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Indomethacin (IND) is an extensively used drug. However, it provokes aggressive ulcerogenic
potential. Chamomile is a widely used as natural herb with a powerful antioxidant activity. This study
aims to assess the effects of chamomile flowers extract (CFE) in IND induced peptic ulcer (PU). Fifty
rats classified to five groups; control, ulcer, and pretreated groups with CFE (200 mg/kg), pretreated
with ranitidine RAN (50 mg/kg), and pretreated with CFE+RAN for 14 days pre-ulcer induction.
Pretreatment with CFE and/or RAN significantly decreased ulcer index, gastric acidity, pepsin
activity, gastric oxidative stress biomarkers, serum anti-inflammatory cytokines, and
histopathological changes induced by IND. The pretreated groups significantly elevated gastric
enzyme antioxidant activity, mucin content and gastric mucosal prostaglandin E2 with comparison to
IND group. Pretreatment with CFE+RAN displayed the most gastroprotective effects compared with
pretreated with either CFE or RAN alone. Collectively, the antisecretory and cytoprotective effects of
antioxidant and anti-inflammatory activities demonstrated by the CFE's gastroprotective action.
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INTRODUCTION

One of the greatest mortality and morbidity threats to the
world's population in the last two centuries is PU which cover
both gastric and duodenal ulcers (Chaturvedi et al., 2007). The
annual global incidence of PU is 0.1 to 1.5% and the
prevalence is 0.03 to 0.19% (Albaqawi et al., 2017). The
disturbance of the corrosive effect of gastric juice, which alters
the endogenous content of cytoprotective prostaglandins, lipids
membrane and glutathione cause mucosal ulcer of gastric
(Abdulla et al., 2009; Abdulla ef al, 2010). The use of non-
steroidal anti-inflammatory drugs (NSAIDs) and pylori
infection account for more than 70% of the causative factor of
PU (Ohyama et al., 2012). Despite NSAIDs benefits as anti-
inflammatory drugs, these drugs may cause PU (Lee et al,
2016). In experiments, the IND is known to cause stomach
ulcers and is more likely to cause gastric damage than other
commonly used NSAID (El-Ashmawy et al., 2016). In patients
taking NASIDs, there are various pathophysiological mechanism
for PU. Incidence such as inhibiting cyclooxygenase (COX),
followed by reduced prostaglandin production, which is
responsible for mucosa protection (Bech er al, 2000).
Activation of lipoxygenase (LOX) by NSAIDs which lead to
increased inflammatory response and direct mucosal injury are
suspected as another mechanism (Chattopadhyay et al., 2006).
Current treatment for PU include antacids (non-systemic and
systemic) and drugs that decrease secretion of the acid, such as
anti-histamine ulcer cure and anti-histamine medicines for
pylori (Saeidnia et al., 2011).

These drugs have reduced the morbidity rate, but can cause
many adverse effects, including recurrence of disease, and are
often costly (Vivatvakin et al., 2017). Traditional medicine is
widely used and plants continue to be a major source of natural
antioxidants that can lead to new drugs. Chamomile is one of
the medicinal plants most commonly used in some countries
(Ramadan and Emam, 2012). It is an annual plant containing
various classes of biologically active compounds, especially
flavonoids, essential oils and various acetylates (Chandrashekhar
et al., 2012). Terpenoids, abisabolol, and chamazulene oxide
are the main components of essential oil from chamomile
flowers (Bakr et al., 2015; Kato et al,, 2008). It is also has
different pharmacological effects, including anti-inflammatory,
antioxidant and anticancer (Singh et al, 2011). The
administration of food and drugs (FDA) has documented that
CFE is safe because it is on the list of "generally considered
safe" (GRAS) (Duke, 2001). This study examined the
protective effect of CFE on IND induced PU and compared the
results with standard medicine (RAN).

