
Henry MACA et al

16 - Acta Cirúrgica Brasileira - Vol 23 (1) 2008

4 - ORIGINAL ARTICLE
Alimentary Tract

Morphological and functional evaluation of distal esophagus of rabbits
submitted to esophageal infusion with caustic soda1

Avaliações morfológica e funcional do esôfago distal de coelhos submetidos a infusão
esofágica com soda cáustica

Maria Aparecida Coelho de Arruda HenryI, Carlos Eduardo Brossi PelissariII, Lídia Raquel CarvalhoIII

I  Full Professor, Department of Surgery and Orthopedy, School of Medicine, State University of São Paulo (UNESP),
   Botucatu, São Paulo, Brazil.
II  Assistant Professor, Department of Surgery, School of Medicine of Marilia, São Paulo, Brazil.
III Assistant Professor, Department of Statistics, Institute of Biosciences, UNESP, Botucatu, São Paulo, Brazil.

ABSTRACT
The ingestion of caustic substances is an important emergency situation, because of its serious consequences. Purpose:
To study morphological and functional alterations of the esophagus in rabbits submitted to esophageal infusion of
caustic soda (NaOH). Methods: The 88 rabbits studied were divided into 4 groups: G1 (n=22) were submitted to esophageal
infusion with distilled water. G2, G3, and G4 were submitted to esophageal infusion of 2%, 4% and 6% NaOH respectively.
Morphological alterations were studied in 12 animals from each group and manometric alterations in the remaining 10. An
analysis was made of lower esophageal sphincter (LES) pressure, number and amplitude of contractions in the distal third
of the esophagus. These studies were performed before (moment M1) and at 30 minutes, 6 hours, and 24 hours after
(moments M2, M3, and M4, respectively) esophageal infusion. Results: Morphological evaluation: G1 — no alterations;
G2 — edema, hyperemia, and ecdysis; G3 — enlarged calibre of esophagus, ulcers, ecdysis of mucosa; G4 — lesions
similar to G3, but more intense, areas of extensive hemorrhage at M3 and M4. Functional evaluation: LES was higher at M2;
the number of distal third lower esophageal contractions in G3, and G4 was lower; and the contraction amplitude was lower
in G4. Conclusions: 1) Esophageal infusion with caustic soda in rabbits is a good experimental model for studying caustic
esophagites. 2) Esophageal infusion with NaOH caused lesions in the esophageal wall, with gravity proportional to
solution concentration; 3) Infusion caused LES spasm at M2, and reduced both contraction number and amplitude in the
distal third of the esophagus.
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RESUMO
A ingestão de substâncias cáusticas constitui importante situação de emergência, tendo em vista a gravidade de suas
seqüelas. Objetivo: Estudar as alterações morfológicas e funcionais do esôfago de coelhos submetidos à infusão esofágica
com soda cáustica (NaOH). Métodos: 88 coelhos foram divididos em 4 grupos: G1 (n=22) foi submetido à infusão esofágica
com água destilada; G2, G3 e G4 foram submetidos a infusão esofágica com NaOH a 2%, 4% e 6%, respectivamente.
Alterações morfológicas foram estudadas em 12 animais de cada grupo e as alterações manométricas, nos 10 animais
restantes. Foram feitas análises do esfíncter inferior do esôfago (EIE), número e amplitude das contrações no terço distal
do esôfago. Estes estudos foram realizados antes (momento 1 — M1) e aos 30 minutos, 6 horas e 24 horas após a infusão
esofágica (momentos M2, M3 e M4, respectivamente). Resultados: Avaliação macroscópica: G1 — sem alterações; G2 —
edema, hiperemia e descamação; G3 — aumento do calibre do esôfago, úlceras, descamação da mucosa; G4 — lesões
semelhantes as do G3, porém mais intensas, áreas de extensa hemorragia. Avaliação funcional: a pressão no EIE foi mais
elevada em M2 no grupo 2; o número das contrações no terço distal do esôfago foi menor em G3 e G4, e a amplitude das
contrações foi menor em G4. Conclusões: 1) a infusão esofágica com NaOH constitui excelente modelo experimental de
esofagite cáustica no coelho; 2) a infusão esofágica com NaOH causa lesões na parede do esôfago, com gravidade
proporcional a concentração da solução; 3) a infusão causou espasmo do EIE em M2 e redução do número e amplitude das
contrações no terço distal do esôfago.
Descritores: Hidróxido de Sódio. Esôfago. Morfologia. Estudos de Avaliação. Coelhos.
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Introduction

