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Abstract. – BACKGROUND AND AIM: 15-hy-
droxyprostaglandin dehydrogenase (15-PGDH) is
the enzyme responsible for prostaglandins (PGs)
metabolism. PGs have an important role in the
protection of stomach mucosa against destructive
stimuli. The aim of the present study is to investi-
gate the inhibitory effect of carbenoxolone, piogli-
tazone and verapamil on 15-PGDH enzyme.

MATERIALS AND METHODS: The experiments
were carried out in the Faculty of Pharmacy, Suez
Canal University, Ismailia, Egypt from May 2011 to
August 2011. Adult male albino rats were fasted for
18 hours before administration of high dose of in-
domethacin (30 mg/kg, p.o.), except for the negative
control group which received saline only, followed
by pyloric ligation to induce acute gastric ulcers.
The rats were pretreated orally with saline, pioglita-
zone (20 mg/kg), verapamil (25 mg/kg), carbenox-
olone (30 mg/kg) or their combinations 30 minutes
before indomethacin. The rats were sacrificed after
four hours of pyloric ligation.The effects of the pre-
vious treatments on the ulcer index (Ui), the micro-
scopic appearance of gastric mucosa, the gastric
acid ouput, the gastric barrier mucus content, and
15-PGDH enzyme activity were determined.

RESULTS: Indomethacin resulted in severe ulcer-
ation and increased gastric acid output (p < 0.05)
compared to negative control. The rats pretreated
with carbenoxolone, pioglitazone, verapamil had
reduced ulcer index, gastric acid output and 15-
PGDH activity (p < 0.05) compared to either in-
domethacin group or the negative control group.
Individual treatments with carbenoxolone, pioglita-
zone or verapamil increased gastric barrier mucus
(p < 0.05) compared to either indomethacin group
or the negative control group.The combinations of
verapamil with either carbenoxolone or pioglita-
zone caused further reduction in ulcer index, gas-
tric acid output and 15-PGDH activity (p < 0.05),
while causing further increase in gastric barrier
mucus (p < 0.05) compared to their respective indi-
vidual treatment group.

CONCLUSIONS: The antiulcer properties of pi-
oglitazone and verapamil are, in part, conse-
quences of their inhibitory effect on the enzyme
15-PGDH, responsible for PGs degradation, and
the resultant prolongation of PGE2 biological ac-
tivity in rat stomach mucosa.

15-PGDH inhibitors: the antiulcer effects of
carbenoxolone, pioglitazone and verapamil
in indomethacin induced peptic ulcer rats

Y.M. MOUSTAFA, M.F. EL-AZAB, A. FOUDA

Department of Pharmacology and Toxicology, Faculty of Pharmacy, Suez Canal University, Ismailia,
Egypt

Corresponding Author: Ahmed Fouda, MSc; e-mail: fouda77@hotmail.com

Key Words:
15-hydroxyprostaglandin dehydrogenase (15-

PGDH), Carbenoxolone, Prostaglandins (PGs), Piogli-
tazone, Ulcer, Verapamil.

Introduction

The non-selective nonsteroidal anti-inflamma-
tory drugs (NSAIDs), including indomethacin,
induce peptic ulcers in humans and experimental
animal models1-4. The ability of NSAIDs to in-
hibit the synthesis of PGs in the gastrointestinal
tract (GIT) is believed to be the reason behind
their harmful effects on stomach and duodenum5-

7. PGs are a group of endogenously produced
chemical transmitters working as autocrine or
paracrine hormones8. They are potent chemical
mediators found in picog/g tissue weight which
are produced and metabolized within the same
tissue and any remaining fractions that reach the
systemic circulation are metabolised rapidly with
plasma half-life of few minutes9.
Prostaglandins are synthesized from arachi-

donic acid by the action of cyclo-oxygenase en-
zymes (COX) which are either constitutional or
inducible. The constitutional COX enzymes (e.g.
COX-1) are responsible for production of PGs
critical to the maintenance of normal physiologi-
cal functions, including gastric mucosal integrity.
The inducible COX enzymes (e.g. COX-2) are
responsible for the production of PGs that medi-
ate pain and inflammation. The therapeutic ef-
fects of NSAIDs are largely dependent on COX-
2 inhibition, whereas undesirable effects on GIT
including an increased risk of gastric ulceration
and GIT bleeding are bound to COX-1 block-
ade10. Therefore, agents that selectively inhib-
it COX-2 over COX-1 were developed for the
treatment of inflammation in order to avoid the
harmful gastrointestinal effects caused by COX-1
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blockade11. However, the evidence showed that
some COX-2 selective inhibitors resulted in mor-
talities, related to cardiac side effects, which led
to their withdrawal by the manufacturers12,13.
These findings about COX-2 inhibitors

switched the focus of the scientists towards invent-
ing more potent Proton Pump Inhibitors (PPIs) to
be co-administered with non-selective NSAIDs in
order to avoid their harmful effects on GIT and to
investigate the different theoretical mechanisms
underlying mucosal injury and repair14-18. Among
the most accepted mechanisms is the concept of
cytoprotection which has received a great deal of
attention since 197918. The concept of gastric cyto-
protection described exogenous PGs mediated
pathway as the major defense mechanism against
harmful stimuli in non-antisecretory doses. Adap-
tive cytoprotection described endogenous PGs as
the key substance responsible for mucosal protec-
tion. Restitution is another term that describes the
ability of PGs to cause rapid epithelialization. Re-
lying on these concepts, the antiulcer effects of
some drugs were attributed to their ability to in-
crease levels of PGs in gastric tissues, which are
largely controlled by a balance between PGs pro-
ducing and metabolizing enzymes19.
Prostaglandins are metabolized by the action of

the cata-bolising enzymes, the 15-hydrox-
yprostaglandin dehydrogenase (15-PGDH) and the
13-keto-prostaglandin reductase enzymes20. 15-
PGDH is a cytoplasmic enzyme that catalyzes the
reversible oxidation/reduction of PGs at C-1521.
Two isoenzymes were identified and characterized,
the NAD+ dependent and the NADP+ dependent22.
The predominant enzyme form in the gastrointesti-
nal tract is the NAD+ dependent form23. 15-PGDH
catalyzes the first step in the deactivation of PGs. It
converts PGE2, PGF2α and PGI2 to their keto forms
which have reduced biological activity21,24.
Many drugs as well as many factors were found

