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Abstract The present study was designed to elucidate the
mechanism(s) of the gastro-protective effect of crocin
against indomethacin-induced gastric lesions. Crocin or
pantoprazole was administered to rats 30 min before
indomethacin. Five hours later, the animals were killed and
their stomachs were removed and examined macroscopi-
cally. Samples of gastric mucosa were collected for
microscopic evaluation, mRNA expression of caspase-3,
inducible nitric oxide synthase (iNOS) and cyclooxygenase
(COX)-2 was quantified by RT-PCR, and protein levels of
COX-1, COX-2, iNOS and caspase-3 were assessed by
Western blotting. The pH, volume of gastric effluent and
antioxidant activity were measured in 5 separate groups of
rats following pylorus ligation. Indomethacin induced
significant increases in mRNA and protein expression of
iNOS and caspase-3 and increased MDA levels, and
reduced the pH of the gastric effluent and protein and
mRNA expression of COX-2 and protein expression of
COX-1 and mucus content associated with gastric ulcera-
tion. Crocin and pantoprazole significantly inhibited
mRNA and protein expression of iNOS, caspase-3 and
MDA, and reduced mucus content induced by
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indomethacin. However, unlike pantoprazole, crocin failed
to increase COX-1 and pH, but had variable increasing
effects on mRNA and protein expression of COX-2.
Macroscopic and microscopic observations showed that
mucosal erosions induced by indomethacin were signifi-
cantly inhibited by pantoprazole and crocin. These findings
suggest that crocin exerts its gastro-protective effects
mainly by inhibition of MDA, reduction in iNOS and
caspase-3, and inhibition of the reduction in mucus content
induced by indomethacin. Crocin is a novel agent that has
potential in the prevention of ulceration induced by
NSAIDs.

Keywords Anti-apoptotic - Caspase-3 - COX-1 - COX-
2 - Crocin - iNOS - Pantoprazole - Rat

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are per-
haps the most widely used drugs worldwide. The most
common side effect of these analgesic drugs is their gas-
trointestinal and renal damage, which is largely believed to
be mediated by cyclooxygenase (COX)-dependent and
COX-independent mechanisms [1]. Inhibition of COX
enzymes (COX-1 and COX-2) leads to reduction in the
production of cytoprotective prostaglandins (PGs). PGs are
believed to protect the stomach lining from the secreted
acid, maintain blood flow in gastric mucosa, and produce
bicarbonate [2]. Other mechanisms that mediate NSAID-
induced gastric ulceration include: increase in membrane
permeabilization resulting in a direct cytotoxic effect on
gastric mucosal cells, causing lesions and injury [3],
induction of necrosis and apoptosis in gastric mucosal cells
leading to enhancement of release of proinflammatory


http://crossmark.crossref.org/dialog/?doi=10.1007/s11418-015-0938-0&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11418-015-0938-0&amp;domain=pdf

J Nat Med (2016) 70:62-74

63

mediators such as tumor necrosis factors [4], causing fur-
ther occlusion of gastric microvessels and reduction in
gastric blood flow and enhancement of free radical induc-
tion of inducible nitric oxide synthase (iNOS) [5].

In order to reduce gastric erosion induced by NSAIDs,
administration of selective COX-2 inhibitors has been
recommended. However, the initial enthusiasm for this
class of drugs has faded after reports of side effects on the
cardiovascular system, notably among patients who are
under aspirin treatment [6]. Furthermore, in order to pro-
duce protection against NSAID-induced gastric damage,
recent clinical recommendations suggest concurrent
administration of H, blockers, proton pump inhibitors
(PPIs) or prostaglandin analogues [7]. PPIs have proved to
be most effective, both for prophylaxis and treatment of
ulcers associated with NSAIDs [8].

A previous study demonstrated that 2 h after intra-gas-
tric administration of indomethacin (60 mg/kg) extensive
multiple hemorrhagic lesions were produced, with a
marked enhancement in caspase-3 activity (a marker for
apoptosis) and significant induction of iNOS (a marker for
inflammation) expression. The mucosal expression of
iNOS showed a positive correlation with the extent of
increase in caspase-3 activity [9]. In addition, pantoprazole
reversed the effects of NSAIDs on mucosal contents of
myeloperoxidase, malonyldialdehyde and glutathione
(GSH), without interfering with the decrease in PGE,
levels or indomethacin-induced COX-2 expression [10].

