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ABSTRACT
Gastritis induced marked cellular changes which vary according to histological characters and causative mechanism. We
aim to assess the therapeutic role of amoxicillin, black seed oil, curcuminoids either individually or combined on rat
model of Helicobacter pylori (H. pylori) gastritis. H. pylori gastritis was induced in rats, followed by administration of
Amoxicillin, black seed oil, curcuminoids or their combination for four weeks. Serum gastrin, pepsinogen activity,
interleukin-6 (IL-6), and gastric mucosal myeloperoxidase (MPO) activity and prostaglandin E2 (PGE2) were measured.
Histopathological examination of gastric mucosa and immunohistochemical reactions for inducible nitric oxide synthase
(iNOS), nitrotyrosine (NTR) and DNA fragmentation were also evaluated. Administration of black seed oil and
curcuminoids individually for four weeks significantly decreased serum gastrin, IL-6 as well as gastric mucosal MPO
and PGE2 and increased total pepsinogen activity compared to un-treated rats. Their combination significantly decreased
serum gastrin, IL-6, gastric mucosal MPO and PGE2 while total pepsinogen activity demonstrated further improvement.
Histological results demonstrated marked improvement in agreements with biochemical markers. Amoxicillin-treated
group demonstrated no significant changes regarding these biomarkers with moderate positive reaction for iNOS, NTR
and DNA fragmentation. In conclusion, Black seed oil and/or curcuminoids either individually or combined improved
H. pylori-associated inflammatory and oxidative injury. However, amoxicillin has failed to induce significant effect.
Keywords: Amoxicillin; black seed oil; curcuminoids; DNA fragmentation; gastrin; IL-6; iNOS; myeloperoxidase;
nitrotyrosine; prostaglandin E2
INTRODUCTION
Helicobacter pylori (H. pylori) is curved spiraled or Sshaped gram negative bacteria, selectively colonize the
gastric epithelium. H. Pylori infection affects about 50%
of the world’s population. Clinically, the infection varies
from asymptomatic gastritis to peptic ulcer and gastric
melanoma1. H. pylori changes the microenvironment of
gastric mucosa and causes inflammatory and oxidative
injury in the gastric mucosa2-4. Oxidative stress is adverse
interactions of molecular oxygen (O2) or its reactive
derivatives with bio-molecules causing an imbalance
between the generation of cell damaging molecules and
the cellular capacity for detoxification5. Reactive oxygen
species and reactive nitrogen species are normally
generated by tightly regulated enzymes such as NADPH
oxidase isoforms and nitric oxide synthase (NOS),
respectively6.
Prostaglandins (PGs) are lipid mediators of the
inflammatory immune response which are derived from
oxidative metabolism of arachidonic acid. These lipids
are synthesized in large quantities by inflammatory cells
in response to both acute and chronic inflammatory
stimuli7. The primary enzyme responsible for PGs
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synthesis, cyclo-oxygenase (COX), exists in at least 2
isoforms. COX-1 is constitutively expressed in the
gastrointestinal tract and most other tissues, whereas
COX-2 is expressed at very low levels in most tissues
usually at sites of inflammation8. Prostaglandins protect
the gastroduodenal mucosa from damage caused by
diverse noxious agents9.
Local inflammation with H. pylori infection is usually
characterized by infiltration of polymorphonuclear
leukocytes (neutrophils) and lymphocytes into the gastric
mucosa and increased production of several cytokines10.
IL-6 is produced by a variety of lymphoid and nonlymphoid cells including activated macrophages,
fibroblasts, keratinocytes and endothelial cells11.
Moreover, myeloperoxidase (MPO), a haemoprotein
abundantly expressed in neutrophils, is secreted during
neutrophils activation. It plays an important role in
defense mechanism of any organism and usually stored in
azurophilic granules of neutrophils12. Barnett et al.
demonstrated that MPO was expressed as a biochemical
marker of granulocyte infiltration into various tissues,
including the gastrointestinal tract13.
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Apoptosis, programmed cell death, is a physiological
suicide mechanism that occurs during normal tissue
turnover and is usually involved in tissue homeostasis14.
Normally, the rate of cell loss by apoptosis is matched by
the rate of new cell production mediated through
proliferation15. However, apoptosis induced by H. pylori
infection without any increase in cell proliferation may
leads to loss of mucosal integrity, gastric erosion and
ulceration. Loss of gastric glands may lead also to gastric
atrophy16. Infection with H. pylori leading to increased
cell proliferation represents a host response to
apoptosis17. Furthermore, H. pylori infection raises basal
and meal-stimulated serum gastrin concentrations and
lowers iron stores, reducing in turn fasting glucose
levels18. Infection also represents the main cause of nonautoimmune chronic gastritis, which increases gastrin
secretion19. Hypergastrinemia usually leads to increased
proliferation of gastric progenitor cells and a thickened
mucosa.
Dual therapy with omeprazole plus amoxicillin has
gained popularity as an effective, well tolerated treatment
for H. pylori. The poor penetration into gastric mucus and
inactivation by low pH may be factors that contribute to
the limited clinical efficacies of antimicrobial agents that
are active in vitro against H. pylori20. Using another
gastritis model (iodoacetamide-induced gastritis), we
tested the ability of some natural products including black
seed oil and curcuminoids to ameliorate the associated
inflammatory and oxidative stress condition21. The oil of
N. sativa seeds has potential antioxidant properties and
can also exert inhibitory effects on the production of the
inflammatory mediators as COX and lipooxygenase
(LOX) enzymes22. Curcuminoids (curcumin I, II, and III),
has a proven benefit for the prevention and treatment of a
number of inflammatory diseases23. They have a wide
range of biological and pharmacological activities,
including antioxidant, anti-inflammatory and antimutagenic
in
vitro,
anti-carcinogenic24,
25
hypocholesterolemic in rats and hypoglycemic effects in
humans26. The current study aims mainly to assess the
therapeutic effectiveness of amoxicillin, black seed oil,
curcuminoids administration for 4 weeks either
individually or in combination form on ameliorating the
associated inflammatory and oxidative stress condition in
H. pylori infected rats.
METHODS
Animals
Fifty adult female albino Wistar rats (Rattus
Norwegicus), weighing 130 ± 10 g, supplied from the
animal farm of the National Research Center, Dokki,
Cairo, Egypt, were used in this study. Rats were allowed
7 days for acclimatization at room temperature with a 12
h light/dark cycle before beginning the experimental
work. Animals were fed normal rodent chow (El-Nasr
Pharmaceuticals, Chemicals Industries, Egypt), allowed
free access to drinking water, and observed daily.
Study drugs
Amoxicillin
capsules
were
purchased
from
GlaxoSmithKline, UK. The capsules were grinded and