MATERIALS AND METHODS

Material

Plant material: Chamomile (Matricaria chamomilla) flowers
(CF) were collected during spring season 2018 from Tabuk
region, north west of Saudi Arabia. Plant was identified by
botanists in Pharmaceutical and Phytochemistry Department,
Faculty of Pharmacy, KAU, Jeddah, Saudi Arabia.
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Experimental rats and diet: Fifty male albino rats (200-220 g)
were purchased from King Fahd Medical Research Center,
KAU. Basal diet was provided from Baghafar Company for
Pharmaceutical and Chemical, Jeddah, KSA.

Chemicals, kits and drugs: In Jeddah, Saudi Arabia, local
pharmacies purchased ranitidine (RAN) (Zydac Tablet, 150
mg) and IND (Indocin Pharmaceuticals, USA, provided 50 mg
IND / capsule). Other reagents and chemicals were obtained
from Sigma - Aldrich (St Louis, MO, USA).

Methods

Olive leaves extract preparation: Fresh CF flowers were dried,
then pulverized with a blinder to a fine powder. Dried CF (100
g) were extracted with ethanol 80 % under agitation, After the
extract was filtered and concentrated in vacuum using a
rotating evaporator, the extract was finally lyophilized,
weighed [100 g yield 9.11 percent] and stored at 4 © C until it
was used (Sabiua et al., 2015).

Induction of ulceration: Ulceration of peptic was done by the
IND (30 mg/kg) ingestion to animals after fasting as described
by Sabiua et al., (2015). Ulceration lesions had manifested four
hours after administration of IND.

Experimental grouping: Fifty Albino rats with a mean weight
(210 £ 10 g) were used in this study. Upon approval for KAU
laboratory animals by the Ethical Committee. Rats were
divided into five groups of ten rats: Control; rats received only
distilled water. Ulcerated group; rats received only distilled
water intragastrically for 2 weeks before administrated IND
(30 mg/kg). CFE+IND group; rats were given the CFE (200
mg/kg/day p.o), for 14 days before an oral dose of IND. The
CFE dose was chosen according to Mustafa et al. (2013).
RAN+ IND group; rats were given the RAN (50 mg/kg) for 14
days before IND administration and served as a standard drug
(Rao et al., 2014). CFE+RAN+IND group; rats were given the
CFE and RAN at the same given dose for 14 days before an
oral dose of IND. After four h of IND administrated, the rats
were sacrificed. Gastric from all rats were dissected out, and
their content was evacuated into a centrifuge tube. Cleaned
stomach was processed for chemical and histopathological
examination.

Quantification of gastric ulceration: The degree of ulceration
in all IND - treated rats was quantified using the Szabo and
Hollander method (Rao et al., 2014). The Image Pro Express
computer analyzer system was used to quantify the gastric
interface of each rat. The total area of mucosal damage was
calculated as a percentage of the estimated square mm of the
total ulcer area. Ulcer index and ulcer inhibition percentage
were calculated using the following equations:

Ulcer index (UI) = Ulcerated area / Total area of mucosa X 100
Percentage ulcer inhibition = UI (IND group) — UI (treated group) /
UI (IND group) x 100

Gastric mucosal lesion biomarkers: Stomach juice was
diluted and centrifuged 10 minutes at 3000 rpm. In
biochemical analyses, the supernatant was then used. The pH
of the gastric juice was determined by a pH meter (Dashputre
et al.,, 2011). Pepsin activity and mucin concentrations were
determined by Sanyal et al. (1971). Gastric acidity was
detected in the supernatant by the titration of 0.01 NaOH using

the reagent Toepfer as an indicator and expressed as mEq / L.
(Szabo and Hollander, 1985).

Preparation of gastric homogeneity and testing of biomarkers
of oxidative stress: Gastric tissue samples (100 mg) were
homogenized in ice cold 0.1 M PBS and centrifuged at 2500
rpm for 10 min using a Teflon pestle. The resulting
supernatants were frozen at -20 C until used. Lipid
peroxidation (MDA) level and the activity of superoxide
dismutase (SOD) were measured by using ELISA kits as
described in manufacturer’s procedures.

Determination of gastric mucosal prostaglandin E2: In
gastric supernatants, prostaglandin E2 (PGE2) levels were
assessed in accordance with the manufacturer's instructions
using an ELISA kits.

