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Abstract | Taurine, a ubiquitous endogenous sulfur-containing amino acid, possesses numerous pharmacological and
physiological actions, including antioxidant activity, modulation of calcium homeostasis, and antiapoptotic effects.
There is mounting evidence supporting the utility of taurine as a pharmacological agent against heart disease, including
chronic heart failure. This study investigated the potential protective effects of taurine, on behavior and cardiovascular
function in the male rat following arrhythmia induced by the social stressor. Here, we studied levels of heart electrical
activity following experimental conditions: Cage control, social isolation in standard rat housing for 14 days, and
pharmacokinetics effect of intravenous administration of different doses of taurine on arrhythmia induced by social
isolation in vivo after. The ECG signals and parameters were recorded and analyzed with the aid of Bio Amp of
ADInstruments data acquisition system and LabChart software. The results showed infusion of Taurine 1mg/kg/
hr, 2.5mg/kg/hr and 10mg/kg/hr non significantly change heart rate (BPM), QRS intervals, S amplitude (mV'), T
amplitude (mV), ST height (mV), JT height (mV'), QT intervals (s) and QTc (s).
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INTRODUCTION

Laboratory animals’ social isolation serves as a model for
the absence of social interactions within animals and, to
some degree, humans. Social stressors and the absence of
positive social interaction are associated with an increase

ardiovascular diseases consider a common illness
worldwide the main reason for death and, is a

community health problem (Ibrahim et al., 2020; Yousry et
al., 2021). One of the important investigational tools used
in experimental cardiology is rat electrocardiography. The
criteria for differentiating significant from insignificant
variations in ECG parameters in rats, but on the other
hand, still have to be established. Heart arrhythmias, often
known as tachycardias or bradycardias, are abnormalities in
cardiac rhythm caused by impulse disorders or a mix of the
two (Durham and Worthley, 2002a).

in cardiovascular disorders and mood. Cardiovascular
pathophysiology is mediated by behavioral and physical
reactivity to stressors (Heinrichs et al., 2003; Steptoe et
al., 2004). One of the common disorders of heart disease
induced by social stressors includes a change in the heart
rate and heart rate variability in both human and animal

models were described (Grippo et al., 2007).

To the best of our knowledge, pharmacokinetic studies
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are limited to a few, none addressing the involvement of
taurine; (2-aminomethane e-sulfonic acid) or taurine
is considered a conditionally essential nutrient and is a
special amino acid containing sulfonate group without
carboxyl group. Calcium modulation, antioxidation, salt
conjugation,inflammation, osmoregulation,and membrane
stabilization are numerous physiological functions of
taurine (Pandya et al.,, 2017). As well as has different
biological effects on the cardiovascular system, skeletal
muscle, retina, liver, kidney, and nervous system (Chen et
al., 2019) therefore taurine may have a valuable effect on
the treatment of cardiovascular problems (Ibrahim et al.,
2020) and liver disease (Makhova et al., 2019) primarily by
lessening manufacture of reactive oxygen species (ROS).
Taurine is also utilized to recover from exhaustion prior
tobeforey (Wang et al., 2020). Heart attacks seem to be
the most common illnesses worldwide, and they are the
major cause of death in both developed and developing
countries, hence health care centers must concentrate on
identifying suitable protection and management programs
(Miyajima et al., 2007). One researcher focused on taurine
intake in healthy male human volunteers once they
were given a single injection of 4 g taurine in a capsule
formulation (Ghandforoush-Sattari et al., 2010). Several
investigations, such as one in male Sprague Dawley rats
after intravenous administration of 20 mg/kg taurine, have
provided an initial anoncept of taurine pharmacokinetics
(Tang et al., 2014) or oral administration of 30 or 300 mg/
kg taurine (Sved et al.,2007) and also intravenous injection
to beagle dogs (Yu et al., 2013) have been investigated.
While, on the other hand, to the best of our knowledge
no systematic investigation of dose-dependent intravenous
is available. Therefore, this study aimed to investigate
the pharmacokinetics of intravenous administration of
different taurine doses, against arrhythmia induced by
social isolation through electrocardiography (ECG), and
the current research emphases on the possible amelioration
roles of taurine on arrhythmic rats to reduce hazard effects
on cardiac function.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN

