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Numerous forms of liver damage, from moderate enzyme increase to severe acute liver 

failure, have been linked to Amiodarone (AMIO), a commonly used antiarrhythmic drug. 

The present study aimed to evaluate the changes in rabbits' liver resulting from short-

term administration of AMIO, in addition to studying the ameliorative effect of vitamin 

E (VIT. E) on these changes.  In this study, three main groups were involved: the control 

or normal group, AMIO group intraperitoneally (ip) injected with 160 mg AMIO/kg 

bw/day, and the third group orally dosing 100 mg/kg bw of VIT. E with the 160 mg 

AMIO/kg bw (ip)/day for two weeks. Fourier transform infrared spectroscopy (FTIR) 

study was performed on liver samples. The results confirmed that AMIO administration 

was associated with a change in the absorption intensity after the normalization of all 

spectra. Additionally, varying effects on the constituents of liver cells in fingerprint and 

NH-OH regions were noticed. The bandwidth of the CH2 asym. band showed a signifi-

cant reduction. Furthermore, the coadministration of VIT.E with AMIO enhanced most 

of the observed changes. Deconvolution of the amide I region revealed that the percent-

age of the β-turn was significantly elevated while the α-helix and β-sheet contents were 

decreased. Coadministration of VIT.E has the reverse effect on α-helix content. So, our 

study revealed that medication by AMIO could produce changes in liver proteins and 

lipids. VIT.E coadministration has an enhancement on these changes, which makes it a 

good supplement for those who are treated with AMIO. 
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1. Introduction  

Amiodarone (AMIO) is considered one of the di-

iodinated benzofuran derivatives. It was used in the 

treatment of angina in the mid-20th century.  In addi-

tion, it has been found to have beneficial effects on 

heart rhythm, as it can treat arrhythmias that may cause 

sudden death. Since the approval of AMIO by the Unit-

ed States Food and Drug Administration (USFDA) in 

1985, it has been consumed worldwide to medicate ven-

tricular arrhythmia [1-3]. Although potassium channel 

blockage is AMIO mechanism of action in the heart, it 

can also block calcium and sodium channels as well as 

α-adrenergic and β-adrenergic receptors [4].  

Many users of AMIO drug have noticed that it is as-

sociated with some side effects that have arisen, such as 

its impact on the liver, kidneys, optic nerve, and lungs 

[5]. Therefore, about 23% began to refrain from using it 

at its initial appearance. In the long term, after the de-

velopment of these side effects, nearly half of its users 

have refrained from using it [6, 7]. Approximately 14% 

to 82% of patients treated with AMIO experience liver 

problems, which are characterized by a slight increase 

in blood transaminase [8]. About 25% of people on the 

medication had increased liver enzymes, and 3% had 

"symptomatic" hepatitis [4]. Amiodarone-induced tox-

icity has been attributed to various mechanisms, such as 

phospholipidosis, lipid peroxidation, and stimulation of 

the production of reactive oxygen species; this may lead 

to increased biomolecule oxidation [8]. Experimental 

studies have proven that AMIO has oxidative stress due 

to its effect on mitochondrial H2O2, as it works to in-

crease its production [9]. Vitamin E (VIT. E) is a pow-

erful antioxidant since it can scavenge lipid free radicals 

by participating hydrogen ions from its phenolic group 

on the chromanol ring [10]. 

In 2011, Zidane demonstrated that it is possible to 

overcome lysosomal phospholipidosis caused by AMIO 

by taking VIT. E [11]. In addition, other studies have 

shown the beneficial effects of VIT. E on the lungs, 

which have been negatively affected by the AMIO med-

ication [12]. In 2009, Zaki and others demonstrated that 

the intake of VIT. E alongside AMIO can reduce the 

deposits of phospholipids in liver cells and lessen the 

harmful effects on the nucleus [13].  

So, the recent study has focused on providing AMIO 

to rabbits and evaluating the changes in their livers re-

sulting from AMIO short-term administration, in addi-

tion to studying the ameliorative effect of VIT. E on it 

by using FTIR spectroscopic analysis.  

2. Materials and methods 

2.1. Materials  

Cordarone®, 200 mg (AMIO commercial form) and 

VIT. E 400 mg was acquired from Sanofi and Pharco 

Pharmaceuticals Company respectively. The remaining 

chemicals were obtained from Sigma Aldrich. Animals 

used in this study were New Zealand white rabbits 

(male and female) which were haphazardly chosen from 

the animal house facility located at the Research Insti-

tute of Ophthalmology in Giza, Egypt. The methodolo-

gy was accepted by the local ethics committee in ac-

cordance with The Association for Research in Vision 

and Ophthalmology guidelines (approval number 

103/2018). The animals were kept under optimum con-

ditions (proper ventilation, consistent airflow and light-

ing, a normal feed, and temperature: 25±2 °C). 

