Kafkas Univ Vet Fak Derg
17 (3): 441-444, 2011
DOI:10.9775/kvfd.2010.3799

RESEARCH ARTICLE

Evaluation of the Levels of Homocysteine, Troponin I, and Nitric
Oxide in Lambs with Subclinical White Muscle Disease

SUleyman KOZAT * &” Nuri ALTUG ** Nazmi YUKSEK * Cumali OZKAN *

* Department of Internal Diseases, Faculty of Veterinary Medicine, University of Ylziinct Yil, TR-65080 Van - TURKEY
** Department of Internal Diseases, Faculty of Veterinary Medicine, University of Mustafa Kemal, TR-31040 Hatay - TURKEY

Makale Kodu (Article Code): KVFD-2010-3799

Summary

White muscle disease (WMD) or Nutritional myodegeneration disease (NMD) is a degenerative disease of the cardiac and skeletal
muscles. The level of serum activity of Plasma homocysteine (Hcy), cardiac troponin | (cTn 1), Nitric oxide (NO) were investigated in
lambs with subclinical NMD in this study. Ten healthy lambs and twenty lambs with subclinical NMD were used in this study. The
blood samples were firstly taken at the onset of the disease and then 3 and 10 days after treatment in NMD, and taken once control
group. The values of serum activity of creatin kinase (CK), aspartate aminotranferase (AST), alanine aminotranferase (ALT), alkaline
phosphatase (ALP), and lactate dehydrogenase (LDH) were measured with autoanalyzer. Plasma concentration of Hcy, serum cTn |, and
levels of NO were determined with ELISA method and value of activity erythrocyte glutathione peroxidase (GSH-Px) was measured
with spectrophotometer. Before treatment, values of plasma Hcy, serum NO, cTn |, AST, ALT, ALP, CK, and LDH in lambs with NMD were
higher than those of healthy ones (P<0.001), while GSH-Px activity of lambs with NMD are lower than those of healthy (P<0.001).
After ten days of treatment, there were no significant differences between treated lambs with NMD and healthy lambs. Nutritional
myodegeneration in lambs is associated with increased levels of Hcy, cTn I, and NO. Increased levels of Hcy, cTn |, and NO may be a
result of selenium deficiency causing myocardial disorder in NMD lambs.
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Subklinik Beyaz Kas Hastalikli Kuzularda Homosistein, Troponin |
ve Nitrik Oksit Diizeylerinin Degerlendirilmesi

Ozet

Beyaz kas hastaligi veya besinsel kas dejenerasyonlari, hayvanlarda iskelet ve kalp kaslarinin dejeneratif degisiklikleri ile karakterize
bir hastaligidir. Bu calismada kuzulardaki subklinikal beyaz kas hastaliginda plazma homosistein (Hcy), serum kardiak troponin | (cTnl)
ve nitrik oksit (NO) diizeyleri arastirildi. Calismada 10 saglikli ve 20 subklinikal beyaz kas hastalikli kuzu kullanildi. Kan érnekleri NMD
kuzularda tedavi 6ncesi, tedavi sonrasi 3. ve 10. giinlerde ve kontrol grubunda bir kez alindi. Serum kreatinin kinaz (CK), aspartat
aminotransferaz (AST), alanin aminotranferaz (ALT), alkalin fosfataz (ALP) ve laktat dehidrogenaz (LDH) degerleri otoanalizator
cihaziyla 8lciildi. Plazma homosistein konsantrasyonu, serum cTn | ve NO diizeyleri ELISA cihaziyla ve eritrosit glutathione peroxidase
(GSH-Px) aktivitesi ise spektrofotometre cihaziyla 6l¢uldi. Tedavi 6ncesi, kuzularin subklinik beyaz kas hastaliginda GSH-Px aktiviteleri
saglikli kuzulara goére daha dustk iken (P<0.001), plazma Hcy, serum NO, cTn |, AST, ALT, ALP, CK ve LDH degerleri saglkl kuzularin
degerlerinden yiiksek bulundu (P<0.001). Tedavi sonrasi 10. glinde elde edilen ortalama degerler, kontrol grubunun degerlerinden
farkli degildi. Kuzularin subklinik beyaz kas hastaliginda Hcy, cTn | ve NO degerlerindeki yiikselmelerin, selenyum eksikliginin sebep
oldugu miyokardiyal hasarlarina bagl gelisebilecegi distinuldu.

