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Research Article
Abstract

Background and Obijective: Amiodarone is an effective antiarrhythmic drug used for cardiac arrhythmias. Due to the
presence of iodine in its structure, it tends to accumulate in lipophilic tissues, including the lungs, leading to lung injury and
other major adverse effects. The present study aimed to determine the protective effects of vitamin E and the aqueous extract
of Thymus vulgaris (T. vulgaris) leaves against amiodarone-induced cytotoxicity in non-cancerous human lung fibroblast
(HLF) and human lung cancer (A549) cell lines.

Methods: This descriptive-analytical study was conducted on HLF and A549 cell lines obtained from the Pasteur Institute of
Iran in the cell culture laboratory at the Faculty of Pharmacy, Mazandaran University of Medical Sciences. The grouping for
non-cancerous HLF and A549 cell lines included a negative control group, a positive control group (amiodarone at its
inhibitory concentration [ICso]), treatment groups receiving T. vulgaris and vitamin E at concentrations of 10, 20, and 50 pM,
and single-treatment groups receiving T. vulgaris and vitamin E at 50 pM. All experiments were performed in triplicate with
an initial cell density of 10* cells per well. To evaluate amiodarone-induced cytotoxicity (5.6 uM), methylthiazolyldiphenyl-
tetrazolium bromide (MTT) (48 h), reactive oxygen species (ROS) (6 h), and lipid peroxidation (LPO) (48 h) assays were
performed.

Results: The addition of amiodarone to both A549 and non-cancerous HLF cells culminated in a significant decrease in cell
viability percentage in the MTT assay (at a concentration of 50 uM T. vulgaris and vitamin E in the normal cell line, and
20 pM T. vulgaris and vitamin E in the A549 cell line). Moreover, it led to a significant increase in ROS (at concentrations of
20 and 50 pM T. vulgaris and vitamin E in the normal cell line, and 20 pM T. vulgaris and vitamin E in the A549 cell line),
as well as malondialdehyde (MDA) levels in the LPO assay (at concentrations of 20 and 50 pM T. vulgaris and vitamin E in
the normal cell line, and 20 uM T. vulgaris and vitamin E in the A549 cell line) (P<0.05). Furthermore, adding a combination
of vitamin E and extract of T. vulgaris leaves in amiodarone-intoxicated non-cancerous HLF cells led to a significant increase
in cell viability against I1Cso toxicity, alongside a significant reduction in ROS and MDA levels (P<0.05).

Conclusion: The addition of amiodarone to both A549 and non-cancerous HLF cell lines induces cytotoxicity in these cell
lines. Concomitant treatment with vitamin E and extract of T. vulgaris leaves in amiodarone-treated cells culminates in a
reduction in oxidative damage and an increase in cell viability in non-cancerous HLF cells.
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Introduction

Pulmonary toxicity encompasses a broad spectrum of clinical
or radiological (X-ray or computed tomography [CT]) signs and
symptoms or both, which can include complications such as
pneumonitis, pulmonary fibrosis, pulmonary nodules, respiratory
distress syndrome, and lung cancer. Within various
pharmacological classes, there are agents capable of inducing
pulmonary toxicity as an adverse effect, with the majority of
drug-induced pulmonary toxicity cases arising from
chemotherapeutic agents.

Amiodarone is a widely utilized medication that is notably
associated with pulmonary toxicity. Currently classified as a
Class Il antiarrhythmic agent, amiodarone is indicated for the
management of various cardiac arrhythmias (ventricular and
atrial). Prolonged administration of amiodarone can lead to three
critical adverse effects, including pulmonary toxicity,
hepatotoxicity, and thyroid dysfunction. Amiodarone-induced
pulmonary toxicity progresses insidiously in a dose-dependent
manner and represents the most prevalent cause of mortality
among patients who take this drug.

Vitamin E is a fat-soluble vitamin and serves as the primary
intracellular lipid-soluble antioxidant. By incorporating into the
lipid bilayer of cellular membranes, it protects unsaturated
membrane phospholipids from oxidative modifications induced
by various free radicals. This protective mechanism is mediated
through the donation of a hydrogen atom to free radicals, thereby
converting them into non-toxic metabolites.

