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ABSTRACT

Objective: To investigate the protective effects of estrogen and
progesterone administrations on gastric mucosal barrier of rats applied
ovariectomy, cold and immobility stress.

Methods: Seventy female Wistar rats, obtained from Medical Science
Application and Research Center, Dicle University, Turkey on the
year 2004, were divided into 10 separate groups (n=7). Nothing was
applied to the animals of Group 1 (control); bilateral ovariectomy was
performed on the animals of the Groups 2, 4, 5, 6, 7, 8, 9, and 10.
Groups 5 and 6 was applied 5 mg/kg 17beta-estradiol and groups 7 and
8 was applied 10 mg/kg progesterone for 7 days. The animals in the
Groups 9 and 10 were applied 2.5 mg/kg 17beta-estradiol and 5 mg/kg
progesterone during 7 days. The animals in the groups 3, 4, 6, 8 and 10
were exposed to cold and immobility stress for 4 hours at 4°C.

Results: The levels of mucus and phospholipids were decreased in the
rats applied ovariectomy and stress as compared to the control groups
(p<0.001). The increase determined the mucus and phospholipids
levels in estrogen and progesterone administered rats as compared to
stress applied group (p<0.001). While the cold and immobility stress
causes important damages in gastric mucosa, estrogen and progesterone
administrations has protective effects in ovariectomized rats.

Conclusion: The estrogen and progesterone administration prevents
the stress that caused decrease in the levels of mucus and phospholipids,
thus females are more resistant to gastric ulcer rather than males due to
their sex hormones.
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Gastric mucosa is continuously subjected
to the action of various irritans, which
may lead to the impairment of its integrity
and to the development of acute and chronic
ulcerations.”” The development of gastric
ulcerations is linked to the changes that
occur within hormonal cycles, especially
those related to the sex hormones secretion.
It is accepted that the incidence of gastric
peptic ulcers increases among women in
menopause.>* Cold and immobility stress
causes ulceration in gastric mucosa of rat
and many physiological factors such as
increase in gastric acid secretion, inhibition
of gastric mucosal prostaglandin synthesis,
decrease in gastric mucosal blood irrigation
and destruction of gastric mucosa, have role
in occurrence of these lesions.” Experimental
studies and clinical observations suggest that
gender has an important role in occurrence
of ulcerations in gastro-duodenal mucosa.®’
It is suggested that experimental ulcer
induced by ethanol administration causes
more severe gastric erosion in male rats
than that of in females.® There are results
suggest that gonadectomy protects stomach
of male rats against mucosal damage
caused by ethanol but does not protect in
females.” Another study suggests that males
have more sensitive mucosal barrier than
that of females.” The concentration of sex
hormones physiologically varies in females.
It was reported by a study conducted on
rats that gastrointestinal lesions decrease
significantly following the administration
of steroid and cysteamine during
pregnancy and lactation period,” besides
it is known that the incidence of ulcer in
pregnant women is low.” It is suggested
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that increased progesterone levels in gestation or
experimental administration of exogenous progesterone
has a protective effect on gastric mucosal barrier and
particularly, high progesterone levels during early
gestation stages decrease the sensitivity against mucosal
damage."" Stress caused by mucosal damages were
proved in many researches.'>"> We aimed to investigate
the effects of female sex hormones Estrogen (17beta-
estradiol) and Progesterone on gastric mucosal barrier of
rats’ applied ovariectomy, cold and immobility stress.

Methods. The experiments were performed on 70
female Wistar rats obtained from the Medical Science
Application and Research Center, Dicle University
(DUSAM), Turkey, weighing 180-220 g, and fed with
Standard pelleted food (Tavas Inc. Adana, Turkey). The
animals were divided into 10 separate groups; each
group contained 7 animals.