to reduce the 15-PGDH activity with subsequent
increase in tissue PGs levels25,26. Carbenoxolone is
a drug used for the treatment of peptic ulcer that
has antisecretory and mucus secretory properties27-
29. The drug has been known to increase PGs levels
by inhibiting the mucosal 15-PGDH and
prostaglandin-13-reductase30. More recent studies
on 15-PGDH proved the ability of thiazolidine-
diones as a group of chemical compounds to re-
duce the enzyme activity31,32. Pioglitazone, which
belongs to this group, showed an ability to protect
against stress, ethanol, acetic acid and in-
domethacin induced ulcers in rat models. It was re-
ported to increase PGs levels in rat gastric mucosa

in some of these models33. Concomitant to these
findings about pioglitazone, a possible role of in-
tracellular calcium depletion on 15-PGDH activity
was elucidated34. Previous studies have shown that
calcium channel blockers, including verapamil,
have the ability to reduce gastric acid secretion, in-
crease mucus production and protect against ul-
cer35-39. Verapamil, like carbenoxolone and piogli-
tazone, has shown ability to increase PGs levels40.
The present study hypothesizes that pioglita-

zone and verapamil would have inhibitory effects
on 15-PGDH. These postulations were made by
the analysis of previous studies31,32,34. The present
study investigates the hypothesized inhibitory ef-
fect of pioglitazone and verapamil on 15-PGDH
activity in comparison to carbenoxolone, studies
the effect of intracellular calcium depletion, in-
duced by verapamil, on the extent of inhibition of
15-PGDH enzyme caused by either carbenox-
olone or pioglitazone, and determines the effect
of these drugs on ulcer index, gastric acid output,
and gastric barrier mucus.

Materials and Methods

Animals
Adult male albino rats (160±10 g National Re-

search Center, Cairo, Egypt) were used in the
present study. They were housed in stainless steel
cages with free access to food and water. The an-
imals were habituated to the experimental condi-
tions ten days before conduction of the experi-
ment. They were maintained under controlled
laboratory conditions of normal light-dark cycle,
room temperature (25±3°C) and humidity
(60%±10%). All animal procedures were ap-
proved by Department of Pharmacology and
Toxicology of Faculty of Pharmacy, Suez Canal
University (Ismailia, Egypt).

Chemicals and Drugs
Indomethacin, sterile saline (Nile Pharmaceu-

ticals, Cairo, Egypt); pioglitazone (Medical
Union Pharmaceuticals, Ismailia, Egypt); car-
benoxolone, verapamil (MP Biochemicals,
Solon, OH, USA); thiopental sodium (EPICO,
Cairo, Egypt); NaOH, HCl, MgCl2 (Elgomhoria,
Cairo, Egypt); alcian blue 8GX, dithiothreitol,
NAD+ (Sigma Aldrich, Saint Louis, MO, USA);
sucrose, sodium acetate (El-Nasr Chemicals,
Cairo, Egypt); Aerosol IB-45 solution (sodium
diisobutyl sulfosuccinate 40% w/v) (CYTEC In-
dustries, Woodland Park, NJ, USA); PGE2,
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prostaglandin E metabolite enzyme immunoas-
say kit (PGEM EIA kit) (Cayman Chemicals,
Ann Arbor, MI, USA).

Induction of Ulcer and Treatment Groups
The rats were randomly assigned to seven

groups (n=10; each). Gastric ulcers were induced
by administration of high oral dose of in-
domethacin 30 mg/kg41. The animals were fasted
18 hours and allowed free access to water before
administration of drugs. Group I, which served as
a negative control, was given 0.5 ml saline orally.
Group II (Indo), served as a positive control, and
was given only indomethacin. Groups III, IV, V,
VI and VII were given oral pioglitazone 20 mg/kg,
verapamil 25 mg/kg, carbenoxolone 30 mg/kg, pi-
oglitazone 20 mg/kg plus verapamil 25 mg/kg,
and carbenoxolone 30 mg/kg plus verapamil 25
mg/kg respectively, 30 minutes before administra-
tion of indomethacin33,37,42. The animals were then
deprived of access to water for two hours, anaes-
thetized with 4 mg/kg thiopental sodium intraperi-
toneally, their abdomens were opened and the py-
lori were ligated according to method of Shay et
al43. They were sutured and injected with 10 ml
saline subcutaneous and left to recover from anaes-
thesia. Animal deprivation of food and water was
continued for another four hours; then they were
euthanized and their stomachs were removed27,43,44.
The stomachs’ contents were collected and stom-
achs were rinsed with cold saline solution, placed
on ice for macroscopic examination, and then cut
into several sections for different assays. The un-
used portions at the time of sacrification were
frozen immediately in –80°C for 15-PGDH activity
assay. The following assays were then performed:

Macroscopic Examination (Ulcer Index)
The gastric lesions were counted, and an ulcer in-

dex (Ui) was calculated for each animal as follows:

Ui = (n lesion I) + (n lesion II) 2 + (n lesion III) 3

Where:

I = Presence of oedema, hyperaemia or petechiae
(minor, submucosal, punctiform haemor-
rhages).

II = Presence of submucosal, hemorrhagic le-
sions with small erosions.

III = Presence of deep ulcer with erosions and in-
vasive lesions45.

The rats that did not show apparent stomach
lesions or discoloration were assigned one point
for Ui.

Determination of Gastric Acid Output
The contents of the stomachs were collected.

