
Abstract. Background: In previous studies, the length of the
glandulo-metaplastic esophageal mucosa (GMEM) at the
gastroesophageal junction was assessed in a selected group
of baboons. In this study, the length of the GMEM was
measured in the entire esophagus in a cohort of unselected
adult baboons. Materials and Methods: In 15 female
baboons, the entire esophagus was removed en bloc at
autopsy, from the tongue to the angle of His. No part of the
stomach was included. The length of GMEM was measured
using a calibrated ocular microscale. Results: GMEM was
found in 11 out of the 15 esophagi. The total length of
GMEM recorded in the 11 cases was 115 mm (mean 
10.5 mm, range 1-45 mm). The mean age for animals with
GMEM was 15.5 years (range 7-32 years) and for animals
without GMEM was 14.0 years (range 7-20 years); the
difference was non-significant (p<0.6). No significant
association was found between the length of the GMEM and
the age of the animals (p<0.6). Conclusion: This study
substantiates the notion that GMEM in baboons is a
postnatal physiological adaptative process of the esophageal
mucosa to daily regurgitation with rumination of gastric
juices of low pH. The GMEM apparently progresses
upwards, along the esophageal mucosa. The baboon might
be an excellent animal model to study the series of
histological events that take place in the distal esophagus
under the influence of protracted gastroesophageal reflux. 

The esophagus of the baboon, a tubular, predominantly
intrathoracic organ, is covered by stratified squamous
epithelium displaying discrete papillae with one layer of basal
cells and none to occasional intraepithelial lymphocytes (1).
The distal portion near the gastric junction is usually thicker

with deep papillae. Accessory mucus glands in the mucosa,
the submucosa and even within muscle bundles are seen in
the distal portion of the organ. These accessory glands consist
of lobules built of acini containing both mucous-(chief) and
serous (subsidiary)-secreting cells, connected to the lumen of
the organ by a duct. Similar glands, accessory to the mucosa
of the pharynx, are seen in the most proximal part of the
organ. This organ is empirically divided into a proximal
(cephalic), middle, and a distal third. 

Under the influence of protracted gastric reflux, the
normal squamous-lined mucosa becomes glandulo-
metaplastic (2). The goal of this mucosal change is to buffer
the low pH of the gastric juices entering the esophagus
during regurgitation. The chewing of the regurgitated food,
that is rumination, is a behavior linked to the physiological
food processing machinery in baboons, as well as in other
non-human primates (NHP) (2-4). 

The glandulo-metaplastic esophageal mucosa (GMEM)
the distal esophagus, is covered by columnar cells with
mucous-producing glands located in the lamina propria;
there are no glands in the submucosa or within muscle
bundles (Figure 1).

In previous work, we assessed the length of the GMEM
in sections from the gastroesophageal junction of a selected
group of adult NHP mainly baboons (1, 4).

The purpose of the present study was to audit the
frequency and length of the GMEM in the entire esophagus
in a consecutive cohort of adult baboons. 

Materials and Methods

Fifteen adult female baboons (Papio spp), members of a colony at
the Southwest National Primate Research Center, Southwest
Foundation for Biomedical Research were investigated.

The conditions of animal housing were reported elsewhere (3).
Briefly, the NHP were housed in metal and concrete indoor-outdoor
cages and fed with commercial monkey diets, occasionally
supplemented with a variety of fruit and vegetables. Water was
available ad libitum. The animal management was carried out in
accordance with the Institutional Animal Care and Use Committee
guidelines.
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The baboons were euthanized for management purposes. The
entire esophagus was removed en bloc at autopsy, from the tongue
(not included) to the angle of His (where the esophagus meets the
stomach). No part of the stomach was included. The esophageal
specimens were cut into 4 cm-long blocks, starting from the most
proximal (oral) resection border. Blocks were sequentially numbered
from 1 and each portion was opened wide, adhered to cardboard,
cut into longitudinal sections. The sections were then fixed in 10%
neutral buffered formalin, embedded in paraffin, cut at 5 μm,
stained with hematoxylin and eosin (H&E) and evaluated under
light microscopy. The length of the GMEM was assessed using a
calibrated ocular micro scale under light microscopy. 

Statistical analysis. The length of the GMEM (in mm) in relation
to the age of the animals was tested using the nonparametric
Wilcoxon matched pairs test. Statistical significance was defined as
p<0.05.

Results

The results are presented in Table I. A total of 283 sections
were reviewed. The Table shows that GMEM was found in
11 out of the 15 baboons. The total length of GMEM
recorded in the 11 cases was 115 mm (mean 10.5 mm, range
1-45 mm).

The mean age of animals with GMEM was 15.5 years
(range 7-32 years), while for animals without GMEM, it was
14.0 years (range 7-20 years). The difference was non-
significant (p<0.6).

No significant association was found between the length
of the GMEM and the age of the animals (p<0.6).

Discussion

Sections from the entire esophagus, from the base of the
tongue to the angle of His, were histological scrutinized in a
cohort of consecutive baboons. No gastric mucosa was
included in the preparations, thus contrasting with previous
studies on a selected group of baboons (1, 2), in which
histological sections from the gastroesophageal junction
having GMEM were investigated. 

