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Abstract

Introduction: The investigation of duodena gastro esophageal reflux (DGER) implies both clinical and experimental studies. Within the
context of the literature, our study aimed to produce esophageal lesions by the development of an experimental model reproducing the
characteristics of DGER and to analyze their microscopic pattern. Material and Methods: The material consisted in three groups of white
Wistar rats. Group I (control group) included physiologic saline gavaged rats. Group II received by the esophageal probe bovine bile pH 7,
and group III 0.5% bovine bile at pH 4, to which we added hydrochloric acid 0.1 N. The rats were sacrificed in the 21st day of
the experiment. The esophagus was sectioned obliquely and longitudinally, maintaining the lumen and marking the upper and lower
extremities. The esophageal fragments were routinely processed for light microscopy pathology exam, in HE staining. Results:
The pathologic aspects suggested that the effect of bile and bile and hydrochloric acid mixture on the esophageal epithelium interferes with
the normal keratinization process, with consequent onset of hyperkeratinization. Moreover, epithelial atrophy was present in the group II
on restricted areas and in the group III on extended territories. Discussion: The alterations in the keratinization process suggest the
possibility of initiation in time of carcinogenic mechanism. The atrophic transformations plead for an evolution towards erosion and
ulceration. The study takes into consideration the differences between human and experimental animal esophageal epithelium.
Conclusions: Thus, there emerge new perspectives to extrapolate the experimental results into the human biologic context,
the morphologic pattern proving the irritant effect of DGER in vivo.
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 Introduction
Although the cholecystectomy is considered a
“successful” surgical procedure, an important
percentage of the cholecystectomized patients (44% [1])
maintains the symptoms prior to the intervention or
develops new ones. One of the causes of the postcholecystectomy syndrome is duodena gastro esophageal
reflux (DGER) [1–5], investigated not only from the
pathogenic and clinical features point of view but also
from the perspective of long distance complications –
following mainly the impact of the reflux on the
esophageal mucosa [6–12].
There is very little information in the literature
referring to the esophageal pathologic modifications,
due to the difficulty (i) of in vivo dynamic investigation
of the human esophagus subject to DGER; (ii) of the
achievement of an animal model overlapping with
physiopathology conditions specific to humans.
Although successfully reproducing esophagitis,
Barrett’s esophagus and esophageal adenocarcinoma
the animal models [6, 13–24] cannot separate the
individual components of the refluxate, such as acid or
bile [23], are incapable of controlling the amount and
concentration of the refluxate and determine significant