Anahtar sézciikler: Beyaz Kas Hastaligi, Kuzu, Homosisteine, Troponin I, Nitrik oksit

INTRODUCTION

White muscle disease is a nutritional and enzootic  selenium (Se) play a significant role in etiology of the
disease of lambs characterized by skeletal ' and cardiac  disease **. Deficiency of Se and vitamin E induce lipoper-
muscle degenerations 2. Deficiencies of vitamin E and  oxidation in tissues, which results in muscle degeneration
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and calcification 2 Prior to the first clinical signs of NMD
in lambs, there is a certain increase in blood CK, AST,
LDH, and ALP concentrations, indicatives of muscle
degeneration %%, On the other hand, activity of GSH-Px
enzyme is slightly decreased °.

Homocysteine is a sulfur-containing amino acid which
is found in blood and produced in the metabolism of
the essential aminoacid methionine '°. Epidemiological
studies have shown that too much Hcy in the plasma is
related to a higher risk of coronary heart disease, stroke
and peripheral vascular disease '"'2, Other evidence
suggests that Hcy may have an effect on atherosclerosis
by damaging the inner lining of arteries and promoting
blood clots ¥ nevertheles, a direct causal link hasn’t
been established, yet. Studies have also suggested that
increased Hcy concentrations are associated with an
increased rate of stroke, coronary artery disease, peripheral
vascular disease, and deep venous thrombosis ™6,

In recent years, several studies have reported that cTn
| have especially become important in early diagnosis
of myocardial damage 7. Moreover, cardiac troponin level
is @ more specific marker than CK and isoenzim kreatin
kinaz-MB (CK-MB) for diagnosing myocardial necrosis '®'°.

Nitric oxide plays an important role on regulating
cardiovascular functions including the control of vascular
tone, anti-inflammatory properties of the endothelium,
cardiac contractility, and thrombocyte activation and
aggregation 2°. Numerous experimental data support the
view that NO not only acts via cyclic guanosine mono-
phosphate (cGMP)-dependent mechanisms but also
modulates protein function by nitrosation, nitrosylation,
glutathiolation, and nitration, respectively 2°2',

Although several studies have evaluated the inter-
relationship among selenium status, homocysteine, and
nitric oxide levels "7 and cardiovascular disease in man,
there is no report of such probable relationship in dis-
orders affecting the cardiovascular system of large animals .

For all these findings, this study aims to study the
plasma concentration of Hcy, serum concentrations of
cTn I and NO in lambs affected with subclinical nutritional
myodegeneration.

MATERIAL and METHODS

This study was conducted on a flock of lambs (including
150 lambs) with suspected on NMD. These lambs, which
were Akkaraman, aged between 2 and 6 weeks. Blood
samples were collected from the jugular vein of all
lambs in flock numbered at day 0. Blood samples were
centrifuged at 1700 g for 15 min at room temperature
to obtain sera. Levels of serum concentration of AST,
ALT, ALP, CK, and LDH were measured in all lambs, and
diagnosis of subclinical NMD and healthy lambs were done

