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Abstract

Objective: The purpose of this study was to evaluate the ef-
fect of atorvastatin administration on amiodarone-induced
pulmonary fibrosis in rats. Materials and Methods: Thirty-six
male Wistar rats were randomly divided into 4 groups. The
control group (CTL) received distilled water (0.3 ml intratra-
cheally on days 0 and 2 and 0.5 ml orally from day 0 for 3
weeks). The atorvastatin group (AT), in addition to intratra-
cheal distilled water, received 1 mg/kg of atorvastatin orally
from day O for 3 weeks. The amiodarone group (AMI) re-
ceived 2 intratracheal instillations of amiodarone (6.25 mg/
kg in 0.3 ml of water) on days 0 and 2 and 0.5 ml of distilled
water (like the CTL). The amiodarone plus atorvastatin group
(AMI + AT) received both these drugs (same doses and meth-
ods as for the AMI and AT). After 28 days, the rate of lung fi-
brosis was estimated according to pathological criteria of
lung sections and measurements of hydroxyproline in piec-
es of left lung tissue. Results: The lung hydroxyproline con-
tent was higher in the treated groups (CTL: 0.35 + 0.017, AT:
0.38 £0.012, AMI: 0.375 + 0.018 and AMI + AT: 0.38 £ 0.012
unit/mg protein), but did not reach significance when com-

pared with the CTL (p = 0.56). Amiodarone administration
significantly increased the score of pulmonary fibrosis (0.5)
in comparison with the AT (0.125) and CTL (0) (p < 0.5). The
combination of amiodarone and atorvastatin exacerbated
the pulmonary fibrosis (1.5; p < 0.01) compared to the AMI
(0.5; p < 0.001), AT (0.125) and CTL (0). Conclusion: In this
study, the concomitant administration of amiodarone and
atorvastatin increased pulmonary fibrosis in rats.

© 2015 S. Karger AG, Basel

Introduction

Cardiac arrhythmias are an important cause of mortal-
ity in cardiac patients [1]. Several drugs are used for the
control and treatment of cardiac arrhythmias. Amioda-
rone, an antiarrhythmic drug from class 3, is the most ef-
fective and useful agent and is one of the most common-
ly prescribed drugs in the USA and Europe [2].

Pulmonary toxicity is the major side effect of amioda-
rone and restricts its use [3]. It has been estimated that
about 6% of people who are taking amiodarone show tox-
icity associated with its use, which takes the form of intra-
alveolar or interstitial inflammation or pulmonary fibro-
sis, and the mortality rate is about 5-10% [4]. It has been
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reported that, on average, taking amiodarone for 56
months reduces the total lung capacity and can cause pul-
monary fibrosis [5].

Statins are the main drugs for reducing levels of blood
cholesterol and are widely used in the treatment of hyper-
cholesterolemia, atherosclerosis and cardiovascular dis-
eases [6]. Soyseth et al. [7] reported that, in addition to
the above effects, statins have immunomodulatory prop-
erties that can reduce the inflammatory effects of smok-
ing in the lungs of patients with COPD. Bartziokas et al.
[8] reported that statins prevent the exacerbation of
COPD and reduce the duration of hospitalization. How-
ever, another study demonstrated that statins are not ef-
fective for the survival of patients with idiopathic pulmo-
nary fibrosis [9]. A case study showed that one of the side
effects of statins could be pulmonary interstitial disease
[10]. It is well known that concomitant use of these drugs
is inevitable in some patients with cardiovascular disease.
To the best of our knowledge, there is no consensus on
the beneficial, harmful or null effect of the simultaneous
administration of statins on amiodarone-induced pul-
monary fibrosis. Therefore, the aim of this study was to
investigate the effects of atorvastatin, one of the most
commonly used statins in clinical practice [11], along
with the intratracheal instillation of amiodarone, on some
of the parameters of pulmonary fibrosis in adult male
rats.