postoperative stress and morbidity [23]. The new
trend in the investigations on this subject is to
design and implement new experimental models
[22–24], the animal data suggesting synergistic
damaging effects for both bile and acid in esophageal
mucosal injury, concurring with preliminary
human studies.
Within this framework, the developed experimental
study completes the data existing in the publication
mainstream, our results supporting the hypothesis
according to which prolonged excessive contact
between esophageal mucosa and bile or bile and acid
mixture determines esophageal lesions.
 Material and Methods
Description of the experimental model
There were investigated three groups of white
Wistar rats with an average weight of 350 g, all males.
The rats were kept for two weeks before the beginning
of the experiments in standard laboratory conditions, in
rooms with an average temperature of 220C, relative
humidity (55% + 5%) and normal circadian rhythm.
The research respected the international regulations on
the work with experimental animals.
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The administration of the substances was performed
for 21 days, at a 12 hours distance (8.00, 20.00),
by gavage through an esophageal probe introduced up
into the level of the inferior half of the esophagus.
The approximate length of the esophagus is 4 cm and
the probe was introduced for 3 cm. We chose this
method instead of the surgical model in order to avoid
post-operator malnourishment and the surgical stress on
the experimental animals.
The control group (group I) included five rats
gavaged with physiological saline. The second group
formed by six rats received through the esophageal
probe 0.5% bovine bile (SIGMA), pH 7, kept at 40C.
The quantity necessary for the daily treatment was kept
at room temperature with at least a half an hour before
the administration. Every time, the quantity
administered was 1 ml solution/100 g body weight.
The third group (lot III) included 12 rats receiving
0.5% bovine bile at pH 4, to which we added
hydrochloric acid 0.1 N. The solution was kept in the
same conditions as described above and identically
administered. The addition of hydrochloric acid in the
bovine bile was intended to experimentally create
DGER.
There was kept the same food intake for all the
duration of the experiment.
The rats were sacrificed in the 21st day of the
experiment. The esophagus was sectioned obliquely and
longitudinally, maintaining the lumen and marking the
upper and lower extremities. Thus, we were able to
investigate in seriated sections the modifications
occurred on the entire length of the esophagus and
comparatively on the walls and at the extremities.
Pathology exam
The esophageal fragments were routinely processed
for light microscopy pathology exam, in HE staining.
 Results
Control group: simple gavage
We identified a thin stratified squamous keratinized
epithelium, with the same features in all experimental
animals. Thus, stratum spinosum was formed by 2–5
cell sheets, stratum granulosum presented 1–2 cell
sheets continuously disposed and stratum corneum had
the equivalent thickness of maximum five overposed
sheets of squamous cells with a compact aspect (Figures
1 and 2).
In the pathologic investigation of the esophageal
seriated sections belonging to the five experimental
animals, we identified some isolated particular aspects:
▪ a small area, situated on an esophageal wall where
the epithelium had a reduced thickness, with a stratum
spinosum formed by a single cell sheet and a thin
stratum corneum, corresponding to 1–2 squamous cell
sheets containing keratin, detaching in multiple strips;
▪ a small area at the proximal esophageal extremity
where the epithelium was thicker, the stratum spinosum
having 5–6 cell sheets and stratum corneum 8–10 cells
loaded with keratin, either compactly disposed, or
detaching in strips;

▪ five isolated areas situated on the esophageal walls
where the epithelium presented hyperacanthosis –
stratum spinosum having over 10 sheets of polyhedral
cells in one of the areas and over 20 cell sheets in the
other four areas; stratum granulosum and stratum
corneum had a similar thickness with the adjacent areas.
Lamina propria had the aspect of a dense connective
tissue with conspicuous collagenization; the presence of
monocytes, lymphocytes and macrophages was
appreciated as a moderate inflammatory infiltrate.
The submucosa and muscularis mucosae presented
no pathologic modifications.
Group II: bile gavage
The stratified squamous keratinized epithelium had a
heterogenous morphology, alternating along either the
esophageal walls or differring from one wall to the other
(Figures 3 and 4). These aspects were mainly due to the
organization manner of stratum spinosum and stratum
corneum. Stratum spinosum had on large areas a
thickness of only 1–2, maximum 3 cell sheets, giving to
the epithelium an atrophic aspect. Nevertheless, we
observed areas where stratum spinosum consisted of
5–6 cell sheets, and at one of the experimental animals
we encountered areas with as many as 10 sheets of
polyhedral cells. Stratum corneum presented a normal
thickness alternating with reduced thickness or
hyperkeratinization. The differences in the thickness of
the keratin could not be correlated with the thickness of
stratum spinosum. Stratum granulosum was continuous
and, at two experimental animals, we could also identify
the stratum lucidum, with cells charged with eleidin.
A particular aspect observed in a single experimental
animal was the existence of intraepithelial vesicles with
consequent detaching towards the lumen of the
overlying epithelium – this type of lesion might suggest
a beginning of erosive esophagitis.
In five from the six experimental animals, the lamina
propria was intensely collagenic, giving a fibrous
aspect; in two of the experimental animals we observed
a well represented chronic inflammatory infiltrate. One
of the six experimental animals maintained the features
of loose connective tissue in the lamina propria, where
we also noted edema.
Group III: bile and hydrochloric acid gavage
The stratified squamous keratinized epithelium
presented different morphologic aspects due to the
organization manner of stratum spinosum and stratum
corneum (Figures 5 and 6).
In five animals from this group, 80–90% of the
esophageal surface was lined with a very thin
epithelium, with a single sheet of flat cells in stratum
spinosum, a discontinuous stratum granulosum and a
thin stratum corneum, often detached.
In four animals, the epithelium presented variable
thickness throughout the length of the same wall, or on
one wall as compared with the other. These differences
appeared because of the changes in the number of cell
sheets of stratum spinosum (1–2 or 3–5); the overlying
stratum corneum had a thickness correlated with the one
of stratum spinosum.
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Figure 1 – Esophageal lumen lined with stratified
squamous keratinized epithelium (HE stain, ob. ×4).