Group 1 (control group): Nothing was applied to the
experimental animals in this group. Group 2, 4, 5, 6, 7,
8,9, and 10 were applied to bilaterally ovariectomized.
After anesthetizing the animals by intramuscular (IM)
administration of 40 mg/kg Ketamine (Alfamine”
Ege-vet) and 5 mg/kg IM xylazine hydrochloride
(Alfazyne® Ege-vet), required asepsis and antisepsis of
abdominal region was provided. A parallel incision
was made to Linea alba approximately at the length
of 10 mm. Peritoneum was opened following the
incisions of subcutaneous (sc) connective tissue and
muscles one by one. Bilateral ovaries ligature and
removed, remained uterus was restored to abdomen.
Subsequently peritoneum, muscles and skin were
closed by suture. After bilateral ovariectomy, the
rats were allowed to recover for 4 weeks before being
treated. Group 3 (cold and immobility stress [CIS]):
animals in this group were feed and protected for 37
days after CIS was applied to these groups during 4
hours at 4°C in accordance with the method of Basso
et al."* Group 4 (ovariectomy+stress): CIS was applied
to the ovariectomized animals on the 37th day. Group
5 (ovariectomy+estrogen): 5 mg/kg sc estrogen was
administered to the animals during 7 days starting from
the day 30th following ovariectomy operation. Group 6
(ovariectomy + estrogen + stress): 5 mg/kg sc estrogen
was administered to the animals during 7 days starting
from the day 30th following ovariectomy operation.
Then, the animals were exposed to CIS on the 37th
day. Group 7 (ovariectomy + progesterone): 10 mg/
kg sc progesterone was administered to the animals
during 7 days starting from the day 30th following
the ovariectomy operation. Group 8 (ovariectomy+
progesterone + stress): 10 mg/kg sc progesterone was
administered to the animals during 7 days starting from
the day 30th following the ovariectomy operation.
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Then, the animals were exposed to CIS on the 37th
day. Group 9 (ovariectomy + estrogen + progesterone):
5 mg/kg progesterone and 2.5 mg/kg estrogen was
administered sc daily during 7 days starting from the
day 30th following the ovariectomy operation. Group
10 (ovariectomy + estrogen + progesterone + Stress):
5 mg/kg progesterone and 2.5 mg/kg estrogen was
administered sc daily during 7 days starting from the
day 30th following the ovariectomy operation. Then,
the animals were exposed to CIS on the 37th day.

On the last day of treatment, the animals were
scarified under ether anesthesia, the stomachs were
opened-cut along the greater curvature and washed with
serum physiologic. They were divided into two halves.
Mucus quantities were evaluated in one half of the
stomachs by UV spectrophotometer according to the
method of Corne et al.” Phospholipid quantities were
evaluated on the other halves of the stomachs by UV
spectrophotometer according to the method of Baur
et al."® The light microscopic examination of all tissue
samples had been fixed in 10% neutral formalin and
embedded in paraffin. Hematoxylin and eosin stained
slides were reviewed. Histopathological examination
and microphotographs were taken by Nikon eclipse.

The tissues from stomach were fixed for 2 hours at
4°C, 2.5 glutaraldehyde solution in 0.1 mol/L phosphate
buffer, post-fixed in 1.0% osmium tetroxide in the
same buffer at 4°C for one hour, and then embedded in
Araldyte-Cy212. Ultrathin sections were stained with
Uranyl acetate and Lead citrate according to double
stained method. The results were examined under a
Jeol-900 transmission electron microscope. Electron
microscopy was performed in Electron Microscopy
Unit of The Faculty of Medicine, University of Dicle.

Data from the 7 animals in each group were obtained
to calculate the averages and the standard deviations
of the findings. The statistical analyses were made by
2 way Analysis of Variance test and Dunnet multiple
comparison tests on computer (SPSS).