The present results demonstrated that the GMEM occurred
in the majority (n=11) of the 15 consecutive esophagi
investigated. The length of the GMEM was apparently not
influenced by the postnatal age of the animals. The GMEM
seems to have progressed upwards along the esophageal
mucosa.

The origin of the GMEM remains controversial. It has
been postulated that the mucosal defects occurring
concomitantly with reflux can be repaired with columnar-
lined epithelium originating from a cephalic creeping
substitution of the junctional glandular epithelium (cardiac
mucosa) (5), from esophageal glands (6), or from squamous
stem cells (7). However, we found no indication that the
GMEM originated from normal esophageal glands, as the
GMEM in baboons lacks the serous-secreting cells normally
present in the esophageal glands proper. The GMEM in
baboons appears to be a genuine glandular transformation of
the normal esophageal squamous mucosa. One plausible
explanation for this mucosal transformation is that these
animals chew the regurgitated food (3, 4, 8-12), and chew it
again (that is ruminate). Apparently, gastroesophageal reflux
(GER) in baboons is a life-long physiological food
processing mechanism (3, 4). The daily reflux of gastric
juices of low pH eventually leads to GMEM of the distal
esophagus. 

Despite the pH of the gastric acid being similar in baboons
(13) and humans (14) at the time of pH testing, the daily
reflux of that acid into the esophagus might be more
continuous in baboons than in humans. In contrast to its
human counterpart, the baboon receives no medication for
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Table I. The length of the glandulo-metaplastic esophageal mucosa
(GMEM), as measured in sections from the entire esophagus (from the
tongue to the angle of His) in 15 adult baboons. The number of sections
reviewed/case and the age of the animals are also given. 

Baboon No. sections Length (mm) of Age 
examined the GMEM (in years)

in 11 baboons*

Total 283 115 232 
Mean 18.9 10.5 15.5 

*GMEM was found in 11 out of the 15 baboons. 

Figure 1. Glandulo-metaplastic esophageal mucosa (GMEM) in a
baboon. A, Low power view: note the esophageal squamous epithelium
on the right (H&E, ×2). B, Higher power view of Figure A (arrowhead),
to demonstrate the mucous glands in the GMEM (H&E, ×10).



this natural gastric reflux, a treatment often administered to
humans with symptoms for remittent waves of GER. 

During the gastric phase of digestion, humans usually
adopt an upright (orthostatic) position while baboons adopt,
by nature, an oblique position. This oblique position might
exacerbate the reflux of the gastric contents into the
esophagus in these animals.

It has been recognized that a high fat intake in humans
relaxes the lower esophageal sphincter (LES) (15, 16), thus
encouraging GER. This situation seems not to apply to
baboons inasmuch as the regular daily diet in monkeys is
only 4% fat, whereas the limiting dietary fat recommended
by The American Heart Association in humans is 30%.
Hence, the daily fat intake does not seem to be a factor
explaining the high frequency of GMEM in baboons.

Higher-ranking baboons usually have a greater access to
food than lower-ranking baboons (3, 4), a behavior also found
in numerous captive species of baboons. It is well known that
stress both causes and increases the severity of symptoms in
the gastrointestinal tract (17, 18) by changes in the motility
and in the function of the LES. Corticotropin-releasing factor
(CRF) is the prime mediator of the stress response (19). A
response of CRF receptors to stress is an impaired or delayed
emptying of the stomach contents, a situation that may
encourage the development of GER. As low-ranking baboons
housed in a group setting usually have much lower access to
food than high-ranking baboons, it is not inconceivable that
low-ranking baboons are subjected to daily stress (20, 21).
Hence, the stress to which low-ranking baboons are subjected
to might encourage the development of GMEM. 

The chemical component of the refluxate bathing the
mucosal microenvironment may also contribute to the
development of the GMEM. In this respect, Mahadeva et al.
(22) found that GER symptoms in humans were more
common and correlated with an increased columnar-lined
esophagus in British patients than in South-East Asian
patients. The authors suggested that the different mucosal
microenvironments were responsible for these differences.
Consequently, possible differences in the chemical
components of the refluxate bathing the esophageal mucosal
microenvironment might help to explain the differences in
frequency and length of the GMEM mucosa in baboons. 

One possibility to explore the effect of the diet on the
evolution of GMEM in the distal esophagus could be to
assess the frequency and the length of the columnar-lined
metaplastic mucosa in baboons at other facilities engaged in
primate research. Different food regimens and behavioral
attitudes at other facilities would identify whether these
parameters have any bearing in the triggering of the
glandulo-metaplastic transformation of the esophageal
squamous epithelium in baboons.

In conclusion, the present investigation in baboons
substantiates the notion that GMEM is a postnatal

physiological process of adaptation of the esophageal
mucosa to protracted regurgitation of low pH gastric acid,
into the esophagus. Based on these considerations, the
baboon might be an excellent animal model to study the
series of histological events that takes place in the distal
esophagus under the influence of protracted GER.
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