The volume of the gastric juice for each animal
was measured and a portion of 1 ml was titrated
against 0.01 N NaOH to pH 7.0 using pH meter
(OAKTON Instruments, Vernon Hills, IL, USA).
The gastric acid output was determined in µEq/hr
using the following equation46,47.
Gastric acid output/Hour

0.01 ×Vol. NaOH (ml) ×
Vol. Gastric acid sec reted in

4 hours (ml) × 100
µEq/hr = ––––––––––––––––––––––––––––––––––

4

Determination of Gastric Barrier Mucus
The acidic mucus was measured in situ ac-

cording to method of Corne et al 48 with a modifi-
cation according to the original procedure devel-
oped by Whiteman49. Stomach sections were
weighed and immersed for two hours in 0.05%
alcian blue 8GX dissolved in 50 mM MgCl2 so-
lution containing 58mM sucrose and buffered
with 50 mM sodium acetate adjusted to pH 5.8
using HCl. The sections were immersed twice,
15 min and 45 min each, in 50 mM MgCl2 solu-
tion containing 61mM sucrose and buffered with
50 mM sodium adjusted to pH 5.8 with HCl. The
sections were destained using Aerosol IB-45 so-
lution (sodium diisobutyl sulfosuccinate 40%
w/v). The optical density was measured at 605
nm using a spectrophotometer (Shimadzu 1601,
Shimadzu, Kyoto, Japan)48,49.

Determination of 15-PGDH Activity
The activity of type 1 NAD+-dependent 15-

PGDH enzyme was determined using an enzyme
assay described in detail and characterized for use
with intrauterine tissues50. Briefly, central portions
of frozen stomachs were weighed and placed in a
metabolism buffer (0.1 mol PBS: phosphate
buffered saline/L containing 2 mmol dithiothre-
itol/L; 50 mg tissue/ml buffer; 4°C). The tissues
were homogenized (Polytron, Kinematica, Luzern,
Swiss), each homogenate was centrifuged at 10
000 g for two min, diluted 1:20 with metabolism
buffer and incubated with 1 mmol NAD+/L, 25 ng
PGE2 substrate in excess at 37°C for 15 min. The
reaction was stopped by by placing the ho-
mogenates on ice. The samples were purified using
SPE cartridges (Waters, Milford, MA, USA).
Prostaglandin E metabolite (PGEM) was deter-
mined using specific EIA kit. The results were ex-
pressed as pg PGEM/mg/min51.
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Statistical Analysis
The data were expressed as the mean of six-to-

eight experiments ± SD. The comparison of data
for ulcer index was carried out using Kruskal-
Wallis one-way analysis of variance (ANOVA)
followed by Mann–Whitney U for comparison
between two independent groups. The compar-
isons of data for other assays were carried out us-
ing ANOVA followed by Tukey HSD Multiple
Comparisons Test. All analyses utilized SPSS
17.0 statistical package for Windows (SPSS Inc.,
Chicago, IL, USA). A probability level of less
than 0.05 was accepted as statistically significant.

Results

Macroscopic Examination
Indomethacin control group had higher ulcer

index compared to negative control (41.63±2.44,
p < 0.001). The groups treated with pioglitazone
(P), verapamil (V), carbenoxolone (X), verapamil
plus pioglitazone (VP), and verapamil plus car-
benoxolone (VX) had lower ulcer indices com-
pared to either indomethacin control or the nega-
tive control groups (5.00±0.76, 3.14±0.38,
3.75±0.88, 1.25±0.46, 1.63±0.52, p < 0.001, re-

spectively). The combinations’ groups [i.e. vera-
pamil plus either pioglitazone (VP) or carbenox-
olone (VX)] showed reductions in ulcer indices
compared to their respective individual treat-
ments’ groups (p < 0.001), (Figure 1, Table I).

Histopathological Examination
The sections obtained from indomethacin group

showed several injuries with loss of normal mor-
phology at different sites of mucosal epithelium.
The inspection of lesions on higher magnification
(× 1000) revealed the existence of lymphocytic in-
filtration at different layers of mucosa including ep-
ithelium and lamina propria. The stomachs’ sec-
tions of pioglitazone, verapamil, and carbenoxolone
groups showed thickened, well defined mucosa.
The sections obtained from verapamil plus pioglita-
zone and verapamil plus carbenoxolone groups
showed greater mucosal thickening and higher mu-
cus content within mucous and goblet cells and in-
side stomach glands. These sections showed en-
hanced epithelialization close to the uppermost mu-
cosal layer and inside mucosal pits (Figure 2).

Gastric Acid Output
Indomethacin increased gastric acid output

when compared to the negative control

Figure 1. Photographs show gross morphology of stomachs from treatment, indomethacin or control groups (Digital JVC ×
800). Indo: indomethacin shows severe erosions, Control: shows submucosal small erosions, P: pioglitazone shows hyper-
aemia, V: verapamil and X: carbenoxolone show few petechiae, VP: verapamil+pioglitazone and VX: verapamil+carbenox-
olone show normal appearance of mucosa no lesions or discoloration.
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(191.88±12.79 p < 0.001). Pioglitazone, vera-
pamil, carbenoxolone, verapamil plus pioglitazone
and verapamil plus carbenoxolone groups showed
decreased gastric acid output per hour compared
to either indomethacin group or the negative con-
trol group (86.00±5.83, 76.71±7.01, 77.75±5.47,
39.67±7.99, 46.28±7.25 µEq/hr, p < 0.001, re-
spectively). The combinations produced greater

reduction in gastric acid output when compared to
their respective individual treatments’ groups p <
0.001 (Figure 3).

Gastric Barrier Mucus
Pioglitazone, verapamil, carbenoxolone, vera-

pamil plus pioglitazone and verapamil plus car-
benoxolone groups showed an increase in alcian
blue extracted from stomach sections compared
to either indomethacin control or the negative
control groups (656.86±45.88, 760.00±34.64,
784.17±37.47, 908.42±73.40, 910.13±49.51 µg
(alcian blue)/g (wet stomach tissue), p < 0.001,
respectively). The combinations increased mucus
production when compared to their respective in-
dividual treatments’ groups (p < 0.01). The in-
crease in mucus secretion by either verapamil or
carbenoxolone was higher (p < 0.01) than the in-
crease caused by pioglitazone (Figure 4).

