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Abstract 
 
Amiodarone is an orally active antiarrhythmic drug generally used throughout the world, causing pulmonary toxicity as one of its most 
harmful side effects. The efficacy of two phenolic acids; ferulic acid FA or gallic acid GA or their combination on the lung injury in 
amiodarone-induced lung toxicity were clarified. Fifty albino rats were divided into five groups as follows; G1: Healthy control kept without 
treatment, G2: Amiodarone group, rats were administered by Amiodarone AD in a daily oral dose (30 mg/kg bw)by gastric gavage for 6 
weeks to induce pulmonary toxicity.G3: AD+FA, after induction of pulmonary toxicity, rats received an oral daily dose of FA (100 mg/kg 
bw) for 6 consecutive weeks. G4: AD + GA, after induction of pulmonary toxicity, rats received an oral daily dose of GA (200 mg/kg.bw) 
for 6 consecutive weeks. G5: AD + FA+GA, rats have received Amiodarone and a mixture of GA (200 mg/kg bw) and FA (100 mg/kg.bw) 
for 6 consecutive weeks. Lung samples were assayed for oxidative stress and inflammatory biomarkers along with lung histology and DNA 
comet assay. The study found that AD causes pulmonary toxicity manifested by a significant alteration in serum level of Lung Na+-K+ 
adenosine triphosphatase, lung tissue content of antioxidant enzymes, and inflammatory biomarkers. Also, lung DNA damage was indicated 
as a significant change in comet assay parameters, in addition to histological alterations. Results showed that oral administration of FA, GA, 
or a combination of them reversed these biochemical indices, such as histopathological alterations and DNA damage induced by AD. These 
findings designated that FA and GA have defensive effects against AD-induced pulmonary toxicity due to its anti-inflammatory and 
antioxidant properties. GA or a combination of both FA and GA has the most potent effect on inflammatory biomarkersand oxidative 
stress.Therefore, supplementingGA and FA combination as an adjuvant remedypossibly be a promising compound in lowering AD side 
effects. 
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INTRODUCTION 
Medications were used for various treatments were linked to 
pulmonary complications including pulmonary oedema, 
bronchospasm, interstitial inflammation, and fibrosis [1]. The 
lung has a very high blood supply and large surface area and 
is extremely vulnerable to oxidative stress refereed injury. 
Furthermore, the mechanisms of inflammatory mediators and 
oxidative stress were responsible for the incidence of 
pulmonary distress. Acombinationofthese mechanisms 
regulate the production of the oxidants causing cellular stress 
and accordinglymechanicalinjury[2]. 

The useful therapeutic achievement of phenolic compounds 
is connected to their anti-inflammatory and antioxidant 
capacity [3]. Gallic acid GA (3,4,5-trihydroxy benzoic acid)  is 
a potent anti-oxidant extract found ina large group of plant 
polyphenols identified as gallotannins. It can be found in tea 
leaves, grapes, blackberry, and gallnuts. Also, it can be found 
as a secondary metabolite in blueberries, apples, grapes, and 
tea [4]. Gallic acid is widely used as a dietary herbal 
supplement, as it has multiple biological properties as anti-
allergic, anti-microbial, anti-cancer, anti-ulcer, anti-
hyperglycemic, lipid homeostasis, and neuroprotective [5]. 

Ferulic acid (FA) (3-methoxy-4-hydroxycinnamic acid), first 
isolated from Ferula foetida, is a phenolic acid that exists in 
fruits. It was confirmed to be anti-inflammation, antioxidant, 
antidiabetic, and anticancer [6]. Also, it has a therapeutic effect 
on hypertension and insulin resistance compared to 
commercially available drugs [7]. Moreover, FA offers 
meaningful synergistic protection against skin cancer  [7]. In 
diabetics administration of low doses, FA elevates 
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antioxidant enzyme activities, thus neutralizing free radicals 
which are the main cause of enhanced tissue damage [8]. 

Amiodarone (AD), a form of benzofuran, is a powerful 
mediator often used in treating cardiac arrhythmias. It has an 
inclusive variety of side effects, given its high effectiveness 
relative to other antiarrhythmics.  Additionally, AD has many 
pharmacological characteristics that explain its toxicity, such 
as the existence of two iodine atoms, its lipophilic 
composition, a wide range of delivery, the long half-life, and 
strong tissue aggregation sensitivity. Consequently, AD 
builds up in fatty tissue, liver, lungs leading to leading to 
excessive organ toxicity [9]. 