Crocus sativus Linn. (saffron) belongs to the Iridaceae
family. The four major pharmacologically active con-
stituents of saffron stigma are crocin, crocetin, picrocrocin
and safranal [11]. Crocin is the most important and abun-
dant antioxidative constituent of C. sativus stigma [12], and
is a hydrophilic glycoside with protective activities on the
nervous [13], cardiac [14] and renal systems [15]. More-
over, previous studies showed that crocin has antioxidant
[16] and anti-inflammatory properties, reducting edema in
the acetic acid rat paw model [17]. Moreover, saffron and
its active constituents, crocin and safranal, have been
reported to attenuate the development of gastric mucosal
lesions in different models of experimentally induced
gastric ulcer including water immersion restraint stress,
histamine-induced, NSAID-induced, and pylorus-ligation-
induced gastric ulcers in rat [18-21]. The mechanism of
this protection was proposed to be mediated by a decrease
in gastric non-protein sulthydryl contents [21]. In addition,
crocin and safranal produced their gastro-protective effects
against indomethacin, in both diabetic and non-diabetic
rats, by increasing glutathione levels and diminishing lipid
peroxidation. These gastro-protective effects were compa-
rable with omeprazole [20].

Proton pump inhibitors, such as pantoprazole and
esomeprazole, in addition to their inhibitory action on acid

secretion, may confer their gastro-protective effect by
increasing the expression of COX-2 mRNA, decreasing
caspase-3 expression [10, 22], inhibiting the expression of
iNOS [23] and antioxidant activity [24]. However, whether
crocin also provides its ulcer protective effect via these
mechanisms is not clear. Therefore, the aim of the present
study was to evaluate the prophylactic efficacy of crocin on
gastric mucosal lesions induced by indomethacin in rat by
evaluating the changes in MDA (as a marker for lipid
peroxidation), mucus content, pH of gastric effluent,
mRNA expression and protein levels of caspase-3, iNOS,
COX-1 and COX-2. For comparison, pantoprazole was
employed as a standard agent.

Methods
Animals

Male Wistar rats (body weight 150-200 g) were purchased
from the animal house of Ahvaz Jundishapur University of
Medical Sciences. The animals were fed on a conventional
diet and had free access to tap water. They were maintained
under standard conditions of humidity, temperature
(22 £ 2 °C) and 12 h light/dark cycle. The animals were
deprived of food but not water overnight before interven-
tion. All experiments were carried out in accordance with
the regulations set by the ethics committee of Ahvaz
Jundishapur University of Medical Sciences (research
project PRC106).

Animal grouping and experimental procedures
for employment of indomethacin-induced gastric
erosion model

The rats were randomly assigned to seven groups (n = 8),
treated with control indomethacin (Sigma, USA) (40 mg/
kg, p.o.), crocin (Sigma, USA) (7.5, 15 or 30 mg/kg, i.p.)
and pantoprazole (Nycomed GmbH, Germany) (50 mg/kg,
i.p.). The sixth (crocin alone) and seventh (normal intact
control) groups received, respectively, the effective dose
of crocin (15 mg/kg, i.p.) and normal saline that did not
induce gastric ulcer. The first 5 groups received the allo-
cated intervention 30 min prior to the induction of gastric
ulcer by indomethacin (40 mg/kg. p.o.) [20]. Five hours
later the animals were killed by cardiac exsanguination.

Evaluation of macroscopic and microscopic mucosal
damage

In order to measure the gastric mucosal lesions, the

stomachs were removed, opened along the greater curva-
ture, rinsed with physiological saline and pinned out in ice-
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cold saline. To calculate the degree of gastric lesions, the
length (mm) and width (mm) of mucosal ulcers were
measured. The ulcer index (UI) was defined as the total
area of the lesions (in mm?), which was calculated using
the following relationship [25]:

length x width

Icerindex =
ulcer index /A

Immediately after the measurement of the surface area
of gastric lesions, 100 mg of gastric mucosal tissue,
including the ulcer area and the surrounding ulcer margin,
were quickly excised, snap-frozen in liquid nitrogen and
stored at —80 °C until use.

For histological evaluation, stomachs from normal intact
control, indomethacin control and crocin- and pantopra-
zole-treated animals were fixed in 10 % formalin, dehy-
drated in graded ethanol and embedded in paraffin.
Thereafter, 5 um sections of tissue were cut, stained with
hematoxylin and eosin and assessed microscopically
(Olympus IX50).

RNA extraction and cDNA synthesis

The total RNA was extracted from the frozen tissue sam-
ples using TriPure Isolation Reagent (Roche Diagnostics,
Indianapolis, IN, USA). The concentration and purity of
the total RNA was determined spectrophotometrically at
260 and 280 nm wavelength (Bio-Photometer Plus,
Eppendorf, Germany). To remove the genomic DNA, 2 ng
of the extracted RNA was added to a mixture containing
DNase I reaction buffer (10x) and 1 U DNase I (Cinnagen,
Iran). The mixture was incubated at 37 °C for 30 min, then
1 ul of EDTA (25 mM) was added, and the mixture was
incubated at 65 °C for 5 min to stop the reaction. Com-
plementary DNA (cDNA) was synthesized from 1 pg of
the total RNA using the AccuPower CycleScript RT Pre-
Mix kit (Bioneer, Daejoun, South Korea) according to the
manufacturer’s instruction.

