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Prostaglandins can protect the in vivo gastric mucosa against necrosis produced by a
variety noxious agents. Cimetidine has also been shown to have protective properties
in humans and in some models of experimental injury. Whether prostaglandins or
cimetidine may protect gastric mucosal cells directly in the absence of systemic
factors remains controversial. In the present study, the potential protective actions of
prostaglandin and cimetidine against indomethacin injury were assessed in isolated rat
gastric glands. Gastric glands were pre-incubated in oxygenated medium with either
placebo, 16,16 dimethyl prostaglandin E2 (dm PGE2) or cimetidine and incubated at
37°C in medium containing 0.5 mg/ml of indomethacin for 2, 4 and 6 hrs. Cell injury
and protection was assessed by the Fast Green exclusion test (viability test), leakage
of lactate dehydrogenase (LDH) into the medium, and by scanning and transmission
electron microscopy. In addition, the generation of PGE2 by the gland cells was
determined using RIA assay. Indomethacin by itself significantly reduced the viability
of gastric glands, increased LDH release into the medium and produced prominent
ultrastructural damage. In contrast to cimetidine, co-incubation of gastric glands with
dm PGE2 added to indomethacin, significantly reduced indomethacin-induced injury,
increased the number of viable cells, reduced LDH leakage and diminished the extent
of ultrastructural damage. The dose of indomethacin (5 µg/ml) which significantly
inhibited the generation of PGE2 (up to 90% inhibition) had no effect on cell viability
nor LDH release. We conclude that 1) exogenous PGE2 exerts a potent protective
activity in vitro which is independent on neural, vascular and hormonal factors; 2)
inhibition of endogenous PGs may not the primary mechanism in the deleterious
action of indomethacin against damage to gastric glandular cells and 3) indomethacin
can exert a direct cytotoxic effect on the mucosal cells in gastric glands. 
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INTRODUCTION

Prostaglandins (PGs) are known to decrease gastric mucosal injury produced
by various damaging agents including nonsteroidal anti-inflammatory drugs
(NSAID) such as indomethacin (1-8). This action of PGs appears to be
independent of their ability to inhibit gastric acid secretion and was generally
attributed to cytoprotection or mucosal protection (1,2,7,8). The postulated
mechanisms of the protective action of PGs have included: enhancement of
mucus and bicarbonate secretion by the surface epithelial cells, maintenance of
vascular integrity and mucosal blood flow, preservation of cellular transport of
ions and protection of the mucosal proliferative zone (7-11).

Preservation of the gastric mucosal proliferative zone by prostaglandins (PGs)
(11) could be due to: 1) protection of the vascular endothelium and thereby
prevention of microvascular stasis, 2) direct protection of gastric mucosal cells or
3) a combination of these two mechanisms. While protection of vascular
endothelium is well documented and considered as an important component of
PGs protective action, the possibility that PGs afford the direct protection to the
gastric mucosal cells or gastric glands, has not been carefully investigated. 

Cimetidine and other histamine-H2 receptor anatagonists have also been
suggested to exert protective effect on the gastric mucosa not related to inhibition
of acid secretion (12-15), but a clear demonstration of such protective action of
H2 receptor inhibitors in isolated gastric mucosal cells or gastric glands is lacking.

In this study we employed gastric glands isolated from the rat stomach to
assess a possible protective action 16,16 dm PGE2 and to compare it with that of
cimetidine against indomethacin-induced injury under conditions where vascular,
hormonal and neural factors were excluded.

MATERIAL AND METHODS

Animals

Male Sprague-Dawley rats weighing 150-175 g were used. The animals were fasted in
individual wire-bottom cages for 18 hours. They were anesthetized intraperitoneally with Nembutal
(50 mg/kg body wt) before experiments. The experimental protocol of this study met approval of
the Ethical Commettee at the Medical University in Irvine and VA Medical Center in Long Beach. 