2.2. Methods  

Rabbits were categorized into three groups, with ten 

rabbits in each group (totaling 20 eyes). One group 

served as the normal one, and the second group re-

ceived an intraperitoneal (ip) injection of 160 mg/kg 

body weight (bw) of AMIO (2 ml for each rabbit) every 

day for two weeks [14]. Finally, the last group was dos-

ing 100 mg/kg bw of VIT. E orally, along with an ip 

injection of 160 mg/kg of AMIO per day for the same 

duration [11].  

After ending the dosing interval, rabbits were decapi-

tated and dissected, and their livers were removed to 

carry out FTIR spectroscopic analysis. To acquire the 

FTIR spectra, transparent KBr disks were prepared by 

pressing a combination of 5 mg of liver tissue powder 

with 95 mg of KBr powder. The device used for this 

measurement was Nicolet is5 an infrared spectropho-

tometer with an effective resolution of 2 cm-1. Continu-

ous Nitrogen gas flow was applied while recording the 

FTIR spectra to eliminate the noising effects of ambient 

Carbone dioxide and water vapor on the results. Ordi-

narily, each sample has 100 interferograms. For more 

noise reduction, the spectra were smoothed using the 

Savitsky-Golay smooth function (11 points). The spec-

tral data for each sample within the same categorical 

group were subjected to averaging. Consequently, the 

comprehensive group spectrum can be derived utilizing 

the OriginPro 2016 (64-bit) software suite developed by 

Origin Lab Corporation, Northampton, MA 01060, 

USA. The resultant group spectrum was meticulously 

adjusted and assessed by employing the identical soft-

ware program. [15]. 

2.3. Statistical analysis 

The results were presented as the mean±SD. One-way 

ANOVA was conducted to compare groups using 

SPSS-11 for Windows (SPSS Inc., Chicago, IL, USA), 

with a significance threshold of p < 0.05. 

3. Results 

Figure 1 exhibited the overlaid FTIR graph of the 

normal liver, AMIO, and Vit. E groups with the range 

4000-900 cm-1. By studying this graph, it was observed 

that the injection of the AMIO drug produced a de-

crease in absorption intensity compared to the normal 

group, while co-administration of Vit. E makes it look 

like the control one. 

By analyzing the Fourier transform, we can obtain 

four main regions that are the subject of study. They are 

as follows; (stretching NH-OH region) 4000 – 3000 cm-

1, (CH stretching region) 3000 – 2800 cm-1, (fingerprint 

region) 1800 – 900 cm-1 and (Amide I region) 1700 – 

1600 cm-1 
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NH-OH region. 

NH-OH stretching region for control and all studied 

groups in the range 4000–3000 cm-1 were displayed in 

Figure 2. The overlaid spectra shown in panel (a) illus-

trated that treatment with AMIO changed the pattern of 

the bands concerning normal samples. After deconvolu-

tion as shown in panel (b), the outline of the control 

group was divided into six structural bands, which were 

positioned at 3622±4, 3490±3 cm-1, 3364±5 cm-1, 

3250±4 cm-1, 3140±2 cm-1, and 3064±3 cm-1, corre-

sponding to stretching OH (strO-H), OH asymmetric (O-

Hasym), asymmetric N-H (N-Hasym), O-H symmetric (O-

Hsym), N-H symmetric (N-Hsym), and finally, C-H ring. 

Assignments stated in Table 1 were founded on 

Dovbeshko et al. [16]. After the AMIO injunction, the 

first band corresponding to the (strO-H) shifted to a low-

er frequency, and its width stimulated a significant 

growth (p˂0.05). The OH asymmetric band also 

showed an obvious rise in wavenumber and a clear de-

crease in bandwidth. In addition to these changes, the 

N-Hasym and O-Hsym modes were split into two bands. 

Likewise, the O-Hsym band is centered at 3250±4 cm-1. 

Moreover, the residual vibrational bands N-Hsym and 

aromatic CH bond were missed in the AMIO group. 

Coadministration of VIT. E with AMIO showed some 

enhancements, like the re-emergence of the C-H ring 

band and the disappearance of splitting occurring in the 

N-Hasym and O-Hsym modes. In addition to some recov-

ery in the frequency of the remaining bands. 

 
Figure 1: FTIR spectra for liver tissue of control rabbits, 

AMIO and AMIO with VIT. E groups. 

 
Figure 2: NH-OH region (4000-3000 cm-1) related to con-

trol Liver, AMIO and VIT. E treated groups. 