Figure 2 – Detail for the epithelial structure (HE stain,
ob. ×20).

Figure 3 – Esophageal lumen with heterogeneous
epithelial morphology on the walls (HE stain, ob. ×4).

Figure 4 – Different thickness of the stratified
squamous keratinized epithelium, due to stratum
spinosum and stratum corneum (HE stain, ob. ×10).

Figure 5 – Esophageal lumen lined by a very thin
stratified squamous keratinized epithelium (HE stain,
ob. ×4).

Figure 6 – Detail for the variable epithelial thickness
throughout the length of the same wall (HE stain,
ob. ×20).

Consequently, in the areas where stratum corneum
was very well represented we observed territories where
the two walls were united by keratin. At two animals,
the epithelium had a stratum spinosum with 2–3 cell
sheets and a very thick stratum corneum. In one of these
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animals there was an important dissociation between
stratum spinosum and stratum corneum, the latter
having a homogenous aspect, intensely acidophil,
astructural, suggesting a transformation process toward
fibrin necrosis.
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At the other animal, the keratin on one wall
presented on extensive area coalescence with the keratin
from the contra lateral wall. One of the animals
presented necrotic esophagitis, the epithelium (as well
as the entire mucosa) being replaced by a fibrin cellular
exudate.
Although stratum spinosum and stratum corneum
had different aspects, the stratum basal cells presented
in the entire group (except for the necrotic esophagitis
case) extremely intense basophilic nuclei suggesting an
important proliferative/regenerative activity.
The lamina propria had an intensely collagenic
aspect, sometimes with conspicuous inflammatory cell
elements. The sub mucosa and the muscularis presented
no pathologic modifications.
 Discussion
The researchers’ preoccupations for the esophageal
lesions investigated on experimental models focus on
different pathologic entities.
For the reflux esophagitis there were investigated the
pathologic modifications, cell proliferation, apoptosis
and oxidative stress [16, 19, 22–24]. According to
recent studies [22, 23], the bile and, respectively, acid
perfusion determined the presence of the inflammatory
cells in mucosa, hyperproliferation of basal cells,
papillae hypertrophy and hyperkeratinization, associated
with extensive epithelial sloughing and ulceration (some
of them involving nearly 50 to 90% of the mucosal
thickness). However, bile-perfused esophagus had more
severe epithelial ulceration than the acid-perfused
esophagus [23]. In contrast to bile perfusion, no
pathologic modification occurred in the esophagus of
the saline perfusion animals [22]. Similar results are
reported in [24], referring to the role of pancreatic
trypsin in chronic esophagitis induces by GDER:
erosions and ulcer formation as well as marked
thickening of the esophageal wall.
Other studies investigated Barrett esophagus and
carcinogenesis
process
for
the
esophageal
adenocarcinoma [13–18, 20, 21]. The experimental data
as well as the results obtained on human subjects [9]
lead to the conclusion that the influence of bile reflux on
the development of esophageal adenocarcinoma needs
to be studied more before establishing causality.
The morphologic landscape characterizing the
esophageal mucosa permitted, by comparing the results
from the three lots, an assessment of the action of bile
and bile associated with hydrochloric acid, respectively,
on this mucosa.
The first group, subjected to simple gavage
presented a stratified squamous keratinized epithelium
with constant features: stratum spinosum formed by
2–5 cell sheets, stratum granulosum with 1–2 cell sheets
with continuous arrangement and stratum corneum with
an equivalent thickness of five overlapping squamous
cell sheets, with a homogenous aspect.
The isolated aspect of detaching in strips observed in
the stratum corneum as well as the presence of keratin
in the gastric lumen are elements confirming the irritant
mechanic action of the gavage itself.