Methods

Gastric glands were isolated after arterial perfusion of the stomach with oxygenated phosphate-
buffered saline (PBS) solution according to the procedure described in detail by Berglindh and
Obrink (20). In brief, under anesthesia the abdomen was opened and the descending aorta was
cannulated. PBS was infused at a rate of 12 mlminute with a polystatic pump (Buchler Instrument,
Fort Lee, NY). At the beginning of the perfusion, a ligature was placed around the mesenteric
vessels and the vena cava was opened to allow a free outflow of the perfusate. An intra-arterial
perfusion of the stomach facilitated separation of the mucosa from the submucosal and muscular
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layers. After perfusion, the stomach was quickly removed, opened along the greater curvature, and
rinsed three times with fresh portions of PBS. The gastric mucosa was scraped, minced with
scissors, and digested by collagenase (Gibco Lab Life Technologies, Inc., Ohio, 178 U/mg) in a
concentration of 1 mg/ml of incubation solution. During digestion, gastric mucosal mince was
slowly stirred with a motorized stirrer (Viritis Company, Gardiner NY). After 40 minutes of
incubation, the gland suspension was filtered through a polypropylene mesh (250 µm) to remove
coarse fragments. The glands were harvested in 15 ml calibrated conical tubes, washed three times
with incubation medium without collagenase and centrifuged at 200 g for 1 minute to remove
residual collagenase.

Finally pellets were resuspended in 10 ml of oxygenated incubation medium, pH 7.4, containing
(in mM): NaCI-132.4; KCI-5.4; Na2HPO4 -5.0; NaH2 PO4 -1.0; MgSO4-1.2; CaCl2-1.0; bovine
serum albumin 2 mg/ml; and phenol red 10 µg/ml. The resultant gland suspension contained
approximately 3 x l05 glands per ml and the dry weight of glands was 4.75 mg/ml.

Standarized aliquots of 1 ml of isolated gastric glands were pre-incubated for 30 minutes at
37°C with: A) oxygenated medium only as a control; B) oxygenated medium containing 0.025%
ETOH (solvent for 16,16 dmPGE2) (placebo); C) 16,16 dimethyl prostaglandin E2 (dm PGE2,
Upjohn Co., Kalamazoo, MI), applied in the dose of 0.2 µg/ml or 1.0 µg/ml, or D) cimetidine
(SK&F Lab. Co., Carolina, PR), applied in the dose of 10 µg/ml or 100 µg/ml. After 30 minutes of
pre-incubation with placebo, dmPGE2 or cimetidine, indomethacin (Sigma Co., St. Louis, MO) was
added into the gland suspension in graded concentration ranging from 0.005 mg/ml up to 1.0 mg/ml.
Glands were then incubated at 37°C for 2, 4 and 6 hours with placebo, dmPGE2, cimetidine with or
without indomethacin present in the gland suspension for the entire time duration of incubation. 

Assessment of cell viability

Cell viability was assessed using the Fast green exclusion according to the method described by
Weisenthal et al (17). The rationale of this method is based on the principle that viable cells are able
to exclude the dye while dead cells lose this ability. To 0.2 ml of gland suspension (approximately
3 x 105 glands/mI) an equal volume of 2% Fast green (Sigma Co., St. Louis, MO) in 0.15 M NaCl
solution was added. The solution was gently pipetted and after 10 minutes, added to the chamber of
Cytospin centrifuge (Shandon Southern Instruments, Inc. Sewickley, PA) and centrifuged for 10
minutes at 200g. The resulting slide preparations were counterstained with hematoxylin and eosine
and covered with cover glass using mounting balsam (National Diagnostics, Somerville, NJ). With
this procedure viable cells (i.e., cells excluding Fast green) were stained pink, while dead cells (cells
unable to exclude Fast green) were stained blue. Coded slides were evaluated and counted under a
Nikon Optiphot light microscope (magnification 200X) by two investigators unaware of the code.
A minimum of 10 fields and 500 cells were counted. The viability was expressed as the percentage
of viable cells per total counted cells in ten microscopic fields (18,19). In addition to assessment of
overall viability of gland cells, the viability of specific cells (parietal, chief, and other epithelial
cells) was determined from the same slides by counting particular cells and assessing their viability
with Fast green identically as described above.

