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a

Department of Pediatric Surgery, OPD Hospital Civil de Guadalajara FAA, Guadalajara, Jalisco, México
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stenosis takes place after a strong inflammation process where proinflammatory and profi-
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brogenic cytokines play an important role. The present study investigates the efficacy of PFD on
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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

Keywords:

to the distal esophagus of healthy rats. PFD in the form of 8% gel was administered at a

Pirfenidone

dose of 200 mg/kg/d. Animals were divided in three experimental groups as follows:

Caustic esophageal stenosis

healthy rats, animals injured with NaOH without PFD treatment, and rats injured with

RT-PCR

NaOH and treated with PFD. Efficacy of the treatment was assessed by measuring image

Fibrogenic esophageal stenosis

esophagoscopy and esophagography with contrast barium at the 21st d. Histology staining

Sirius-red stain

with Sirius-red was performed to evaluate collagen deposition and stenosis area. Gene
expression of transforming growth factor b1, 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 b1, 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.
ª 2015 Elsevier Inc. All rights reserved.
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1.

Introduction

Accidental ingestion of caustic substances induces esophageal injuries and stenosis formation. Children aged 5 y are
especially vulnerable for accidental ingestion of toxic substances 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 medical 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 profibrogenic 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 therapeutic agents in preventing esophageal stricture formation
continue to be investigated in experimental caustic esophageal burn injury models [4,5].
Pirfenidone (PFD) is an orally available pyridone derivative 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 antiinflammatory, 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 pathology of abnormal deposition of collagen, which is determinant 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 extracellular 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 production of transforming growth factor b1 (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 MMPsgene 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
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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 ¼ 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 ¼ 6) was treated in the exact surgical manner but rats
were not administered with 8% PFD gel. The healthy group
(n ¼ 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 carried out after 21 d of treatment in all groups of rats. Percentage
of stenosis was determined by measuring transversal diameter 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 ImageJ program from National
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Fig. 1 e Esophagogram. PFD treatment decreases stenosis esophageal area. Esophageal contrast radiological study with
barium was carried out after 21 d of treatment in all groups of rats. Percentage of stenosis was determined by measuring
transversal diameter in both proximal area (nondamaged tissue) and stenosed and/or strictured distal (NaOH-damaged
area) found in the same esophagus of each rat (A). Quantitative determination by a computerized ImageJ program was
performed for the different groups. Graph demonstrates significantly less stenosis esophageal in rat group treated with
caustic burn D PFD respect to caustic burn group (B) (P < 0.05). Esophageal endoscopy. This study was performed with an
Endoscope Storz 2.7 mm 3 110 mm 0, 3 wk after esophageal burn injured (C). Lumen area was quantitatively evaluated and
compared in all groups with the ImageJ software from NIH and reported like lumen area. Graphs demonstrate a significant
larger lumen area in rat group treated with caustic burn D PFD respect to caustic burn group without treatment (D)
(P < 0.05). (Color version of figure is available online.)

Institute of Health (NIH) for different groups were compared
and analyzed.

2.4.

Esophageal endoscopy

Esophageal endoscopy study was performed with an Endoscope Storz 2.7 mm  110 mm 0, 3 weeks after esophageal
burn injured. Lumen area of the three different groups was
quantitatively evaluated and compared among them using
the image J software from the NIH [13].

2.5.

Esophageal histopathology

Esophageal stenosis distal sections (0.5 cm) were obtained 3 wk
after injury with 32% of NaOH in two groups. Likewise, healthy
control rats underwent the same procedure. Esophageal
specimens were fixed in formalin, embedded in paraffin, and 5m sections were stained with Sirius-red stain. Collagen deposition and area of stenosis were analyzed with ImageJ software
from NIH, and results of the three groups were compared.

2.6.

Real-time polymerase chain reaction

A portion of 0.5 cm of distal esophageal tissue from each
sacrificed rat was frozen at 70 C for real-time reverse transcription/polymerase chain reaction (RT-PCR) analysis. Total
RNA was extracted from tissue according to the Chomzynsky
and Sacchi [14] modified technique. RT-PCR was performed
according to our previous report [8] for the follows genes:
collagen (COL)-1a, TGF-b1, CTGF, plasminogen activator
inhibitor-1 (PAI-1), tissue inhibitor of metalloproteinase 1, and
MMP2. For each sample, glyceraldehyde 3-phosphate dehydrogenase as a house-keeping gene was included. TaqMan
probes were acquired from Applied Biosystems, and data were
analyzed according to the 2D DCT methodology [15,16].