Pulmonary toxicity, initially characterized by alveolitis and 
interstitial inflammation and eventually by pulmonary 
fibrosis, is the most severe adverse effect. These effects were 
due to the presence of N‐desethylamiodarone, the main 
metabolite of AD, which possesses toxic activity thus causing 
lung tissue fibrosis [10]. The mechanism of AD to induce 
pulmonary injury includes alterations in membrane 
properties, phospholipidosisoxidant generation, 
inflammatory reactions, and immunological reactions. There 
are a few recognized risk factors for AD-induced pulmonary 
toxicity such as the extent of AD therapy and pre-existing 
lung disease [11]. This study examined the protective effect 
and therapeutic effectiveness of ferulic and gallic acid in rats 
with Amiodarone -induced pulmonary fibrosis by evaluating 
both oxidant-antioxidant and inflammatory status. 

Animals 
This study comprised 50 male albino rats (150-180 g body 
weight) divided into five groups. Rats were kept under 
normal conditions and were allowed free access to a standard 
requirement diet and water ad Libitum. Rats were housed 
under controlled conditions at King Fahd Medical Research 
Center.  They were acclimatized in the environment of the 
experiment for 4 days before dosing initiation. Experiments 
were approved by the Ethical Committee of King Fahd 
Medical Research Center, Jeddah, KSA. Approval number 
(163-19). 

Rats were randomized into 5 groups (10 / group) as follow: 

Group 1:Healthy control kept without treatment  

Group 2:Amiodarone group, experimental rats were 
administered with amiodarone in a daily oral dose (30 mg/kg 
bw),  via gastric gavage for 6 weeks to induce pulmonary 
toxicity [12]. 

Group 3: Amiodarone + FA, rats were administered 
amiodarone in a daily dose of 30 mg/kg body weight, orally 
via gastric gavage, and FA in a daily dose of 100 mg/kg body 
weight via gastric gavage (given 2 hours preceding 
amiodarone) for 6 consecutive weeks according to Dhaliwal, 
J., et al., [13]. 

Group 4:Amiodarone + GA, rats administered Amiodarone 
in a daily dose of 30 mg/kg body weight, orally by gastric 
gavage, and GA in a daily oral dose of 200 mg/kg bw, by 
gastric gavage (2 hours preceding amiodarone) for 6 
consecutive weeks according to Sen, S., et al., [14]. 

Group 5: Amiodarone + FA+GA, rats administered 
amiodarone(30 mg/kg bw) orally by gastric gavage and a 
mixture of GA (200 mg/kg bw) and FA (100 mg/kg bw) for 
6 consecutive weeks. 

At the end of the experimental period, rats were dissected 
under ether anesthesia and blood samples were collected and 
centrifuged and kept in a deep-freezer at 20ºC till for 
biochemical analysis.  

Preparation lung homogenate 
Lung homogenate was obtained from the right lung. Lungs 
were removed and washed in cold saline. The tissue was 
homogenized with Tris hydrochloride (Tris-HCl) buffer (pH 
7.4). The homogenate was centrifuged (9000 ×g, 30min), the 
supernatant was used for measurement of oxidative stress and 
inflammation indices. 

Biochemical measurements: 
Lung Na+-K+ adenosine triphosphatase (ATPase) activities 
and serum levels of sodium Na and potassium K were 
determined according to standard methods using diagnostic 
kits from BioSystems S.A. (Barcelona, Spain). Antioxidant 
status in lung homogenate was assessed by determination of 
malondialdehyde (MDA), Catalase (CAT), superoxide 
dismutase (SOD), and advanced oxidation protein products 
(AOPP) spectrophotometrically using (Biovision Kit, CA. 
USA). Also, Serum Transforming Growth Factor-beta (TGF-
) was performed by Enzyme-Linked Immunosorbent Assays 
(ELISA) technique (Cayman Chemical, Ann Arbor, MI, 
USA). Serum Transforming Growth Factor-beta (TGF-), 
Interleukin-1β (IL-1β), and Interleukin-6 (IL-6) activities 
were performed by Enzyme-Linked Immunosorbent Assays 
(ELISA) technique (BioSource International, Camarillo, CA, 
USA) according to the manufacturer’s instructions. While, 
advanced oxidation protein products (AOPP)was detected 
calorimetrically according to the assay protocol of (Abcam, 
USA). 

