DOI:10.2298/ABS150729005H

Arch. Biol. Sci., Belgrade, 68(1), 31-39, 2016

METHANOLIC EXTRACT OF MORINGA OLEIFERA LEAF AND LOW DOSES
OF GAMMA RADIATION ALLEVIATED AMIODARONE-INDUCED LUNG TOXICITY
IN ALBINO RATS
Hesham F. Hasan*, Noura M. Thabet and Mohamed Kh. Abdel-Rafei
Radiation Biology Department, National Center for Radiation Research and Technology (NCRRT),
Atomic Energy Authority, Nasr City, Cairo, Egypt
*Corresponding author: hes_fa@yahoo.com
Received: July 29, 2015; Revised: September 28, 2015, 2015; Accepted: September 28, 2015; Published online: January 11, 2016
Abstract: This study aimed to evaluate the effects of methanolic extract of Moringa oleifera (MO) and/or low doses of
gamma radiation (LDR) on amiodarone (AMD)-induced lung toxicity in rats. AMD administered to female albino rats
(100 mg/kg body weight) for 10 consecutive days. Rats received methanolic extract of MO (250 mg/kg bwt) for 15 successive days and/or were exposed to whole body LDR (0.25 Gy on the 1st and 10th days, up to a total dose of 0.5 Gy). MO
administration induced a significant decrease in serum tumor necrosis factor-alpha (TNF-α) and transforming growth
factor-beta (TGF-β) levels as well as lactate dehydrogenase (LDH) activity. Also, the content of malondialdehyde (MDA)
and hydroxyproline (HYP) was significantly decreased in lung tissue. Furthermore, MO significantly increased reduced
glutathione (GSH) content in lung tissue as compared with AMD. The histopathological investigation of lung tissue revealed
the appearance of interstitial pneumonia in rats treated with AMD. The oral administration of MO and/or exposure to LDR
reversed the biochemical and histopathological alterations induced by AMD. It can be posited that MO and LDR might
have a considerable role in the prevention of lung toxicity induced by AMD.
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Introduction

main pathogenic mechanisms of its pulmonary toxicity. AMD-induced pulmonary toxicity occurs with
an incidence of 5-10% and it is fatal in a considerable number of patients. The incidence of pulmonary
toxicity depends on the dosage and duration of AMD
use (Jamshidzadeh et al., 2008; Gado and Aldahmash,
2013).

The lung is a potential target organ for a variety of
chemically induced pathological changes. Physiologically, the lung is primarily responsible for the
exchange of oxygen and carbon dioxide between
the atmosphere and the circulatory system. Due to
its physiological function, the lung can be exposed
to toxic agents externally by airborne particles and
vapors, and likewise internally by chemicals in the
blood stream (Smith and Boyd, 1983).

The Moringa tree is a multi-function plant. It has
been cultivated in tropical regions all over the world
for the following characteristics: i) high protein, vitamin, mineral and carbohydrate content of the entire
plant; high value of nutrition for both humans and
livestock; ii) high oil content (42%) of the seed which
is edible, with medicinal uses; iii) the coagulant of
seeds can be used for wastewater treatment (Adedapo et al., 2009). Leaves of Moringa oleifera (MO)

Pulmonary toxicity is one of the most life-threatening complications of amiodarone (AMD) use.
AMD, an antiarrhythmic drug, causes pulmonary
ﬁbrosis in some patients during chronic administration. Formation of free radicals leading to oxidative
stress and lipid peroxidation has been shown to be the
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contain flavonoid pigments, such as kaempferol,
rhamnetin, isoquercitrin and kaempferitrin. In addition, the leaves are rich in a group of glycoside compounds, glucosinolates and isothiocyanates as well as
glycerol-1-(9-octadecanoate), 3-O-(6’O-oleoyl-betaD-glucopyranosyl), β-sitosterol and β-sitosterol-3-Oβ-D-glucopyranoside (Berkovich et al., 2013). Leaf
preparations of MO have been reported in the scientific literature as having a number of biological uses,
such as antiulcer, anti-inflammatory, antimicrobial,
antiherpes simplex virus, diuretic, anthelmintic and
hepatoprotective (Oyewo et al., 2013a).
Low-dose radiation (LDR) stimulates biological activities in vitro as well as in vivo that include
antioxidant capacity, repair of DNA damage, induction of immune responses and apoptosis in certain
cancer cell types, as well as proliferation of normal
cells. Many other phenomena, such as low-dose hypersensitivity, bystander effects, adaptive response
and cell-cell communication have also been suggested
to be responsible for enhanced therapeutic gain using LDR (Farooque et al., 2011). The present study
aimed to demonstrate the possible restorative effect of
methanolic leaf extract of MO and/or LDR on AMDinduced pulmonary toxicity in albino rats.