according to these data. According to enzyme analysis,
lambs were divided into two as subclinical NMD (n=20)
and healthy lambs (n=10) groups. Treatment of lambs
with NMD were applied a commercial preparation (Yeldif®-
Ceva DIF/TURKEY) subcutaneously which containing 1 mg
sodium selenite and 60 mg vitamin E, and 40 mg vitamin
B, for per lamb at the beginning of the study. Throughout
the study, the lambs were maintained in the same pen
under field conditions. They were allowed to suckle their
mothers but not receive extra nutritional supplements.
The blood samples were firstly taken at the onset of the
disease and then 3 and 10 days after treatment. These
samples were taken into plain vacutainer tubes and tubes
with lithium heparin from the jugular vein. The serum and
plasma were separated by centrifugation at 1700 g for
15 min at room temperature. Values of serum AST, ALT,
ALP, CK, and LDH were measured with Integra 800 auto-
analyzer (Roche-Cobes, Switzerland). Levels of serum
cardiac troponin | were determined by ELISA equipment
(ELISA Reader®-DAS lItaly) and calculated with commercial
test kit (ng/ml) as instructed by the manufacturer
(Troponin | kit-DRG Diagnostic). Serum nitric oxide (nitrit)
levels were measured by ELISA using commercial test kit
(Nitrate/Nitrite Colorimetric Assay Kit-Cayman Chemicals).
Erythrocyte package was obtained from the plasma
received from the centrifuged tube with anticoagulant.
The activity of erythrocyte GSH-Px in creating erythrocyte
package was determined by commercial kits (RANSEL®
- RS505/Randox/UK) using spectrophotometer (Photo-
meter 5010°, Boehringer - Mannheim/Germany). Plasma
Hcy levels were determined by ELISA using com-mercial
kit (Homocysteine AXIS, Catalog no: 802865065).

Descriptive statistics for each parameter were
determined as mean and standard error. Comparison of
two independent groups was performed using “t test”.
Also, “paired t-test” was used to compare two paired
groups =,

RESULTS

Plasma concentration of homocysteine and serum
concentrations of NO, cTn | and activity of CK, AST ALT,
ALP, LDH, and values of erythrocyte GSH-Px varied bet-
ween healthy lambs and those lambs with NMD as
presented in Table 1. Before treatment, plasma Hcy, serum
NO, cTn |, AST, ALT, ALP, CK, and LDH values of lambs with
NMD were higher than those of healthy ones (P<0.001),
while GSH-Px activity of lambs with NMD are lower than
those of healthy (P<0.001). After ten days of treatment
no differences were found significant between treated
for lambs with NMD and healthy lambs.

DISCUSSION

Nutritional Myodegeneration disease, an subclinic or
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Table 1. Plasma homocysteine concentrations and biochemical variables in healthy lambs and lambs with subclinical nutritional myopathy

Tablo 1. Saglikli ve subklinik beyaz kas hastalikli kuzularin homocystein ve biyokimyasal degerler

NMD group
(n=20)
Parameters Control Group
(n=10) Before Treatment After Treatment After Treatment

(Day 0) (3rd Day) (10th Day)
Hcy (umol/L) 5.10+3.332 17.22+7.42° 9.50+2.77° 5.19+3.42
NO (uM) 5.27+1.08° 8.63+1.28° 7.23+1.35P 5.59+1.23
cTn | (ng/ml) 0.47+0.212 9.14+2.16° 6.54+1.13° 0.62+0.20
CK (U/L) 146.6+46.9* 579.4+274.3° 309.4+ 99.0° 155.8+48.9
AST (U/L) 66.5+£13.52 252+217° 135.2+87.5¢ 85.5+36.1
ALT (U/L) 10.91+3.36* 82.9+34.8° 32.9+11.64 14.55+5.73
ALP (U/L) 497+1192 972+196 716+120° 548+116
LDH (U/L) 668+1112 1024+192° 812+66° 680+87
GSH-Px (IU/g Hb) 77.6+21.3? 28.0£12.9° 43.8+£18.6" 55.3+13.5¢

Data are presented as mean + standard deviation. Mean with different superscripts in the same row differ significantly. Statistical importance

between control and NMD groups; @ P< 0.001, *P<0.01,%¢ P<0.05

clinic form of metabolic disorder of lambs ¢, is characterized
clinically by locomotor disturbance and circulatory failure,
and pathologically by degeneration and necrosis of
skeletal and cardiac muscle *%. In lambs with white muscle
disease, levels of selenium in blood decreased ** activity of
erythrocyte GSH-Px reduced and activity of CK increased
in comparison to healthy lambs 7. Some researchers have
reported that early diagnosis is important in WMD as
appropriate treatment and prophylactic protocols are
applied %7, As values of serum enzyme including ALT,
AST, ALP, LDH and CK are higher in lambs with NMD than
healthy lambs 7. Similarly, in the present study, serum CK,
AST, ALT, ALP, and LDH concentrations in subclinical NMD
were higher than those of healthy lambs. Our results are
consistent with those of researchers %72, In the present
study, the subcutaneous injection of a preparation
containing vitamin E, vitamin B;, and selenium to lambs
with subclinical NMD resulted in significant decreases in
their serum enzyme levels when compared to healthy
lambs. After treatment, levels of serum CK, AST, ALT, ALP,
and LDH were brought back to normal values, identical
to those of the controls.