Measurement of mRNA expression of iNOS,
caspase-3, COX-2 and GAPDH

All PCR amplifications were performed in a final volume
of 25 pl containing 1 pg cDNA, 50 nm of specific primers,
2.5 ul of 10x PCR buffer, 1 U DNA Tag polymerase and
50 nm of ANTP. The mRNA levels of iNOS, caspase-3,
COX-2 and the housekeeping gene glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were measured by
RT-PCR using MasterCycler Personal (Eppendorf AG,
Hamburg, Germany). The specific primers (Bioneer) used
in this study are listed in Table 1. The thermal cycling
conditions for the amplification of GAPDH, iNOS, and
COX-2 genes were as follows: initial denaturation for

@ Springer

Table 1 Specific primers for GAPDH, COX-2, caspase-3 and iNOS
mRNA expression analysis

Primer sequence Amplicon

size (bp)

COX-2
F: CTC CTC AAT ACT GGA AAC CTA GCA CC 144
R: TGG TAG GCT GCG GGT CTT G

iNOS
F: CTG AAG CCC GAA GAC CCA G 170
R: GTC ATG CGG CCT CCT TTG AG

Caspase-3
F: GGA ACG AAC GGA CCT GTG G 220
R: CGG GTG CGG TAG AGT AAG C

GAPDH
F: 5-TGC-TGG-TGC-TGA-GTA-TGT-CGT-G-3 101
R: 5'-CGG-AGA-TGA-TGA-CCC-TTT-TGG-3

5 min at 94 °C followed by 40 cycles of 1 min at 94 °C,
45 s at 53 °C and 45 s at 72 °C, with a final elongation
cycle for 5 min at 72 °C. The same cycle was employed for
the amplification of caspase-3 mRNA but the annealing
temperature was set at 49 °C. The PCR products were
analyzed on a 2 % agarose gel and the density of each band
was measured with Image] software. The levels of the
studied genes—iNOS, COX-2 and caspase-3—were
determined by calculating the density ratio of each studied
mRNA to GAPDH mRNA.

Protein extraction

TriPure Isolation Reagent was used to extract the total
proteins from gastric mucosal tissue, according to the
manufacturer’s instructions. To analyze the protein frac-
tion, protein pellets obtained using the TriPure Isolation
Reagent from gastric mucosal samples were resuspended in
1 % SDS. The total recovery and integrity of these frac-
tions were determined by Bradford assay and SDS-poly-
acrylamide gel electrophoresis.

Western blot analysis

Mucosal proteins were separated by SDS-PAGE on 10 %
acrylamide gels and were transferred onto a nitrocellulose
membrane. The membranes were blocked with 5 % non-fat
skim milk dissolved in Tris-buffered saline with 0.1 %
Tween 20 (TBST, pH 7.6) for 6 h and then incubated
overnight at 4 °C with anti-iNOS antibody (rabbit poly-
clonal, dilution 1:200; Abcam [ab95441], USA), anti-cas-
pase-3 antibody (rabbit polyclonal, dilution 1:1000; Abcam
[ab90437]), anti-COX-1/COX-1 antibody (mouse mono-
clonal, dilution 1:1000; Abcam [ab695]), anti-COX-2/
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COX-2 antibody (rabbit polyclonal, dilution 1:300; Abcam
[ab15191]) or anti-B-actin antibody (mouse monoclonal,
dilution 1:5000; Abcam [ab20272]) added to the mem-
brane. After 6 washes with TBST, membranes were incu-
bated with a rabbit polyclonal secondary antibody to mouse
IgG HRP; dilution 1:10000) for 2 h at room temperature.
Labelled proteins were detected using a chemilumines-
cence Western blotting system. The expression of studied
proteins was semiquantified by ImageJ analysis software
and the values were normalized to B-actin.

Evaluation of effects of crocin and pantoprazole
pretreatment on gastric mucus production

To evaluate mucus production, Tan et al.’s method was
used [26]. Before snap-freezing the gastric mucosa of the
indomethacin-induced gastric ulcers in the rats (pretreated
with crocin and pantoprazole) for molecular assessment,
the mucus was gently scraped using a glass slide and the
obtained mucus weighed with an accurate digital device.

Pylorus ligation experiments

To determine the antisecretory and antioxidant effects of
crocin, 5 separate groups of fasted rats (n = 5) were sub-
jected to a pylorus ligation procedure as described by
Shay et al. [27]. The control and four pretreated groups
received a single intraperitoneal injection of saline, crocin
at doses of 7.5, 15, 30 mg/kg, or pantoprazole at 50 mg/kg
30 min prior to pylorus ligation, respectively. Five hours
after pylorus ligation, animals were killed by an overdose
of diethyl ether and their stomachs removed, and the entire
gastric contents were transferred into centrifuge tubes for
measuring pH, volume and total acidity.

Determination of pH and total acidity of gastric
contents

The pH and acidity of the gastric contents were measured
with an autotitrator pH meter (Radiometer, Copenhagen,
Denmark) by automatic potentiometric titration to pH 7
with 0.01 N NaOH, and was expressed as pEqH"/5 h.