Assay serum levels of inflammatory: 1t used serum samples to
evaluate interleukin-6 (IL-6) and tumor necrosis factor -o
(TNF-a). All procedures have been carried out as described in
the instructions of the manufacturer.

Histopathological studies: Fixed gastric tissues by
formaldehyde (10 percent) from each group were stained with
Hematoxylin-Eosin (H&E), then microscopically examined.

Statistical: The statistics were carried out using SPSS version
22 by an ANOVA one - way analysis of variance (LSD). Data
were reported as mean + SE.

RESULTS

The impact of CFE on the ulcer index and ulcer inhibition rate
% are shown in Table 1. In rats, IND administration caused a
significant increase in the degree of ulceration (UI) (p <
0.001). There was significant protection against ulceration in
the level of inhibition in pretreated groups with CFE and/or
RAN. Pretreatment with CFE+RAN offered better protection
against ulceration compared CFE and reference drug RNA
used, with percent 78.77.

Table 1. Effect of chamomile (Matricaria chamomilla) flowers
(CF) hydroalcoholic extract and/or ranitidine (RAN) on
quantification of gastric ulceration against ulcerated rats by
indomethacin (IND)

Groups Ul nm’ Ulcer inhibition rate %
Cont 0.00

Ulcer 34.85+£3.14% -

CFE+ Ulcer 23.60 + 1.96%* 32.28

RAN+ Ulcer 21.55+ 1.47"*¢ 38.16

CFE+ RAN+ Ulcer 7.40+0.76" 78.77

Results are illustrated as mean + SE (n = 10). € Significant versus cont, ‘
Significant versus ulcer, * Significant versus CFE+ RAN+ Ulcer, and ©
Significant between CFE +Ulcer and RAN+ Ulcer group.

The effect of CFE and/or RAN on ulcerated IND rats' gastric
secretions is shown in Table 2. In a group of ulcers. The pH
value decreased significantly compared to control rats, with a
significant increase in total gastric acidity. The CFE and/or
RAN pretreatment resulted in a significant decrease in total
gastric acidity and a significant increase in pH compared to
IND ulcerated rats. The oral administration of 30 mg/kg of
IND led to a significant increase in pepsin activity, with a
significant reduction in the mucin content of gastric juice
compared to control rats. Pretreatment with CFE and/or RAN
induced significantly attenuated in these parameters, where
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Table 2. Effect of chamomile (Matricaria chamomilla) flowers (CF) hydroalcoholic extract and/or Ranitidine (RAN) on gastric
mucosal lesions biomarkers against ulcerated rats by indomethacin (IND)

Groups Gastric pH Gastric acidity Pepsin activity (ug/ml) Mucin content (ug/ml)
Cont 3.93+0.13 54.86 +2.67 102.10 = 2.86 368.20 + 4.29

Ulcer 2.51+0.19% 169.58 + 11.43% 288.93 + 4.25% 214.10 £ 5.32%

CFE+ Ulcer 3.36+0.21° 92.38 + 5.04"* 154.83 +2.40"* 326.40 + 4.84"%"

RAN+ Ulcer 3.61+0.12" 75.09 + 7.60 *¢ 136.30 + 1.55"+ @ 357.00 + 11.66"" ¢
CFE+RAN+ Ulcer | 3.77 +0.15" 65.97 +4.23% 123.10 + 3.07" 381.30 + 4.69*

Results are illustrated as mean = SE (n = 10).  Significant versus cont, * Significant versus ulcer, * Significant versus CFE+ RAN+
Ulcer, and © Significant between CFE +Ulcer and RAN+ Ulcer group.