Ingestion of caustic substances is an
important emergency situation with important sequelae.
These type of lesions have been described for many years,
since the industrial revolution produced various commercial
chemical agents, disinfectants, bleaches, and domestic
cleaning products1.

Most patients with these lesions are children,
with accidental ingestion of the lesive agent in a domestic
environment2,3. In adults, although accidental ingestion does
occur, the predominance is attempted suicide4.

The most common substances causing these
lesions are the alkalines, predominantly sodium hydroxide,
potassium carbonate, calcium oxide, and sodium peroxide5.
In our country, the most common product is caustic soda,
either pure or in products used for cleaning sinks and pipes,
and in the rural zone for domestic fabrication of soaps5.

The esophagus is the most commonly
damaged organ from ingestion of caustic substances6,7,
followed by the stomach8; the airways9,10 can also be
compromised. The seriousness of these lesions depends
on various factors; substance volume and concentration
are the most important, along with contact time with the
esophageal mucous.

Several authors have conducted esophagus
motor activity studies on patients who have ingested
caustic substances11,12,13,14; they have found serious
disorders in those with serious lesions in the acute phase.

The objective of this work is to study
manometric and morphological changes of the esophagus
in rabbits submitted to esophagic infusion with caustic soda
(NaOH).

Methods

88 albino Norfolk rabbits weighing between
1,800 and 2,300g were studied.

Research was initiated after project approval
from our institution’s Animal Research Ethics Commission.

Animals were studied at four different
moments:

Moment 1 - M1 – before esophageal infusion
with NaOH

Moment 2 - M2 - 30 minutes after infusion
Moment 3 - M3 - 6 hours after infusion
Moment 4 - M4 - 24 hours after infusion
Rabbits were divided into 4 groups of 22

animals each for different concentrations of NaOH.
Group 1 – G1 – control distilled water.
Group 2 – G2 - 2% NaOH
Group 3 – G3 - 4% NaOH
Group 4 – G4 - 6% NaOH
Distilled water and NaOH were infused at the

transition point between the mid and distal thirds of the
esophagus. A number 8 Levine catheter was used to infuse
1.5ml solution over 5 to 7 seconds with the rabbit inclined
at 30° in relation to the study bench.

Esophageal manometry was performed in 10
animals from each group; they were then euthanized and

macroscopically studied after M4. The other 12 animals in
each group were sacrificed after each infusion time; four
animals per group at M1, M2, M3, and M4. The esophagus
were removed for macroscopic and microscopic anatomical-
morphological exams. Euthanasia was induced with
endovenous sodium pentobarbital (50mg/kg weight). The
same anaesthetic was used in esophageal manometry and
infusion at 30 mg/kg weight.

The esophageal electromanometric study
was performed using the intermittent catheter pulling
technique, standardized in our laboratory15,16,17,18,19. The
catheter was introduced as far as the stomach and was
them pulled back in half centimetre steps until it reached
the pharynx thus allowing study of the lower esophageal
sphincter and body of the esophagus.

Lower esophageal sphincter (LES) pressure
and the number and amplitude of contractions in the distal
third of the esophagus were measured at each
experimental moment.

Profile analysis20 was used for variables
with normal distribution, and the Freedman and Kruskal-
Wallis tests for variables which did not present normal
distribution21.

Results

1. Morphological evaluation
1.1. Macroscopy

Group 1 – No evidence of morphological
alterations.

