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Accepted: 14 August 2013 separated. Serum concentrations of homocysteine (Hcy),

cardiac troponin | (cTnl), creatine kinase-myocardial specific
isoenzymes (CK-MB), lactate dehydrogenase (LDH), alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
were evaluated. RESULTS: The results of the present study
showed that thereweresignificant correlationsamong cTnl and
CK-MB (r=-0.853; p=0.015) and Hcy (r=0.916; p=0.004) inthe
4 to 6-years-old group of clinically healthy male dromedary
camels. LDH wassignificantly correlated with CK-MB inthe 7
to 9-year-old group (r=-0.710; p=0.045). There were no
significant correl ationsamong different factorsof 1-3and above
10-year-oldgroups(p>0.05). CONCLUSIONS: Thedataprovided
hereisthefirst report on cardiac health assessment parametersin
dromedary camels. Moreover, the data is vauable in camel
racing clubs, when an overall cardiac health and fitnessisto be
assessed. Thecorrelation reported here might al so be hel pful for
eas er analysisof cardiac health statusindromedary camels. The
datamay be useful for assessing suspected cases of myocardial
diseases and its changes maybe of prognostic value.

Introduction healthinessand sicknessin animals(Coodley, 1970).
Whentherearedamagestothemyocardium, thelevel

Thelevelsof circulating enzymescan beuseful as of Homocysteine (Hcy) (CIACCIO et d., 2008),

anaidindiagnosisof certaindiseases (Eldirdiri etal ., cardiactroponin| (cTnl) (Radostitset ., 2007) and
1987). Serumbiochemical analysiscanoftenprovide enzymessuchascreatinekinase-myocardial specific
valuable information regarding the cardiovascular isoenzymes (CK-MB) (Kaneko, 1989), lactate de-

hydrogenase(LDH) (Reinaldoet al., 2010), aspartate
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aminotransferase (AST) and alanine aminotrans-
ferase (ALT) (Coodley, 1970) in the serum are
elevated.

Hcy is a sulfur-containing amino acid, which is
foundin blood and producedinthe metabolism of the
essential amino acid methionine (Ciaccio et a.,
2008). Epidemiological studies have shown that too
much serum concentrations of Hcy are related to a
higher risk of coronary heart disease, stroke, peri-
pheral vascular disease, and deep venousthrombosis
(Weikert et al., 2005; Kullo et a., 2006). Several
studies have suggested that cTnl has especially
become important in early diagnosis of myocardial
damages in large animals (Radostits et al., 2007;
Tuncaet a., 2009). Moreover, cTnl level isamore
specific marker than CK-MB level for diagnosing
myocardial necrosis (Basbugan et al., 2010); how-
ever, myocardiumisoneof therichest sourcesof CK-
MB. Therefore, it is the most widely used serum
enzyme determination in cardiac diseases of large
animals (Kaneko, 1989). LDH catalyzestherevers-
ible oxidation of pyruvate to lactate. multiple forms
of LDH enzymesinseveral tissues(Bergmeyer etal.,
1983); however, LDH hasbeenfoundto beagenera
indicator for the existence and severity of acute or
chronic myocardial tissue damages (Reinaldo et al .,
2010). L DH isnot organ-specificand may beof value
in order to diagnose the cardiac problems in
conjunction with other enzymes such as AST and
ALT (Coodley, 1970). Therefore, these diagnostic
enzymesarevaluabletool susedintheearly detection
of cardiac problemsasaresult of ischemia, injury, or
inflammation (Sacher etal., 1991).

Although studies have evaluated the inter-
relationship among Hcy, cTnl, CK-MB, LDH, ALT
and AST inanimals (Kozat et al., 2011) and human
beings (Polena et al., 2005), there are no reports of
such a probable relationship in camelids. Thus, the
present study was carried out to provide data on the
correlations among Hcy, ¢Tnl, and cardiac enzymes
(CK-MB, LDH, ALT and AST) in different ages of
clinically healthy male dromedary camelsto provide
abasi sfor assessing cardiac musclehealthinessinthis
Species.