Determination of lipid peroxidation

After collecting the gastric effluents for determining pH,
volume and total acidity, the gastric mucus was gently
scraped to measure the MDA level in pylorus-ligated rats.
The MDA level was measured to assess the level of lipid
peroxidation. Briefly, in this method, MDA reacts with
thiobarbituric acid (TBA), as a thiobarbituric acid reactive
substance (TBARS), to generate a red-colored complex
that has peak absorbance at 532 nm. Three millilitres of

phosphoric acid (1 %) and 1 ml TBA (0.6 %) was added to
0.5 ml of homogenate and the mixture was heated for
60 min in a boiling water bath. Then 25 pl HCl was added
to the ice-cooled mixture and vortexed. Finally, 3.5 ml of
n-butanol was added to the mixture and incubated for
5 min and centrifuged at 15,000 rpm for 10 min to separate
the n-butanol phase. The supernatant was transferred to a
new tube and its absorbance was measured at 532 nm. A
standard curve of MDA was constructed over the concen-
tration range of 0—40 pM [15] and used for measurement of
MDA levels.

Statistical analysis

Data are shown as mean £+ SEM. Statistical analysis was
performed by one-way ANOVA followed by post hoc
Tukey’s test. Significance was set at P < 0.05.

Results

Macroscopic evaluation of the effect of crocin
and pantoprazole pretreatment on indomethacin-
induced gastric lesions

Severe mucosal lesions were evident 5 h after intra-gastric
administration of indomethacin, showing multiple erosions,
exfoliation and necrosis of superficial cells, hemorrhages in
the mucosal layer and severe alterations in the architecture
of glandular parts of the gastric mucosa (Fig. 1a). Crocin
pretreatment (7.5, 15 and 30 mg/kg) demonstrated mod-
erate to mild disruption of the surface epithelium and
decreased the mucosal lesions induced by indomethacin
(Fig. 1b—d, respectively). Pantoprazole pretreatment
almost completely prevented mucosal lesions by indo-
methacin (Fig. 1e). Normal appearance of gastric mucosa
was observed in both crocin alone and non-treated intact
gastric mucosa and no gastric damage was recognized in
the gastric mucosa of the normal intact rats and the group
treated with crocin alone (Fig. 1f, g).

The calculated ulcer index in indomethacin-treated
control rats was 33 + 4 mm®, which was significantly
higher than in the 7.5, 15 and 30 mg/kg crocin-pretreated
groups (22 + 2,8 &+ 1 and 15 £ 2 mm? respectively). The
area of lesions in  pantoprazole-treated  group
(4 + 0.4 mm?) was significantly lower than in both crocin-
and indomethacin-treated control groups (P < 0.05,
P < 0.001 respectively) (Fig. 2). The optimal dose of
crocin was 15 mg/kg, which was still significantly higher
than pantoprazole (P < 0.05). No gastric lesions were
observed in crocin-alone-treated and normal intact groups
(Fig. 2f, g, respectively).
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Fig. 1 Gross appearance of the stomachs. a Severe mucosal lesions
5 h after intra-gastric administration of indomethacin (40 mg/kg); b—
d crocin pretreatment (7.5, 15 and 30 mg/kg, respectively) decreased
the mucosal lesions induced by indomethacin; e pantoprazole

40 -
35-{‘
30 -

25 -
20 -

15 4
10 A

Ulcer index (mm?)

0 T
C Cr7.5 Crl15 Cr30 Pan Cr Nor

Fig. 2 The calculated ulcer index in C control indomethacin; Cr7.5,
Crl5 and Cr30 crocin pretreatment (7.5, 15 and 30 mg/kg respec-
tively); Pan pretreatment with pantoprazole (50 mg/kg, i.p.); Cr
crocin alone (15 mg/kg, i.p.); and NC normal intact control.
*P < 0.05, ***P < (0.001 relative to indomethacin-treated control
group; “P < 0.05 relative to groups crocin-pretreated at doses of 7.5
and 30 mg/kg. PP < 0.05 significant decrease as compared with the
optimal dose of crocin (15 mg/kg). Data are expressed as
mean = SEM

Microscopic observation of the effect of crocin

and pantoprazole pretreatment on indomethacin-
induced gastric lesions

Microscopic examination showed gastric lesions with

multiple erosions, exfoliation and necrosis of superficial
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pretreatment almost completely prevented mucosal lesions induced
by indomethacin; f normal appearance of gastric mucosa following
crocin alone; and g normal intact gastric mucosa

cells, hemorrhages in the mucosal layer, marginal inflam-
mation and neutrophil aggregation and severe alterations in
the architecture of glandular parts of the gastric mucosa 5 h
after indomethacin administration (Fig. 3a). Thirty minutes
pretreatment with crocin (7.5, 15 and 30 mg/kg, Fig. 3b—d)
and pantoprazole (Fig. 3e) attenuated the gastric lesions
induced by indomethacin. No gastric damage was observed
in the gastric mucosa of the normal intact rats and crocin-
alone-treated group (Fig. 3f, g respectively).There was an
overall close correlation between the macroscopic and
microscopic findings.