Table 1: NH-OH region (4000-3000 cm-1) of Liver tissue for control and all studied groups. 

 strO–H O-Hasym N-Hasym O-Hsym N-Hsym C-Hring 

Control  3622±4 

101±5 
 

3490±3 

306±2 

3364±5 

124±2 
 

3250±4 

174±3 
 

3140±2 

123±3 

3064±3 

68±4 

AMIO 3564±3* 

139±2* 
 

3432±4* 

95±3* 

3372±4 

54±3* 

3327±4 

15±1 

3290±5* 

103±3* 

3223±3 

212±4 
  

AMIO  

+ VIT. E 

3582±5* 

163±3* 

3513±4 

52±1 

3450±2* 

84±5* 

3370±2 

105±4* 
 

3255±3 

196±6* 
  

3100±3* 

110±5* 
* Statistically significance 

Mean±SD expressed for all bands. The first line showed the wavenumber (cm-1), the second line for the bandwidth. 

 

CH region 

As shown in Figure 3, the CH stretching region has 

been displayed, which ranges from 3000 to 2800 cm-1. 

From panel (a), it is noticed that AMIO administration 

causes a reduction in the absorption intensity, and ad-

ministration of VIT.E with AMIO increases the intensi-

ty to mimic the control one. The curve enhancement 

procedure in the control liver indicated the existence of 

three bands located at 2967±2, 2928±2, and 2861±1, 

cm-1, corresponding to asymmetric CH3 (asymCH3), 

asymmetric CH2 (asymCH2), and symmetric CH2 

(symCH2), respectively. These components have been 

approved according to what Bozkurt et al. have proven 

[17]. Band position and width variations according to 

AMIO and VIT. E coadministration of these stretching 

vibrational modes was displayed in Table 2. Treatment 

with AMIO did not show clear changes except for the 

significant decrease in the bandwidth of asymCH2 mode. 

This decrease disappeared after the coadministration of 

VIT. E with AMIO, and its width mimics the control.  

 

 
Figure 3: spectra of CH stretching region (3000-2800 cm-1) 

of control liver and all studied groups 
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Table 2: CH region (3000-2800 cm-1) of liver tissue for 

control and all studied groups. 

. asymCH3 asymCH2 symCH2 

Control  
2967±2 

29±3 

2928±2 

52±1 

2861±1 

47±3 

AMIO 
2966±1 

31±2 

2927±1 

44±2* 

2863±1 

50±3 

AMIO + VIT. E 
2967±2 

30±5 

2928±2 

49±2 

2864±3 

49±2 
 * Statistically significance 

Mean±SD expressed for All bands. The first line shows the 

wavenumber (cm-1), and the second line for the band-

width. 

Fingerprint region  

The curve deconvolution methodology facilitated the 

extraction of eleven vibrational bands from the spectral 

pattern of the control group: the control group pattern: 

1405±1 and 1384±2 cm-1 corresponding to COOsym, 

1089±2 and 1062±2 cm-1 related to PO2sym, 1740±2, 

1647±2, 1542±1, 1447±1, 1310±2, 1234±1 cm-1 and 

1157±2 cm-1 corresponding to EsterC=O, Amide I, Am-

ide II, bendCH2, CH3 def, PO2asym and COOCasym respec-

tively. These assignments agreed with Cakmak et al. 

[18]. 

The fluctuations in vibrational frequency and band-

width result from the injection of AMIO either alone or 

with VIT. E relative to the control was illustrated in 

Table 3. From Figure 4 and Table 3, we can notice the 

impacts of AMIO on the EsterC=O vibrational mode. 

There was a shift towards the lower position accompa-

nied by an increase in the bandwidth. Co-administration 

of VIT.E. improved these outcomes. Lessen in band-

widths of the amide I, bendCH2, CH3Def, and COOCassym 

modes after AMIO injection. Conversely, amide II, 

COOsym, and both PO2sym and PO2asym have significant 

increases in bandwidths. Besides the disappearance of 

the first band of PO2sym and the second band of COOsym 

mode. 

Coadministration of VIT. E with AMIO caused an 

improvement in the frequency of EsterC=O, Amide I, 

Amide II, and bend CH2 and CH3 def modes, but they still 

need little enhancement in their widths but are better 

than the AMIO group. Additionally, two missed bands 

that correlate to COOsym and PO2sym have reappeared; 

nevertheless, the position and width of the PO2sym sec-

ond band still require improvement. After VIT. E co-

administration, most of the fingerprint region compo-

nents became near normal values. 

 
Figure 4: FTIR spectral region (1800-1000 cm-1) corre-

sponding to fingerprint region of control liver and all stud-

ied groups 

 

Figure 5: Amide I region FTIR spectra (1700-1600 cm-1) 

assigned to control liver and all studied groups 

Table 3: Fingerprint region (1800-900 cm-1) of the liver tissue for control, AMIO, and VIT. E. treated groups. 

