
 

 

ผลของยาเอมิโอดาโรนและโดรนดาโรนต่อความแปรปรวนของอัตราการเต้นของหัวใจ  

การหดตัวของหัวใจ และระดับฮอร์โมนจากต่อมไทรอยด์ในกระต่าย 

 

นางสาววรกาญจน์ บุญเหาะ 

วิทยานิพนธ์นี้เป็นส่วนหนึ่งของการศึกษาตามหลกัสูตรปริญญาวิทยาศาสตรมหาบัณฑิต 
สาขาวิชาสรีรวิทยาการสัตว์ ภาควิชาสรีรวิทยา 

คณะสัตวแพทยศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย 
ปีการศึกษา 2559 

ลิขสิทธ์ิของจุฬาลงกรณ์มหาวิทยาลัย 

 



 



 

 

 

Effects of amiodarone and dronedarone on heart rate variability,  

cardiac contractility, and thyroid hormone levels in rabbits 

 

Miss Worakan Boonhoh 

A Thesis Submitted in Partial Fulfillment of the Requirements 
for the Degree of Master of Science Program in Animal Physiology 

Department of Veterinary Physiology 
Faculty of Veterinary Science 

Chulalongkorn University 
Academic Year 2016 

Copyright of Chulalongkorn University 

 



 

 



 

 

 

Thesis Title Effects of amiodarone and dronedarone on heart 
rate variability, cardiac contractility, and thyroid 
hormone levels in rabbits 

By Miss Worakan Boonhoh 
Field of Study Animal Physiology 
Thesis Advisor Assistant Professor Dr. Suwanakiet Sawangkoon, 

Ph.D. 
  

 Accepted by the Faculty of Veterinary Science, Chulalongkorn University in 
Partial Fulfillment of the Requirements for the Master's Degree 

 

 Dean of the Faculty of Veterinary Science 

(Professor Dr.Roongroje Thanawongnuwech, Ph.D.) 

THESIS COMMITTEE 

 Chairman 

(Assistant Professor Dr. Anusak Kijtawornrat, Ph.D.) 

 Thesis Advisor 

(Assistant Professor Dr. Suwanakiet Sawangkoon, Ph.D.) 

 Examiner 

(Dr. Saikaew Sutayatram, Ph.D.) 

 External Examiner 

(Dr. Soontaree Petchdee, Ph.D.) 

 

 



 iv 

 

 

 

T HA I  AB STR ACT 

วรกาญจน์ บุญเหาะ : ผลของยาเอมิโอดาโรนและโดรนดาโรนต่อความแปรปรวนของอัตราการเต้นของ
หัวใจ การหดตัวของหัวใจ และระดับฮอร์โมนจากต่อมไทรอยด์ในกระต่าย (Effects of amiodarone 
and dronedarone on heart rate variability, cardiac contractility, and thyroid hormone 
levels in rabbits) อ.ที่ปรึกษาวิทยานิพนธ์หลัก: ผศ. น.สพ. ดร. สุวรรณเกียรติ สว่างคุณ {, หน้า. 

ยาเอมิโอดาโรนและยาโดรนดาโรนเป็นยารักษาภาวะหัวใจเต้นผิดจังหวะกลุ่มที่  ๓ มีโครงสร้างทางเคมีที่
คล้ายกัน แต่ต่างกันที่ยาเอมิโอดาโรนน้ันมีไอโอดีนเป็นส่วนประกอบอยู่ในโครงสร้างโมเลกุล  เน่ืองจากข้อมูล
การศึกษาของยาทั้งสองในกระต่ายมีอย่างจ ากัด ท าให้ผู้วิจัยประสงค์ที่จะศึกษาผลของยาทั้งสองชนิดต่อความ
แปรปรวนของอัตราการเต้นของหัวใจ การหดตัวของหัวใจ และระดับฮอร์โมนจากต่อมไทรอยด์ ในกระต่ายเพศผู้
จ านวน ๑๖ ตัวที่แบ่งเป็นสองกลุ่มการทดลองเพื่อให้ยาเอมิโอดาโรนและยาโดรนดาโรน โดยป้อนยาเข้ากระเพาะ
อาหารในขนาดยา ๕๐ มก./กก./วัน นาน ๗ วัน แล้วจึงให้ขนาดยา ๑๐๐ มก./กก./วัน ต่ออีก ๗ วัน ในวันสุดท้าย
ของแต่ละช่วงได้ท าการเก็บข้อมูลคลื่นไฟฟ้าหัวใจของกระต่ายในขณะรู้สึกตัว จากน้ันได้ท าการบันทึกและวิเคราะห์
การท างานของหัวใจด้วยคลื่นเสียงสะท้อนความถี่สูงแบบมาตรฐานและแบบสเป็กเคิลแทร็กก้ิงพร้อมกับเก็บตัวอย่าง
เลือดจากกระต่ายขณะที่ถูกวางยาสลบ จากการศึกษาพบว่ายาทั้งสองชนิดในขนาดยา ๑๐๐ มก./กก./วัน น้ันท าให้
อัตราการเต้นของหัวใจลดลง ความแปรปรวนของอัตราการเต้นของหัวใจชนิดความถี่รวม ความถี่ต่ า และสัดส่วนของ
ความถี่ต่ าต่อความถี่สูง ต่างลดลงอย่างมีนัยยะส าคัญ การท างานของหัวใจเม่ือท าการวิเคราะห์คลื่นเสียงสะท้อน-
ความถี่สูงแบบมาตรฐานและแบบสเป็กเคิลแทร็กก้ิงในทุกช่วงการทดลองน้ันไม่พบความแตกต่างกันยกเว้นเฉพาะ
อัตราการเปลี่ยนแปลงของขนาดเส้นรอบวงกล้ามเน้ือหัวใจเทียบกับเวลาลดลงในกลุ่มที่ให้ยาเอมิโอดาโรนในขนาด 
๕๐ มก./กก./วัน ระดับของฮอร์โมนไทรอกซินมีการเพิ่มขึ้นอย่างมีนัยส าคัญในกลุ่มที่ให้ยาเอมิโอดาโรนแต่ลดลงใน
กลุ่มที่ให้ยาโดรนดาโรน จากการทดลองสรุปได้ว่ายาทั้งสองชนิดมีผลท าให้ค่าความแปรปรวนของอัตราการเต้นของ
หัวใจลดลงใกล้เคียงกันซ่ึงอาจเกิดจากการกดการท างานของระบบซิมพาเทติก และยังพบว่าการวิเคราะห์คลื่นเสียง-
สะท้อนความถี่สูงแบบสเป็กเคิลแทร็กก้ิงน้ันให้ข้อมูลได้มากขึ้นแต่ไม่ได้มีความไวต่อการเปลี่ยนแปลงของการท างาน
ของหัวใจมากไปกว่าแบบมาตรฐานซ่ึงยาเอมิโอดาโรนมีแนวโน้มลดการบีบตัวของหัวใจมากกว่ายาโดรนดาโรนใน
โมเดลน้ี นอกจากน้ียาทั้งสองชนิดต่างรบกวนการท างานของต่อมไทรอยด์  โดยที่ยาเอมิโอดาโรนท าให้เกิดภาวะ
ฮอร์โมนไทรอยด์เป็นพิษ ส่วนยาโดรนดาโรนท าให้เกิดภาวะพร่องฮอร์โมนไทรอยด์ในกระต่าย 

 

 

ภาควิชา สรีรวิทยา 

สาขาวิชา สรีรวิทยาการสัตว์ 

ปีการศึกษา 2559 
 

ลายมือชื่อนิสิต   
 

ลายมือชื่อ อ.ที่ปรึกษาหลัก   
  

 

 

 



 v 

 

 

 

ENGLI SH AB ST R ACT 

# # 5675507231 : MAJOR ANIMAL PHYSIOLOGY 
KEYWORDS: AMIODARONE / DRONEDARONE / HEART RATE VARIABILITY / CARDIAC 
CONTRACTILITY / THYROID HORMONE 

WORAKAN BOONHOH: Effects of amiodarone and dronedarone on heart rate 
variability, cardiac contractility, and thyroid hormone levels in rabbits. ADVISOR: 
ASST. PROF. DR. SUWANAKIET SAWANGKOON, Ph.D. {, pp. 

Amiodarone (AM) and dronedarone (DR) are class III antiarrhythmic agents that 
have similar chemical structures, except AM contains iodine molecules. Due to the limited 
data available in rabbits, the effects of both drugs on heart rate variability (HRV), 
contractility and thyroid hormone levels were studied. Sixteen male New Zealand white 
rabbits were used and divided into 2 groups received AM or DR. The rabbits were gavaged 
either AM or DR at dosages of 50 (AM50, DR50) and 100 mg/kg/day (AM100, DR100) 
continuously for a period of 7 days each. On the last day of each period, 
electrocardiograms were recorded from the conscious rabbits, while standard 
echocardiograms (Echo), speckle tracking echocardiograms (STE) and blood samples were 
collected from the anesthetized rabbits afterward. The HRV results showed that AM100 
and DR100 decreased heart rate, total power, low frequency component, and low to high 
frequency ratio significantly compared to the baselines. All echocardiographic parameters 
of both agents in every period were no significant difference from their baselines, except 
global circumferential plane strain rate at basal segmental level of AM50 that was 
decreased. Thyroxine levels were significantly increased in AM treatments but decreased in 
DR treatments of treatment period 1 and 2 compared to their baseline.  In conclusion, 
both AM and DR reduce HRV which may be due to sympathetic suppression. STE may 
provide more information but not give higher sensitivity than Echo in our study, despite 
the fact that AM may have more negative inotropic effect than DR in this model. 
Nevertheless, both drugs produced thyroid dysfunction in the different way, thyrotoxicosis 
in AM but hypothyroidism in DR. 
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CHAPTER I  
INTRODUCTION 

1.1 Importance and Rationale  

Amiodarone and dronedarone are potent multichannel blocking agents, 
classified as a class III antiarrhythmic drug of the Vaughan Williiam’s system, whereas 
they have potentials to cover all 4 classes of antiarrhythmic drugs (Singh, 2006; Singh 
et al., 2007). These agents are mostly metabolized by the liver and highly protein-
bounding. Both of them have similar chemical structures, which drondarone is a non-
iodinated benzofuran derivative of amiodarone. Amiodarone has two iodine 
molecules which shares some similar structures to thyroxine (Vassallo and Trohman, 
2007). Therefore, using amiodarone may alter thyroid hormone level and may 
interfere thyroid hormone function. It could be either amiodarone-induced 
thyrotoxicosis (AIT) or amiodarone-induced hypothyroidism (AIH) (Martino et al., 
2001). Dronedarone was reported that it might have lower effect or not change on 
thyroid hormone levels (Chatelain et al., 1995; Pantos et al., 2002), but it may mimic 
hypothyroidism such as decreasing heart rate and cardiac contractility (Pantos et al., 
2005). Many studies have shown that dronedarone selectively blocked either thyroid 
hormone receptor (TR) alpha1 (Pantos et al., 2005) or TR bata1 in cardiac myocytes, 
similar to amiodarone (Stoykov et al., 2007).  The results of acute and chronic 
antiarrhythmic effects of amiodarone and dronedarone on ventricles were 
comparable (Gautier et al., 2003). Moreover, amiodarone and dronedarone might 
have negative inotropic effect, cause by antiarrhythmic class II and IV actions which 
block beta-adrenergic receptor and calcium channel, respectively (Kodama et al., 
1997; Patel et al., 2009). A previous research has shown that these 2 agents had 
negative inotropic effect measured by decreasing maximal first derivation of left 
ventricular pressure (dP/dt max) in  isolated ventricular myocytes of Guinea pig 
hearts (Gautier et al., 2003). However, a study in anesthetized pigs revealed that 
dronedarone did not change cardiac contractility dP/dt max (Sobrado et al., 2013). 
Both amiodarone and dronedarone prolonged action potential duration 50% (APD50) 
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and 90% (APD90) as well as QT interval due to their multichannel blocking properties 
(Sun et al., 2002). Amiodarone and dronedarone treatment may alter sympatovagal 
balance and cause heart rate variability (HRV) changing due to their beta-adrenergic 
blocking action. A prospective study found that prophylactic treatment with 
amiodarone tended to improve HRV and reduced mortality rate in patients with 
myocardial infarction who had HRV depressing (Malik et al., 2000). Moreover, 
intravenous amiodarone administration increased HRV in rats. Vagal activity was 
acutely raised significantly after injection while sympathetic activity was increased 
shortly and decreased significantly afterward (Dias Da Silva et al., 2002a). In addition, 
a rabbit model is worldwide useful for study the cardiovascular system that refers to 
human heart function. The rabbit and human heart share similarity important cardiac 
compositions, such as beta-myosin heavy chain (bata-MHC), sarcoplasmic reticulum 
calcium ATPase (SERCA) and sodium-calcium exchanger (NCX) expressions. 

 There are several invasive or non-invasive techniques to evaluate cardiac 
functions, for instance cardiac imaging techniques, electrocardiography, blood test, 
auscultation etc. Transthoracic echocardiography is a non-invasive method of cardiac 
imaging techniques to assess cardiac functions. It is not only important for diagnosis, 
prognosis, management, and treatment of heart diseases but also to understand 
pathophysiology of cardiac diseases. Standard 2D, M-mode, Doppler and Tissue 
Doppler imaging (TDI) echocardiography are practical standard approach to evaluate 
left ventricular (LV) function, the largest and most important part of the heart. 
Speckle tracking technique echocardiography (STE) is the TDI derived technique. It is 
well-known in strain (St) and strain rate (SR) parameters. STE was introduced for 
quantitative assessments of myocardium deformation. It has been presumed that St 
and SR by STE would be more sensitive to detect myocardial dysfunction and assess 
abnormal regional contraction than standard echocardiography.  

 In the present study, we would like to compare effects of amiodarone and 
dronedarone on HRV, cardiac contractility and thyroid hormone levels in rabbits. 
Moreover, the new developed echocardiographic technique, STE, might need to be 
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evaluated the potential for assessment of cardiac function compare to standard 
echocardiography.  

 

1.2 Objectives 

1.2.1 To compare effects of amiodarone and dronedarone on HRV, cardiac 
contractility and thyroid hormone level in rabbits 

1.2.2 To study an updated echocardiography technique, STE, on rabbit’s cardiac 
function compares to standard echocardiography 

 

1.3 Hypotheses 

1.3.1 Amiodarone and dronedarone affect HRV, cardiac contractility and thyroid 
hormone levels. 

1.3.2 STE provides more sensitive cardiac function parameters than standard 
echocardiography. 
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CHAPTER II 
LITERATURE REVIEWS 

2.1 Amiodarone and dronedarone 

Amiodarone and dronedarone (Figure 1) are complex antiarrhythmic agents 
with various electrophysiological effects. Amiodarone was discovered more than 40 
years. The US Food and Drug Administration (FDA) recommended “amiodarone” for 
life-threatening ventricular arrhythmia treatment, and it can be used for atrial 
fibrillation treatment (Singh, 2006). Due to its serious side effects, such as abnormal 
thyroid hormone levels, hepatotoxicity and pulmonary fibrosis, a new analog 
“dronedarone” was synthesized by deiodination and modification of chemical 
structures to reduced side effects of amiodarone. The FDA approved dronedarone in 
2009 for atrial fibrillation (AF) or atrial flutter treatment (Sanofi-Aventis, 2009).  

 

 
 

Figure 1 Chemical structures of amiodarone (upper) and dronedarone (lower) 
(Sun et al., 1999). 



 

 

5 

2.2 Pharmacokinetic study in human 

Amiodarone and dronedarone are benzofuran compounds. Amiodarone is 
highly lipophilicity and slowly absorbed though the gastrointestinal tract. Oral 
bioavailability of amiodarone is variable, ranging from 20 to 86% in humans (Latini et 
al., 1984; Zipes et al., 1984; Nattel and Talajic, 1988). The duration to reach the peak 
plasma concentration (tmax) of amiodarone is unpredictable from 2 to 10 hours 
(Sloskey, 1983; Zipes et al., 1984; Roden, 1993). There is a suggestion for taking 
amiodarone with food that can increase drug absorption rate (Gill et al., 1992). 
Amiodarone is highly protein bound approximately more than 98% in humans 
(Andreasen et al., 1981). Amiodarone and its metabolite, desethylamiodarone (DEA) 
(Figure 2), tend to accumulate in high lipid content tissues, for example red blood 
cell membrane, adipose tissue, liver, and heart. Moreover, free DEA is more likely to 
bind to cardiac tissue more than amiodarone (Roden, 1993). The main elimination 
routes of amiodarone and DEA are biliary excretion and less than 1% renal excretion 
(Gill et al., 1992). Therefore, it is safe to use in patients with renal impairment. 
Amiodarone is metabolized mostly by enzymes CYP3A4 and CYP2C8 in the liver and 
partially in the small intestine. Since the activity of a CYP3A4 isoenzyme has a large 
inter-individual variation. Thereby, the oral amiodarone bioavailability has been 
reported in a wide range (Pfeiffer et al., 1990). The average half-life of amiodarone for 
single dose either orally or intravenously was reported various from 3.2 to 36 hours 
(Andreasen et al., 1981; Gill et al., 1992). For long term maintenance doses around 
200-600 mg/day PO, amiodarone terminal half-life was 53 days and may be vary 
between 13 and 107 days and its metabolite half-life was longer, approximately 61 
days (Zipes et al., 1984; Gill et al., 1992).  