15-PGDH Activity
Indomethacin decreased 15-PGDH activity

compared to negative control (57.67±5.79
pg/mg/min, p < 0.05). Pioglitazone, verapamil,
carbenoxolone, verapamil plus pioglitazone and
verapamil plus carbenoxolone showed decreased
PGDH activity compared to indomethacin or the
negative control groups (29.07±1.54, 24.17±1.30,
17.22±2.64, 10.11±2.30, 6.32±0.77 pg/mg/min, p
< 0.001, respectively). The combinations’ groups

Ulcer index
Groups mean ± SD

Control 18.50 ± 1.77
Indomethacin 41.63 ± 2.44*
Pioglitazone+Indomethacin (P) 5.00 ± 0.76*,†

Verapamil + Indomethacin (V) 3.14 ± 0.38*,†,‡

Carbenoxolone + Indomethacin (X) 3.75 ± 0.88*,†,‡

Verapamil + Pioglitazone + 1.25 ± 0.46*,†,‡,§

Indomethacin (VP)
Verapamil + Carbenoxolone + 1.63 ± 0.52*,†,§,#

Indomethacin (VX)

Table I. Effect of carbenoxolone, pioglitazone and verapamil
on Ulcer index (Ui) in indomethacin induced peptic ulcer rats.

Treatments were given to rats 30 minutes before adminis-
tration of indomethacin. Pylori were ligated under anaes-
thesia after two hours. Control was subjected to pylorus
ligation only. All rats were sacrificed after four hours of
pyloric ligation. *,†,‡,§,#p < 0.05 vs. control, indomethacin,
P, V and X respectively using Kruskal Wallis one-way
ANOVA followed by Mann-Whitney U test for two inde-
pendent groups comparison.

Figure 2. Photomicrographs for gastric mucosal transverse sections stained with H&E. P: Pioglitazone+Indomethacin, V: Ver-
pamil+Indomethacin, X: Carbenoxolone+Indomethacin, VP: Verapamil+Pioglitazone+Indomethacin and VX: Verapamil+Car-
benoxolone+Indomethacin. P, V, X show: normal appearance of mucosa without shedding or loss of morphology. VP, VX show
increased mucus content in goblet cells and inside glands, increase in mucosal volume, increased mucosal thickness and en-
hancement of epithelial proliferation (arrows). Indo × 400: Indomethacin magnification 400 shows shedding of epithelium and
desquamation. Indo × 1000: Indomethacin magnification 1000 shows Lymphocytic infiltration (arrows).
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showed reduced enzyme activity compared to
their respective individual treatments’ groups p <
0.05 (Figure 5).

Discussion

Prostaglandins are believed to have potent cyto-
protective effects on the gastric glandular mucosal
cells against ulcer induction by indomethacin. The

glandular mucosa is the main protective structure
which maintains stomach integrity19.
The present study hypothesizes that “the drugs

that can inhibit PGs catabolising enzyme 15-PGDH
would protect against indomethacin induced ulcera-
tion as a result of the accumulation of gastroprotec-
tive PGE2 in gastric tissues. The accumulation of
this gastroprotective PG is a consequence of block-
ing the metabolism of PGs by 15-PGDH inhibitor
drugs”. Carbenoxolone, which has a documented
enzyme inhibitory action, and pioglitazone a possi-
ble 15-PGDH enzyme inhibitor, were chosen to de-
termine their effects on 15-PGDH activity in the
stomach of rat ulcer model30,31.
The second assumption adopted by the present

study is that “the gastroprotective effects of calcium
channel blockers” are the fruits of the accumulation
of PGs in gastric mucosal tissues resulting from 15-
PGDH inhibition. The inhibition of 15-PGDH is a
direct consequence of depletion of intracellular cal-
cium caused by these drugs. This relationship be-
tween 15-PGDH inhibition and the reduction of in-
tracellular calcium stores has been reported before
in a previous study34. However, the effect of 15-
PGDH inhibition on PGs levels in stomach mucosa
has not been studied before. Verapamil was selected
among other calcium channel blockers due to previ-
ous reports which have demonstrated that it has
gastroprotective effects36-38.
An ulcer model that combines indomethacin

and pylorus ligation was employed in the present
study to determine the effect of the three drugs,

Figure 3. Gastric acid output µEq/hr (mean ± SD). Indo:
Indomethacin, P: Pioglitazone+Indomethacin, X: Carbenox-
olone+Indomethacin, V: Verapamil+Indomethacin, VX: Ver-
apamil+Carbenoxolone+Indomethacin and VP: Vera-
pamil+Pioglitazone+Indomethacin. *,†,‡,§,#p < 0.05 vs. Con-
trol, Indo, P, V, X respectively using one-way ANOVA fol-
lowed by Tukey HSD Multiple Comparisons Test.

Figure 4. Alcian blue µg/g wet tissue weight (mean±SD).
Indo: Indomethacin, P: Pioglitazone+Indomethacin, X: Car-
benoxolone+Indomethacin, V: Verapamil+Indomethacin,
VX: Verapamil+Carbenoxolone+Indomethacin and VP: Ver-
apamil+Pioglitazone+Indomethacin. *,†,‡,§,#p < 0.05 vs. Con-
trol, Indo, P, V, X respectively using one-way ANOVA fol-
lowed by Tukey HSD Multiple Comparisons Test.

Figure 5. 15-PGDH activity pg/mg/min (mean ± SD). In-
do: Indomethacin, P: Pioglitazone+Indomethacin, X: Car-
benoxolone+Indomethacin, V: Verapamil+Indomethacin,
VX: Verapamil+Carbenoxolone+Indomethacin and VP: Ver-
apamil+Pioglitazone+Indomethacin. *,†,‡,§,#p < 0.05 vs. Con-
trol, Indo, P, V, X respectively using one-way ANOVA fol-
lowed by Tukey HSD Multiple Comparisons Test.