 Ester 

C=O 

Amide 

I 

Amide 

II 
bend 

CH2 
COOsym 

CH3 

def 

PO2 

asym 
COOasym PO2 sym 

Control  
1740±2 

42±3 

1647±2 

101±4 

1542±3 

73±1 

1447±1 

71±3 

1405±1 

30±1 

1384±2 

45±3 

1310±2 

124±4 

1234±1 

56±2 

1157±2 

101±5 

1089±3 

35±3 

1062±2 

101±2 

AMIO 
1723±1* 

63±2* 

1647±1 

71±3* 

1548±2 

83±4* 

1456±2* 

44±1* 

1404±2 

67±1* 
 

1313±2 

99±2* 

1233±2 

67±1* 

1165±1* 

43±2* 
 

1073±3* 

121±1* 

AMIO + 

VIT. E 

1736±2 

49±4 

1648±2 

93±3 

1542±2 

71±1 

1449±2 

64±3 

1406±1 

33±2 

1384±2 

46±2 

1309±2 

130±3 

1234±1 

58±3 

1143±1* 

94±3 

1088±1 

43±5 

1139±1* 

75±3* 

* Statistically significance 
Mean±SD expressed for All bands. The first line shows the wavenumber (cm-1), and the second line for the bandwidth. 

Amide I 

Amide I spectra were represented as shown in Figure 

5, which ranged from 1700 to 1600 cm-1. This region is 

critical as a result of its sensitivity in providing insights 

regarding the secondary structure of proteins. It origi-

nates from the stretching vibration of protein functional 

groups. The resulting curve was enhanced and separated 

the amide I area into three structural components: β-turn 

structure, α-helix, and β-sheet modes. 

The area percentage of Amide I components, which 

suffer from many fluctuations due to AMIO injection, 
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was exhibited in Figure 6 and Table 4. The β-turn per-

centage area has obviously risen, whereas the β-sheet 

and α-helix content were significantly decreased. Coad-

ministering VIT.E. with AMIO reduced protein content 

changes and returned to normal levels, but enhancing 

was still required. Additionally, the α-helix quantity in-

creased. Subsequently a reduction in the total intensities 

of absorbed spectra of all bands of the Amide I region 

after AMIO injection was noticed, but this deficiency 

was overcome after VIT. E coadministration and absorp-

tion intensities were restored to normal levels. 

4. Discussion 

Recently, the importance of using FTIR in studying the 

structure and properties of biomacromolecules in biolog-

ical tissues has increased. This is due to its ability to 

highlight fine details in the structures of proteins and 

lipids, their composition, the arrangement of their func-

tional groups, and their quantities. Additionally, it accu-

rately exposes protein chains and detects saturation and 

unsaturation within fats, revealing any imbalances or 

disorders in the biological system [19].  

In the current study, many changes appeared in the 

NH-OH region, which is a clear indication of the disrup-

tion in the secondary structures of proteins, fats, and 

polysaccharides. Liver samples were dried thoroughly to 

prevent interference and the effect of water molecules 

from appearing in the Fourier spectroscopic analysis. 

After spectra analysis in the group injected with AMIO, 

many changes appeared, especially in the strO-H vibra-

tional mode. This often indicates numerous changes in 

the hydrogen bonds and their sites in liver proteins. The 

fluctuations in positions and bandwidths of O-Hasym and 

O-Hsym bands give us information about the development 

of new hydrogen bonds or the destruction of the original 

ones, which can be among the most important links be-

tween liver tissue and drug components. Moreover, 

AMIO treatments also affected liver membrane constitu-

ents by affecting the symmetric and asymmetric vibra-

tional modes of NH groups, indicating a molecular alter-

ation in liver proteins [20].  

Furthermore, the CH region is one of the regions 

where, through its study, we can obtain a precise and 

detailed description of the phospholipid's components. 

Since any variations in the wavenumber and width of 

asymCH2 and symCH2 bands are directly and sensitively 

related to the quantity and concentrations of lipid com-

ponents in liver tissue; As a result, any decrease in the 

bandwidths or intensity of the asymCH2 band following 

AMIO administration means a lessening in the lipid con-

centration and alignment of liver tissue acyl chains, 

which may cause disturbances in lipid metabolism and 

produce lipid content reduction[21, 22]. After VIT. E 

coadministration, CH region has significant improve-

ment in asymCH2 width and contour absorption intensity. 

In the fingerprint region, the absorption band 1740 ±4 

cm-1 corresponding to C=O vibrational band of the car-

boxylic acid found in amino acid was decreased in 

wavenumber and increased in bandwidth. This may be 

associated with the destruction of original hydrogen 

bonds and the construction of new ones [23].  