prepared as suspension. Black seed oil capsules were
purchased from Nigellar® capsules were purchased from
Kahira Pharm. and Chem. Ind. Co., Cairo, Egypt. The oil
was prepared as a suspension. Curcuminoids were
prepared as previously described from dried roots of
turmeric (Curcuma longa; Zingiberaceae). Briefly, the
roots were extracted with 95% ethanol over night at 28°C,
pooled extracts were loaded on silica gel for column
chromatography
60-120
mesh,
eluted
with
methanol/chloroform 9:1, evaporated under reduced
pressure21.
Isolation of H. pylori
H. pylori was isolated from an antral biopsy of a 49years-old male patient, endoscopically diagnosed as
having H. pylori infection. Bacteria was identified as
small gray gram negative colonies showing positive rapid
urease (Christensen’s urea test; Remel Inc., Kansas,
USA), cytochrome oxidase (SpotTest Oxidase kit; Difco,
USA) and catalase (SpotTest Catalase kit; Difco, USA)
tests. The bacterial strain was gently rinsed with sterile
physiological saline, individually aliquoted into vials
containing 3 ml of 20% glycerol in brucella broth and
maintained at -70ºC27.
H. pylori gastritis model
After acclimatization, an H. pylori gastritis model was
induced in 50 rats as previously described27, 28. Briefly,
each animal received 0.5 ml of H. pylori brucella broth,
containing 2x107cFu/ml, daily in the morning for 1 week.
This was followed by 4 weeks treatment period using
drug free vehicle (gastritis control group; n=10 rats), 50
mg/kg body weight of amoxicillin suspension orally
(Amoxicillin group; n=10 rats), 50 mg/kg body weight of
black seed oil suspension orally (black seed oil group;
n=10 rats), curcuminoids suspension 50 mg/kg body
weight daily (curcuminoids group; n=10 rats) or a
combination form of the above mentioned drugs using the
same specified doses21. The study protocol was approved
by scientific committees at Cairo University and the
National Research Center, Egypt.
Sampling
At the end of each treatment period, rats were fasted
overnight. Blood was collected via retro-orbital bleeding
and centrifuged for 15 min at 3,000xg. Serum was
collected and divided into aliquots and stored at -20ºC for
determination of serum gastrin, total pepsinogen, and IL6. Rats were then decapitated and stomachs were
dissected out, cut along the greater curvature; the mucosa
were rinsed with cold normal saline and dried with filter
paper. Specimens from the fundus region were cut, kept
in 10% formol saline and processed for nitrotyrosine
(NTR), inducible nitric oxide synthase (iNOS) and DNA
fragmentation immunostaining and histopathological
examination (H and E staining). The remaining mucosal
parts were quickly scraped, frozen in liquid nitrogen (170ºC) and stored at (-20ºC) for determination of PGE2
and MPO activity.
Biochemical Analyses
Serum gastrin was determined by competitive
immunoassay technique using DRG rat gastrin kit (DRG
International, Inc., USA). Serum pepsinogen activity was
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Table 1. Serum and gastric mucosal parameters measured in various groups of experimental rats received treatment for
4 weeks
Parameter
Gastritis
Treated groups (4 weeks)
control group
Amoxicillin
Black seed Curcuminoids Combination
oil
209(14)
187(10)
150(23)b
114(5)b
111(7) b
Serum Gastrin (g/ml)
pepsinogen (U/ml)
92(11)
95(7)
101(11)
120(9) b
112(14) b
Serum IL-6 (pg/ml)
133(12)
131(11)
117(7) b
105(10) b
115(12) b
b
b
gastric MPO (U/g protein)
236 (9)
205(9)
156(15)
115(6)
132(9) b
b
b
gastric PGE2 (pg/mg protein)
406(23)
403(10)
358(13)
332(13)
337(8) b
a
b
Standard deviations in parentheses. Significant differences from gastritis control at P<0.001
determined by measuring the amount of amino acid
tyrosine released from dried serum by the activated
enzyme at pH 2.1. The blue color developed by the
modified phenol reagent (Folin Ciocalteus reagent) was
measured colorimetrically at 680 nm using the amino acid
tyrosine as a standard. Serum IL-6 and mucosal PGE2
were determined by enzyme immunoassay kits (rat IL-6
Quantikine and PGE2 ELISA kit) supplied by R&D
Systems, Inc. (Minneapolis, USA). We followed exactly
the instructions of the manufacturers. Gastric mucosal
MPO activity, a marker of neutrophilic infiltration, was
determined according to Bradley et al. 1982. Briefly,
mucosal scraping homogenate in hexadecyltrimethyl
ammonium bromide (HTMB) buffer was sonicated for 10
min, frozen and thawed three times and centrifuged at
12,000 rpm for 30 min. To 0.1 ml supernatant, 2.4 ml Odianisidine dilute HCl were added and incubated at 25ºC,
then 0.5 ml of 0.0029% hydrogen peroxide was added
and incubated for 10 min at 25ºC, followed by addition of
0.5 ml of 0.1% sodium azide with an additional 10 min
incubation. The change in absorbance at 460 nm was
measured spectrophotometrically using horseradish
peroxide as a standard and expressed as MPO unit/g
protein29.
Histopathology and immunohistochemistry
H&E staining were performed following standard
histological procedures. Paraffin sections on positive
slides were immunostained using an avidin-biotin
technique. Slides were deparaffinized, rehydrated, rinsed
in tap water, and embedded in 3% H2O2 for 10min to
block endogenous peroxidase. Sections were immersed in
antigen retrieval solution (10 mmol/l sodium citrate
buffer, pH 6) and subjected to heat-induced antigen
retrieval for 20min in a microwave. Nonspecific protein
binding was blocked by blocking solution (PBS
containing 10% normal goat serum). The slides were
incubated for 2h with the diluted primary antibody using
PBS for dilution of 50μl of anti-iNOS (diluted 1:400)30,
anti-NTR (diluted 1:200) and anti-DFF-45 (diluted
1:1000) and dropped into slides and incubated
overnight31. Drops of streptavidin peroxidase were added
to the slide, left for 20min, and then washed with PBS for
5min. Diaminobenzidine was added to slides as a
chromogen, after which the slides were washed with
distilled water. Finally, the slides were stained with
Harris hematoxylin, dehydrated, and cleared in xylene.
For the negative control slides, the specific primary
antibody was replaced by phosphate buffer saline32.