Effects of indomethacin and pretreatment
with crocin and pantoprazole on mucosal mRNA
and protein expressions of iNOS and caspase-3

Indomethacin-treated control rats showed significantly
higher (P < 0.01) levels of mRNA of iNOS and caspase-3
than crocin- and pantoprazole-pretreated animals
(P < 0.01) (Figs. 5, 6). The optimal dose for maximum
reduction in expression and protein synthesis of caspase-3
conferred by crocin was found at 15 mg/kg. These levels
were comparable with those recorded for pantoprazole
(50 mg/kg) (Figs. 5, 6). However, pantoprazole produced a
more significant reduction in mRNA and protein expres-
sion of iNOS level than the optimal dose of crocin (Figs. 5,
6).
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Fig. 3 Representative gastric
sections were obtained 5 h after
indomethacin administration.

a Indomethacin-treated control
group; b—d rats pretreated with
crocin (7.5, 15 and 30 mg/kg,
30 min before intervention);

e rats pretreated with
pantoprazole (50 mg/kg, 30 min
prior to intervention); f—

g normal intact rats and crocin-
alone-treated groups. All
sections stained with
hematoxylin and eosin; x100
magnification

Effects of indomethacin and pretreatment
with crocin and pantoprazole on mucosal mRNA
and protein expressions of COX-2

The levels of mRNA and protein expression of COX-2 in
indomethacin-treated control rats were significantly higher

than in normal intact animals (P < 0.05). Messenger RNA
and protein expression of COX-2 in crocin-pretreated
animals were variably higher than in the indomethacin-
treated group. The maximum increase was measured at a
dose of 15 mg/kg crocin (P < 0.01). Pretreatment with
pantoprazole did not produce a change in mRNA or protein
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expression of COX-2. Crocin alone, compared with intact
mucosa, slightly but not significantly increased mRNA and
protein expression of COX-2 (Figs. 4a, 5a).

Effects of indomethacin and pretreatment
with crocin and pantoprazole on mucosal protein
expression of COX-1

The level of protein expression of COX-1 in indomethacin-
treated control rats was significantly lower than in normal
untreated rats (Fig. 6). Pantoprazole, but not crocin, sig-
nificantly inhibited the reduction of COX-1 induced by
indomethacin. However, crocin when administered alone
did not produce a change in expression of COX-1.

Effect of crocin pretreatment and pantoprazole
on mucus production in indomethacin-induced
gastric ulcer rats

The gastric mucus content in control indomethacin-treated
rats was lower than in crocin- and pantoprazole-treated
animals (Table 3). The effect on mucus production of
crocin at 15 and 30 mg/kg was equivalent to pantoprazole
at 50 mg/kg (Table 3).

Effect of crocin and pantoprazole on the profile
of gastric secretion induced by pylorus-ligated rats

As shown in Table 2, volume, pH and total acidity of the
gastric contents were not affected by the studied doses of
crocin (7.5, 15 and 30 mg/kg, i.p.). Crocin pretreatment
partially but not significantly increased the pH and reduced
total acidity (Table 2). Pantoprazole significantly
decreased the volume and total acidity of the gastric
effluents compared with control and crocin-pretreated rats
(P < 0.001) (Table 2).

Effect of crocin and pantoprazole on MDA level
induced by pylorus ligation

The mucosal level of MDA in the control pylorus-ligated
group was significantly increased compared with crocin-
and pantoprazole-pretreated rats. Free-radical-induced lipid
peroxidation was significantly decreased, as indicated by a
reduction in the MDA levels of gastric mucosal tissue by
crocin and pantoprazole pretreatment (Table 2).

Discussion
This in vivo study was designed to identify the role of

MDA, total acidity and pH of gastric effluent, mucus
content, COX-1, COX-2, iNOS and caspase-3 as possible
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Fig. 4 PCR agarose gel bands of the effect of pretreatment with
C control indomethacin; Cr7.5, Crl5 and Cr30 crocin (7.5, 15 and
30 mg/kg, i.p.); Pan pantoprazole (50 mg/kg, i.p.); Cr crocin (15 mg/
kg, i.p.) alone; and saline (Nor normal intact control) on the gastric
mucosal mRNA expression of COX-2 (a), iNOS (b), and caspase-3
(¢). *P < 0.05, **P < 0.01 and ***P < 0.001 versus indomethacin-
treated control group. *P < 0.01 relative to normal intact rats.
Pp <0.05 compared with crocin (15 mg/kg)-pretreated rats. Data are
expressed as mean & SEM. The agarose bands were normalized with
GAPDH

mediators for the gastro-protective effects offered by cro-
cin. Pantoprazole was tested similarly and employed as a
standard anti-ulcer agent. For this purpose two series of
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Fig. 5 Western blot analysis
for protein synthesis of COX-2
(a), iNOS (b) and caspase-3
(¢) in the rat gastric mucosa
following C indomethacin