Assessment of DNA damage by comet assay 
Comet assay was performed as described according to de 
Souza, M.F., et al., [15]. Lungs tissues from control and treated 
groups were removed and used for the assessment of DNA 
damage. The evaluation of the length of the DNA migration 
(i.e., the diameter of the nucleus plus migrated DNA) was 
measured using image analysis Axiovision 3.1 software (Carl 
Zeiss, Canada) [16]. 

Histology 
The left lungs of rats from each group were kept in formalin 
at 4°C for 24 h, then embedded in paraffin, lungs were cut 
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into slices then stained with hematoxylin and eosin (H&E) 
and evaluated using a light microscope (Olympus BX61, 
Hamburg, Germany) connected to a high-resolution digital 
camera (Olympus, E330, Imaging Corp) at ×200, as described 
previously [17]. 

Statistical analysis 

Data were statistically analyzed using the statistical software, 
SPSS. Results were presented as mean ± SE. The differences 
between mean values were determined by analysis of 
variance (ANOVA test), p ≤ 0.05 was considered significant. 

RESULTS: 

 

Table 1: Effect of different treatments on serum level of Lung Na+-K+ ATPase and the levels of MDA, CAT, 

SOD, and AOPP in lung tissue homogenates of all studied groups 

Parameters 

Groups 

Lung Na+-K+ 

ATPase 

(µmol/pi/h/ml) 

MDA 

(nmol/min 

/mg protein) 

CAT 

(nmol/min /mg 

protein) 

SOD (U/mg 

protein) 

Advanced Oxidation 

Protein Products (AOPP) 

(nmol /gm tissue) 

G1(Control) 13.68±0.83 1.32±0.19 0.98±0.09 4.78±0.89 248±12.45 

G2 (AD) 6.15±0.15a 2.35±0.16a 0.55±0.06a 1.35±0.76a 315±14.29
a 

G3 (AD+FA) 9.75±0.83ab 1.92±0.12ab 0.71±0.08ab 2.61±0.83ba 278±12.83ba 

G4 (AD+GA) 11.75±0.99abc 1.45±0.18abc 0.82±0.04abc 3.22±0.55abc 252±12.55abc 

G5 (AD+FA+GA) 11.64±0.93abc 1.65±0.13abd 0.87±0.06abc 3.57±0.51abc 260±11.51abc 

Values are expressed as means ±S.D, n=10.    
a: significant with G1, b: significant with G2,c: significant with G3, at (p≤0.05)  
AD; Amiodarone, FA: Ferulic acid, GA: Gallic acid 

Results obtained in the table (1) revealed that AmiodaroneAD 
supplementation causes pulmonary toxicity manifested by a 
significant reduction(p≤ 0.05) in serum value of Lung Na+-
K+ ATPase as compared to the control group. Moreover, AD 
induced oxidative stress in lung tissue homogenate observed 
as significant (p≤ 0.05) elevation in MDA and AOPP with a 
parallel significant (p≤ 0.05) decrease on CAT and SOD 

level. Thus, using either FA or GA or a combination of them 
claimed to decrease the harmful effect of AD. Comparing 
results showed that gallic acid treatment was more efficient if 
compared to FA treatment, no significant (p≤ 0.05) change 
was recognized between G4 (AD+GA) and 
G5(AD+FA+GA).

 

Table 2: The effect of different treatments on lung tissue homogenate level of inflammatory biomarkers (TGF-

, IL-1β, IL-6, and TNF-α) of all studied groups 

Parameters 
Groups 

Serum Transforming 

Growth Factor-beta (TGF-) 
Ng/l 

Interleukin-1β (IL-
1β) 

(pg/ml) 

Interleukin-6 (IL-
6) 

(pg/ml) 

Serum Tumor Necrosis 
Factor-alpha (TNF-α) 

(pg/ml) 

G1(Control) 94.6±3.76 0.75±0.16 2.03±0.65 1.43±0.95 

G2 (AD) 220.6±11.84a 1.96±0.74a 5.14±0.43a 4.13±1.05a 

G3 (AD+FA) 178.7±5.87ab 1.26±0.94ab 3.55±0.96ab 3.15±1.02ab 

G4 (AD+GA) 143.9±7.53abc 1.11±0.21abc 2.69±0.44abc 2.21±0.95abc 

G5 (AD+FA+GA) 149.2±9.83abc 1.13±0.23abc 2.75±0.69abc 2.42±0.75abcd 

Values are expressed as means ±S.D, n=10.   
 a: significant with G1, b: significant with G2,c: significant with G3, d: significant with G4, at (p≤0.05)  
AD; Amiodarone, FA: Ferulic acid, GA: Gallic acid 