Drondarone is a non-iodinated benzofuran derivative antiarrhythmic agent 
(Figure 1). It was developed to reduce adverse effects of amiodarone on the thyroid 
hormone dysfunction problem. The iodine moieties in the original amiodarone were 
deleted, and a methanesulfonyl group was added to the benzofuran ring of 
dronedarone, which caused of the lipid-soluble property decreasing and plasma half-
life shortening. Taking dronedarone via oral route is barely absorbed when fasting 
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(Sanofi-Aventis, 2009). Absolute bioavailability of dronedarone orally is approximately 
4% but can be increased 2 to 5 folds to 15% when taking with high fat meal.  The 
drug distribution is widely throughout the body such as kidney, liver, spleen, lung 
and myocardium (Hoy and Keam, 2009; Sanofi-Aventis, 2009). Moreover, dronedarone 
is metabolized mainly by hepatic enzymes, CYP3A4, and barely by CYP2D6. Its 
metabolite is N-debutyl metabolite. The metabolite has pharmacokinetic profiles 
similar to the parent compound. However, antiarrhythmic effect of N-debutyl 
metabolite is lower than dronedarone (Sanofi-Aventis, 2009). Both dronedarone and 
its metabolite are highly bound to plasma protein 98%, mostly with albumin. The 
majority of excreted route is 84% via the bile system and a little, approximately 6 %, 
via renal excretion, (Patel et al., 2009; Rosa et al., 2014). The plasma elimination half-
life of dronedarone in human is between 13 and 19 hours (Sanofi-Aventis, 2009). 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Chemical structures of amiodarone (upper) and its active metabolite, 
desethylamiodarone (DEA) (lower) (Gill et al., 1992) 

 

 



 

 

7 

2.3 Anti-arrhythmic actions 

Amiodarone and dronedarone are well-known as multichannel blocking 
agents, because their effects cover all 4 antiarrhythmic classes of the Vaughan 
Williams system (Singh, 2006; Singh et al., 2007), including class I: sodium channel 
blockade, class II: adrenergic receptor blockade, class III: potassium channel 
blockade, and class IV: calcium channel blockade. However, both agents are 
classified as class III antiarrhythmic drugs. Their electrophysiological properties might 
have different effects on individual ion channels. In isolated guinea pig ventricular 
cells, amiodarone and dronedarone inhibit potassium currents, including rapidly 
activating delayed-rectifier potassium current (IKr), slowly activating delayed-rectifier 
potassium current (IKs), and inward rectifier potassium current (IK1) (Gautier et al., 
2003). There were evidences showed that both agents reduced muscarinic 
acetylcholine receptor-coupled potassium current (IKAch) in isolated rabbit heart cells 
from sinoatrial node (Altomare et al., 2000) and sustained potassium current (Isus) in 
isolated rat cardiomyocytes (Kathofer et al., 2005). Moreover they also inhibit sodium 
(INa) and L-type calcium (ICa(L)) currents. Therefore, the Maximum upstroke velocity of 
action potential (Vmax) was decreased via sodium channel blocking property of the 
agents (Gautier et al., 2003). The comparison effects of amiodarone and dronedarone 
had been studied for over decades to identify the superior antiarrhythmic effect. 
Dronedarone inhibited IKAch by reduced GTP-binding protein of the KAch channel more 
effective than amiodarone in isolated atrial cell of guinea pig (Guillemare et al., 
2000). In the human isolated atrial myocyte experiment, acute dronedarone 
administration inhibited INa significantly more effective than amiodarone at 3 µM 
(97±4% and 41±11%, respectively). There was a discussion that iodine molecules of 
amiodarone was not responsible to acute effect on cardiac sodium channels 
(Lalevee et al., 2003). In 1999, Sun and coworkers demonstrated that chronic oral 
treatment of amiodarone and dronedarone were comparable on electrophysiology in 
isolated rabbit papillary muscle and the sinoatrial node; increased APD50 and APD90 
and reduced VMax (Sun et al., 1999). Another research of Sun and coworkers in 2002, 
studied isolated ventricular myocytes of rabbits with chronic oral dronedarone and 
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amiodarone treatments for 3 weeks. The results showed significantly prolongation of 
APD90, effective refractory period (ERP), RR interval, QT interval and QTc interval. In 
contrast, acute effects of these agents markedly reduced APD90 and ERP. These 
suggestions were similar potentials against arrhythmias of amiodarone and 
dronedarone (Sun et al., 2002). The effects of these agents are mostly dose-
dependent. However, a study in acetylcholine-induced AF in isolated canine atria 
indicated that acute amiodarone had significantly higher efficiency to terminate AF 
than acute dronderone at the concentration of 10 mM by increased APD90 and ERP, 
and decreased VMax (Burashnikov et al., 2010). Additionally, amiodarone and 
dronedarone effects were mostly similar on adrenergic receptors; inhibition of alpha-
adrenoceptor which associated with blood pressure reduction as well as inhibition of 
bata-adrenoceptor which related to decreased contractility and heart rate. 
Nevertheless, dronedarone inhibited beta2-adrenoceptor better than amiodarone, 
while amiodarone markedly flavored to inhibit bata1-adrenoceptor more than 
dronedarone in anesthetized dogs (Hodeige et al., 1995). Moreover, amiodarone and 
dronedarone reduced TR alpha1 and beta1 expression in rat right atrial myocytes and 
also decreased TR bata1 expression in rat left ventricular (LV) myocytes. These 
inhibition effects resulted in slowly heart rate (Stoykov et al., 2007). In the past, there 
was a myth about antiarrhythmic effects of amiodarone that may cause by AIH, 
rather than its direct multichannel blocking effect of amiodarone. Bosch and 
coworkers revealed these results that chronic amiodarone and hypothyroidism 
differently acted on ionic currents in guinea pig myocytes, whereas IKs was markedly 
decreased in hypothyroidism (Bosch et al., 1999). Amiodarone is widely used for 
control rhythm of ventricular and supraventricular tachyarrhythmia (Singh, 2006). 
Intravenous amiodarone injection in pediatrics was safe and the antiarrhythmic 
effects are similar to oral route (Figa et al., 1994; Masi et al., 2009). Many animal 
models were studied and shown the results of comparable effects of dronedarone 
and amiodarone on antiarrhythmic effect. Dronedarone decreased both ventricular 
tachycardia and fibrillation, and also reduced mortality rate same as amiodarone did 
in a rat model (Manning et al., 1995). The results were also similar in the 
anesthetized pig experiment (Finance et al., 1995). Nevertheless, both of them 
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significantly decreased exercise- and isoproterenol-induced tachycardia in conscious 
dogs (Djandjighian et al., 2000).   

The inotropic effect is one of important concerning points of using the 
antiarrhythmic drugs in patient with heart diseases. Amiodarone and dronedarone 
unchanged LV functions; including LV dP/dt, ejection fraction (EF), fractional 
shortening (FS) (Djandjighian et al., 2000). Likewise in anesthetized pigs, dronedarone 
did not alter cardiac contractility measured by LV dP/dt (Sobrado et al., 2013).    

Amiodarone is one of the most potential rhythm control agents of AF. 
However, it has several extracardiac side effects (see more detail below at the topic 
of adverse effects), while dronedarone has fewer side effects for long term 
treatment. Nevertheless, dronedarone has unclear proarrhythmic issue that it could 
induce Torsade de Pointes (TdP). There was a case report showed TdP after a patient 
started dronedarone treatment for several months. They discussed in the report that 
TdP may be caused by drugs interaction between digoxin and dronedarone used in 
heart failure patients (Huemer et al., 2015). However, some study found that 
dronedarone would not increase incidence of TdP (Verduyn et al., 1999). The major 
contraindication of dronedarone treatment is high mortality in patient who had heart 
failure with permanent AF and major vascular problems (Connolly et al., 2011). 
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2.4 Adverse Effects 

 2.4.1 General adverse effects 

Amiodarone has adverse effects on various organs for the long-term usage, for 
instance thyroid glands, liver, gastrointestinal tract, lungs, cornea, and skin. Some 
effects are dose-dependent and some are related to the drug structure (Harris et al., 
1983).  Photosensitivity is a general adverse effect that could be found in patients 
who received amiodarone, although sun screen or dosage reduction can diminish the 
effect (Harris et al., 1983). Nausea and loss of appetite can occur at the loading 
phase and disappear afterward. Patients may experience constipation, due to 
alteration of bowels in long term treatment (Harris et al., 1983). Thyroid dysfunction 
is a major concerning that usually be monitored in patients who started amiodarone 
treatment. Either hyperthyroidism or hypothyroidism can occur in long-term 
treatment (this topic will be descripted below in thyroid hormone issue). In 2009, 
Shalaby tried to manage thyroid hormone effects of amiodarone by adding 
carbamazole and prednisolone to amiodarone treatment. It improved rat thyroid 
follicular histology when compared to amiodarone treatment alone (Shalaby, 2009). 
Increasing of hepatic enzymes could also occur in patients treated with amiodarone. 
Pulmonary toxicity might be found in amiodarone treated patients, leading to 
decreasing capacity of carbonmonoxide diffusion (DLCO). Moreover, corneal 
microdeposits cases were reported as well (Magro et al., 1988). Reduction the 
maintenance dose is recommended in these cases.  

Dronedarone was deiodinated from the parent compound to avoid adverse 
effects of thyroid dysfunction but it still possessed the multichannel blocking and 
antiarrhythmic effects. On the other hand, the other adverse effects may be 
occurred. For example, liver toxicity and abnormal renal function (Naccarelli et al., 
2011). Creatinine clearance was reduced significantly, approximately 18 % in healthy 
man with chronic oral dronedarone treatment compared to placebo group. 
Dronedarone caused serum creatinine increasing due to partially inhibition of organic 
cation transporter system, but not by direct renal function failure (Tschuppert et al., 
2007). 
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Figure 3  Chemical structures and molecular weights of amiodarone (upper) 
and thyroxine (lower) (Vassallo and Trohman, 2007). 

 

2.4.2 Thyroid dysfunction effect  

Amiodarone structure has two iodine molecules. This is similarly to thyroxine 
(T4) (figure 3) that amiodarone could produce adverse effects including abnormal 
thyroid hormone levels (Vassallo and Trohman, 2007). Amiodarone contains iodine 
37% by weight (Harjai and Licata, 1997). The maintenance daily dose is 200 - 600 mg 
per day which is excessive daily iodine intake requirement of 0.2 – 0.8 mg per day by 
75 - 225 mg per day  (Markou et al., 2001). Dronedarone has no iodine molecule on 
its chemical structure. Theoretically, it would not produce thyroid dysfunction. The 
major form of thyroid hormone in blood stream is T4, while 3,5,3’-Triiodothyronine 
(T3) is the active form. T3 affects heart functions by increase heart rate, contractility, 
cardiac output, and decreased systemic resistance (Klein and Ojamaa, 2001). The 
cardiomyocyte has T3 transport proteins on the cell membrane specifically (Everts et 
al., 1996). T3 could change the gene transcription resulting in changing cardiac 
function. Therefore patients with hyperthyroidism have T3 – induced increasing of 
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contractility and diastolic function. T3 can increase phospholamban, sarcoplasmic 
reticulum protein and calcium ATPase expressions in cardiomyocytes (Harjai and 
Licata, 1997). Moreover, amiodarone can inhibit conversion of T4 to T3 by inhibition of 
type 1 and 2 deiodinase (Harjai and Licata, 1997). It also can suppress thyroid 
hormone synthesis and secretion as well. In early phase of amiodarone treatment, 
serum T4 might be high, while serum T3 might be lower by 20-25%, then serum T4 
would decrease afterward (Wiersinga, 1997). Also, there was a report that T3 was 
decreased by 5-20 % in patients with amiodarone therapy (Harjai and Licata, 1997). In 
other studies, chronic amiodarone treatment increased both plasma thyroid 
hormones, T3 and T4 significantly in rats, whereas chronic dronedarone treatment did 
not change thyroid hormone level (Chatelain et al., 1995; Pantos et al., 2002). 
Amiodarone treated patients were often be found abnormal result of thyroid 
function test, either AIT or AIH (Martino et al., 2001). However, incidence of AIH is 
higher due to iodine excess or the Wolff–Chaikoff effect. AIT could be found either, 
but fewer chance (Hofmann et al., 2008). The prevalence of thyroid dysfunction in 
patients treated with amiodarone was higher in elderly compared with  those of 
younger patients (Hofmann et al., 2008).  

 
2.5 Heart rate variability  

HRV is a method to detect the autonomic nervous system (ANS) balancing 
which influences cardiac rhythm. HRV index is wildly used to predict mortality rate in 
patients with cardiovascular and extra-cardiovascular diseases, for instance heart 
failure, diabetes, stroke, and Alzheimer’s disease. Patients with reduced HRV related 
to higher adverse events and risk of mortality due to unbalancing of sympatatic and 
parasympathetic system in any diseases (Vanderlei et al., 2009). HRV was introduced 
to detect therapy responses in ICU patients (Winchell and Hoyt, 1996). Currently in 
veterinary field, HRV has been increasingly used to investigate sympathovagal 
balance associated to physically and systemically disorders. Normal cardiac rhythm 
or respiratory sinus arrhythmia is usually irregular rhythm but not symmetrical 
pattern, due to balancing of autonomic nervous system or sympathovagal tone. 



 

 

13 

However, changing of heart rate mostly causes by vagal activity (Malliani et al., 1995). 
The concept of HRV analysis is to measure heart rate in details of beat-to-beat 
interval behavior. There are 2 useful indexes to investigate HRV; time domain and 
frequency domain.  

Time domain index is a statistical analysis of HRV. The results is analyzed 
from every normal RR intervals or NN intervals, for example standard deviation and 
mean of NN intervals (Vanderlei et al., 2009). NN interval data is analyzed from long 
duration of ECG monitoring, for example 24 hours Holter monitor or telemetry, then 
calculated to time domain HRV. The time domain HRV requires much more NN 
interval data than frequency domain due to the equations are aim for averaging. For 
instance pNN50 = (NN50 count) / (total NN count). Otherwise, frequency domain 
index is broadly used to determine balancing of ANS, but required shorter duration of 
ECG data. This technique has been categorized into 3 - 4 frequency lengths, which 
are ULF, VLF, LF and HF.  

HF represents the parasympathetic regulation and refers to respiratory effect 
on heart rate which influences respiratory sinus arrhythmia pattern (Berntson et al., 
1997). In human, the range of HF is between 0.15 and 0.40 Hz. and LF band is set 
range between 0.04 and 0.15 Hz., relating to baroreflex. (Task-Force., 1996; Berntson 
et al., 1997) However, regulation of LF is still questioned, it possibly may also link to 
sympathetic regulation. Moreover, the VLF and ULF components are associated with 
thermoregulation and kidney function especially, renin angiotensin aldosterone 
system (Task-Force., 1996; Berntson et al., 1997). The studies of HRV have shown that 
only HF and LF are mostly significant related to the cardiovascular system. In 
addition, the low frequency to high frequency components ratio (LF/HF) was used as 
a parameter of sympathetic regulation of heart rate (Manzo et al., 2009) or a 
representation of sympatovagal balance (Task-Force., 1996; Berntson et al., 1997). 
Additionally, changing of HRV patterns associates with alterations in health status. 
The high HRV can indicate better adaptation of ANS and good prognosis for many 
disorders (Vanderlei et al., 2009). 
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Currently, there was no standardization for frequency band range in rabbits. 
Some researchers used the same range as human (Manzo et al., 2009) and some 
used the different ranges (Ronzhina et al., 2010). García-González and coworkers 
studied on frequency bands of HRV in Sprague-Dawley rat model for application to 
other animal models. They suggested to set the total spectral range at 95 percentile 
of maximal frequency, LF band as minimum frequency at 5% of power spectrum to 
95% maximal frequency and HF as 95% of maximum spectral power to 99.9 
percentile of 95% maximum frequency (García-González et al., 2011). 

Furthermore, the study of HRV must study in vivo only because of the intact 
nervous system as can be seen in the study in isolated rabbit hearts HRV that shown 
random HRV pattern and fluctuations unlikely to intact rabbit pattern, due to 
denervation of the autonomic nervous system (Frey et al., 1996). There were a few 
studies about HRV with amiodarone treatment; intravenous amiodarone immediately 
increased HRV in rats, i.e. increasing vagal activity and reducing sympathetic activity 
significantly (Dias Da Silva et al., 2002a; Dias da Silva et al., 2002b). The study of 
European Myocardial Infarct Amiodarone Trial (EMIAT) shown prophylactic treated by 
amiodarone in patients with myocardial infraction who had HRV depression, which 
standard deviation of NN intervals (SDNN) < 50 ms led to HRV improvement with 
mortality rate reducing (Malik et al., 2000). According to the previous research results, 
amiodarone could increase HRV and decrease mortality rate. There is a possible 
advantage for using amiodarone to treat arrhythmia, whereas dronedarone has not 
been studied on HRV yet. 

 

2.6 Echocardiography 

 2.6.1 Standard echocardiography 

Transthoracic echocardiography is a non-invasive method to examine cardiac 
performance. Cardiac contractility is one of the major cardiac functions, which LV 
contractility can represent the global function due to its majority mass. There are 
many techniques to evaluate cardiac contractility. Standard echocardiography is an 
initial routine in clinical and experimental studies for over decades. The technique 
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can provide systolic function index from the right parasternal short axis view of the 
2D mode guided M-mode at the papillary muscle tips. During diastole and systole, LV 
ejection fraction (EF), fractional shortening percentage (FS), pre-ejection period (PEP) 
and pre-ejection period to of ejection time ratio (PEP/ET) can be measured. The 
PEP/ET ratio refers to systolic performance with heart rate independent (Talley et al., 
1971). 

Doppler echocardiography was invented to examine additional information on 
cardiac performance. There were 2 main types of Doppler; hemodynamic Doppler 
and tissue Doppler imaging (TDI). TDI was independent to preload and afterload 
compared to classic Doppler. These both techniques can evaluate regional 
myocardial function. For instance, myocardial performance index or Tei index, and 
isovolumic contraction time (IVCT) (Figure 2). Additionally, the PEP is comparable to 
IVCT when both aortic and mitral valves are closed and LV forces pressure to against 
the aortic pressure. 

2.6.1 Speckle tracking echocardiography 

Speckle tracking echocardiography (STE) technique is an innovation 
technique. It is more sensitive for detection of early myocardial infarction in patients 
than standard echocardiography (Zhai et al., 2013). STE was derived from TDI to 
perform myocardial velocities and deformation due to limitation of TDI, which is 
angle dependent. Furthermore, cardiac contraction and relaxation are not only 
longitudinal motion. In fact, they are mixed with longitudinal, radial and 
circumferential motions, simultaneously. It is like twisting of a towel. The apex 
rotates counterclockwise and the base rotates clockwise for ejection phase (figure 4). 
On the other hand, the apex is rebound with clockwise rotation during relaxation for 
sucking blood into the heart. Thereby, STE can solve the limitation of TDI in term of 
angle dependent.       

Strain (St) is the percent changing of myocardial length or tissue deformation. 
It simply means how many percentages that the muscle shortens or lengthens 
compare to the original length. And the rate of length changing is strain rate (SR). It is 
the changing of tissue velocity between two points of myocardium.  
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Figure 4 Left ventricular apex and base movement during the heart cycle 

 

 

 Myocardial strain has 3 directions; longitudinal, radial and circumferential 
planes (figure 5). When the heart contracts and relaxes, LV is shortened and 
elongated in longitudinal plane, thick and thin in radial plane and wide  and narrow 
in circumferential plane.  Additionally the largest area of the heart is LV which is 
mainly assessed the LV contractility or systolic function, such as EF, Tei index, and 
FS. These represent to the global heart functions. However, the nature of heart 
motions in each segments are not the same. Therefore, those above mention values 
of standard echocardiography could not express the heart function in each LV 
segments.  
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In STE, LV myocardium was divided into 17 segments, relating to the coronary 
arterial territories. There are six segments of parasternal short axis at basal plane, six 
segments of parasternal short axis at middle plane and five segments of parasternal 
short axis at apical plane (figure 6). The parasternal short axis of chordae tendinae or 
basal level is including basal anterior, basal anteroseptal, basal inferoseptal, basal 
inferior, basal inferolateral and basal anterolateral segments. The parasternal short 
axis at papillary muscle or middle level contains mid anterior, mid anteroseptal, mid 
interoseptal, mid inferior, mid inferolateral and mid anterolateral myocardial 
segments. And the last one is parasternal short axis at apical level, which is apical 
anterior, apical septal, apical inferior, apical lateral and apex segments (figure 6).  

 

 

 

 

 

 

 

 

 

Figure 5 The 3 directions of myocardial strain; radial, circumferential and 
longitudinal planes. 
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Figure 6 The 17 left ventricular myocardial segments related to coronary 
arterial territories. 