M aterialsand M ethods

The present study was carried out in November
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20100on30maleclinically healthy dromedary camels
(Camelus dromedarius) from several farmsin Yazd
province (latitude 31°54'N and longitude 054°24°E,
1203 mabovesealevel), located inthecentral part of
Iran. Animals were maintained in open-shed barns
with free access to water and shade. The ration
included mainly alfalfa hay, wheat straw, corn, and
barley. Camelswere examined prior to the sampling
and proved to be clinically healthy. Animals were
assignedintofour agegroups, including 1-3(n=7), 4-
6 (n=7), 7-9 (n=8), and above 10 (n=8) years old.
Blood samples were collected by jugular veni-
puncture in sterile silicone-coated vacutainers,
alowed to clot, and then separated after centri-
fugation for 10 min at 3000xg. Serum sampleswere
stored at -20°C until analysis.

Vaues of serum AST, ALT, CK-MB, and LDH
were measured with Integra 800 auto-analyzer
(Roche-Caobes, Switzerland). Levels of serum cTnl
were determined by ELISA equipment (ELISA
Reader®-DAS|taly) and cal culated with commercial
test kit asinstructed by the manufacturer (Troponin |
kit-DRG Diagnostic). The measurement of serum
Hcy was performed using the enzymatic assay kit
(Diazyme Com, USA).

Datawereexpressedasmean+ standarddeviation
(SD). Correlationsamong Hey, cTnl, CK-MB, LDH,
ALT andAST ineachagegroup of dromedary camels
were assigned. In the present study, the correlation
coefficient greater than 0.8 wasconsidered asstrong,
wheresas, a correlation smaller than 0.5 described as
weak. Statistical analyses were performed by SPSS
software (SPSS for Windows, version 11.5, SPSS
Inc, Chicago, lllinois). Thelevel of significancewas
set at p<0.05.

Results

Normal serum concentrations of Hcy, cTnl, CK-
MB, LDH, ALT and AST in different ages of
clinically healthy male dromedary camels are
presented in Table 1. Tables 2 to 5 show the cor-
relations among serum concentrations of these
factorsin 1-3, 4-6, 7-9 and above 10 yearsold groups
of dromedary camels. There were no significant
correlations among different factors of 1-3 and
greater than 10yearsoldgroups(p>0.05; Tables2and
5). There were weak and no significant correlations
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Table 1. Mean + SD of serum concentrations of aspartate aminotransferase (AST), aanine aminotransferase (ALT), creatine kinase
isoenzyme MB (CK-MB), lactate dehydrogenase (L DH), homocysteine (Hcy) and troponin | (cTnl) in 4 age groups of clinically healthy

male dromedary camels.
AgeGroups AST (U/L) ALT (U/L) CK-MB (U/L) LDH (U/L) Hcy (umol/L) cTnl (ng/mL)
1-3yearsold 101.57+14.38 113.42+14.38 225.06+109.40  2833.49+748.05 7.48+0.56 0.52+0.18
4-6yearsold 72.42+24.37 92.14+48.27 250.16+62.61  1714.44+887.57 7.37+0.75 0.61+0.19
7-9yearsold 89.37+25.44 117.37+49.28 196.76+68.90  2331.69+1083.00 7.18+0.68 0.65+0.19
>10yearsold 98.00+29.17 125.62+28.67 238.98+97.90  2302.97+1017.39 7.07+0.72 0.55+0.22

Table2. Correlation coefficients(r) among serumconcentrations
of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), creatine kinase isoenzyme MB (CK-MB), lactate
dehydrogenase (LDH), homocysteine (Hcy) and troponin |
(cTnl) in 1-3 years old group of clinically heathy mae
dromedary camels (n=7).

ASTALT CK-MB L[DH — Hgy
(UL) (UL) (UL)  (UL) (umol/L)
ALT o500
oy @
CK-MB
oLy 022 0272
LDH
ULy 0404 0003 -0423
Hcy
0199 -0340 -0525 0481
(pmol/L)
ctnl 5438 0131 0051 -0357 0128
(ng/mL)

Table3. Correlation coefficients(r) among serumconcentrations
of aspartate aminotransferase (AST), aanine aminotransferase
(ALT), creatine kinase isoenzyme MB (CK-MB), lactate
dehydrogenase (LDH), homocysteine (Hcy) and troponin |
(cTnl) in 4-6 years old group of clinicaly heathy mae
dromedary camels (n=7). Significant correlations are indicated
by star (p<0.05).