Group 2 – No alterations were seen in the
pleural cavities and abdomen during esophageal withdrawl.
The esophagus presented diffuse edema, more evident in
the distal portions and at M3 and M4. At M2 the longitudinal
opening of the esophagus showed diffuse epithelial ecdysis
and moderate hyperemia. At M3 and M4 fibrin plaques were
seen adhering and building up on the wall.

Group 3 – There was intense diffuse edema
of the esophagus. Opening of the esophagus showed more
extensive and deep ecdysis, causing hemorrhagic ulcers at
M2 and fibrinous ulcers at M3 and M4 (Figure 1).

FIGURE 1 - Lesions provoked by esophageal infusion of
NaOH (4%): ulcers and ecdysis of mucosa
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Group 4 – Six animals in this group showed
hemorrhagic foci in the pulmonary parenchyma and pleural
hemorrhage (M2, M3, and M4). Longitudinal opening of
the esophagus showed large areas of epithelial necrosis,
hemorrhagic foci, and hemorrhagic ulcers at M2. These
lesions were more intense at M3 and M4 (Figure 2).

1.2. Microscopy

Group 1 – No abnormalities were seen in the
microscopic examination.

Group 2 – There were incomplete lesion
points in the epithelium, varying from superficial to
moderate. At M2 the deep structures were preserved,
however there was extensive epithelial liquefaction.

At M3, there was also neutrophylic
inflammatory process and edema, which extended to the
submucosa. At M4, this lesion reached the muscle where
there were areas of coagulation.

Group 3 – The lesions in this group were
more intense and extensive, with epithelial loss, exposing
the deeper layers (M2). At M3 and M4 these lesions were
accompanied by large edema and neutrophylic
inflammation, and in some areas purulent fibrin
(Figure 3).

Group 4 – These animals had similar
alterations to the previous group, however with more
intense and deep inflammation and liquefaction. Many
vessels presented dilation or thrombosis. There was
adventitial edema, hemorrhage, and inflammatory process
(M3 and M4) (Figure 4).

2. Functional evaluation

2.1. LES pressure (mmHg)

Table 1 shows the mean and standard
deviation values of LES pressure in the four groups and
four moments of the study.

There were no statistical differences
between groups. Values were significantly higher at M2
in group 2 (p< 0.005).

2.2. Number of contractions in the distal third of
the esophagus (Table 2).

FIGURE 2 - Areas of extensive hemorrhage provoked
by esophageal infusion of NaOH (6%)

FIGURE 3 - Microscopic view of esophageal mucosa:
edema and neutrophylic inflammation (NaOH
solution 4%)

FIGURE 4 -Adventitial edema, hemorrhage and
inflammatory process provoked by
esophageal infusion of NaOH solution (6%)

TABLE 1 - Mean and SD values of LES pressure LES
                   (mmHg) in the four groups at four moments

Group   Moments

                  M1                   M2                   M3            M4
1          35.7±7.6a       35.4±7.9a      31.0±11.6a    25.8±9.1a
2          26.9±10.6b     43.0±12.1a    31.2±7.7ab   37.4±20.4ab
3          34.1±10.6a     40.4±11.5a    37.4±9.5a    28.2±10.3a
4          30.7±10.0a     33.3±7.2a      39.0±13.1a   38.8±10.9a

 Note: Significant differences among groups into each moment,
  were pointed out by small different letters.
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The number of distal  esophagic
contractions measured at M4 was significantly reduced
in Groups 3, and 4 (4% and 6% NaOH esophageal
infusion respectively).

2.3. Contraction amplitude (mmHg) in the distal
third of the esophagus (Table 3)

There was no significant difference among
experimental moments; however values for Group 4
animals (6% NaOH) were significantly reduced.

Discussion

The objective of this work was to study
morphological and functional alterations caused by
experimentally induced esophagitis using caustic soda, the
most common etiological agent in caustic esophagitis22.

Various experimental models of caustic
esophagitis have been developed using the dog23, cat24,
rabbit 25, and rat26.

We chose the rabbit for this study because of
its availability and ease of manipulation as seen in other
works from our laboratory27,18,19. Only male rabbits were used,
as various authors have reported female hormones affecting
lower esophageal sphincter pressure28,29.

