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Abstract: Pulmonary fibrosis (PF) is a progressive interstitial lung disease that is characterized by increased
deposition of extracellular matrix proteins. Amiodarone-induced PF model shows the main fundamental features of
pulmonary fibrosis, including the same morphological pattern that mimics PF in humans. Naltrexone acts as a pure
non-specific opioid receptor competitive antagonist that blocks all opioid receptors, it can decrease tissue
inflammation and fibrosis through potential mechanisms including removal of the free radicals. Silymarin has
reported over the last decade as a herbal remedy for hepatoprotection due to its antioxidant properties.The aim of
this study was to evaluate the possible anti-fibrotic, anti-inflammatory and anti-oxidant effects of naltrexone and
silymarin in amiodarone induced-PF in albino rats.This experiment was performed on 48 male albino rats divided
into 6 equal groups; normal control group, untreated amiodarone induced PF group, amiodarone induced PF group
protected by naltrexone, amiodarone induced PF group protected by silymarin, amiodarone induced PF group
treated by naltrexone, amiodarone induced PF group treated by silymarin. The results showed that the untreated
induced-PF group showed a significant increase in transforming growth factor p; (TGF-f,), hydroxyproline (Hyp),
tumor necrosis factor-o (TNF-a), malondialdehyde (MDA) levels, and decrease in Superoxide dismutase (SOD)
activity, when compared to normal control group, also the present study showed that prophylaxis and treatment with
naltrexone and silymarin produce significant decrease in all parameters except for SOD activity which showed
significant increase. There was a non-significant difference between naltrexone and silymarin groups regarding all
measured parameters except for SOD activity where there was a significant increase in SOD activity with silymarin
compared to naltrexone. Also histopathological examination of lung tissue stained with Mallory stain showed
improvement of fibrosis score in protected and treated groups when compared to untreated group. These findings
suggest that naltrexone and silymarin have a significant role either in protection or treatment of amiodarone
induced-PF, in regard to improvement of inflammation, anti-fibrotic and antioxidant effects. It could be
recommended to verify these results in further clinical studies.
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1. Introduction common type of interstitial lung disease. It is
Pulmonary fibrosis (PF) is an interstitial lung characterized by scarring of the lungs, that leads to
disease that is induced by different factors. There are organ malfunction, disruption of gas exchange, and
several causes contribute to the pathogenesis of respiratory failure (Baddini-Martinez et al., 2015).
pulmonary fibrosis including oxidative stress, Causes of PF are multifactorial including
inflammation, epithelial-mesenchymal transition, and exogenous factors as long-term exposure to
immune disorders, all these factors lead to alveolar occupational agents such as asbestos, silica, and
epithelial cell injury and fibroblast proliferation that irradiation  (Arizmendi et al., 2014). Some
consequently result in abnormal deposition of the chemotherapeutic agents as methotrexate and
extracellular matrix (ECM) components (Li et al., bleomycin, antiarrhythmic drugs as amiodarone and
2015). propranolol, and specific antibiotics as ethambutol,
Idiopathic pulmonary fibrosis (IPF) is a also can play a role in the etiology of PF (Molyneaux
progressive life-threatening disease and it is the most and Maher, 2013). In addition, oxidative stress and
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inflammation have also a great role in pulmonary
damage. Studies have demonstrated that cytokines
including interleukins (IL), tumor necrosis factor-a
(TNF-o), and transforming growth factor-B (TGF-B)
effectively take part in collagen deposition (Razavi-
Azarkhiavi et al.,, 2014). Idiopathic pulmonary
fibrosis, formally known as “cryptogenic fibrosing
alveolitis”, is caused by repeated injury to small areas
of the lungs resulting in inflammation and then
scarring of the lungs. Repetitive injuries to the alveolar
epithelium or endothelium lead to PF through
triggering of the immune system. Inflammatory
mediators such as the profibrotic cytokine,
transforming growth factor-beta (TGF-B) activate
angiogenesis and  myofibroblasts to produce
extracellular matrix (ECM) components such as
collagen and fibronectin (Fernandez and Eickelberg,
2012).Damaged tissues repair is a core biological
mechanism allowing the regulated replacement of
dead or damaged cells after injury, this process is very
important for survival. If this process becomes
dysregulated, it leads to the evolution of a permanent
fibrotic scar. This scar is characterized by the
excessive accumulation of ECM components as
hyaluronic acid, fibronectin, proteoglycans and
interstitial collagens at the site of tissue injury and
development of fibrogenesis.

