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Pirfenidone prevents rat esophageal
stricture formation

@ CrossMark

J. Orozco-Perez, PhD,” O. Aguirre-Jauregui, MD,"
A.M. Salazar-Montes, PhD,” A.A. Sobrevilla-Navarro, PhD,"
M.S. Lucano-Landeros, MD,’ and J. Armenddriz-Borunda, MS, PhD>%*

& Department of Pediatric Surgery, OPD Hospital Civil de Guadalajara FAA, Guadalajara, Jalisco, México
® Department of Molecular Biology and Genomics, Institute for Molecular Biology and Gene Therapy, University of

Guadalajara, Guadalajara, México

€Research Department, INNOVARE, Guadalajara, Jalisco, México

ARTICLE INFO

ABSTRACT

Article history:

Received 21 May 2014

Received in revised form

26 September 2014

Accepted 7 November 2014
Available online 15 November 2014

Keywords:

Pirfenidone

Caustic esophageal stenosis
RT-PCR

Fibrogenic esophageal stenosis
Sirius-red stain

Background: Accidental ingestion of caustic substances induces esophageal injuries and ste-
nosis formation. The main aim for acute phase treatment is to prevent esophageal stenosis.
Pirfenidone (PFD) is a pyridone with antifibrotic and anti-inflammatory effects. Esophagus
stenosis takes place after a strong inflammation process where proinflammatory and profi-
brogenic cytokines play animportantrole. The present study investigates the efficacy of PFD on
the prevention of stricture development after esophageal caustic injuries in a rat model.
Material and methods: Caustic esophageal burn was produced by application of 32% of NaOH
to the distal esophagus of healthy rats. PFD in the form of 8% gel was administered at a
dose of 200 mg/kg/d. Animals were divided in three experimental groups as follows:
healthy rats, animals injured with NaOH without PFD treatment, and rats injured with
NaOH and treated with PFD. Efficacy of the treatment was assessed by measuring image
esophagoscopy and esophagography with contrast barium at the 21st d. Histology staining
with Sirius-red was performed to evaluate collagen deposition and stenosis area. Gene
expression of transforming growth factor p1, collagen-1, plasminogen activator inhibitor-1,
connective tissue growth factor, and matrix metalloproteinase 2 were measured by
quantitative reverse transcription polymerase chain reaction.
Results: There was significant difference in means of stenosis by esophagoscopy and
esophagogram. Collagen deposition in the damaged area increased significantly when rats
were burned with NaOH, and decreased notably in PFD treated group. Profibrogenic key
molecules transforming growth factor 1, collagen 1, plasminogen activator inhibitor-1 and
connective tissue growth factor expression were significantly lower respect to control
group without PFD treatment where matrix metalloproteinase 2 expression was no
different in all groups.
Conclusions: This study suggests that PFD reduces stenosis on caustic esophageal burn by
decreasing profibrogenic genes expression and ameliorates fibrosis significantly in the
chronic phase.

© 2015 Elsevier Inc. All rights reserved.

* Corresponding author. Department of Molecular Biology and Genomics, CUCS, University of Guadalajara, Sierra Mojada # 950, Gua-
dalajara, Jalisco 44281, Mexico. Tel.: +(52) 33 10585317; fax: +(52) 33 10585318.
E-mail address: armdbo@gmail.com (J. Armenddriz-Borunda).
0022-4804/$ — see front matter © 2015 Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/j.jss.2014.11.009


mailto:armdbo@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jss.2014.11.009&domain=pdf
www.sciencedirect.com/science/journal/00224804
http://www.JournalofSurgicalResearch.com
http://dx.doi.org/10.1016/j.jss.2014.11.009
http://dx.doi.org/10.1016/j.jss.2014.11.009
http://dx.doi.org/10.1016/j.jss.2014.11.009

JOURNAL OF SURGICAL RESEARCH 194 (2015) 558—564 559

1. Introduction

Accidental ingestion of caustic substances induces esopha-
geal injuries and stenosis formation. Children aged <5y are
especially vulnerable for accidental ingestion of toxic sub-
stances and represent a significant problem [1]. In Mexico,
lack of socially oriented programs to prevent this type of
household accidents, along with opportune and timely med-
ical attention to minimize gastrointestinal damage, worsens
the clinical outcome [2].

The main aim for acute phase treatment of caustic
esophageal burn injury is to prevent stricture formation.
Stricture onset or esophagus stenosis will take place after the
inflammatory phase where proinflammatory and profibro-
genic cytokines perform their deleterious function. Although
several treatment protocols have been devised and used to
accomplish anti-inflammatory and antifibrogenic actions, the
benefit and standardization of these treatment methods are
still controversial [3]. Nowadays, the effects of many thera-
peutic agents in preventing esophageal stricture formation
continue to be investigated in experimental caustic esopha-
geal burn injury models [4,5].