 

 

2.7 A rabbit model and cardiovascular research 

 Cardiovascular disease is one of the major causes of mortality in humans. 
Therefore, many animal models were developed to represent cardiovascular 
diseases and related to human. Due to variations in heart properties among species, 
the specific animal model must be chosen to match with the human cardiovascular 
diseases. Currently, there are such none animal model that can represent perfectly 
as the human heart. Small animals such as rats, mouse and rabbits have been used 
widely in cardiovascular studies. They are easy to handle, lower management cost, 
less regulated by ethical agency and homogeneous genetic than large animals.  
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New Zealand white rabbit is wildly used for cardiovascular study related to 
human. Even though, there were slightly differences in calcium clearance, cardiac 
size and functions between human and rabbit. Rabbit shares more resemblance to 
human heart compared to mouse and rats. For example, rabbit heart rate (155 – 360 
bpm) was significantly closer to human than small rodents i.e. mice heart rate is 310-
840 bpm and rat heart rate is 250-493 bpm. Rabbit myocardial function is not limited 
when assess in vivo or ex vivo such as echocardiography, hemodynamic 
catheterization, electrocardiography and magnetic resonance imaging. These 
methods are clinical and experimental routine in rabbits now a day. Moreover, the 
expression of bata-MHC in rabbit ventricles was 88% to > 95% (James et al., 2005), 
which is quite similar to human bata-MHC expression ( >90-95%) (Miyata et al., 2000; 
Reiser et al., 2001). Additionally, SERCA and NCX in rabbit influence calcium removal 
activities approximately 70-74% and 23-28%, respectively (Bassani et al., 1994; Puglisi 
et al., 1996). These numbers are similar to those human’s SERCA and NCX activities, 
which are 76% and 24%, respectively (Piacentino et al., 2003). Furthermore, cardiac 
contraction and relaxation kinetics between human and rabbit are also more similar 
than those of small rodents; the rabbit’s kinetics is 2-3 times faster than human 
whereas small rodents are 4-12 times faster. There is still discussion about effective 
size of the heart per body weight between animal models compare to human. 
Interestingly, rabbit heart effective size is more similar to human. Moreover, patterns 
of ventricular fibrillation in rabbit is more resemble to human compared to dogs and 
pigs (Panfilov, 2006). As a consequence, a rabbit model is better to reflect human 
heart than smaller animal models. 
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CHAPTER III  
MATERIALS AND METHODS 

3.1 The experimental protocol 

The present study protocol was approved by the institutional animal care 
and use committee (IACUC), Faculty of Veterinary Science, Chulalongkorn University, 
Bangkok, Thailand, and the protocol number is 1531061. The animal use protocol is 
in the title “Effects of amiodarone and dronedarone on heart rate variability, cardiac 
contractility, and thyroid hormone levels in Rabbits”. 

Sixteen male New Zealand white rabbits (Oryctolagus cuniculus), weighing 
between 1.5 to 2.5 kilograms, were purchased from the Department of Animal 
Husbandry, Faculty of Veterinary Science, Chulalongkorn University. The rabbits were 
divided into 2 groups equally; amiodarone treated group and dronedarone treated 
group. 

The rabbits were housed in the stainless steel rabbit housing unit with 2 
animals per cage (size 24 inches wide x 48 inches long x 14 inches high). The rabbits 
were fed by a commercial rabbit diet through stainless J feeders and provided water 
by gravity fed water nipples connected to bottles, ad-libitum. The animals were 
enriched with proper among of fresh fruits (e.g. apple, carrot and strawberry) and hay 
to provide good quality of life. The light cycle of 12:12 hours was set with light cycle 
between 6 am and 6 pm and room temperature at 25 degree Celcius.  

The present protocol were divided into 3 periods including, 

3.1.1 The training period; this period had no any treatment involved, starting 
form Day (-)6 to Day 0 (figure 7).  In this period, 2 rabbits were placed together and 
trained to stay inside acrylic rabbit restrainers for 1 hour daily on the propose to 
record conscious electrocardiograms on day (-)1, 6 and 13 of the protocol.  



 

 

21 

Figure 7 The experimental protocol timeline of the present study 

On Day (–)4, rabbits were anesthetized with thiopental sodium (Anesthal, 
JAGSONPAL Pharmaceuticals, India) at a dose of 20 mg/kg, injected to the marginal 
ear vein. The rabbits were shaved by clippers at both left and right lateral chest area, 
preparing the skin for electrode attachment and echocardiographic evaluation. After 
fully recovery, the rabbits were return to their cages. 

 On Day (-)1, rabbits were placed to stay inside the restrainers and recorded 
ECG (PowerLab 16, ADInstruments, New Zealand) for an hour. After 1 hour, they were 
returned to their cages and given fruit and hay for enrichment. 

 On Day 0, rabbit diet was withheld approximately 3 hours before starting the 
experiment. The rabbits were lightly anesthetized with ketamine (CALYPSOL®, 
Gedeon Richter LTD., Hungary) at a dose of 17 mg/kg mixed with xylazine 
hydrochloride (X-Lazine, RXV, USA) at a dose of 4 mg/kg, intramuscularly (Pelosi et 
al., 2011) for immobility state.  They were allowed breathing spontaneously and 
monitored vital sign by the real-time ECG during echocardiographic performing. An 
ultrasound machine (Mindray M9, Mindray, China) was used to obtain transthoracic 
echocardiograms. Standard 2D, M-mode, Doppler echocardiography, and STE were 
obtained either left or right sides for baseline values. After that, blood samples were 
collected for CBC and blood chemistry analyses. After fully recovery, the animals 
were return to their cages. 
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3.1.2 The treatment period 1; animals were given amiodarone (Cordarone®, 
Pfizer, NY, USA) or dronedarone (Multaq®, Sanofi Aventis, Paris, France) at a dose of 
50 mg/kg/day (AM50 and DR50, respectively) daily from Day 1 to Day 7 of the 
protocol (figure 7). Before starting the treatment, the animals were weighed and then 
the dosages of the drugs were calculated. Then the drugs were mixed with 
propylene glycol (see drug preparation for more detail below). After gavaging the 
drugs to rabbits for 4 hours, the rabbits were brought to the experimental room and 
trained to stay inside the restrainer for an hour daily. 

On Day 6, the rabbits were placed to stay inside the restrainers and recorded 
ECG for an hour. After 1 hour, they were returned to their cages and given fruits and 
hay for enrichment. 

On Day 7, Rabbit diet was withheld approximately 3 hours before starting the 
experiment. The rabbits were lightly anesthetized with ketamine mixed with xylazine, 
then echocardiograms were obtained afterwards, and blood samples were collected 
again as values of the period of AM50 and DR50. 

3.1.3 The treatment period 2; animals were given amiodarone or dronedarone 
at a dose of 100 mg/kg/day (AM100 and DR100, respectively) daily from day 8 to day 
14 of the protocol (figure 7). After giving the drugs for 4 hours, the rabbits were 
brought to the experimental room and trained to stay inside the restrainer for an 
hour daily. 

On Day 13, the rabbits were placed to stay still inside the restrainers and 
recorded ECG for an hour. After 1 hour, they were returned to their cages and given 
enrichments. 

On Day 14, the last day of the protocol. Rabbit diet was withheld 
approximately 3 hours before starting the experiment. The rabbits were lightly 
anesthetized with ketamine and xylazine. After that echocardiograms were obtained, 
and blood samples were collected as values of the period of AM100 and DR100. 
Finally, the animals were given Thiopental sodium at a dose of 150 mg/kg, injected 
into the marginal ear vein for euthanasia and confirmed by heart removing.  
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3.2 Drug preparation 

Amiodarone and dronedarone tablets were individual grinded by a mortar 
and a pestle before mixed with propylene glycol (Propylene Glycol B.P., VIDHYASOM 
CO., LTD, Thailand) with the ratio of 400 mg. of powdered drug to 10 ml of solvent 
to be the 40 mg/ml concentration for the treatment period 1 (day 1 to day 7) of 
AM50 and DR50, and the ratio of 800 mg. of powdered drug to 10 ml of propylene 
glycol to be the 80 mg/ml concentration for the treatment period 2 (day 8 to day 14) 
of AM100 and DR100.  

3.3 Gavaging procedure 

The drug administration in the present study was directly gavage into the 
stomach. The rabbits were placed inside the restrainer before gavage. Nasogastric 
feeding tubes (8 - French size (2.7 mm.), 20 inched lengths) were used with a safety 
connection plug that was marked with a permanent pen for the approximately 
length of the distance between rabbit’s mouth and stomach. After that the animal 
mouth was closed, and the tube was inserted starting from the corner of the stable 
closed mouth passing through esophagus until reached the marked length. The 
outside-end of the tube was checked by dipped water before injected the prepared 
drug and followed by 5 ml water.   

3.4 Electrocardiographic recording procedure 

The animal was attached with 3 ECG electrode self-adhesive patches on the 
left side of the chest (figure 8). The patches were covered with stretchable adhesive 
tape (Fixomull® stretch, BSN medical, United Kingdom), after connected electrode 
with ECG cables. Finally, the chest was concealed with elastic bandage (Coban™, 3M, 
United States of America) to prevent the ECG cable movement. The cables were 
connected with an amplifier (Dual Bio Amp, ADInstruments, New Zealand) and an 
A/D converter (PowerLab 16, ADInstruments, New Zealand). The rabbit was placed 
inside the restrainer during ECG recording to obtain the conscious electrocardiograms 
with a commercial program (PowerLab chart 8, ADInstruments, New Zealand) for an 
hour. 
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Figure 8 The ECG electrode attachment on the left-side of a rabbit covering 
with stretchable adhesive tape and connecting to ECG cables 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 A rabbit after covering electrode patches and cables with elastic 
bandage in the restrainer 
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3.5 Heart rate variability analysis 

HRV analysis required a few minutes of stable ECG tachogram that excluded 
artifacts, unstable waves and ectopic beats. The tachogram contained 512 normal 
consecutive RR intervals (NN interval), which were used for frequency domain 
analysis of HRV. The HRV analysis was performed offline, and the graph of frequency 
domain was automatically generated using the Fast-Fourier Transformation (FFT) 
algorithm. The analysis program was set for the rabbit species. Therefore, the 
frequency bands were defined manually to 0.00 to 0.04 Hz. for VLF band, 0.04 to 0.5 
Hz. for LF band, and 0.05 to 2.0 Hz. for HF band (modified from Ronzhina et al., 
2010).  

 

3.6 Echocardiographic performing and measurement procedures  

 3.6.1 Standard echocardiography 

Standard echocardiograms were obtained from either right or left parasternal 
planes. Rabbits were anesthetized and placed lateral recumbency on a special table 
which had proper holes for placing the ultrasound probe. ECG flat-jaw electrode clips 
(EL6304A model, Mindray, China) were clamped on rabbit’s limbs. The RA and LA 
labeled clips were attached to the right and left forelimbs respectively, and the LL 
labeled clip was placed on the left hind limb.  

The right parasternal short-axis views were approached by placing the probe 
(Phased array P10-4s, Mindray) at the cardiac notch located between sternum and 
intercostal space 3-5th. After the papillary muscle of right parasternal short axis in 2D 
mode was located, pictures in M-mode were obtained for cardiac dimension analysis. 
The measurement was applied offline. LV wall thickness in diastole and systole were 
manually measured for interventricular septum diameter during diastole (IVSd), left 
ventricular internal diameter during diastole (LVIDd), left ventricular posterior wall 
diameter during diastole (LVPWd), interventricular septum diameter during systole 
(IVSs), left ventricular internal diameter during systole (LVIDs), and left ventricular 
posterior wall diameter during systole (LVPWs) (figure 10). The end-diastolic volume 
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(EDV), end-systolic volume (ESV), stoke volume (SV), ejection fraction (EF), fractional 
shortening percentage (FS) and cardiac output (CO) were automatically calculated by 
formulas (Fig 11). Heart rate (HR) was computed from RR intervals of recorded ECG 
(figure 10). All the LV parameters of M-mode are provides formulas in the figure 11. 

After that the probe was carefully fanned towards the heart base until the 
round shape of the aortic root had seen on the monitor of the 2D mode. M-mode 
pictures were captured for analysis of pre-ejection period (PEP) and ejection time 
(ET). PEP was measured from the beginning of the Q wave of ECG to the starting of 
the aortic valves opened. ET was defined as the interval between the aortic valves 
opened until closed (figure 12).  

Myocardial performance index or Tei index, was obtained from the left 
parasternal view. The 5-chamber long axis was used to access the aortic outflow 
tract and placed the Doppler sampling window.  Isovolumic contraction time (IVCT), 
isovolumic relaxation time (IVRT) and ET were manually measured by the caliper of 
the program (figure 13). Then, Tei index was calculated by the followed equation 
(figure 14). 
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Figure 10 An example of right parasternal short axis view from M-mode at the 
papillary muscle tips and calculated values from the M9-package program 

Abbreviations; IVSd = interventricular septum diameter during diastole, 
LVIDd= left ventricular internal diameter during diastole, LVPWd = left ventricular 
posterior wall diameter during diastole, IVSs = interventricular septum diameter 
during systole, LVIDs = left ventricular internal diameter during systole, and LVPWs = 
left ventricular posterior wall diameter during systole 
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Figure 11 Formulas of the left ventricular M-mode measurement with the 
units  

Abbreviations; EDV = end diastolic volume, LVIDd Left ventricular internal 
diameter during diastole, EDS = end diastolic volume, LVIDs = Left ventricular 
internal diameter during systole, SV = stroke volume, CO = cardiac output, HR = 
heart rate, EF = ejection fraction, FS = fractional shortening 
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Figure 12 2D and M-mode pictures placing cursor at the aortic root of the 
right parasternal short axis view with measurements 3 consecutive beats of pre-
ejection period (PEP) and ejection time (ET). 
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Figure 13 Pulse wave Doppler echocardiogram at the aortic outflow of the 
left parasternal apical 5-chamber long axis view with measurements of isovolumic 
contraction time (IVCT), ejection time (ET), and isovolumic relaxation time (IVRT).   

The labels on the 2D picture; LA = left atrium. LV = left ventricle, AV = aortic valves, 
RA = right atrium and RV = right ventricle 
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Figure 14 Drawing diagram from the pulse wave Doppler image to 
demonstrate the Tei index calculation; A = late diastolic filling, a = time interval from 
the end of A wave to the start of E wave of mitral inflow, b = left ventricular ejection 
time (ET) of aortic outflow, E = early filling, IVCT = isovolumic contraction time, IVRT 
= isovolumic relaxation time 
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3.6.2 Speckle tracking echocardiography 

At the right parasternal short axis, LV 2D mode images were obtained for STE 
analysis at 3 myocardial levels, including chordae tendinae, papillary muscle and 
apex (figure 9). The ultrasound machine was set to save motion clip for 5 
consecutive heart beats each time. Data analyses were performed offline, using the 
software package (Tissue tracking QA package, Mindray M9, China). Radial and 
circumferential of either St or SR parameters were computed with the program by 
choosing either parasternal short axis base (PSAXB), parasternal short axis middle 
(PSAXM) or parasternal short axis apex (PSAXAP) (figure 9) for the chordae tendinae, 
the papillary muscle and the apex levels respectively.   

The circular marks were manually placed on the myocardium silhouette 
while the screen was stopped manually at the clearest part. Three consecutive beats 
were used for calculated variables. STE parameters were computed by the software 
package after proper setting and adjusting the marks. All St and SR values of either 
circumferential or radial planes are presented into line graph, bull’s eye graphs and 
digital values of the 16 LV segments of all 3 short axis planes; basal, middle and 
apical planes (figure 15). 

 

 

 



 

 

33 

 
Figure 15 The tissue tracking QA image with circular marks placing on the 

myocardium silhouette from upper to lower; the basal (PSAXB), middle (PSAXM), and 
apical parts (PSAXAP) of the left ventricle. 
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3.7 Blood collection and analysis 

Four milliliters of blood samples were drawn from the central ear artery using 
a 23 Gauge needle (Nipro Hypodermic 23G 1” Needle, Nipro Medical Corporation, NJ, 
USA) connected with a 5 milliliters syringe (Nipro Hypodermic 5 cc Syringe, Nipro 
Medical Corporation, NJ, USA). The blood sample was separated into a serum tube 
for 2 ml, a heparinized tube for 1 ml, and an ethylenediaminetetraacetic acid (EDTA) 
tube for 1 ml, before kept cool in an ice bucket. 

Serum and heparined samples were collected using a refrigerated centrifuge 
with the 90° swing-out rotor (Universal Centrifuge 32R, HETTICH, Germany). The speed 
was set at 2,000 rpm, temperature was set at 4 degree Celsius and the total time 
was set for 10 minutes centrifugation. 

Thyroid hormone levels, total T3 and total T4, were analyzed by the enzyme 
labeled chemiluminescent competitive immunoassay analyzer (IMMULITE ONE 
immunoassay system, Siemens, Germany). The tests required rabbit serum 150-300 µl 
per sample.  

Blood chemistry test in the present study was analyzed for liver and renal 
profiles by an automated analyzer (Urit-8030 Automatic chemistry analyzer, URIT 
Medical Electronic Group Co., Ltd, China) with blood chemistry reagents (Stanbio 
Laboratory, USA). There were alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), Gamma-glutamyl transferase 
(GGT), total protein (TP), albumin, bilirubin, blood urea nitrogen (BUN) and creatinine 
(Cr). ALT and AST were analyzed by modified International Federation of Clinical 
Chemistry and Laboratory Medicine method and ALP was analyzed by P-
nitrophenylphosphate Methodology. GGT was determined by Modified Szasz 
Methodology, and Bilirubin was analyzed by DCA (2,4-Dichloroaniline) Methodology. 
Total protein and albumin were measured by colorimetric tests of the Biuret 
Reaction and Bromocresol green method, respectively. Cr and BUN were analyzed by 
colorimetric tests of Jaffe reaction and modified Berthelot method, respectively.  

Complete blood count (CBC) was analyzed by an automated hematology analyzer 
(Sysmex XT-2000i, Sysmex, Japan) with an EDTA blood sample. The results provided 
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red blood cells (RBC), hemoglobin, white blood cell (WBC) differential population 
and platelets. RBC and platelets were counted by the direct current detection 
method. Hemoglobin was detected by a non-cyanide method. WBC differential 
population was analyzed by fluorescent flow cytometry method. 
 

3.8 Statistical analysis 

All data were shown in Mean±SEM. The one way repeated measure ANOVA 
was used to analyze the data within group and the Student Newman-Keuls Post hoc 
test was used to examine differences among time periods. The differences between 
amiodarone and dronedarone groups at the same time were analyzed using the 
student t-test. Moreover, p≤0.05 was considered as a statistically significance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

36 

CHAPTER IV 
RESULTS 

The present study was intended to evaluate HRV, cardiac contractility and 
thyroid hormone level in New Zealand white rabbits treated with amiodarone and 
dronedarone.  

4.1 General conditions  

4.1.1 Complete blood count monitoring 

WBC counts among AM50, AM100, DR50 and DR100 were no significant 
differences from their baselines in either amiodarone or dronedarone treated groups, 
and there also were not different between amiodarone and dronedarone in any 
treatment periods (table 1). 