Determination of lactate dehydrogenase (LDH) released into the medium and
PGE2 generation by gastric gland cells

LDH activity in the medium, an index of cellular damage, as measured using a
spectrophotometric assay with pyruvate and NADH as the substrates (20). At the beginning (time
0) and after 2, 4, and 6 hours of incubation, 0.8 ml samples of incubating medium were taken for
LDH assay. To determine total LDH activity in the gastric gland cells, 1 ml samples of gland
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suspension were sonicated to disintegrate the cells and LDH activity was measured simultaneously
with the test samples. LDH release into the incubation medium was expressed as a percentage of
total LDH activity present in the glands at beginning of incubation (18). 

In additional series of experiments we determined the effect of medium only and medium plus
indomethacin in a low dose (5 µg/ml) on PGE2 generation by the glandular cells. At the end of 2
hrs incubation, indomethacin (10 µg/ml) was added to each sample and samples were centrifuged
at 1600 rpm for 3 min. Supernatants were immediately frozen and kept at -70°C until determination
were done.

The 50 µl aliquots of the incubation medium were used to assay of PGE2 using 125 I-PGE2 RIA
kit (New England Nuclear, Boston, Mass). This method includes separation with Vac-Elut and
Bond-Elut C18 extraction columns (Analytichem International, Harbor City, CA) and extraction
with methanol, cyclohexane and ethyl acetate. The recovery of 3H-PGE2 through this procedure was
85%. The radioactivity was measured using a gamma counter (Model 20/20 Gamma Counter, Iso-
Data, INc., Palatine, Illinois). The crossreactivity of PGE2 antiserum used for the assay is 3.7% for
PGE1, 0.4% for PGA2, 9.03% for PGF1α and less then 0.01% for 6-keto-PGF1α.

Scanning and transmission electron microscopy

Gland samples for scanning electron microscopy were taken at the beginning (time 0) and at the
end of 2, 4, and 6 hours of incubation. After centrifugation at 200 g for 1 min, glands were fixed in
2 ml of 3.5% glutaraldehyde (Polysciences Inc. Warrington, PA) buffered with 0.1 M phosphate
buffer to pH 7.4 at 4°C and processed routinely for scanning electron microscopy (11). Coded
specimens were viewed in a JEOL-35 and Nanolab 10 scanning electron microscopes operated at
20 kV. Three specimens from each group were evaluated.

Samples of the gastric glands taken under basal conditions and at the end of each experiment
were fixed in 3.5% glutaraldehyde at pH 7.4 at 4°C for 4 hours then washed in 0.1 M phosphate
buffer and processed routinely for transmission electron microscopy (11). Coded sections were
examined with a Philips 400 and Zeiss 10 electron microscopes operated at 60 kV. Three specimens
from each group were evaluated.

Statistical analysis

All experiments were performed in duplicates within a given gland preparation. The reported
values are mean ± SEM of evaluated preparations. Statistical comparisons of viability, LDH release
and PGE2 concentration were performed with Kruskall Wallis and ANOVA tests.

RESULTS

Morphology of the isolated gastric glands and cell viability assessed by Fast
green exclusion test

Under basal conditions the light microscopic examination revealed the
presence of gastric glands consisting of individual interconnected cells. Scanning
electron microscopy showed numerous gastric glands consisting of
interconnected parietal and chief cells while transmission electron microscopy
demonstrated characteristic appearance of these cells (Figs 1A and 2A). 
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The average yield was 3.2 ± 1.2 x 106 glands (Mean ± SE) per rat stomach.
Under basal conditions (time 0) the viability was 97 ± 1% with time-related
deterioration (Fig. 3).

Effect of indomethacin with or without pretreatment with dm PGE2

or cimetidine on the viability of gastric glands and LDH release 

After 2-hour incubation with indomethacin at concentrations of 0.2, 0.5 and
1.0 mg/ml, the viability of gland cells was dose-dependently reduced (Table 1).
Microscopic evaluation showed indomethacin-induced disintegration of the
glands, detachment of the cells from the gland and Fast green uptake by
numerous cells.