AST ALT CK-MB LDH Hcy
(UL)  (UL)  (UL)  (U/L) (umol/L)

(ﬁ'/f) 0438

C('fj'/'\L")B -0.222 0271

("U?[') 0475 -0394 -0.712

(uﬂgl};L) -0272 0273 -0618 0426

cTnl

0.004 0.086 -0.853* 0.569  0.916*
(ng/mL)

among cTnl and other factorsin 1-3, 7-9 and greater
than 10 yearsold groups (p>0.05; Tables 2, 4 and 5).
The results of the present study showed that there
were significant correlations between cTnl and CK -
MB (r=-0.853; p=0.015) and Hcy (r=0.916; p=0.004)
in 4-6 years old group of clinicaly healthy male
dromedary camels(Table3). AST andALT had weak
and no significant correlations with other studied
factorsin4-6yearsoldgroup (p>0.05; Table3). LDH
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was significantly correlated with CK-MB in 7-9
years old group (r=-0.710; p=0.045; Table 4). ALT
had weak and no significant correlations with other
studied factors in older than 10 years old group
(p>0.05; Table5).

Discussion

Cardiac troponin is a myofibrillar protein with
two diagnostically-relevant forms (cTnl and cTnT)
that regulate contraction of the heart. cTnl binds to
actin and inhibits interactions between actin and
myosin. Cardiac troponin is released from injured
myocardiocytes into the circulation within hours
(Polenaetal ., 2005). Inrecent years, thedevel opment
of cardiac troponins as the gold standard, sensitive
and specific biochemical markers of myocardial
injurieshaveaided the diagnosisand management of
myocardia injuries (Wellsand sleeper, 2008). Inthe
present study, serum concentrations of cTnl were
significantly correlated with Hcy and CK-MB in4-6
yearsold group. Tharwat (2012) reported that serum
cTnlindowner camel sweresignificantly higher than
normal camels. He mentioned that myocardial
injuriescouldincreaseserumcTnl indowner camels.
Tharwat et a. (2013a) also mentioned that trans-
portation could induce myocardial problems in
camels, and increase of the serum concentrations of
cTnl can be detected. Furthermore, serum cTnl in
clinically healthy racing camelsis higher than non-
racing camels (Tharwat et al., 2013b). The serum
concentrations of cardiac troponin correlate well
with histopathological changes in the myocardium,
extent of cardiacinjury, clinical signs, and prognosis
(Wells and Sleeper, 2008). Assay of troponins
constitutes the preferred biochemical marker for
acute myocardial infarction (Polena et al., 2005).
Increases in cTnl correlate with a wide range of
anima cardiac diseases including dilated cardio-
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Table4. Correl ation coefficients(r) among serum concentrations
of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), creatine kinase isoenzyme MB (CK-MB), lactate
dehydrogenase (LDH), homocysteine (Hcy) and troponin |
(cTnl) in 7-9 years old group of clinicaly heathy male
dromedary camels (n=8). Significant correlationisindicated by
star (p<0.05).

AST  ALT CK-MB LDH  Hogy
(UL)  (UL)  (UL)  (UL) (umoliL)

(ﬁ'/f) 0.625

C(TJ'/'\L")B 0567  -0.620

('-U?LH) 0280 0607 -0.710*

Hoy 0.652 0433 -0511 -0.065
(umol/L)

cTnl

(ng/mL) 0.184 -0.202 -0.080 -0.186  0.014

Tableb. Correlation coefficients(r) among serumconcentrations
of aspartate aminotransferase (AST), aanine aminotransferase
(ALT), creatine kinase isoenzyme MB (CK-MB), lactate
dehydrogenase (LDH), homocysteine (Hcy) and troponin |
(cTnl) in greater than 10 years old group of clinically healthy
male dromedary camels (n=8).

AST  ALT CK-MB L[DH  Ho
(UL) (UL) (UL) (UL) (umol/L)

ALT

(UnL) 0.005
CK-MB
(i) -0.565 -0.272
LDH
(UIL) 0.625 0.003  -0.423
Hey
0682 -0.340 -0525 0481
(pumol/L)
cTnl
(ng/mL) 0.214 0.131 0.051 -0357 0.128

myopathy, endocardiosis, endocarditis, and congest-
ive heart failure, as well as with various forms of
severerespiratory disease (Serraet al ., 2010).