Positive immunoreaction was indicated by brown colour.
Polyclonal rabbit antibodies for iNOS, NTR and DFF-45
were obtained from Zymed Laboratories, Cairo, Egypt.
Statistical analyses
Statistical analysis was performed using the Statistical
Package for Social Sciences software (SPSS, Illinois,
USA). One-way ANOVA was carried out to test if the
means of the measured parameters are different which
was followed by LSD post hoc test, taking p<0.05 as
statistically significant. All data are presented as mean ±
SD.
RESULTS
Biochemical results
The experimental model of H. pylori gastritis in rats
revealed elevated serum gastrin, serum IL-6, gastric
mucosal MPO activity and gastric mucosal PGE2 level
and depressed serum pepsinogen activity compared to
normal rats (P<0.001). Four weeks of administration of
black seed oil induced significant decreases in serum
gastrin, IL-6, gastric mucosal MPO and PGE2 (P<0.001
each). Similar effects were also observed in
curcuminoids-treated group in addition to an increased
pepsinogen activity (P<0.001). Amoxicillin-treated
group, however, demonstrated non significant changes
regarding all the parameters studied. Combined
administration of these drugs induced similar results to
black seed oil effects with a supplementary improvement
in pepsinogen activity (Table 1).
Histological results
Histological examination of the stomach fundic region
from adult female albino rats of control H. pylori gastritis
group showed irregularly arranged atrophic fundic
glands, sloughed apical epithelium, irregular gastric pit,
vacuolated cytoplasm in some gastric cells, while other
have small pyknotic nuclei (Fig 1a). Amoxicillin-treated
rats had regularly arranged fundic glands, chief cells,
peripherally arranged parietal cells with central rounded
nuclei, thin lamina propria and few cells with small
darkly stained pyknotic nuclei (Fig 1b). Black seed oiltreated rats had regularly arranged fundic glands, rounded
peripherally arranged parietal cells and granular chief
cells (Fig 1c). Curcuminoids-treated rats had regularly
arranged fundic glands with many cells have vacuolated
cytoplasm and lost their nuclei in some cells while few
cells appear normal (Fig 1d). Combination-treated rats
had regularly arranged fundic glands contain normally
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Figure 1. A photomicrographs of H&E stained sections in the stomach fundic region of adult female albino rats of (a)
control gastritis group showing irregularly arranged atrophic fundic glands(FG), sloughed apical epithelium (E),
irregular gastric pit (GP), Vacuolated cytoplasm in some gastric cells (double arrows) while other have small pyknotic
nuclei (arrows) (b) Antimicrobial-treated group showing regularly arranged fundic gland, chief cells (CC),
peripherally arranged parietal cells (PC) having central rounded nuclei, thin lamina propria (LP) and few cells with
small darkly stained pyknotic nuclei (arrows). (C) Black seed treated group showing regularly arranged fundic glands
(FG), rounded peripherally arranged parietal cells (arrows) and granular chief cells (double arrows). (d) curcuminoidstreated group showing regularly arranged fundic glands (FG) with many cells have vacuolated cytoplasm and lost their
nuclei (arrows) in some cells while few cells appear normal. (e) combination-treated group showing regularly arranged
fundic glands (F) contain normally appeared columnar epithelial cells (thin arrow), parietal (P) and peptic cells (thick
arrow). Muscularis mucosa (MM) and musculosa (MU) can be seen. (H&E X400).
appeared columnar epithelial cells, parietal and peptic
cells (Fig 1e).
Immuno-histological examination of gastric mucosa from
H. pylori infected rats revealed a strong positive NTR
immuno-reactivity, mainly within cells lining the neck
region of the gastric gland. Moderately positive and weak
reactions were detected in the middle and lower regions
of the gland, respectively (Figure2a). NTR staining was
observed mainly within the cells of lamina propria. iNOS
positive cells were spotted in the lining of the transverse