Thymus vulgaris (T. vulgaris) is a plant species belonging to
the Lamiaceae family. Essential oil is the active ingredient of T.
vulgaris, obtained through the distillation of its leaves and
flowering tops. Moreover, T. vulgaris contains 0.8% to 2.6%
(typically 1%) essential oil, the majority of which consists of
phenols, monoterpene hydrocarbons, and alcohols. Thymol is the
primary component of the phenolic compounds in the T. vulgaris
plant.

The present study aimed to determine the protective effects of
vitamin E and the aqueous extract of T. vulgaris leaves against
amiodarone-induced cytotoxicity in non-cancerous human lung
fibroblast (HLF) and human lung cancer (A549) cell lines.

Methods

This descriptive-analytical study was conducted on non-
cancerous HLF and A549 cell lines obtained from the Pasteur
Institute of Iran.

The blood samples were divided into seven distinct 1 mL
groups: A control group (solvent); an amiodarone group at a
concentration of 5.6 uM; and treatment groups receiving T.
vulgaris and vitamin E (at concentrations of 10, 20, and 50 uM
comined with amiodarone), T. vulgaris (at a final concentration
of 50 uM), and vitamin E (at a final concentration of 50 uM).

The botanical identification of T. vulgaris was authenticated by
a taxonomist (SANRU-H-1186). The aqueous extract of the
plant was prepared using the maceration method.

Initially, the non-cancerous HLF cell line was cultured in High
Glucose Dulbecco's Modified Eagle Medium (DMEM H.G)
supplemented with 10% fetal bovine serum (FBS), 0.2 mg/mL
L-glutamine, and 1% penicillin-streptomycin antibiotic. The
culture was then maintained in an incubator at 37°C with
adequate humidity and 5% carbon dioxide. Once the cells
reached at least 70% cell growth, they were detached from the
culture flask using trypsin-ethylenediaminetetraacetic acid
(EDTA) and centrifuged at 1500 rpm for 5 minutes. The
resulting cell pellet was resuspended in 1 mL of culture medium.
The viability percentage of the cells in the suspension was

determined by mixing it with an equal ratio of trypan blue and
examining it on a hemocytometer slide under a light microscope.
After verifying the absence of contamination, cells with a
viability exceeding 90% were utilized for the assays.

The A549 cell line, derived from human lung carcinoma tissue
with epithelial morphology, was cultured in DMEM H.G
supplemented with 10% FBS. Subsequently, the cells were
counted under a light microscope.

The methylthiazolyldiphenyl-tetrazolium bromide (MTT)
assay, which is based on determining cell viability percentage
and cell counting, was utilized to evaluate the amiodarone-
innduced cytotoxicity (5.6 uM) and the protective effects of a
mixture of vitamin E and T. vulgaris (10, 20, and 50 puM). The
underlying principle of this method relies on mitochondrial
activity, which remains stable in viable cells. Consequently, any
fluctuation in the number of viable cells correlates linearly with
mitochondrial activity. The viability percentage of the same non-
cancerous cells, which did not undergo mitochondrial damage
upon exposure to the respective compounds, was calculated
relative to the control group. Furthermore, the cytotoxicity and
the inhibitory concentration (ICsp) of the T. vulgaris extract and
vitamin E (following the MTT assay) were determined using
Prism 8 statistical software.

To evaluate the intracellular levels of reactive oxygen species
(ROS) in cells treated with amiodarone, T. vulgaris, and vitamin
E, 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) was
utilized. The fluorescence intensity was measured using a
microplate reader (excitation: 480 nm, emission: 530 nm).

Lipid Peroxidation (LPO) Assay: LPO is one of the molecular-
level damages resulting from free radical attacks and oxidative
stress. In response to oxidative stress, the levels of molecules
derived from fatty acid degradation, such as lipid
hydroperoxides and aldehydes, are elevated. These molecules
possess the capability to react with thiobarbituric acid (TBA).
The most prominent molecule within this family is
malondialdehyde (MDA), which is typically utilized as a
standard. By employing MDA as the standard, the results are
reported as micromole equivalents of MDA. The LPO level was
quantified using available kits via colorimetric and fluorometric
techniques.

Data were analyzed using the one-way analysis of variance
(ANOVA) statistical test at a significance level of less than 0.05.