Table 4: Area percentage for the secondary structure of 

protein components for the liver of Amide I (1700-1600 cm-

1) region for control and all studied. 

 β-turn 

(%) 

α-helix (%) β-sheet (%) 

Control  9.4±3 56.7±3 33.9±2 

AMIO 44.4±2* 48.7±1* 6.9±3* 

AMIO + VIT. E 20.3±2* 77.2±2* 2.5±2* 

* Statistically significance 

 
Figure 6: Area percentage for secondary structure of pro-

tein components β-turn structure, α-helix, and β-sheet of 

the liver for control and all studied groups. 

In addition to Amide I, COOsym, and CH3 deformation 

bands have reductions in bandwidths, which may pro-

duce protein insolubility and aggregation with less fold-

ing; also, the absence of the second band assigned to the 

COOsym mode may indicate a drop in the liver fatty acid 

content. Due to this instability in the COO mode (asym-

metric and symmetric), most fatty acids will suffer from 

instability in the confirmation, likewise cholesterol es-

ters, lipids, and nearly all of the biomolecules in liver 

tissue [17].  

Furthermore, the alterations found in nearly all of the 

fingerprint bands were indicative of changes in the lipid 

constituents produced after AMIO injection since the 

length of the fatty acid chain is sensitive to the absorp-

tion location of the EsterC=O band, lipid ester is assigned 

to the width of the COOsym and COOasym modes, and the 

phosphodiester backbone of phospholipids is owned by 

the asymPO2 and symPO2 bands [5]. The changes in 

bandwidth related to liver lipids (specifically asymCH2, 
bend CH2, and COO modes) resulting from AMIO admin-

istration may be linked to the fact that AMIO is a highly 

lipophilic compound. This property enables it to accu-

mulate in adipose tissue and organs such as the liver. 

When present, AMIO can disrupt normal lipid metabo-

lism, leading to alterations in the structural organization 

of lipid acyl chains within liver cells. [24].   

Obviously, the changes observed in previous bands 

were a sign of an alteration in the assembly and confor-

mation of lipids, proteins, fatty acids, and genetic mate-

rial in liver tissue due to AMIO administration. In the 

VIT.E. group, most of the fingerprint region bands have 

improved in their wavenumbers and bandwidths. The 

damage caused by the consumption of AMIO in liver 
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cells may be attributed to hepatic dysfunction that may 

lead to apoptosis and necrosis of the hepatocytes [25]. 

This may be related to the fact that adipose tissues and 

high blood perfusion organs like the skin and liver most-

ly have concentrated AMIO; this is due to the lipo-

philicity of the AMIO drug, Long-term use may cause a 

variety of adverse effects like photosensitivity, hypothy-

roidism, and hepatic impairment [26]. In the same con-

text, Saleem et al. (2017) [27] stated that AMIO also 

activates the magnesium-dependent neutral sphingomye-

linase pathway by reducing glutathione levels, which 

then induces oxidative stress-increasing and hepatocyte 

apoptosis [28]. 

Protein structure is mainly related to Amide I absorption 

intensity; by spectra analysis, we can monitor the second-

ary structures of proteins and polypeptides. This is due to 

the sensitivity of protein structure to C=O stretching 

mode. So we can say that the variations in α-helix, β-

sheet, and β-turn contents in the AMIO group belong to 

the significant changes in the liver protein solubility and 

folding leading to protein structure with different compo-

sitional characteristics. This might be a transitional state, 

progressively resulting in an increase in -turn structural 

content which may indicate protein aggregation and liver 

tissue geometry disorders [29]. Amiodarone can lead to 

liver damage, which ranges from mild elevations in serum 

aminotransferases to severe liver failure requiring trans-

plantation. The incidence of liver toxicity is reported to be 

between 15% and 30%, with some cases progressing to 

cirrhosis [30]. Amiodarone administration in rats resulted 

in significant liver damage, including disrupted hepato-

cytes, increased vacuolations, and damaged organelles. 

The microvilli of bile canaliculi were disrupted, and there 

was an increase in lipid content within hepatocytes [13]. 

Recent studies have proven that vitamin intake has nu-

merous beneficial and healthy effects in overcoming 

many diseases and improving the functions of organs such 

as the eyes, heart, and optic nerve [5, 20, 31]. Especially 

VIT. E, when taken alongside AMIO, shows clear im-

provements in various organs, such as reducing lysosomal 

phospholipidosis and AMIO toxicity. Systematic reviews 

indicate that VIT. E supplementation significantly reduces 

liver enzymes and improves histological features such as 

steatosis and inflammation in nonalcoholic fatty liver dis-

ease patients, although its effect on fibrosis remains un-

certain [32]. Additionally, VIT. E, particularly α-

tocopherol, can protect the retinal tissue from oxidation-

harmful effects and lower the chance of age-related macu-

lar degeneration emerging [28]. These effects also align 

with what has been studied and proven: that the VIT.E. 

coadministration reduces oxidative stress hepatotoxicity 

and cell apoptosis induced by AMIO [25]. 