sections of the gastric gland (Figure 3a). This nitrosative
stress induced free radical-mediated DNA damage and, as
a consequence, apoptosis in the gastric mucosa as
indicated by the strong DFF-45 staining in cells lining all
parts of the gastric gland (Figure 4a).
Moderate positive reactions to NTR, iNOS and DFF-45
were observed in the gastric mucosa from amoxicillintreated and black seed oil-treated rats (amoxicillin group:
NTR (Figure 2b), iNOS (Figure 3b), DFF-45 (Figure 4b)
and black seed oil group: NTR (Figure 2c), iNOS (Figure
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Figure 2. A photomicrograph of Immun-peroxidase reaction for NTR in the stomach fundic region of adult female
albino rats of (a) control gastritis group showing strong positive reaction in cells lining the neck region of the glands
while they are moderately positive in the middle and weak positive in the lower part of the glands. Positive reaction can
be seen in cells of lamina propria (C). (b) Antimicrobial-treated group showing moderately positive reaction. (c) black
seed oil-treated group showing moderate positive reaction in upper, middle and lower parts of the gland. (d)
curcuminoids-treated group showing moderate positive reaction in the middle of the glands while the reaction is weak
positive in the lower part. (e) combination-treated group showing weak positive reaction in the upper, middle and lower
parts of the gland. (Arrows, double arrows and short arrow refer to upper, middle and lower parts of the gland
respectively, X 200).
3c), DFF-45 (Figure 4c)). No reaction was seen in
muscularis
mucosa to either iNOS or DFF-45 in gastric mucosa from
black seed oil-treated rats (Figure 3c and Figure 4c).
The gastric mucosa from curcuminoids-treated rats also
revealed moderate and weak positive reactions to NTR
and iNOS in the middle and lower parts of the glands,
respectively (Figure 2d and Figure 3d). The reaction to
DFF-45, however, showed weak positive reaction in the
middle and lower parts of the gland with negative
reaction in muscularis mucosa (Figure 4d).The
combination treatment turned the gastric mucosal

reactions to NTR and iNOS to be weakly positive and
negative in all layers of the gastric gland, respectively
(Figure 2e and Figure 3e). However, the reaction to DFF45 was weak positive in the upper and middle parts of the
gastric gland and negative in the lower parts of the gland
(Figure 4e).
DISCUSSION
Gastritis, or inflammation of the gastric mucosa, is not a
single disease but rather a group of disorders, mostly
responsible for observed inflammatory changes in the
gastric mucosa [33]. Hypergastrinemia observed in
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Figure 3. A photomicrograph of Immun-peroxidase reaction for iNOS in stomach fundic region of adult female
albino rats of (a) control gastritis group showing strong positive reaction in cells lining the transverse sections of the
glands. (b) Antimicrobial-treated group showing moderately positive reaction. (c) black seed oil-treated group showing
moderate positive reaction in upper, middle and lower parts of the gland. No reaction is seen in muscularis mucosa
(MM). (d) curcumin-treated group showing moderate positive reaction in the middle and weak positive in the lower
part of the gland. (e) combination-treated group showing negative reaction in the upper, middle and lower parts of the
gland. (Arrows, double arrows and short arrow refer to upper, middle and lower parts of the gland respectively, X 200).
subsequent to H. pylori infection was previously reported
to be induced by the intra-gastric increase of pH, that
cause corpus atrophy, and G cells damage27, 34, and the
alkalization of G cell environment caused by bacterial
urease35. H. pylori urease represents a potent activator of
human mucosal macrophages for IL-6 expression36 which
is mainly a heat shock protein-60 (HSP60)-dependent. Its
release is likely to occur in vivo and may be capable of
reaching mucosal macrophages within the gastric
epithelium. This is in consequence to disruption of
epithelial tight junctions during H. pylori infection37.
Strong positive reactions for iNOS, NTR and DNA
fragmentation were observed in H. pylori gastritis rats.

Activated neutrophils located in the inflammatory foci
and secreting MPO into the extracellular space can
convert hydroperoxides into free radicals, indeed lipid
peroxidation sequences38. Previous mammalian studies
reported
that
inflammatory
cells
such
as
polymorphonuclear cells and macrophages can express
iNOS39. Increased expression of iNOS in gastric mucosa
of humans, additionally certain tumours may indicate its
pathological role of elevated NO production27, 33. The
latter is a potent vasodilator synthesized by iNOS which
can form potentially genetoxic nitrating species such as
peroxynitrite and nitrosating species (nitrosonium ion).
NTR, a stable end product of tyrosine nitration residues,
can be used as a marker for peroxynitrite and other
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Figure 4. A photomicrograph of Immun-peroxidase reaction for DFF in stomach fundic region of adult female albino
rats of (a) control gastritis group showing strong positive reaction in cells lining upper, middle and lower parts of the
glands. (b) Antimicrobial treated group showing moderately positive reaction. (c) black seed oil-treated group showing
moderate positive reaction in the upper, middle and lower parts of the gland. No reaction is seen in muscularis mucosa
(MM). (d) curcumin-treated group showing weak positive reaction in the middle and lower part of the glands. There
was negative reaction in muscularis mucosa (MM). (e) combination-treated group showing weak positive reactions in
the upper, middle and negative reaction in the lower parts of the gland. (Arrows, double arrows and short arrow refer to
upper, middle and lower parts of the gland respectively, X 200).
nitrating species40. Mucosal inflammation itself provokes
apoptosis and atrophy of the epithelial cells due to
proinflammatory cytokines and free radicals effects41.
Increased gastrin release represents also an inducer for
mucosal proliferation42.
Gastritis rats received amoxicillin (AMX) demonstrated
non significant change in serum gastrin, total pepsinogen
activity, IL-6 levels as well as gastric mucosal PGE2.
Slight reduction in iNOS, NTR and DNA fragmentation
reactions were only observed. This may be due to primary
or secondary resistance of H. pylori bacteria to AMX.
Previous study reported that most antimicrobial agents
can demonstrate excellent activities in vitro, but have
little or no activity when used in vivo as a single
therapeutic agents43.