2.7.

Statistical analysis

Results are expressed as mean  standard deviation. KruskaleWallis test was used for the analysis. P < 0.05 was
considered to indicate a significant difference between
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Fig. 2 e Fibrosis determination by histology. Percentage of fibrosis was determined in Sirius-red stained slides of all groups
(A). Collagen deposition was 50% significantly higher in the group burned with NaOH compared with that in the group
burned with NaOH plus PFD treatment (B) (*P < 0.01; **P [ 0.027). (Color version of figure is available online.)

groups. Statistical analysis was performed using Prism
software (GraphPad Prism, San Diego, CA).

3.

Results

3.1.
rats

PFD prevents esophagus stenosis in NaOH-burned

animal group expressed in squared millimeter. These findings
suggest that PFD prevents stricture formation in esophagus
when it is administrated concomitantly with the causal agent
in esophageal burn.

3.3.

To determine stenosis in the esophagus of rats burned with
32% of NaOH, we carried out esophageal esophagograms in all
animals 21 d after treatment. The control group represented
by healthy rats showed a negligible stenosis, as the esophagus
lumen was clearly unhindered. Animals that underwent
NaOH damage and not treated with PFD presented significant
stricture formation represented by a stenosis column of 84%
in the analyzed area with only a 16% of unaffected esophagus.
Notably, animals burned with NaOH and concomitantly
treated with PFD presented a stenosis column of only 26% in
the injured area with a significant difference of 58% (P ¼ 0.005).
This experimental finding clearly suggests the preventive role
of PFD in the inflammatory and fibrogenic phases induced by
the caustic (Fig. 1A and B).

3.2.

Effect of PFD on stenosis lumen area

Stenosis lumen area was determined by esophageal endoscopy and radiologic contrast barium study, which is shown in
Figure 1C. Stenosis percentage in the control group was set as
4% considering this value as basal or normal. Stenosis
increased to 80% in the burned group with NaOH (P ¼ 0.001).
The lumen area was significantly larger in the burned group
with NaOH plus 3 wk of PFD treatment compared with that in
the burned group without PFD (P ¼ 0.008) finding a stenosis of
only 25%. Figure 1D shows the mean of lumen area of each

Effect of PFD on fibrosis

To determinate collagen deposition on damaged esophagus,
slides of all groups stained with Sirius-red were analyzed to
determinate collagen deposition (Fig. 2A). Accumulation of
collagen was observed in the submucosal layer. This deposition analyzed by densitometry was 50% significantly higher in
the burned group with NaOH compared with that in the
burned group with NaOH plus PFD treatment (P ¼ 0.027;
Fig. 2B) indicating that fibrosis is being inhibited by PFD. This
histopathologic data represent one of the main contributions
of this work because inhibition on collagen synthesis could be
an excellent measure to prevent esophagus obstruction posterior to a burn.

3.4.
genes

PFD decreases gene expression of profibrogenic

Quantitative RT-PCR was used to detect gene expression of
key molecules involved in fibrosis progression such as TGF-b1,
COL-1, PAI-1, and CTGF. Concurrent PFD treatment for 3 wk
significantly suppressed the profibrogenic genes TGF-b1, PAI1, and CTGF and suppressed overexpression of COL-1 detected by quantitative RT-PCR. We found that these genes
increased significantly their expression in the group burned
with NaOH compared with that in the healthy rats group. The
increase was fifteen times for TGF-b1 (P ¼ 0.001), thirty-five
times for COL-1, seven times for PAI-1A, and 1200 times for
CTGF. The expression of all these genes decreased to normal
values in the burned rats when they were treated with PFD. On
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Fig. 3 e Genes expression analysis. Gene expression of TGF-b1, COL-1, PAI-1, CTGF, and MMP2 from esophageal tissue was
performed 21 d after treatment with PFD. Messenger RNA levels were analyzed by RT-PCR in all groups showing
significantly decreased profibrogenic gene expression in PFD group compared with that in caustic burn group without PFD
treatment (P < 0.05). No differences were observed in MMP2 expression between the three groups. (Color version of figure is
available online.)

the other hand, MMP2 gene expression did not show differences in all groups presenting similar expression to healthy
rats (Fig. 3).