5. Conclusion 

In conclusion, our current experimental study demon-

strated that temporary injection of AMIO led to liver tis-

sue alterations, including hydrogen bond deformability, 

changes in lipid content, and protein degradation. VIT. E-

coadministration with AMIO effectively addressed these 

observations. This makes it an effective complement for 

AMIO users.  

Acknowledgments 

The authors sincerely thank the Biophysics and Laser 

Science Unit at the Research Institute of Ophthalmology, 

Giza, Egypt, where all materials, necessary equipment, 

and animals were facilitated to carry out this research 

work.

References 

1. Mujović N, Dobrev D, Marinković M, Russo V, Pot-

para TS. The role of amiodarone in contemporary 

management of complex cardiac arrhythmias. Phar-

macological Research [Internet]. 2019 Nov 

19;151:104521. 

https://doi.org/10.1016/j.phrs.2019.104521 

2. Mehraein F. A review on amiodarone as an anti-

arrhythmic drug. InTech eBooks [Internet]. 2015 Aug 

20; https://doi.org/10.5772/60418 

3. Punnam S, Goyal S, Kotaru V, Pachika A, Abela G, 

Thakur R. Amiodarone-a ‘broad spectrum’ anti-

arrhythmic drug. Cardiovascular & Haematological 

Disorders - Drug Targets [Internet]. 2010 Mar 

1;10(1):73–81. 

https://doi.org/10.2174/187152910790780032 

4. Hubel E, Fishman S, Holopainen M, Käkelä R, Shaf-

fer O, Houri I, et al. Repetitive amiodarone admin-

istration causes liver damage via adipose tissue ER 

stress-dependent lipolysis, leading to hepatotoxic free 

fatty acid accumulation. AJP Gastrointestinal and 

Liver Physiology [Internet]. 2021 Jul 

14;321(3):G298–307. 

https://doi.org/10.1152/ajpgi.00458.2020 

5. Aly E, Mahmoud S, Morsy S, Ibrahim A, Kamal G. 

Effect of amiodarone on rabbits’ optic nerve and the 

ameliorative effect of vitamin E: FTIR study. Interna-

tional Journal of Applied Pharmaceutics [Internet]. 

2022 Jan 7;93–9. 

https://journals.innovareacademics.in/index.php/ijap/

article/view/43507  

6. Wang AG, Cheng HC. Amiodarone-associated optic 

neuropathy: clinical review. Neuro-Ophthalmology 

[Internet]. 2016 Nov 18;41(2):55–8.  

https://doi.org/10.1080/01658107.2016.1247461 

7. Florek J, Lucas A, Girzadas D. Amiodarone. In-

StatPearls [Internet] 2023 Nov 12. StatPearls Pub-

lishing. 
https://www.ncbi.nlm.nih.gov/books/NBK482154/ 

8. Kim G, Choi H, Lee H, Moon K, Oh JH, Lee J, et al. 

Increased hepatic acylcarnitines after oral administra-

tion of amiodarone in rats. Journal of Applied Toxi-

cology [Internet]. 2020 Feb 21;40(7):1004–13.  

https://doi.org/10.1002/jat.3960 

9. Serviddio G, Bellanti F, Giudetti AM, Gnoni GV, 

Capitanio N, Tamborra R, et al. Mitochondrial oxida-

tive stress and respiratory chain dysfunction account 

for liver toxicity during amiodarone but not droneda-

rone administration. Free Radical Biology and Medi-

cine [Internet]. 2011 Sep 17;51(12):2234–42.  

https://doi.org/10.1016/j.freeradbiomed.2011.09.004 

10. Jiang Q. Natural forms of vitamin E: metabolism, 

antioxidant, and anti-inflammatory activities and 

their role in disease prevention and therapy. Free 

https://doi.org/10.1016/j.phrs.2019.104521
https://doi.org/10.5772/60418
https://doi.org/10.2174/187152910790780032
https://doi.org/10.1152/ajpgi.00458.2020
https://journals.innovareacademics.in/index.php/ijap/article/view/43507
https://journals.innovareacademics.in/index.php/ijap/article/view/43507
https://doi.org/10.1080/01658107.2016.1247461
https://www.ncbi.nlm.nih.gov/books/NBK482154/
https://doi.org/10.1002/jat.3960
https://doi.org/10.1016/j.freeradbiomed.2011.09.004


545 International Journal of Theoretical and Applied Research, 2025, 4(1) 

 

Radical Biology and Medicine [Internet]. 2014 Apr 

3;72:76–90. 

https://doi.org/10.1016/j.freeradbiomed.2014.03.035 

11. Zidan R. Effect of long-term administration of amio-

darone on rat lung and the possible protective role of 

vitamin E: a histological and immunohistochemical 

study. Egyptian Journal of Histology. 2011 March. 