Results. Physiological findings. The effects of
Estrogen and progesterone on gastric lesions caused by
cold and immobility stress and mucus and phospholipid
levels of gastric mucosal barrier were shown in Table
1. The mucus quantity in cold and immobility stress
applied group was 72.23 + 12.11 pg/kg wet tissue and
phospholipid level was 2.19 + 0.36 pg/kg wet tissue. The
mucus quantity in the group, which was not exposed to
cold, and immobility stress was 161.4 + 22.79 pg/kg wet
tissue and phospholipid level was 6.35 + 2.43 pg/kg wet
tissue. Cold and immobility stress decreases the mucus
and phospholipid levels of gastric mucosal barrier. The
statistical significances were p<0.001 for mucus level and
<0.001 for phospholipid level. Estrogen was determined
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to have protective effects against acute damage caused
by cold and immobility stress. The mucus quantity in
estrogen administered experimental group was 81.92
+ 13.16 pg/kg wet tissues and phospholipid level was
3.67 + 0.47 pg/kg wet tissue. The mucus quantity in
progesterone administered experimental group was
100.17 + 18.25 pg/kg wet tissue and phospholipid
level was 3.76 + 0.86 pg/kg wet tissue. Mucus and
phospholipid quantities in estrogen and progesterone
administered rats were increased as compared to that of
stress applied control group. The statistical significances
were found p<0.001, p<0.001 for mucus and p<0.001,
<0.001 for phospholipids.

Light microscopy findings. In our study, gastric
mucosa, cells in the glands in mucosa and gastric pits
were normal in control group (Figure 1). Gastric pits
were observed to deepen after ovariectomy while the
cells in the glands were determined using the same
structure with the control group. More deepen gastric
pits with serrated shape, partial desquamation in surface
epithelium and necrotic cells and submucosal edema
was observed in those areas in the group with ulcer
due to stress exposure after ovariectomy. Inflammatory
cell infiltration and vessel congestions in submucosal
layer besides degenerative changes in gland cells were
observed (Figure 2). Surface epithelium was widely
undamaged; however there were desquamation in some
areas. There were small hemorrhagic points in some
of those desquamated areas. Submucosal edema and
inflammatory cell infiltration was also observed in this

group similar to that of observed in ovariectomy + stress
group. There was desquamation in surface epithelial
cells and deep ulcers in progesterone administered
group. There were hemorrhagic points due to ulcer.
Submucosal inflammatory cell infiltration and edema
was not different from that of observed in ovariectomy
+ stress group. The surface epithelium was widely
undamaged in the group, which was administrated the
estrogen and progesterone together. Submucosal edema
and inflammatory cell infiltration was also observed in
this group similar to that of observed in ovariectomy
+ stress group. Parietal cells were observed normal and
similar to that of control group.

Electron microscopy findings. In the control group
the organelle of parietal cells, transfer tubules and
side connection units of gastric glands were observed
normal. G cells located in the base of the glands were
characterized to have granular endoplasmic reticulum
(GER) (Figure 3). In electron microscopy of ovariectomy
applied group a part of parietal cells in gastric glands
were observed normal and similar to that of control
group while some parts determined to have degenerative
changes, vacuolization of cells and condensation of
nuclear chromatin. Granular endoplasmic reticulum
dilatations observed in chief cells suggested that those
cells were active. No disintegration was observed in side
connective complexes of the cells.

The diminished transfer tubules of parietal cells,
swollen mitochondria and cristolysis were observed in
the group subjected to stress following ovariectomy

Table 1 - The effects of estrogen and progesterone on gastric lesions caused by cold and immobility stress and mucus and phospholipid

levels of gastric mucosal barrier.

Group No. of Phospholipid Mucus
patients (mg/g wet tissue) (pg/g wet tissue)
Group1  Control 7 6.35+2.43 161.84 + 22.79
Group2  Control + CIS 7 2.19 £0.36 72.23 £ 12.11*
Group 3 Ovariectomy 7 3.89 +0.32 92.48 + 01.13
Group 4 Ovariectomy + CIS 7 2.01 +0.12F 66.81 + 11.02F
Group 5 Ovariectomy + Estrogen 7 3.97+0.53 93.13 £+ 01.17
Group 6 Ovariectomy + Estrogen + CIS 7 3.67 + 0.47F 81.92 + 13.16F
Group 7 Opvariectomy + Progesterone 7 4.09+0.18 142.21 + 03.28
Group 8  Ovariectomy + Progesterone + CIS 7 3.33 + 0.401 90.87 + 01.98+
Group 9 Opvariectomy + Progesterone + Estrogen 7 3.76 £ 0.86 100.17 + 02.60
Group 10 Ovariectomy + Progesterone + Estrogen + CIS 7 2.87 + 0.29F 87.82 + 02.25%

