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Abstract Öz 
Purpose: The aim of this study was to evaluate the effect 
of astaxanthin on amiodarone induced cardiac tissue 
damage. 
Materials and Methods: 3 groups were formed using 30 
Wistar albino rats. In group 1 (control group) (n=10), 
neither any drugs were given nor anything was performed. 
In group 2 (amiodarone group) (n=10), 100 mg/kg 
amiodarone was given for 7 days. In group 3 
(amiodarone+astaxanthin group) (n=10), 100 mg/kg 
amiodarone and 25 mg/kg astaxanthin were given for 7 
days. Hearts were surgically extirpated in all groups. Blood 
malondialdehyde (MDA) levels and activities of catalase 
(CAT) and superoxide dismutase (SOD) were measured. 
Also, toxicity markers such as edema, hemorrhage, 
fibrosis, inflammatory cell infiltration were assessed by 
examining the slides prepared from cardiac tissue with 
microscopy. 
Results: The MDA levels were significantly higher and the 
activities of SOD, and CAT were lower in group 2 than 
group 3. Tissue damage was significantly higher in group 2 
than group 3. 
Conclusion: According to our short term findings, 
astaxanthin reversed the toxicity of amiodarone on cardiac 
tissue. In the light of these promising results, we suggest 
that astaxanthin usage should be thought to protect the 
cardiac damage due to amiodarone.  

Amaç: BU çalışmada astaksantinin amiodaron kaynaklı 
kalp dokusu hasarı üzerindeki etkisinin değerlendirilmesi 
amaçlanmıştır. 
Gereç ve Yöntem: 30 adet Wistar albino rat kullanılarak 3 
grup oluşturuldu. Grup 1'de (kontrol grubu) (n=10) 
herhangi bir ilaç verilmedi ve herhangi bir işlem yapılmadı. 
Grup 2'de (amiodaron grubu) (n=10) 7 gün boyunca 100 
mg/kg amiodaron verildi. Grup 3'te 
(amiodaron+astaksantin grubu) (n=10) 7 gün boyunca 100 
mg/kg amiodaron ve 25 mg/kg astaksantin verildi. Kalp 
tüm gruplarda cerrahi olarak ekstirpe edildi. Kan 
malondialdehid (MDA) seviyeleri ve katalaz (CAT) ve 
süperoksit dismutaz (SOD) aktiviteleri ölçüldü. Ayrıca kalp 
dokusundan hazırlanan preparatlar mikroskopla 
incelenerek ödem, hemoraji, fibrozis, inflamatuvar hücre 
infiltrasyonu gibi toksisite belirteçleri değerlendirildi. 
Bulgular: Grup 2'de grup 3'e göre MDA düzeyleri anlamlı 
olarak yüksek, SOD ve CAT aktiviteleri daha düşüktü. 
Doku hasarı grup 2'de grup 3'e göre anlamlı olarak daha 
yüksekti. 
Sonuç: Kısa dönem bulgularımıza göre astaksantin, 
amiodaronun kalp dokusu üzerindeki toksisitesini tersine 
çevirdi. Bu ümit verici sonuçların ışığında, biz amiodarona 
bağlı kardiyak hasardan korunmak için astaksantin 
kullanılmasının düşünülmesini öneriyoruz. 
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INTRODUCTION 

Amiodarone, an iodine-rich benzofuranic 
derivative, is currently used as an antiarrhythmic 
agent in the treatment of arrhythmias such as 

ventricular arrhythmias, paroxysmal 
supraventricular tachycardia, and atrial 
fibrillation1. The high iodine content of 
amiodarone limits its use and causes adverse 
effects on the thyroid and other tissues2. 
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Amiodarone exhibits significant side effects 
such as hypothyroidism, pulmonary toxicity, 
hypersensitivity, hepatic injury and optic 
neuropathy3-5. Samarendra et al reported that 
amiodarone could cause prolonged QT interval 
and torsade de pointes6. Harb et al designed a 
study to assess the the effect of amiodarone on 
cardiac injury during status epilepticus and they 
reported that amiodarone treatment prevented 
the cardiac tissue damage due to epilepsy7. 
However, there is still conflict about the 
protective effect of amiodarone on cardiac 
tissue. When given for longer than 1 month, 
amiodarone causes a number of histological 
changes, including intertubular leukocyte 
infiltration, degeneration of the renal tubules, 
and glomerular atrophy8. Amiodarone inhibits 
the liposomal phospholipase enzyme. Also, it 
increases phospholipid and free radical levels, 
which causes cell death9.  