G
as
tr
ic
ac
id

o
u
tp
u
t
µ
Eq

/h
r

A
lc
ia
n
b
lu
e
µ
g
/g

w
et

st
o
m
ac
h
ti
ss
u
e

15
-P
G
D
H
ac
ti
vi
ty

p
g
(P
G
EM

)/
m
g
(w

et
st
o
m
ac
h
ti
ss
u
e)
/m

in



Y.M. Moustafa, M.F. El-Azab, A. Fouda

protected against ulcer induction by in-
domethacin and their stomachs showed fewer
and less severe lesions or no lesions at all. These
findings suggest that these drugs have an additive
protective effect with regard to stomach mucosa.
The macroscopic findings are supported by the

microscopic examination of stomach sections.
Mucosal shedding, desquamation and lympho-
cytic infiltration were evident in stomachs’ trans-
verse sections derived from indomethacin control
group. The microscopic picture was different in
the sections obtained from the groups pretreated
with carbenoxolone, verapamil or pioglitazone
which showed intact mucosal layers with no ap-
parent lesions or deformities. Furthermore, the
transverse section obtained from the groups treat-
ed with combinations showed enhanced epitheli-
sation at surface and mucosal pits. The mucous
cells in treatment groups showed enhanced pro-
liferation and they were enriched with mucus
content which was greater in sections obtained
from combinations groups.
The determination of acidic mucin using alcian

blue reveals that carbenoxolone, verapamil, piogli-
tazone, or their combinations have increased the
acidic mucin production compared to in-
domethacin group or negative control groups. The
findings on carbenoxolone are consistent with
findings from a previous report that adopted the
same technique29. The effect of carbenoxolone on
gastric mucus was previously attributed to its abil-
ity to increase PGs levels in stomach tissues56.
Similarly, our results show that verapamil has in-
creased gastric barrier mucus compared to in-
domethacin or negative control groups. The stimu-
latory effect of verapamil on mucus secretion35,37

may be attributed to its previously reported ability
to increase PGs levels57. The authors of the present
study attribute the ability of verapamil to increase
mucus production to its ability to increase the lev-
els of PGE2 as a result of inhibition of 15-PGDH.
Finally, pioglitazone increased gastric barrier mu-
cus. To the best of our knowledge, this is the first
report of such an effect in rat stomach. A recent
work has investigated the effect of pioglitazone on
mucus in mice lung. Pioglitazone has been report-
ed to increase airway mucus production in mice.
This effect has been explained by the ability of pi-
oglitazone to increase the production of T-Helper
2 cells inflammatory cytokines in toluene diisocy-
nate induced airway inflammation58. Moreover,
other reports on pioglitazone showed that it can in-
crease the levels of endogenous PGs in different
ulcer models33. We attribute the mucus secretory

carbenoxolone, pioglitazone and verapamil, on
gastric acid output44. In addition, we measured the
severity of the ulceration induced by indomethacin
macroscopically and microscopically in order to
assess the ability of the three gastroprotective
drugs to reduce indomethacin induced ulceration.
Similarly, the effect of the drugs on the stimulation
of gastric mucus secretion was measured as an im-
portant mucosal defense factor and one of the
components of PGs mediated gastroprotection. Fi-
nally, in order to verify the hypothesis proposed
by this research, we measured the activity of 15-
PGDH enzyme in the stomach tissues.
The results of the determination of 15-PGDH

activity support what the present study hypothe-
sizes about the inhibitory effect of verapamil and
pioglitazone and confirms the previously report-
ed inhibitory effects of carbenoxolone on the 15-
PGDH enzyme30-32,34. The present study suggests
that the decrease in 15-PGDH enzyme activity
with the subsequent prolongation of the biologi-
cal activity of the locally generated PGs con-
tributes to the protective and ulcer-healing activi-
ty of pioglitazone and verapamil. A similar
mechanism has previously been suggested as a
possible mechanism for gastroprotection mediat-
ed by carbenoxolone52. Moreover, the results of
15-PGDH activity determination from the groups
pretreated with combinations of carbenoxolone
or piogliazone with verapamil show a greater re-
duction in enzyme activity. Whether the effect of
adding verapamil to pioglitazone or carbenox-
olone was additive or synergestic could not be
identified in the present study. However, these
findings support what we have hypothesized
about the effect of reducing intracellular calcium
on the enzyme activity.
The findings of macroscopic examination re-

veal that pyloric ligation alone can produce visi-
ble gastric ulcers resulting from accumulation of
gastric secretion; this is consistent with previous
works1. These findings show that indomethacin
administration can further aggravate the mucosal
damage and increase the ulcers index. It is
known that indomethacin can induce ulcer in rats
by inhibiting PGs biosynthesis and this effect is
believed to be potentiated by the gastric acid53,54.
The pretreatment with carbenoxolone, pioglita-
zone, verapamil, or their combinations resulted
in a marked decrease in severity and number of
lesions produced by indomethacin. The antiulcer
effect of the three drugs was previously reported
by several authors33,36,55. Moreover, animals treat-
ed with drug combinations were greatly or fully
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properties of pioglitazone in the stomach to its
ability to increase PGs rather than an effect medi-
ated by inflammatory cytokines; the increase in
PGE2 concentrations may be due to the blockade
of PGs metabolizing enzyme, 15-PGDH, caused
by pioglitazone.
The findings of determination of gastric acid

output reveal that indomethacin resulted in in-
creased gastric acid output compared to the nega-
tive control. This effect is consistent with other da-
ta about the drug. It has been previously suggested
that the inhibition of COX-1 with the resultant de-
crease in PGs levels is responsible for the increase
in gastric acid secretion and ulcerogenic effects
caused by indomethacin59. Our research supports
this assumption. The administration of carbenox-
olone, pioglitazone, verapamil, or their combina-
tions, 30 minutes before administering in-
domethacin, resulted in reducing gastric acid out-
put to levels below that produced in either of the
two control groups. The drugs’ combinations fur-
ther lowered the gastric acidity below that pro-
duced by individual treatments. Carbenoxolone
has been known to decrease gastric acid secre-
tion27. This property was reported long before rec-
ognizing its ability to increase PGs levels in gas-
tric tissues30,56. It is believed that drugs that in-
creases PGs levels can eventually decrease gastric
acid output; this action of PGs is believed to be
mediated via EP3 receptors in parietal cells23,30,60.
The present study endorses these referred to find-
ings and suggests that the anitsecretory effect of
carbenoxolone is a consequense of its ability to in-
crease PGs. Moreover, the antisecretory effect of
verapamil was reported at high doses exceeding or
equal to 25 mg/kg. This effect is strongly believed
to be a result of direct blockade of calcium chan-
nels found on enterochromaffin-like (ECL) cells
resulting in decreased histamine release from
these cells. It is known that histamine stimulates
gastric acid secretion. This direct effect on ECL
cells can be one cause behind the ability of vera-
pamil to decrease gastric acid output39. The pre-
sent study suggests that the ability of verapamil to
increase PGs levels can be a second important
cause, especially when we know that PGs can also
reduce histamine release from ECL cells61.
In the present work, pioglitazone has produced