were fed on standard pellets of concentrated diet containing all the necessary nutritive elements. Liberal
water intakes were available. Animal procedures were
performed in accordance with the Ethics Committee
of the National Research Center and in accordance
with the recommendations for the proper care and
use of laboratory animals (NIH publication No.85-23,
revised 1985) in accordance with international ethical
considerations.
Radiation facility
Irradiation was performed at the National Center for
Radiation Research and Technology (NCRRT), Cairo,
Egypt, using Gammacell 40 (137Caesium), a biological irradiator manufactured by Canada Ltd. Ottawa,
Ontario, Canada. Animals were placed in a plastic
sample tray with a lid and supports provided for use
in the sample cavity. The unit had ventilation holes
which align with ventilation parts through the main
shield to provide a means for uniform irradiation
for small animals. Rats were whole-body-exposed to
fractionated doses of gamma radiation (0.25 Gy on
the 1st and 10th days of experimental course up to a total dose of 0.5 Gy) given at a dose rate of 0.49 Gy/min.
Preparation of methanolic extract of MO

Materials and methods
Materials
Amiodarone (AMD) was obtained from SanofiAventis, Montpellier, France (Commercially found as
Cordarone®). Leaves were obtained from the Egyptian
Society of Moringa, National Research Center (NRC),
Giza, Egypt. Ether was obtained from Sigma-Aldrich
Co. (St Louis, MO, USA).
Experimental animals
Female 6-week-old albino rats (120-150 g were obtained from the Egyptian Holding Company for Biological Products and Vaccines. Animals were kept under standard conditions of humidity and temperature
(22-24oC) during the experimental period. The rats

Leaves were harvested from different trees cultivated
in Egypt. The leaves were first rinsed with distilled
water, dried in the shade and extracted with methanol (70%) using a Soxhlet apparatus for 3 days. The
percolated extract was then dried in a vacuum using
a rotary evaporator apparatus (Model RE52A, China),
weighed and dissolved in double-distilled water to
give a final concentration of 250 mg extract/kg body
weight with the help of a cyclomixer just before oral
administration (Sinha et al., 2012).
Experimental design
The animals were divided into eight groups: (i) control group: rats received 0.5 ml distilled water via
oral tube for 15 days; (ii) MO group: rats received
0.5 ml of methanolic MO extract (250 mg/kg bw)
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via oral tube for 15 successive days (Gunjal et al.,
2010); (iii) LDR group: rats exposed to whole-body
fractionated doses of gamma radiation (0.25 Gy on
the 1st and 10th days of experimental course up to a
total dose of 0.5 Gy) and received 0.5 ml distilled water via oral tube for 15 days; (iv) MO+LDR group:
rats received 0.5 ml of methanolic extract of MO
for 15 days and were exposed to gamma radiation;
(v) AMD group: rats received AMD (100 mg/kg bw,
via intraperitoneal (i.p.) injection) for 10 consecutive days (Jamshidzadeh et al., 2008); (vi) AMD+MO
group: rats received AMD and methanolic MO extract; (vii) AMD + LDR group: rats received AMD
and were exposed to gamma radiation, and (viii)
AMD+MO+LDR group: rats received AMD, methanolic MO extract and were exposed to gamma radiation. The first day of experiment started with the i.p.
application of AMD plus oral administration of MO.
One day after the last dose of MO, animals (6 rats in
each group) were killed under light ether anesthesia,
and blood samples and lung tissues were collected for
biochemical and histopathological examination.
Biochemical assay
In lung tissue, the lipid peroxidation product,
malondialdehyde (MDA), was measured by thiobarbituric acid assay, which is based on the reaction of
MDA with thiobarbituric acid reactive substances
(TBARS), a pink-colored complex exhibiting a maximum absorption at 532 nm (Yoshioka et al., 1979).
The reduced glutathione (GSH) content was determined photometrically at 412 nm using 5,5-dithiobis2-nitrobenzoic acid (Ellman, 1959). The hydroxyproline (HYP) content was hydrolyzed with 12 N HCl at
110°C for 18 h, then oxidized into pyrrole followed by
coupling with p-dimethyl-amino-benzaldehyde, and
the developed red color was measured spectrophotometrically at 456 nm (Bergman and Loxley, 1963)
using Sigma-Aldrich Chemicals. All photometric
determinations were done using Thermo Electron
UV-Visible spectrophotometers (USA). In serum, the
activity of lactate dehydrogenase (LDH) enzyme was
determined according to the procedures described by
Vassault (1983) using a BioSystems kit (Spain). The
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transforming growth factor-beta (TGF-β) and tumor
necrosis factor-alpha (TNF-α) were detected according to Kim et al. (1994) and Corti et al. (1992), using the Avi-Bion ELISA Kit (Orgenium Laboratories
Business Unit, Finland), Elisa microplate reader (DV
990 BV 416; Gio.DE VITA and CO., Rome, Italy), respectively.
Histopathological examination
Part of the lung was kept in 10% formalin and stained
with hematoxylin and eosin (H&E) according to the
method adopted by Stevens et al. (1982) and examined by light microscopy.
Analysis of data
Statistical analysis was performed by one-way analysis
of variance (ANOVA) followed by Duncan’s Multiple
Range test by using statistical package of social science (SPSS) version 15.0 for windows. P <0.05 was
considered significant. The values are expressed as
means±standard error (SE).
RESULT
The data presented in Table 1 shows that treatment of
rats with AMD provoked oxidative stress demonstrated by a significant (P<0.05) decrease in GSH content
associated with significant elevations in MDA content
compared to the control group. Oral administration
of MO and/or exposure to LDR of rats treated with
AMD significantly elevated GSH and decreased MDA
contents compared to the AMD-treated rats (Table
1). The results obtained in the current study demonstrated that i.p. injection of AMD induced a significant (P<0.05) elevation of serum TNF-α and TGF-β
as compared to the control group (Table 2). On the
other hand, a significant amelioration in TNF-α and
TGF-β was observed in AMD rats receiving MO and/
or exposed to LDR compared to the AMD-treated
rats. The experimental data showed that AMD induced a significant (P<0.05) increase in serum LDH
activity and HYP content in lung tissue as compared
to the control group (Table 3). A significant improve-

