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The primary function of the cardiovascular
system isto ensure an adequate circulation of blood
so that nutrients are delivered, waste products are
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Abstract:

BACKGROUND: Cardiovascular system isavery important
organ that playsavital rolein tissue function. In farm animals,
the growth and high milk production depends on function of
cardiovascular system. OBJECTIVES: Cardiovascular health in
high and low-yielding dairy cowswasinvestigated. METHODS:
Fifty 4-year-old high- yielding Holstein dairy cows and fifty 4-
year-old low- yielding Holstein dairy cows were used in this
study. Electrocardiogram wasrecorded by abase- apex |ead, and
blood samples were collected from the jugular vein for the
measurement of cardiacbiomarkers(CK (CreatineKinase), CK-
MB (Creatine Kinase-Myocardia Band), LDH (Lactate
Dehydrogenase), and AST (Aspartate Aminotransferase) and
troponinl).RESULTS: Cardiacdysrhythmiasweredetectedmore
inlow- yielding Holstein dairy cows (62%) compared to high-
yielding Holstein dairy cows (46%). The cardiac dysrhythmias
that wereobservedinlow- yieldingHol steindairy cowsincluded
sinus arrhythmia (34.7%), wandering pacemaker (22.45%),
sinus bradycardia (18.37%), sinus tachycardia (10.20%), atrial
premature beat (2.04%), sinoatrial block (2.04%), atrial
fibrillation (8.16%), and atrial tachycardia(2.04%). Thecardiac
dysrhythmias were observed in high- yielding Holstein dairy
cows, including sinusarrhythmia(86.95%) and wandering pace
maker (13.05%). Also, notched P wave was observed in high-
and low- yielding Holstein dary cows, 30% and 14%
respectively. The amount of cardiac biomarkers in the low
yielding cows was significantly higher than that of the high
yielding cows. Further more, there was not any detectable
significant differenceof serum concentration of total CK betwe-
en the high and low- yielding Holstein cows. CONCLUSIONS:
Despite significant differencesin cardiac biomarkers and based
on the normal range of cardiac biomarkers in both groups, the
increasein cardiac dysrhythmiasinlow- yielding Holsteindairy
cows may be metabolic and el ectrolyte disorders.
removed, and a homeostatic milieu is maintained at
the organ and cellular level. An inadeguate
circulation interferes with nutrient delivery and
waste product removal, and ultimately leads to
circulatory failure, the primary concept in diseasesof
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the cardiovascul ar system (Radostitset al., 2007).

ECG is the best way to measure and diagnose
abnormal rhythm of the heart, particularly abnormal
rhythm caused by damage to the conductive tissue
that carries electrical signals, or abnormal rhythm
caused by electrolyte imbalances. In a myocardial
infarction (M), the ECG can identify if the heart
muscle has been damaged in specific areas, though
not all areasof theheart arecovered. TheECG device
detects and amplifies the tiny electrical changes on
the skin that are caused when the heart muscle
depolarizes during each heartbeat (Smith, 2009;
Rezakhani et a., 2010).

Theelectrocardiogram (ECG) isused primarily to
detect cardiac arrhythmiasin large animals. For this
purpose, a single channel machine can be used, and
the lead system chosen can be any that generates
distinctive QRS and T complexes. Two leads com-
monly used for the diagnosis of cardiac arrhythmias
are the base-apex lead | and the Y lead of the
orthogonal lead system arrhythmias result from
abnormalities of impulse generation or impulse
conduction or a combination of both. A variety of
mechani sms can cause abnormal impulsegeneration
or conduction. Abnormal impul se generation occurs
because of localized changes in ionic currents that
flow across the membranes of single cells or groups
of cells. Abnormal impul segeneration can beseen as
automatic (normal and abnormal) or triggered
activity (Edwards, 1993; Rezakhani et a., 2004,
Radostitset a ., 2007; Smith, 2009).

Cardiac markers are biomarkers measured to
evaluate heart function. They are often discussed in
the context of myocardial infarction; however, there
are other conditions that can lead to an elevation in
cardiac marker level. Most of the early markers
identified were enzymes, and as a result, the term
"cardiac enzymes" is sometimes used. However, not
al of the markers currently used are enzymes. For
example, in formal usage, troponin would not be
listed as a cardiac enzyme (Laterza et al., 2008;
Leonardi et al., 2008).