RBC count in the amiodarone group were not significantly different among 
periods (p=0.055). Whereas, RBC counts in the dronedarone group at low and high 
doses (50 and 100 mg/kg/day, respectively) were decreased markedly compared to 
the baseline (p=0.02 and 0.028, respectively).  The RBCs in the amiodarone group 
were significantly lowered than the dronedarone group after treatments both 50 
mg/kg and 100 mg/kg (p=0.0327 and 0.0484, respectively) (table 1). Hemoglobin 
concentrations in amiodarone and dronedarone treatment groups did not reach 
statistical significances when compared to their baselines (p=0.17 and 0.31, 
respectively). Hematocrits of amiodarone and dronedarone treated groups were not 
changed significantly among periods, but hematocrits of the amiodarone group were 
lower than the dronedarone group after treatments both 50 mg/kg and 100 mg/kg 
(p=0.0269 and 0.036, respectively). Mean corpuscular volumes (MCV) remained 
unchanged among periods of the amiodarone group, but there was significantly 
increased after dronedarone treatment, DR50 and DR100, compared to the baseline 
(p=0.03 and 0.02, respectively). There was no significant difference of the MCV 
between amiodarone and dronedarone treated groups (table 1). Mean corpuscular 
hemoglobin (MCH) were markedly increased among periods in the amiodarone group 
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(p=0.005 and <0.001, respectively), while there was no change in the dronedarone 
group (table 1). Mean corpuscular hemoglobin concentrations (MCHC) among periods 
in the amiodarone group were comparable to the baseline, but there were 
significantly decreased in DR50 and DR100 compared to the baseline (p=0.01 and 
0.01, respectively) (table 1).  

Finally, platelet counts and mean platelet volumes (MPV) were not 
significantly differences in any periods of treatments compared to the baselines, and 
there were no differences between amiodarone and dronedarone treated groups 
(table 1). Nevertheless, all CBC values were in normal ranges. 
 

4.1.2 Blood chemistry monitoring 

In the present study, blood chemistry had been monitored for the liver and 
renal profiles of rabbits treated with amiodarone and dronedarone. AST and ALT 
were decreased by either AM100 (p=0.04 and 0.016, respectively), DR50 (p=0.039 and 
0.016, respectively), and also DR100 (p=0.039 and 0.02, respectively) compared to 
their baselines. Another hepatic enzyme, ALP was significant increased by AM100 
when compared to the baseline (p<0.001) and compared to the AM50 (p<0.001), 
while other biochemical tests; GGT, TP, Alb, TB, and DB remained unchanged (table 
2). 

Renal profile tests, BUN and Cr in both amiodarone and dronedarone treated 
groups were also no significant differences compared to their baselines, and between 
treatments in the same period (table 2). Nevertheless the blood chemistry values 
were in normal ranges. 
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Table 1 Complete blood counts of the rabbits in amiodarone (n=8) and dronedarone 
(n=8) treated groups 

Index 
Normal 
range* 

Mean±SEM 

AM 
baseline 

AM 50 AM100 DR 
baseline 

DR 50 DR100 

WBC 
(103/uL) 

2.4-11.1 
5.39 

±0.35 

4.83 

±0.19 

4.81 

±0.32 

6.10 

±0.90 

5.71 

±0.72 

5.07 

±0.47 

RBC  

(106/uL) 
3.7-7.5 

5.46 

±0.25 

5.111 

±0.15 

5.171 

±0.15 

5.92a 

±0.18 

5.59b,2 

±0.13 

5.55b,2 
±0.10 

Hb  

(g/dL) 
10-12 

11.06 

±0.48 

10.50 

±0.31 

10.70 

±0.31 

11.69 

±0.31 

11.36 

±0.27 

11.33 

±0.23 

Hct  

(%) 
26.7-47.2 

35.66 

±1.14 

33.681 

±0.94 

34.661 

±0.66 

34.01 

±3.28 

36.792 

±0.84 

36.762 

±0.62 

MCV  

(fL) 
62-69 

65.70 

±1.55 

66.06 

±1.43 

67.33 

±1.51 

63.71a 

±0.93 

65.91b 

±0.97 

66.50b 

±0.98 

MCH  

(pg) 
19.5-21.5 

20.29a 

±0.29 

20.56b 

±0.32 

20.71b 

±0.30 

20.20 

±0.27 

20.34 

±0.29 

20.48 

±0.33 

MCHC  

(g/dL) 
29.8-37.0 

29.94 

±1.34 

31.19 

±0.44 

30.86 

±0.55 

31.74a 

±0.55 

30.90b 

±0.57 

30.80b 

±0.43 

Platelet 

(103/uL) 
111-796 

491.88 

±54.06 

474.38 

±32.90 

427.88 

±28.39 

435.13 

±33.95 

403.88 

±49.96 

437.50 

±15.82 

MPV  

(fL) 
6.5-8.3 

7.16 

±0.15 

7.09 

±0.15 

7.44 

±0.17 

7.09 

±0.14 

7.25 

±0.16 

7.15 

±0.17 

Different letters (a,b) within the same drug treatments represent significant differences among 

periods (p<0.05), Different numbers (1,2) represent significant differences (p<0.05) of the same 

period between amiodarone and dronedarone treatments; WBC = white blood cell, RBC = red 
blood cell, Hb = hemoglobin, Hct = hematocrit. MCV = mean corpuscular volume, MCH = mean 
corpuscular hemoglobin, MCHC = mean corpuscular hemoglobin concentration, MPV = mean 
platelet volume, *Normal range from Isoquimen SL laboratory, Barcelona, Spain  
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Table 2 Blood chemistry profiles of the rabbits in amiodarone and dronedarone 
treated groups 

 

Index 
Normal 
range* 

Mean±SEM 

AM 
baseline 

AM 50 AM100 DR 
baseline 

DR 50 DR100 

AST  

(IU/L) 
13-40 

25.58a 

±3.43 

22.20 a,b 
±4.99 

14.69 b 

±1.17 

27.89 a 

±5.19 

18.18b 

±1.90 

16.16 b 

±1.52 

ALT  

(IU/L) 
33-81 

45.58 a 

±4.99 

42.04 a,b 

±4.32 

36.28 b 

±4.13 

61.33 a 

±8.14 

46.91b 

±3.80 

45.00 b 

±4.02 

ALP  

(IU/L) 
29-490 

152.46 a 

±10.10 

160.04a 

±10.85 

196.89 b 

±9.34 

162.16 

±20.03 

172.39 

±23.87 

172.44 

±19.99 

GGT  

(IU/L) 
0-14 

10.43 

±1.13 

11.46 

±1.69 

10.43 

±1.33 

12.29 

±1.53 

11.70 

±1.14 

11.04 

±1.14 

TP  

(g/dL) 
5.0-7.2 

6.06 

±0.16 

5.74 

±0.09 

5.69 

±0.11 

6.13 

±0.05 

6.06 

±0.11 

6.06 

±0.09 

Alb  

(g/dL) 
3.5-4.8 

4.31 

±0.31 

4.14 

±0.24 

4.18 

±0.24 

4.14 

±0.29 

3.99 

±0.18 

4.18 

±0.27 

TB 

(mg/dL) 
0.1-0.7 

0.69 

±0.04 

0.66 

±0.05 

0.68 

±0.08 

0.70 

±0.07 

0.64 

±0.04 

0.60 

±0.06 

DB  

(mg/dL) 
0.03-0.5 

0.21 

±0.07 

0.19 

±0.06 

0.22 

±0.08 

0.14 

±0.06 

0.16 

±0.07 

0.15 

0.06 

BUN 
(mg/dL) 

8.3-17.5 
15.66 

±0.66 

13.34 

±0.67 

14.06 

±0.98 

16.24 

±1.08 

14.95 

±1.03 

14.65 

±1.26 

Cr  

(mg/dL) 
0.7-1.0 

0.81 

±0.06 

0.80 

±0.04 

0.81 

±0.04 

0.88 

±0.08 

0.91 

±0.05 

0.94 

±0.06 

Different letters (a,b) within the same drug treatments represent significant differences among 

periods (p<0.05); AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = 

alkaline phosphatase; GGT = gamma-glutamyl transferase; TP = total protein; Alb = albumin; TB = 
total bilirubin; DB= direct bilirubin, BUN = blood urea nitrogen; Cr = Creatinine, *Normal ranges 
are from Isoquimen SL laboratory, Barcelona, Spain 
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4.1.3 Thyroid hormone monitoring 

In the present study, total T3 levels were not changed significantly among 
periods in both amiodaone and dronedarone treated groups. However, total T4 levels 
were significantly increased in amiodarone treated group after given at a dose of 50 
mg/kg (p<0.001) and a dose of 100 mg/kg (p<0.001) as shown in table 3. On the 
other hand, T4 were reduced significantly after treated with dronedarone at a dose of 
100 mg/kg (p=0.01) but not at a dose of 50 mg/kg compared to its baseline. 
Moreover, the T4 levels in the same treatment periods between both drugs were 
significantly differences (Table 3). 

 

 

Table 3 Serum total T3 and T4 levels of the rabbits in amiodarone (n=8) and 
dronedarone (n=8) treated groups 

 

Different letters (a,b) within the same drug treatments represent significant differences among 
periods (p<0.05), different numbers (1,2) represent significant differences (p<0.05) of the same 

period between amiodarone and dronedarone treatments.; tT3 = total triiodothyronine level, and 

tT4 =total thyroxine level 
 

Treatment Mean±SEM 

tT3 (ng/dl) tT4  (µg/dl) 

AM baseline 90.79±9.04 6.90±0.89a 

AM50 96.74±9.73 11.63±0.66b, 1 

AM100 80.20±7.27 12.23±0.59b, 1 

DR baseline 83.20±14.62 6.30±0.63a 

DR50 91.20±6.65 5.21±0.49ab, 2 

DR100 100.43±11.1 4.53±0.46b, 2 
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4.2 Heart rate variability 

 4.2.1 Heart rate 

  Amiodarone treatment at the dosage of 100 mg/kg was found to decrease 
heart rate significantly compared to the baseline (p=0.041). Dronedarone treatment 
at high dose (100mg/kg) was also reduced heart rate significantly when compared to 
the baseline and low dose (50 mg/kg) (p=0.004 and 0.005, respectively) (table 4). 
There was no significant difference of heart rate between amiodarone and 
dronedarone treatments within the same periods (Table 4). 

Additionally, RR histograms showed the RR interval counting from each period 
of the present study, which the x-axis represent the RR interval (ms) and the y-axis 
represent the counting number of RR interval. The RR interval trends in the 
treatment period 1 and 2 of both treatment groups were longer compared to their 
baselines (figure 16), which might be associated with negative chronotropy (table 4). 

4.2.2 Frequency domain analysis  

The spectral analysis of frequency domain was demonstrated in the present 
study. Amiodarone and dronedarone treatments at dose of 100 mg/kg daily had 
significantly reduced the total power (p=0.014 and 0.014, respectively) and the LF 
component (p=0.035 and <0.001, respectively) compared to their baselines (table 4). 
While, the very low frequency and high frequency components were unchanged by 
neither amiodarone nor dronedarone. The ratio of LF/HF component (LF/HF), had 
been decreased at the dose of 100 mg/kg of amiodarone and dronedarone 
treatments when compared to their baselines with p=0.005 and 0.001, respectively. 
Moreover, the LF/HF ratio was also significantly reduced by dronedarone at the dose 
of 50 mg/kg (p=0.008). However, neither amiodarone nor dronedarone treatments at 
the same period had significant differences (table 4). 
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Figure 16 RR histogram represents the distribution of RR interval (ms) in the 
different treatment periods from the rabbit No. AM03 (left) and the rabbit No. DR06 
(right) referred to their baselines (top), a dose of 50 mg/kg/day (middle) and a dose 
of 100 mg/kg/day (bottom), respectively. 
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Table 4 Heart rate and frequency domain analysis of heart rate variability from the 
conscious rabbits in amiodarone (n=8) and dronedarone (n=8) treated groups 

 

Index 

Means±SEM  

AM treatment DR treatment 

Baseline AM50 AM100 Baseline DR50 DR100 

Heart rate 

(BPM) 

218.61a 
±8.40 

199.69 a,b 
±14.49 

192.21b 
±7.12 

207.86 a 
±5.69 

204.81a 
±6.37 

188.33b 
±7.23 

Total power 

(µs 2) 

193.07a 

±23.95 

166.24ab 

±17.64 
139.37b 

±18.57 

216.08a 

±23.08 
182.13ab 

±33.90 
137.43b 

±31.42 

VLF 

(µs 2) 

92.15 

±18.72 

59.83 

±13.77 

58.86 

±12.19 

99.89 

±18.38 

79.204 
±19.50 

71.91 

±17.48 

LF 

(µs 2) 

86.89a 

±11.85 

78.88a 

±10.08 

52.46b 

±6.19 

92.26a 

±11.32 

71.30a 

±15.33 

37.03b 

±8.18 

HF 

(µs 2) 

19.38 

±4.03 

30.36 

±9.29 

30.85 

±5.20 

31.32 

±7.48 

41.06 

±12.41 

30.83 

±8.56 

LF/HF  

ratio 

5.39 a 

±0.89 

3.99ab 

±0.83 

2.32b 

±0.65 

3.80a 

±0.64 

2.28b 

±0.54 

1.54b 

±0.24 

 

Different letters (a,b) within the same drug treatments represent significant differences among 

periods (p<0.05);  BPM= beat per minute, VLF = very low frequency component (0.00 - 0.04 Hz.), 

LF = low frequency component (0.04 - 0.5 Hz.), HF = high frequency component (0.5 - 2.0 Hz.), 
LF/HF ratio = ratio between low frequency and high frequency components 
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Figure 17 Power spectrum plots at different periods of the rabbit No. AM03 

which shows the separated frequency bands; purple =very low frequency 
component, green = low frequency component, and red = high frequency 
component at the baseline (top), AM50 (middle) and AM100 (bottom) 
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Figure 18 Power spectrum plots at different periods of the rabbit No.DR06 

which shows the separated frequency bands; Purple =very low frequency 
component, Green = low frequency component, and Red = high frequency 
component at the baseline (top), DR50 (middle) and DR100 (bottom). 
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4.3 Echocardiography 

4.3.1 Standard echocardiography 

 The present study was aimed to evaluate cardiac function using the 
echocardiographic techniques after the animals were treated with amiodarone and 
dronedarone. The standard echocardiographic parameters are consisted of EF, FS, 
PEP/ET ratio, IVCT, IVRT and Tei index. In this study, EF and FS in every period of 
amiodarone treated group did not reach statistical significance. While results in the 
dronedarone treated group, EF and FS were no significant differences in any periods 
of the treatments (table 5). However EF and FS at the low dose of the dronedarone 
treated group were lower than the amiodarone treated group (p=0.017 and 0.0176, 
respectively). The rest of cardiac contractility parameters of amiodarone and 
dronedarone treated groups from standard echocardiography in the present study; 
PEP/ET ratio, IVCT, IVRT and Tei index had remained unchanged in every period as 
shown in table 5. 
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Table 5 Standard echocardiographic parameters of amiodarone (n=8) and 
dronedarone (n=8) treatments in anesthetized rabbits. 

 

 

Index References  

Mean±SEM 

AM 
baseline 

AM 50 AM100 DR 
baseline 

DR 50 DR100 

EF 

(%) 

49.07 –
72.00* 

71.22 

±2.92 

71.521 

±1.23 

67.43 

±2.45 

63.57 

±2.57 

63.822 

±2.57 

64.17 

±2.69 

FS 

(%) 

22.60 –
36.83* 

36.89 

±2.09 

37.431 

±1.03 

34.64 

±1.80 

31.75 

±1.68 

31.862 

±1.80 

32.20 

±1.82 

PEP/ET <0.4* 
0.21 

±0.01 

0.19 

±0.01 

0.19 

±0.01 

0.22 

±0.01 

0.18 

±0.02 

0.19 

±0.01 

IVCT 
(ms) 

52.00** 

±3.68 

50.50 

±2.41 

49.13 

±2.03 

47.88 

±3.14 

52.13 

±2.86 

49.13 

±2.91 

46.25 

±1.92 

IVRT 
(ms) 

51.42** 

±6.19 

53.75 

±3.13 

54.75 

±3.22 

54.50 

±1.78 

52.25 

±2.08 

54.38 

±2.38 

54.63 

±2.89 

Tei 
index 

0.60** 

±0.20 

0.83 

±0.03 

0.75 

±0.02 

0.81 

±0.07 

0.79 

±0.03 

0.75 

±0.04 

0.73 

±0.02 

 

Different numbers (1,2) represent significant differences (p<0.05) of the same period between 
amiodarone and dronedarone treatments; EF = ejection fraction, FS = fractional shortening, PEP = 
pre-ejection period, ET= ejection time, IVCT = isovolumic contraction time and IVRT = isovolumic 
relaxation time, *(Fontes-Sousa et al., 2006), **(Fontes-Sousa et al., 2009)  

 

 

 

 

 

 



 

 

48 

4.2.2 Speckle tracking echocardiography 

STE parameters of the LV represent the global heart function. Fractional area 
change (FAC%) values of either amiodarone and drondarone treatments were no 
significant difference in any period of treatments (table 6). Time-to-peak standard 
deviation (TPSD) of global speed and displacement did not reach any statistical 
significance in any period of treatments. However, TPSD displacement of low dose of 
the amiodarone treatment group had significant longer interval than dronedarone 
treated group (table 6). 

 

 

Table 6 Global parameter values of STE in anesthetized rabbits treated with 
amiodarone (n=8) or dronedarone (n=8). 

 

Index 

Mean±SEM 

AM 
baseline 

AM 50 AM100 DR 

baseline 

DR 50 DR100 

FAC % 25.27 

±1.48 

22.80 

±1.42 

24.16 

±1.39 

23.15 

±1.51 

22.98 

±1.31 

24.73 

±1.14 

Speed_TPSD 
(ms) 

35.61 

±4.89 

35.65 

±4.67 

34.10 

±2.71 

29.79 

±2.12 

32.72 

±2.27 

29.97 

±3.41 

Displace_TPSD 
(ms) 

25.76 

±3.47 

26.99 1 

±2.21 

25.03 

±1.82 

17.31 

±3.53 

18.88 2 

±2.06 

22.00 

±3.39 

 

Different numbers (1,2) represent significant differences (p<0.05) of the same period between 

amiodarone and dronedarone treatments.; FAC = fractional area change, Speed_TPSD = time to 
peak standard deviation of global speed, Displace_TPSD  = time to peak standard deviation 
global displacement. 
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The present study found that Global radial plane strain at the basal 
segmental level (GRPS_PSAXB), at the middle segmental level (GRPS_PSAXM), at the 
apical segmental level (GRPS_PSAXAP), and averaging were not difference among 
periods of amiodarone and dronedarone. There were also no significant differences 
in the same treatment periods between both drugs (table 7). Consequently, the 
GRPS averaging (GRPS_Avg) in either amiodarone or dronedarone treatments were 
comparable in all treatment periods with no difference within their treatment groups 
(table 7).  

