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Abstract. Cold stress affects the human body systems especially
respiratory, cardiovascular and gastrointestinal systems. An
evaluation performed on the structural changes that occurred in the
gastric mucosa of adult rat induced by cold exposure under laboratory
conditions. In this study, twenty adult male albino rats were divided
into two groups: A control group placed in room temperature (25°C),
and an experimental group exposed for two hours to the cold weather
(8°C). Results revealed that cold exposure induced shrinkage and
increase of the mucosal folds, in addition to disruption, destruction of
epithelial cells, which line these folds. Moreover, it resulted in
increase secretions of gastric glands with loss of its normal
architecture. ~ Also notice, a marked congestion and a cellular
infiltration of the mucosa. = Hence, concluded that cold exposure
affected gastric mucosa of the stomach that may lead to gastric ulcer
on prolonged cold exposure.
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Introduction

Physical and psychological stresses are triggers or modifiers of the
clinical course of gastrointestinal disorders, such as peptic ulcer, or
irritable bowel syndrome. Stress can act synergistically with other
factors, to produce gastrointestinal diseases''! It has been demonstrated
that restraint and cold, can induce ulceration'*”!. The primary effect of
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cold stress is tissue cooling, the local type of which is the inhalation of
cold air. Depending on the extent and intensity of tissue cooling, a sequel
of effects develops'”. Mental effects dominate with exposure to light
cold stress, however, cold injuries occur with severe exposure to cold
stresses”).  Gastrointestinal and respiratory effects may be triggered by
low levels of cold stress, partially as a function of poor individual

protection®.

Cold environments present a multi-factorial stress situation. General
hypothermia is the imminent hazard with severe cooling conditions, but
several ty?es of local cold stress may develop under moderately cold
conditions!”. A rational approach to the assessment of cold stress must
identify and quantify all types of effects of cold stress. The criteria
associated with different levels of strain can be identified, nevertheless

more research is needed to validate them and to quantify risk levels!®).

The stomach is a hollow, muscular organ of the gastrointestinal tract.
It is involved in the second phase of digestion, following mastication.
Histologically, the stomach consists of mucosa, submucosa, musculosa
and serosa”). The clinical syndrome of gastric stress ulceration has been
studied for years using rodent cold restraint stress models, although the
pathogenesis of the characteristic focal gastric mucosal lesions produced
in these models has been controversial'®'".  Previous studies used
gastric strain gauge to characterize fully the gastric motility effects of a
2-h cold restraint protocol, and determine the relationship of variations in
gastric contents and in gastric contractions to the amount of gastric
mucosal injury. They found a consistent relationship between the force
of gastric contractions and gastric mucosal injury, in addition to a
relationship between the initial duration of contractions during restraint
and ultimate mucosal injury. Volume, acidity and mucus in the gastric
contents were unrelated to mucosal injury!'*"!. Despite the availability
of numerous gastric damage models, the field lacks a model showing the
early events of superficial damage!'*.

Consequently, the aim of the present study was to investigate the
structural effects of cold stress on gastric mucosa of male albino rats by
using the light microscope.

Materials and Methods

Twenty adult male albino rats weighing between (150-200 g) were
purchased from the animal house at King Fahd Medical Research Center.
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Animals were housed in a polycarbonate cage with stainless steel wire
lids under constant conditions of temperature and humidity, with 12:12-h
day/night cycles, with free access to water and a balanced diet. All
experiments carried out with the consent of the animal ethics in
accordance with the guidelines set out by the Canadian Council on
Animal Care.

Animals were divided into two main groups: Control and
experimental (10 rats each). Food and tap water were provided to both
groups, and on the last day, animals were fasted for 6 hr. Then, the
experimental group was exposed to cold stress by placing them in a
refrigerator at 8°C once for 2 hr for one day. Control rats stayed at
laboratory room temperature at 25°C.