4.

Conclusions

An important number of children are damaged daily by
esophageal burn; for this reason, caustic burn of the esophagus still constitutes a serious health problem both in immediate and subsequent late complications. These
complications require long periods of treatment due to
esophageal strictures [17e19].
Many agents have been used experimentally to prevent
stricture formation inhibiting development of fibrosis; only a
few of them have gained clinical application. Steroids are the
most clinically used with well-known associated side effects
and controversial results. In general, most agents have been
administered systemically in either clinical or experimental
use [12,20,21] and used to inhibit new collagen formation
directly or indirectly.
In a study of esophageal strictures in children, a single local
application of mitomycin C was reported to be successful in

treating four children with refractory benign esophageal
strictures. All the children remained asymptomatic and none
of them required additional dilation [18]. In another study in
rats, topical mitomycin C treatment in caustic esophageal
stricture presented significantly lower stenosis index and
hydroxyproline values respect to the control group without
treatment [22].
In this context, PFD is an antifibrotic molecule, ECM
degradation modulator, which downregulates profibrogenic
cytokines along with its ability to upregulate MMPs [23]. Also,
PFD can control collagen alterations in pathologic burn scars.
The aim of this study was to evaluate PFD effectiveness in
the esophageal caustic burns in rats. Esophageal burns
represent one of the most common causes of esophageal
strictures in children. Despite efforts, prevention of pediatric
caustic ingestion injuries continues to impose a significant
burden on psychological illness, family and health social care
[17].
It is already known that the second week after injury is the
setting for fibroblast proliferation and collagen deposition
representing the pathophysiologic pathway of stricture formation. Therefore, the aim of any pharmacologic treatment is
to prevent this process and the application of a drug could be
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useful before the end of third week after injury [24]. In the
present study, application of 1 mL of 32% of NaOH for 90 s into
the distal esophagus in adult rats resulted in standard caustic
esophageal burns with stricture formation, which was
significantly prevented in the group concomitantly treated
with PFD.
These results agree with previous studies realized by our
group and others in different animal models of fibroproliferative disorders such as hepatic, kidney, and lung fibrosis, as
well as human breast capsular contracture where deposition
of ECM and profibrogenic genes expression were inhibited
with PFD treatment [23,25e27]. This significant reduction
could be effected through the inhibition of profibrogenic genes
expression (TGF-b1, COL-1, and CTGF).
In this context, we consider that PFD is an effective and
safe drug for treatment of fibroproliferative pathologic events
such as abnormal scars caused by burns and liver fibrosis.
This statement is supported by several publications where
PFD has been shown to be safe presenting only minimal
adverse events such as rash, local erythema, and no change in
any laboratory tests such as aspartate aminotransferase and
alanine aminotransferase for topical burned patients [9] and
abdominal distention and nausea without changes in blood
count and blood chemistry [28].
Specifically, our group has published a number of articles
that together with other researchers’ publications indicate the
high safety profile of PFD. This drug has shown to be safe and
efficient when administered topically to pediatric patients
affected with abnormal hypertrophic scars as a consequence
of extensive burns [9]. Data shown in there clearly demonstrated that no effect induced hepatic functional tests alterations during the entire study. Additional studies of our own
when using oral prolonged-released-PFD tablets in the treatment of women with capsular contracture after mammary
implants surgery demonstrated no alterations in hepatic
functional tests [27]. More recently, we have published a study
of efficacy of PFD tablets in a cohort of hepatitis C-infected
patients extending and confirming our data on the safety of
the drug and detecting only minor side effects [28].
Our group has conducted rigorous biopharmacokinetic
studies with patients and topical PFD (data not published). The
very same 8% PFD gel has been used in this study, and our
belief is that its effect is due to a direct mucosal penetration at
the time of swallowing. Nonetheless, some absorbed drug
could eventually penetrate in the digestive system.
Although the results shown here are promising, additional
research is required to investigate the effect of PFD in
ameliorating-established esophageal strictures in children
and to constitute a safe protocol for its use in caustic esophageal injuries.
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