34

Hasan et al.

lungs of AMD rats treated with MO and/or exposed
to LDR showed preserved normal architecture, but
with perivascular inflammatory cell infiltration (arrow) in the AMD+MO rats (Fig. 2F), slight thickening of interstitial tissue (arrow) in AMD+LDR rats
(Fig. 2G) and normal intrapulmonary structure in
AMD+MO +LDR rats (Fig. 2H).

ment in LDH and HYP in AMD-treated rats that received MO and/or were exposed to LDR compared to
AMD-treated rats was observed.
Histopathological results
Microscopic examination to lung sections of the control group and groups that received MO and/or LDR
revealed the normal characteristic spongy appearance
of the lung. Numerous alveoli, with a thin alveolar
wall lined by simple squamous epithelium connected
together through alveolar pores that opened into alveolar sacs, alveolar ducts or respiratory bronchioles and
thin interalveolar septa, were observed (Fig. 1A-D).
On the other hand, rats of AMD-treated group showed focal interstitial pneumonia (arrow) (Fig. 2 E). The

DISCUSSION
Several studies have suggested that oxidant-antioxidant imbalances in the lower respiratory tract play a
critical role in the pathogenesis of pulmonary injury
and lung toxicity. There is emerging evidence that
AMD administration results in interstitial alveolar
inflammation (Gado and Aldahmash, 2013). In the

Table 1. GSH and MDA contents in different animal groups.
Animal
groups

AMD+ MO AMD +LDR

AMD + MO
+LDR

7.36±0.37a,b

8.09±0.271b

Control

MO

LDR

MO +LDR

AMD

GSH
(mg/ g tissue)

8.71±0.399

8.59±1.428b

9.32±0.240b

9.78±0.896b

5.69±0.179a

MDA
(nmole/ g tissue)

67.30±6.77

66.9±1.08b

64.63±4.34b

65.96±5.72b 149.83±19.6a 120.93±23.9a 109.26±25.6 97.56±9.75b

7.88±0.372b

Data are expressed as means±SE (n=6). P<0.001; a: significant difference vs. control; b: significant difference vs control AMD treated group; Moringa
oleifera (MO), low doses of gamma radiation (LDR), amiodarone (AMD), malondialdehyde (MDA), reduced glutathione (GSH)