Results obtained in the table (2) detected the effect of 
Amiodarone AD supplementation on increasing 
inflammations in the pulmonary tissues, established by a 
significant (p≤ 0.05) elevation in inflammatory biomarkers 
(TGF-, IL-1β, IL-6, and TNF-α)of all studied group as 
compared to control rats. Meanwhile, the administration of 
either FA or GA or a combination of them attenuated the 
destructive effect of AD. Similarly, comparing results 

showed that Gallic acid treatment was more efficient when 
compared to FA treatment, no significant (p≤ 0.05) change 
was recognized between G4 (AD+GA) and 
G5(AD+FA+GA). 

Histopathological observation: 
The histological examination of control lung sections showed 
normal architecture of lung parenchyma (Fig.1A). 
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Histological examination of lung tissues for the amiodarone 
group (Fig.1B) showed lung fibrosis and interstitial 
inflammatory infiltration (yellow arrows). On the other hand, 
an improvement was observed in G3 (AD+FA)and G4 

(AD+GA) (Fig. 1C and 1D respectively) as compared to G2. 
A lower number of inflammatory cells were observed in 
G5(Fig. 1D) in which a combination of ferulic and gallic acid 
was used for treatment.

 

  

  

 
Figure (1): Micrographs of lung histopathology. (A)G1 control group; No abnormalities were seen; lung tissues 
show normal architectureAlveolar spaces are almost normal in size (B) G2 (AD); Amiodarone rat group showing 
lung fibrosis and interstitial inflammatory infiltration (yellow arrows)and thickening of the alveolar septa (C) G3 
(AD+FA); Amiodarone rat group treated with ferulic acid, showed moderate interstitial inflammatory infiltration (D) 
G4 (AD+GA); Amiodarone rat group treated with Gallic acid, inflammation was lessened and the number of 
inflammatory cells decreased  (5) (AD+FA+GA); Amiodarone rat group treated with Ferulic acid and Gallic acid, 
inflammation was lessened and the number of inflammatory cells decreased, appears near the normal architecture 
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Comet assay result: 
Comet assay was applied to observe DNA damage in lung 
tissues in rats (Fig 2). Compared with the control group (Fig. 
2A), DNA damage was observed in the tissues of the group 

treated with   Amiodarone (Fig. 2B). The essay revealed the 
reduced    DNA damage in rat groups treated with (AD+FA) 
and the group treated with (G4 (AD+GA) (Fig. 2C and Fig. 
2D). The assay also revealed a significant decrease in DNA 
damage in rats treated with (AD+FA+GA) (Fig. 2E).

 

  
 

 

 

 
 

 
Figure 2. COMET assay showing the degree of DNA damage in the lung tissue in rats subjected to different 
treatments. (A) Control; normal control group, (B) (AD); Amiodarone rat group showed DNA damage (C) G3 
(AD+FA); Amiodarone rat group treated with ferulic acid(D) G4 (AD+GA); Amiodarone rat group treated with Gallic 
acid (E) (AD+FA+GA); Amiodarone rat group treated with Ferulic acid and Gallic acid. 

DISCUSSION 

In our study, the administration of GA or FA or a combination 
of them could reduce the harmful effects of amiodarone.  GA 
and FA prevented the elevation of inflammatory biomarkers, 
reduced the oxidative stress, and conserved the lung tissue 
integrity. These properties were moderately accredited to the 
commonly known antioxidant activities. 

When taken by mouth, amiodarone is absorbed gradually and 
inaccurately, but if consumed with food, its bioavailability 
can be boosted. The high lipid solubility is an essential 

property of amiodarone. Amiodarone AD supplementation 
causes pulmonary toxicity manifested by a significant 
reduction in serum level of Lung Na+-K+ ATPase.This was 
partly related to its aggregation in adipose tissue and strongly 
perfumed organs such as the liver, lung, and spleen [3].  

