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Abstract

Background: Methotrexate (MTX) is widely used in medicine owing to its extended
therapeutic effects as one of the antineoplastic and antimetabolite drugs. It is given at high
doses to treat tumors. However, in diseases of the immune system, MTX is prescribed at low
doses (Armagan et al., 2015). Aim of the work: This study was performed to assess the
biochemical and histopathological changes that take place in the rat lungs after exposure to
methotrexate. Materials & Methods: This study was done using thirty-two male Wistar
albino rats (180-220 g). The animals were divided into two equal groups. The control group:
received distilled water by oral gavage for ten days and injected intraperitoneally (i.p.) withl
ml of physiologic saline (0.09% NaCl) solution on the fourth day.. Methotrexate (MTX)
group: injected with a single dose of 20mg/kg MTX i.p. on the fourth day of the study. By
the end of the experiment, all the animals were anaesthetized using phenobarbital 3%. Blood
samples were collected to measure c-reactive protein (CRP). The lungs were dissected out
and prepared for tissue homogenates, routine histological study and caspase-3 immuno-
histochemical evaluation. Results: In the MTX group, there were high levels of CPR,
glutathione (GSH) and malondialdehyde (MDA) with reduction of superoxide dismutase
(SOD) and catalase (CAT) activities. Lung sections showed marked inflammatory cells
infiltration, thickening of interalveolar septa, congested blood vessels, intrapulmonary
hemorrhages, abundant collagen fibers and significant expression of caspase-3. Conclusion:
administration of MTX can induce significant changes on the structure of the lungs of adult
albino rat.

Keywords: Methotrexate, Rat, Lung, Caspase-3

Introduction

Initially, methotrexate (MTX) has been
used in haematological malignancies of
childhood; currently, its therapeutic benefits
cover a wide range of neoplastic and
inflammatory conditions™.Yet, clinical and
experimental studies have demonstrated
adverse effects of MTX on the brain?,
kidney®, liver™  heart™ intestinel®,
hematopoietic tissue” and lungs®. The
pulmonary complications comprise hyper-
sensitivity pneumonitis, interstitial fibrosis
and pulmonary nodules®. Hypersensitivity,
immunomodulation, idiosyncrasy, and
direct lung toxicity have been implicated in
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the development of such compli-
cations "™, Oxidative stress and lipid
peroxidation have been suggested to play
the key role in methotrexate-induced lung
injury  (MILD®2. MTX  administration
resulted in oxidative-induced injury in the
kidney™ liver™ and testis*®.

This study was designed aiming at clari-
fying the effect of MTX on lung of the
albino rat.

Materials and methods

Chemicals

Methotrexate (Mylan) vial (50 mg/2ml) was
purchased from Al-Gomhoria pharma-
ceutical company, Cairo, Egypt.
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Animals

Thirty-two male Wistar albino rats (180-
220 g) obtained from the animal house of
Zagazig University were selected for this
study. The animals were kept in a room
illuminated for 12 hours by daylight at a
temperature of 25-30°C, fed a standard rat
chow diet and had access to water ad-
libitum. Animal care followed the guide-
lines of the Ethical Committee of Zagazig
University and the protocol of the study
was approved by the institutional animal
care and uses committee of the Zagazig
University (ZU-IACUC); number ZU-
IACUC\3\F\49\2019.

Experimental design

Animals were randomly allocated into four
groups; 16 animals in each one. Control
group: received distilled water by oral
gavage for ten days and a single i.p.
injection withl ml of physiologic saline
(0.09% NacCl) solution on the same day of
MTX injection. Group IlI, (MTX group):
The rats in this group were injected with a
single dose of 20mg/kg MTX i.p. on the
fourth day of the study™.

Afterl0 days, all rats were weighed and
anaesthetized using sodium thiopental
(75mg/ kg) injected intraperitoneally. Blood
samples were taken from the retro-orbital
venous plexus to assess the level of CRP.
Then a midline thoracic incision was done,
the lungs were carefully excised, washed in
cool saline, dried and weighed. Lung
specimens were prepared for tissue
homogenates, histopathological evaluation.

Serum C - reactive protein (CRP) assay
Blood samples were centrifuged at 2000
pm. The separated serum kept at -80°C.
CRP was measured using enzyme-linked
immunosorbent assay kits (Biosource
International, Nivelles, Belgium).

Tissue biochemical analysis

The lung specimens were weighed,
homogenized in ice-cooled Tris-HCI buffer
(pH 7.4) using Teflon—glass homogenizer.
The homogenates were centrifuged at 4.000
rpm for 10 minutes at 4°C. The obtained
supernatant was kept at -80°C till the time
of analysis. Oxidative stress parameters:
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MDA and GSH were evaluated using
colourimetric kits purchased from Bio-
diagnostic, Giza, Egypt.