In placebo-pretreated group, indomethacin added to gland suspension in a
dose of 0.5 mg/ml produced a dramatic reduction in the gastric gland cell viability
after 2, 4, and 6 hours of incubation (Fig. 3). Pretreatment with dm PGE2

significantly reduced indomethacin-induced cell necrosis as reflected by
increased cell viability. The number of viable gland cells was significantly higher
compared to placebo pretreated group at each study time (Fig. 3). With this
respect, the higher dose of dm PGE2 (1 µg/ml) was more effective than lower (0.2
µg/ml) dose (Table 2). Cimetidine applied in both doses, 10 µg/ml and 100 µg/ml
failed to affect indomethacin-induced reduction of cell viability (Table 2).
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Fig. 1. Scanning electron micrographs of isolated rat gastric glands after 2 hour incubation.
A) Controls incubated with placebo only. Gland cells are interconnected. Parietal cells are 
distinct by presence of prominent microvilli. B) Placebo plus indomethacin (0.5 mg/ml). Gland cells
are separated, loss of microvilli and changes in cell shape are present. Numerous cells are
disintegrated. C) dm PGE2 (1 µg/ml) plus indomethacin (0.5 mg/ml). Gland cells are mostly
interconnected and they retained shape and microvilli. Relatively few cells are disintegrated.



In control glands (placebo group), not treated with indomethacin, the basal
release of LDH into the medium was less than 3% but increased with time (Fig.
4). LDH release into the medium in the placebo group correlated strongly
positive with the viability at each study time tested (Fig. 5). After 2 hour
incubation of placebo pretreated glands with indomethacin (0.2, 0.5, and 1.0
mg/ml), there was significant dose-dependent increase in LDH release into the
medium (Table 1). 

Incubation of placebo pretreated glands with indomethacin (0.5 mg/ml)
significantly increased LDH release from the gland cells at 2, 4, and 6 hours
(Fig. 4). Dm PGE2 at both concentrations (0.2 µg/ml and 1 µg/ml) significantly
reduced indomethacin-induced release of LDH into the medium at each study
time (Table 2; Fig. 4). The higher dose of dm PGE2 (1 µg/ml) was more
effective than the lower (0.2 µg/ml) dose (Table 2). Cimetidine (10 µg/ml and
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Fig. 2. Transmission electron micrographs of isolated rat gastric glands after 2 hour incubation. A)
control incubated with placebo only. Parietal cells (PC) and chief cells (CC) are interconnected and
cell integrity is preserved. B) Placebo plus indomethacin (0.5 mg/ml). Most of the cells are
disintegrated or severely damaged. C) Cimetidine (100 µg/ml) plus indomethacin (0.5 mg/ml).
Findings are similar to group (B). D) dm PGE2 (1 µg/ml) plus indomethacin (0.5 mg/ml). Although
some damaged cells are present, the structural integrity of numerous cells is well preserved.



l00 µg/ml) failed to prevent indomethacin-induced increase in LDH release into
the medium (Table 2).

Ultrastructural indomethacin-induced damage of gastric glands assessed 
by scanning and transmission electron microscopy

In the placebo and cimetidine pretreated glands, indomethacin (0.5 mg/ml)
produced severe damage to the gastric glands, with disintegration, detachment of
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Fig 3. Viability of isolated
gastric gland cells determined
by Fast green exclusion test
expressed as a percentage.
Each point represents Mean ±
SE of 20 experiments.
Indomethacin (IND) dose was
0.5 mg/ml and dm PGE2 (PG)
dose was 1 µg/ml. a - p <
0.001 vs Placebo and Placebo
+ IND groups; b - p < 0.01 vs
each group at 2 hrs of
incubation; c - p < 0.01 vs
each group at 4 hrs of
incubation.

Table 1. Effect of different concentrations of indomethacin on viability of the gastric gland cells and
on release of LDH into the medium. Both parameters were studied after 2 hours of incubation at
37°C. The values represent mean ± SE of 20 experiments.