Numerous cytokines and growth factors have
been implicated as mediators in the pathogenesis of
pulmonary fibrosis. One such mediator, transforming
growth factor beta (TGF-B), is a key regulator of both
normal wound repair and the aberrant repair
mechanisms characteristic of many fibrotic diseases,
including pulmonary fibrosis. It is believed that TGF-p
is a central regulator of the recruitment, activation, and
differentiation of myofibroblasts during the early
phases of tissue repair (Kosmidis et al., 2016). In
addition to direct injury of lung cells and matrix,
oxidants may also take part in the development of PF
by their direct effects on cytokines and growth factors.
Examples of these mediators are TGF-B, endothelin 1
(ET-1), prostaglandin (PG) E; and interleukin 6 (IL-6)
(Ahn et al., 2011). TGF- is believed to be a central
regulator of the activation and differentiation of
myofibroblasts that occur in the early stages of tissue
repair. The persistence of the myofibroblastic
phenotype in the areas of active fibrosis is a
characteristic finding in fibrotic lung disease. There is
currently no cure for IPF. The main aim of treatment is
to relieve the symptoms as much as possible and slow
down its progression. As the condition becomes more
advanced, end of life (palliative) care will be offered.

Amiodarone is a commonly prescribed broad-
spectrum antiarrhythmic drug. It is a highly lipophilic
iodinated benzofuran derivative (Joukar et al., 2014).
Amiodarone has severe adverse effects on many
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organs involving the cornea, liver, lung,
neuromuscular system, skin and thyroid, which often
limit its use (Nasri et al., 2015). An important feature
of amiodarone is its high lipid solubility. It is mainly
accumulated in adipose tissue and highly perfused
organs as liver, lungs, and spleen (Lafuente-Lafuente
et al., 2009).

Amiodarone induced pulmonary toxicity should
be taken into consideration in patients under long-term
amiodarone use, especially in elderly patients with
pulmonary symptoms, functional and radiographic
changes even if a low dose of the drug is administered
for years (Hudzik and Polonski, 2012). The two most
important risk factors for the amiodarone pulmonary
toxicity are age and duration of therapy. Some
researchers have suggested that the drug is directly
toxic to the lung, others have reported that it has an
indirect effect involving cell-mediated immune
mechanisms (Mahavadi et al., 2014). The mechanism
of pulmonary toxicity induced with amiodarone
administration is multifactorial. Amiodarone and its
metabolite cause damage to lung tissue either directly
by a cytotoxic process or indirectly by immunologic
reactions (Al-Shammari et al., 2016). Amphiphilic
drugs especially produce a phospholipid storage
disorder in the lungs of experimental animals and
humans. The mechanism is currently believed to be the
inhibition of lysosomal  phospholipases and
aggravation of oxidative stress through the production
of reactive oxygen species (ROS), as reported by a
study which revealed that AM is metabolized to an
aryl radical that may give rise to other ROS (Nicolescu
et al., 2008).

Amiodarone-induced lipid peroxidation (LPO) is
an initiating event in AM-induced pulmonary fibrosis.
Lipid peroxidation occurs when free radicals act on
polyunsaturated fatty acids and cholesterol. LPO
begins with a free radical donating an unpaired
electron to a methylene carbon in a polyunsaturated
fatty acid, which subsequently reacts with molecular
oxygen to form a peroxyl radical. This peroxyl radical
can then react with another peroxyl radical, attack
membrane proteins, or abstract hydrogen atoms from
adjacent fatty acid side chains leading to the
production of a subsequent peroxyl radical. In this
manner, the chain reaction of LPO is continued and
can result in membrane damage, enzyme inhibition,
release of lysosomal enzymes and protein-protein
cross-linking, which can then induce cell death
(Nicolescu et al., 2007).

Naltrexone is a non-specific opioid receptor
antagonist, with the advantage over naloxone that it
has greater oral bioavailability and a longer half-life,
with a significantly longer receptor dissociation
constant and is therefore effective in its oral form
(Younger et al., 2014). Naltrexone HCI was approved
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by FDA in 1984 for treatment of alcoholism and
opioid detoxification (Kalueff, 2016).Low dose
naltrexone is becoming commonly used as a long term
treatment of autoimmune disorders (Bihari, 2013) and
cocaine addiction (Sushchyk et al., 2016). The exact
mechanisms of these actions are unknown, but it has
been shown that it may upregulate endogenous opioid
system through p-opioid receptor antagonism
(Ebrahimkhani et al., 2006).

It has been reported that opioids contribute to the
process of fibrogenesis and naltrexone treatment had
important protective effects by modulation of redox
state and lipid peroxidation. The anti-fibrogenic roles
for opioid antagonist have been also detected in liver
cirrhosis models (Ebrahimkhani et al., 2008;Cohen-
Naftaly and Friedman, 2011).In addition to the
antagonist effect on mu-opioid and other opioid
receptors, naltrexone simultaneously has an antagonist
effect on non-opioid receptors (Toll-like receptor 4)
that are found on macrophages such as microglia. It is
via the non-opioid antagonist pathway that naltrexone
is thought to exert its anti-inflammatory effects.
Naltrexone reduces the production of reactive oxygen
species and other potentially neuro-excitatory and
neurotoxic chemicals by suppression of microglia
activation. The anti-inflammatory effect of opioid
antagonists may also extend to the periphery, as
evidenced by suppressed TNF-alpha, I1L-6, and other
inflammatory agents in peripheral macrophages (De
Minicis et al., 2008).