Table 2. TNF-α and TGF-β levels in different animal groups.
Animal
groups
TNFα (Pq/ml)

AMD+
MO+LDR

MO

LDR

MO+LDR

AMD

35.7±0.65

34.5±0.824b

33.7±0.72b

33.2±1.18b

57.36±1.94a

42.33±0.97a,b 39.1±1.008a,b

28.2±0. 91b

27.2±0.573b

25.7±0.901b

46.4±1.98a

35.03±0.842a,b 32.3±1.004a,b 29.03±0.98b

TGF-β (Pq/ml) 26.5±0. 597

AMD+MO

AMD
+LDR

Control

38.4±1.17b

Data are expressed as means±SE (n=6). P < 0.001; a: significant difference vs control. b: significant difference vs control AMD treated group.

Table 3. LDH activity and HYP contents in different animal groups.
Animal
groups
LDH
(U/L)

control
290.5±53.1

MO

LDR

MO+LDR

AMD

AMD+MO

AMD
+LDR

286.2±51.6b 250.2±28.02b 238.8±11.3b 398.5±60.5a 301.3±40.6b 293.06±41.1b

AMD+
MO+LDR
290.4±40.6b

HYP
156.6±12.07 150.01±12.7b 145.89±15.2b 143.07±13.9b 259.2±21.9a 219.4±12.3a,b 209.59±9.1a,b 200.59±14.69a,b
(µg/ gm) tissue)
Data are expressed as means ± SE (n=6). P<0.001; a: significant difference vs control. b: significant difference vs control AMD treated group; lactate
dehydrogenase (LDH) activity, hydroxyproline (HYP).
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Fig. 1. Tissue micrographs lung tissues. A – Lung of rat from
control group showing no histopathological changes (-). B – Lung
of rat from MO group showing no histopathological changes.
C – Lung of rat from LDR group showing no histopathological
changes (-). D – Lung of rat from MO+LDR group showing no
histopathological changes (-). All plates: (H&E, X 400). Degree
of change from normal histological structure: +++ severe, ++
moderate, + mild, - nil.

Fig. 2. Tissue micrographs AMD lung tissues. E – Lung of rat
from AMD group showing interstitial pneumonia (arrow) (+++).
F – Lung of rat from AMD+MO group showing perivascular inflammatory cells infiltration (arrow) (+). G – Lung of rat from
AMD+LDR group showing slight thickening of interstitial tissue
(arrow) (+). (H) Lung of rat from AMD+MO+LDR group showing no histopathological changes (-). All plates: (H&E, X 400).
Degree of change from normal histological structure: +++ severe,
++ moderate, + mild, - nil.

current study, the administration of AMD to rats induced a marked elevation in the inflammatory cytokines (TNF-α and TGF-β), lactate dehydrogenase
(LDH), malondialdehyde (MDA) and hydroxyproline
(HYP) associated with a significant decrease in reduced glutathione (GSH) as compared to the control
rats (Tables 1-3).

The powerful oxidizing capability of ROS can lead
to the generation of advanced oxidation molecular
products and induce damage to cellular and subcellular structures within the lung (Kinnula et al., 2005).
Lipid peroxidation (LPO), measured by MDA, is one
of the adverse effects of AMD therapy that occurs
due to free radical-mediated chain oxidation resulting in damage to the pulmonary endothelium. The
released free radicals steal electrons from lipids of the
cell membrane, leading to degradation of lipids and
increased MDA content, which indicates intoxication
and the generation of oxidative stress in lung tissue
(Kaushik et al., 2001, Chakraborty et al., 2014). Oxidative stress, an imbalance between free radicals and
the antioxidant defense system, is an important factor
in the pathogenesis system involving polyunsaturated
membrane lipid (Acar et al., 2012). The antioxidant
GSH, which plays an important role in a variety of
detoxification processes, was decreased significantly
in AMD-treated rats, suggesting the role of oxidative
stress mechanisms in AMD-induced lung toxicity
(Gado and Aldahmash, 2013).