VIABILITY LDH RELEASE
Incubation Solution (% Livinig Cells) (% of Total) 
A) Medium Alone 94.2 ± 0.3 4.9 ± 0.6
B) Medium + 0.25% Ethanol 94.2 ± 0.3 4.9 ± 0.6
C) Medium + 0.2 mg/ml Indomethacin 74.3 ± 3.0 29.3 ± 2.5a

D) Medium + 0.5 mg/ml Indomethacin 42.9 ±1.1ab 47.9 ± 3.2ab

E) Medium + 1 mg/ml Indomethacin 12.6 ±1.4abc 94.0 ± 3.1abc

a - p < 0.01 vs groups A or B
b - p < 0.01 vs group C
c - p < 0.01 vs groups C and D



cells, loss of the proper cell shape, and microvilli (Fig 1B and 1C). In dm PGE2

pretreated glands, the integrity of most of the cells was preserved along with the
preservation of the cell shape and microvilli (Fig. 1D).

In placebo or CIM pretreated glands incubated with indomethacin (0.5
mg/ml), transmission electron microscopy showed total disintegration of the
gastric glands (Figs 2B and 2C). Individual cells and their cytoplasmic
components and membranes were severely damaged or disintegrated (Figs 2B
and 2C). In dm PGE2 pretreated glands, the structural integrity of numerous cells
was well preserved despite exposure to indomethacin (Fig 2D).
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Table 2. Viability of the gastric gland cells and LDH release after 2 hour of incubation with
indomethacin (0.5 mg/ml). The values represent mean ± SE; n - number of tests. 

VIABILITY LDH RELEASE
Incubation Solution (n) (% Viable Cells) (% of Total) 
Placebo 20 42.9 ± 1.1 47.9 ±3.2
dm PGE2 0.2 µg/ml 14 51.3 ± 1.9a 35.0 ± 4.0a

dm PGE2 1 µg/ml 20 72.6 ± 2.2ab 16.2 ± 3.1ab

Cimetidine 10 µg/ml 18 40.7 ± 1.1 46.2 ± 1.9
Cimetidine 100 µg/ml 19 38.4 ± 1.3 45.3 ± 2.4

a - p < 0.01 vs placebo
b - p < 0.25 vs 0.2 µg dm PGE2

Fig. 4. Lactate dehydrogenase
(LDH) release into the
medium expressed as a percent
of total LDH contents. Each
point represents Mean ± SE of
15 experiments. a - p < 0.001
vs Placebo and Placebo + IND
groups; b - p < 0.01 vs
Medium and PG + IND at 2
HRS incubation.
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Fig. 5. Correlation between the
viability of gland cells/LDH release
into the medium and time of
incubation in placebo group. 
Note a strong positive linear
correlation between cell viability 
and release of LDH into the medium
at each study time.

Viability of specific gland cells in gastric glands exposed to indomethacin with
or without the pretreatment with dm PGE2 and cimetidine 

Table 3 shows the viability of specific glandular cells after 2 hrs of incubation
with either placebo, placebo plus indomethacin, cimetidine plus indomethacin,
and dm PGE2 plus indomethacin. Viability of specific cells in the placebo group
was over 90% for each type of cell as demonstrated by Fast green exclusion test.
At 2 hrs of incubation the placebo pretreated glands with indomethacin resulted
in a significant reduction in viability of parietal, chief, and other epithelial cells
by about 49%, 55% and 62%, respectively. Addition of cimetidine did not affect
the decrease of viability in parietal, chief, and other epithelial cells caused by
indomethacin. Pretreatment with dm PGE2 significantly reduced the extent of
indomethacin - induced injury to the gland cells, increasing their viability over
that achieved in indomothecin group pretreated with placebo (Table 3).

Viability of the gastric glands in the placebo group was 95 ± 0.7% and
decreased with time (Table 4). Simultaneously measured LDH leakage into the
medium and PGE2 generation increased at 2, 4, and 6 hrs of incubation.
Indomethacin applied at the concentration of 5 µg/ml failed to affect gland cell
viability and LDH leakage but significantly inhibited PGE2 release from gland
cells into the medium at each study time (Table 4).

DISCUSSION

Numerous studies before provided the convincing experimental evidence that
PGs are able to protect the gastric mucosa in vivo against a variety of damaging



agents (1-11, 16). The explanatory mechanisms of mucosal protection by PGs
have highlighted their beneficial influence on mucus and bicarbonate secretion
(10), mucosal blood flow (7-9), integrity of mucosal microvessels (16), the
stimulation of restitution and mucosal cell renewal due to the preservation of
mucosal proliferative zone by these arachidonate metabolites (11).