(40 mg/kg, p.o.); Cr7.5, Cri5
and Cr30 crocin (7.5, 15 and
30 mg/kg, i.p.); Pan
pantoprazole (50 mg/kg, i.p.);
Cr crocin (15 mg/kg, i.p.) alone;
and Nor normal intact group.
Bp < 0.01 indicates significant
increase versus normal intact
group; *P < 0.01 indicates
significant increase versus
normal intact group; *P < 0.05,
**P < 0.01 and **P < 0.01
versus indomethacin-treated
control group. *P < 0.05
relative to optimal dose of
crocin. Data are expressed as
mean = SEM. The protein
levels were normalized to B-
actin
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experiments were carried out. In the first, the indometha-
cin-induced gastric ulceration model was employed. The
results showed that indomethacin induced profound gastric
lesions accompanied by significant increases in mRNA and

protein expression of iNOS, caspase-3 and COX-2, and
reduction in mucus contents. On the other hand, indo-
methacin caused a significant decrease in COX-1 protein
expression. Macroscopic and microscopic observations
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Fig. 6 Western blot analysis for protein synthesis of COX-1 in
normal untreated (Nor) rat gastric mucosa, and following crocin alone
(Cr: 15 mg/kg, i.p.), indomethacin (C: 40 mg/kg, p.o.), and 30 min
pretreatment with pantoprazole (Pan: 50 mg/kg, i.p.) or crocin
(Cr7.5, Crl5 and Cr30: 7.5, 15 and 30 mg/kg, i.p.). *P < 0.01
indicates significant decrease as compared with normal, crocine-
alone- and pantoprazole-pretreated groups; PP < 0.05 indicates
significant increase versus control and crocin-pretreated groups. Data
are expressed as mean == SEM. The protein levels were normalized to
B-actin

showed that mucosal erosions induced by indomethacin
were significantly inhibited by pantoprazole and crocin.
Crocin and pantoprazole significantly inhibited mRNA and
protein expression of iNOS and caspase-3 and increased
the mucus content. However, unlike pantoprazole, crocin,
when administered alone and 30 min prior to indometha-
cin, had variable increasing effects on mRNA and protein
expression of COX-2 and failed to increase the protein
expression of COX-1. In the second series of experiments,
the pylorus ligation technique was employed. The results
showed that pretreatment with crocin and pantorpazole
produced an equipotent significant reduction in MDA level.
However, a more significant increase in the pH of gastric
effluent was measured for pantoprazole than for crocin.

The pathophysiology of NSAID-induced mucosal
lesions is associated with inflammatory responses that elicit
tissue damage and gastric ulceration. Both prostaglandin-
dependent and prostaglandin-independent mechanisms
have been proposed to mediate the development of gastric
ulceration [2]. Other endogenous mediators involved in
ulcer formation are the pro-inflammatory iNOS and cas-
pase-3, through an increase in cellular apoptosis [1, 23].
Besides their role in the inhibition of prostaglandins,
NSAIDs have also been shown to have direct cytotoxic
effects [28].

The macroscopic and microscopic observations showed
that both crocin and pantoprazole conferred significant
gastro-protective effects and successfully inhibited the
development of gastric lesions induced by indomethacin.
Additionally, when administered alone, crocin produced no
adverse effects.

The results from the measurement of mRNA expression
and protein synthesis of iNOS showed that both crocin and
pantoprazole were effective in preventing the rise in
mRNA expression and protein synthesis of iNOS. Nitric
oxide synthase (NOS) has been shown to have a dual role
in both ulcer production and protection, while it was shown
to promote ulcer healing by enhancing angiogenesis and
mucosal blood flow and stimulating bicarbonate secretion
[5]. This protective role is believed to be mediated by the
constitutive form of NOS (eNOS), which generates low
nanomolar concentrations of NO. Conversely, when NO is
generated at micromolar concentrations by the inducible
form (iNOS), it promotes mucosal injury by enhancing
apoptosis and inflammation [29]. Our results showed that
the level of iNOS mRNA expression and protein synthesis
in indomethacin-treated control rats was significantly
increased as compared with the crocin- and pantoprazole-
treated groups. The results showed that crocin, when
administered alone, did not produce any change in the level
of either mRNA expression or iNOS protein synthesis. This
finding is in agreement with the findings of Nam et al.,

Table 2 Effect of pretreatment with crocin and pantoprazole on the profile of gastric acid secretion and MDA levels, a marker for lipid

peroxidation, following pylorus ligation in rats

Volume of gastric effluent (ml)

Total acidity (mEqH'/5h) MDA (ng/mg protein)