Black seed oil has been extensively studied
pharmacologically since it has an antimicrobial activity
against a wide range of organisms44. In our H. pylori
model, the administration of black seed oil decreased
serum gastrin level in agreement with recent study21.
Such oil can activate soluble guanylate cyclase enzyme,
leading to an intracellular increase of cGMP joined with
decreased intracellular Ca2+ inhibiting its flux, where
Ca2+ represents a potent stimulator for gastrin
secretion21. It also encouraged a stimulatory release of
pepsinogen from chief cells. We previously reported total
pepsinogen activity as a biomarker of gastric mucosal
status, including atrophic change and inflammation27.
Miki and Urita also reported that its gradual decrease may
reflect any reduction of the fundic glandular mucosa and
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it can detect also extensive atrophic gastritis regardless of
its H. pylori status45.
The antioxidant properties and the inhibitory influence of
black seed oil on IL-6 expression may be responsible for
the decrease of serum IL-646. Black seed oil decreased
gastric mucosal PGE2 is in agreement with other
studies47,48. They demonstrated an inhibitory effect of the
thymoquinone (TQ) content of the oil on both COX and
LOX enzymes47,48. Furthermore, the moderate positive
reactions for iNOS, NTR and DNA fragmentation are an
indication of the ability of black seed oil to attenuate the
severity of the oxidative stress status. El-Mahmoudy and
colleagues highlighted the ability of TQ to suppress the
production of NO by macrophages, an effect which may
be useful in ameliorating the inflammatory and
autoimmune conditions and may be induced through
reduction of mRNA and protein expressions of iNOS49.
This consequently leads to a decline in both NTR and
DNA fragmentation.
Rats received curcuminoids for four weeks once daily
demonstrated significant decrease in serum gastrin levels
joined with increased total pepsinogen activity. Data
recorded from preclinical models suggested that
curcumin′s suppression of the inflammatory response
may involve inhibition of COX-2, iNOS and production
of cytokines50. Accordingly it prevents any damage due to
reduced level of inflammatory cytokines51. Curcuminoids
decreased serum IL-6 significantly in conformity with
other studies50, 52. Gulcubuck and colleges indicated that
curcumin administration can markedly reduce serum IL-6
levels in the late phase of experimental acute pancreatitis,
but failed to prevent tissue injury52. In myeloma cells,
curcumin has shown to inhibit signal transducer and
activator of transcription 3 (STAT3) phosphorylation and
hence suppress IL-6 production50. Gastric mucosal PGE2
levels demonstrated also significant decrease mostly
attributed to suppression of prostaglandin synthesis via
regulation of COX-2 expression52. Strimpakos and
Sharma attributed this also to downregulation of COX-2
protein levels and increased apoptosis for those cells that
constitutively express COX-2 protein51. Attenuation of
PGE2 biosynthesis may be through inhibiting the
expression of messenger PGES-153. This may be
mediated through phosphyrylation inhibition of cPLA2,
expression of COX-2 and the enzyme activity of 5-LOX.
Its anti-inflammatory properties were reported to be
mediated through inhibition of neutrophils function as
reflected by decreased level of gastric mucosal MPO21. In
response to inhibition of neutrophil infiltration an
increase in expression of antioxidant enzymes may occur
indeed it exerts protective effect of cell function under
different stress conditions54.
The decline extent for iNOS, NTR and DNA
fragmentation reactions in rats treated with curcuminoids
is in agreement with others55. As a matter of facts
bacterial infection represents an inducer for oxidative
stress and curcumin supplementation can attenuate such
stress. Similar results was also reported and referred to
decreased iNOS levels, NTR indeed decreased NO
scavenging and oxidative protein damage. Such changes

were mediated by decreased activation of redox-sensitive
transcription factors21,55. In particular, Curcumin ability to
alter gene transcription and induce apoptosis in
preclinical models advocates its potential ability in cancer
chemoprevention and chemotherapy56.
Gastritis rats received combination form (AMX, black
seed oil and curcuminoids) demonstrated significant
decrease in serum gastrin, IL-6, gastric mucosal MPO and
PGE2 joined with increased pepsinogen activity. The
eradication of H. pylori can decrease the severity of
gastritis and provokes a significant change in serum
pepsinogen
activity50.
Immunohistochemistry
demonstrated weak positive reaction for iNOS and
negative reaction for both NTR and DNA fragmentation
after 4 weeks of mixture administration. This may be
attributed to certain synergism that has been occurred
between these agents in combination form. In
conclusions, Curcuminoids and black seed oil were
superior to amoxicillin in attenuating H. pylori-associated
inflammatory and oxidative injury in rats. A synergistic
effect was found upon combining these drugs with
amoxicillin. An observation deserves great attention and
need to be tested clinically in the future.
ACKNOWLEDGEMENT
Authors would like to acknowledge the effort done by Dr
Samir Ghate in providing the H. pylori sample while
performing gastro-endoscopy, Prof Sameeh Aldahmi for
providing the curcuminoids extract and Dr Hala M.
Soliman for assistance with histopathology.
REFERENCES
1. Tsai HF, Hsu PN. Interplay between Helicobacter
pylori and immune cells in immune pathogenesis of
gastric inflammation and mucosal pathology. Cell Mol
Immunol 2010 Jul; 7(4): 255-259 [PMID: 20190789;
DOI: cmi20102 [pii]10.1038/cmi.2010.2]
2. Ding SZ, Minohara Y, Fan XJ, Wang J, Reyes VE,
Patel J, Dirden-Kramer B, Boldogh I, Ernst PB,
Crowe SE. Helicobacter pylori infection induces
oxidative stress and programmed cell death in human
gastric epithelial cells. Infect Immun 2007 Aug; 75(8):
4030-4039 [PMID: 17562777 DOI: IAI.00172-07
[pii]10.1128/IAI.00172-07].
3. Naito Y, Yoshikawa T. Molecular and cellular
mechanisms involved in Helicobacter pylori-induced
inflammation and oxidative stress. Free Radic Biol
Med 2002 Aug 1; 33(3): 323-336 [PMID: 12126754
DOI: S0891584902008687 [pii]].
4. Yoshida N, Granger DN, Evans DJ, Jr., Evans DG,
Graham DY, Anderson DC, Wolf RE, Kvietys PR.
Mechanisms involved in Helicobacter pylori-induced
inflammation. Gastroenterology 1993 Nov; 105(5):
1431-1440
[PMID:
7901109
DOI:
S0016508593003464 [pii]].
5. Goetz ME, Luch A. Reactive species: a cell damaging
rout assisting to chemical carcinogens. Cancer Lett
2008 Jul 18; 266(1): 73-83 [PMID: 18367325 DOI:
10.1016/j.canlet.2008.02.035