Global circumferential plane strain at basal (GCPS_PSAXB), middle 
(GCPS_PSAXM), and apical segmental level (GCPS_PSAXAP) values did not achieve 
statistical difference in any period of amiodarone or dronedarone treated groups. The 
averaging of circumferential strain (GCPS_Avg) values in all periods of amiodarone 
and dronedarone treated group had no significant difference both among periods of 
the same treatment and between drug treatments (table7). 

Global radial plane strain rate at basal (GRPSR_PSAXB), middle 
(GRPSR_PSAXM), and apical segmental level (GRPSR_PSAXAP) values did not achieve 
any statistical significance in any treatment period of amiodarone and dronedarone 
treated groups. Similarly, the global radial plane strain rate averaging (GRPSR_Avg) 
values were also unchanged in all periods of amiodarone and dronedarone 
treatments (table 8). 

Additionally the global circumferential plane strain rate at basal segmental 
level (GCPRS_PSAXB) value at AM50 was significantly lower than that of the baseline 
(p=0.045) (table 8). While the difference between the baseline and AM100 values 
showed only trend of decreasing (p=0.051). GCPRS_PSAXB values of AM50 and 
AM100 were not significantly different. GCPRS_PSAXB values of dronedarone 
treatment group were not significantly different in any period. Comparing between 
treatments, GCPRS_PSAXB values were not statistically different in any period. The 
global circumferential plane strain rate at middle segmental level (GCRSR_PSAXM), 
apical segmental level (GCRSR_PSAXAP), and averaging (GCPSR_Avg) were unchanged 
within group of both amiodarone and dronedarone treatments. Comparison between 
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drugs at the same treatment periods, these values also did not show statistical 
significance (table 8).  

Nevertheless, time-to-peak standard deviation (TPSD) that represents the 
cardiac synchrony had no significantly difference in this study neither within group 
nor between drugs at the same periods, including GRPS_TPSD, GCPS_TPSD, GRPSR_ 
TPSD and GCPSR_TPSD (table 7 and 8). 
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Table 7 Speckle tracking echocardiography of radial and circumferential strains in 
anesthetized rabbits treated with amiodarone (n=8) or dronedarone (n=8) 

 

Index 

Mean±SEM 

AM 
baseline 

AM 50 AM100 DR 
baseline 

DR 50 DR100 

GPRS_PSAXB 

(%) 

4.27 

±0.76 

4.40 

±1.36 

2.69 

±0.90 

4.24 

±0.89 

3.73 

±0.79 

4.16 

±0.91 

GRPS_PSAXM 

(%) 

11.19 

±1.45 

9.89 

±1.36 

10.99 

±1.49 

11.93 

±2.38 

11.22 

±2.25 

12.60 

±2.62 

GRPS_PSAXAP 

(%) 

11.22 

±2.58 

9.39 

±1.97 

11.07 

±2.19 

12.79 

±1.56 

11.89 

±2.48 

13.53 

±1.19 

GRPS_Avg 

(%) 

8.89 

±1.07 

9.15 

±2.08 

8.25 

±1.26 

9.65 

±1.20 

8.86 

±1.11 

10.75 

±1.05 

GRPS_TPSD 

(ms) 

53.21 

±3.46 

54.42 

±4.09 

52.07 

±7.04 

45.53 

±5.27 

50.44 

±1.92 

50.57 

±3.78 

GCPS_PSAXB 

(%) 

-12.87 

±0.69 

-11.62 

±1.31 

-13.28 

±0.71 

-11.94 

±1.03 

-11.62 

±1.06 

-11.84 

±0.79 

GCPS_PSAXM 

(%) 

-11.62 

±0.91 

-11.36 

±1.14 

-11.06 

±0.92 

-11.15 

±0.68 

-11.25 

±0.79 

-11.01 

±0.58 

GCPS_PSAXAP 

(%) 

-11.82 

±0.87 

-9.72 

±0.594= 

-9.32 

±1.01 

-9.66 

±0.79 

-8.98 

±0.54 

-10.53 

±0.99 

GCPS_Avg 

(%) 

-12.10 

±0.65 

-10.89 

±0.84 

-11.22 

±0.61 

-10.92 

±0.61 

-10.62 

±0.59 

-8.19 

±2.85 

GCPS_TPSD 

(ms) 

19.87 

±4.05 

23.81 

±3.53 

22.18 

±2.69 

20.16 

±2.99 

19.25 

±3.93 

18.35 

±3.27 

Abbreviations; GRPS_PSAXB = global radial plane strain parasternal short axis at basal segmental level, 
GRPS_PSAXM = global radial plane strain parasternal short axis at middle segmental level, GRPS_PSAXAP = Global 
radial plane strain parasternal short axis at apical segmental level, GRPS_Avg = global radial plane strain averaging, 
GRPS_TPSD = time to peak standard deviation of radial strain, GCPS_PSAXB = global circumferential plane strain 
parasternal short axis at basal segmental level, GCPS_PSAXM = global circumferential plane strain parasternal 
short axis at middle segmental level, GCPS_PSAXAP = global circumferential plane strain parasternal short axis at 
apical segmental level, GCPS_Avg = global circumferential plane strain averaging, GCPS_TPSD = time to peak 
standard deviation of circumferential strain. 
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Table 8 Speckle tracking echocardiography of radial and circumferential strain rates in 
anesthetized rabbits treated with amiodarone (n=8) or dronedarone (n=8) 

Index Mean±SEM 

 AM 
baseline 

AM 50 AM100 DR 
baseline 

DR 50 DR100 

GRPSR_PSAXB 
(1/s) 

2.19 
±0.25 

2.15 
±0.43 

2.66 
±0.72 

2.86 
±0.34 

1.93 
±0.28 

2.07 
±0.23 

GRPSR_PSAXM 
(1/s) 

2.81 
±0.31 

2.67 
±0.45 

2.78 
±0.25 

2.77 
±0.16 

2.39 
±0.29 

2.73 
±0.36 

GRPSR_PSAXAP 
(1/s) 

2.84 
±0.36 

3.59 
±0.86 

2.54 
±0.31 

2.52 
±0.29 

2.52 
±0.26 

2.64 
±0.23 

GRPSR_Avg 
(1/s) 

2.62 
±0.14 

3.18 
±0.49 

2.66 
±0.37 

2.72 
±0.15 

2.28 
±0.16 

2.51 
±0.19 

GRPSR_TPSD 
(ms) 

36.36 
±3.61 

37.69 
±5.74 

35.99 
±2.95 

35.95 
±3.99 

38.25 
±4.16 

39.48 
±3.12 

GCPSR_PSAXB 
(1/s) 

0.431a 
±0.057 

0.204b 
±0.076 

0.251a,b 
±0.071 

0.224 
±0.094 

0.311 
±0.041 

0.234 
±0.058 

GCPSR_PSAXM 
(1/s) 

0.329 
±0.073 

0.351 
±0.049 

0.134 
±0.038 

0.249 
±0.083 

0.215 
±0.046 

0.278 
±0.041 

GCPSR_PSAXAP 
(1/s) 

0.515 
±0.204 

0.485 
±0.113 

0.294 
±0.073 

0.279 
±0.057 

0.290 
±0.064 

0.291 
±0.062 

GCPSR_Avg 
(1/s) 

0.425 
±0.096 

0.347 
±0.035 

0.228 
±0.046 

0.250 
±0.037 

0.271 
±0.031 

0.246 
±0.045 

GCPSR _TPSD 
(ms) 

52.14 
±6.92 

61.53 
±4.35 

56.61 
±6.14 

57.82 
±4.14 

58.98 
±2.47 

59.39 
±5.88 

Different letters (a,b) within the same drug treatments represent significant differences (p<0.05);  GRPSR_PSAXB = 

global radial plane strain rate parasternal short axis at basal segmental level, GRPSR_PSAXM = global radial plane 
strain rate parasternal short axis at middle segmental level, GRPSR_PSAXAP = global radial plane strain rate 
parasternal short axis at apical segmental level, GRPSR_Avg = global radial plane strain rate averaging, 
GRPSR_TPSD = time to peak standard deviation of radial strain rate, GCPSR_PSAXB = global circumferential plane 
strain rate parasternal short axis at basal segmental level, GCPSR_PSAXM = global circumferential plane strain rate 
parasternal short axis at middle segmental level, GCPSR_PSAXAP = global circumferential plane strain rate 
parasternal short axis at apical segmental level, GCPSR_Avg = global circumferential plane strain rate averaging, 
GCPSR_TPSD = time to peak standard deviation of circumferential strain rate  



 

 

53 

CHAPTER V 
DISCUSSIONS 

5.1 General condition 

 5.1.1 Complete blood count monitoring 

In the present study we had collected blood samples for complete blood 
count analysis to validate whether amiodarone or dronedarone have any effects on 
the hemopoeitic system. Since amiodarone has been available more than 40 years, 
there were several medical reports showed that amiodarone would induce 
pancytopenia and bone marrow granuloma in chronic amiodarone treated patients 
(Boutros et al., 2000; Yamreudeewong et al., 2000; Moran and Manoharan, 2002; 
Mukhopadhyay et al., 2004; Bilello et al., 2006; Erie et al., 2010). Moreover, the 
previous reports showed that after the therapy was stopped, the granuloma and 
pancytopenia were gradually improved (Boutros et al., 2000; Yamreudeewong et al., 
2000; Moran and Manoharan, 2002; Mukhopadhyay et al., 2004; Bilello et al., 2006; 
Erie et al., 2010).  Our study has also been showed decreasing trend of white blood 
cells, red blood cells and platelets in amiodarone treatment. However, there was no 
significant difference between the baseline and amiodarone-treated groups. Due to 
the major in time-dependent, 2 weeks treatment of the present study was shorter 
than clinical cases reported in humans, which usually more than 3 months or up to 2 
years of treatment. Moreover, the newer drug, dronedarone has not been reported 
its toxicity on the hemopoietic system. Surprisingly, the present study has shown 
significantly reduction of red blood cells in dronedarone treated groups compared to 
the baseline. Nevertheless, the value was still in the normal limit. This could be due 
to hydration status or blood collection that may affect to the results. 
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5.1.2 Blood chemistry monitoring 

Blood chemistry analysis in the present study has been provided information 
for hepatic and renal profiles. These organs are major targets on drug metabolism, 
clearance, and drug toxicity, especially in chronic treatment (Lewis et al., 1989; Felser 
et al., 2013). Hepatotoxicity is one of major adverse effects in amiodarone and 
dronedarone treated patients. The toxicity was dose-dependent inhibition of 
mitochondrial respiratory beta-oxidation in rat and mouse isolated hepatic cells 
(Waldhauser et al., 2006; Felser et al., 2014). There were many medical records 
reported hepatotoxicity of these antiarrhythmic agents from asymtomatic elevation 
of serum aminotransferase levels to symptomatic hepatitis in patients who received 
amiodarone for longer than 2 weeks or months (Lewis et al., 1989; Ratz Bravo et al., 
2005) and also in patients who received dronedarone(Jahn et al., 2013). However this 
adverse effect could be reversible after dose decreasing or stop taking these agents 
(Lewis et al., 1989). The present study demonstrated that rabbit hepatic enzymes, 
both AST and ALT seemed to be decreased in both treatment groups, but there 
were still in the normal range. The decreasing of these aminotransferase enzymes 
would be impacted by aging (Goh et al., 2015). Moreover, ALP was raised in only the 
high dosage of amiodarone, but it also was in the normal limit. Beside, ALP levels 
could be higher 2-3 times in young animals. This enzyme can be found in the heart, 
kidneys, intestine or pancreas. Therefore, the elevation of this non specific marker, 
ALP, should be interpreted with caution. Thus the 50 and 100 mg/kg/day doses of 
amiodarone and dronedarone treatments in the present study could not produce 
the hepatotoxic effect on rabbits in 2 weeks of the study. 

Kidneys are the main organ for elimination of these drugs. Conti and 
colleagues reported incidences and pointed association of dronedarone and 
amiodarone treatment with acute renal failure in Italian database (Conti et al., 2015). 
Dronedarone could cause serum Cr increasing due to partially inhibition of the 
organic cation transporter system in nephrons (Tschuppert et al., 2007), and it could 
cause acute renal failure within first 13 days of treatment in elderly patients (Biagi et 
al., 2013). In the present study, BUN and Cr have been remained the same compared 
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to the baselines in both amiodarone and dronedarone treated groups, and there 
were still in the normal range. It could possibly due to either time- or dose-
dependent, but we could not demonstrate the renal dysfunction in rabbits within 
two weeks of the present study. Nevertheless, patients with cardiovascular diseases 
would take several medicines which can result in combined adverse drug reaction. 
There were several studies reported about drug combination reaction caused 
rhabdomyolysis between simvastatin and amiodarone, which simvastatin is 
metabolized by CYP3A4 and amiodarone is a CYP3A4 inhibitor (Roten et al., 2004; 
Schmidt et al., 2007; Pietsch et al., 2016). The reaction could lead to secondary 
acute renal failure. However, discontinuation of the combination treatment with or 
without dialysis could reverse this adverse effect (Schmidt et al., 2007). 

 

5.1.3 Thyroid hormone monitoring 

Another side effect of amiodarone is thyroid dysfunction. Most patients who 
received amiodarone for a long term may remain euthyroid. Amiodarone could 
induce either hypothyroidism or thyrotoxicosis. Many studies found that long-term 
amiodarone treatment decreased serum T4 levels or AIH (Martino et al., 2001). On 
the other hand, some studies found that amiodarone can increase serum T4 level or 
AIT which depends on an individual iodine status of subjects (Martino et al., 2001; 
Hofmann et al., 2008; Padmanabhan, 2010). There were two types of amiodarone-
induced thyrotoxicosis; type 1 which is occurred by excess iodine-induced thyroid 
hormone synthesis and type 2 which may have normal thyroid glands but 
amiodarone itself causes destructive thyroiditis (Padmanabhan, 2010). The present 
study has found that 2-weeks of amiodarone treatment cause an increase in serum 
total T4 in rabbits. It could be that in early phase of amiodarone treatment, serum 
total T4 might be high and would decrease afterward (Wiersinga, 1997). In rats, the 
destructive thyroiditis (type II) was also reported (Pitsiavas et al., 1997) with evidence 
of cells apoptosis and necrosis via an iodine-independent mechanism (Burikhanov 
and Matsuzaki, 2000; Di Matola et al., 2000). Nevertheless, AIT is preferential in 
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iodine-deficient areas especially in males (Eskes and Wiersinga, 2009).  Therefore, all 
rabbits in the present study were male which leaded to risks of AIT.  

On the other hand, dronedarone is a deiodenated form, and reported lesser 
side effects than amiodarone. There were many researches showed that 
dronedarone was not induce abnormal thyroid hormone levels (Pantos et al., 2002; 
Pantos et al., 2005; Patel et al., 2009), whereas there were a few reports found that it 
could cause thyroid dysfunction in rats (Chatelain et al., 1995; Van Beeren et al., 
2003; Jiang et al., 2016). Van Beeren and co-workers showed that dronedarone 
decreased total and free forms of T3 and T4 levels in vivo mainly via its active 
metabolites, and dronedarone also tended to decrease plasma TSH (Van Beeren et 
al., 2003). Moreover, dronedarone might cause thyroid cells damage in early stage 
and degeneration afterward, resulted in a decrease of T4 level after the chronic 
treatment (Jiang et al., 2016).  Our results showed a decrease of serum total T4 after 
dronedarone treatments. Since our data have suggested that dronedarone may 
produce adverse effect on thyroid glands in male rabbits. The monitoring of adverse 
effect in humans should be concerned. 

 

5.2 Heart rate and Heart rate variability 

 5.2.1 Heart rate  

The heart possesses the automaticity due to pace maker cells in the 
sinoatrial node, which creates spontaneous depolarization. The mechanism depends 
on ICa, If, and IK currents. Amiodarone and dronedarone are multi-ion channel 
blockers which have targets on the heart for curing arrhythmias. The previous study 
showed that anesthetized dogs were decreased heart rate significantly after 
intravenous injection of amiodarone which affected to both atria and ventricular 
rates (Platou and Refsum, 1986). This effect was also found in conscious rats (Dias da 
Silva et al., 2002b) and humans (Figa et al., 1994). Moreover, dronedarone was 
reported bradycardia in rats (Chatelain et al., 1995; Salgado et al., 2007), pigs 
(Sobrado et al., 2013), dogs (Saengklub et al., 2016a; Saengklub et al., 2016b), and 
humans (Levine et al., 2010). In the present study, the negative chronotropic effect 
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was created by both amiodarone and dronedarone in conscious rabbits. These 
effects were enhanced after increasing the dose. This negative chronotropy may be 
due to the effect of multichannel blocking properties and beta-adrenergic blocking 
activity of these drugs (Altomare et al., 2000; Gautier et al., 2003; Kathofer et al., 
2005). Chronic treatments of these agents can also down regulate the beta-
adrenoceptor (Chatelain et al., 1995), causing lower calcium entrances to 
myocardium by inhibition of Gs proteins. Amiodarone and dronedarone markedly 
prolonged APD90, ERP, and RR interval in isolated rabbit myocadial cells (Sun et al., 
2002) leading to slow the heart rate.  

   

5.2.2 Frequency domain of HRV 

Generally, heart rate is influenced by the ANS, which plays roles on the top 
of intrinsic heart rate via adrenergic and/or muscarinic stimulation. In healthy 
subjects, heart rhythm is fluctuation because of sympatovagal balance, and causes 
the duration changes from beat to beat. HRV is broadly used to monitor cardiac 
function during the past few decades. The concept of the analysis is to measure 
heart rate and to study beat-to-beat behavior influenced by the sympatovagal 
control. It could predict mortality risk in patients with cardiovascular and non-
cardiovascular diseases (Vanderlei et al., 2009). The clinical studies have shown HRV 
decreasing related to adverse events and higher risk of mortality (Winchell and Hoyt, 
1996; Vanderlei et al., 2009). There are two useful indices for linear analysis of HRV, 
which is the time domain and the frequency domain. Heart rate variability has been 
analyzed in the short term as frequency domain by spectral analysis technique. This 
technique has been confirmed to be a suitable pre-diagnostic tool for screening 
heart function that have sensitivities more than 72% and a specificity of 100% for 
distinguishability between healthy and heart disease subjects (Heitmann et al., 2011).  

In the present study, we had performed the short term analysis of HRV in 
rabbits. We found that total power spectrum was decreased in both amiodarone and 
dronedarone treated groups, mainly due to the decrease of LF components in the 
dose-dependent manner. This might partially be due to beta adrenergic inhibition of 
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amiodarone and dronedarone, leading to sympathetic suppression (Chatelain et al., 
1995). Similarly to rats, amiodarone increased vagal activity and decreased 
sympathetic activity, causing significant lowering of the low frequency component 
(Dias Da Silva et al., 2002a; Dias da Silva et al., 2002b). Also, breathing variability may 
involve in decreasing of the LF component (Beda et al., 2014). Nevertheless, the 
regulation of the LF component is still unclear. 