Therefore, a number of tissue enzymes are
valuable tools as diagnostic agents for heart disease
such as. AST, LDH, CK, CK- MB, and troponin
(Frederickset a., 2001).

The serum concentration of cardiac troponin |
provides an excellent cardiac biomarker in large

102

Jafari Dehkordi, A.

animals, providing a sensitive and persistent in-
dicator of cardiac injury. Troponin |, T, and C are
components of the tropomyosin - troponin complex
in cardiac and skeletal muscle, with cardiac troponin
| and T having different amino acid sequences at the
N- termina and compared to skeletal muscle
troponin | and T. This means that an immunoassay
directed at the N- terminal end will be able to
differentiate between cardiac and skeletal muscle
isoforms and the site of injury (Roberts, 1998;
Radostitset al., 2007; Serraet al., 2010).

Serumactivitiesof cardiacisoenzymesof creatine
kinase (creatine kinase isoenzyme) MB (CK-MB)
and|actatedehydrogenase(isoenzymesland 2) have
been used in the past asindices of cardiac diseasein
large animals (Reimers et al., 1997; Radostits et al .,
2007).

Cardiovascular system isavery important organ
that plays a vital role in tissue function. In farm
animals, the growth and high milk production
depends on the function of cardiovascular system.
Therefore, it is important to investigate cardio-
vascular health in high and low-yielding dairy cows
based on determination of dysrhythmiasand cardiac
biomarkersin high and low-yielding dairy cows.

Materialsand M ethods

Fifty 4-year-old high- yielding Holstein dairy
cows and fifty 4-year-old low- yielding Holstein
dairy cowswere used in thisstudy (theanimalswere
healthy without clinical signs of any organ
abnormalitiesin the clinical examination). All work
was performed in alarge dairy farm (Zagros Dairy
farm, Shahrekord, Iran).

Theaverage 305- day milk yield of high- yielding
and low- yielding Holstein dairy cows were 10600
and 6000 kg, respectively, with 3.5% fat and 3.25%
protein (100 daysinmilk). Cowswerefed according
to their requirements for maintenance and milk
production(NRC, 2001). Theration consisted of high
quality roughages(maizesilageand sugar beet pulp),
soybean meal, concentrates (corn, barley), and
mineral and vitamin supplement.

For ECG recording, each cow waskept in astock
and allowed to settle for 10 minutes. The base-apex
lead was used to detect the arrhythmias; it was
attached using positive, negative, andgroundleadsas
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follows:

a) The positive electrode was attached to the skin
over the left fifth intercostal space at the point of
maximal intensity (PMI) of the apex beat; using lead
[, thisistheleft arm electrode.

b) Thenegativeelectrodewasattached totheskin
of the left jugular furrow two thirds of the distance
from the ramus of the mandibleto the thoracic inlet;
using lead |, thisistheright arm.

¢) Theearth electrodewasplaced totheskin of the
left flank.

After spraying the area with ethanol as a
degreasing agent, we attached the electrodes to the
specific position.

The ECG was recorded from 3 to 5 minutes
(Animal in arelaxed state) while the cows kept in a
standing position. The ECGs were obtained on a
single channel machine (Kenz-ECG 110 Class |,
Japan) with the paper speed 25mm/sec and
calibration of 10 mm equal to ImV. All of the ECGs
wereinspected by two of the authorsindependently,
and finally both authors explained all dysrhythmias
together. Blood samples were collected from the
jugular vein and delivered to laboratory. The serum
was separated and stored at -20°C until measurement
of cardiac biomarkers.

Thefollowing step by-step approach can be used:

1. Identify al the QRS complexes. Each QRS
complex should befollowed by aT wave, andthe QT
interval shouldbesimilar for all QRS configurations,
unlessthereisamarked changein heart rate. [ dentify
the remaining complexes. Are Pwaves, "F" (flutter)
waves, or "f" (fibrillation) waves present? Are there
any artifacts?

2. Determinethe atrial and ventricular rates. Are
they identical? Is onetoo fast or too slow? This step
determines whether there is a tachycardia or
bradycardia.

3.AretheP-PandR-Rinterval sregular?Determine
whether an irregular rhythm has underlying regul ar-
ity that isinterrupted by irregul ar interval sor whether
the rhythm is consistently irregular. Second-degree
AV block and atrial and ventricular premature beats
are arrhythmias with underlying regul arity, whereas
atrial fibrillation, sinus arrhythmia, and sinus arrest
aretruly irregular rhythms.