34(1):p 117-128.  
https://doi.org/10.1097/01.EHX.0000395190.66459.04  

12. Gawad F, Rizk A, Jouakim M, Abd El Halem M. 

Amiodarone-induced lung toxicity and the protective 

role of Vitamin E in adult male albino rat. Eur J An-

at. 2018 Jul 1;22(4):332-3. 

13. Zaki M, Eid R. Role of vitamin-E on rat liver-

amiodarone: An ultrastructural study. Saudi Journal 

of Gastroenterology [Internet]. 2009 Jan 1;15(2):104. 

https://doi.org/10.4103/1319-3767.48967 

14. Hartog M, Zhu Y, Lawrence D, Herron B, Ding X. 

Influence of hepatic P450‐mediated Amiodarone me-

tabolism on Amiodarone‐induced pulmonary toxici-

ty. (2013): 1107-14. 

15. Aleti R, Baratam S, Jagirapu B, Kudamala S. Formu-

lation and evaluation of metformin hydrochloride and 

gliclazide sustained release bilayer tablets: a combi-

nation therapy in management of diabetes. Interna-

tional Journal of Applied Pharmaceutics [Internet]. 

2021 Sep 7;343–50. 

https://doi.org/10.22159/ijap.2021v13i5.41339 

16. Dovbeshko G. FTIR spectroscopy studies of nucleic 

acid damage. Talanta [Internet]. 2000 Oct 

2;53(1):233–46.  

https://doi.org/10.1016/s0039-9140(00)00462-8 

17. Bozkurt O, Severcan M, Severcan F. Diabetes induc-

es compositional, structural and functional alterations 

on rat skeletal soleus muscle revealed by FTIR spec-

troscopy: a comparative study with EDL muscle. The 

Analyst [Internet]. 2010 Jan 1;135(12):3110.  

https://doi.org/10.1039/c0an00542h  

18. Cakmak G, Miller L, Zorlu F, Severcan F. Amifos-

tine, a radioprotectant agent, protects rat brain tissue 

lipids against ionizing radiation induced damage: An 

FTIR microspectroscopic imaging study. Archives of 

Biochemistry and Biophysics [Internet]. 2012 Mar 

6;520(2):67–73. 

https://doi.org/10.1016/j.abb.2012.02.012  

19. Derenne A, Van Hemelryck V, Lamoral-Theys D, 

Kiss R, Goormaghtigh E. FTIR spectroscopy: A new 

valuable tool to classify the effects of polyphenolic 

compounds on cancer cells. Biochimica Et Biophysi-

ca Acta (BBA) - Molecular Basis of Disease [Inter-

net]. 2012 Oct 23;1832(1):46–56.  

https://doi.org/10.1016/j.bbadis.2012.10.010  

20. Mahmoud S, Morsy S, Aly E, Mohalhal I. Bio-

spectroscopic investigation linking changes of retinal 

structure with short-term administration of Amioda-

rone and revealing the ameliorative effect of vitamin 

E supplementation. Scientific Reports [Internet]. 

2024 Sep 5;14(1).  

https://doi.org/10.1038/s41598-024-70573-6  

21. Simsek N, Sara Y, Onur R, Severcan F. Low dose 

simvastatin induces compositional, structural and dy-

namic changes in rat skeletal extensor digitorum lon-

gus muscle tissue. Bioscience Reports [Internet]. 

2009 Feb 20;30(1):41–50. 

 https://doi.org/10.1042/bsr20080150  

22. McCarthy T, Pollak P, Hanniman E, Sinal C. Disrup-

tion of hepatic lipid homeostasis in mice after amio-

darone treatment is associated with peroxisome pro-

liferator-activated receptor-αtarget gene activation. 

Journal of Pharmacology and Experimental Thera-

peutics [Internet]. 2004 Jul 20;311(3):864–73.  

 https://doi.org/10.1124/jpet.104.072785  

23. Abdelkawi S, Saeid A, El-Rashedi A, Abd-Eldaiem 

M. Photobiomodulation therapy for diabetic macular 

edema: Fourier transform infrared spectroscopy 

study. Journal of the Arab Society for Medical Re-

search [Internet]. 2018 Jan 1;13(1):25.  

https://doi.org/10.4103/jasmr.jasmr_32_17  

24. Eid R, Zaki M, Al-Shraim M, Eldeen M, Massoud E, 

Shati A, et al. Silymarin’s defensive role against 

hepatotoxicity induced by amiodarone in albino rats. 