The rats used in this investigation were adult male albino rats
that weighed between 250-300 gm and were 8-10 weeks
old. In the animal house belonging to the Department of
Biology, Faculty of Science, Zakho University, the animals
were grown and housed in plastic cages, bedded with wood
pellets in a room with a controlled temperature of 2430C.
During the test, the animals were kept on a 12/12-hour
light/dark schedule. The rats were fed regular laboratory
chow and given a sufficient supply of water. Just before
trial, the rats were given time to acclimate. Normal rats
were used to record ECG as a control, and the rats were

isolated for 14 days after recording ECG. After isolation,

an ECG was recorded for 30 minutes preceding infusion.

ANIMAL SOCIAL ISOLATION

The rats were maintained in stainless steel cages suspended
from the ceiling, which were sized according to the recent
protocol for the care and use of laboratory animals. During
testing, the animals were conditioned to the housing
amenities for fourteen days. Before initiating the ECG
signal, body weights were obtained.

ANIMAL PREPARATION

The animal experimental procedures conformed to the
“Guide for the Care and Use of Laboratory Animals”
published by the National Institutes of Health (NIH)
in the United States and was approved by the Animal
Research Ethics Committee at the University of Zakho.
An intravenous administration of ketamine and xylazine
was used to anesthetize all of the rats. A 24-gauge
cannula was inserted into a tail vein to provide Taurine
intravenously. ECG needle electrodes were inserted in the
forelimbs and left hind leg of rats mounted on a holding
board. (MLA-136, Animal Bio Amp, AD Instruments,
Sydney, Australia) and a digitizer (Powerlab 8/35, AD
Instruments, Sydney, Australia) have been hasd to magnify
the ECG signals. Labchart7 software (AD Instruments,
Sydney, Australia) was being used to analyze the digitized
ECG, which supplied an automatic collection of data on
the heartbeat rate and a number of normal cycles. The
drugs were injected in a syringe that was connected to
an infusion pump for infusion (Cell point, Gaithersburg,

USA).

CALCULATIONS OF DOSE AND DOSING

Individual dosages were determined based on the most
current weekly body mass and altered weekly to ensure
all rats were at the same dose level (i.e. mg/kg/day). All
dosages were administered volumetrically at a ratio of 10
mL/kg. The vehicle was given to the control group at the
same dose volume as the treated animals.

EXPERIMENTAL OBSERVATIONS

The viability of all the animals has checked, all animals
were observed daily in their cages. All of the findings were
documented. The clinical observation was carried out on
the main test animals while they were being handled and
weighed. Alteration in the skin, fur, eyes, and irregular
respiratory patterns were some of the possible indications
reported.Changesin movement,posture,and responsiveness
to touching were also noted, as were stimulant movements,
stereotypies (e.g., excessive grooming, repetitive circling),
and strange behavior (e.g., self-mutilation, walking
backward). Throughout the research, subjects’body weights
were reported approximately twice. On day 1 and after
social isolation, all test animals were weighed.
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STATISTICAL ANALYSIS

All results have been presented as a median with an
interquartile range. The Kruskal-Wallis test was used to
determine differences in all non-parametric variables, and
Dunn’s test was also used to correct the results, while one-
way ANOVA has been used to compare the means of QRS
among groups, followed by a Tukey post hoc test. All test
statistics were two-tailed, and statistical significance was
Prism 7 has been used to construct all graphs, calculations,
and statistical considered as (P<0.05). GraphPad analyses
(GraphPad Software, San Diego, California, USA).

RESULT'S

The inspection of the obtained data in Figure 1 were
reported a significant (P < 0.001) decrease in body weight
as a result of social isolation. The mean values recorded in
socially isolated rats were 259.78 + 34.43g. Social isolation
was used to induce arrhythmias in male albino rats, which
caused a non-significantincrease in heart rate in comparison
to control (283.4 £90.9 control and 321.3£74.7 isolation,
Table 1). Taurine at a dose of 1mg/kg/hr caused a non-
significant decrease in heart rate. Further decrement in
heart rate was reported when taurine at dose 2.5mg/kg/hr
and 10mg/kg/hr was infused and similarly, the change was
insignificant (320.3 + 57.8, 314.6+88.4 and 324.3+82.8,
respectively) as shown in (Table 1, Figure 2).