On the other hand, we had not found increasing of the HF component in 
both amiodarone-treated group and dronedarone-treated group. In general, the HF 
band represents to parasympathetic regulation (Berntson et al., 1997). These may be 
suggested that these drugs might not affect directly to the parasympathetic system 
of the rabbits. Theoretically, the parasympathetic activity may be enhanced because 
of sympathetic activity suppression by these drugs. Additionally, the LF/HF ratio was 
also reduced in both treatment groups. These results may be related to a decrease 
of the LF component, but unchanging of the HF component. Lastly, the VLF 
component was unchanged in both treatment groups and every period of time. 
Normally the very low frequency component is associated with thermoregulation 
and plasma renin activity (Task-Force., 1996; Berntson et al., 1997), which 
amiodarone and dronedarone have not involved with these systems. 

 

5.3 Echocardiographic assessments 

 In the present study, we had performed standard and STE methods to 
determine cardiac contractility related to the antiarrhythmic drugs, amiodarone and 
dronedarone, in rabbits. We found that cardiac contractility remained unchanged in 
anesthetized rabbits between baselines and drug-treated groups when performed 
with standard echocardiography. Besides, EF and FS of the DR50 were lower than the 
same dosage period of amiodarone treatment, although there were not considered 
changing from their baselines. The previous study has shown that dronedarone 
reduce heart rate without affecting to cardiac contractility in anesthetized pigs 
(Sobrado et al., 2013). Moreover, the short-term oral dronedarone treatment had no 
effect on cardiac inotropy and dromotropy in conscious dogs (Saengklub et al., 



 

 

59 

2016b). On the other hand, the acute effect of intravenous dronedarone could have 
negative inotropic effect in anesthetized dogs (Saengklub et al., 2016a).  The US Food 
and Drug Administration approval data show that oral amiodarone treatment does 
not have any significant changes of the LVEF, even in patients with depressed EF, 
while acute intravenous administration of amiodarone might have a mild negative 
inotropic effect in humans (Zipes et al., 1984). In normal dog hearts, amiodarone did 
not show any effects on +dP/dt max, although it reduced +dP/dt max markedly in 
infracted hearts (Ware et al., 1991). Amiodarone was also reported that it might cause 
hypotension, negative chronotropy, negative inotropy and negative lusitropy, which 
demonstrated by decreases in +dP/dt max and -dP/dt min in conscious rats (Salgado 
et al., 2007).  

Many studies have been investigated and compared sensitivity between 
standard echocardiography and STE. The results gave credit to STE that was more 
sensitive for early detection in various cardiac diseases (Dandel and Hetzer, 2009; Li 
et al., 2014; Du et al., 2015), and the detection covers most of LV segments; basal, 
middle and apical parts. While STE parameters in the present study mostly were 
unchanged from the baselines in both treatment groups, except the GCPSR at the 
basal level which was lower when treated with amiodarone. A previous study 
reported that amiodarone and dronedarone could alter cardiac contractility by 
decreasing left ventricular dP/dtmax in isolated ventricular myocytes of guinea pigs 
(Gautier et al., 2003), which the negative inotropy caused by effects of class II and IV 
antiarrhythmic properties of both agents that block beta-adrenergic receptors and 
calcium channels, respectively. Although there was a contrast in the present study 
which only found changing in a variable of the amiodarone group, but not the 
dronedarone group. It may by cause by differently in total summation of actions in 
the whole rabbit heart in the present study. Moreover, several previous studies have 
shown that there were no significant differences between standard echocardiography 
and STE methods in healthy subjects (Schwarzwald et al., 2009; Decloedt et al., 
2011; Decloedt et al., 2013; Berli et al., 2015), whereas chronic amiodarone treatment 
can down regulate the beta-adrenoceptors (Chatelain et al., 1995), causing negative 
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chronotropy and leading to detection in STE. In the present study, we found that STE 
may not have higher sensitivity than the standard echocardiography when performing 
in the amiodarone and dronedarone treated rabbits.. This may suggested that the 
use of STE to monitor cardiac performance in rabbits may need further investigations. 

 

5.4 Future study and limitations 

 In vivo experiment has limitation for the cardiac contractility measurement 
due to uncontrolled preload and afterload that would play role on the LV function 
in this model. Therefore, to avoid these effects, cardiac contractility can be 
confirmed by using the isolated heart or the isolate myofibril in the future. Moreover, 
the rabbit has a large sternum but a small left cardiac notch; therefore, the left 
parasternal longitudinal plane of the heart could not be performed in this study. This 
may reduce the sensitivity of speckle tracking echocardiography because the 
longitudinal plane provides better muscle moving directions that away or toward the 
ultrasound probe compared to the short axis from the right parasternal view that we 
did in the present study. 

In the future, histopathologic studies of thyroid glands will provide more 
details on the development of amiodarone induced thyrotoxicosis and dronedarone 
induced hypothyroidism in a rabbit model.  
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CHAPTER VI  
CONCLUSION 

 Oral treatments of amiodarone and dronedarone in rabbits for 2 weeks have 
not clinically altered CBC and blood chemistry. There is a markedly bradycardia 
effect of both drugs. HRV in the rabbits is decreased due to a decrease of the LF 
component suggesting that it may have an inhibition of beta-adrenergic receptors in 
the heart, leading to sympathetic suppression.  The standard echocardiography and 
STE were comparable on cardiac function assessment, although STE may provide 
further information in addition to standard echocardiography. In the present study, 
we also demonstrate that amiodarone may produce negative inotropic effect more 
than dronedarone showed by lowering of GCPRS at LV basal level. Moreover, 
amiodarone may induce thyrotoxicosis while dronedarone cause hypothyroidism in a 
rabbit model. 
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APPENDIX 

Complete blood count profile data of the present study 
Table I white blood cell count (WBC) (103/uL) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 4.94 5.28 4.15 DR01 5.17 4.31 4.70 
AM02 5.35 5.05 6.76 DR02 9.22 7.24 5.47 
AM03 7.21 5.84 5.04 DR03 4.20 4.96 4.55 
AM05 5.15 4.48 4.10 DR04 6.48 4.82 4.49 
AM06 6.53 4.20 4.33 DR05 5.84 5.62 5.02 
AM07 5.15 4.77 5.17 DR06 10.48 10.02 8.17 
AM09 4.30 4.36 3.99 DR07 3.09 3.61 4.10 
AM10 4.51 4.62 4.90 DR08 4.34 5.11 4.06 
MEAN 5.39 4.83 4.81 MEAN 6.10 5.71 5.07 
SEM 0.35 0.19 0.32 SEM 0.90 0.72 0.47 

 

 

Table II red blood cell count (RBC) (106/uL) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 6.11 5.37 5.72 DR01 5.90 5.14 5.31 
AM02 4.99 4.92 4.88 DR02 6.07 5.63 5.82 
AM03 5.99 4.88 5.54 DR03 6.15 6.08 5.90 
AM05 6.29 5.83 5.66 DR04 6.48 5.62 5.29 
AM06 5.61 5.46 5.12 DR05 5.36 5.43 5.29 
AM07 4.26 4.59 4.79 DR06 6.03 5.93 5.90 
AM09 4.93 4.66 4.81 DR07 4.99 5.00 5.25 
AM10 5.48 5.16 4.80 DR08 6.37 5.87 5.65 
MEAN 5.46 5.11 5.17 MEAN 5.92 5.59 5.55 
SEM 0.25 0.15 0.15 SEM 0.18 0.13 0.10 
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Table III hemoglobin (Hb) (g/dL) of the rabbits in amiodarone (upper) and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 11.7 10.5 11.2 DR01 11.6 10.4 10.9 
AM02 10.5 10.6 10.5 DR02 12.5 11.9 12.2 
AM03 12.4 10.3 11.8 DR03 12.4 12.4 12.2 
AM05 12.8 11.9 11.9 DR04 11.6 11.9 11.6 
AM06 11.2 11.0 10.5 DR05 10.8 11.1 10.7 
AM07 9.0 9.9 10.3 DR06 11.3 11.0 11.0 
AM09 9.4 8.9 9.3 DR07 10.4 10.3 10.5 
AM10 11.5 10.9 10.1 DR08 12.9 11.9 11.5 
MEAN 11.06 10.50 10.70 MEAN 11.69 11.36 11.33 
SEM 0.48 0.31 0.31 SEM 0.31 0.27 0.23 

 
 
Table IV hematocrit (Hct) (%) of the rabbits in amiodarone and dronedarone treated 
groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 38.0 31.5 33.7 DR01 36.2 32.4 34.3 
AM02 35.0 33 32.9 DR02 37.7 35.9 37.2 
AM03 38.9 32.2 36.8 DR03 38.4 40.6 40.4 
AM05 38.2 37.9 37.6 DR04 11.6 36.9 36.9 
AM06 34.9 35.6 34.8 DR05 34.5 37.4 36.2 
AM07 30.8 33.2 34.9 DR06 38.6 38.3 37.1 
AM09 31.3 29.9 32.0 DR07 34.8 35.4 35.5 
AM10 38.2 36.1 34.6 DR08 40.3 37.4 36.5 
MEAN 35.66 33.68 34.66 MEAN 34.01 36.79 36.76 
SEM 1.14 0.94 0.66 SEM 3.28 0.84 0.62 
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Table V mean corpuscular volume (MCV) (fL) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 62.2 58.7 58.9 DR01 61.4 63.0 64.6 
AM02 70.1 67.1 67.4 DR02 62.1 63.8 63.9 
AM03 64.9 66.0 66.4 DR03 62.4 66.8 68.5 
AM05 60.7 65.0 66.4 DR04 62.4 65.7 69.8 
AM06 62.2 65.2 68.0 DR05 64.4 68.9 69.9 
AM07 72.3 72.3 72.9 DR06 64.0 64.6 62.9 
AM09 63.5 64.2 66.5 DR07 69.7 70.8 67.6 
AM10 69.7 70.0 72.1 DR08 63.3 63.7 64.8 
MEAN 65.70 66.06 67.33 MEAN 63.71 65.91 66.50 
SEM 1.55 1.43 1.51 SEM 0.93 0.97 0.98 

 
 
Table VI mean corpuscular hemoglobin (MCH) (pg) of the rabbits in amiodarone and 
dronedarone treated groups on day0, 7 and 14 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 19.1 19.6 19.6 DR01 19.7 20.2 20.5 
AM02 21.0 21.5 21.5 DR02 20.6 21.1 21.0 
AM03 20.7 21.1 21.3 DR03 20.2 20.4 20.7 
AM05 20.3 20.4 21.0 DR04 21.2 21.2 21.9 
AM06 20.0 20.1 20.5 DR05 20.1 20.4 20.7 
AM07 21.1 21.6 21.5 DR06 18.7 18.5 18.6 
AM09 19.1 19.1 19.3 DR07 20.8 20.6 20.0 
AM10 21.0 21.1 21.0 DR08 20.3 20.3 20.4 
MEAN 20.29 20.56 20.71 MEAN 20.20 20.34 20.48 
SEM 0.29 0.32 0.30 SEM 0.27 0.29 0.33 
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Table VII mean corpuscular hemoglobin concentration (MCHC) (g/dL) of the rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 30.8 33.3 33.2 DR01 32.0 32.1 31.8 
AM02 30.0 32.1 31.9 DR02 33.2 33.1 32.8 
AM03 31.9 32.0 32.2 DR03 32.3 30.5 30.2 
AM05 33.5 31.4 31.6 DR04 33.9 32.2 31.4 
AM06 32.1 30.9 30.2 DR05 31.3 29.7 29.6 
AM07 21.1 29.8 29.5 DR06 29.3 28.7 29.6 
AM09 30.0 29.8 29.1 DR07 29.9 29.1 29.6 
AM10 30.1 30.2 29.2 DR08 32.0 31.8 31.4 
MEAN 29.94 31.19 30.86 MEAN 31.74 30.90 30.80 
SEM 1.34 0.44 0.55 SEM 0.55 0.57 0.43 

 
 
Table VIII platelet count (103/uL) of the rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 336 343 352 DR01 494 459 493 
AM02 541 473 432 DR02 364 151 435 
AM03 545 586 434 DR03 465 494 393 
AM05 562 520 412 DR04 575 525 459 
AM06 748 578 491 DR05 508 540 483 
AM07 379 379 403 DR06 434 466 446 
AM09 550 523 579 DR07 276 349 358 
AM10 274 393 320 DR08 365 247 433 
MEAN 491.88 474.38 427.88 MEAN 435.13 403.88 437.50 
SEM 54.06 32.90 28.39 SEM 33.95 49.96 15.82 
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Table IX mean platelet volume (MPV) (fL) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 7.1 7.3 7.8 DR01 6.7 6.6 6.9 
AM02 7.0 6.8 7.2 DR02 6.4 7.7 6.8 
AM03 6.4 6.4 6.9 DR03 7.5 7.3 7.2 
AM05 7.1 7.4 7.2 DR04 7.2 7.1 6.5 
AM06 7.0 6.9 6.8 DR05 7.2 7.2 7.5 
AM07 7.6 7.2 7.8 DR06 6.9 6.7 6.9 
AM09 7.7 7.8 8.1 DR07 7.5 7.5 8.0 
AM10 7.4 6.9 7.7 DR08 7.3 7.9 7.4 
MEAN 7.16 7.09 7.44 MEAN 7.09 7.25 7.15 
SEM 0.15 0.15 0.17 SEM 0.14 0.16 0.17 

 
 
Blood chemistry data of the present study 
Table X aspartate aminotransferase (AST) levels (IU/L) of the rabbits in amiodarone 
and dronedarone treated groups on day0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 30.8 11.6 14.1 DR01 20.6 14.2 12.4 
AM02 26.1 17.0 12.3 DR02 20.4 23.1 14.7 
AM03 43.2 32.2 14.6 DR03 32.2 18.0 22.4 
AM05 33.1 53.1 20.1 DR04 27.2 11.8 15.5 
AM06 19.0 10.9 16.8 DR05 62.0 26.8 14.1 
AM07 21.1 16.1 15.9 DR06 15.5 15.5 22.0 
AM09 14.1 16.5 8.8 DR07 20.4 13.5 10.4 
AM10 17.2 20.2 14.9 DR08 24.8 22.5 17.8 
MEAN 25.58 22.20 14.69 MEAN 27.89 18.18 16.16 
SEM 3.43 4.99 1.17 SEM 5.19 1.90 1.52 
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Table XI alanine aminotransferase (ALT) levels (IU/L) of the rabbits in amiodarone 
and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 76.1 61.4 60.3 DR01 28.1 26.1 23.7 
AM02 41.1 36.0 37.3 DR02 52.1 60.9 50.2 
AM03 44.1 31.5 26.7 DR03 105.9 57.3 62.5 
AM05 35.4 48.8 33.8 DR04 77.6 48.6 44.4 
AM06 39.2 24.8 26.3 DR05 63.4 52.4 41.1 
AM07 48.8 43.0 42.2 DR06 48.1 43.7 54.0 
AM09 50.5 54.3 39.0 DR07 63.3 43.1 40.4 
AM10 29.4 36.5 24.6 DR08 52.1 43.2 43.7 
MEAN 45.58 42.04 36.28 MEAN 61.33 46.91 45.00 
SEM 4.99 4.32 4.13 SEM 8.14 3.80 4.02 

 
 
Table XII alkaline phosphatase (ALP) levels (IU/L) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 167.7 124.0 177.9 DR01 122.9 132.1 167.6 
AM02 143.0 150.7 194.3 DR02 99.9 105.7 121.5 
AM03 174.8 163.7 229.7 DR03 155.7 138.8 129.7 
AM05 121.7 137.0 181.8 DR04 250.9 265.2 251.6 
AM06 201.8 227.6 232.7 DR05 105.4 129.2 129.2 
AM07 121.9 160.7 154.7 DR06 148.6 153.9 159.4 
AM09 129.4 151.6 194.9 DR07 177.7 164.2 152.1 
AM10 159.4 165.0 209.1 DR08 236.2 290.0 268.4 
MEAN 152.46 160.04 196.89 MEAN 162.16 172.39 172.44 
SEM 10.10 10.85 9.34 SEM 20.03 23.87 19.99 
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Table XIII gamma-glutamyl transferase (GGT) levels (IU/L) of the rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 16.6 22.2 18.3 DR01 8.8 9.1 9.3 
AM02 8.5 9.3 9.6 DR02 12.4 11.2 12.1 
AM03 13.7 12.3 11.4 DR03 19.4 17.6 12.3 
AM05 7.8 8.5 7.2 DR04 9.5 9.9 7.7 
AM06 8.2 8.3 7.7 DR05 11.4 12.0 13.0 
AM07 10.3 10.6 11.0 DR06 6.8 8.2 5.9 
AM09 10.5 13.1 11.7 DR07 12.3 10.2 12.0 
AM10 7.8 7.4 6.5 DR08 17.7 15.4 16.0 
MEAN 10.43 11.46 10.43 MEAN 12.29 11.7o 11.04 
SEM 1.13 1.69 1.33 SEM 1.53 1.14 1.14 

 

 
Table XIV total protein (TP) levels (g/dL) of the rabbits in amiodarone and 
droedarone treated groups on Day 0, Day7 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 6.3 5.8 5.9 DR01 6.3 5.5 5.8 
AM02 6.1 5.5 5.7 DR02 6.1 5.8 6.1 
AM03 6.7 5.8 5.7 DR03 6.1 6.1 6.3 
AM05 6.2 5.7 5.6 DR04 6.2 6.3 6.4 
AM06 5.9 5.4 5.3 DR05 6.1 6.3 6.3 
AM07 5.7 5.9 6.3 DR06 6.2 6.1 6.0 
AM09 5.2 5.6 5.4 DR07 5.8 6.4 5.8 
AM10 6.4 6.2 5.6 DR08 6.2 6.0 5.8 
MEAN 6.06 5.74 5.69 MEAN 6.13 6.06 6.06 
SEM 0.16 0.09 0.11 SEM 0.05 0.11 0.09 
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Table XV albumin (Alb) levels (g/dL) of the rabbits in amiodarone and dronedarone 
treated groups on Day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 5.4 5.2 5.0 DR01 5.1 4.5 5.2 
AM02 4.8 4.6 5.0 DR02 5.7 5.0 5.6 
AM03 5.7 5.0 4.9 DR03 4.0 3.8 3.8 
AM05 4.1 3.7 3.6 DR04 3.9 3.9 3.9 
AM06 3.8 3.4 3.4 DR05 3.9 3.8 3.8 
AM07 3.7 3.8 4.0 DR06 3.5 3.5 3.7 
AM09 3.3 3.6 3.7 DR07 3.5 3.8 3.7 
AM10 3.7 3.8 3.8 DR08 3.5 3.6 3.7 
MEAN 4.31 4.14 4.18 MEAN 4.14 3.99 4.18 
SEM 0.31 0.24 0.24 SEM 0.29 0.18 0.27 

 
 