It has been reported that glutathione peroxidase
activity in erythrocytes correlates directly with blood
selenium concentration in ruminants, horses, and rats %.
Or et al. noted erythrocyte GSH-Px activity is lower in
lambs with WMD than GSH-Px activity of healthy lambs.
Yusuf et al.?®. noted that selenium is an essential component
of glutathione peroxidase. In case of selenium deficiency,
glutathione peroxidase is inactive, resulting in bio-
chemical and functional abnormalities of erythrocytes.
In this study, statistical analysis revealed that erythrocyte
GSH-Px activity of lambs with subclinical NMD were
significantly lower than those of control group (P<0.001).
These results are supported by researches 7262,

Troponins are specific cardio proteins used as marker
for miyocardial injures in humans and animals. In recent

years, it has been reported that troponins are used as
to more right and early diagnosis of cardiac diseases
in man °. Several investigators reported that levels of
serum concentration of cTn | rise in damaged myocardial
cells 7. In current study, serum cTn | concentrations were
significantly higher in lambs with subclinical NMD than
in healthy lambs. Results of study supported to results
of researches 3%, NO is a key regulator of cardiovascular
functions including the control of vascular tone, anti-
inflammatory properties of the endothelium, cardiac
contractility, and thrombocyte activation and aggregation %°.
NO in studies related to nitric oxide in skeletal muscle
injury is the result of vasodilatation and the increase in
NO release was reported *'. Yet another study reported
that levels of NO and cTn | in patients increase with
cardiomyopathy %. In this study, levels of serum NO were
significantly higher in lambs with subclinical NMD than
healthy lambs. In this study, the increase in the amount
of nitric oxide or release of nitric oxide as an antioxidant or
white muscle disease are caused by muscle damage and
may be due to vasodilatation. NO augments in lambs with
subclinical NMD that result from NO produced by iNOS in
infiltrating macrophages and cardiac myoctes may be a
trigger for the apoptotic response of cardiac myocytes ".

The fact that Se plays an important role in providing
protection against oxidative damage and effects of
dietary selenium on redox status of homocysteine and
cysteine have been determined 2% Furthermore, selenium
deficiency has been associated with cardiomyopathy and
congestive heart failure 22, It has been reported that
reducing glutathione peroxidase activity, a seleno-
protein, in mice with selenium deficiency has also been
implicated in the development of myocarditis *. Studies
showed that increased plasma and heart tissue homo-
cysteine concentrations could be considered as a risk
factor in myocardium damage in condition associated
with oxidative stress %. Several meta-analyses have shown
an association between total plasma homocyst(e)ine
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concentration and cardiovascular disease 3. In another
study, it reported that Hcy concentrations in cardiac form
of lambs with acute selenium deficiency were significantly
higher than those of healthy lambs, but in the skeletal
muscle form the concentrations were notably lower than
those of healthy lambs. In addition, there was an inverse
relationship between blood and plasma homocysteine
levels in lambs affected with cardiac form . According to
another study homocysteine was found to be associated
with accelerated arteriosclerosis in two individuals with
different enzymatic disorders of sulfur amino acid meta-
bolism. Administering homocysteine to rabbits resulted in
vascular lesions **. In our study, homocysteine concentration
in lambs with subclinical NMD were significantly higher
than those of healthy lambs (Table 7). We can interpret
that elevated homocysteine concentration in lambs with
subclinical NMD was resulted from selenium deficiency
of myocardial disorders, because selenium deficiency can
affect the metabolism of homocysteine and methionine .
The elevated concentration of Hcy in selenium-deficient
lambs may be due to myocardial damage of lambs with
sublinical nutritional myodegenration.

To sum up, the evaluation of the parameters, plasma
Hcy, serum cTnl and NO would be useful for determining
diagnosis and prognosis of subclinical NMD in lambs.
Myocardial disorders related to the work which would be
done to the shed light on these parameters, have been
concluded.