To evaluate the direct effect of taurine on JT intervals,
doses of taurine infused and wait 10 min for each dose
ECG was recorded and ECG changes were measured.
After rat isolation JT intervals in comparison to control
increased but did not show significant value. Further
incensement was resulted after infusion of 1mg/kg/hr,
2.5mg/kg/hr and 10mg/kg/hr) taurine (0.046 + 0.041,
0.052 £ 0.019,0.05285 + 0.021, 0.054 + 0.026 and 0.059 =+
0.015), respectively, (Figure 3).

Control Social Isolation

& "190 %@
Average of Weight

Figure 1: The effects of social isolation on rat weight in
comparison to control. Data are expressed as Median *
interquartile range.

Figure 2: The effects of taurine infusion (1mg/kg, 2.5mg/
kg, and 10mg/kg) on heart rate in Social isolation-induced
cardiac arrhythmia in male albino rats. No significant
difference was observed between the groups. Data are
expressed as Median * interquartile range.

Table 1: The effects of 1, 2.5, and 10mg/kg of Taurine infusion on some heart parameters (Median+interquartile range)

in cardiac arrhythmia in male albino rats.

Parameter control Social Iso
HR (BPM) 283.4 +90.9 321.3+74.7
RR Interval (s) 0.170+0.052 0.187+0.047
PR Interval (s) 0.058+0.006 0.055+0.004
QRS Interval (s) 0.018+0.004 0.017+0.007
QT Interval (s) 0.065+0.037 0.073+0.021
QTc Interval (s) 0.144+0.094 0.175+0.042
P Duration (s) 0.017+0.004 0.018+0.003
P Amplitude(pV) 0.088+0.181 0.087+0.047
JT interval (s) 0.046+0.041 0.052+0.019
ST Height (pV) -0.215+ -1.631 0.032+0.046

1mg/kg 2.5mg/kg 10mg/kg
320.3 £57.8 314.6+88.4 324.3+82.8
0.1874+0.036 0.191 +0.057 0.186+0.053
0.05733+0.009 0.058+0.006 0.059+0.006
0.01805+0.007 0.019+0.008 0.019+0.006
0.07204£0.018 0.074+0.027 0.077+0.008
0.1653+0.036 0.167+ 0.040 0.178+0.037
0.01765+0.005 0.017+0.005 0.017+0.004
0.0973+0.0317 0.086+0.045 0.093+0.055
0.05285+0.021 0.054+0.026 0.059+0.015
0.03293+0.095 0.026+0.098 0.033+1.631
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Figure 3: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on JT Interval in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + Interquartile range.

Bazett’s formula, a very useful tool to calculate QT which
adjusted QT interval to HR. Which is based on dividing
QT interval by square root of RR interval. In this research,
social isolation and taurine dose-dependent change
QT interval and insignificantly increase in comparison
to control (0.065+0.037, 0.073+0.021, 0.07204+0.018,
0.074+0.027, and 0.077+0.008) respectively, (Figure 4).
Similarly, the QTc parameter in this investigation changed
and was reported to be (0.144+0.094 control vs isolation
0.175+0.042). Further increase was recorded when taurine
dose (1mg/kg/hr, 2.5mg/kg/hr and 10mg/kg/hr) infused
(0.1653+0.036, 0.167+ 0.040, 0.178+0.037, respectively).
Non-Significant changes of P amplitude, Q_amplitude, R
amplitude, S amplitude, and T Amplitude were recorded
(Figures 4, 5, 6, 7, 8, respectively). The highest level of P
amplitude was at control, for Q_amplitude was at taurine
(10mg/kg/hr). Meanwhile, S amplitude increase in social
isolation rats. While T amplitude decrease in comparison
to control.

Figure 4: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on QT interval in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median+interquartile range.

Figure 5: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on QTc interval in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + interquartile range.