Results

Amiodarone at a dose of 5.6 pM led to a significant 50%
reduction in the cell viability percentage (ICso) of the non-
cancerous HLF cell line compared to the control group
(P<0.001). Furthermore, in the groups treated with amiodarone
combined with T. vulgaris and vitamin E at concentrations of 10,
20, and 50 pM, a statistically significant decrease in the cell
viability percentage was observed compared to the control group
(P<0.001). Conversely, vitamin E and T. vulgaris at doses of 20
and 50 pM in amiodarone-exposed cells, as well as administered
independently (at a dose of 50 uM), culminated in a statistically
significant difference compared to the amiodarone group at the
1Cs concentration (P<0.001).

Amiodarone reduced the cell viability of A549 cells by 50%,
demonstrating a statistically significant difference compared to
the control group (P<0.001). The addition of vitamin E or
T. vulgaris extract at concentrations of 10 and 20 pM to
amiodarone-treated A549 cells did not yield a significant
difference compared to the amiodarone-alone group, though it
slightly increased cancer cell viability. In contrast, the
T. vulgaris extract alone at a concentration of 50 pM
significantly reduced cancer cell viability compared to the
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amiodarone group.

Amiodarone at a concentration of 5.6 uM led to a significant
increase in ROS levels in the non-cancerous HLF cell line
compared to the control group (P<0.001). Similarly, a significant
increase in ROS levels compared to the control group was
observed in the groups treated with amiodarone combined with
specific concentrations of T. vulgaris extract and vitamin E, as
well as those treated with vitamin E alone (P<0.001).
Amiodarone-treated cells showed a significant reduction in ROS
levels compared to the amiodarone group at the ICs
concentration when supplemented with 20 and 50 pM of T.
vulgaris extract and vitamin E (P<0.001).

Amiodarone at a concentration of 5.6 UM led to a significant
increase in ROS concentration compared to the control group in
the A549 cell line (P<0.001). Furthermore, the other groups
treated with this drug that also received varying concentrations
of T. vulgaris extract and vitamin E, as well as the groups
receiving T. vulgaris or vitamin E alone, demonstrated a
statistically significant increase compared to the control group
(P<0.001). The addition of 20 uM of T. vulgaris and vitamin E
to amiodarone-treated cells resulted in a significant reduction
compared to amiodarone alone at the ICs, concentration
(P<0.001).

Amiodarone at a concentration of 5.6 pM also led to a
significant increase in MDA concentration in the non-cancerous
HLF cell line compared to the control group (P<0.001).
Additionally, the amiodarone-treated groups supplemented with
various concentrations of T. vulgaris extract and vitamin E
showed a significant increase in MDA levels compared to the
control group. Conversely, the combination of T. vulgaris and
vitamin E at concentrations of 20 and 50 pM remarkably
reduced the MDA levels resulting from LPO in amiodarone-
treated cells; this difference was statistically significant
compared to the amiodarone group at the ICsy concentration
(P<0.001).

The addition of amiodarone at a dose of 5.6 M led to a
significant increase in MDA concentration in the A549 cell line
compared to the control group (P<0.001). Furthermore, the
addition of vitamin E or T. vulgaris extract to these cells showed
a significant increase compared to the control group (P<0.001).
In the case of T. vulgaris extract (50 uM) alone, this effect was
observed as a significant increase in MDA compared to the
amiodarone group  (P<0.001). Additionally, the co-
administration of the T. vulgaris and vitamin E combination at
concentrations of 20 uM in amiodarone-treated cells resulted in
a percentage decrease in MDA compared to the amiodarone

group (P<0.001). The LPO levels were determined to be 0.47
UM for the control group, 0.75 uM for the amiodarone-treated
group, 0.73 puM for the groups treated with amiodarone
combined with T. vulgaris (10 pM) and vitamin E (10 pM), 0.71
muM for the group treated with amiodarone combined with T.
vulgaris (20 uM) and vitamin E (20 puM), 0.76 uM for the group
treated with amiodarone combined with T. vulgaris (50 uM) and
vitamin E (50 pM), 0.77 uM for the group treated with
amiodarone combined vitamin E (50 puM), and 0.81 uM for the
group treated with T. vulgaris (50 uM).

Conclusion

The amiodarone-exposed groups experienced oxidative stress
mechanisms in oth HLF and A549 cell lines, resulting in a
reduction in cell viability; the cell survival percentage
demonstrated a significant decrease compared to the control
group. Following the evaluation of MTT, ROS, and LPO assays,
it can be concluded that amiodarone induces a substantial
increase in cellular ROS levels, leading to oxidative damage and
subsequent cell death.
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