Astaxanthin is an important xanthophyll 
carotenoid pigment which is found in 
microalgae, mushrooms, seafood, flamingos and 
quails and used in the food, cosmetics and feed 
industries10. In addition to the very strong 
antioxidant properties of astaxanthin; it is 
thought to have many properties such as 
protective effect against UV light photo-
oxidation, anti-inflammatory, anticancer, 
antidiabetic, anti-ulcer effects due to 
Helicobacter pylori. Also,  astaxanthin is an 
immunomodulatory molecule and contains a 
healing effect on liver, heart, eye, joint and 
prostate11, 12. In a study in which a diabetic 
retinopathy model was created, astaxanthin 
increased the level of oxygenase 1 enzyme and 
restored homeostasis in the cell13. It is known 
that astaxanthin has been used successfully in 
the treatment of many pathologies such as 
Alzheimer's disease, Parkinson's disease, 
Huntington's disease, Amyotrophic Lateral 
Sclerosis, and especially neurological disorders14, 

15. Therefore, we thought that an antioxidant 

chemical such as astaxanthin could be useful to 
improve the negative effects due to amiodarone. 
The aim of this study was to reverse the cardiac 
damage in rats given amiodarone with 
astaxanthin.  

MATERIALS AND METHODS 

In this study, it was investigated whether 
astaxanthin was effective in cardiac tissue 
damage due to amiodarone in Wistar Albino 
rats. The amiodarone and astaxanthin used in 
the study were obtained from a local pharmacy.  

Study design 

A total of 30 adult Wistar albino rats weighing 
150-220 g were included in the study. Smaller 
and larger rats were not included in the study. 
Animals were obtained from Erciyes University 
Animal Experiments Department. The study 
was conducted at Erciyes University School of 
Medicine, Department of Histology and 
Embryology. Ethical approval of the study was 
received from Erciyes University Animal 
Experiments Local Ethics Committee. The date 
and number of the document of ethical approval 
was 07.12.2022 and 22/278, respectively. Rats 
were fed ad libitum feeding method with free 
access to water and food and were exposed to 
20-22 ͦ C temperature and 12-hour light/dark 
periods.  

The groups and given drugs are shown in Table 
1. The amiodarone and astaxanthin used in the 
study were administered 100 mg/kg and 25 
mg/kg dosages, respectively16. Ketamine 
hydrochloride (50 mg/kg, Ketalar, Eczacıbaşı, 
İstanbul, Turkey) and xylazine hydrochloride (5 
mg/kg, Rompun, Bayer, Leverkusen, Germany) 
were administered intraperitoneally for 
anesthesia. Blood was collected from rats by 
cardiac puncture. Then, the cardiac tissues were 
surgically removed and the animals were 
sacrificed by cervical dislocation. 
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Table 1. Experimental groups and given drugs. 
Number of the groups Groups The numbers of rats The substance  
1 Control group 10 None 
2 Amiodarone group 10 amiodarone (100 mg/kg/day) 7 

days 
3 Amiodarone+astaxanthin 

group 
10 amiodarone (100 mg/kg/day 7 

days+ astaxanthin 25 mg/kg/day 
(350 μl dissolved in olive oil, 
oral) 7 day 

 

Histopathology 

Tissues were fixed in formaldehyde solution and 
then embedded in paraffin. Sections of 5 µm in 
diameter were taken. Sections were stained with 
hematoxylin-eosin stain. In addition, staining 
with bcl 2 was performed 
immunohistochemically. Samples were 
examined with a light microscope (Olympus® 
Co. CX41 Tokyo, Japan). Damage to cardiac 
tissue was evaluated using the modified scoring 
system. Histopathological scoring was made 
according to the highest area. By semi-
quantitative semi-quantitative analysis; Four 
categories were determined (0: Absent 1: 
Minimal 2: Mild 3: Moderate 4: Severe) and 
parameters were scored accordingly 17.The 
parameters of edema, hemorrhage, fibrosis, 
inflammatory cell infiltration were used to 
determine the degree of histopathological 
damage.  