The flavonoid silymarin is a substance with
documented  hepatoprotective  properties. Its
mechanism of action is still poorly understood.
However, the data in the literature indicate that
silymarin act as an antioxidant, scavenger and
regulator of the intracellular content of glutathione;
stimulating liver regeneration; and as an inhibitor of
the transformation of stellate hepatocytes into
myofibroblasts (Abdel-Moneim et al., 2015). The key
mechanism that ensures hepatoprotection appears to be
free radical scavenging, it influences enzyme systems
associated with glutathione and superoxide dismutase.
Anti-inflammatory and anti-carcinogenic properties
have also been documented in hepatotoxicity produced
by toxins, ethanol and psychotropic drugs (Mata-
Santos et al., 2014). Silymarin is a well-tolerated and
effective for the treatment of many liver disorders
characterized by degenerative necrosis and functional
impairment and provides hepatoprotection against
poisoning by galactosamine, thioacetamide, halothane
and carbon tetrachloride (Shaker et al., 2011).1t also
protects hepatocytes from injury caused by ischemia,
radiation, iron overload and viral hepatitis. Silymarin
treatment alleviated the radiation-induced lung injury
possibly by decreasing inflammation and fibrosis,
which might be related to the improved survival rate
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(Son et al., 2015). It might be a useful agent for lung
cancer patients as a non-toxic complementary
approach to alleviate the side effects by thorax
irradiation. Silymarin effects against fibrogenic action
of bleomycin on lung is reported to be by reduction of
collagen deposition and inflammation.

This experiment was designed to study the
potential  anti-fibrotic,  anti-inflammatory  and
antioxidant effects of naltrexone and silymarin in
protection or treatment of amiodarone-induced
pulmonary fibrosis in albino rats.

2. Materials and Methods
2.1. Drugs and Chemicals:

Amiodarone HCL:A product of Global
Pharmaceutical Industries, Egypt; that was prepared as
a suspension in aqueous solution of carboxy methyl
cellulose (CMC) 0.5% with a final concentration of 8
mg/ml.Naltrexone HCL: White powder from Sigma
Aldrich  Company purchased from Egyptian
International Centre for Import; that was prepared as a
suspension in aqueous solution of carboxy methyl
cellulose (CMC) 0.5% with a final concentration of 3
mg/ml. Silymarin:A product of Global Pharmaceutical
Industries, Egypt; that was prepared as a suspension in
aqueous solution of carboxy methyl cellulose (CMC)
0.5% with a final concentration 0of15 mg/ml.
Carboxymethyl cellulose (CMC) 0.5%:A product of
Eastrin Fine Chemicals Company, purchased from El
Gomhoria Company, Tanta, Egypt. Aqueous solution
of CMC 0.5% was prepared by dissolving 0.5 gm
CMC powder in 100 ml distilled water. Formaline
fixative solution (10%): A product of Adwic
Pharmaceutical Company, purchased from El
Gomhoria Company, Tanta, Egypt.Saline (0.9%): A
product of Pharmaceutical Solution Laboratories,
Cairo, Egypt.

2.2, Groups design and treatment protocols:

This study was carried out in Pharmacology
Department, Faculty of Medicine,Tanta University,
Egypt. It was conducted on 48 adult Sprague Dawley
male albino rats weighing 150-200 g. Rats were
housed in wire mesh cages and allowed free access to
standard chew and water, and they were divided into 6
equal groups (8 rats for each) as follows: Group |
(Normal control group): Rats were received vehicle of
CMC (0.5%) by oral gavage once daily for 4 weeks.
Group Il (untreated amiodarone-diseased group): Rats
with amiodarone induced-pulmonary fibrosis for 4
weeks (Agelaki et al., 2007&Sharaf EI-Din and Abd
Allah, 2016). Group Il (naltrexone-protected group):
Rats with amiodarone induced-pulmonary fibrosis
were administered concomitantly (1 hour after
amiodarone) naltrexone in a dose of 20 mg/kg daily by
oral gavage for 4 weeks (Ebrahimkhani et al.,
2006).Group 1V (silymarin-protected group): Rats
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with amiodarone induced-pulmonary fibrosis were
administered concomitantly (1 hour after amiodarone)
silymarin in a dose of 140 mg/kg daily by oral gavage
for 4 weeks (Vargas-Mendoza et al., 2014).Group V
(naltrexone-treated group): Rats with amiodarone
induced-pulmonary fibrosis were administered after 2
weeks naltrexone in a dose of 20 mg/kg by oral gavage
and continued concomitantly for 4 weeks. Group VI
(silymarin-treated group): Rats with amiodarone
induced-pulmonary fibrosis were administered after 2
weeks silymarin in a dose of 100 mg/kg by oral
gavage and continued concomitantly for 4 weeks.