Group pH of gastric effluent

Control pylorus-ligated 1.83 £ 0.2 9+ 0.6

Crocin (7.5 mg/kg) 1.9 £ 0.15 85+£04

Crocin (15 mg/kg) 21+£02 9+£038

Crocin (30 mg/kg) 22 +£0.22 8 £ 0.6

Pantoprazole (50 mg/kg) 6.5+0.2 42 + 03P

135 + 11 15.6 + 1.56
126 + 7 10.1 + 0.85%
117 +£7 3.5 & 0.23%#
115+ 6 3.11 & 0.23%:
15+ 28 3.12 4 0.33%%*

Data are expressed as mean == SEM
MDA malonyldialdehyde
* P < 0.05, ¥¥* P < 0.001 versus control pylorus-ligated rats

P P < 0.001 versus control pylorus-ligated rats and crocin-pretreated groups
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Table 3 Effect of pretreatment with crocin and pantoprazole on
mucus production in indomethacin-treated rats

Groups Mucus content (mg)
Control indomethacin-treated 131.4 £33
Crocin (7.5 mg/kg) 163.5 £+ 2.4*

179.9 £ 4.8%%*
191.4 £ 8.5%**
180.4 £ 7.5%**

Crocin (15 mg/kg)
Crocin (30 mg/kg)
Pantoprazole (50 mg/kg)

Data are expressed as mean = SEM

* P < 0.05, #*¥* P < 0.001 versus control indomethacin-treated group

where no change in basal NO level was observed in the
microglial cells (macrophages resident in the central ner-
vous system) following exposure to crocin when adminis-
tered alone but markedly and dose-dependently protected
these cells following lipopolysaccharide-induced stimula-
tion [30]. Crocin dose-dependently produced a significant
inhibitory effect on mRNA expression and protein syn-
thesis of iNOS. However, at the optimal dose of 15 mg/kg,
its reduction efficacy was less than pantoprazole. Panto-
prazole almost completely abolished mRNA expression
and protein synthesis of iNOS. These findings suggest that
the beneficial gastro-protective effects conferred by pan-
toprazole and crocin are similar and are partly mediated by
inhibition of expression of mRNA and protein synthesis of
iNOS.

In order to gain insight into other possible mechanisms
that mediate the beneficial effects of crocin on indo-
methacin-induced gastric damage, measurement of the
expression of caspase-3, the molecular marker for apop-
tosis, was undertaken. The results showed that indo-
methacin significantly increased the expression of mRNA
and protein synthesis of caspase-3. The mechanism of
NSAID-induced apoptosis is believed to be mediated by
reducing the level of survival [1], inhibiting the activity of
NF-kB and ubiquitin proteosomes which lead to a common
pathway of activation of the apoptotic protease, caspase-3
[31-34]. However, which of these pathways mediates the
protective effects of crocin and pantoprazole, which leads
to the decrease in expression of mRNA and protein syn-
thesis of caspase-3, could not be ascertained from the
results of the present study. Crocetin, another active con-
stituent of saffron, has been shown to inhibit apoptosis at
the early stages of brain injury following cerebral contu-
sion through up-regulation of Bcl-2 expression [35].
Moreover, crocin has been reported to prevent retinal
ischemia/reperfusion-induced apoptosis in retinal ganglion
cells in rats [36]. The expression of mRNA and protein
synthesis of caspase-3 with crocin alone was not different
from control baseline values. However, our results showed
that crocin, similar to pantoprazole, was equally effective

in preventing the marked increase in expression of mRNA
and protein synthesis of caspase-3 following administration
of indomethacin. Taken together, these findings imply that,
at the doses employed, crocin, similarly to pantoprazole,
also provides its gastro-protective effects partly though its
capacity to inhibit caspase-3.

The results from the experiment on indomethacin’s
effects on protein expression of COX-1 showed that it
significantly decreased the protein synthesis of COX-1,
which is in agreement with previous reports [37, 38]. COX-
1 has been shown to decrease acid output [38, 39]. Addi-
tionally, it has been reported that NSAIDs, through inhibi-
tion of COX-1, result in an increase in gastric acid secretion
in the rat [38]. The results of the present study showed that
crocin pretreatment could not significantly inhibit the of
protein expression of COX-1 but could partially modify the
pH of gastric effluent. In contrast, pantoprazole significantly
prevented the indomethacin-induced reduction of COX-1
and increased the pH of gastric effluent in pylorus-ligated
rats. These findings suggest that crocin’s gastro-protective
activity is independent of COX-1 and the acid secretory
effects induced by indomethacin. The involvement of COX
enzymes and prostaglandins in the ulcer healing mecha-
nisms activated by PPIs has been previously investigated,
with conflicting results [22]. When administered alone,
crocin did not change the level of COX-1 protein expres-
sion, suggesting that crocin is a safe agent.

Importantly, for induction of gastric damage, concurrent
inhibition of COX-1 and up-regulation of COX-2 seem to
be necessary [40]. The results of the present experiments
showed that crocin increased COX-2 without affecting the
expression of COX-1. This finding indirectly supports and
is in agreement with the proposed notion of Tanaka et al.
[40]. A review article by Wallace suggested that up-regu-
lation of COX-2 appears to be a defensive and anti-in-
flammatory response to various gastric irritants [41].