Materials and Methods

Chemicals

Atorvastatin, amiodarone and sodium thiopental were pur-
chased from the Amin Co., Isfahan, Iran, and Sandoz, Kundl,
Austria.

Animal Groups

Experimental procedures were done according to the national
guidelines for conducting animal studies (Ethics Committee per-
mission No. KA/92/322, Kerman University of Medical Sciences,
Iran) on 36 adult male Wistar rats that weighed 250-350 g, with
careful implementation of animal care principles. The animals
were randomized into the control group (CTL), amiodarone group
(AMI), atorvastatin group (AT) and amiodarone plus atorvastatin
group (AMI + AT). The CTL received 0.3 ml of distilled water (ve-
hicle) by intratracheal instillation on days 0 and 2 and 0.5 ml of
distilled water orally from day 0 for 3 weeks. The AMI received 2
intratracheal instillations of amiodarone (6.25 mg/kg in 0.3 ml of
water) on days 0 and 2 [12]. The AT received a low dose of ator-
vastatin (1 mg/kg) from day 0 for 3 weeks [13]. The AMI + AT was
treated with 2 intratracheal instillations of amiodarone on days 0
and 2 and 1 mg/kg/day of atorvastatin from day 0 for 3 weeks. The
exclusion criterion was if the animals died before the end of 4
weeks. On day 29, the animals were killed following deep anesthe-

Amiodarone plus Atorvastatin Boosts
Lung Fibrosis

Table 1. Histopathological scores showing different degrees of fi-
brosis in each group

Group n? Grade of fibrosis®

0 1 2 3 4 5 Mean
CTL 8 8 0 0 0 0 0 0
AT 8 7 1 0 0 0 0 0.125
AMI 10 5 5 0 0 0 0 0.5*
AMI+AT 10 0 5 5 0 0 0  15%%

a Number of animals.

b0 = Normal lung, 1 = mild fibrous thickening of alveolar or
bronchiolar walls, 2 = moderate fibrous thickening of walls with-
out obvious damage to lung architecture, 3 = increased fibrosis
with definite damage to the lung structure and formation of fi-
brous bands or small fibrous masses, 4 = severe distortion of struc-
ture and large fibrous areas (‘honeycombing’), 5 = total fibrous
obliteration of the field.

* p < 0.05 vs. the CTL and AT. ** p < 0.01 vs. the AML ¥ p <
0.001 vs. the CTL and AT.

Table 2. The content of lung hydroxyproline in the different
groups

Group (n =8-10) Hydroxyproline (unit/mg protein)

CTL 0.35+0.017
AT 0.38+0.012
AMI 0.375+0.018
AMI + AT 0.38+0.012

Values are mean + SEM. There were no significant differences
between groups.

sia induction with thiopental sodium [14]. A piece of lung was re-
moved, washed in saline, frozen in liquid nitrogen and then stored
at -80°C for the measurement of hydroxyproline. Thereafter, the
rest of the lung was washed with saline infusion and infused with
40 ml of 4% paraformaldehyde solution. The left lung samples
were fixed in 10% buffered formalin, tissue processing by wash and
dehydration steps was done and they were then embedded in par-
affin. Lung sections (5-pm-thick) were fixed on slides and stained
with Masson trichrome. The slides were examined by a pathologist
(S.D.) blinded to the animal groups. The severity of lesions was
estimated using a previously modified scoring system [15]: 0 =
normal lung, 1 = mild fibrous thickening of alveolar or bronchiolar
walls, 2 = moderate fibrous thickening of walls without obvious
damage to lung architecture, 3 = increased fibrosis with definite
damage to lung structure and formation of fibrous bands or small
fibrous masses, 4 = severe distortion of structure and large fibrous
areas, i.e. honeycomb lung’, and 5 = total fibrous obliteration of
the field.