In the present study, we demonstrated that dm PGE2 can protect the gastric
mucosal cells in the absence of vascular, hormonal or neural factors. Although not
studied extensively, this subject has been controversial. Muller-Lissner and co-
workers (22) studied the effect of dm PGE2 on taurocholate plus indomethacin-
induced damage to isolated rat gastric mucosal cells using the trypan blue
exclusion test and 86Rb release assay. While trypan blue exclusion test indicated
that dm PGE2 attenuated cell necrosis, they could not confirm a satifactory
protection by PGE2 of histological injury caused by taurocholate (22). When the
PG-induced protection was studied in the epithelial cell culture system, dm PGE2

was found to attenuate the cell damage in cultured gastric epithelial cells against
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Table 3 Viability of specific gland cells determined by Fast Green exclusion test. Glands were
incubated with placebo (PL), PL plus indomethacin (IND), cimetidine (CIM) plus IND or dm PGE2

plus IND for 2 hrs. Results are expressed as a mean ± SE from 10 separate experiments.

VIABILITY (%)
PARIETAL CHIEF OTHER EPITHELIAL

Type of Test CELLS CELLS CELLS
PL 92 ± 2.0 95 ± 1.4 94 ± 1.5
PL + IND (0.5 mg/ml) 43 ± 3.0a 40 ± 4.0a 32 ± 4.0a

CIM (100 µg/ml) + IND (0.5 mg/ml) 40 ± 4.0a 41 ± 5.0a 38 ± 4.0a

dm PGE2 (1 µg/ml) + IND (0.5 mg/ml) 74 ± 1.0ab 73 ± 3.0ab 75 ±:1.0ab

a - p < 0.001 vs PL
b - p < 0.01 vs PL + IND and CIM + IND groups

Table 4.Viability of isolated gastric gland cells, LDH leakage into the medium, and PGE2 generation 
after 2, 4, and 6 hrs incubation with medium alone or medium plus indomethacin (IND; 5 µg/ml).
Results are mean ± SE from 6 separate experiments.

INCUBATION VIABILITY LDH LEAKAGE PGE2GENERATION
Time (hr) (%) (% of TOTAL) (pg/mg gland dry weight)

Medium 2 95 ± 0.7 4.8 ± 0.6 26.5 ± 6.4
4 91 ± 1.0a 9.5 ± 0.3a 30.0 ± 7.7
6 86 ± 2.0ab 11.3 ± 0.4ab 63.3 ± 3.1ab

Medium + IND 2 94 ± 0.9 4.8 ± 0.2 3.6 ± 0.8c

4 90 ± 1.0a 9.6 ± 0.3a 1.6 ± 0.4c

6 85 ± 2.0ab 11.8 ± 0.5ab 2.4 ± 1.0c

a - p < 0.01 vs Medium or Medium plus IND at 2 hr 
b - p < 0.01 vs Medium or Medium plus IND at 4 hr 
c - p < 0.005 vs Medium at 2, 4 and 6 hr



aspirin- and indomethacin-induced injury (23,24). However, cultured gastric cells
are de-differentiated and represent predominantely mucous cells that differ from
normal gastric gland cells (23,24). Our previous studies documented that isolated
gastric glands consist predominantly of parietal and chief cells located in lower
portion, e.g. base of gastric glands (23, 24). Therefore, the results of cell culture
studies may not necessarily be applicable to the normal mature gastric mucosal
cells within gastric glands, employed in our present study. In addition, the release
of cytoplasmic enzymes and ultrastructural features of injury and protection were
not analyzed in any of the cited studies in tissue or cell culture (22-24).