These alterations could be attributed to AMDinduced pulmonary toxicity. Several conjunct mechanisms involving the accumulation of iodine-rich
AMD into pneumocytes have been suggested for this
action of AMD. The potential mechanisms involved
in the direct toxic effect that disrupts cellular membranes are through the activation of protein kinase
C, release of toxic reactive oxygen species (ROS), decreases in GSH, mitochondrial dysfunction, necrosis
and eventually apoptosis (Mali et al., 2014).
AMD has been reported as an enhancing agent
in free radical generation and also in mitochondrial
hydrogen peroxide production (Chakraborty et al.,
2014). It could be metabolized to an aryl radical that
may give rise to other ROS (Nicolescu et al., 2007).
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Another mechanism for pulmonary toxicity by
AMD is the immune-mediated mechanism involving
an imbalance in helper T cells and overproduction
of cytokines (Mali et al., 2014). The reported significant increase in serum TGF-β and TNF-α (Table 2)
after AMD administration has been shown to be the
major etiological factor in pulmonary injury (Punithavathi et al., 2003). Free radicals can stimulate
the expression and secretion of TGF-β and mediate TGF-β-induced differentiation of fibroblasts and
myofibroblasts (Cucoranu et al., 2005). Also, the alveolar macrophages isolated from AMD-treated rats
released large amounts of TNF-α (Punithavathi et
al., 2003). Moreover, the significant increase in HYP
content (Table 3) after AMD administration could
be attributed to the development of oxidative stress
and increased inflammatory cytokines (TNF-α and
TGF-β) (Table 1 and 2). The formation of HYP residues is essential for triple helix formation and stabilization of collagen and its expression (Nokelainen
et al., 2001, Stephens and Grande-Allen, 2007). Free
radicals can stimulate platelet-derived growth factor
receptors, which in turn results in increased synthesis
of extracellular matrix and collagen production via
the Ras/Erk pathway (Hecker et al., 2009). Furthermore, TGF-β could stimulate collagen synthesis by
inducing the differentiation of fibroblasts into myofibroblasts; it also lowers collagenase activity (Lasky
and Brody, 2000). The accumulation of TNF-α might
boost collagen synthesis via the modulation of fibroblast functions (Punithavathi et al., 2003).
In addition, AMD-induced lung injury could be
contributed to by the observed increase in serum
lactate dehydrogenase (LDH) activity (Table 3). The
extracellular appearance of LDH is used to detect cell
damage or death and is abnormal in a host of disorders. The total serum LDH activity is elevated in
several pulmonary disorders associated with fibrosis,
and has been suggested to be a useful monitor of disease activity (Cobben et al., 1997). Punithavathi et
al. (2003) demonstrated that biochemical alterations
such as increases in bronchoalveolar fluid (BALF) total protein (a marker of damage to the alveolar-capillary barrier) and LDH activity were associated with
lung injury induced after the administration of AMD,

which induced oxidative stress that led to impaired
cell viability, also exerting toxic effects manifested by
a decrease in GSH level and increase in LDH leakage
and MDA (Krasteva et al., 2007).
The histological examination of AMD-treated
rats’ lung sections revealed tissue damage represented by focal interstitial pneumonia (Fig. 2E). AMD
induced direct cellular damage, induction of phospholipidosis and immune-mediated mechanisms by
activation of natural killer cell activity (Taylor et al.,
2003). Madkour and Ahmed (2013) reported that
AMD provoked histological changes in the lung tissue
characterized by a thickening of interalveolar septa,
cellular infiltration, vacuolar degeneration, congestion, inflammatory infiltration and focal necrosis.
Earlier studies reported that coagulation abnormalities with oxidative metabolic reactions in lung
injury are compelling reasons to use antioxidants in
suppressing AMD-induced pulmonary toxicity (Gado
and Aldahmash, 2013).
The experimental results revealed that rats receiving oral administration of the MO methanolic extract
and/or exposure to low doses of gamma irradiation
showed no significant changes in inflammatory cytokines (TNF-α and TGF-β), oxidative indices (MDA
and GSH), HYP lung content and LDH activity as
compared to control rats. Also, the histological examination of lung tissue revealed no alterations in
the tissue architecture of rats treated with MO and/or
LDR (Tables 1-3 and Fig. 1). Furthermore, the administration of MO and/or exposure to LDR of AMDtreated rats led to a significant improvement in the
biochemistry and histology of lung tissue (Tables 1-3
and Fig. 1).
These results could be interpreted as an adjustment of the antioxidant status in lung cells of AMDtreated rats (MO and/or LDR increase GSH and decrease MDA), which could be reflected on immune
and cellular function. MO had a hepatoprotective
activity, revealed as recovery of antioxidant activity
(GSH and SOD) and decreased MDA (Rakesh and
Singh, 2010, Nanjappaiah and Hugar, 2012). Moreover, Kirisattayakul et al. (2013) attributed the cer-