IJPCR, July 2015 - August 2015, Volume 7, Issue 4

Page 307

Elseweidy M.M et al. / Therapeutic Effect of…

6. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur
M, Telser J. Free radicals and antioxidants in normal
physiological functions and human disease. Int J
Biochem Cell Biol 2007; 39(1): 44-84 [PMID:
16978905 DOI: 10.1016/j.biocel.2006.07.001].
7. Shacter E, Weitzman SA. Chronic inflammation and
cancer. Oncology (Williston Park) 2002 Feb; 16(2):
217-226, 229; discussion 230-212 [PMID: 11866137].
8. Vane JR, Mitchell JA, Appleton I, Tomlinson A,
Bishop-Bailey D, Croxtall J, Willoughby DA.
Inducible isoforms of cyclooxygenase and nitric-oxide
synthase in inflammation. Proc Natl Acad Sci U S A
1994 Mar 15; 91(6): 2046-2050 [PMID: 7510883].
9. Wilson DE. Role of prostaglandins in gastroduodenal
mucosal protection. J Clin Gastroenterol 1991; 13
Suppl 1: S65-71 [PMID: 1940199].
10.Mattsson A, Quiding-Jarbrink M, Lonroth H, Hamlet
A, Ahlstedt I, Svennerholm A. Antibody-secreting
cells in the stomachs of symptomatic and
asymptomatic Helicobacter pylori-infected subjects.
Infect Immun 1998 Jun; 66(6): 2705-2712 [PMID:
9596737].
11.Crabtree JE, Shallcross TM, Heatley RV, Wyatt JI.
Mucosal tumour necrosis factor alpha and interleukin6 in patients with Helicobacter pylori associated
gastritis. Gut 1991 Dec; 32(12): 1473-1477 [PMID:
1773951].
12.Lauterslager TM. Myeloperoxidase, an important
biomarker for disease management. . Clinical
Laboratory international 2007; 31(1): 12-16.
13.Barnett K, Bell CJ, McKnight W, Dicay M, Sharkey
KA, Wallace JL. Role of cyclooxygenase-2 in
modulating gastric acid secretion in the normal and
inflamed rat stomach. Am J Physiol Gastrointest Liver
Physiol 2000 Dec; 279(6): G1292-1297 [PMID:
11093953].
14.Xia HH, Talley NJ. Apoptosis in gastric epithelium
induced by Helicobacter pylori infection: implications
in gastric carcinogenesis. Am J Gastroenterol 2001
Jan; 96(1): 16-26 [PMID: 11197247 DOI: S00029270(00)02240-1
[pii],
10.1111/j.15720241.2001.03447.x.
15.Hall PA, Coates PJ, Ansari B, Hopwood D.
Regulation of cell number in the mammalian
gastrointestinal tract: the importance of apoptosis. J
Cell Sci 1994 Dec; 107 ( Pt 12): 3569-3577 [PMID:
7706406].
16.Leung WK, To KF, Chan FK, Lee TL, Chung SC,
Sung JJ. Interaction of Helicobacter pylori eradication
and non-steroidal anti-inflammatory drugs on gastric
epithelial apoptosis and proliferation: implications on
ulcerogenesis. Aliment Pharmacol Ther 2000 Jul;
14(7): 879-885 [PMID: 10886043 DOI: apt783 [pii]].
17.Yamaguchi T, Nakajima N, Kuwayama H, Ito Y,
Iwasaki A, Arakawa Y. Gastric epithelial cell
proliferation and apoptosis in Helicobacter pyloriinfected mice. Aliment Pharmacol Ther 2000 Apr; 14
Suppl 1: 68-73 [PMID: 10807406].