On the next day, animals of both groups were fasted then sacrificed
by decapitation. The anterior abdominal wall was opened for extraction
of the stomach. Each stomach was opened, cleaned by tap water, and
examined macroscopically for gastric mucosal damage then parts from
the body were processed for light microscopy study. Specimens were
immersed in 10% buffered formaldehyde for 24 hr, then in ethyl alcohol
70% (6 min), ethyl alcohol 90% (10 min), ethyl alcohol 100% (45 min),
xylene (30 min), paraffin wax (45 min), and embedded in paraffin. Serial
sections 5 um thick were sliced and stained with Hematoxylin and Eosin
(H&E) stain'"!. The specimens were examined and photographed with
light microscope.

Results

External Morphological Features

The present results showed that cold exposure increased mucosal
folding in stomach of experimental group compared with control.

Light Microscopic Study of Rat Stomach
Control Group

Sections stained with H&E showed that body part of rat stomach in
control group consists of mucosa, submucosa, muscular and serosa
layers. Mucosa, the first main layer, appeared covered with columnar
epithelium with no goblet cells. The surface epithelium was interrupted
by the openings of the gastric pits that were uniformly arranged parallel
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Fig. 1.
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A control rat stomach (body part) showing the mucosa (M) with its lining
epithelium. Gastric glands (G) are seen at the base of the mucosa, with their neck
opening to the surface through gastric pits (arrow). These pits are uniformly
arranged parallel to each other. Notice that the muscularis mucosa (mm) forms
smooth muscle fibers and the submucosa (sm) forms a loose areolar connective
tissue. Notice the musculosa (Mu). (H&E, X40).

The control (C) rat stomach (body part) is showing the mucosa with its lining
epithelium. Gastric glands (G) are seen at the base of the mucosa, with their neck
opening to the surface through gastric pits (arrow). These pits are uniformly
arranged parallel to each other. Experimental group (E) is showing: widening of
spaces between mucosal folds (arrows) and increase secretions of gastric glands
(arrowheads). The double arrows point at the shrunken, disrupted and destructed

epithelial cells, which line the mucosal folds and gastric glands. (H&E, X400).
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to each other, as they conveyed secretion from the gastric glands (Fig. 1
and 2). These glands were present deep in the gastric mucosa and
appeared rounded in the sections with normal architecture (Fig. 3). Deep
in the mucosa was the muscularis mucosa formed of bundles of smooth
muscles. Submucosa lies under the mucosa and consists of loose areolar
tissue with occasional cellular infiltration and blood vessels. The mucosa
and submucosa showed normal cellular infiltration (Fig. 1, 3). Muscularis
externa lies under the submucosa. It has three layers of smooth muscle
instead of two: inner oblique, middle circular and outer longitudinal
layers (Fig. 1).

Fig.3. The Control (C) rat stomach (body part) is showing the gastric glands (G) at the
base of the mucosa where they appear circular in cross-section. Notice that the
muscularis mucosa (mm) forms of smooth muscle fibers. The double arrows point
at the cellular infiltration normally present in the mucosa. Blood vessels (v) are
also seen. Experimental group (E) shows the mucosa with loss of normal
architecture of gastric glands (arrows) and shrinkage and destruction of
muscularis mucosa (mm). Notice the increased vasculature (v) and cellular
infiltration (double arrows) in this group. (H&E, X400).

Experimental Group

The normal architecture of the mucosal cells appeared completely
lost after exposure to cold for two hours. There was widening of the
spaces between mucosal folds and some of these spaces connected with
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the gastric pits. The gastric mucosa showed shrinkage, disruption and
destruction of the epithelial cells lining the mucosal folds and gastric
glands (Fig. 2). Also observed, increase secretions of gastric glands, a
marked congestion, and an increased cellular infiltration of the mucosa.
The loss of normal architecture of the gastric glands with shrinkage of
the muscularis mucosa (Fig. 3) was also noticed in the same group.

Discussion

Workers, who exposed to extreme cold or work in cold environments,
may be at risk of cold stress. Extreme cold weather is a dangerous
situation that can affect respiratory, cardiovascular and gastrointestinal
systems'”. The stomach is designed to protect itself from a wide variety
of intrinsic and exogenous stress factors or irritants!'®. Several mucosal
defense mechanisms protect the stomach against cold stress. The pre-
epithelial protection is made up of mucus-bicarbonate barrier creates a
near neutral pH”'®'"!. Rapid cell turnover and the process of restitution
contribute to an intact epithelial lining. For the subepithelial protection,
the mucosal blood flow is essential for supplying the epithelium with
nutrients and oxygen, and for disposal of hydrogen ions and noxious

agents permeating the mucosal'’.