Table XVI total bilirubin (TB) levels (mg/dL) of the rabbits in amiodarone and 
dronedarone treated groups on Day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 0.8 0.9 1.0 DR01 1.0 0.8 0.8 
AM02 0.9 0.8 0.7 DR02 1.0 0.8 0.9 
AM03 0.8 0.8 1.0 DR03 0.6 0.6 0.5 
AM05 0.6 0.5 0.5 DR04 0.6 0.6 0.4 
AM06 0.6 0.6 0.5 DR05 0.6 0.6 0.5 
AM07 0.6 0.6 0.6 DR06 0.6 0.6 0.6 
AM09 0.6 0.6 0.6 DR07 0.6 0.6 0.6 
AM10 0.6 0.5 0.5 DR08 0.6 0.5 0.5 
MEAN 0.69 0.66 0.68 MEAN 0.70 0.64 0.60 
SEM 0.04 0.05 0.08 SEM 0.07 0.04 0.06 
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Table XVII direct bilirubin (DB) levels (mg/dL) of the rabbits in amiodarone and 
dronedarone treated groups on Day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 0.44 0.40 0.50 DR01 0.38 0.45 0.422 
AM02 0.43 0.43 0.50 DR02 0.45 0.52 0.44 
AM03 0.54 0.36 0.50 DR03 0.05 0.06 0.06 
AM05 0.07 0.06 0.05 DR04 0.03 0.07 0.05 
AM06 0.06 0.07 0.04 DR05 0.05 0.07 0.04 
AM07 0.05 0.07 0.04 DR06 0.05 0.04 0.04 
AM09 0.04 0.05 0.05 DR07 0.08 0.06 0.06 
AM10 0.04 0.04 0.05 DR08 0.05 0.04 0.05 
MEAN 0.21 0.19 0.22 MEAN 0.14 0.16 0.15 
SEM 0.07 0.06 0.08 SEM 0.06 0.07 0.06 

 
 
Table XVIII blood urea nitrogen (BUN) levels (mg/dL) of the rabbits in amiodarone 
and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 16.7 14.1 14.7 DR01 17.7 13.5 9.3 
AM02 17.0 13.7 11.8 DR02 14.4 14.9 12.1 
AM03 18.8 13.9 14.2 DR03 17.7 18.6 18.3 
AM05 14.8 14.4 15.7 DR04 16.1 17.7 17.8 
AM06 15.1 11.8 17.5 DR05 19.2 18.0 19.4 
AM07 16.1 16.6 17.3 DR06 20.3 13.9 11.9 
AM09 13.5 11.2 10.2 DR07 12.1 12.4 14.2 
AM10 13.3 11.0 11.1 DR08 12.4 10.6 14.2 
MEAN 15.66 13.34 14.06 MEAN 16.24 14.95 14.65 
SEM 0.66 0.67 0.98 SEM 1.08 1.03 1.26 
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Table XIX serum creatinine (Cr) levels (mg/dL) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 1.0 0.9 0.9 DR01 0.9 0.8 0.8 
AM02 0.7 0.7 0.7 DR02 1.0 0.9 0.9 
AM03 1.1 0.9 1.0 DR03 0.9 1.0 1.0 
AM05 0.6 0.8 0.7 DR04 0.8 0.9 0.8 
AM06 0.8 0.7 0.7 DR05 0.9 0.9 0.8 
AM07 0.9 0.9 0.8 DR06 1.3 1.2 1.2 
AM09 0.6 0.6 0.8 DR07 0.6 0.9 1.2 
AM10 0.8 0.9 0.9 DR08 0.6 0.7 0.8 
MEAN 0.81 0.8o 0.81 MEAN 0.88 0.91 0.94 
SEM 0.06 0.04 0.04 SEM 0.08 0.05 0.06 

 

Thyroid profile data of the present study 
Table XX total triiodothyronine (tT3 ) levels (ng/dl)) of the rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 67.5 55.4 76.8 DR01 77.9 70.5 110.0 
AM02 59.9 81.0 74.4 DR02 62.8 131.0 147.0 
AM03 100.0 123.0 94.9 DR03 161.0 100.0 132.0 
AM05 111.0 115.0 91.1 DR04 107.0 96.5 84.0 
AM06 116.0 97.4 107 DR05 110 85.2 105.0 
AM07 124.0 87.6 56.0 DR06 33.0 80.5 106.0 
AM09 62.2 75.5 47.3 DR07 69.1 77.0 57.9 
AM10 85.7 139.0 94.1 DR08 44.8 88.9 61.5 
MEAN 90.79 96.74 80.20 MEAN 83.20 91.20 100.43 
SEM 9.04 9.73 7.27 SEM 14.62 6.65 11.10 
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Table XXI total thyroxine (tT4) levels (µg/dl)) of the rabbits in amiodarone and 
dronedarone treated group on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 8.9 12.4 14.6 DR01 7.7 4.2 4.8 
AM02 4.4 9.4 11.1 DR02 3.3 3.3 2.5 
AM03 8.2 12.4 14 DR03 5.3 4.1 4.4 
AM05 10.5 11.6 11.3 DR04 7.7 5.5 4.3 
AM06 8.2 13.3 12.4 DR05 8.9 7 4.7 
AM07 6.8 9.3 9.6 DR06 6.3 7 7.2 
AM09 3.2 10.2 11.5 DR07 6 4.6 4.5 
AM10 5.0 14.4 13.3 DR08 5.2 6 3.8 
MEAN 6.90 11.63 12.23 MEAN 6.30 5.21 4.53 
SEM 0.89 0.66 0.59 SEM 0.63 0.49 0.46 

 
 
Heart rate variability (HRV) data of the present study 
Table XXII heart rate (BPM) of the conscious rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 194.9 201.3 166.4 DR01 216.1 214.9 200.1 
AM02 185.8 226.1 229.7 DR02 228.5 201.0 216.6 
AM03 249.3 190.9 184.2 DR03 211.6 197.1 175.4 
AM05 212.4 199.1 203.4 DR04 225.5 226.2 211.4 
AM06 232.6 200.0 202.2 DR05 191.9 218.1 182.4 
AM07 198.9 181.6 172.3 DR06 181.9 169.0 153.6 
AM09 241.4 196.2 183.8 DR07 207.6 215.4 184.0 
AM10 233.6 202.3 195.7 DR08 199.8 196.8 183.1 

MEAN 218.61 199.69 192.21 MEAN 207.86 204.81 188.33 
SEM 8.40 14.49 7.12 SEM 5.69 6.37 7.23 
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Table XXIII total power (µs2) of the conscious rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 253.1 201.1 200.3 DR01 256.9 244.6 195.6 
AM02 263 216 140.4 DR02 236.8 191.5 51.27 
AM03 134.9 172.7 103.3 DR03 331.1 310.4 195.4 
AM05 228.7 200.3 179.2 DR04 216.9 71.07 32.45 
AM06 197.8 209.8 212.4 DR05 182.5 179 189.8 
AM07 253.5 127.1 106.2 DR06 232.9 292.8 279.5 
AM09 92.63 82.79 67.86 DR07 125.9 85.04 73.84 
AM10 120.9 120.1 105.3 DR08 145.6 82.66 81.60 

MEAN 193.07 166.24 139.37 MEAN 216.08 182.13 137.43 
SEM 23.95 17.64 18.57 SEM 23.08 33.90 31.42 

 
 
Table XXIV very low frequency (VLF) (µs2) of the conscious rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 176.3 66.28 87.27 DR01 113.50 149.40 101.90 
AM02 138.4 52.08 55.9 DR02 93.06 63.17 27.77 
AM03 62.82 59.38 31.27 DR03 177.4 168.8 97.52 
AM05 60.23 146.5 79.52 DR04 161.1 31.29 20.61 
AM06 90.72 68.61 117.1 DR05 100.00 43.42 99.98 
AM07 134.4 31.13 58.59 DR06 85.72 102.60 156.90 
AM09 55.63 27.01 19.5 DR07 40.90 52.87 47.08 
AM10 18.69 27.68 21.75 DR08 27.44 22.08 23.49 

MEAN 92.15 59.83 58.86 MEAN 99.89 79.20 71.91 

SEM 18.72 13.77 12.19 SEM 18.38 19.49 17.48 
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Table XXV low frequency (LF) (us2) of the conscious rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 69.99 109.1 65.81 DR01 136.50 92.31 43.73 
AM02 95.21 80.75 42.24 DR02 80.39 81.68 16.37 
AM03 64.11 60.94 42.04 DR03 137.40 147.5 72.45 
AM05 144.9 42.94 60.69 DR04 46.54 32.64 9.055 
AM06 89.07 125.1 82.29 DR05 69.52 97.66 59.30 
AM07 122.9 90.01 42.47 DR06 98.33 71.51 52.39 
AM09 43.95 49.64 26.57 DR07 72.84 18.78 17.84 
AM10 65.01 72.57 57.58 DR08 96.58 28.30 25.11 
MEAN 86.89 78.88 52.46 MEAN 92.26 71.29 37.03 
SEM 11.85 10.08 6.19 SEM 11.32 15.33 8.18 

 
 
Table XXVI high frequency (HF) (us2) of the conscious rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 15.71 28.43 48.07 DR01 30.04 19.98 54.77 
AM02 30.04 84.79 50.44 DR02 69.38 57.54 8.57 
AM03 8.133 54.14 30.75 DR03 19.84 30.83 29.4 
AM05 24.64 11.44 39.43 DR04 11.42 12.04 4.52 
AM06 20.20 18.09 19.43 DR05 17.41 41.17 32.15 
AM07 12.95 12.56 7.062 DR06 58.12 119.5 74.3 
AM09 4.73 9.63 23.35 DR07 15.86 13.58 9.86 
AM10 38.65 23.8 28.3 DR08 28.51 33.86 33.08 
MEAN 19.38 30.36 30.85 MEAN 31.32 41.06 30.83 
SEM 4.03 9.29 5.20 SEM 7.48 12.41 8.56 
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Table XXVII low to high frequency ratio (LF/HF) (%) of the conscious rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 4.46 3.84 1.37 DR01 4.55 4.12 0.79 
AM02 3.17 0.95 0.84 DR02 1.15 1.42 1.91 
AM03 7.88 1.13 1.37 DR03 6.93 4.78 2.46 
AM05 5.88 3.75 1.54 DR04 4.08 2.71 2.00 
AM06 4.43 6.92 4.24 DR05 3.99 2.37 1.85 
AM07 9.49 7.17 6.01 DR06 1.69 0.59 0.71 
AM09 6.13 5.15 1.14 DR07 4.59 1.38 1.81 
AM10 1.68 3.05 2.04 DR08 3.39 0.84 0.76 
MEAN 5.39 3.99 2.32 MEAN 3.79 2.28 1.54 
SEM 0.89 0.83 0.65 SEM 0.64 0.54 0.24 

 
 
Standard echocardiography parameters of the present study 
Table XXVIII ejection fraction (EF) (%) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 79.48 72.85 70.15 DR01 48.17 65.50 62.77 
AM02 79.94 68.70 60.14 DR02 66.48 52.74 72.43 
AM03 79.13 70.10 71.00 DR03 65.70 57.47 66.11 
AM05 74.14 78.54 60.24 DR04 67.76 59.12 48.75 
AM06 62.84 69.90 75.51 DR05 60.66 65.19 70.95 
AM07 64.06 67.19 75.87 DR06 70.68 66.75 66.51 
AM09 70.79 72.17 67.72 DR07 69.15 67.37 67.30 
AM10 59.39 72.67 58.81 DR08 59.99 76.39 58.51 
MEAN 71.22 71.52 67.43 MEAN 63.57 63.82 64.17 
SEM 2.92 1.23 2.45 SEM 2.57 2.57 2.69 
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Table XXIX fractional shortening (FS) (%) of the anesthetized rabbits in amiodarone 
and dronedarone treated groups on day 0, 7 and 14 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 43.75 38.59 36.49 DR01 22.06 33.15 31.11 
AM02 40.29 35.09 29.51 DR02 33.55 24.50 38.41 
AM03 43.68 35.88 36.55 DR03 33.13 27.41 33.33 
AM05 39.46 43.36 29.49 DR04 34.44 28.35 22.22 
AM06 31.10 36.13 40.70 DR05 29.56 32.72 37.13 
AM07 31.85 34.00 41.38 DR06 36.60 33.54 33.50 
AM09 36.78 37.91 34.69 DR07 35.65 34.12 33.73 
AM10 28.25 38.51 28.33 DR08 29.00 41.07 28.17 
MEAN 36.89 37.43 34.64 MEAN 31.75 31.86 32.20 
SEM 2.09 1.03 1.80 SEM 1.68 1.80 1.82 

 
 
Table XXX pre-ejection period to ejection time ratio (PEP/ET) of the conscious rabbits 
in amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present 
study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 0.23 0.17 0.21 DR01 0.24 0.12 0.24 
AM02 0.24 0.22 0.19 DR02 0.26 0.17 0.17 
AM03 0.25 0.18 0.25 DR03 0.23 0.24 0.19 
AM05 0.14 0.21 0.13 DR04 0.26 0.17 0.19 
AM06 0.17 0.27 0.15 DR05 0.25 0.25 0.19 
AM07 0.19 0.14 0.17 DR06 0.20 0.11 0.19 
AM09 0.20 0.17 0.21 DR07 0.15 0.22 0.17 
AM10 0.23 0.22 0.21 DR08 0.17 0.16 0.15 
MEAN 0.21 0.19 0.19 MEAN 0.22 0.18 0.19 
SEM 0.01 0.01 0.01 SEM 0.01 0.02 0.01 

 
 



 

 

89 

Table XXXI isovolumic contraction time (IVCT) (ms) of the anesthetized rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 55 59 56 DR01 55 53 43 
AM02 50 46 53 DR02 61 40 48 
AM03 57 49 41 DR03 55 49 49 
AM05 35 49 42 DR04 50 34 47 
AM06 54 48 36 DR05 37 59 52 
AM07 51 55 47 DR06 61 55 35 
AM09 53 47 45 DR07 45 50 51 
AM10 49 40 63 DR08 53 53 45 
MEAN 50.50 49.13 47.88 MEAN 52.13 49.13 46.25 
SEM 2.41 2.03 3.14 SEM 2.86 2.91 1.92 

 
 
Table XXXII isovolumic relaxation time (IVRT) (ms) of the anesthetized rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 
Rabbit 

ID 
Day0 Day7 Day14 

AM01 42 41 46 DR01 56 57 43 
AM02 43 65 52 DR02 42 41 46 
AM03 57 57 61 DR03 51 54 55 
AM05 47 43 54 DR04 50 62 52 
AM06 55 51 56 DR05 56 48 60 
AM07 58 57 61 DR06 47 58 54 
AM09 62 65 55 DR07 60 57 58 
AM10 66 59 51 DR08 56 58 69 
MEAN 53.75 54.75 54.50 MEAN 52.25 54.38 54.63 

SEM 3.13 3.22 1.78 SEM 2.08 2.38 2.89 
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Table XXXIII Tei index echocardiography parameter of the anesthetized rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 
Rabbit ID Day0 Day7 Day14 Rabbit ID Day0 Day7 Day14 

AM01 0.76 0.75 1.24 DR01 0.90 0.92 0.68 
AM02 0.93 0.69 0.83 DR02 0.79 0.63 0.78 
AM03 0.94 0.73 0.71 DR03 0.74 0.78 0.72 
AM05 0.64 0.63 0.64 DR04 0.69 0.59 0.69 
AM06 0.82 0.80 0.62 DR05 0.68 0.77 0.82 
AM07 0.81 0.86 0.79 DR06 0.92 0.75 0.65 
AM09 0.89 0.81 0.78 DR07 0.84 0.79 0.69 
AM10 0.82 0.74 0.91 DR08 0.75 0.78 0.77 
MEAN 0.83 0.75 0.81 MEAN 0.79 0.75 0.73 
SEM 0.03 0.02 0.07 SEM 0.03 0.04 0.02 

 
 
Speckle tracking echocardiography parameters of the present study 
Table XXXIV fractional area change (FAC) (%) of the anesthetized rabbits in 
amiodarone and dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 28.44 29.01 24.29 DR01 21.47 22.12 22.06 
AM02 32.12 24.02 20.15 DR02 26.03 23.05 31.13 
AM03 24.26 19.24 26.93 DR03 18.59 19.13 21.16 
AM05 26.46 16.07 22.15 DR04 21.30 19.74 24.57 
AM06 24.04 23.48 31.27 DR05 16.84 22.44 23.20 
AM07 17.58 21.63 20.16 DR06 24.72 30.92 23.27 
AM09 23.89 26.40 21.40 DR07 28.51 24.93 25.00 
AM10 25.40 22.56 26.89 DR08 27.77 21.47 27.46 
MEAN 25.27 22.80 24.16 MEAN 23.15 22.98 24.73 
SEM 1.48 1.42 1.39 SEM 1.51 1.31 1.14 
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Table XXXV time to peak standard deviation of speed (speed_TPSD) (ms) of the 
anesthetized rabbits in amiodarone and dronedarone treated groups on day 0, 7 and 
14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 19.09 44.45 26.62 DR01 41.59 41.95 29.58 
AM02 32.11 51.49 37.74 DR02 28.14 28.10 30.25 
AM03 42.82 55.72 47.38 DR03 25.13 42.09 51.01 
AM05 45.70 27.05 28.78 DR04 31.38 28.67 30.49 
AM06 31.91 26.14 27.01 DR05 30.19 24.60 28.63 
AM07 58.73 21.27 41.35 DR06 33.54 34.71 29.77 
AM09 16.89 34.19 28.46 DR07 26.17 31.03 17.93 
AM10 37.65 24.87 35.48 DR08 22.24 30.58 22.13 
MEAN 35.61 35.65 34.10 MEAN 29.79 32.72 29.97 
SEM 4.89 4.67 2.71 SEM 2.12 2.27 3.41 

 
 
Table XXXVI time to peak Standard Deviation of global displacement (displace_TPSD) 
(ms) of the anesthetized rabbits in amiodarone and dronedarone treated groups on 
day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 40.41 18.53 27.41 DR01 17.42 20.96 20.64 
AM02 26.64 25.09 26.55 DR02 11.37 15.22 21.65 
AM03 16.37 33.06 23.9 DR03 34.23 16.29 37.76 
AM05 35.53 28.9 27.52 DR04 10.81 16.5 16.05 
AM06 24.23 20.25 31.47 DR05 27.62 20.58 30.23 
AM07 30.79 27.41 25.41 DR06 4.23 18.89 23.85 
AM09 21.46 25.26 24.23 DR07 11.10 17.29 5.07 
AM10 10.66 37.43 13.75 DR08 21.73 33.34 20.75 
MEAN 25.76 26.99 25.03 MEAN 17.31 19.88 22.00 
SEM 3.47 2.21 1.82 SEM 3.53 2.06 3.39 
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Table XXXVII global radial plane strain parasternal short axis at basal segmental level 
(GRPS_PSAXB) (%) of the anesthetized rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 0.15 0.16 1.44 DR01 4.72 8.33 5.97 
AM02 6.46 4.45 8.22 DR02 6.32 1.56 1.07 
AM03 4.84 4.45 3.01 DR03 7.51 2.32 4.25 
AM05 4.05 10.46 3.24 DR04 2.76 2.10 2.89 
AM06 4.52 5.48 3.52 DR05 1.72 3.03 3.19 
AM07 6.67 0.32 1.12 DR06 0.14 4.89 7.24 
AM09 2.29 8.83 0.11 DR07 6.15 2.48 1.07 
AM10 5.16 1.07 0.87 DR08 4.60 5.09 7.58 
MEAN 4.27 4.40 2.69 MEAN 4.24 3.73 4.16 
SEM 0.76 1.36 0.90 SEM 0.89 0.79 0.91 