Figure 6: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on QRS interval in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + interquartile range.

Figure 7: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on ST height in Social
isolation-induced cardiac arrhythmia in male albino rats.
A significant difference was observed between the groups.
Data are expressed as Median + interquartile range.
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Figure 8: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on RR interval in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + interquartile range.

Once rats were treated with 1mg/kg/hr, 2.5mg/kg/hr, and
10mg/kg/hr of taurine, the QRS complex, which reflects
simultaneous stimulation of the right and left ventricles,
was not significantly different from that of previous normal
ECG recordings (0.018+0.004 control and 0.017+0.007
isolated rats) then little increase in the interval was reported
after taurine treatment (0.01805+0.007, 0.019+0.008 and
0.019+0.006, respectively), as can be seen in (Figure 9).

Figure 9: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr and 10mg/kg/hr) on P duration in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + interquartile range.

'The data from the current study indicated that ST intervals
in comparison to control increased significantly (< 0.0001)
after social isolation (-0.215+ -1.63, 0.032+0.046),
respectively. As well as, after taurine, infusion ST interval
increase and the change at taurine 1 and 10 mg/kg/hr
were highly significant, while, at taurine 2.5mg/kg/hr, the
change was slightly significant when compared with control
(0.03293+0.095 (1mg/kg/hr), 0.026+0.098 (2.5mg/kg/hr),
and 0.033+1.631 (10 mg/kg/hr) (Table 1, Figure 10).

Figure 10: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on P amplitude in Social
isolation-induced cardiac arrhythmia in male albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + interquartile range.

Figure 11: The effects of Taurine infusion (1mg/kg/hr,
2.5mg/kg/hr, and 10mg/kg/hr) on PR interval in Social
isolation-induced cardiac arrhythmia in male’s albino rats.
No significant difference was observed between the groups.
Data are expressed as Median + interquartile range.

DISCUSSION

Cardiovascular disease remains a crucial and universal
problem, greatly contributing to the world’s leading causes
of morbidity and mortality. In the present work, male
albino rats Rattus rattus were socially isolated and then
injected different doses of taurine to cause arrhythmia.
This experiment revealed that social isolation resulted in
a significant weightoss. This significant weight change
may be due to a change in hormonal activity such as the
Adrenocorticotropic hormone (ACTH), which plays a
crucial role in response to stress. Presumably, change in

ACTH (Perellé et al., 2006).

Hyper locomotion, which has been considered as a
character for the so-called isolation syndrome (Heidbreder
et al., 2000), is a consistent observation and early onset
in isolation housed rats and can be detected by obvious

means (Wongwitdecha and Marsden, 1996). Animals
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raised locomotor behavior after 40 minutes of social
isolation and for the rest of their lives, according to new
research. Surprisingly, individuals who were isolated at the
time of testing displayed usual hyperactivity regardless of
age, implying that social isolation of ratthe s should be
avoided if possible throughout life (Begni et al., 2021).
Furthermore, it is clear from this study that when rats
were socially isolated, the activity of cardiac function
and heart rate increased, resulting in progressive cardiac
responsiveness. Such clinical condition promotes the
initiation of arrhythmia. These disturbances are common
in heart disease, predicting mortality following myocardial
infarction and heart failure (Grippo et al.,2003; Tapanainen
et al., 2002). Previously, established that chronic stress
causes behavioral and cardiovascular abnormalities in rats,
which is handled in part by increased sympathetic drive,
which leads to heart failure (Grippo et al., 2004).

In the current work, male albino rats Rattus rattus were
socially isolated for 14 days to develop arrhythmia. After
being treated with taurine, the isolated group showed
higher HR, suggesting that isolation decreases vagal
regulation of the heart (Grippo et al., 2007). Taurine
caused a significant drop in heart rate, as evidenced by this
study. The mechanism by which taurine lowers heart rate
is thought to be related to an increase in Ca2+ sensitivity
of muscle fibers, which changes tension production.
Which were linked to the modification of sarcoplasmic
reticular Ca2+ release, with the effect being less when
the sarcoplasmic reticulum includes a high Ca2+ load
and more when the sarcoplasmic reticulum contains a
Ca2+ deficient sarcoplasmic reticulum (Schaffer et al.,
2010). They observed that rats given a taurine transporter
blocker had a longer contractile cycle by decreasing Ca2+
clearance from the cytosol, indicating that taurine deficit
is linked to a decrease in heart muscle sensitivity to Ca2+.
'The phosphorylation of troponin I in the heart has been
found to be considerably increased in taurine transporter
knockout mice. Because phosphorylation of troponin
I inhibits the coupling of Ca2+ to troponin C, it limits
tension production (Schaffer et al., 2009).