REFERENCES

1. Kozat S: Serum T, and T, concentrations in lambs with nutritional
myodegeneration. J Vet Intern Med, 21, 1135-1137, 2007.

2. Walsh DM, Kennedy S, Blanchflower WJ, Goodall EA, Kennedy
DG: Vitamin E and selenium deficiencies increase indices of lipid per-
oxidation in muscle tissue of ruminant calves. Int J Nutr Res, 63, 188-194,
1993.

3. Deger Y, Mert H, Mert N, Yur F, Kozat S, Yoriik IH, Sel T: Serum
Selenium, vitamin E, and sialic acids concentrations in lambs with white
muscle disease. Biol Trace Elem Res, 121, 39-43, 2008.

4. Ewan RC, Baumann CA, Pope AL: Effects of selenium and vitamin E
on nutritional muscular dystrophy in lambs. J Anim Sci, 27,751-756, 1968.

5. Kozat S, Gunduz H, Deger Y, Mert N, Yoriik IH, Sel T: Studies serum
a-tocopherol, selenium levels and catalase activities in lambs with White
Muscle Disease. Bull Vet Inst Pulawy, 57, 281-284, 2007.

6. Fry JM, Allen LG, Roberts WD: Muscle enzymes in the diagnosis of
ovine weaner nutritional myopathy. Austr Vet J, 74, 146-150, 1994.

7.0r ME, Dodurka T, Kayar T: The diagnostic importance of erythrocyte
peroxidase (GSH-Px) activity and some serum parameters in lambs with
white muscle disease. Turk J Vet Anim Sci, 27, 1-6, 2003.

8.Sekin S, Voyvoda H, Bildik A, Yur F: The importance of serum creatine
kinase (CK), aspartate aminotransferase (AST) and lactate dehydrogenase
(LDH) activities in diagnosis and prognosis of subclinic and clinic white
muscle disease in lambs. Turk J Vet Anim Sci, 20, 225-230, 1996.

9. Horton GMJ, Jenkins WL: Haematological and blood chemistry

changes in ewes and lambs following supplementation with vitamin E
and selenium. BrJ Nutr, 40, 193-203, 1978.

10. Ciaccio M, Bivona G, Bellia C: Therapeutical approach to plasma
homocysteine and cardiovascular risk reduction. Ther Clin Risk Manag, 4
(1): 219-224, 2008.

11. Kullo 1J, Li G, Bielak LF, Bailey KR, Peyser PA, Turner ST, Kardia SL:

Association of plasma homocysteine with coronary artery calcification in
different categories of coronary heart disease risk. Mayo Clin Proc, 81 (2):
177-182, 2006.

12. Weikert C, Hoffmann K, Dierkes J, Zyriax BC, Klipstein-Grobusch
K, Schulze MB, Jung R, Windler E, Boeing H: A homocysteine metabolism-
related dietary pattern and the risk of coronary heart disease in two
independent German study populations. J Nutr, 135, 1981-1988, 2005.

13. Hankey GJ, Weikelboom J: Homocysteine and vascular disease.
Lancet, 354, 407-413, 1999.

14. Wang H, Tan H, Yang F: Mechanisms in homocysteine-induced
vascular disease. Drug Discovery Today: Disease Mechanisms, 2 (1): 25-31,
2005.

15.Gauthier GM, KeevilJG, Mcbride PE:The Association ofhomocysteine
and coronary artery disease. Clin Cardiol, 26, 563-568, 2003.

16. O’'Grady H, Kelly C, Bouchier-Hayes D, Leahy A: Homocysteine and
occlusive arterial disease. BrJ Surg, 89, 838-844, 2002.

17. Tunca R, Erdogan HM, S6zmen M, Citil M, Devrim AK, Erginsoy
S, Uzlu E: Evaluation of cardiac troponin | and inducible nitric oxide
synthase expressions in lambs with white muscle disease. Turk J Vet Anim
Sci, 33, 53-59, 2009.

18. Cakiroglu D, Meral Y, Bakirel U, Kazanci D: Cardiac troponin levels
in dogs with dilate cardiomyopathy. Kafkas Univ Vet Fak Derg, 15 (1): 13-
17,2009.