AMIODARONE-INDUCED LUNG TOXICITY

ebroprotective effect of MO against ischemic stroke
to the antioxidant activity and decreased oxidative
stress. Also, the antioxidant enzyme activities and
GSH content increased significantly after exposure
to whole-body LDR (0.5 Gy). Kojima et al. (2004) and
Fahmy et al. (2013) specified the increased total GSH
in liver, pancreas and brain.
The decrease in TNF-α and TGF-β levels could be
attributed to the antioxidant activities of MO (which
was responsible for the decrease in the levels of free
radicals in the lungs), and it can inhibit the inflammatory response manifested by decrease in TNF-α
and TGF-β activation pathways. The immunomodulatory activity of MO could be exerted through
downregulation and reduction of TNF-α expression
(Oyewo et al., 2013b; Gupta et al., 2013) and inhibition of nuclear factor kappa-B (NF-κB) (Wihastuti et
al., 2007). Also, Kooltheat et al. (2014) illustrated that
MO ethyl acetate fraction inhibited inflammatory cytokine including TNF-α production in the lungs of
rats exposed to cigarette smoke. The improvement
in serum TGF-β could be attributed to the MO-mediated inhibition of TGF-β phosphorylation, which
regulates the expression of fibronectin, type I collagen and plasminogen activator inhibitor-1 (Su-Hyun
and Young-Chae, 2012). Furthermore, the significant
decrease in serum TGF-β and TNF-α levels might be
due to the various effects of LDR, including radioadaptive response, modulation of immune function
and an enhancement of resistance to high doses of
radiation. These phenomena have generally been
called radiation hormesis (Kojima et al., 2004). The
obtained results coincide with the results obtained by
Yu et al. (2013), who elucidated the pneumoprotective efficiency of LDR (75 mGy) against bleomycininduced lung injury through a reduction of TNF-α
and TGF-β levels in the BALF. Also, the decrease
in lung cell content of HYP (Table 3) in AMD rats
treated with MO and/or LDR can be interpreted in
the view of antioxidant and anti-inflammatory properties of MO and LDR observed in the present study
(Table 1-2). These results are in agreement with those
obtained by Hamza (2010), who reported that MO
decreased HYP content and collagen deposition in
the liver of injured rats.
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MO and/or LDR could afford protection to lung
cells through the decreased production of free radicals, as was evident from the apparent antioxidant
capacity and decreased LPO in the lungs of AMDtreated rats (Table 1). Babu et al. (2011) stated that
MO has membrane-stabilizing activity. Thus, the
amelioration of serum LDH activity (Table 3) could
be due to the antioxidant capacity of MO and/or LDR,
which stabilizes the membrane against the ROS released and subsequently opposes the efflux of LDH
enzymes into the blood stream from tissue.
The histological examination of lung tissue of
AMD rats treated with MO showed a marked amelioration of the lung damage as depicted by preserved
lung tissue with subtle perivascular inflammatory cell
infiltration and slight thickening of interstitial tissue
(Figs. 2 F and H). These results are in agreement with
those obtained by Owolabi et al. (2013), who reported
that the alcoholic extract of MO possessed prophylactic and regenerative effects against lung toxicity.
This effect is mediated through its inhibitory effect
on the expression of RelA, a gene implicated in NF-κβ
p65 signaling, as well as reduction of inflammatory
cytokines, which promotes neutrophil infiltration
and lung tissue damage (Kooltheat et al., 2014). In the
current experiment, LDR exhibited lung protection
against AMD-induced damage as indicated by the reduced degree of infiltrated inflammatory cells, and it
exerted superior protection when combined with MO
by retaining the normal architecture of the lung tissue
(Figs. 2 G and H). The afforded protective effect of
LDR is a result of enhanced endogenous antioxidant
activities with special emphasis on GSH, which counteract excessive formation of ROS (Kawakita et al.,
2003, Fahmy and Gharib, 2014). In the same context,
Yu et al. (2013) ascribed the preventive efficiency of
LDR against lung injury to a reduction in TNF-α and
TGF-β levels in the BALF. It could be postulated that
MO and/or LDR reversed AMD-induced lung toxicity via an adjustment of cellular redox tone and inhibition of certain inflammatory response pathways.
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