4. Are P waves present? If so, is there aP wave
preceding every QRS complex? If not, there are
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premature depolarizations, escape beats, or atria
fibrillation. Are al P waves followed by QRS
complexes? If not, second degree AV block may be
present. Istheresultant P-R interval constant?If not,
theremay beafirst-degree AV block.

5.Areall Pwavesand QRScomplexesidentical or
normal incontour?If not, thissignifiesmorethanone
pacemaker, premature depolarizations, or escape
beats (Radostitset a., 2007; Smith, 2009).

Blood samples were collected from the jugular
vein after recording ECG. The blood serum and
plasmawere obtained by centrifugation at 25009 for
15 minutes. The serum and plasma samples were
preserved at -20 °C until analysis. The activity of
AST, LDH, CK, CK- MB, and troponin | were
determined. Serumaspartateaminotransferase(AST),
creatine kinase (CK), and myocard originating
creatine kinase (CK - MB) levels were measured
spectrophotometrically by IFCC method using
commercial test kits (pars azmoon kits Commpany,
Iran) as instructed by producers. Serum lactate
dehydrogenase (LDH) was measured spectro-
photometrically by using commercial test kit
(Darman kave kit Commpany, Iran) asinstructed by
producers. Concentrationof troponin| wasdetermin-
ed by ultra immunoassay with commercial test kit
(Monobind Inc. Lake Forest, CA 92630, USA)
[normal range, lessthan 1.3 ng/mL].

Data were analyzed by one-way ANOVA to
determine significant difference. Probability of
p<0.05was considered to be statically significant.

Results

ECGs were recorded from fifty 4-year-old high-
yielding Holstein dairy cows and fifty 4-year-old
low- yielding Holstein dairy cows. The types and
number of cardiac dysrhythmias in both groups are
giveninTablel. Themean concentration of CK, CK-
MB, LDH, AST, and troponin | in both groups are
giveninTable2.

Cardiac dysrhythmias were detected more in the
low- vyielding Holstein dairy cows (62%) as
compared to the high- yielding Holstein dairy cows
(46%).

The cardiac dysrhythmias that were observed in
thelow- yielding Holstein dairy cowsincluded sinus
arrhythmia(34.7%) Figure 1, wandering pace maker
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Figure 1. Sinusarrhythmiaand wandering pace maker in high yielding Holstein cow.
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Figure 3. Atria tachycardiainlow yielding Holstein cow.

(22.45%) Figure 1, bradycardia (18.37%) Figure 2,
tachycardia (10.20%) Fig. 3, atrial premature beat
(2.04%) Figure 4, sinoatrial block (2.04%) Figure5,
atrial fibrillation (8.16%) Figure 6, and atrial
tachycardia (2.04%) Figure 7. The cardiac dysr-
hythmias were observed in the high- yielding
Holstein dairy cows included sinus arrhythmia
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(86.95%) andwandering pacemaker (13.05%). Al so,
notched Pwave was observed in both high- and low-
yielding Holstein dairy cows, 30% and 14%
respectively Figure8.

The results of this study have shown significant
difference (p<0.05) between serum concentration of
CK- MB, LDH, AST, and troponin | in the high and
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Figure6. Atrial fibrillationinlow yielding Holstein cow.

low yielding cows. According to these results, the
amount of cardiac biomarkers in the low yielding
cowswas higher than that of the high yielding cows.
Furthermore, therewasnot any detectabl esignificant
difference of serum concentration of total CK
between the high and low- yielding Hol stein cows.

1IJVM (2014), 8(2):101-109

Discussion

Cardiac dysrhythmiasor arrhythmias are defined
as disturbances of impulse formation, disorders of
impulse conduction, or both. In the present study,
Cardiacdysrhythmiasweredetected moreinthelow-
yielding Holstein dairy cows (62%) as compared to
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Figure7. Sinustachycardiain low yielding Holstein cow.

Figure8. Notch Pwavein high and low yielding Holstein cow.

the high- yielding Holstein dairy cows (46%). Eight
typesof dysrhythmias, either aloneor incombination
withanother type, wereobservedinthelow- yielding
Holstein dairy cows, whereas two types of dysr-
hythmias determined in the high- yielding Holstein
dairy cows.