2.3. Induction of pulmonary fibrosis:

Pulmonary fibrosis was induced in the rats using
amiodarone in a dose of 40 mg/kg daily by oral gavage
for 4 weeks (based on a pilot study) in groups Il, IlI,
IV and for 6 weeks in groups V and V1.

2.4. Tissue sampling and processing:

At the end of the experiment (at the end of 4"
week post-induction for groups I, Il, I, IV and at the
end of 6" week for groups V, VI) all rats were
sacrificed under light general anaesthesia by ether
inhalation, the ribs were dissected and thorax was
opened longitudinally to expose lungs. Lungs were
rinsed 3 times with ice cold saline to remove blood
debris.

2.5. Biochemical analysis
3.5.1. Tissue homogenization

Right lung was weighted and homogenized with
tissue homogenizer for preparations of tissue
homogenate in the following ratio (1 lung tissue:10
phosphate buffered saline (PBS) 75mM (pH 7.4).
Tissue homogenate was centrifuged at 30,000 rpm for
20 minutes at 4°C and the resultant supernatant was
divided in aliquots and assayed for determination of
Transforming growth factor B; (TGF- B;) levels by
ELISA, Hydroxyproline levels by ELISA, Tumor
necrosis factor-o (TNF- o) levels by ELISA,
Spectrophotometric assay of Malondialdehyde (MDA)
levels and Spectrophotometric assay of Superoxide
dismutase (SOD) activity.

3.5.2. - Enzyme-linked immunosorbent assay
(ELISA) of tissue transforming growth factor [
(TGF-B) levels

Tissue Transforming growth factor [ level
(pg/gm tissue) was measured by kits obtained from
Biodiagnostic Company.(Catalogue No. 201-11-0779).
3.5.3.  Enzyme-linked immunosorbent assay
(ELISA) of tissue hydroxyproline (Hyp) levels

Tissue Hydroxyproline level (ng/gm tissue)was
measured by kits obtained from Biodiagnostic
Company, Catalogue No. 201-11-0512 (Reddly and
Enwemeka 1996).

3.5.4. Enzyme-linked immunosorbent assay
(ELISA) of tissue tumour necrosis factor-alpha
(TNF-a) levels
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Tissue tumor necrosis factor level (pg/gm tissue)
was measured in tissue homogenate by Kits obtained
from Biodiagnostic Company. Catalogue: ELR-TNF-
a).
3.5.5.Determination of lipid peroxidation

Lipid peroxidation was assayed by measuring the
levels of malondialdehyde (MDA) (nmol/gm tissue) in
lung tissue. MDA level was determined by measuring
thiobarbituric reactive species using a kit supplied by
Biodiagnostic (Cat. No MD 2529), where the
thiobarbituric acid reactive substances react with
thiobarbituric acid to produce a pink coloredcomplex.
3.5.6. Determination of tissue superoxide dismutase
activity (SOD) activity

Tissue superoxide dismutase activity (SOD)
activity (U/gm tissue)was measured by Kits obtained
from Biodiagnostic Company.This assay relies on the
ability of the enzyme to inhibit the phenazine
methosulphate - mediated reduction of nitrobluetetra-
zoliumdye.
3.5.7.Histological  examination
trichrome stained sections

The left lung was preserved in formalin 10%
embedded in paraffin, and 5 pm sections were stained
with Masson trichrome and processed for examination
of histopathological changes by light microscope.
3.5.8. Statistical analysis

The pulmonary fibrosis score was assessed using
non-parametric  statistics,  Kruskal-Wallis  test
statistics. Other data were analyzed for normality of
distributions and subjected to One-Way ANOVA
followed by Post-Hoc Tukey's multiple comparison
test. All analyses were performed using SPSS software
(version 23) for windows. The values were expressed
as mean * standard error of mean (SEM). The
significance was considered when P < 0.05.

of  Mallory's

4. Results
4.1. Results of lung tissue TGF-B1 levels

The untreated induced-PF (group Il) exhibited a
significant increase in lung tissue TGF-B1 level in
comparison to the normal control group (group I).
Prophylaxis by naltrexone (group II1) or silymarin
(group 1V) exhibited significant decrease in lung tissue
TGF-B1 level in comparison to untreated induced-PF
(group 11). There was a non-significant difference in
lung tissue TGF-B1 level between prophylaxis of
induced-PF by either naltrexone (group III) or
silymarin (group 1V). Treatment of amiodarone
induced-PF by either naltrexone (group V) or
silymarin (group V1) exhibited significant decrease in
lung tissue TGF-B1 level in comparison to untreated
induced-PF (group Il). There was a non-significant
difference in lung tissue TGF-B1 level between the
treatment of induced-PF by either naltrexone (group V)
or silymarin (group V1), (table 1&figure 1).
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4.2.Results of lung tissue Hydroxyproline levels

In the untreated induced-PF (group II); there was
a significant increase in lung tissue hydroxyproline in
comparison to the normal control group (group I).
Prophylaxis of amiodarone induced-PF by either
naltrexone (group ) or silymarin (group 1V)
exhibited significant decrease in lung tissue
hydroxyproline in comparison to untreated induced-PF
(group 1I). There was a non-significant difference in
lung tissue hydroxyproline between prophylaxis of

induced-PF by either naltrexone (group III) or
silymarin (group 1V).Treatment by naltrexone (group
V) or silymarin (group VI) exhibited significant
decrease in lung tissue hydroxyproline in comparison
to untreated induced-PF (group II). There was a non-
significant difference in lung tissue hydroxyproline
between the treatment of induced-PF by either
naltrexone (group V) or silymarin (group VI), (table
2&figure 2).