Caustic esophagitis can be induced in various
ways, the most common being product topical application30

and esophagic infusion26. We opted for infusing solution in
the esophagic lumen, because it is closer to what occurs in
clinical practice. Animals were positioned in 30o (proclive)
inclination during infusion, in an attempt to avoid respiratory
complications caused by solution reflux. Animals were
anaesthetized during this process as it is painful.

The esophagus in Group 2 animals (2%
NaOH) presented moderate hyperemia and a small increase
in calibre 6 and 24 hours after infusion, slight alterations
characterized as Grade 1 lesions22.

Esophageal infusion with higher NaOH
concentrations (4 and 6%) caused more intense and diffuse
lesions, with ulcers and large areas of necrosis, more serious
at M3 and M4. These are compatible with the Grade 2 and 3
classifications from Artigas and Brandão22.

Increased concentrations of caustic soda
clearly caused more serious lesions25. The morphological
study also showed increasing seriousness of the lesions
over time, due to caustic soda residue remaining on the
esophageal wall continuing its lesive action31.

Functional evaluation of the esophagus
showed much higher LES pressures at M2 in group 2, and
this could be explained by lower esophageal sphincter
spasm which occurred after NaOH infusion. This spasm
can protect the digestive tract distal to the esophagus, but
at the same time can make esophageal drainage more
difficult, with more caustic residue remaining on the
esophageal wall, with more serious lesions.

Esophageal manometry showed a significant
reduction in number of distal esophagus contractions at
M4 in animals submitted to 4 and 6% NaOH concentration
infusions. These alterations could be related to clinical
findings in literature14,32. According to these authors patients
who ingest caustic soda present hypotensive esophageal
contractions and aperistalsis.

Rabbits submitted to 6% NaOH esophageal
infusion had significantly reduced contraction amplitude
in the distal esophagus. This motor disorder could be
explained by plexus nerve lesion provoked by high
concentration NaOH solution. However further study is
required to confirm this hypothesis.

Conclusions

1. Esophageal infusion of caustic soda in rabbits is
an adequate experimental model for studying
caustic esophagitis.

2. Esophageal infusion with caustic soda caused
lesions in the esophageal wall; lesion gravity was
directly proportional to solution concentration.

3. Esophageal infusion of caustic soda caused spasm
of the lower esophageal sphincter.

TABLE 2 - Mean and SD values of number of
contractions in the four groups at four moments

Group Moments

               M1                 M2                  M3                 M4

1       5.8±5.9a           6.1±5.5a      4.2±5.5a         7.9±4.9a
             A                         A                  A                    A
2       4.6±2.4ab       7.5±2.6a        3.1±2.0c         4.8±1.9bc
             A                         A                   A                  AB
3       5.6±4.4a         7.7±3.2a        1.2±0.8a         3.7±2.0a
             A                         A                   A                    B
4       4.5±3.3a         4.9±3.8a        3.5±3.9a         3.9±2.4a
              A                        A                    A                   B

Note:  Small letters – comparison of means of the moments
into each group. Capital letters – comparison of means of
the groups into each moment.

TABLE 3 - Mean and SD values of esophageal distal third
contraction amplitude (mmHg) in the four groups at four
moments

Group                                        Moments

                 M1          M2              M3           M4          Group
1        14.6±6.7    20.1±8.1    18.5±8.4   19.1±7.7   18.1±7.7AB
2        16.8±5.1    15.7±1.5    18.3±5.5   14.9±4.6   16.4±4.5AB
3        18.8±5.6    21.1±6.8    18.4±6.9   21.6±9.8   20.1±7.3A
4        13.6±6.6    13.7±6.4    15.8±2.2   12.9±5.8   14.0±5.4B

Note: Capital letters – comparison of the means of the groups.
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4. Motor disorders represented by reduced number
of distal esophageal contractions were seen after
esophageal infusion of caustic soda, in 4% and
6% NaOH solutions.

5. Motor disorders represented by reduced amplitude
of distal esophageal contractions were seen after
esophageal infusion of caustic soda (6% solution).
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