Hcy isahighly reactive amino acid derived from
methionine metabolism and is known to produce
endothelial cell injury in experimental animals
(Harker et a., 1983) and cell culture (Wall et al.,
1980). Elevatedtotal serumHcy hasbeen stated asan
independent risk factor for peripheral vascular,
cerebrovascular and coronary artery diseases
(Nygard et al., 1997). Studies showed that increased
plasmaand heart tissue Hcy concentrations could be
considered asarisk factor in myocardium damagein
conditions associated with oxidative stress (Rezagel
and Dalir-Naghadeh, 2009). In the current study,
correlations between Hcy and CK-MB were either
negativeor not significantinall of thestudied groups.
Several meta-analyses have shown an association
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between total plasmaHcy concentration and cardio-
vascul ar diseases (Hankey and Weikelboom, 1999).

Serum CK-MB in downer camelsissignificantly
higher than normal camels during myocardia
injuries (Tharwat, 2012). CK-MB during transport-
ationincreasesin dromedary camels (Tharwat et a.,
2013a). Furthermore, serum CK-MB in clinically
healthy racing camelsis higher than non-racing ones
(Tharwat et al., 2013b).

CK-MB and LDH are cytoplasmic enzymeswith
ahighactivity in heart, skeletal muscle, liver, kidney,
and red blood cells. These enzymes are indicators of
ahigher level of cellular damage, and their increased
activity is a consequence of their increased release
from the damaged cellsand areflection of metabolic
changesintheinflamedtissuesespecialy intheheart
(Graeber et a., 1990). The damageto the skeletal or
heart musculature results in a considerable increase
inthelevel of serum CK-MB and L DH duetothefact
that the bulk of thevessel sthroughout thebody could
beconsidered asanamplereservoir of enzymesliable
to be released and detected during pathological
situations. Hence, any damages to the vasculature
couldresultinleakageof theenzymes, and couldthus
be considered asavaluabletool in early diagnosis of
pathological conditions (Graeber et al., 1990).

LDH activity rises dowly after myocardia
infarction and becomes maximal after CK-MB
elevations (Ohman et al., 1982). Determinations of
LDH activity have been used diagnostically to
determine whether acute myocardial infarction
occurred in the days before a patient was eval uated
(Adamset al., 1993). Measurement of cTnl isclearly
more sensitive than the LDH cutoff value for
retrospectivediagnosesof acute myocardial injuries.
Resolution of this problem has been advanced by the
development of techniques that separate CK intoits
threeisoenzymescontaining MM, MB, and BB (Van
Der Veen and Willebrands, 1966). Separation and
quantification of MB isoenzyme, which is found
amost exclusively in heart muscle, provides amore
specificindicator of acutemyocardial infarctionthan
total CK alone. CK-MB asacardio specific enzyme
has been introduced as a sensitive marker of
myocardial injury (Roeet a., 1972). Recent studies
report that although the sensitivity of cTnl is
comparable to that of CK-MB, its specificity seems
to behigher (Adamset a., 1994). In the diagnosis of
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acute myocardia infarction, the measurement of
elevated levelsof CK-MB and LDH arewell known
(Jaffeetal., 1984).

Measurements of AST and ALT activities are
common laboratory tests, requested usually asanaid
todiagnosisand surveillanceof cardiac problemsand
both AST and ALT activities rise after an acute
myocardial infarction (Ohman et a., 1982). AST
lacks organ specificity but is present in skeletal
muscle, cardiac muscleandliver of largeanimals; the
pathological changes in these organs elevate the
activity of AST inthe blood (Kaneko, 1989). AST is
aso anintracellular enzyme involved in amino acid
and carbohydrate metabolism, anditselevated levels
show the damagein the organ whose cellsarerichin
thisenzymesuch asthe heart (Rubinaand Tabassum,
2008). In contrast, elevation in ALT levelsiswidely
viewed as a specific indicator of liver necrosis and
cardiacinjuries. Elevated ALT activity is associated
withthehighrisk of chronic heart disease. BothAST
and ALT activities rise after an acute myocardial
infarction (Ohman et al., 1982). Serum concentr-
ations of AST and ALT in downer camels are
significantly higher than normal camels, due to
myocardial problems during recumbency (Tharwat,
2012). The results of the present study showed that
there were no significant correlations among ALT
and AST and other studied factorsin all age groups
(p>0.05; Tables2t05).

Thedataprovided hereisthefirstreportoncardiac
health assessment parametersin dromedary camels.
Moreover, the dataisvaluablein camel racing clubs,
when an overall cardiac health and fitness is to be
assessed. Thecorrelationreported heremight alsobe
helpful for easier analysis of cardiac health statusin
dromedary camels. The data may be useful for
assessing suspected casesof myocardial diseasesand
itschanges may be of prognostic value.
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