Immunohistochemistry 

Bcl 2 expression levels were graded using the 0-
3+ range. (bcl 2; 0: no staining, 1: less than 10% 
nuclear staining in the heart parenchyma, 2: 
nuclear staining of 10-30% in the heart 
parenchyma, 3: more than 30% nuclear staining 
in the heart parenchyma). 

Biochemistry 

Malondialdehyde (MDA) levels and superoxide 
dismutase (SOD) and catalase (CAT) activities 
were measured by calculating absorbance in a 

spectrophotometer (Shimadzu UV 1800, Kyoto, 
Japan). The thiobarbituric acid test was used to 
calculate MDA levels18. SOD enzyme activity 
was determined by Marklund et al. It was 
calculated according to the method reported 
by19. CAT activity was measured as stated by 
Aebi et al20. 

Statistical analysis 

Statistical Package for the Social Sciences (22.00 
SPSS Inc., Chicago, IL) was used for statistical 
analysis. Power analysis was used and the sample 
size was calculated as at least 8 for each group 
with 80% accuracy. Chi-square for categorical 
variables and independent t-test for numerical 
values were used. One-way ANOVA test was 
used for levels of blood MDA, and activities of 
SOD and CAT. Tissue damage scores were 
compared by nonparametric chi square test. P 
value < 0.05 was considered statistically 
significant. 

RESULTS 

Blood MDA levels and SOD and CAT enzyme 
activity levels are shown in Table 2. MDA levels 
in the amiodarone group were significantly 
higher than those in the amiodarone + 
astaxanthin group (p < 0.05). When the SOD 
and CAT enzyme activities were compared, the 
values in the amiodarone group were lower than 
the amiodarone + astaxanthin group, the 
difference was statistically significant (p < 0.05). 
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Table 2. Comparison of malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) levels 
according to groups. 

Groups (n = 10) MDA (nmol/mg) SOD (U/mg) CAT (U/mg) 
Control group 11.52 ± 2.93 49.78 ± 8.06 88.34 ± 14.76 
Amiodarone group 27.02 ± 6.71* 17.82 ± 4.33* 32.86 ± 9.25* 
Amiodarone+astaxanthin group  17.43 ± 4.10* 36.54 ± 6.27* 56.70 ± 11.31* 

MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase 
Data were expressed as ± standard deviation 
* Significant difference between groups 2 and 3 (p < 0.05) 

 

There was no difference between the groups in 
terms of the macroscopic appearance of the 
tissues. When the damage to the cardiac tissue 
was scored, the histopathological damage in the 

amiodarone group was significantly higher than 
the amiodarone + astaxanthin group (p < 0.05). 
Damage levels in tissues are shown in Table 3. 

Table 3. Distribution of histopathological findings according to groups 
Groups (n = 10) Edema Hemorrhage Fibrosis Inflammatory cell infiltration 
Control group 0 0 0 0 
Amiodarone group 2* 1 2* 2* 
Amiodarone+astaxanthin group  1* 1 1* 1* 

*  Significant difference between groups 2 and 3 (p < 0.05). 
The highest area was determined and histopathological scoring was performed. Four categories (0: Absent 1: Minimal 2: Mild 3: Moderate 
4: Severe) were determined by semi-quantitative analysis and the parameters were scored accordingly.  

 

 
Figure 1. Evaluation of the cardiac tissue with light microscopy. (A) Cardiac parenchyma view of rats in the 
control group (H&E, x200). (B) Cardiac parenchyma view of rats in the amiodarone group. Significant 
hemorrhage and inflammatory cell infiltration were observed (H&E, x200). (C) Cardiac parenchyma view of 
rats in the amiodarone+astaxanthin group. Local inflammatory cell infiltration and hemorrhage were observed 
(H&E, x200). 