18.Peach HG, Barnett NE. Helicobacter pylori infection
and fasting plasma glucose concentration. J Clin
Pathol 2001 Jun; 54(6): 466-469 [PMID: 11376021].
19.Alvarez A, Ibiza S, Hernandez C, Alvarez-Barrientos
A, Esplugues JV, Calatayud S. Gastrin induces
leukocyte-endothelial cell interactions in vivo and
contributes to the inflammation caused by
Helicobacter pylori. FASEB J 2006 Nov; 20(13):
2396-2398 [PMID: 17015411 DOI: fj.05-5696fje [pii]
10.1096/fj.05-5696fje].
20.Millar MR, Pike J. Bactericidal activity of
antimicrobial agents against slowly growing
Helicobacter pylori. Antimicrob Agents Chemother
1992 Jan; 36(1): 185-187 [PMID: 1590687].
21.Elseweidy MM, Younis NN, Amin RS, Abdallah FR,
Fathy AM, Yousif ZA. Effect of some natural
products either alone or in combination on gastritis
induced in experimental rats. Dig Dis Sci 2008 Jul;
53(7): 1774-1784 [PMID:
18368490 DOI:
10.1007/s10620-008-0246-6].
22.Salem ML. Immunomodulatory and therapeutic
properties of the Nigella sativa L. seed. Int
Immunopharmacol 2005 Dec; 5(13-14): 1749-1770
[PMID: 16275613 DOI: S1567-5769(05)00157-8 [pii]
10.1016/j.intimp.2005.06.008].
23.Rao CV. Regulation of COX and LOX by curcumin.
Adv Exp Med Biol 2007; 595: 213-226 [PMID:
17569213 DOI: 10.1007/978-0-387-46401-5_9].
24.Limtrakul P, Anuchapreeda S, Lipigorngoson S, Dunn
FW. Inhibition of carcinogen induced c-Ha-ras and cfos proto-oncogenes expression by dietary curcumin.
BMC Cancer 2001; 1: 1 [PMID: 11231886].
25.Rao DS, Sekhara NC, Satyanarayana MN, Srinivasan
M. Effect of curcumin on serum and liver cholesterol
levels in the rat. J Nutr 1970 Nov; 100(11): 1307-1315
[PMID: 5476433].
26.Chearwae W, Anuchapreeda S, Nandigama K,
Ambudkar SV, Limtrakul P. Biochemical mechanism
of modulation of human P-glycoprotein (ABCB1) by
curcumin I, II, and III purified from Turmeric powder.
Biochem Pharmacol 2004 Nov 15; 68(10): 2043-2052
[PMID: 15476675 DOI: 10.1016/j.bcp.2004.07.009].
27.Elseweidy MM, Taha MM, Younis NN, Ibrahim KS,
Hamouda HA, Eldosouky MA, et a. Pattern of
gastritis as manipulated by current state of
Helicobacter pylori infection. Int J Biol Biomed Eng
2010; 1(4): 1-9.
28.Elseweidy MM, Taha MM, Younis NN, Ibrahim KS,
Hamouda HA, Eldosouky MA, Soliman H. Gastritis
induced by Helicobacter pylori infection in
experimental rats. Dig Dis Sci 2010 Oct; 55(10):
2770-2777 [PMID: 20094782 DOI: 10.1007/s10620009-1103-y].
29.Bradley PP, Priebat DA, Christensen RD, Rothstein
G. Measurement of cutaneous inflammation:
estimation of neutrophil content with an enzyme
marker. J Invest Dermatol 1982 Mar; 78(3): 206-209
[PMID: 6276474].
30.Mohammed SS, Naim MM, Abdel Gawad SK, Hosny
S. Possible protective effect of Nigella sativa oil

IJPCR, July 2015 - August 2015, Volume 7, Issue 4

Page 308

Elseweidy M.M et al. / Therapeutic Effect of…

against piroxicam-induced gastric mucosal damage in
adult male albino rats (light and scanning electron
microscopic study). Egypt J Histol 2010; 32: 81-92.
31.Bancroft JD, Gamble M. Theory and practice of
histological techniques. 5th ed: Churchill Livingstone
2002.
32.Xiang Z, Si JM, Huang HD. Chronic gastritis rat
model and role of inducing factors. World J
Gastroenterol 2004 Nov 1; 10(21): 3212-3214 [PMID:
15457578].
33.Antos D, Enders G, Rieder G, Stolte M, Bayerdorffer
E, Hatz RA. Inducible nitric oxide synthase
expression before and after eradication of
Helicobacter pylori in different forms of gastritis.
FEMS Immunol Med Microbiol 2001 Mar; 30(2):
127-131
[PMID:
11267845
DOI:
S09288244(00)00245-5 [pii]].
34.Przemeck SM, Varro A, Berry D, Steele I, Wang TC,
Dockray GJ, Pritchard DM. Hypergastrinemia
increases gastric epithelial susceptibility to apoptosis.
Regul Pept 2008 Feb 7; 146(1-3): 147-156 [PMID:
17900712 DOI: 10.1016/j.regpep.2007.09.002].
35.Maciorkowska E, Panasiuk A, Kondej-Muszynska K,
Kaczmarski M, Kemona A. Mucosal gastrin cells and
serum gastrin levels in children with Helicobacter
pylori infection. Adv Med Sci 2006; 51: 137-141
[PMID: 17357294].
36.Harris PR, Ernst PB, Kawabata S, Kiyono H, Graham
MF, Smith PD. Recombinant Helicobacter pylori
urease activates primary mucosal macrophages. J
Infect Dis 1998 Nov; 178(5): 1516-1520 [PMID:
9780278 DOI: JID971352 [pii]].
37.Gobert AP, Bambou JC, Werts C, Balloy V, Chignard
M, Moran AP, Ferrero RL. Helicobacter pylori heat
shock protein 60 mediates interleukin-6 production by
macrophages via a toll-like receptor (TLR)-2-, TLR-4, and myeloid differentiation factor 88-independent
mechanism. J Biol Chem 2004 Jan 2; 279(1): 245-250
[PMID: 14573621 DOI: 10.1074/jbc.M307858200].
38.Yildiz F, Coban S, Terzi A, Ates M, Aksoy N, Cakir
H, Ocak AR, Bitiren M. Nigella sativa relieves the
deleterious effects of ischemia reperfusion injury on
liver. World J Gastroenterol 2008 Sep 7; 14(33):
5204-5209 [PMID: 18777598].
39.Iacopini F, Consolazio A, Bosco D, Marcheggiano A,
Bella A, Pica R, Paoluzi OA, Crispino P, Rivera M,
Mottolese M, Nardi F, Paoluzi P. Oxidative damage of
the gastric mucosa in Helicobacter pylori positive
chronic atrophic and nonatrophic gastritis, before and
after eradication. Helicobacter 2003; 8(5): 503-512
[PMID: 14535997 DOI: 172 [pii]].
40.Mannick EE, Bravo LE, Zarama G, Realpe JL, Zhang
XJ, Ruiz B, Fontham ET, Mera R, Miller MJ, Correa
P. Inducible nitric oxide synthase, nitrotyrosine, and
apoptosis in Helicobacter pylori gastritis: effect of
antibiotics and antioxidants. Cancer Res 1996 Jul 15;
56(14): 3238-3243 [PMID: 8764115].
41.Lamarque D, Tran Van Nhieu J, Breban M. [What are
the gastric modifications induced by acute and chronic
Helicobacter pylori infection?]. Gastroenterol Clin