Table 3. Effect of chamomile (Matricaria chamomilla) flowers (CF) hydroalcoholic extract and/or Ranitidine (RAN) on oxidative
stress biomarkers against ulcerated rats by indomethacin (IND)

Groups MDA (nmol/g tissue) SOD (nmol/g tissue)
Cont 0.26 +0.011 70.94 +2.18

Ulcer 0.91 +0.092% 47.99 + 2.54*

CFE+ Ulcer 0.28 +0.008 " 70.26 + 2.497

RAN+ Ulcer 0.34 +0.031""¢ 59.04 + 1.67°"¢
CFE+ RAN+ Ulcer 0.24+0.0137 72.18 +2.397

Results are illustrated as mean = SE (n = 10). % Significant versus cont, * Significant versus ulcer, * Significant versus CFE+ RAN+

Ulcer, and © Significant between CFE +Ulcer and RAN+ Ulcer group.

pepsin activity was significantly reduced and the mucin
content of gastric juice was significantly increased compared
to IND ulcerated rats. Pretreatment with both CFE + RAN
showed strong efficacy in attenuated gastric juice in both
pepsin and mucin compared to pre-treated CFE or RNA
groups. Table 3 shows the biomarkers of oxidative stress. IND
administration significantly increased the level of gastric MDA
with a significant decline in gastric SOD compared to the
control group. Pretreatment with CFE and/or RNA
significantly reduced the level of stomach MDA and
significantly increased the activity of stomach SOD compared
to the IND ulcerated group. Oral administration of both CFE +
RAN showed the most effective outcome compared to
pretreatment with either CFE or RNA alone, there was a
significant difference compared to the RNA treated reference
drug group. Administration of IND significantly decline the
gastric PGE2 level compared with control rats. Pretreatment
with CFE and /or RNA significantly increased the gastric
PGE2 level compared with IND ulcerated group. Pretreatment
with both CFE+RAN showed the potent effective compared
with either pretreated with CFE or RNA alone, there were
significant difference compared with reference drug RNA-
pretreated group Figure 1.

Interleukin-6 (IL-6) and tumor necrosis factor -a (TNF-a) have
been increased by IND administration. The CFE and/or RNA
pretreated groups significantly reduces serum IL-6 and TNF-a
levels compared to IND ulcerated group. Pretreatment with
both CFE+RAN showed the most effective compared with
either pretreated with CFE or RNA alone, there was a
significant difference compared with reference drug RNA-
pretreated group Figures 2 and 3.
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Figure 2. Effect of chamomile (Matricaria chamomilla) flowers
(CF) hydroalcoholic extract and/or Ranitidine (RAN) on serum

Results are illustrated as mean + SE (n = 10). ¢ Significant versus cont, ’
Significant versus ulcer, * Significant versus CFE+ RAN+ Ulcer, and ©
Significant between CFE +Ulcer and RAN+ Ulcer group.

Figure 1. Effect of chamomile (Matricaria chamomilla) flowers
(CF) hydroalcoholic extract and/or Ranitidine (RAN) on gastric
mucosal prostaglandin E2 (PGE2) against ulcerated rats by
indomethacin (IND)
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Figure 3. Effect of chamomile (Matricaria chamomilla) flowers
(CF) hydroalcoholic extract and/or Ranitidine (RAN) on serum
tumor necrosis factor -0 (TNF-0) against ulcerated rats by
indomethacin (IND)
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Figure 4. Effect of chamomile flowers (CF) hydroalcoholic extract and/or Ranitidine (RAN) on the gastric tissue ulcerated with
indomethacin (IND) in rats (H&E staining). Stomach photomicrograph of a control rat showing central rounded nuclei (P) and
eosinophilic cytoplasm, basal oval surface epithelial nuclei (arrows) and flat basal nuclei mucous neck cells [1]. An IND-group
stomach showing areas with loss of surface epithelium architecture, mononuclear cell infiltration and dilated blood vessels (BV) in
the mucosa and submucosa. Notice spacing of connective tissue fibers are wide [2 and 3]. A photomicrograph of the stomach of a
CFE +IND group showing vacuolization of the cytoplasm of parietal cells (V) and gastric pits with hyperemia (arrows) [4]. A
photomicrograph of the stomach of a RNA+IND group showing the apparently near-normal stomach architecture. The lumen of the
gland is dilated (D). Increased vascularity is also apparent [5]. A photomicrograph of the stomach of a CFE+RNA+IND group
showing the apparently normal glands. There are areas of mucous secreting cells that cover the surface and alternate with areas of
deep eosinophilic surface ,epithelial cells and mucous neck cells with flat basal nuclei (arrows)