Table (1): Comparative statistics of Lung tissue TGF-B; levels (pg/gm tissue) among studied groups.
Groups | Group Grou Group Group 1V | Group Group One-way
I(Normal II(Ungreate d)(n=8) I11(Naltrexone | (Silymarin V(Naltrexone | VI(Silymarin | ANOVA(P
Paramete control)(n=8) /| protected)(n=8) | protected)(n=8) | treated)(n=8) | treated)(n=8) | value)
Lung tissue
62.19+ 1.700 78.19+ 1.006 |81.95+ 1.299
TGEpalevell o6 nor 1 pay (| L2421 1.186 BB 2 5 e P,<0001 |P,<0001 | (p<0.001)
(pg/gm tissue) P,<0.001 P,<0.001 P.>0.05 P,>0.05
(mean + SEM) i =
150+
P1«<0.001
E
=

@D & 1004 P2<0.001

Lé' .g P2«<0.001 Pr0.08

s 2 P2<0,001P2<0.001

2 ,;- P3>0.05

Y

3 =
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Fig. 1.Lung tissue TGF-B, levels (pg/gm tissue) in different studied groups.
Values expressed as mean + SEM, n=number, Significant at P < 0.05.
TukeytestP,: Untreated induced-PF (group I1) versus normal control (group I).
P,: Naltrexone protected (group 1), silymarin protected (group 1V), naltrexone-treated (group V)
andsilymarin treated (group V1), versus untreated induced-PF (group I1).
P3: Naltrexone protected (group I11) versus silymarin protected (group 1V).
P,: Naltrexone treated (group V) versus silymarin treated (group VI).
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Table (2): Comparative statistics of Lung tissue hydroxyproline levels (ng/gm tissue) among studied groups.

Groups Group Grou Group Group 1V | Group Group One-way
I(Normal II(Un?reated)(n—S) I1I(Naltrexone | (Silymarin V(Naltrexone | VI(Silymarin | ANOVA(P
p control)(n=8) /| protected)(n=8) | protected)(n=8) | treated)(n=8) | treated)(n=8) | value)
arameter
Lung tissue
hydroxyproline 158.5+ 2 462 69.86+ 0.832 71.23+1.385 75.96+ 0.607 |73.03+1.013
. 41.94+ 0.453 P,<0.001 P,<0.001 P,< 0.001 P,< 0.001 (P<0.001)
(ng/gm tissue) P,<0.001 P.>0.05 P,>0.05
(mean = SEM) S S
4.3.Results of lung tissue TNF-o levels induced-PF by either naltrexone (group III) or

The untreated induced-PF (group I1) exhibited a

significant increase in lung tissue TNF-a level in

comparison to the normal control group (group I).
Prophylaxis by naltrexone (group IlI) or silymarin

(group 1V) exhibited significant decrease in TNF-a

level lung tissue in comparison to untreated induced-
PF (group II). There was a non-significant difference

in lung tissue TNF-a level between prophylaxis of

silymarin  (group 1V).Treatment of amiodarone
induced-PF by either naltrexone (group V) or
silymarin (group V1) exhibited significant decrease in
lung tissue TNF-a level in comparison to untreated
induced-PF (group II).There was non-significant
difference in lung tissue TNF-o level between
treatment of induced-PF by either naltrexone (group V)
or silymarin (group VI), (table 3&figure 3).

200+
- P1<0.001
@ = —r=
& = 180
= §
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=
E £ 1004 P2<0.001 P2<0.001
E ‘g" P2<0.001 P3+0.05 P250.001 P4>0.05
@ 8
2
E i
s = 0
- S
&
o= ~ BN N R =
S ey “nd <
& & éaﬂ 6"‘) Q0 ‘sdﬁ