 

 
Figure 2. Evaluation ofcardiac tissue with bcl 2 immunostain. (A) Cardiac parenchyma view of rats in the 
control group (x200). (B) Cardiac parenchyma view of rats in the amiodarone group. (x200). (C) Cardiac 
parenchyma view of rats in the amiodarone+astaxanthin group. (x200).  
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In the control group, the parenchyma structure in the 
heart tissue appeared normal and the cellular 
architecture was intact (Figure 1A). Edema, 
hemorrhage, inflammatory cell infiltration and 
fibrosis were observed in the amiodarone group 
(Figure 1B). Minimal parenchymal damage was 
observed in the amiodarone + astaxanthin group 
(Figure 1C). When the preparations stained with Bcl 
2 were examined, it was determined that the 
parenchymal destruction caused by amiodarone was 
reversed with astaxanthin (Figure 2A, B, C). 

DISCUSSION 

In this randomized controlled experimental 
study, the effect of astaxanthin on the cardiac 
toxicity of amiodarone was investigated. To our 
present knowledge, this is the first study to 
investigate the protective effect of astaxanthin 
against amiodarone-induced cardiac injury. 
Short-term findings show that MDA levels in 
the amiodarone group were significantly higher 
than those in the amiodarone + astaxanthin 
group, while SOD and CAT enzyme activities 
were significantly lower (p < 0.05). In addition, 
it was observed that tissue damage, which was 
more pronounced in the amiodarone group, 
regressed with the administration of astaxanthin. 
Our results were consistent with the thesis that 
cardiac damage and structural changes 
secondary to amiodarone can be reduced by 
administering an antioxidant. 

Amiodarone, a class 3 antiarrhythmic, has many 
side effects such as acute liver failure, 
nephrotoxicity, cardiac arrest, adult respiratory 
distress syndrome and hypotension21. Serviddio 
et al. suggested that amiodarone increases 
mitochondrial hydrogen peroxide synthesis, 
resulting in increased lipid peroxidation and cell 
damage22.  Other theories regarding the 
pathogenesis of amiodarone-induced toxicity 
include oxidative stress, free radical increase, 
phospholipase inhibition, membrane 
destabilization23.  

Since oxidative stress plays an important role in 
the pathogenesis of amiodarone toxicity, 
antioxidants can be used to reduce these side 

effects. Astaxanthin, which is a pigment in many 
plants, is a natural component that contains 
antioxidant, antiproliferative, anti-inflammatory 
properties and is also called carotenoid24. 
Astaxanthin, which is also obtained from algae 
such as Haematococcus pluvialis or fungi such 
as Phaffia rhodozyma and is in red, has been 
touted as a unique antioxidant that prevents cell 
and tissue damage caused by oxidative stress12. 
The importance of a natural and antioxidant 
substance, lycopene, was demonstrated to 
protect the damage due to oxidative stress in a 
previous study25. Kara et al reported that an 
antioxidant molecule, resveratrol, could reverse 
the adverse effects of oxidative stress26. 
Therefore, we thought that the astaxanthin 
molecule, which has strong antioxidant 
properties, may be effective in preventing 
amiodarone-induced cardiac toxicity. 

In this study, subsequent addition of astaxanthin 
to rats given amiodarone resulted in a decrease 
in MDA levels and an increase in SOD and CAT 
enzyme activities. The protective effect of the 
astaxanthin molecule has also been confirmed 
histopathologically. When the parameters 
indicating damage were scored, the score in the 
amiodarone+astaxanthin group was found to be 
lower than that in the amiodarone group. 
Limitations of the study are the difficulty in 
adapting the findings in rats to humans and the 
relatively small sample size. 

Astaxanthin was found to be effective in 
preventing amiodarone-induced cardiac damage. 
Our findings were promising to plan and design 
for new studies. In conclusion, large randomized 
and controlled clinical trials are necessary to 
evaluate the protective effect of astaxanthin on 
amiodarone-induced cardiac damage.  
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