Frozen pieces of lung were weighed and then homogenized in
5 ml of 0.1 M Tris-HCI buffer (pH 7.4) under ice-cold conditions.
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Fig. 1. Masson trichrome-stained sections
of lung tissue in the different groups.
a Normal alveoli and bronchioles without
specific pathological changes from a CTL
animal. b A section from an AT animal
showed focal fibrosis in the bronchiolar
walls and empty alveolar spaces (white ar-
rows), without obvious fibrosis or macro-
phages collections in the alveoli. ¢ In-
creased focal fibrosis in the wall of the
bronchioles and also in the alveolar inter-
stitial spaces in an AMI animal (white ar-
rows). The alveolar macrophages are not
hyperplastic. d High-power view of in-
creased collagen fibers in interstitial spaces
(white arrows) and hyperplastic alveolar
macrophages within alveolar spaces (black
arrows) in an AMI + AT animal.

The hydroxyproline value in the lung tissue was measured using
the ELISA method and a hydroxyproline kit (Shanghai Crystal Day
Biotech Co., Ltd., Shanghai) according the manufacturer’s proto-
col [16].

Statistical Analysis

The data were reported as means + SEM. Comparison of hy-
droxyproline among different groups was done by 1-way ANOVA
and the post hoc Tukey test. Scores of lesions were compared using
the nonparametric Kruskal-Wallis test and the Mann-Whitney U
test. A p value <0.05 was considered statistically significant.

Results
No rats died during the study period.

Histopathological Findings

The inspection of the lung tissue revealed normal al-
veoli without obvious fibrosis or macrophages in the
CTL and AT. However, in the AT, mild focal fibrosis in
the wall of the bronchioles was seen. Increased focal fi-
brosis in the wall of the bronchioles and the alveolar in-
terstitial spaces was observed in 5 animals (50%) in the
AMI; this was significant in comparison to the CTL and
AT (p < 0.05; table 1; fig. 1). The lungs of the AMI + AT
showed significant changes, i.e. a mild-to-moderate in-
crease in collagen fibers in the interstitial spaces and hy-
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perplastic alveolar macrophages within the alveolar
spaces (p < 0.01 vs. the AMI and p < 0.001 vs. the CTL
and AT; table 1; fig. 1).

Hydroxyproline

Measurement by ELISA showed higher values of lung
tissue hydroxyproline in the AT, AMI and AMI + AT.
However, these alterations did not reach a significant lev-
el when compared with the CTL (table 2).

Discussion

In this study, histopathological findings showed that
coadministration of atorvastatin and amiodarone exac-
erbated pulmonary fibrosis in rats, as indicated by the
maximum score of fibrosis in the AMI + AT. In addi-
tion, intratracheal instillation of amiodarone alone was
associated with a mild degree of fibrosis in the lung tis-
sue of some animals. In the clinic, in line with this find-
ing, dose-related pulmonary toxicity is the most impor-
tant extracardiovascular side effect of amiodarone. Even
on a low dose of <200 mg/day, fatal pulmonary fibrosis
may be observed in 1% of patients [17]. Amiodarone is
very extensively used for a wide variety of arrhythmias,
especially serious ventricular arrhythmias [17]. Its bio-
availability is 35-65%, it undergoes hepatic metabolism
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and desethylamiodarone, as its major metabolite, is bio-
active. Its level in the blood is increased by drugs that
inhibit the liver cytochrome CYP3A4 enzyme. Higher
concentrations of this drug increase both antiarrhyth-
mic effects and the risk of adverse effects [5]. The mech-
anism of amiodarone-induced pulmonary side effects is
not well known. An in vitro study revealed that amioda-
rone primarily activates necrotic pathways whereas des-
ethylamiodarone activates both necrotic and apoptotic
pathways in the culture of human peripheral lung epi-
thelial cells [18]. Other mechanisms that have been sug-
gested include a direct toxic effect and an immune-me-
diated mechanism [19]. Amiodarone could be associat-
ed with macrophage activation and the release of
cytotoxic and inflammatory mediators such as TNF-a
[20]. These mediators may modulate fibroblast func-
tions such as chemotaxis and the production of collagen,
glycosaminoglycans, interleukins, collagenase and pros-
taglandin E, [21], and thereby stimulate the process of
lung fibrosis.