Na⁺/K⁺-ATPase (sodium-
potassium adenosine triphosphatase is an enzyme present 
throughout the membrane of almost all animal cells. It plays 
a significant role in cell physiology. For each ATP molecule 
used by the pump, three sodium ions are extracted and two 

A B 

C D 

E 

https://en.wikipedia.org/wiki/Sodium
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Adenosine
https://en.wikipedia.org/wiki/Triphosphatase
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potassium ions are imported; there is therefore a total export 
of a single positive charge per pump cycle [18]. Also, Na+-K+ 
ATPase activity loss may be due to the reduced levels of its 
substrate (ATP), and expanded membrane lipid peroxidation 
results in the modification of membranes by ROS [19]. 

A study bySchwaiblmair, M., et al., proposed that 
Amiodarone and its metabolites cause lung damage directly 
by a cytotoxic potency and indirectly by an immunological 
response. Its toxicity is complex and multifactorial, involving 
several mechanisms including direct toxicity, 
hypersensitivity, and elevated oxidative markers [20]. These 
results agreed with that of Sarova, G.A., et al., which showed 
that exposure of rats AD for 48 h decreased lung Na, K-
ATPase hydrolytic activity [21]. 

The elevated activities of oxidative stress markers in lung 
tissue homogenate as MDA and AOPP along with reduced 
levels of CAT and SOD level was the observed result of AD 
supplementation.AD increases the production of free radicals 
and induces mitochondrial oxidation. Cumulative effects of 
reactive oxygen species (ROS) may result in significant 
damage to cell structures leading to oxidative DNA damage 
[22]. The increased lipid peroxidation indicates decreased 
enzymatic and nonenzymatic antioxidant defense 
mechanisms [23]. Catalase exists as a tetramer made up of four 
identical monomers, each comprises of active site heme 
group, Superoxide is the mainreasonforreleasing ROS, and its 
dismutation is a key factor in each cell [24]. AOPPs were first 
identified as a marker of protein oxidation throughout 
oxidative stress [25]. 

The effect of oxidative stress in developing pulmonary 
toxicity following amiodarone was suggested byAndrades, 
M., et al., who attributed these findings to the massive 
damage to the blood air barrier and increase in free radicals 
generation and mitochondrial hydrogen peroxide production 
[26]. Moreover, attributed these changes to direct toxicity of 
amiodarone, hypersensitivity, elevated oxidant markers. 

Applying FA or GA or a combination of them claimed to 
decrease the harmful effect of AD on oxidative stress 
parameters. This study results agreed with Ramar, M., et al., 
that found that FA caused antioxidant mechanisms such as 
SOD, alcoholic violent CAT behaviors, and diabetic rats [27]. 
Also, in a previous study, FA was found to reduce lipid 
peroxidation by interacting with the inflammation pathways 
and by scavenging free radicals [28]. Similarly, FA scavenges 
ROS produced released during the liver damage induced by 
either D-galactosamine or CCl4 

[29]. Also, in nicotine-treated 
rats, FA lowered levels of MDA, DNA fragmentation, and 
regained antioxidant status with elevated rates of oxidative 
enzymes [6]. 

Several scientific studies have shown that GA's antioxidant 
activities demonstrate their pharmacological effects [30]. 
Remarkably, GA ameliorated the observed AD-induced 
alterations in lung tissues homogenates content of antioxidant 
stress markers in the rats. These findings correlate positively 

with the report of [31]. One study examining the protective 
capacity of specific phenols involving gallic acid, 
protocatechuic acid, chlorogenic acid, and vanillic acid 
revealed that GA demonstrated the highest potency for 
antioxidants [32]. A previous work byOmobowale, T.O., et al., 
Gallic acid has been shown to mitigate oxidative stress by 
decreasing the generation of ROS in the rat brain and 
enhancing antioxidant state [33]. Although, Cheng, Q., et al., 
stated that gallic acid-enhanced SOD activity and CAT-
related enzymes in streptozotocin-induced diabetic brain 
damage and blocked free radicals production [34]. Also, Li, B., 
et al., examined the antioxidant substances that mostly 
inhibited the experimentally induced oxidative stress in 
ovarian tissue. They suggested that gallic acid worked as a 
potent antioxidant by decreasing the production of ROS and 
stimulating the enzyme antioxidant mechanism [35]. 

A few previous studies have indicated that GA behaves as an 
electrophilic mutagens scavenger [33]. In line with our 
findings Nikbakht, J., et al., was verified that GA 
strengthened the antioxidant-oxidant balance and recovered 
the fibrotic lung tissues to their normal state and thus could 
be an important natural substance for the management of 
bleomycin-induced pulmonary fibrosis of the lung [36].  