similar effects to that caused by carbenoxolone on
gastric acid output. The previous reports about the
effect of pioglitazone on gastric acid output were
conflicting. Two recent papers on the effect of pi-
oglitazone on gastric acid output have reported op-
posing results62,63. The first study, performed on

gastric glands isolated from mice that have been
treated with pioglitazone62, showed that prior treat-
ment with pioglitazone resulted in increase in the
gastric acid secretion stimulated by ammonium
pulse. The authors concluded that pioglitazone in-
creases gastric acid output from parietal cells due
to stimulation of serum and glucocorticoid in-
ducible kinase (SGK1) gene expression in gastric
glands resulting in stimulation of KCNQ1K+
channels. The second study reported that pioglita-
zone administration in a dose of 10 mg/kg for three
days can decrease gastric acid secretion in rats. The
authors have related this effect to the ability of pi-
oglitazone to increase PGs levels63. Our findings
agree with the findings of the second study. An ex-
planation for the conflicting conclusions is the dif-
ferences in methodologies and in treatment peri-
ods. A careful review of these two reports can pro-
vide some insight about these conflicts. The first
study was performed on isolated gastric glands,
thus the effect of pioglitazone on stomach glands
was evaluated separately from the adjacent struc-
tures. While PGs are abundant in stomach layers
other than mucosa (i.e. muscularis mucosa, submu-
cosa and serosa), this study on isolated mucosal
glands neglected the effect of local circulation
which can convey higher concentrations of PGs
from adjacent tissues64.

Conclusions

Prostaglandins metabolizing and synthesizing
enzymes are equally important in GIT and the
balance between production and metabolism is
the determinant of PGs levels in gastric tissues.
The inhibitory effect that carbenoxolone, vera-
pamil and pioglitazone exert on 15-PGDH is in
part responsible for their ability to increase PGs
levels in rat stomach and is one important cause
of their gastroprotective effects.

––––––––––––––––––––
Acknowledgements
The authors acknowledge Dr. Ashraf E. Saeed, Associate
Professor, Faculty of Science, Mansoura University, for his
kind help with photomicrography. They also would like to
thank Mr. Mohamed El-Asaal for his great efforts in keep-
ing the animals under uniform experimental conditions. The
authors feel grateful to Medical Union Pharmaceuticals for
the generous gift of Pioglitazone.

––––––––––––––––––––
Conflict of Interest
None.

2007

15-PGDH inhibititors and ulcer protection



2008

References

1) BIKEL M. Activity on gastrointestinal tract In: Vogel
HG, et al eds. Drug discovery and evaluation 3rd
edition. NewYork: Springer; 2008: pp. 1235-1237.

2) DJAHANGUIRI B. The production of acute gastric ul-
ceration by indomethacin in the rat. Scand J Gas-
troenterol 1969; 4: 265-267.

3) CRYER B. NSAID-associated deaths: the rise and
fall of NSAID-associated GI mortality. Am J Gas-
troenterol 2005; 100:1694-1695.

4) LANAS A, PEREZ-AISA MA, FEU F, PONCE J, SAPERAS E,
SANTOLARIA S, RODRIGO L, BALANZO J, BAJADOR E,
ALMELA P, NAVARRO JM, CARBALLO F, CASTRO M, QUIN-
TERO E. A nationwide study of mortality associated
with hospital admission due to severe gastroin-
testinal events and those associated with nons-
teroidal anti-inflammatory drug use. Am J Gas-
troenterol 2005; 100: 1685-1693.

5) MICKLEWRIGHT R, LANE S, LINLEY W, MCQUADE C,
THOMPSON F, MASKREY N. NSAIDs, gastroprotection
and cyclo-oxygenase-II-selective inhibitors. Ali-
ment Pharmacol Ther 2003; 17: 321-332.

6) NAESDAL J, BROWN K. NSAID-associated adverse
effects and acid control aids to prevent them: a
review of current treatment options. Drug Saf
2006; 29: 119-132.

7) GARCÍA RODRÍGUEZ LA, BARREALES TOLOSA L. Risk of
upper gastrointestinal complications among users
of traditional NSAIDs and COXIBs in the general
population. Gastroenterology 2007; 132: 498-506.

8) NARUMIYA S. Prostanoid receptors. Structure, func-
tion, and distribution. Ann NY Acad Sci 1994; 744:
126-138.

9) KANAI N, LU R, SATRIANO JA, BAO Y, WOLKOFF AW,
SCHUSTER VL. Identification and characterization of
a prostaglandin transporter. Science 1995; 268:
866-869.

10) FURST DE. Meloxicam: selective COX-2 inhibition in
clinical practice. Semin Arthritis Rheum 1997;
26(6 Suppl 1): 21-27.

11) PENNING TD, TALLEY JJ, BERTENSHAW SR, CARTER JS,
COLLINS PW, DOCTER S, GRANETO MJ, LEE LF, MALECHA

JW, MIYASHIRO JM, ROGERS RS, ROGIER DJ, YU SS, AN-
DERSONGD,BURTON EG, COGBURN JN, GREGORY SA,
KOBOLDT CM, PERKINS WE, SEIBERT K, VEENHUIZEN AW,
ZHANG YY, ISAKSON PC. Synthesis and biological
evaluation of the 1,5-diarylpyrazole class of cy-
clooxygenase-2 inhibitors: identification of 4-[5-(4-
methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benze nesulfonamide(SC-58635, celecoxib). J
Med Chem 1997; 40: 1347-1365.

12) RAINSFORD KD. Anti-inflammatory drugs in the 21st
century. Subcell Biochem 2007; 42:3-27.

13) FITZGERALD GA. Coxibs and cardiovascular disease.
N Engl J Med 2004; 351: 1709-1711.