Unexpectedly, these levels in crocin-alone-treated rats
were significantly higher than in normal intact rats. The
stimulatory effect of the effective dose of crocin on COX-2
expression was equivalent to those measured for indo-
methacin-treated rats. Previous studies have demonstrated
that mRNA and protein of COX-2 are constitutively
expressed in gastric mucosa in human and rabbit [42].
Moreover, our histological and macroscopic results showed
that crocin alone did not produce erosions in the gastric
mucosa. Coupled with these observations, the expression
and protein synthesis of iNOS and caspase-3 in the pres-
ence of crocin alone did not differ from that of intact
control mucosa. These findings suggest that in order to
produce ulceration concurrent stimulation of COX-2 and
iNOS as well as caspase-3 pathways are needed.

In addition, crocin seems to confer additional protective
effects by stimulating mRNA and protein synthesis of
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COX-2, and therefore production of PGE,, and lays the
ground for more rapid healing. In agreement with this
suggestion, the levels of mRNA and protein synthesis of
COX-2 in the crocin-pretreatment group were found to be
more significantly increased than either crocin-alone- or
indomethacin-treated groups. These findings are in agree-
ment with the notion that COX-2 has a wider range of
biological roles than was previously proposed as a medi-
ator of inflammation [43]. In addition, these findings sug-
gest that the mechanisms of crocin’s gastro-protective
effect, at least in respect to COX-2, are not similar to
pantoprazole’s.

Previous reports have shown that the administration of
black tea and ellagic acid, through up-regulating COX-2
expression, protected the gastric mucosa against indo-
methacin-induced gastric mucosal lesions in mice [37, 44].
Consistent with these findings, the present results showed
that crocin pretreatment significantly increased mRNA and
protein expression of COX-2 in gastric mucosa. Messenger
RNA and protein expression of COX-2 in crocin-pretreated
rats were found to be significantly higher than in indo-
methacin-treated control animals. Similar findings have
been observed with omeprazole, where, in addition to its
acid secretory effects, it upregulated mRNA expression of
COX-2 and PGE, synthesis [45]. However, this observa-
tion was not consistently reported with pantoprazole [10].
Furthermore, our macroscopic and microscopic results
were found to support the anti-ulcer potential of crocin.
Taken together, these findings suggest that crocin, without
affecting COX-1 protein expression, protected the gastric
mucosa against indomethacin-induced gastric lesions
through up-regulation of protein synthesis and mRNA
expression of COX-2.

In order to gain more insight into the mechanisms that
govern the gastro-protective effects of crocin, pylorus
ligation experiments were carried out. The results from
these experiments showed that the volume and total acidity
of gastric contents were not affected by crocin pretreatment
at all the tested doses. Pretreatment with crocin produced a
partial increase in the pH, while pantoprazole significantly
increased pH and also decreased the volume and total
acidity of gastric contents as compared with control
pylorus-ligated and crocin-pretreated rats. This finding
comes in contrast to previous reports. While a 5-day pre-
treatment with aqueous extract of saffron at a dose of
100 mg/kg stimulated the gastric acid output [46], a single
administration of aqueous extract of saffron at 250 or
500 mg/kg reduced it [21]. The reasons for this discrep-
ancy may lie in the dose, duration of administration and
employment of crude saffron extract or pharmacologically
active constituent.

Furthermore, results from pylorus ligation experiments
provided further insight into the role of mucosal MDA,
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which was employed as a marker for lipid peroxidation.
The mucosal level of MDA in crocin- and pantoprazole-
pretreated rats was significantly lower than in control
pylorus-ligated rats. The mucoprotective activity of crocin
at 15 and 30 mg/kg was equivalent to pantoprazole at
50 mg/kg. Similar findings have been reported in diabetic
rats [20]. Consistent with these findings, Al-Mofleh et al.
showed that saffron protected the gastric mucosa against
ethanol-induced gastric ulcers through increasing mucus
production in the rat [21]. Taken together, these findings
suggest that the gastro-protective effect of crocin, similar
to pantoprazole, is partly mediated through an increase in
mucus production.

What are the clinical implications of the present find-
ings? Although the results of the present study were not
wholly conclusive and extrapolation of the results from
animal studies to human beings needs to be carefully
guarded, the results showed crocin is safe and effective and
comparable to pantoprazole in promoting an increase in
mucus content, an indirect parameter for PG release,
inhibiting the induction of apoptosis and ameliorating the
rise of iNOS induced by indomethacin administration. In
addition and interestingly, crocin, similar to pantoprazole,
was found to produce a significant reduction in lipid per-
oxidation. These findings suggest that the primary gastro-
protective action of crocin is mediated by its antioxidant
effect. However, future clinical studies are prudently nee-
ded to support its use in clinical practice. The findings of
this study are only small steps towards assessing the
potential of crocin as a novel agent for protection of acute
gastric erosion associated with the use of NSAIDs.
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