The second group, gavaged with bile, was generally
characterized by a stratified squamous keratinized
epithelium which, compared to the first group, had a
heterogeneous morphology, the atrophic territories
alternating with the hypertrophic ones. The layers
responsible for the new morphologic configuration were
stratum spinosum and stratum corneum with a
conspicuous tendency towards hyperkeratinization, even
in the areas with a thinner stratum spinosum.
Consequently, the hyperkeratinization could not be
correlated with the thickness of stratum spinosum.
The presence of intraepithelial vesicles, with the
subsequent detaching of the overlying epithelium
towards the lumen was an important element supporting
the erosive esophagitis lesions.
The microscopic aspects suggest that the action of
bile on the esophageal epithelium affected the normal
keratinization process, mainly in the cells of stratum
spinosum, which changed very rapidly, on fewer cell
sheets, charging with keratin and forming a well
represented stratum corneum, hence the character of
hyperkeratinized epithelium.
The third group, gavaged with bile and hydrochloric
acid revealed – as the second group – heterogenous
morphologic characteristics also due to stratum
spinosum and stratum corneum.
Unlike the second group, the general aspect was that
of atrophic epithelium, by the significant reduction of
the number of cell sheets in stratum spinosum and
stratum corneum; isolated hyperkeratinized areas were
also present.
These microscopic aspects support the effect of bile
and hydrochloric acid on esophageal epithelium,
resulting in the perturbation of the normal keratinization
process, the keratin-loaded cells from stratum corneum
being injured by the erosive action of hydrochloric acid.
In order to compensate/support the epithelial
regeneration demanded by the disruptions in the
superficial stratum corneum, the basal cells presented
intensely basophilic nuclei, indicating an important
proliferative/regenerative process.
The experimental model is valuable by the
modifications developed in the esophageal mucosa,
under the effect of bile and bile and hydrochloric acid
mixture. Our results draw the attention over the
interferences between the administered substances and
the esophageal epithelium (stratified squamous
keratinized), leading to alterations in the histoarchitectonic of the cell layers and proving the perturbations
in the keratinization process. Nevertheless, we must
stress the fact that the human esophageal epithelium is
of the stratified squamous non-keratinized type, thus
less resilient than that of the animals utilized in this
experiment.
Human esophageal epithelial histology includes
(1) a basal stratum consisting from one sheet of
cuboidal cells, with proliferative purpose, (2) a stratum
spinosum formed by 3–6 polyhedral cell sheets, joined
by desmosomal junctions having in their cytoplasm
tonofillaments of cytokeratin and cell organs involved
in keratin synthesis; however, the keratinisation process
is genetically controlled and keratin does not form in
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this location; (3) a superficial layer, formed by several
overposed squamous cell sheets, maintain their nuclei.
The lack of superficial keratin makes the human
esophageal epithelium much more sensitive to the
damaging effect of the bile and/or the bile associated
with hydrochloric acid. Consequently, in humans and
in vivo, the normal histoarchitectonic status can be
affected resulting morphologic transformations in the
spinous or superficial layer.
These transformations, either proliferative (under the
effect of bile) or atrophic (under the effect of bile and
hydrochloric acid) represent the reaction modality of the
epithelial cells.
In the first instance, cell proliferation can be
considered as a first stage in a hyperplasia–dysplasia–
neoplasia type sequence, thus supporting the possibility
of the development in time of a malignant
transformation within the context of biliary reflux.
In the second instance, the atrophy can be
interpreted as a first modification in the evolution
towards erosion–ulceration, thus supporting the
possibility of the development in time of ulcer lesions
within the context of acid reflux.
The differences that occurred can be explained by
the design of the experiment. Unlike the experimental
models applied by [22, 23], based on external
esophageal perfusion, achieved via a micro-pump
ensuring a constant flow over a long period of time,
we performed a bile/bile and hydrochloric acid
administration through gavage, implicitly having a
discontinuous and transitory character. Consequent to
this discontinuous/transitory exposure, the esophageal
mucosa reacted through the development of an
important epithelial atrophy.
 Conclusions
Our experimental model allowed the identification
of specific morphologic lesions. The proliferative
transformations support, within the context of
hyperplasia–dysplasia–neoplasia sequence, the possibilities of initiation in time of the carcinogenic
mechanism. The atrophic transformations plead for an
evolution towards erosion and ulceration. Thus, several
perspectives of extrapolation towards the human
biological context obtained morphologic landscape
proving the irritant effect of biliary reflux in vivo.
References
[1] BATES T., EBBS S. R., HARRISON M., A’HERN R. P.,
Influence of cholecystectomy on symptoms, Br J Surg, 1991,
78(8):964–967.
[2] LUJAN-MOMPEAN J. A., ROBLES-CAMPOS R., PARRILLA-PARICIO P.,
LIRON-RUIZ R., TORRALBA-MARTINEZ J. A., CIFUENTESTEBAR J., Duodenogastric reflux in patients with biliary lithiasis
before and after cholecystectomy, Surg Gynecol Obstet,
1993, 176(2):116–118.
[3] ABU FARSAKH N. A., STIETIEH M., ABU FARSAKH F. A.,
The postcholecystectomy syndrome. A role for
duodenogastric reflux, J Clin Gastroenterol, 1996,
22(3):197–201.
D. K.,
ANGGIANSAH
A.,
OWEN
W. J.,
[4] MANIFOLD
Effect of cholecystectomy on gastroesophageal and
duodenogastric reflux, Am J Gastroenterol, 2000,
95(10):2746–2750.