14) ANDERSSON K, CARLSSON E. Potassium-competitive acid
blockade: a new therapeutic strategy in acid-related
diseases. Pharmacol Ther 2005; 108: 294-307.

15) SCARPIGNATO C, PELOSINI I, DI MARIO F. Acid suppres-
sion therapy: where do we go from here? Dig Dis
2006; 24: 11-46.

16) SCARPIGNATO C, HUNT RH. Proton pump inhibitors:
the beginning of the end or the end of the begin-
ning? Curr Opin Pharmacol 2008; 8: 677-684.

17) FOCK KM, ANG TL, BEE LC, LEE EJ. Proton pump in-
hibitors: do differences in pharmacokinetics trans-
late into differences in clinical outcomes? Clin
Pharmacokinet 2008; 47: 1-6.

18) MÓZSIK G. Gastric cytoprotection 30 years after its
discovery by André Robert: a personal perspec-
tive. Inflammopharmacology 2010; 18: 209-221.

19) BRZOZOWSKI T, KONTUREK PC, KONTUREK SJ, BRZOZOWS-
KA I, PAWLIK T. Role of prostaglandins in gastropro-
tection and gastric adaptation. J Physiol Pharma-
col 2005; 56(Suppl 5): 33-55.

20) ANGGÅRD E, SAMUELSSON B. Prostaglandins and re-
lated Factors. 28. Metabolism of prostaglandin E1
in guinea pig lung: The structures of two metabo-
lites J Biol Chem 1964; 239: 4097-4102.

21) HAMBERG M, ISRAELSSON U. Metabolism of prostaglandin
E2 in guinea pig liver.I. Identification of seven metabo-
lites. J Biol Chem 1970; 245: 5107-5114.

22) LEE SC, LEVINE L. Prostaglandin metabolism. II. Identi-
fication of two 15-hydroxyprostaglandin dehydroge-
nase types. J Biol Chem 1975; 250: 548-552.

23) FUJIMOTO Y, SAKUMA S, KOMATSU S, SATO D, NISHIDA H, XI-
AO YQ, BABA K, FUJITA T. Inhibition of 15-hydrox-
yprostaglandin dehydrogenase activity in rabbit gas-
tric antral mucosa by panaxynol isolated from oriental
medicines. J Pharm Pharmacol 1998; 50: 1075-1078.

24) JARABAK J, LUNCSFORD A, BERKOWITZ D. Substrate
specificity of three prostaglandin dehydrogenas-
es. Prostaglandins 1983; 26: 849-868.

25) TAI HH, ENSOR CM, TONG M, ZHOU H, YAN F.
Prostaglandin catabolizing enzymes. Prostaglandins
Other Lipid Mediat 2002; 68-69: 483-493.

26) TAI HH, CHO H, TONG M, DING Y. NAD+-linked 15-
hydroxyprostaglandin dehydrogenase: structure
and biological functions. Curr Pharm Des 2006;
12: 955-962.

27) HENMAN FD. Inhibition of peptic activity by car-
benoxolone and glycyrrhetinic acid. Gut 1970; 11:
344-351.

28) KAUFFMAN GL JR. Gastric mucus and bicarbonate
secretion in relation to mucosal protection. J Clin
Gastroenterol 1981; 3(Suppl 2): 45-50.

29) NORRIS DB, RISING TJ, WOOD TP. In vitro measure-
ment of gastric mucus synthesis by a dye binding
technique. Br J Pharmacol 1983; 80(Suppl): 581P.

30) PESKAR BM. Effect of carbenoxolone on prostaglandin
synthesizing and metabolizing enzymes and cor-
relation with gastric mucosal carbenoxolone con-
centrations. Scand J Gastroenterol Suppl 1980; 65:
109-114.

31) CHO H, TAI HH. Thiazolidinediones as a novel class
of NAD(+)-dependent 15-hydroxyprostaglandin de-
hydrogenase inhibitors. Arch Biochem Biophys
2002; 405: 247-251.

32) WU Y, TAI HH, CHO H. Synthesis and SAR of thia-
zolidinedione derivatives as 15-PGDH inhibitors.
Bioorg Med Chem 2010; 18: 1428-1433.

33) BRZOZOWSKI T, KONTUREK PC, PAJDO R, KWIECIE SN,
KONTUREK S, TARGOSZ A, BURNAT G, CIESZKOWSKI J,
PAWLIK WW, HAHN EG. Agonist of peroxisome pro-
liferator-activated receptor gamma (PPAR-gam-
ma): a new compound with potent gastroprotec-
tive and ulcer healing properties. Inflammophar-
macology 2005; 13: 317-330.

Y.M. Moustafa, M.F. El-Azab, A. Fouda



34) MCKEOWN KJ, CHALLIS JR. Regulation of 15-hydroxy
prostaglandin dehydrogenase by corticotrophin-
releasing hormone through a calcium-dependent
pathway in human chorion trophoblast cells. J
Clin Endocrinol Metab 2003; 88: 1737-1741.

35) KOO MW, OGLE CW, CHO CH. Effects of verapamil,
carbenoxolone and N-acetylcysteine on gastric
wall mucus and ulceration in stressed rats. Phar-
macology 1986; 32: 326-334.

36) KALE A, SHARMA ML. Effect of verapamil on gastric
acid secretion and ulceration by pyloric-ligation
and aspirin in albino rats. Indian J Physiol Phar-
macol 1989; 33: 113-117.

37) SIRMAGUL B, KILIC FS, BATU O, EROL K. The effects of
verapamil on stress- and histamine-induced gas-
tric lesions in rats. Methods Find Exp Clin Phar-
macol 2004; 26: 763-767.

38) BUFLER J, CHOI GC, FRANKE C, SCHEPP W, PRINZ C.
Voltage-gated Ca2+ currents in rat gastric ente-
rochromaffin-like cells. Am J Physiol 1998; 274:
C424-429.

39) ZENG N, ATHMANN C, KANG T, WALSH JH, SACHS G. Role
of neuropeptide-sensitive L-type Ca(2+) channels in
histamine release in gastric enterochromaffin-like
cells. Am J Physiol 1999; 277: G1268-1280.