Fig. 2. Lung tissue Hydroxyproline (ng/gm tissue)levels in different studied groups.
Values expressed as mean + SEM, n=number, Significant at P < 0.05.
Tukey test.P;: Untreated induced-PF (group I1) versus normal control (group 1).
P,: Naltrexone protected (group I1l), silymarin protected (group V), naltrexone-treated (group V)
andsilymarin treated (group V1), versus untreated induced-PF (group I1).
Ps: Naltrexone protected (group I11) versus silymarin protected (group V).
P,: Naltrexone treated (group V) versus silymarin treated (group VI).
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The untreated induced-PF (group I1) exhibited a
significant increase in lung tissue MDA level in
comparison to the normal control group (group I).
Prophylaxis by naltrexone (group IIl) or silymarin
(group 1V) showed a significant decrease in lung tissue
MDA activity in comparison to untreated induced-PF
(group I1).There was a non-significant difference in
lung tissue MDA level between prophylaxis of
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Table (3): Comparative statistics of Lung tissue TNF-a levels (pg/gm tissue) among studied groups.
Groups
Group Grou Group Group 1V | Group Group One-way
I(Normal II(Un?reated)(n—S) I11(Naltrexone | (Silymarin V(Naltrexone | VI(Silymarin | ANOVA(P
control)(n=8) /| protected)(n=8) | protected)(n=8) |treated)(n=8) |treated)(n=8) |value)
Parameter
Lung
oy ys5oe1014  |1728£0844 |1749:0547 |2011+0788 |1968:+0.801
CVEIPGIIM | 145 7 +1.361 s P,<0.001 P,<0.001 P,< 0.001 P,< 0.001 (p<0.001)
tissue) P,<0.001 P.>0.05 P,>0.05
(mean + gk ek
SEM)
5004
P1<0.001
=
5 400 4
s =
£t
o
= 300
Y @
E = st 004 P2<0.001
— P2<0.001 -
= % = p2<o.007 P370.05 P4>0.08
2L
o E
5 3 400-
- g 100
o
o™ > > - =<
Q‘d) o R QG)Q q}ooQ Q“’;Q .$§Q
Fig.3. Lung tissue TNF-a levels (pg/gm tissue)in different studied groups.
Values expressed as mean + SEM, n=number, Significant at P < 0.05.
Tukey test.P;: Untreated induced-PF (group I1) versus normal control (group 1).
P,: Naltrexone protected (group I11), silymarin protected (group 1V), naltrexone-treated (group V)
andsilymarin treated (group V1), versus untreated induced-PF (group I1).
P3: Naltrexone protected (group I11) versus silymarin protected (group V).
P,: Naltrexone treated (group V) versus silymarin treated (group VI).
4.4.Results of lung tissue MDA levels induced-PF by either naltrexone (group III) or

silymarin (group 1V). Treatment of amiodarone
induced-PF by either naltrexone (group V) or
silymarin (group V1) exhibited significant decrease in
lung tissue MDA levelin comparison to untreated
induced-PF (group I1).There was a non-significant
difference in lung tissue MDA level between the
treatment of induced-PF by either naltrexone (group V)
or silymarin (group VI) (table 4&figure 4).
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Table (4): Comparative statistics of Lung tissue MDA levels (nmol/gm tissue) among studied groups.

Groups | Group Grou Group Group 1V | Group Group One-way
I(Normal II(UnFt]reated)(n—S) 111(Naltrexone (Silymarin V(Naltrexone | VI(Silymarin | ANOVA(P
Parameter control)(n=8) B protected)(n=8) | protected)(n=8) |treated)(n=8) |treated)(n=8) |value)
Lung tissue
MDA 48.58 + 8.251 23.75+ 3.421 19.68+ 3.320 19.66 +2.173 [19.17 +5.137
level(nmol/gm | 15,59 +1.557 | J"2 " P,<0.001 P,<0.001 P,< 0.001 P,< 0.001 (p<0.001)
tissue) (mean = e P3>0.05 P,>0.05
SEM)
60~
% P1<0.001
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_=
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? § p2<0.001 ' > 0-08 P4>0.05
Z® P2<0.001
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Fig.4. Lung tissue MDA levels (nmol/gm tissue) in different studied groups.
Values expressed as mean + SEM, n=number, Significant at P < 0.05.
Tukeytest.P;: Untreated induced-PF (group I1) versus normal control (group 1).
P,: Naltrexone protected (group I1), silymarin protected (group 1V), naltrexone-treated (group V)
andsilymarin treated (group V1), versus untreated induced-PF (group I1).
P3: Naltrexone protected (group I11) versus silymarin protected (group V).
P,: Naltrexone treated (group V) versus silymarin treated (group VI).
4.5.Results of lung tissue SOD activity induced-PF by either naltrexone (group III) or

In the untreated induced-PF (group Il); there was
a significant decrease in lung tissue SOD activity in
comparison to the normal control group (group I).
Prophylaxis by naltrexone (group IIl) or silymarin
(group 1V) exhibited significant increase in lung tissue
SOD activity in comparison to untreated induced-PF
(group 11).There was a non-significant difference in
lung tissue SOD activity between prophylaxis of
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silymarin  (group 1V).Treatment of amiodarone
induced-PF by either naltrexone (group V) or
silymarin (group VI) exhibited significant increase in
lung tissue SOD activity in comparison to untreated
induced-PF (group I1).There was a significant
difference in lung tissue SOD activity between the
treatment of induced-PF by either naltrexone (group V)
or silymarin (group VI), (table 5&figure 5).
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Table (5): Comparative statistics of Lung tissue SOD activity (U/gm tissue) among studied groups.