65

Y.,
THISTLE
J. L.,
LONGSTRETH
G. F.,
[5] ROMERO
HARMSEN W. S., SCHLECK C. D., ZINSMEISTER A. R.,
D. S.,
ZEIN
C. O.,
VAN
DYKE
C. T.,
PARDI
ARORA A. S., LOCKE G. R., A questionnaire for the
assessment of biliary symptoms, Am J Gastroenterol, 2003,
98(5):1042–1051.
[6] VAEZI M. F., SINGH S., RICHTER J. E., Role of acid and
duodenogastric reflux in esophageal mucosal injury:
a review of animal and human studies, Gastroenterology,
1995, 108(6):1897–1907.
[7] VAEZI M. F., RICHTER J. E., Importance of duodeno-gastroesophageal reflux in the medical outpatient practice,
Hepatogastroenterology, 1999, 46(25):40–47.
[8] DEMEESTER S. R., DEMEESTER T. R., Columnar mucosa
and intestinal metaplasia of the esophagus: fifty years of
controversy, Ann Surg, 2000, 231(3):303–321.
[9] FREEDMAN J., YE W., NÄSLUND E., LAGERGREN J.,
Association between cholecystectomy and adenocarcinoma of the esophagus, Gastroenterology, 2001,
121(3):548–553.
[10] SIFRIM D., CASTELL D., DENT J., KAHRILAS P. J.,
Gastro-oesophageal reflux monitoring: review and
consensus report on detection and definitions of acid,
non-acid, and gas reflux, Gut, 2004, 53(7):1024–1031.
[11] FLETCHER J., WIRZ A., HENRY E., MCCOLL K. E.,
Studies of acid exposure immediately above the
gastro-oesophageal squamocolumnar junction: evidence
of short segment reflux, Gut, 2004, 53(2):168–173.
[12] XU X. R., LI Z. S., ZOU D. W., XU G. M., YE P.,
Z. X.,
WANG
Q.,
ZENG
Y. J.,
Role
of
SUN
duodeno-gastroesophageal reflux in the pathogenesis
of esophageal mucosal injury and gastroesophageal
reflux symptoms, Can J Gastroenterol, 2006, 20(2):91–94.
[13] ATTWOOD S. E., BALL C. S., BARLOW A. P., JENKINSON L.,
NORRIS T. L., WATSON A., Role of intragastric and
intraoesophageal alkalinisation in the genesis of
complications in Barrett’s
columnar lined lower
oesophagus, Gut, 1993, 34(1):11–15.
S. R.,
YANG
G. Y.,
CURTIS
S. K.,
[14] GOLDSTEIN
REUHL K. R., LIU B. C., MIRVISH S. S., NEWMARK H. L.,
YANG C. S., Development of esophageal metaplasia
and adeno-carcinoma in rat surgical model without
the
use
of
carcinogen,
Carcinogenesis,
1997,
18(11):2265–2270.
[15] GOLDSTEIN S. R., YANG G. Y., CHEN X., CURTIS S. K.,
YANG C. S., Studies of iron deposits, inducible nitric
oxide synthase and nitrotyrosine in rat model for