As mentioned above, this study revealed that coad-
ministration of atorvastatin and amiodarone exacer-
bates pulmonary fibrosis. Enzyme inhibition is one of
the possibilities that could explain the severity of lung
fibrosis in the AMI + AT. If 2 drugs sharing metabolism
via the same isozyme compete for the same enzyme re-
ceptor site, enzyme inhibition may occur and the me-
tabolism of the competing drug would be decreased.
This phenomenon can lead to increased serum levels of
the unmetabolized drug and consequently its toxicity
[21]. With respect to the fact that amiodarone and some
statins such as simvastatin, atorvastatin and lovastatin
are substrates for liver cytochrome CYP3A4 [22], en-
zyme inhibition may occur with coadministration of
these agents, increasing the chances of toxicity. Consis-
tent with this hypothesis, previous studies have empha-
sized the adverse events that occur with concomitant
amiodarone and statin therapy, especially muscle toxic-
ity. The reason is considered to be the disturbance of the
metabolism of cytochrome CYP3A4-dependent statins
[23].

Our other finding was the insignificant increase of
lung hydroxyproline and mild fibrosis in the tissue in
some of the animals, i.e. those that were only treated with
atorvastatin. Consistent with this finding, there are sev-
eral studies that reported that the statins themselves in-
duce the harmful effects in the lung. Lantuejoul et al. [24]
reported statin-induced diffuse interstitial pneumonia
associated with a nonspecific interstitial pneumonia pat-
tern. A systematic review demonstrated that for every

Amiodarone plus Atorvastatin Boosts
Lung Fibrosis

10,000 reports of a statin-associated adverse event, ap-
proximately 1-40 reports were for interstitial lung dis-
ease [10]. Walker et al. [25] confirmed that, over a 3-year
period, 7 patients who were taking HMG-CoA reductase
inhibitors (statins) presented to their respiratory service
with interstitial pneumonitis. The mechanism by which
statins induce interstitial lung disease is unknown. As
thought to be the case in amiodarone-induced lung in-
jury, itis possible that the toxic effect of statins in the lung
is mediated by the inhibition of phospholipases which, in
turn, produce phospholipid-rich intralysosomal lamellar
inclusions in type II lung epithelial cells, histiocytes and
endothelial cells, leading to an amphiphilic-drug-like
toxic lung injury [24].

Amiodarone and HMG-CoA reductase inhibitors
have an amphiphilic structure, an apolar ring and a hy-
drophilic cationic side chain. It turns out that these struc-
tural properties may be related to the development of
drug-induced phospholipidosis [26].

Similar to amiodarone, statins have a typical pharma-
cokinetic pattern, as the tissue/plasma drug ratios rise
with the duration of the treatment [27]. This could ex-
plain the positive correlation of the pulmonary side ef-
fects of these agents and the duration of their use. In ad-
dition, as amiodarone induces disturbance of the oxygen
consumption in the lung [28], distracting the electron
transport chain has been postulated as a potential cause
of statin-induced myopathy [29]. Statin-induced lung in-
jury may result from the activation of immune media-
tors, involving polymyositis [30] and drug-induced lu-
pus, other rare side effects of these agents. As mentioned
above, it seems thatamiodarone primes macrophages for
the production of TNF-a and superoxide. In the presence
of statins, these effects may reinforce and lead to an in-
crease in oxidant agents and proinflammatory media-
tors, thereby triggering the inflammation cascade and
causing lung injury.

Conclusion

Our findings show that the combination of amioda-
rone and atorvastatin accelerated and enhanced amio-
darone-induced lung fibrosis in rats. Further studies are
needed to elucidate the involved mechanisms and to con-
tirm these findings in patients.
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