*Statistical significance was found p<0.01 for mucus between control group and control + cold and immobility stress (CIS) group
(2 way analysis of variance test). tStatistical significances were found p<0.001 for mucus and p<0.001 for phospholipids.
Mucus and phospholipid levels of bilateral ovariectomy and CIS groups compared to intact control groups were considered as
indicative of a significant difference (2 way analysis of variance test).
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Figure 1 - Light microscopic appearance of gastric mucosa from the
control group (hematoxylin-eosin x 10). black arrow - gastric
pits, G - Gastric glands.

Figure 2 - Light microscopic appearance of gastric mucosa from the
bilateral ovariectomy + stress group (black arrow - Gastric pits,
E - epithelium, G- gastric glands) (hematoxylin-cosin x 20).

Figure 3 - Electron micrograph of normal ultrastructural observations of ~ Figure 4 = Electron micrograph of parietal cell from the rat stomach of
rat gastric mucosa sections (black arrow). Uranyl acetate-Lead the ovariectomized + stress group, it has seen that swollen
citrate (x 4400). mitochondria (single black arrow), cristolysis and partial

intracytoplasmic edema (double-black arrow), large and small
granules (*) in G cell. Uranyl acetate-Lead citrate (x 3000).

Figure 5 - Electron micrograph of parietal cell from
the rat stomach of the ovariectomized +
estrogen + progesterone group, it has
seen that, intracytoplasmic canalicular
dilatation (double-black arrow) and
secretion granules in G cell (triple-black
arrow). Uranyl acetate-Lead citrate (x

4400).
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operation. Dilatations in GER of chief cells and
their inside filled with electron condensed material
demonstrated that these cells are active. There were
disintegrations in the side connective units of the
cells. Partial intracytoplasmic edema and large and
small granules were observed in G cells (Figure 4). It
was observed that the number of eosinophilic cells in
Lamina propria was increased while collagen febriles
were normal. Side connective units of parietal cells were
observed normal, transfer tubules were inactive, and
edema in cytoplasm and mitochondria were normal
in case of estrogen and progesterone administration
following ovariectomy operation. However, dilatation
in intracytoplasmic canaliculi of some parietal cells was
observed while therewere cristolysis in mitochondriaof G
cells, secretion granules and vacuoles in their cytoplasm.
The volumes of chief cells were decreased and their
GER cisterns were determined inactive. The connective
tissue had the same results with that of control group
(Figure 5). It was observed that intracytoplasmic cells
of parietal cells were dilated and their side connective
units and mitochondria were observed normal in case
of progesterone administration following ovariectomy
operation. The chief cells were electron condensed and
particularly with GER dilatations. Some of the G cells
were degranulated and some others observed to be
granulated but with intracytoplasmic edema.