Malondialdehyde (MDA)"": Lung homo-
genate is mixed with equal volumes of
thiobarbituric (TBA) and trichloroacetic
acids and heated at 95°C for 30 minutes.
MDA, if present, reacts with TBA giving
pink thiobarbituric acid reactive products
(TBARPSs). TBARPs color was assayed at
534 nm. Values were presented as nmol/ g
tissue.

Reduced glutathione (GSH)™!: The method
based on the reduction of 2 - nitrobenzoic
acid (DTNB) with glutathione (GSH) to
produce a yellow compound which can be
measured at 405 nm. GSH concentration is
directly proportional to the reduced chro-
mogen and is expressed as nmol/g of tissue.

Histopathological Examination

After being fixed in 10% formalin, the lung
tissues were dehydrated using ethyl alcohol
in ascending grades (70%, 80%, 90%, 95%,
and 100%) then cleared in xylene, and
embedded in paraffin wax. Sections of 4-5
micrometers (um) thickness were cut and
stained with hematoxylin and eosin®™.
Stained slides were used for histo-
pathological and morphometric evaluations.
Photographs were taken using an optical
microscope (LeicalCC50W) at the image
analysis unit of anatomy and embryology
department.

Results

Serum CPR level: the level of CRP in MTX
group was significantly higher than it in the
control group (P<0.001). (Table 1).

Tissue biochemical results: MTX induced
remarkable changes in oxidative stress
markers; it significantly reduced the GSH
level (P<0.001). On the other hand, MTX
markedly increased MDA level (P<0.001).
(Table 1).

Light microscopic observations:

Haematoxylin and Eosin: study of lung
slides stained with HXx&E demonstrated that
the control (Figs. 1 & 2) had normal
architecture. Bronchioles of different sizes
appeared regular with intact folded mucosa
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and surrounded by regularly arranged
smooth muscle fibers and outer adventitia.
Lung parenchyma consisted of alveolar
ducts, alveolar sacs and alveoli of different
sizes with thin septa. The alveoli were lined
by a single layer of two types of cells;
squamous, thin cells with flat nuclei (type |
pneumocyte) and cuboidal cells with
rounded nuclei (type Il pneumocyte). The
lung exposed to MTX showed destruction
of the epithelial lining of the bronchioles
and disorganization of the surrounding
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musculosa (Fig. 3). Apparent thickening of
the interalveolar septa with mononuclear
cells and predominance of type Il
pneumocytes was also noticed (Fig. 4,5).
Massive interstitial and alveolar
hemorrhage was detected in some
specimens (Fig. 6,7). Also The interstitial
tissue was infiltrated by different inflam-
matory  cells mainly around the
bronchovascular bundle and penetrating the
bronchial wall to the mucosa (Fig. 8).
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Figure (1): A photomicrograph of section in the lung of the control group showing lung
tissue with alveoli (A) and the lining respiratory epithelium with folded mucosa (arrow
heads) due to contraction of the regularly arranged surrounding smooth muscles (arrows). In
addition, medium sized bronchiole(B) and small vessels intervening (V).

(H&E X 100)
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Figure (2): A photomicrograph of section in the lung of the control group showing multiple
alveoli (A) with thin interalveolar septa (S) formed by single layer of cells. The alveoli
showing different types of alveolar cells: squamous type | alveolar cells (arrow heads), which
line almost the entire alveolus surface and type Il alveolar cells bulging into the alveolus
(arrows).

(H&E X 400)
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Figure (3): A photomicrograph of section in the lung of the methotrexate treated group
showing lung tissue with alveoli (A) with abundant destruction of the mucosal lining (arrow
heads). As well as, the surrounding smooth muscles (arrows) are disorganized. In addition
different sized bronchioles (B), widely dilated emphysematous alveolus (EA) and blood

vessel (V) with disturbed intima.

(H&E X 100)
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Figure (4): A photomicrograph of section in the lung of the methotrexate treated group
showing bronchioles (B) with destroyed mucosal lining and small bronchiolar vessel (V) with
nearby exudate (arrow heads). In addition, lung tissue with thick interalveolar septa (S),
multiple foci of cellular infiltration (C) and extravasation of blood (arrow).

(H&E X 100)

Figure (5): A photomicrograph of section in the lung of the methotrexate treated group
showing multiple alveoli (A) with thick prominent interalveolar septa (arrows) formed by
perminant cellular infiltration (C).

(H&E X 400)
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Figure (6): A photomicrograph of section in the lung of the methotrexate treated group showing
massive extravasation of blood (arrow heads) and highly congested blood vessel (CV).
(H&E X 400)

Figure (7): A photomicrograph of section in the lung of the methotrexate treated group
showing small bronchioles filled with secretions (B) with destroyed mucosal lining and small
congested vessels (CV) with nearby localized focus of intra-alveolar exudate (EX). In
addition, abundant lung infiltration nearby bronchioles and vessels (arrow heads).

(H&E X 100)
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Figure (8): A photomicrograph of section in the lung of the methotrexate treated group
showing large bronchiole (B) and large bronchial vessels (V). In between, huge mass of
infiltration (arrows) destroying the wall of the bronchiole (arrow heads).