40) FUKUDA T, ARAKAWA T, MACH T, DURBIN T, TARNAWSKI
A. Calcium channel blockers and prostaglandin
generation by gastric surface epithelial cells.
Prostaglandins 1991; 42: 587-597.

41) MORIMOTO Y, SHIMOHARA K, OSHIMA S, SUKAMOTO T.
Effects of the new anti-ulcer agent KB-5492 on
experimental gastric mucosal lesions and gastric
mucosal defensive factors, as compared to those
of teprenone and cimetidine. Jpn J Pharmacol
1991; 57: 495-505.

42) NAVARRETE A, ARRIETA J, TERRONES L, ABOU-GAZAR H,
CALIS I. Gastroprotective effect of Astragaloside IV:
role of prostaglandins, sulfhydryls and nitric oxide.
J Pharm Pharmacol 2005; 57: 1059-1064.

43) SHAY H, SUN DCH, GRUENSTEIN M. A quantitative
method for measuring spontaneous gastric secre-
tion in the rat. Gastroenterology 1954; 26: 906-913.

44) BHATNAGAR M, SISODIA SS. Antisecretory and antiulcer
activity of Asparagus racemosus Willd. against in-
domethacin plus phyloric ligation-induced gastric ul-
cer in rats. J Herb Pharmacother 2006; 6: 13-20.

45) SZELENYI I, THIEMER K. Distention ulcer as a model
for testing of drugs for ulcerogenic side effects.
Arch Toxicol 1978; 41: 99-105.

46) LAWRIE JH, M. FORREST AP. The measurement of
gastric acid. Postgrad Med J 1965; 41: 408-417.

47) BOCK OAA. The concepts of free acid and total acid
of the gastric juice. Lancet 1962; ii, 280, 7265,
1101-1102.

48) CORNE SJ, MORRISSEY SM, WOODS RJ. Proceedings:
A method for the quantitative estimation of gastric
barrier mucus. J Physiol 1974; 242: 116P-117P.

49) WHITEMAN P. The quantitative measurement of Al-
cian Blue glycosaminoglycan complexes.
Biochem J 1973; 131: 343-350.

50) CHENG L, KELLY RW, THONG KJ, HUME R, BAIRD DT.
The effect of mifepristone (RU486) on the im-

munohistochemical distribution of prostaglandin E
and its metabolite in decidual and chorionic tissue
in early pregnancy. J Clin Endocrinol Metab 1993;
77: 873-877.

51) RILEY SC, LEASK R, SELKIRK JV, KELLY RW, BROOKS AN,
HOWE DC. Increase in 15-hydroxyprostaglandin
dehydrogenase activity in the ovine placentome
at parturition and effect of oestrogen. J Reprod
Fertil 2000; 119: 329-338.

52) DEMBINSKA-KIEC A, PALLAPIES D, SIMMET T, PESKAR BM,
PESKAR BA. Effect of carbenoxolone on the biologi-
cal activity of nitric oxide: relation to gastroprotec-
tion. Br J Pharmacol 1991; 104: 811-816.

53) RAINSFORD KD, WILLIS C. Relationship of gastric mu-
cosal damage induced in pigs by antiinflammato-
ry drugs to their effects on prostaglandin produc-
tion. Dig Dis Sci 1982; 27: 624-635.

54) ABDEL SALAM OM, SZOLCSÁNYI J, MÓZSIK G. The in-
domethacin-induced gastric mucosal damage in
rats. Effect of gastric acid, acid inhibition, cap-
saicin-type agents and prostacyclin. J Physiol
(Paris) 1997; 91: 7-19.

55) FRANCO L, MANARA P, ERBETTI I, VELO GP. Anti-ulcer
activity of carbenoxolone and ISF 3401 on PGE2

release in rat gastric mucosa. Pharmacol Res
1993; 27: 141-150.

56) MINUZ P, CAVALLINI G, ANGELINI GP, LECHI A, BROCCO
G, RIELA A, SCURO LA, VELO GP. Carbenoxolone and
prostaglandin E2 and F2 alpha gastric juice levels in
man. Pharmacol Res Commun 1984; 16: 875-884.

57) AUGUSTE LJ, STERMAN HR, STEIN TA, BAILEY B, WISE L.
Effect of verapamil on the gastric mucosal level of
PGE2 during stress. J Surg Res 1990; 49: 34-36.

58) PARK SJ, LEE KS, KIM SR, MIN KH, CHOE YH, MOON

H, CHAE HJ, YOO WH, LEE YC. Peroxisome prolifer-
ator-activated receptor gamma agonist down-reg-
ulates IL-17 expression in a murine model of al-
lergic airway inflammation. J Immunol 2009; 183:
3259-3267.

59) NANDI J, DAS PK, ZINKIEVICH JM, BALTODANO JD,
LEVINE RA. Cyclo-oxygenase-1 inhibition increases
acid secretion by modulating H+, K+-ATPase ex-
pression and activation in rabbit parietal cells. Clin
Exp Pharmacol Physiol 2009; 36: 127-134.

60) TAKEUCHI K, KATO S, AMAGASE K. Prostaglandin EP
receptors involved in modulating gastrointestinal
mucosal integrity. J Pharmacol Sci 2010; 114:
248-261.

61) LINDSTRÖM E, HÅKANSON R. Prostaglandins inhibit
secretion of histamine and pancreastatin from
isolated rat stomach ECL cells. Br J Pharmacol
1998; 124: 1307-1313.

62) ROTTE A, MACK AF, BHANDARU M, KEMPE DS, BEIER N,
SCHOLZ W, DICKS E, PÖTZSCH S, KUHL D, LANG F. Pi-
oglitazone induced gastric acid secretion. Cell
Physiol Biochem 2009; 24: 193-200.

63) ANGELO A, HASSAN M, NOUR EL DIN N, KHALIFA H M,
ABDEL GHANY S. A Possible role for gastoprotec-
tives on aspirin-induced gastric ulcer in rats.
Alexandria J Med 2010; 46: 1-5.

64) WHITTLE BJ. The defensive role played by the gas-
tric microcirculation. Methods Find Exp Clin Phar-
macol 1989; 11(Suppl 1): 35-43.

2009

15-PGDH inhibititors and ulcer protection