 
 
Table XXXVIII global radial plane strain parasternal short axis at middle segmental 
level (GRPS_PSAXM) (%) of the anesthetized rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 8.87 6.36 4.75 DR01 10.85 11.35 15.76 
AM02 5.02 7.69 10.45 DR02 14.58 12.86 9.8 
AM03 13.99 11.92 13.05 DR03 1.32 9.04 5.26 
AM05 18.71 17.05 11.19 DR04 10.21 12.75 8.46 
AM06 12.84 9.19 17.87 DR05 12.28 3.05 8.26 
AM07 9.02 4.88 9.43 DR06 6.84 8.94 19.84 
AM09 11.46 9.82 6.61 DR07 24.59 24.77 26.48 
AM10 9.59 12.26 14.53 DR08 14.76 7.01 6.96 
MEAN 11.19 9.89 10.99 MEAN 11.93 11.22 12.60 
SEM 1.45 1.36 1.49 SEM 2.38 2.25 2.62 
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Table XXXIX global radial plane strain parasternal short axis at apical segmental level 
(GRPS_PSAXAP) (%) of the anesthetized rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 4.42 1.61 6.33 DR01 7.84 8.71 10.98 
AM02 6.57 4.75 8.36 DR02 17.56 9.98 10.01 
AM03 14.62 17.29 17.18 DR03 5.80 9.56 10.27 
AM05 8.78 8.48 5.12 DR04 10.63 15.09 16.08 
AM06 8.66 7.21 20.86 DR05 12.84 5.82 15.81 
AM07 7.44 6.34 10.69 DR06 17.33 28.02 16.92 
AM09 11.81 14.30 4.20 DR07 16.45 9.09 17.72 
AM10 27.56 15.13 15.82 DR08 13.84 8.84 10.45 
MEAN 11.22 9.39 11.07 MEAN 12.79 11.89 13.53 
SEM 2.58 1.97 2.19 SEM 1.56 2.48 1.19 

 
 
Table XL global radial plane strain averaging (GRPS_Avg) (%) of the anesthetized 
rabbits in amiodarone and dronedarone treated groups on day 0, 7 and 14 in the 
present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 4.48 2.71 4.17 DR01 7.81 9.46 10.91 
AM02 6.01 5.63 9.01 DR02 12.82 8.13 9.88 
AM03 11.15 21.22 11.08 DR03 4.88 6.97 6.59 
AM05 10.51 11.99 6.51 DR04 7.87 9.31 11.48 
AM06 8.68 7.29 14.08 DR05 8.94 3.96 9.09 
AM07 7.71 3.85 7.08 DR06 8.10 13.95 14.66 
AM09 8.52 10.99 3.64 DR07 15.73 12.11 15.09 
AM10 14.1 9.49 10.41 DR08 11.07 6.98 8.33 
MEAN 8.89 9.15 8.25 MEAN 9.65 8.86 10.75 
SEM 1.07 2.08 1.26 SEM 1.20 1.11 1.05 
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Table XLI time to peak standard deviation of radial strain (GRPS_TPSD) (ms) of the 
anesthetized rabbits in amiodarone and dronedarone treated groups on day 0, 7 and 
14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 61.15 68.71 73.45 DR01 50.77 42.56 38.81 
AM02 66.11 59.8 44.78 DR02 17.56 58.85 46.68 
AM03 47.92 59.44 48.75 DR03 51.16 46.48 68.09 
AM05 43.53 32.98 10.00 DR04 49.17 53.39 64.17 
AM06 39.89 46.49 48.70 DR05 59.32 52.38 52.8 
AM07 64.60 65.69 70.35 DR06 59.49 44.73 41.37 
AM09 49.56 48.81 59.08 DR07 48.65 51.33 50.15 
AM10 52.90 53.47 61.42 DR08 28.08 53.83 42.46 
MEAN 53.21 54.42 52.07 MEAN 45.53 50.44 50.57 
SEM 3.46 4.09 7.04 SEM 5.27 1.92 3.78 

 
 
Table XLII global circumferential plane strain parasternal short axis at basal 
segmental  level (GCPS_PSAXB) (%) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 -11.49 -17.31 -15.16 DR01 -9.63 -11.78 -12.53 
AM02 -15.51 -11.51 -12.04 DR02 -12.23 -14.71 -13.92 
AM03 -12.24 -8.21 -15.05 DR03 -6.58 -9.35 -8.43 
AM05 -14.88 -5.27 -11.80 DR04 -13.04 -8.73 -10.55 
AM06 -13.87 -12.35 -12.15 DR05 -11.94 -9.70 -11.65 
AM07 -9.44 -10.85 -10.35 DR06 -12.32 -16.96 -10.31 
AM09 -13.18 -14.79 -13.59 DR07 -13.13 -12.69 -15.69 
AM10 -12.37 -12.67 -16.13 DR08 -16.65 -9.04 -11.65 
MEAN -12.87 -11.62 -13.28 MEAN -11.94 -11.62 -11.84 
SEM 0.69 1.31 0.71 SEM 1.03 1.06 0.79 
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Table XLIII global circumferential plane strain parasternal short axis at middle 
segmental level (GCPS_PSAXM) (%) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 -12.79 -16.34 -13.53 DR01 -11.22 -11.25 -9.16 
AM02 -16.41 -14.63 -7.01 DR02 -13.36 -13.11 -13.73 
AM03 -8.89 -9.07 -9.37 DR03 -8.16 -8.52 -9.55 
AM05 -12.4 -8.53 -9.12 DR04 -10.52 -8.00 -12.53 
AM06 -11.24 -13.85 -14.43 DR05 -8.61 -9.77 -11.98 
AM07 -8.04 -11.46 -9.90 DR06 -12.26 -12.91 -9.37 
AM09 -12.45 -9.19 -11.74 DR07 -12.65 -13.73 -11.22 
AM10 -10.72 -7.79 -13.39 DR08 -12.39 -12.74 -10.56 
MEAN -11.62 -11.36 -11.06 MEAN -11.15 -11.25 -11.01 
SEM 0.91 1.14 0.92 SEM 0.68 0.79 0.58 

 
 
Table XLIV global circumferential plane strain parasternal short axis at apical 
segmental level (GCPS_PSAXAP) (%) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 -16.75 -11.05 -8.38 DR01 -9.68 -8.57 -10.14 
AM02 -12.94 -9.73 -7.55 DR02 -11.68 -6.87 -8.34 
AM03 -10.37 -6.46 -14.42 DR03 -10.85 -10.95 -8.18 
AM05 -9.53 -9.32 -5.69 DR04 -9.02 -8.57 -8.82 
AM06 -12.47 -9.92 -12.3 DR05 -4.75 -9.08 -9.64 
AM07 -9.2 -8.54 -10.38 DR06 -11.88 -11.31 -12.35 
AM09 -10.63 -11.82 -8.08 DR07 -10.11 -8.92 -10.11 
AM10 -12.65 -10.88 -7.74 DR08 -9.34 -7.60 -16.66 
MEAN -11.82 -9.72 -9.32 Mean -9.66 -8.98 -10.53 
SEM 0.87 0.59 1.01 SEM 0.79 0.54 0.99 
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Table XLV global circumferential plane strain averaging (GCPS_Avg) (%) of the 
anesthetized rabbits in amiodarone and dronedarone treated groups on day 0, 7 and 
14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 -13.67 -14.9 -12.36 DR01 -10.18 -10.53 -10.61 
AM02 -14.95 -11.95 -8.86 DR02 -12.42 -11.56 11.53 
AM03 -10.5 -7.91 -12.95 DR03 -8.53 -9.61 -8.72 
AM05 -12.27 -7.71 -8.87 DR04 -10.86 -8.43 -10.63 
AM06 -12.53 -12.04 -12.96 DR05 -8.43 -9.52 -11.09 
AM07 -8.89 -10.28 -10.21 DR06 -12.15 -13.73 -10.68 
AM09 -12.09 -11.93 -11.14 DR07 -11.96 -11.78 -12.34 
AM10 -11.91 -10.45 -12.42 DR08 -12.79 -9.79 -12.96 
MEAN -12.10 -10.89 -11.22 MEAN -10.92 -10.62 -8.19 
SEM 0.65 0.84 0.61 SEM 0.61 0.59 2.85 

 
 
Table XLVI circumferential strain time-to-peak standard deviation (GCPS_TPSD) (ms) 
of the anesthetized rabbits in amiodarone and dronedarone treated groups on day 0, 
7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 21.25 19.49 18.25 DR01 19.69 18.71 13.56 
AM02 24.03 40.91 21.32 DR02 12.95 42.73 35.70 
AM03 10.47 35.34 33.29 DR03 39.84 9.72 29.03 
AM05 13.14 24.39 32.56 DR04 19.41 22.34 15.53 
AM06 13.36 9.25 23.12 DR05 19.25 9.81 12.86 
AM07 26.88 18.36 21.73 DR06 19.44 9.03 15.99 
AM09 42.54 22.22 11.42 DR07 17.86 18.19 7.64 
AM10 7.28 20.54 15.78 DR08 12.80 23.50 16.52 
MEAN 19.87 23.81 22.18 MEAN 20.16 19.25 18.35 
SEM 4.05 3.53 2.69 SEM 2.99 3.93 3.27 
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Table XLVII global radial plane strain rate parasternal short axis basal segmental level 
(GRPSR_PSAXB) (1/s) of the anesthetized rabbits in amiodarone and dronedarone 
treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 2.99 1.11 1.87 DR01 2.68 3.71 1.85 
AM02 3.40 2.07 6.00 DR02 1.70 1.70 1.83 
AM03 1.22 0.52 5.42 DR03 3.97 1.73 1.09 
AM05 1.53 4.28 0.81 DR04 3.76 1.11 1.73 
AM06 1.87 2.40 1.65 DR05 3.57 1.52 1.83 
AM07 2.06 1.18 3.18 DR06 2.37 2.07 2.887 
AM09 2.34 3.24 0.92 DR07 1.43 1.48 2.26 
AM10 2.18 2.42 1.41 DR08 3.38 2.11 3.08 
MEAN 2.19 2.15 2.66 MEAN 2.86 1.93 2.07 
SEM 0.25 0.43 0.72 SEM 0.34 0.28 0.23 

 
 
Table XLVIII global radial plane strain rate parasternal short axis at middle segmental 
level (GRPSR_PSAXM) (1/s) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 2.01 1.91 1.62 DR01 2.91 1.91 3.85 
AM02 1.85 4.93 4.07 DR02 2.79 2.81 2.64 
AM03 2.63 3.03 3.16 DR03 2.31 1.83 1.56 
AM05 4.22 4.17 2.42 DR04 3.14 2.34 1.68 
AM06 3.03 1.92 3.09 DR05 2.53 1.70 1.88 
AM07 3.55 1.51 2.77 DR06 2.03 3.45 3.08 
AM09 3.28 2.09 2.33 DR07 3.40 3.63 4.33 
AM10 1.90 1.79 2.74 DR08 3.08 1.48 2.85 
MEAN 2.81 2.67 2.78 MEAN 2.77 2.39 2.73 
SEM 0.31 0.45 0.25 SEM 0.16 0.29 0.36 
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Table XLIX global radial plane strain rate parasternal short axis at apical segmental 
level (GRPSR_PSAXAP) (%) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 2.58 1.76 2.0 DR01 1.07 2.05 2.31 
AM02 1.36 9.13 2.48 DR02 3.06 2.53 2.45 
AM03 2.94 2.79 4.09 DR03 1.54 2.34 1.57 
AM05 2.30 1.43 1.64 DR04 3.24 3.28 3.23 
AM06 3.12 4.42 3.1 DR05 3.44 1.59 3.71 
AM07 2.18 2.88 2.41 DR06 2.45 3.81 2.51 
AM09 4.79 3.28 1.44 DR07 2.84 1.89 2.48 
AM10 3.47 3.07 3.16 DR08 2.52 2.63 2.85 
MEAN 2.84 3.59 2.54 MEAN 2.52 2.52 2.64 
SEM 0.36 0.85 0.31 SEM 0.29 0.26 0.23 

 
 
Table L global radial plane strain rate averaging (GRPSR_Avg) (1/s) of the anesthetized 
rabbits in amiodarone and dronedarone treated groups on day 0, 7 and 14 in the 
present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 2.53 1.60 1.83 DR01 2.22 2.55 2.67 
AM02 2.20 5.38 4.18 DR02 2.52 2.35 2.4 
AM03 2.26 5.11 4.23 DR03 2.61 1.97 1.41 
AM05 2.69 3.29 1.62 DR04 3.38 2.25 2.21 
AM06 2.67 2.92 2.61 DR05 3.18 1.60 2.47 
AM07 2.60 1.86 2.79 DR06 2.29 3.11 2.82 
AM09 3.47 2.87 1.57 DR07 2.55 2.33 3.14 
AM10 2.52 2.43 2.44 DR08 2.99 2.07 2.93 
MEAN 2.62 3.18 2.66 MEAN 2.72 2.28 2.51 
SEM 0.14 0.49 0.37 SEM 0.15 0.16 0.19 
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Table LI time to peak standard deviation of radial strain rate (GRPSR_TPSD) (ms) of 
the anesthetized rabbits in amiodarone and dronedarone treated groups on day 0, 7 
and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 32.81 54.26 37.64 DR01 43.70 27.61 25.17 
AM02 26.77 64.61 42.09 DR02 19.68 60.71 48.72 
AM03 33.01 26.94 23.75 DR03 29.57 46.76 53.16 
AM05 39.42 18.98 22.75 DR04 38.85 34.36 42.32 
AM06 28.03 36.46 44.36 DR05 46.86 44.85 36.89 
AM07 59.47 36.06 39.31 DR06 52.60 31.48 40.76 
AM09 36.21 19.58 42.41 DR07 29.18 34.71 33.65 
AM10 35.14 44.65 35.58 DR08 27.14 25.51 35.15 
MEAN 36.36 37.69 35.99 MEAN 35.95 38.25 39.48 
SEM 3.61 5.74 2.95 SEM 3.99 4.16 3.12 

 
 
Table LII global circumferential plane strain rate parasternal short axis at basal 
segmental level (GCPSR_PSAXB) (1/s) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 0.51 0.07 0.30 DR01 0.21 0.20 -0.02 
AM02 0.38 0.25 0.57 DR02 0.11 0.30 0.43 
AM03 0.37 0.40 0.05 DR03 -0.12 0.45 0.46 
AM05 0.64 0.51 0.17 DR04 0.24 0.25 0.26 
AM06 0.15 0.02 0.32 DR05 0.13 0.33 0.29 
AM07 0.40 -0.1 0.17 DR06 0.77 0.50 0.14 
AM09 0.37 0.10 -0.03 DR07 0.39 0.16 0.09 
AM10 0.63 0.38 0.46 DR08 0.06 0.30 0.22 
MEAN 0.431 0.204 0.251 MEAN 0.224 0.311 0.234 
SEM 0.057 0.076 0.071 SEM 0.094 0.041 0.058 
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Table LIII global circumferential plane strain rate parasternal short axis at middle 
segmental level (GCPSR_PSAXM) (1/s) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 0.77 0.19 0.19 DR01 0.27 0.22 0.36 
AM02 0.23 0.28 0.18 DR02 -0.16 0.04 0.19 
AM03 0.43 0.36 -0.11 DR03 0.56 0.36 0.39 
AM05 0.36 0.37 0.20 DR04 0.38 0.28 0.28 
AM06 0.09 0.59 0.08 DR05 0.50 0.25 0.40 
AM07 0.33 0.17 0.13 DR06 0.22 0.36 0.12 
AM09 0.21 0.42 0.20 DR07 0.12 0.02 0.13 
AM10 0.21 0.43 0.20 DR08 0.10 0.19 0.35 
MEAN 0.329 0.351 0.134 MEAN 0.249 0.215 0.278 
SEM 0.073 0.049 0.038 SEM 0.083 0.046 0.0401 

 
 
Table LIV global circumferential plane strain rate parasternal short axis at apical 
segmental level (GCPSR_PSAXAP) (1/s) of the anesthetized rabbits in amiodarone and 
dronedarone treated groups on day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 1.85 0.82 0.27 DR01 0.13 0.28 0.25 
AM02 0.03 0.93 0.62 DR02 0.20 0.44 0.36 
AM03 0.67 0.29 0.11 DR03 0.47 0.46 0.47 
AM05 0.23 0.24 0.50 DR04 0.46 0.07 0.53 
AM06 0.34 0.77 0.30 DR05 0.30 0.15 0.41 
AM07 0.57 0.52 0.41 DR06 0.00 0.10 0.08 
AM09 0.22 0.23 0.09 DR07 0.36 0.26 0.12 
AM10 0.21 0.08 0.05 DR08 0.31 0.56 0.11 
MEAN 0.515 0.485 0.294 MEAN 0.279 0.290 0.291 
SEM 0.204 0.113 0.073 SEM 0.057 0.064 0.062 
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Table LV global circumferential plane strain rate averaging (GCPSR_Avg) (1/s) of the 
anesthetized rabbits in amiodarone and dronedarone treated groups on day 0, 7 and 
14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 1.04 0.36 0.25 DR01 0.20 0.23 0.20 
AM02 0.21 0.49 0.46 DR02 0.05 0.26 0.15 
AM03 0.49 0.35 0.02 DR03 0.30 0.42 0.44 
AM05 0.41 0.37 0.29 DR04 0.36 0.20 0.36 
AM06 0.20 0.46 0.23 DR05 0.31 0.24 0.37 
AM07 0.44 0.2 0.24 DR06 0.33 0.32 0.11 
AM09 0.26 0.25 0.09 DR07 0.29 0.15 0.11 
AM10 0.35 0.3 0.24 DR08 0.16 0.35 0.23 
MEAN 0.425 0.347 0.228 MEAN 0.250 0.271 0.246 
SEM 0.096 0.035 0.046 SEM 0.037 0.031 0.045 

 
 
Table LVI time to peak standard deviation of circumferential strain rate (GCPSR_TPSD) 
(ms) of the anesthetized rabbits in amiodaronen and dronedarone treated groups on 
day 0, 7 and 14 in the present study 

Rabbit 
ID 

Day0 Day7 Day14 Rabbit 
ID 

Day0 Day7 Day14 

AM01 63.75 61.33 76.19 DR01 72.78 58.82 55.86 
AM02 35.64 72.0 47.0 DR02 59.01 61.42 60.34 
AM03 62.93 75.19 51.69 DR03 55.35 51.43 84.76 
AM05 34.62 37.59 20.33 DR04 61.31 64.66 72.31 
AM06 19.16 50.61 68.92 DR05 52.13 45.41 59.35 
AM07 74.9 69.67 62.51 DR06 33.72 62.66 66.78 
AM09 61.79 62.79 66.61 DR07 60.7 62.34 45.96 
AM10 64.35 63.07 59.65 DR08 67.53 65.07 29.73 
MEAN 52.14 61.53 56.61 MEAN 57.82 58.98 59.39 
SEM 6.92 4.35 6.14 SEM 4.14 2.47 5.88 
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