Data from the echocardiographic analysis revealed that
the cardiomyopathy created by taurine deficiency was
attributed to reduced fractional shortening combined with
an increase in left ventricular chamber dimensions and
impaired response to dobutamine and also supporting that
rodents, when genetically taurine transporter abolished,
taurine deficient cardiomyopathy was developed (Ito et al.,
2008). Taurine might be linked through some mechanism
to the workload of the heart. Diminished handling of
calcium by the heart, impaired calcium sensitivity of the
contractile proteins, loss of cardiomyocytes, and insufficient
ATP to drive contraction, are such clinical conditions that
promote the initiation of cardiac diseases such as heart

failure and some of these conditions are taurine dependent

(Ibrahim et al., 2020; Schaffer et al., 2010).

Recently, the investigation indicated that in rats treated
with a salt diet increased blood pressure then after being
treated with taurine blood pressure returned to normal
(Schafferetal.,2010). Similarly, Novotny and his colleagues
in 1991 found in cat’s increment in ventricular chamber
compliance and decreases in the rate of pressure rise in
the taurine deficient heart and illustrated that taurine act
as a free radical scavenger (Novotny et al., 1991). After
administration of taurine function of endothelin nitric
oxide synthesis increased, causing an enhancement of
nitric oxide activity and a diminishing of O2 and ONOO
generation (Touyz and Schiffrin, 2001). Because increasing
production of reactive oxygen species induced oxidative
stress (Grossman, 2008), which consider the main hazard
for cardiovascular sickness and death in industrialized and
poor countries. Since oxidative stress is recognized to cause
intracellular Ca+2 overload, the variation of Ca+2 ion by
taurine may probably be intermediated via its antioxidant
effects. Further mechanisms described by several clinical
and experimental researches about the taurine role in
protecting the cardiovascular system such as an improved
lipid profile and antagonism of angiotensin II action
(Kaneyuki et al., 2007; Ulrich-Merzenich et al., 2007).
Few studies found that drug-induced taurine deficiency
enhances angiotensin II-mediated apoptosis (Schaffer et

al., 2003).

Furthermore, the current result indicated that elevation
in the taurine concentration, increase heart function, this
may be due to enhances Na+-Ca2+ exchange activity and
elevates [Ca2+] i., as well as, affect the transport of other
ions the fast Na+ current and Cl current (Schaffer et al.,
2000). Previously, it is published that electrical activation of
the heart and duration of QT/QTc interval are dependent
on nitric oxide (Atabay and Uzun, 2009). While, data
from the current study revealed non-significant changes of
both JT, QT intervals, and QTc which means ventricular
repolarization cannot be changed by NO. This result was
emphasized by (Wang et al., 2003), he was indicated that
for maintaining hemodynamics basal NO is important but
shows a limited impact on ventricular repolarization.

The data of the current study illustrated little decrement
in the P and PR amplitude after social isolation then
little increment after being treated with taurine which
indicated that may taurine and NO had a small effect
on the depolarization of the right atrium (Chowdhary
et al,, 2020). The end of the deflection developed by
depolarization of the ventricles and the starting of the
deflection produced by repolarization of the ventricles, also
known as the S-T segment, shows a sudden alteration in
the length amplitude after social isolation and after a high
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dose of taurine could represent a flow and requirement in
the myocardium are at their maximum.

CONCLUSION

'This work uses an integrative approach to investigate heart
rhythm in a socially isolated rat model system, which is
then treated with taurine. Both affective and cardiovascular
diseases are triggered by social isolation. These findings
show how taurine affects rat behavior and physiology.
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