Discussion. Although the pathogenesis of stress
causes ulcer. In recent researches, it was demonstrated
that one of the causes are imbalances of many protective
and destructive factors."”'® Acid, pepsin, bile, reperfusion
damage and free oxygen radicals are considered as main
destructive factors while main protective factors are
listed as sufficient mucosal blood irrigation, mucus-
bicarbonate layer, replication ability of epithelial cells
and prostaglandins.’”*® There was a significant increase
in incidence of peptic ulcer disease in first half of the
20th century. Many clinicians and researches thought
that excess HCI release can be the main reason of that
disease. Gastric mucus and natural structure of mucosal
epithelium was studied during the last decade.”
Hollander*® put forward the barrier theory and
suggested that this barrier has self renewable. According
to that hypothesis, gastric mucous barrier is consisted
of 2 important layers; first layer is called mucous sticky
(in charge of defense) and the second layer is called
the surface epithelium layer consisted of prismatic and
cubic cells.” Gastric acid secretion increases and gastric
motility and vascularization corrupt due to stress.” In
our study, ovariectomy caused gastric barrier to become
more sensitive against ulceration. The decrease in the
levels of mucus and phospholipids, which are important
components of gastric barrier was prevented in case of
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estrogen + cold and immobility stress application. Filippo
et al'? suggested that the protective effect of exogenous
estrogen administration on rats applied ovariectomy
and stress depends on its doses. Nevertheless we have
encountered some contradictory information about
the effect of estrogen on mucosal barrier in different
researches.”?* Steroid sex hormones was well known
to have inhibitory effect on mucus production in
gastrointestinal system thus there are some suspects that
these may have an important role in pathology of peptic
ulcer.”” There were no sufficient number of studies
about this issue. The decrease in the levels of mucus
and phospholipids, which are important components
of gastric mucosal barrier, was prevented significantly
in the experimental group administered with exogenous
progesterone following cold + immobility stress
application. The physiopathology of experimental gastric
ulcer formation yet could not be explained sufficiently.
However, increase in gastric secretion, gastric mucosal
blood irrigation, prostaglandin synthesis, bicarbonate
secretion, decrease in mucus production and corruption
of gastric mucosal barrier are considered as responsible
pathologic mechanisms for gastric lesions caused by
stress.'>? Machowska et al'® reported that progesterone
accelerates the healing of ulcer by increasing gastric
blood irrigation. Li etal,” reported that ultra-structures
of parietal cells of the normal group as well as stress
applied groups for 24, 48 and 72 hours were highly
compatible with the results of our study. On the basis
of experimental and clinical observations, it is known
that ulcers of the gastrointestinal mucosa develop
in a sexually-dependent manner. For example, in the
fertile age, peptic ulcer disease occurs more frequently
among men than in women.” Gunal et al’ determined
that Estradiol (10 mg/kg) reduced gastric ulcer index
and colonic damage score compared to vehicle treated
groups. Standard error of mean and light microscopy
demonstrated a significant reduction in the severity of
ulcers and colitis by Estradiol treatment. Roland B et
al,”” demonstrated that ovariectomy had no significant
effect in altering the extent of gastric pathology. Aguwa
et al”® determined the effects of progesterone 10 mg/kg,
estrogen 5 mg/kg and a combination of both at half of
the doses in rats. Ulcers were induced in rats by means
of various experimental models: drug-induced ulcers
(aspirin or indomethacin), stress ulcer and shay rat.
The female sex hormones were found to have significant
antiulcer activity in almost all models. However, they
did not affect the acidity or volume of gastric secretion
in shay rat pyloric ligation. As a result, anti-ulcer activity
could not be explained by the effects on gastric acidity
but by the effects on other factors which may include
enhanced mucus activity, or increase in parietal cells
activity and maintenance of mucus integrity. Abouzeit
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et al” explained that estrogen administration reduces

gastric erosions and the mechanism could be through
decreasing histamine release from gastric tissue. Peptic
ulcer is one of the most common gastrointestinal
disorders in clinical practice. Although genesis of ulcers
is multifactorial, they are essentially thought to arise
due to an imbalance between offensive factors such as
acid and pepsin secretion and defensive factors such
as mucin secretion, cell shedding, cell proliferation,
prostaglandins (PGs), and so forth.*® Stress appears to
play an important role in peptic ulceration and anti-
stress drugs have been shown to be effective in stress-
induced gastric mucosal damage.’' There are 5 types of
stress ulcers, namely, single bound stress, cold bound
stress, socking stress, shock stress and spinal cord injury
stress.”> Our morphological observations on stomach
tissue indicate that ovariectomy and stress causes
mucosal damaged. Also, the males have parietal cells
more than females; therefore they are sensitive to gastric
ulcer than females.

Finally, it was concluded that estrogen and
progesterone administration prevents the stress caused
decrease in the levels of mucus and phospholipids which
are important components of gastric mucosal barrier but
protective effect of progesterone is stronger, thus these
results are in accordance with the researches report that
females are more resistant to gastric ulcer rather than
males due to their sex hormones.>> However, the males
have parietal cells more than females; therefore they are
sensitive to gastric ulcer than females.?*
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