International Journal of Morphology. 2021 Apr 

1;39(2).http://dx.doi.org/10.4067/S0717-

95022021000200407      

25.  Mattar W, Juliar B, Gradus-Pizlo I, Kwo P. Amioda-

rone hepatotoxicity in the context of the metabolic 

syndrome and right-sided heart failure. JGLD [Inter-

net]. 1Dec.2009 [cited 16Jan.2025];18(4):419-23. 

https://www.jgld.ro/jgld/index.php/jgld/article/view/2

009.4.2 . 

26. You HS, Yoon JH, Cho SB, Choi YD, Kim YH, Choi 

W, et al. Amiodarone-induced multi-systemic toxici-

ty involving the liver, lungs, thyroid, and eyes: a case 

report. Frontiers in Cardiovascular Medicine [Inter-

net]. 2022 Feb 28;9.  

https://doi.org/10.3389/fcvm.2022.839441  

27. Saleem N, Mehmood Y, Ahmad M, Fatima M, 

Kamran S. Hepatotoxic effect of intraperitoneal ad-

ministration of amiodarone in male rabbits. Journal 

of Chemical and Pharmaceutical Research. 

2017;9(12):183-90. 

https://www.jocpr.com/articles/hepatotoxic-effect-of-

intraperitoneal-administration-of-amiodarone-in-

male-rabbits.pdf.  

28. Edwards G, Olson C, Euritt C, Koulen P. Molecular 

mechanisms underlying the therapeutic role of vita-

min E in age-related macular degeneration. Frontiers 

in Neuroscience [Internet]. 2022 May 4;16.  

https://doi.org/10.3389/fnins.2022.890021  

29. Sherif M, Mervat A, Eman A. Infrared spectroscopic 

investigation of erythrocyte membrane-smoke inter-

actions due to chronic cigarette smoking. General 

Physiology and Biophysics [Internet]. 2017 Jan 

1;36(03):273–80. 

https://doi.org/10.4149/gpb_2016047  

30. Hashmi A, Keswani N, Kim S, Graham D. Hepatic 

dysfunction in patients receiving intravenous amioda-

rone. Southern Medical Journal [Internet]. 2016 Feb 

1;109(2):83–6. 

https://doi.org/10.1016/j.freeradbiomed.2014.03.035
https://doi.org/10.1097/01.EHX.0000395190.66459.04
https://doi.org/10.4103/1319-3767.48967
https://doi.org/10.22159/ijap.2021v13i5.41339
https://doi.org/10.1016/s0039-9140(00)00462-8
https://doi.org/10.1039/c0an00542h
https://doi.org/10.1016/j.abb.2012.02.012
https://doi.org/10.1016/j.bbadis.2012.10.010
https://doi.org/10.1038/s41598-024-70573-6
https://doi.org/10.1042/bsr20080150
https://doi.org/10.1124/jpet.104.072785
https://doi.org/10.4103/jasmr.jasmr_32_17
http://dx.doi.org/10.4067/S0717-95022021000200407
http://dx.doi.org/10.4067/S0717-95022021000200407
https://www.jgld.ro/jgld/index.php/jgld/article/view/2009.4.2
https://www.jgld.ro/jgld/index.php/jgld/article/view/2009.4.2
https://doi.org/10.3389/fcvm.2022.839441
https://www.jocpr.com/articles/hepatotoxic-effect-of-intraperitoneal-administration-of-amiodarone-in-male-rabbits.pdf
https://www.jocpr.com/articles/hepatotoxic-effect-of-intraperitoneal-administration-of-amiodarone-in-male-rabbits.pdf
https://www.jocpr.com/articles/hepatotoxic-effect-of-intraperitoneal-administration-of-amiodarone-in-male-rabbits.pdf
https://doi.org/10.3389/fnins.2022.890021
https://doi.org/10.4149/gpb_2016047


Morsy et al.   546 

https://doi.org/10.14423/smj.0000000000000413  

31. Khairnar N, Pingale P, Amrutkar S. Role of micronu-

trients in heart diseases. International Journal of Cur-

rent Pharmaceutical Research [Internet]. 2021 Sep 

15;1–5.  

https://doi.org/10.22159/ijcpr.2021v13i5.1880  

32. Abera M, Suresh S, Malireddi A, Boddeti S, Noor K, 

Ansar M, et al. Vitamin E and non-alcoholic fatty 

liver disease: investigating the evidence through a 

systematic review. Cureus [Internet]. 2024 Oct. 

16(10). https://doi.org/10.7759/cureus.72596  

 

https://doi.org/10.14423/smj.0000000000000413
https://doi.org/10.22159/ijcpr.2021v13i5.1880
https://doi.org/10.7759/cureus.72596