Among biochemical parametersfor thediagnosis
of cardiacmuscular disease, CK-MB,LDH, andAST
have been used commonly. However, many dis-
advantageous of these parameters have been report-
ed, and thus these parameters were replaced with
newly developed cardiac markers such as cardiac
troponin | (CTnl) and cardiac troponin T (CTnT)
(McLaurinetal.,1997; Leonardi etal .,2008; OBrien,
2008; Aldous, 2012).

In this study, troponin | in both high and low
yielding Holstein cows was found to be 0.55+0.02
and 0.67+0.04 ng/mL, respectively. Therefore, the
serum concentration of troponin | in low yielding
Holstein cows was higher than that of high yielding
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Holstein cows significantly (p<0.05). Therefore,
according to thenormal range of troponin I, lessthan
1.3 ng/ml, it can be concluded that the increase of
cardiac dysrhythmiasin low yielding Holstein cows
may be resulted from metabolic and electrolyte
disorders. Troponin is released from injured myoc-
ardiocytes in to the circulation within hours, peaks
within 2 days, and remainselevated for aslong asthe
injury continues (Willis et a., 2007; Varga et al.,
2009). Cardiac troponin | and T parameters are
usually investigated for cardiac muscle injuries.
Although CTnT was claimed to be specific for
cardiac muscle, CTnl was reported to have high
sengitivity in the diagnosis of cardiac disease
(Antmanetal., 1996; Appleetal., 1998; Williset dl .,
2007). Thisproteinisthegol d- standard biomarker of
myocardial injury in humansand animal s because of
itshightissuespecificity and persistenceinthebl ood.
(Wellsand Sleeper, 2008; Vargaet al., 2009) To date,
the protein has been studied in rats, mice, rabbits,

1JVM (2014), 8(2):101-109
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Table 1. MeantSEM of serum concentration of cardiac
biomarkersinhighandlow yielding Holstein cows. OValuesare
significant at p<0.05.

Parameters Highyieldingcows Lowyieldingcows
AST U/L 67.25+9.21 127.89+13.16")
LDH U/L 117.167+1005.9  1402.96+153.14"")
CK UL 57.23+11.96 73.53+13.62

Ck-MB U/L 27.85+3.68 39.89+5.12()

Troponin | ng/mL 0.55+0.02 0.67+0.04")

Table2. Typeof dysrhythmiasinhighandlow yieldingHolstein
COWS.

Highyielding Lowyielding

Typeof dysrhythmias cows% cows%

SinusArrhythmia 86.95 34.7
Wandering Pacemaker 13.05 22.45
Bradycardia 0 18.37
Sinustachycardia 0 10.20
Atria Premature Complex 0 2.04
Atrial Fibrilation 0 8.16

SA Block 0 2.04

Atrial tachycardia 0 2.04

dogs, pigs, horses, cats, cattle, non- human primates,
hamsters, and sheep (Gunes et al., 2010). The peak
sensitivity of troponin | wasat 12 to 24 h after onset
of cardiac damage (Adamset al., 1993).

Guneset al. (2008) used the cardiac troponin kits
for the qualitative determination of myocardia cell
damageduetotraumatic reticul operitonitisintwenty
cattle. They observed that the mean serum
concentrationsof total protein, globulin, glucose, and
calcium and the mean activities of creatine kinase
Mb, aspartate aminotransferase, lactate dehydro-
genase, and gamma-glutamyl transferase were
higher inthecattlewith TRPthaninthecontrol group
(Gunesetal., 2008).

Tuncaet al. (2008) determined the changes of the
cardiac troponin | (cTnl) expression in blood and
tissue during the myocardial degeneration in calves
withfoot-and-mouth disease (FM D). A biochemistry
panel andimmunohistochemistry wereperformedon
17 diseased calves, and 7 calves were used as
controls. Creatinekinase(CK), CK-myocardia band
(CK-MB), aspartate aminotransferase (AST), and
lactate dehydrogenase (LDH) activities were
measured for both groups. Mean cTnl (14.8 6 1.9
ng/mL) concentration and CK (573 6 407 U/L), CK-
MB (2386 37U/L),AST (8467),andLDH (2986 29

1IJVM (2014), 8(2):101-109
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U/L) activitieswere higher in FM D cases compared
with controls(Tuncaet al., 2008) .

Vargaet al. (2009) investigated the correl ation of
serum cardiac troponin | and myocardial damagein
cattlewith monensintoxicosis. Their study confirm-
ed that cTnl isaspecific and sensitive biomarker for
the detection of myocardial cell damagein cattle. A
serum concentration of ¢Tnl 1.04 ng/mL is an
indicator of histopathol ogically detectablemyocardial
necrosis in cattle after monensin administration
(Vargaet al., 2009).