(H&E X 100)

Table (1) Comparison between the studied groups regarding biochemistry data:

(Tukey's test)
Parameter Control Mtx ANOVA
Means £ SD | Means = SD
Control
vs Mtx
0.279 0.596 <0.001 xx
CRP + 0.065 +0.183 *x
MDA 10.980 21.730 <0.001
*%
(nmol/ gm) +0.926 +1.036 **
GSH 2.429 1.173 <0.001
*%
(mmaol/ gm) +0.252 +0.139 *x
F one was ANOVA test

**p<0.001 is statistically significant * significant difference p<0.05
NS statistically non-significant
Mtx: Methotrexate group
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Discussion

MTX is an efficacious chemotherapeutic
and immunosuppressive medication. In the
vast majority, MTX is well-tolerated.
However, it is potentially toxic to an array
of organs including liver, intestine, kidneys,
bone marrow and lungs?*?4. Pulmonary
adverse sequelae of MTX can take place in
up to7% of patients even they are on a low-
dose regimen'®.

Since the clinical, laboratory, radiological
and even pathological findings are not
pathognomonic, lung lesions due to MTX
are problematic for clinicians whereby
diagnosis is feasible only after the exclusion
of other etiologies.!"*%!,

It has been suggested that in humans
pulmonary toxicity is dose-independent and
can occur after MTX intake for once®. In
the animal studies, a single dose of
20mg/kg of MTX injected into the
peritoneal cavity has been commonly used
in previous studies oft** 2" 15 18. 261

CRP is a classical biomarker in inflam-
matory conditions. IL-6 and other pro-
inflammatory  cytokines stimulate the
synthesis of such ideal indicator in the
hepatic cells.?”?8. Although MTX chrono-
therapy effectively lowered CPR and
tumour necrosis factor-o (TNF-a) in rats
with  collagen induced-arthritis*?, the
highest level of CPR in the present study
was in the MTX group. In harmony with
our results, CRP and TNF-a were expressed
immunohistochemically in the tubular
epithelium of MTX-treated rats kidney™,
According to Famurewa, Folawiyot*?, the
activation of macrophages nuclear factor
kappa B(NF-KB) seems to play a role in
CRP and IL-6 elevation associated with
MTX.

Methotrexate-induced lung injury (MILI)
most probably results from flared oxidative
stress wherein there is overwhelming of
peroxides, superoxide, hydroxyl radical and
other reactive oxygen species (ROS) and
concomitant depletion of reduced gluta-

thione and different antioxidant
enzymest3%3],
223
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Peroxidation of lipid has been claimed to be
a direct impact of MTXE, MDA is an end
product of fat breakdown, thus itis elevated
when cellular wall is damaged™®.
Following the results of Kurt, Tumkayal®!,
MDA level in the present study was
significantly elevated in the lung homo-
genates of MTX injected rats. High levels
of MDA were also detected in the
cerebellum®”, liver, kidney™® and testis™®!
of MTX-treated rats.

In the MTX group of this study, the
concentration of GSH diminished greatly in
the pulmonary tissues. Similar alterations in
oxidative stress biomarkers have been
reported in hepatic tissue®", and the sera™
of rats received the same dose of MTX used
in the present study.

The microscopic findings in lung sections
of the MTX group in the present work were
similar to those observed in lung biopsies
taken from patients complaining from
MTX-induced pulmonary toxicity®%,
Lung infiltration and septal thickening are
common findings in the imaging studies of
these patients®. In agreement with
Arpag, GuI™, the infiltration of inflam-
matory cells together with predominance of
type Il pneumocytes resulted in remarkable
thickening of the interalveolar septa which
was morphometrically confirmed.
According to Kalemci, Akpmar® the
toxicity of MTX to the lung is mediated
through activation of P38 mitogen-activated
protein kinases (MAPK).Yang, Kim?¥
suggested that P38-MAPK plays a central
role in inflammatory processes and the
production of inflammatory mediators.

Additionally, we noticed congestion and
thickening in the wall of blood vessels
along with interstitial and intra-alveolar
hemorrhages. In the experimental study of
Kurt, Tumkaya™, the main two histo-
pathological findings in the lungs of MTX-
treated rats were: congestion and inflam-
matory cells infiltration.

Hemorrhage, congestion, cellular infilt-
ration and cellular degenerations were
prominent features in the livers and kidneys
of MTX-treated rats'*#,
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In healthy lungs, collagen fibers in the
alveolar walls are quite thin, and can only
be seen by electron microscopy. Therefore,
it is abnormal to detect collagen fibers in
routine light microscopy®™. Data from
systematic review revealed that interstitial
fibrosis comes next after lymphoproli-
ferative disorders as the most common
pulmonary complications of MTX. In this
study, and in concurrence with Kurt,
Tumkaya® and Kalemci, Akpinar®?.
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