Groups Group Grou Group Group Group Group One-way
Parametd P I(Normal II(UnrtJreated)(n—B) I11(Naltrexone 1V(Silymarin V(Naltrexone | VI(Silymarin | ANOVA(P
control)(n=8) /| protected)(n=8) | protected)(n=8) |treated)(n=8) | treated )(n=8) | value)
Lung
ztalgtsil\j/?tsyc()LIJD/gm 601.9 +0.936 ﬁeggo’f)iﬁ% 3;135311'682 i?ibl.gllﬂg gei'gi(')‘gfo“ 235'3.3071'582 (p<0.001)
tissue) (mean + e = P3>0.05 = P4<0.01
SEM)
800~
L=
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8 = P2<0.01 p3s0.08
] P1+0.001 5
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Fig.5. Lung tissue SOD activity (U/gm tissue) in different studied groups.
Values expressed as mean + SEM, n=number, Significant at P < 0.05.
Tukeytest.P: Untreated induced-PF (group II) versus normal control (group I).
P,: Naltrexone protected (group II), silymarin protected (group V), naltrexone-treated (group V)
andsilymarin treated (group V1), versus untreated induced-PF (group I1).
P3: Naltrexone protected (group 1) versus silymarin protected (group V).
P,: Naltrexone treated (group V) versus silymarin treated (group VI).

4.6. Histopathological scoring of pulmonary fibrosis

In the untreated induced-PF (group I1); there was
a significant increase in fibrosis score compared to the
normal control group.Prophylaxis of amiodarone
induced-PF by either naltrexone (group I11), silymarin
(group 1V) exhibited a significant decrease in fibrosis
score compared to untreated induced-PF (group
I1).Treatment of amiodarone induced-PF by either
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naltrexone (group V) or silymarin (group VI) exhibited
a non-significant decrease in fibrosis score compared
to untreated induced-PF (group Il).There was a non-
significant difference in fibrosis score between
prophylaxis and treatment of induced-PF by either
naltrexone (group I1&IV) or silymarin (group V&VI),
(table 6&figure 6).



http://www.sciencepub.net/nature

Nature and Science 2020;18(2)

http://www.sciencepub.net/natureNSJ

Table (6): Lun

fibrosis score in different studied groups.
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Fig. 6. Lung fibrosis score in different studied groups.
Values expressed as median, n=number, Significant at P < 0.05.

Non-parametric statistics, Kruskal-Wallis test

P1: Untreated induced-PF (group I1) versus normal control (group I).

P,: Naltrexone protected (group Ill), silymarin protected (group V), naltrexone-treated (group V)
andsilymarin treated (group V1), versus untreated induced-PF (group I1).

P3: Naltrexone protected (group 1) versus silymarin protected (group V).

P,: Naltrexone treated (group V) versus silymarin treated (group VI).

4.7 Histopathological examination of stained
sections (Mallory's trichrome stain) of the lung
tissue

Lung sections from all animals of control group
showed normal lung architecture regarding alveolar
walls, normal interalveolar spaces (regarding blood
capillaries and connective tissue), normal bronchi and
bronchioles and peri-bronchial tissue (figure 7).
Histopathological examination of lung sections from
untreated induced-PF group showed severe dense
interstitial inflammatory cellular infiltration with
mononuclear cells and widened interalveolar shape
associated with vascular congestion, perivascular
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edema, and hyalinization with inflammatory and
peribronchiolar inflammatory infiltration (figure 8,9).
Lung sections of naltrexone and silymarin received
groups showed a good response in the form of mild to

moderate interstitial and interalveolar cellular
infiltration with reserved alveolar shapes and
architecture (figures 10,12). Lung sections of

silymarin received groups showed a good response in
the form of mild to moderate collagen deposition
interstitial and interalveolar cellular infiltration with
reserved alveolar shapes and architecture (figures
11,13).
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Fig.7: Photomicrograph of section of control group (gr

.

lung architecture with thin

interalveolar septa,notice few apparent minimal collagen fibers (blue color) in the interstitium. Mallory’s Trichrome

stain x 400.

Fig.8: Photomicrograph of section of diseased
untreated group (group 1) showing increased
deposition of collagen fibers (blue color) around a
large bronchiole with thickened interalveolar septum
(increased  deposition of collagen). Mallory’s
Trichrome stain x 400.

Fig.9: Photomicrograph of section of diseased
untreated group (group I1) showing massive increased
deposition of collagen fibers (blue color) around
alveoli, bronchioles and blood vessels of the lung.
Mallory’s Trichrome stain x 400.