Pirfenidone (PFD) is an orally available pyridone deriva-
tive that has antifibrotic and anti-inflammatory effects.
Since its discovery as an antifibrotic agent in a hamster
model of bleomycin-induced pulmonary fibrosis [6], PFD has
been tested in a variety of cellular and animal models of
inflammation and fibrosis and has been shown to have anti-
inflammatory, antioxidant, and antiproliferative properties
[7,8]. Beneficial effects have been shown for PFD in the
treatment of fibrotic diseases, including renal, liver, and
pulmonary fibrosis, multiple sclerosis, and hypertrophic
scars conditions. All these diseases share most of the
cellular and molecular mechanisms involved in the pathol-
ogy of abnormal deposition of collagen, which is determi-
nant for a poor clinical outcome [9]. In these fibrosis-related
diseases, the amount of collagen deposited in the tissue is
controlled by the balance between synthesis (regulated at
the transcriptional and translational level) and degradation
of different types of collagen components of the extracel-
lular matrix (ECM) by matrix metalloproteinases (MMPs),
which, at the same time, are regulated by tissue inhibitors of
metalloproteinases [10]. In fibrosis, the positive balance for
fueling collagen synthesis is influenced mostly by produc-
tion of transforming growth factor p1 (TGF-B1), connective
tissue growth factor (CTGF), interleukin-1, interleukin-6,
platelet derived growth factor (PDGF), among other growth
factors, which can be downregulated by PFD [11]. On the
other hand, it has been clearly demonstrated by several
groups, ours included, that PFD is able to upregulate MMPs-
gene expression rendering an equilibrium of the tissue
collagen amount.

Therefore, this study was aimed to evaluate the effects of
PFD on wound healing, inflammation, and stricture formation
and gene expression in the rat esophagus after caustic injury.
Our results shown here suggest that PFD could be a suitable
candidate for evaluation on esophageal healing in a given
clinical scenario.

2. Material and methods
2.1. Materials

PFD was obtained from Cell Therapy and Technology (Mexico
City, Mexico), in the form of an 8% crystalline gel. Ketamine
was purchased from Virbac Inc (Carros, France). Primers and
probes to perform real-time polymerase chain reaction were
acquired from Applied Biosystems (Hammonton, NJ).

2.1.1. Animals

Male Wistar rats used in this study were obtained from
Charles Rivers Inc (Boston, MA) weighing between 350 and
450 g were housed according to the principles and procedures
outlined in the National Institute of Health’s Guide for the
Care and Use of Laboratory Animals. Rats were divided into
three groups of six each.

2.2. Surgical procedure

After 12 h of fasting, rats were anesthetized with 50 mg/kg of
ketamine hydrochloride given intraperitoneally. Two of the
groups were subjected to caustic esophageal injury by
following indications to reproduce the experimental model of
Gehanno and Guedon [12]. Briefly, after a median laparotomy,
1-cm segment of the distal esophagus was exposed. A catheter
was placed through puncturing a stomach anterior wall into
the distal esophagus. Catheters were secured, and an isolated
segment of distal esophagus was obtained. The distal catheter
was clamped, and the isolated segment was distended by
administering 1 mL of 32% NaOH under intraluminal pressure
for 90 s until slight translucency of the esophageal wall and
branching of the vessels was noted. Afterward, the distal
catheter was unclamped and the esophagus rinsed with 10 mL
of distilled water. The laparotomy was closed subsequently.
All animals were kept on a standard rodent pellet diet with tap
water ad libitum after surgery. One experimental group (n = 6)
received treatment of 200 mg/kg of PFD 8% gel by gavage once
daily for 21 consecutive days after caustic injury. A parallel
group (n = 6) was treated in the exact surgical manner but rats
were not administered with 8% PFD gel. The healthy group
(n = 6) was not subjected to surgical procedure, not exposed to
caustic injury, and did not receive PFD treatment. Contrast
esophagograms and esophageal endoscopy were performed
21 d after caustic ingestion, and all animals were sacrificed
with a high-dose of phenobarbital, esophageal tissue biopsy
was obtained, and histology and molecular studies were
performed.

2.3. Esophageal esophagogram

Esophageal contrast radiological study with barium was car-
ried out after 21 d of treatment in all groups of rats. Percentage
of stenosis was determined by measuring transversal diam-
eter in both proximal area (nondamaged tissue) and stenosed
and/or strictured distal (NaOH-damaged area) found in the
same esophagus of each rat. Quantitative determination
made by a computerized Image] program from National
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