Amiodarone AD supplementation increased inflammations in 
the pulmonary tissues, as recognized by a significant 
elevation in inflammatory biomarkers including. TGF-, IL-
1β, IL-6, and TNF-α Additional works have shown that 
amiodarone is metabolized to an aryl radical that can disrupt 
inflammatory cytokines. It was shown that both catalytic and 
scavenger antioxidants ameliorate lung damage and fibrosis 
in animals caused by amiodarone [37]. Reactive oxygen 
species cause endothelial dysfunction due to an increase in 
permeability, recruitment of leukocytes, adhesion and 
transmigration, thrombosis, and other inflammation-initiating 
and proliferating processes [38]. TNF-α and IL-1β play a role 
in starting the inflammatory responses. Up-regulation of 
TNF-α and IL-1β level is key in the regulation of host 
immune responses in the lung after exposure to γ-rays in the 
rat. IL-6, which is sharply and quickly produced in infections 
and tissue injury responses, contributes to the host defense 
through the stimulation of immune reactions [39]. 

An improvement was observed in inflammatory biomarkers 
after treatment with either FA or GA or a combination of 
them. In addition to the antioxidant activity of FA, we further 
observed a depleted inflammatory response in the lungs. The 
declining levels of TNF-ш, IL-1β, and IL-6 mentioned an 
immunomodulating influence of FA [40]. Cytokines 
including interleukin (IL)-1β and IL-6 [41]. Another study by 
Gerin, F., et al., suggested that FA can be used as a promising 
hepatoprotective agent against formaldehyde toxicity 
because of the obvious beneficial effects on inflammation 
parameters [42]. GA co-administration possibly regulated the 
lung expression of TNF-α, and IL-6, suggesting its important 
role in the attenuation of the amiodarone-induced 
inflammatory cascade and reflect its anti-inflammatory 
potential [43]. 
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GA attenuates TNF- and IL-6 expression from human 
monocytes [44]. In a study, the effect of gallic acid on 
bleomycin-induced pulmonary fibrosis in rats was reviewed. 
The results indicate that intratracheal bleomycin 
administration substantially increased inflammatory or 
fibrotic alterations, collagen content, MDA level, and 
proinflammatory cytokines, such as TNF-5-007 and IL1β, in 
the lung [45]. In the present study, the amiodarone-treated 
group (G2) showed marked degenerative change, showing 
lung fibrosis and interstitial inflammatory infiltration. These 
findings were in agreement with Zickri, M.B., ET AL., who 
mentioned similar findings as to the thickening of the alveolar 
septa [46]. The results revealed ruptured interstitial 
inflammatory infiltration, which was similar to the findings 
of [47]. Moreover, Mahavadi, P., et al., confirmed the 
thickening of alveolar septa with patchy fibrosis and cellular 
infiltration [48]. In a study by Hosseini, S., et al., an oral 
administration of Gallic acid reversed the histopathological 
alterations induced by bleomycin [49]. 

The harmful effect of AD on DNA observed in this study 
agreed with da silvia [50]. While treatment with either FA or 
GA or a combination of them improved these results. 
Sudheer, A.R., et al., also reported a dramatic increase in 
comet parameter levels in nicotine-treated lymphocytes, 
which is the indication DNA strand breaks [51]. Also, using 
FA therapy has been reported in reducing DNA lymphocyte 
damage and sepsis-induced rats' liver and kidney cells, 
suggesting that FA improves the mechanisms of DNA repair 
mechanisms. Owing to its phenolic nucleus and prolonged 
side chain, FA is easily formed by a resonance stabilized 
phenoxy radical that contributes to its free radical-scavenging 
impacts. This allows FA to preserve the DNA and lipids via 
ROS against oxidation [28]. 

Our in vivo findings are line with prior in vitro reports 
indicating that the decline in protein expression of pro-
apoptotic protein could be a cause for gallic acid's anti-
apoptotic activity [52]. Previous studies have suggested that 
FA by its antioxidant activity is capable of neutralizing nitric 
oxide and hydroxy-radical groups which also cause DNA 
damage [53]. 

CONCLUSION 

Results demonstrated that ferulic acid or gallic acid or their 
combination significantly recovered the effect of 
Amiodarone- induced pulmonary toxicity in rats probably 
throughout their anti-inflammatory and antioxidant 
properties, as evidenced by efficient modulation of the 
severity and degree of lung injury besides the 
histopathological and genetic lessening of the alterations 
caused by Amiodarone. 
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