Fig.10: Photomicrograph of section of naltrexone protected group (group I1I) howing mild deposition of collagen
fibers (blue color) with mild interstitial and interalveolar cellular infiltration. Mallory’s Trichrome stain x 400.
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Fig.11: Photomicrograph of section of silym

fibers (blue color) with mild interstitial and interalveolar cellular infiltration. Mallory’s Trichrome stain x 400.

Fig.12: Photomicrograph of section of naltrexone
treated group (group V) showing moderate deposition
of collagen fibers (blue color) with mild interstitial and
interalveolar cellular infiltration. Mallory’s Trichrome
stain x 400.

Fig.13: Photomicrograph of section of silymarin
treated group (group VI) showing moderate deposition
of collagen fibers (blue color) with mild interstitial and
inter-alveolar cellular infiltration. Mallory’s Trichrome
stain x 400.

4. Discussion
This experiment was designed was to evaluate
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the possible anti-fibrotic, anti-inflammatory and anti-
oxidant effects of naltrexone and silymarin in
amiodarone induced-PF in albino rats.In the present
study, the induction of PF by amiodarone showed a
significant increase in transforming growth factor-p1
(TGF- B1) and tumor necrosis factor-a (TNF-a) levels
in lung tissue when compared to the normal control
group. These results denoting the implication of pro-
inflammatory cytokines in the pathogenesis of
pulmonary fibrosis. Many other studies reported most
of these findings produced by amiodarone induced-PF
(Zaeemzadeh et al., 2011;Sharaf EI-Din and Abd Allah,
2016;Al-Shammari et al., 2016; Nasri et al., 2016;
Cheng et al., 2017).

It is well known that there is a crosstalk between
lipid peroxidation products and the induced over
expression of fibrogenic cytokines as well as increased
transcription and synthesis of collagen (El-Mohandes
et al., 2017). Much of the recent mechanistic work
regarding oxidative mechanisms in PF has centered
around the two-way interplay between TGF-B1 and
ROS mediated processes. ROS have been shown to
activate latent TGF-B1 and TGF-Bl increases the
production of ROS in human lung fibroblasts (Todd et
al., 2012).The results obtained in the present work
provide the evidence for the contribution of oxidative
stress in induction of PF that presented as increased
MDA and decreased SOD levels in lung tissue;
respectively.

In the present experiment, either protection or
treatment by silymarin showed a significant decrease
in hydroxyproline, TNF-o, TGF-B and MDA levels
and a significant increase in SOD activity in lung
tissue when compared to the untreated induced-PF
group. These results were in agreement with
histopathological examination of lung sections which
showed restoration of part of the normal pattern of
alveoli, minimal infiltration of inter-alveolar and
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interbronchiolar spaces with inflammatory cells and
minimal collagen deposition. The established PF
induced by amiodarone has been assayed as an
increased hydroxyproline levels in lung tissue and
further confirmed by the high scoring of
histopathological changes in lung sections.

Son et al. (2015) showed that silymarin treatment
significantly reduced inflammation and fibrosis in lung
tissue which detected by reduction of the number of
inflammatory cells in the bronchoalveolar lavage fluid
and decreasing inflammatory cell infiltration in the
respiratory tract. Al-Shammari et al. (2016) showed
that SOD activity was significantly decreased in lung
tissues of amiodarone-induced PF group and stated
that the alteration in SOD activity produced by
administration of amiodarone for three weeks is
indicative of changes in the handling of reactive
oXxygen species.

Regarding histopathological findings, the present
study confirmed that amiodarone-induced PF group
showed marked distorted lung architecture and
thickened interalveolar septa and peri-bronchial
inflammatory cellular infiltration with the formation of
large emphysematous spaces. These findings were in
agreement with Zickri et al. (2014) who observed
similar findings as thickening of the inter-alveolar
septa and dense cellular infiltration and extravasated
RBCs. Moreover, Mahavadi et al. (2014) confirmed
the thickening of alveolar septa with patchy fibrosis
and cellular infiltration. In addition, these findings are
matched with Nasri et al., (2016)&Naglaa and Mona,
(2013) who mentioned marked inflammatory
polymorph cell infiltration mainly lymphocytes and
macrophages and interstitial fibrosis with focal areas
of obvious congestion of the pulmonary vessels.

5. Conclusion

The current study had attempted to show the
potential role of naltrexone and silymarin when given
either for protection or treatment in PF induced by
amiodarone. Naltrexone and silymarin have a
preventive and curative role on the fibrosis process
which evidenced by decreasing growth factors,
cytokines, and inflammatory cells. Also, they have a
role as antioxidant denoted by the increase of SOD
activity, in addition to the improvement in the
histologic morphology and fibrosis score of the lung.

As a conclusion either naltrexone or silymarin
exhibited a promising role in amiodarone-induced
pulmonary fibrosis and could be introduced as new
therapeutic approaches that have to be investigated for
protection or treatment of different types and models
of PF. Moreover, the combination of naltrexone and
silymarin necessitates to be investigated to evaluate if
they could provide more effectiveness.
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