Biol 2003 Mar; 27(3 Pt 2): 391-400 [PMID: 12700495
DOI:
MDOI-GCB-03-2003-27-3-C2-0399-8320101019-ART5 [pii]].
42.Jain RN, Samuelson LC. Differentiation of the gastric
mucosa. II. Role of gastrin in gastric epithelial cell
proliferation and maturation. Am J Physiol
Gastrointest Liver Physiol 2006 Nov; 291(5): G762765
[PMID:
17030897
DOI:
10.1152/ajpgi.00172.2006].
43.Hartzen SH, Andersen LP, Bremmelgaard A, Colding
H, Arpi M, Kristiansen J, Justesen T, Espersen F,
Frimodt-Moller N, Bonnevie O. Antimicrobial
susceptibility testing of 230 Helicobacter pylori
strains: importance of medium, inoculum, and
incubation time. Antimicrob Agents Chemother 1997
Dec; 41(12): 2634-2639 [PMID: 9420032].
44.Mahmood MS, Gilani AH, Khwaja A, Rashid A,
Ashfaq MK. The in vitro effect of aqueous extract of
Nigella sativa seeds on nitric oxide production.
Phytother Res 2003 Sep; 17(8): 921-924 [PMID:
13680825 DOI: 10.1002/ptr.1251].
45.Miki K, Urita Y. Using serum pepsinogens wisely in a
clinical practice. J Dig Dis 2007 Feb; 8(1): 8-14
[PMID:
17261129
DOI:
10.1111/j.14439573.2007.00278.x].
46.Sayed AA, Morcos M. Thymoquinone decreases
AGE-induced NF-kappaB activation in proximal
tubular epithelial cells. Phytother Res 2007 Sep;
21(9):
898-899
[PMID:
17582594
DOI:
10.1002/ptr.2177].
47.El Mezayen R, El Gazzar M, Nicolls MR, Marecki JC,
Dreskin SC, Nomiyama H. Effect of thymoquinone on
cyclooxygenase expression and prostaglandin
production in a mouse model of allergic airway
inflammation. Immunol Lett 2006 Jul 15; 106(1): 7281
[PMID:
16762422
DOI:
10.1016/j.imlet.2006.04.012].
48.El-tahir K, Bakeet DM. The Black Seed Nigella sativa
Linnaeus - A Mine for Multi Cures: A Plea for Urgent
Clinical Evaluation of its Volatile Oil. . J T U Med Sc
2006; 1(1): 1-19.
49.El-Mahmoudy A, Matsuyama H, Borgan MA,
Shimizu Y, El-Sayed MG, Minamoto N, Takewaki T.
Thymoquinone suppresses expression of inducible
nitric oxide synthase in rat macrophages. Int
Immunopharmacol 2002 Oct; 2(11): 1603-1611
[PMID: 12433061 DOI: S1567-5769(02)00139-X
[pii]].
50.Sharma RA, Gescher AJ, Steward WP. Curcumin: the
story so far. Eur J Cancer 2005 Sep; 41(13): 19551968
[PMID:
16081279
DOI:
10.1016/j.ejca.2005.05.009].
51.Strimpakos AS, Sharma RA. Curcumin: preventive
and therapeutic properties in laboratory studies and
clinical trials. Antioxid Redox Signal 2008 Mar;
10(3):
511-545
[PMID:
18370854
DOI:
10.1089/ars.2007.1769].
52.Gulcubuk A, Altunatmaz K, Sonmez K, HaktanirYatkin D, Uzun H, Gurel A, Aydin S. Effects of
curcumin on tumour necrosis factor-alpha and

IJPCR, July 2015 - August 2015, Volume 7, Issue 4

Page 309

Elseweidy M.M et al. / Therapeutic Effect of…

interleukin-6 in the late phase of experimental acute
pancreatitis. J Vet Med A Physiol Pathol Clin Med
2006 Feb; 53(1): 49-54 [PMID: 16411910 DOI:
10.1111/j.1439-0442.2006.00786.x].
53.Moon Y, Glasgow WC, Eling TE. Curcumin
suppresses interleukin 1beta-mediated microsomal
prostaglandin E synthase 1 by altering early growth
response gene 1 and other signaling pathways. J
Pharmacol Exp Ther 2005 Nov; 315(2): 788-795
[PMID: 16081677 DOI: 10.1124/jpet.105.084434].
54.Madan B, Ghosh B. Diferuloylmethane inhibits
neutrophil infiltration and improves survival of mice

in high-dose endotoxin shock. Shock 2003 Jan; 19(1):
91-96 [PMID: 12558151].
55.Farhangkhoee H, Khan ZA, Chen S, Chakrabarti S.
Differential effects of curcumin on vasoactive factors
in the diabetic rat heart. Nutr Metab (Lond) 2006; 3:
27 [PMID: 16848894 DOI: 10.1186/1743-7075-3-27].
56.Sharma
RA,
Steward
WP,
Gescher
AJ.
Pharmacokinetics
and
pharmacodynamics
of
curcumin. Adv Exp Med Biol 2007; 595: 453-470
[PMID: 17569224 DOI: 10.1007/978-0-387-464015_20].

IJPCR, July 2015 - August 2015, Volume 7, Issue 4

Page 310