esophageal adenocarcinoma, Carcinogenesis, 1998,
19(8):1445–1449.
[16] LANNAS A., ROYO Y., ORTOGO J., MOLINA M.,
SÁINZ R., Experimental esophagitis induced by acid
and pepsin in rabbits mimicking human reflux
esophagitis, Gastroenterology, 1999, 116(1):97–107.
[17] CHEN X., YANG G., DING W. Y., BONDOC F., CURTIS S. K.,
YANG C. S., An esophagogastroduodenal anastomosis
model for esophageal adenocarcinogenesis in rats and
enhancement by iron overload, Carcinogenesis, 1999,
20(9):1801–1808.
RD
[18] XU X., LOCICERO J. 3 , MACRI E., LODA M.,
ELLIS F. H. JR., Barrett’s esophagus and associated
adenocarcinoma in a mouse surgical model, J Surg Res,
2000, 88(2):120–124.
[19] OH T. Y., LEE J. S., AHN B. O., CHO H., KIM W. B.,
KIM Y. B., SURH Y. J., CHO S. W., LEE K. M., HAHM K. B.,
Oxidative stress is more important than acid in the
pathogenesis of reflux oesophagitis in rats, Gut, 2001,
49(3):364–371.
[20] CHEN X., DING Y. W., YANG G., BONDOC F., LEE M. J.,
YANG C. S., Oxidative damage in an esophageal
adenocarcinoma model with rats, Carcinogenesis, 2000,
21(2):257–263.
C. K.,
BAHADURSINGH
A.,
AKHTER
N.,
[21] BYRNES
PARINANDI N. L., NATARAJAN V., MONTGOMERY E.,
TIHAN T., DUNCAN M. D., NASS P. H., HARMON J. W.,
Duodenal reflux produces hyperproliferative epithelial
esophagitis – a possible precursor to esophageal
adenocarcinoma in the rat, J Gastrointest Surg, 2003,
7(2):172–180.

Georgeta Simona Manea et al.

66

[22] LI Y., WO J. M., SU R. R., RAY M. B., JONES W.,
MARTIN R. C., Esophageal injury with external esophageal
perfusion, J Surg Res, 2005, 129(1):107–113.
[23] LI Y., WO J. M., ELLIS S., RAY M. B., JONES W.,
MARTIN R. C., A novel external esophageal perfusion
model for reflux esophageal injury, Dig Dis Sci, 2006,
51(3):527–532.

[24] NAITO Y., UCHIYAMA K., KURODA M., TAKAGI T., KOKURA S.,
YOSHIDA N., ICHIKAWA H., YOSHIKAWA T., Role of pancreatic
trypsin in chronic esophagitis induced by gastroduodenal
reflux in rats, J Gastroenterol, 2006, 41(3):198–208.

Corresponding author
Georgeta Simona Manea, Assistant, MD, PhD candidate, Institute of Gastroenterology and Hepatology,
“Gr. T. Popa” University of Medicine and Pharmacy, 1 Independenţei Avenue, 700 106 Iassy, Romania;
Phone +40744–515 320, e-mail: simonamaneamd@yahoo.com

Received: July 15th, 2008
Accepted: November 15th, 2008

