) 180,80+38,92 991,59+123,5%" 221,25+27,62
TroponinT(ng/ml) 0,0+£0,02 0,33+0,1¢ 0,2+0,03¢
Troponin | (ng/ml) 0,56+0,22 11,6+1,8% 0,59+0,32
Vitamin A(ug/ml) 0,67+0,042 0,45+0,07° 0,570,042
Vitamin Da(pg/ml) 0,050,062 0,054+0,032 0,03+0,012
Vitamin E(ug/ml) 2,540,372 1,69+£0,28"F 2,19+0, 352
Se (ng/ml) 98,3+6,4 22,6+2,8%% 106,3+5,92
GSH-Px (1U/g Hb) 65,8 +6,3? 9,5+4 84 24,545,6¢
SOD (1U/g Hb) 768 + 54,72 213 +31,9¢ 628 + 42,12

Table 1. Control group and before and after treatment values obtained in the case of white muscle disease in lambs.
The statistical significance between the control group and before treatment; 'p<0.05, *p<0.01 *p<0.001. The difference between
the values shown with different letters in the same row is statistically significant.

concentrations of some antioxidant vitamins in the

lambs with white muscle disease in our region and
determined that the vitamin E and -carotene levels of
the sick lambs were significantly lower than those of
healthy lambs. The findings and statistical evaluations
of the study are presented in Table 1.

In this study, the AST values were measured as 51.86
(IU/L), 1892.07 (IU/L) and 138.44 (IU/L) for the
control group, the before-treatment (BT) group and
the after-treatment (AT) group, respectively. Kozat et
al. (2011) measured AST levels as 252 (IU/L) BT and
135.2 (IU/L) AT. Sugen and Giines (2008) stated in
their study that the AST level in lambs with white
muscle disease was 126.4(1U/L). High BT AST
concentrations can be related to the intensity of the
disease; and the AT values are similar to those found
by the researchers.

The level of CK enzyme, which is found in muscles as
an indicator of muscle degeneration, in lambs with
White Muscle Disease was measured by different
researchers as follows: 429.57 (IU/L) by Or et al.
(2003), 579.4 (1U/L) BT, 309.4 (IU/L) AT by Kozat
et al. (2011), 261.16 (IU/L) by Tunca et al. (2009). In
this study, the CK values were determined to be
213.52 (IU/L), 4384.91 (IU/L) and 357.80 (1U/L) for
the control group, the before-treatment (BT) group
and the after-treatment (AT) group, respectively.

The level of CK-MB in blood, which is one of the

isoenzymes of the CK enzyme, also increases in
muscle degeneration cases. The CK-MB level in lambs
with White Muscle Disease was reported to be 216.2
(1U/L) by Sugen and Gunes (2008), and 214.16 (IU/L)
by Or et al. (2003). The findings of this study are as
follows: 180.80 IU/L in the control group, 919.59 IU/L
before treatment and 221.25 IU/L after treatment.

Although the LDH values are low in trauma, necrosis,
neoplasia and cardiac diseases that involve
degenerative tissues, the levels increase in skeletal
muscle degenerations, cardiac muscle diseases
(myocardial infarction, bacterial endocarditis,
diroflariasis, aortic thrombosis) and cellular liver
diseases (Turgut, 2000). The results of this study are
825.8 IU/L in the control group, 1692.25 BT
and164.58 IU/L AT. Tunca et al. (2009) found a mean
LDH level of 228.77 (IU/L) in their study on lambs
with White Muscle Disease.

Basbugan et al. (2010) stated that Troponin T, which
is found in the protein structure and increasesin muscle
degeneration cases, is not found in the blood of healthy
individuals. Schober and Kirbach (1999) established
that cardiac Troponin T in healthy dogs was 0 ng/ml at
minimum and 0 ng/ml at maximum levels. Bagbugan
et al. (2010) reported that they measured the Troponin
T level in the serum of all healthy ruminants as 0.010
ng/ml. The measurements in this study indicate the
following levels of Troponin T: 0.0 ng/ml in the
control group, 0.33 ng/ml in BT and 0.2ng/ml in AT.
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In the study conducted with retinol (which plays an
important role in the development of new cells, the
maintenance and repair of tissues, and the
development of bones and teeth), Vitamin A levels
were measured as 0.67pg/ml, 0.45pg/ml and 0.57
pg/ml in control groups, BT and AT, respectively.

Nizamlioglu et al. (1991) stated that the average
Tocopherol level in newborn lambs was 9.33 pg/100
ml and62.04 pug/100 ml in 5-month-old lambs, In the
same study, the level was measured as 20.93 pg/100
ml in lambs with white muscle disease and
28.74pg/100 ml in healthy animals. In this study,
tocopherol levels were measured as 2.5 pg/ml in the
control group, 1.6pg/ml in BT and 2.9ug/ml in AT.

In their study, Or et al. (2003) measured the GSH-Px
level as 67.9 IU/g Hb in the control group and 11.9
IU/g Hb in the group of lambs with white muscle
disease. Kozat et al. (2011) measured the GSH-Px
level as 77.6 1U/g Hb in the control group, 28.0 1U/g
Hb in the BT group of lambs with subclinical white
muscle disease, and 43.8 1U/g Hb in AT. In this study,
tocopherol levels were measured as 65.8 1U/g Hb in
the control group, 9.5 1U/g Hb in BT and 24.5 1U/g Hb
in AT.

Troponin I, which is one of the cardiac troponins, is a
protein that is specific to cardiac muscles. It was
reported that the average Troponin I level was 0-0.04
ng/ml in healthy ruminants, 0.15 ng/ml in 0-to-6-
month-old lambs, and 0.84 ng/ml in cattle with
pericarditis (Basbugan et al., 2010). Tharwat et al.,
(2013) measured the mean cTnl concentration was
0.02+0.05 ng/mL in the control group (healthy goat
kids) and 11.18+20.07 ng/mL in the goat kids with
cardiac nutritional muscular dystrophy. In this study,
Troponin | levels were measured as 0.56 ng/ml in the
control group, 11.6 ng/ml in BT and 0.59 ng/ml in AT.

This study presents the levels of SOD, which
functions as an antioxidant, as follows: 768 (IU/g Hb)
in the control group, 213 (IU/g Hb) in the before
treatment group, and 628 (IU/g Hb) in the after-
treatment group.

In their study conducted on lambs with white muscle
disease, Altug et al. (2006) determined the Se level as
106 ng/ml in the control group, 53.9 ng/ml in BT
group, and 96.2 ng/ml in AT group. Radostits et al.
(2006) stated that a Se level below 50 ng/ml is low,
while 50-100 ng/ml is critical and above 100 ng/ml is
normal. In this study, Se levels were measured as 98.3
ng/ml in the control group, 22.6 ng/ml in BT and 106.3
ng/ml in AT.

To conclude, in white muscle disease, which is known
to cause degeneration of cardiac muscles and skeletal
muscles, the identification of serum troponin levels
concurrent with muscle originated enzymes (AST,
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CK, CK-MB, LDH), as well as the determination of
serum troponin levels as an indication of whether any
cardiac muscle degeneration has occurred during the
period when clinical symptoms of the disease were
observed are considerably significant in the diagnosis
of cardiac muscle damage and the prognosis of the
disease. It is believed that such information will also
contribute to further studies.
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