19. Basbugan Y, Agaoglu Z, Yiiksek N: An Investigation on Serum
Troponin Concentration in Healthy Ruminants. Kafkas Univ Vet Fak Derg,
16 (4): 641-645, 2010.

20. Godecke A, Schrader J, Reinartz M: Nitric oxide-mediated protein
modification in cardiovasculer physiology and pathology. Proteomics Clin
Appl, 2,811-822,2008.

21. Rando TA: Role of Nitric Oxide in the pathogenesis of muscular
dystrophies: A “Two Hit" Hypothesis of the cause of muscle necrosis.
Microsc Res Tech, 55, 223-235, 2001.

22. Rezaei SA, Dalir-Naghadeh B: Association of plasma and heart
homocysteine and blood malondialdehyde with cardiovascular diseases
induced by acute selenium deficiency in lambs. Small Rumin Res, 83, 22-
28, 2009.

23. Zar JH: Biostatistical Analysis. Fourth ed., Prentice Hall, Upper Saddle
River, New Jersey, USA, 1998.

24, Jensen R, Swift BL: Diseases of nursing lambs. In, Diseases of Sheep
Textbook. Second ed., pp. 86-88, Lea & Febiger, Philadelphia, 1982.

25. Radostits OM, Gay CC, Blood DC, Hinchcliff KW: Diseases associated
with nutritional deficiencies. In, Veterinary Medicine. 10" ed., pp.1735-
1755, Saunders Elsevier, Edinburgh, 2007.

26. Bostedt H, Schramel P: The importance of selenium in prenatal and
postnatal of calves and lambs. Biol Trace Elem Res, 24, 163-171, 1990.

27. Kaneko JJ, Harvey JW, Bruss ML: Erythrocyte: Physiology, metabolism,
and biochemical disorders. In, Clinical Biochemistry of Domestic Animals.
pp. 183-184, Academic Press, California, USA, 1997.

28. Yusuf SW, Rehman Q, Casscells W: Cardiomyopathy in association
with selenium deficiency: A case report. J Parenter Enteral Nutr, 26, 63-66,
2002.

29. Uncugil F, EImas O, Erbay AR, Diizoylum A, Yiicel D: Nitric Oxide
metabolites and cardiac Troponin | levels in cardiomyopathies. Turk J
Biochem, 29 (2): 199-203, 2004.

30. Sugen B, Giines V: Beyaz kas hastalikli kuzularda kalp kasi hasarinin
teshisinde kardiyak troponin kit analizleri ve serum enzim aktivitelerinin
onemi. Sag Bil Derg, 17 (3): 144-149, 2008.

31. Rubinstein I, Abassi Z, Coleman R, Milman F, Winaver J, Better
0S: Involvement of nitric oxide system in experimentel muscle crush
injury. J Clin Invest, 101 (6): 1325-1333, 1998.

32. Burk RF: Molecular biology of selenium with implications for its
metabolism. FASEB J, 5, 2274-2279, 1991.

33. Hultdin J, Thegersen AM, Jansson JH, Nilsson TK, Weinehall L,
Hallmans G: Elevated plasma homocysteine: Cause or consequence of
myocardial infarction? J Intern Med, 256, 491-498, 2004.

34, McCully KS: Macromoleculer basis for homocysteine-induced changes
in proteoglycan structure in growth and arteriosclerosis. Am J Pathol, 66,
83-96, 1972.


http://vetdergi.kafkas.edu.tr/extdocs/2009_1/13_17.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2010_4/641_645.pdf

	17 (3): 441-444, 2011
	RESEARCH ARTICLE
	Evaluation of the Levels of Homocysteine, Troponin I, and NitricOxide in Lambs with Subclinical White Muscle Disease
	Makale Kodu (Article Code): KVFD-2010-3799
	Summary
	Subklinik Beyaz Kas Hastalıklı Kuzularda Homosistein, Troponin Ive Nitrik Oksit Düzeylerinin Değerlendirilmesi
	Özet
	INTRODUCTION
	MATERIAL and METHODS
	RESULTS
	DISCUSSION