Karapinar et al. (2010) reported the high cardiac
troponin | plasma concentration in a calf with
myocarditis. They concludedthat thecTnl assay may
be useful in diagnosis of myocarditis in cattle
(Karapinar et al., 2010).

Schober et al. (2002) indicated that serum cardiac
troponin concentrations are associ ated with severity
of ECG abnormalities and outcome (Schober et al.,
2002).

Jesty et al. (2005) analyzed cardiac troponin |
concentration in a cow with idiopathic pericarditis.
They reported its value as 0.89 ng/mL (Jesty et al.,
2005).

Buczinski and Bélanger (2010) reported an
increaseof Serum cardiactroponin| at 3.52ng/mLin
bovine tricuspid endocarditis (Buczinski et al.,
2010).

In this study, in both high and low yielding
Holstein cows, the serum concentration of CK- MB
was 27.85£3.68 U/L and 39.89+5.12 UIL,
respectively. Thus, the serum concentration of CK-
MB in the low yielding Holstein cows was
significantly higher than that of the high yielding
Holstein cows (p<0.05). Therefore, according to the
normal range of CK -MB, 105-409 U/L, it can be
concluded that the increase of cardiac dysrhythmias
in low yielding Holstein cows may be resulted from
metabolic and electrolyte disorders. The peak
sensitivity of CK -MB occurred at 8to 12 hafter onset
of cardiac damage (Adams et al., 1993). Also, the
serum concentrationof CK was57.23+11.96 U/L and
73.53+13.62 U/L in high and low yielding Holstein
cows, respectively. Thisfindingisinaccordancewith
previous studies which have shown that CK lacks
specificity for myocardial cell injury and that the
measurement of CK isnot sensitive enough to detect
micropathol ogy of theheartincattle. Incontrast, CK -
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MB, anisoenzyme of CK, which is more specific to
the cardiac muscle, has a higher specificity for
myocardial cell injury (Vargaet a., 2009).

In this study, the serum concentration of AST in
high and low yielding Holstein cowswas 67.25 U/L
and 127.89 U/L, respectively. Asaresult, the serum
concentration of AST in the low yielding Holstein
cows was significantly higher than that of the high
yielding Holstein cows (p<0.05). Therefore, accord-
ingtothenormal rangeof AST, 78-132 U/L, it canbe
concluded that the increase of cardiac dysrhythmias
in the low yielding Holstein cows may be resulted
from metabolic and el ectrolyte disorders.

AST enzymeisfoundinalmost all cellsincluding
red blood cells; however, itisconsidered adiagnostic
enzyme for liver and muscle disease because of its
high activity inthesetissues. Plasmahalf lifeof AST
isabove. AST isnot anorgan specificenzyme(Smith,
2009). Al-Habsi et al. reported that the reference
levelsof AST are48 - 132 U/L in cattle (Al-Habsi et
al., 2007).

In this study, the serum concentration of LDH in
high and low yielding Holstein cows was 1005.9+
117.167 U/L and 1402.96+153.14 U/L, respectively.
Hence, the serum concentration of LDH in the low
yielding Holstein cowswas significantly higher than
that of the high yielding Holstein cows (p<0.05).
Therefore, according to the normal range of LDH,
lessthan 692-1449 U/L, it can be concluded that the
increase of cardiac dysrhythmiasinthelow yielding
Holstein cows may be resulted from metabolic and
electrolyte disorders. LDH enzymeisfound in most
tissue such as heart, liver, erythrocyte, leukocytes,
and kidney. L DH enzyme has 5 isoenzymes, namely
LDH1(H4),LDH2 (H3M1),LDH3 (H2M2),LDH4
(HIM3), and LDH5 (M4). LDHL1 is the principal
isoenzymein cardiac muscleandkidney. Incattleand
sheep, LDH1 alsoisfoundintheliver. LDH5 isthe
principal isoenzyme in skeleta muscle and
erythrocyte (Smith, 2009).

Consequently, it can be concluded that despite
significant differences in cardiac biomarkers and
based on the normal range of cardiac biomarkersin
theboth groups, theincreasein cardiac dysrhythmias
in low- yielding Holstein dairy cows may be
metabolic and el ectrolytedisorders.
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