The ability of viable cells to exclude a variety of dyes has been utilized for
assessment of cell viability in vitro. Viability tests are customarily performed by
counting fresh preparation of cells in a hemocytometer in the presence of a dye
(e.g. trypan blue or eosin) and quantitation of dye exclusion as a measure of
viability. Most dye exclusion techniques require evaluation of fresh preparations
within strict time limits after introduction of the dye. Moreover, most methods do
not result in staining of viable cells making it difficult to count viable versus dead
cells. To overcome these disadvantages we used a novel dye exclusion method
described by Weisenthal and co-workers (17). This method, in addition to
staining dead cells, counterstains viable cells and allows assessment of viability
even several months after performing the experiments. Our present observation is
in keeping with previous evidence (18,19) that Fast green exclusion test correlates
closely with LDH leakage into the medium and ultrastructural changes and
therefore, can be considered as an sensitive indicator of cell damage and mucosal
protection.

In order to explore the possibility that dm PGE2 may have direct protective
properties we tested this hypothesis using indomethacin injury to the isolated
gastric gland cells in vitro. We used indomethacin because of its documented
ability to increase the risk of peptic ulcer and to produce the acute gastric and
intestinal ulcerations in experimental animals and humans (3-7, 25, 26). The
mechanisms by which indomethacin and other NSAID can damage the gastric
mucosa are not fully explained but may be attributed to the suppression of
mucosal generation of protective prostaglandins (2-5, 23-26), attenuation of the
mucosal blood flow (7, 25), reduction in cell proliferation, and abnormal
enhancement of gastric motility (27).

Our study shows that indomethacin produces a dose-dependent cytotoxic
effect on isolated gastric glands as reflected by reduced cell viability, increased
LDH release, and morphologic changes which included the gastric gland
disintegration, detachment of cells, loss of cellular shape, microvilli, and an
impairment in cellular integrity. Pretreatment with dm PGE2 significantly reduced
the cytotoxic effect of indomethacin while increasing cell viability, decreasing
LDH leakage into the medium, and reducing morphologic injury. We documented
that dm PGE2 at a dose of 1 µg/ml was more effective than 0.2 µg/ml in protecting
the gland cells against indomethacin injury. Higher concentrations of dm PGE2
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(5-10 µg/ml) did not offer additional protection (data not shown), indicating a
threshold phenomenon of dm PGE2 with regard to cytoprotection, once this
arachidonate metabolite was applied in a dose of 1 µg/ml. 

It has been postulated that much of indomethacin-induced gastric mucosal
damage is due to its ability to inhibit the cyclooxygenase (COX)-1 and COX-2
enzymes and suppress the endogenous synthesis of PGs (2, 7, 8, 25-29). In our
present study, the concentration of indomethacin which produced severe damage
to the gland cells was significantly higher than the concentration used to inhibit
PG synthesis. We found low concentration of indomethacin (5 µg/kg) which was
sufficient to inhibit PGs biosynthesis by more than 95%, failed to affect the
viability of glandular cells or LDH release into the medium indicating that a short
term inhibition of PGs synthesis in gastric cells can not be considered as the major
mechanism responsible for the acute injury of gastric mucosal cells by
indomethacin. Moreover, our quantitative data seems to indicate that epithelial
cells, among them, the surface epithelial cells and mucous neck cells responsible
for the biosynthesis of protective PG, were significantly more susceptible to
indomethacin-induced damage then parietal and chief cells. This was, however,
not the case, because our previous morphologic assessment of gastric glands (18),
revealed that epithelial cells including surface and mucous neck cells, constituted
only 5% of total gastric gland cell population, suggesting that parietal and chief
cells are major target for indomethacin injury and PG-induced protection.
Therefore, a direct cytotoxic effect of NSAID such as indomethacin, on gastric
cells in gastric glands, should be considered as an essential mechanism
contributing to the cell necrosis. Histamine-H2 receptor antagonist, cimetidine,
failed to protect the isolated gastric glands against damage induced by
indomethacin, confirming that this antisecretory drug does not possess protective
properties in vitro (30). 

In summary, the present study demonstrates that pretreatment with 16,16 dm
prostaglandin E2, but not with cimetidine, significantly attenuates indomethacin-
induced injury of isolated gastric gland cells under experimental condition where
vascular, hormonal, and neural factors are excluded. These results are in keeping
with previous findings that PGs exert a direct protective effect against damage
induced by various noxious agents to the gastric mucosal cells. This direct effect
of PGs on the mucosal cells may be an important component of their protective
properties in vivo.
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