Figure 4.1 showed control stomach with no histopathological
changes. The administration of IND induced loss of the
stomach architecture of superficial epithelium, mononuclear
cellular infiltration and dilated blood vessels in the mucosa and
submucosa (Fig. 4.2 and Fig.4.3). Pretreatment with CFE pre-
IND ingestion showing hyperemia vacuolization of parietal
cells cytoplasm and gastric pits (Fig.4.4). The lumen of the
gland is dilated with increased vascularity in as well as the
stomach of RNA + IND group showing almost normal
stomach architecture (Fig. 4.5). A photomicrograph of the CFE
+ RNA + IND group's stomach showing the apparently normal
glands (Figure 4.6).

DISCUSSION

The main risk factor for PU is the use of NSAIDs (Abdel-
Rahman et al, 2015). The proposed gastric damage
mechanism caused by NSAIDs is to inhibit the synthesis of
prostaglandin and proliferate epithelial cells in the ulcer
margin, which is critical to the incidence of ulcer (Hiruma-
Lima et al., 2006). Peptic ulcer disease is a problem of the
gastrointestinal tract characterized by mucosal damage caused
by gastric acid and pepsin secretion (Kalyanakrishnan et al.,
2007). The objective of the study was to estimate the influence
of CFE as antiulcer and to compare its effect to the antiulcer
reference drug RAN. The results showed a significant
increases in the total gastric acidity and ulcer index with a
significant decrease in pH in the ulcerated group compared to
the control group.

Pretreatment with CFE as well as RAN showed marked
improvement on the gastric lesions and gastric oxidative stress
biomarkers as well as PGE2, TNF-a and IL-6 compared with
IND ulcerated rats. The most effective protective pretreatment
was seen in the rats co-pretreated with both CFE and RAN
compared with other pretreated groups. The obtained results
were in the same line with the study done by Shahin et al.
(2018) who demonstrated that the elevated gastric acidity
associated with ulceration induced by IND was reduced
compared with RAN treated group. The NSAIDs inhibit
cyclooxygenase and thus blocking PGE2, Which had
cytoprotective effects on gastric mucosa that could explain the
observed effects of IND as a major cause of ulceration on
prostaglandins (Ohyama et al., 2012). Ranitidine is a histamine
2 receptor antagonist. It is used to treat PU and other
gastrointestinal acid conditions (Minai-Tehrani et al., 2012). In
addition, Brzozowski et al. (2000) reported that RAN
suppressed the secretion of gastric acid and gastric ulcer. The
CFE's influence as antiulcer characterized by a reduction in the
secretion of acid, pepsin and the volume of gastric juice
(Karbalay-Doust et al., 2009). Its activity against ulcers can be
attributed to its active compounds, including, numerous
phenolic compounds in particular flavonoids, various
acetylates and essential oils (McKay and Blumberg, 2006).
Chamazulene oxide and o-bisabolol terpenoids are the main
components of the essential oil extracted from chamomile
(McKay and Blumberg, 2006). In the etiology of gastric
mucosal damage caused by IND, these active compounds may
stimulate the secretion of mucus, bicarbonate, and
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prostaglandin. as well as counteract the deteriorating effects of
reactive species of oxygen (Naito ef al, 2005). Mucine is an
important protective factor for gastric mucosa, which consists
of glycoprotein covering the entire gastrointestinal mucosa
(Penissi and Piezzi, 1999). In this study, the reduction of
mucin secretion in IND rats led to a reduction in the ability of
the mucosal membrane to protect the mucosa against physical
damage. Endogenous and exogenous active oxygen and free
radicals can easily cause mucosal damage (Repetto et al.,
2012). Increased production of mucus helps in healing the
ulcer against irritant secretions of the stomach (pepsin and
HCI) and thus increases the rate of local healing. Increasing the
mucin content in CFE pretreatment group protected the
gastrointestinal mucosa from damage. It contribute to the
protection of oxidative damage of the gastric mucosa (McKay
et al., 2006). It is known that IND induces reactive metabolites
of oxygen in animal models that can cause mucosal injury to
cell enzymes (Chattopadhyay et al., 2006). This may lead to
increased damage to the tissue during stomach ulceration. The
results of this study showed that IND administration led to a
significant increase in gastric MDA with a reduction in gastric
SOD activity and PGE2 in ulcerated rats. The obtained results
agreed with Vivatvakin ef al. (2017). In addition, Parvan et al.
(2017) informed that IND induces an increase in lipid
peroxidation and produces free radicals in gastric mucosa.
These changes lead to increased toxic radicals of oxygen
superoxide Moreover, Koc et al. (2008) summarized that IND
had a significant reduction in antioxidant enzyme levels and an
elevatios in MDA compared to the RAN group.