The present work studied the effect of cold stress only on the gastric
mucosa of rats. Animal models, specially rats, are favored for studying
gastric processes as they can provide responses of physiological
significance for understanding similar events in human ulcer disease!'*.
Previous studies declared that the most imperiled component of the
gastric mucosa 1s the layer of epithelial cells directly exposed to the
gastric lumen. Thus, injury and repair of this epithelium was studied in
vivo and in vitrot'*'2),

During the current work, the experimental group subjected to cold
stress for 2 hrs, resulted in an increased mucosal folding in stomach of
experimental group compared with control. This was in accordance with
previous work!'**!". However, prior studies which subjected the animals
for cold stress for 3h, observed gastric mucosal ulceration®*?*. A
former study reported that exposure of rats to water-immersion and
restraint stress for 6 h, resulted in severe gastric mucosal lesions!*. No
lesion or few lesions were observed in rats subjected to 2 h of preceding
stress'*”]. The development of the gastric mucosal lesions in cold stress
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could be attributed to the following sequence: stress decreases gastric
mucosal blood flow, therefore, weakens the resistance of the gastric
mucosal barrier, back diffusion of acid which causes intramucosal
acidosis, increases mucosal permeability and finally destroys cell
membranes'®.

In this study, mucosal layer showed large spaces between the
mucosal folding which may be due to increase secretions from gastric
glands as a reaction to cold exposure. In favor with this suggestion, is
that some of these spaces connect with the gastric pits. The results
obtained in the present study clearly showed that the normal architecture
of the mucosal cells appeared completely lost in all rats exposed to cold
stress. There was shrinkage, disruption, and destruction of epithelial
cells lining the mucosal folds and gastric glands. These findings are in
accordance with former researches”**. Previous studies reported
change in volume and shape of deteriorating gastric mucosal cells, in
addition to stretching, shrinking, and detaching which resulted in
increased spaces between these cells!*.

In the current work, no gastric ulcer was observed. Former study!*”

hypothesized that cells keep the same position within the surface
monolayer initially during injury, presumably because tight junctions and
the basolateral membrane of affected mucous cells remain intact in the
damage expansion phase. Damage then expands to surrounding cells that
also exfoliate. The authors also added that exfoliation occurs in very
tight time synchrony with restoration of the epithelial layer, and
somewhat less tightly with restoration of normal surface pH control.
Most importantly, repair of the epithelial layer started while only a few
injured cells lifted off, not after basal lamina seemed totally denude.

In the present investigation, increased secretions of gastric glands and
loss of their normal architecture were observed, which is in accordance
with many other research findings'**"*". The mechanism of increase in
acid secretion during exposure to cold may be correlated to the increased
vagal effect on the stomach®”, which promote secretion of thyrotropin-
stimulating hormone™” and thyrotropin-releasing hormone in rats®'>".

In the present work, it was noticed marked congestion and cellular
infiltration of the mucosa with shrinkage of muscularis mucosa. Reduced
mucosal blood flow due to hypothermic stress, increased sympatho-
adrenal activity and increased gastric motility, thus limit the ability of the
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mucosa to wash the back-diffused acid. The acid accumulates more,
attacking submucosal capillaries with consequent endothelial swelling
and more reduction of mucosal blood flow. The condition is worsened
when acid attacks mast-like cells, de-granulating them and releasing
histamine and leukotrienes, and increase capillary permeability!®. This
leads to infiltration and activation of phagocytes (especially neutrophils)
brought about by proinflammatory cytokines™".

In conclusion, the present study confirms the cold stress response in
rats for limited time can induce superficial gastric mucosal lesions.
Accordingly, recurrent exposure to cold stress for longer periods may
induce stress gastric ulcer. Further studies are required to clarify the
harmful effect of cold stress relative to period of stress exposure, and the
prospective protective agents against gastrointestinal disorders initiated
by cold stress.
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