The IND's effects had been explained by inhibiting the release
of protective factors like PGE2, cyclooxygenase-1 (COX-1),
mucus and bicarbonate (Sheeba et al., 2016). However, Sahoo
and Kanhar (2017) reported that the activity of all antioxidant
enzymes in gastric mucosa were significantly reduced 6 hours
after oral administration of IND compared to control rats,
indicating acute inflammatory injury. In the present study the
results revealed that RAN showed a protective effect against
oxidative stress induced by IND. The RAN pretreated group
and the IND group differed significantly these results agreed
with Kath and Gupta (2006) who demonstrated that in the
group orally administered RAN increases SOD, thus possibly
because its main role is blockade of H2 receptors. Antioxidant
act as radical scavengers, inhibit lipid peroxidation and other
processes mediated by free radicals, so they can protect against
various diseases caused by radical reactions (Czinner et al.,
2001). In the present study pretreatment with CFE showed an
antioxidant effects, there was a marked improvement in
oxidative stress biomarker MDA and significant increase in
SOD activity compared with IND ulcerated rats. The obtained
results agreed with Giorg et al. (Giorgi et al., 2009). A variety
of mineral elements, including magnesium and 1-2 percent
volatile oils in chamomile flowers, can be associated with the
anti-ulcer action of CFE (McKay et al., 2006). Hwang et al.
(2008) reported that the CFE contains many components that
can have antiulcer effects. The main flavonoids in the flower
are phenolic and flavonoids, quercetin, luteolin, patuletin, and
their glycosides. Karbalay and Noorafshan (Karbalay et al.,
2009) summarized oral intake of CFE at four hundred mg/ kg
can prevent gastric ulceration in mice. The TNF-o and IL-6 are
pro-inflammatory cytokines that during ulcerative stress are
increasingly secreted by macrophages (Hamaguchi et al,
2001). They stimulate neutrophil infiltration into the
gastrointestinal mucosa (Wei et al., 2003). Inhibition of IL-6
and TNF-a infiltration inhibits the destruction of tissues by

reactive species of oxygen (Kwiecien et al., 2002). The IND
increased TNF-o and IL-6 significantly compared to the
control group in the study. This finding coincided with
Appleyard et al. (1996) who documented that the pretreatment
of rats with CFE at 200 mg/ kg was significantly reduced
serum anti-inflammatory cytokines concentrations. Anti-
inflammatory activity of CFE could be attributed to the
suppression of anti-inflammatory cytokines production, which
affects the myeloperoxidase catalytic reactions (Glowania et al.,
1997). Histological results of the Ketuly et al. (Ketuly et al.,
2011) summarized that the gastric walls of ulcer groups
induced by IND had severe damage to the gastric mucosa,
edema, infiltration of the submucosal layer and leucocytes. The
same results were shown in the recent study. On the other
hand, the control and pre-treated groups in a recent study
showed normal architecture in the gastric mucosa. The CFE
pretreated rats showed improvements in their examined
stomach tissues. Therefore the protective effect of CFE
confirmed by histopathological and biochemical examinations,
In conclusion, the results of the current work prove that CFE's
antioxidant and anti-inflammatory activities have inhibited
physiological and histopathological changes caused by IND.
Therefore, CFE exhibited a possible therapeutic option to
prevent IND- induced PU.
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