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ABSTRACT

The main objective of the current study is to evaluate the potential of Taraxacum officinale leaf aqueous extract (TLE) on injury
occasioned by ingestion of Non-Steroidal Anti-inflammatory Drugs (NSAIDs), indomethacin (INDO), in Wistar rats. Fifty rats (200-
220g) were used for this study. The ulcer was induced by administering 30 mg/kg of the INDO at the last day of the experiment (14
days). The rats were randomly divided into 5 groups. Group | (Contr); rat served as the normal control; group Il (INDO) ; ulcer rats,
group lll; rats received 20 mg/kg Famotidine (FAM) (reference drug), while group IV and group V; rats pretreated with TLE 500
mg/kg and FAM (20 mg/kg )+TLE (500 mg/kg), respectively for 14 days. The rats were sacrificed 4 h post INDO given. The results
showed that there were significant decreases in ulcer index, gastric acidity, pepsin activity, gastric oxidative stress biomarkers, serum
anti-inflammatory cytokines with a corresponding significant increase in gastric enzyme antioxidant activity and mucin content in
pretreated groups compared with INDO group. Histological studies of the gastric walls of pretreated rats showed marked reduction
of mucosal injuries in contrast to the INDO group. Results obtained in the present study are suggestive of the fact that TLE contains
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antioxidant and anti-inflammatory phytochemical properties that may be pathways for the ameliorative effect of the gastric mucosa

injury induced by NSAIDs causing ulcer.

Keywords: Taraxacum officinale, Ulcer, NSAIDs, Famotidine, rats.

1. INTRODUCTION

Duodenum and stomach ulcers usually know as gastric ulcer. Incidence of peptic ulcer (PU) is 11-14% in male and 8-11% in female.
However, stomach ulcers are seen equally in male and female (Chan and Leung, 2002). Research has shown that 89-95% of gastric
ulcers are concomitant with NSAIDs usage and Helicobacter pylori (Albagawi et al, 2017). The imbalance between defensive and
offensive factors can be attributed to several reasons including gastric mucus, defensive mucosal factors like prostaglandins, lipid
peroxidation, stress, cellular renovation, glycoproteins, mucosal cell shedding, blood flow, gastric acid, mucin and pepsin secretions
(Sokic et al., 2007). The use of NSAIDs and H. pylori infection account for more than 70% of the causative factor of PU (Balogun et al,
2013). Despite NSAIDs benefits as anti-inflammatory drugs, are such as INDO that has been used to treat arthritic diseases these
drugs may cause PU (Jainu and Devi, 2006 and Biplab et al,, 2011). In experiments, the INDO is known to cause stomach ulcers and is
more likely to cause gastric damage than other commonly used NSAIDs (Khattab et al., 2001).

Current treatment of 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 H. pylori (Perico et al, 2015). These medicines have reduced the
morbidity rate, but can cause several side effects, including recurrence of disease, and are often costly (Sultana et al, 2014).
Famotidine (FAM) is histamine-2 blockers that lower the amount of acid in the stomach (Paoluzi et al., 1985). It is an anti-ulcre drug
that has been widely used in treating gastric and duodenal ulceration. It is poorly absorbed from the lower gastrointestinal tract
(Simon et al., 1985).

Investigations on the bioactive components of medical plants reveal the pharmaceutical potential that can lead to their use as
cure for diseases (Abdulla et al., 2009). Traditional /alternative type of medicine have utilized natural plants with a great variety of
bioactive chemical compounds isolated and characterized for the treatment of diseases (Balasundram et al, 2016). Among these
medicinal plants is Taraxacum officinale (dandelion) which has been widely used by Ayuverdic physicians (Hu and Kitts, 2005). In folk
medicine the plant is used in the treatment of hepatic disorders, inflammation, cancer and widely used as diuretic, cholerectic and
digestive stimulants (Berezi et al., 2013).

The bioactive components in the plant include phenolic acid compounds like caffeic acid, chlorogeric acid, alkaloids such as
protopine, cryptopine, tannins (tannic acid). Dandelion leave is richly composed in minerals like iron, calcium, potassium magnesium,
phosphorous. Present in the plant also are vitamins A, C, and B-vitamins of thiamine and riboflavin (Amin et al.,, 2013). Therefore, this
research is evaluating the potential effect of TLE on peptic ulcer.

2. MATERIAL AND METHODS

Material

Drugs, kits and chemicals

Indomethacin (Rothacin capsule, 25 mg) and Famotidine 150 mg were purchased from a local pharmacy (Jeddah). Qauantichrom
TBARS assay kit required for lipid peroxidation and superoxide dismutase (SOD) assay kit were purchased from BioAssay systems,
CA.USA. Chemicals were obtained from Sigma Chemical Co.

Plant material
T. officinale leaves was obtained from a well-known local herbalist in Jeddah, KSA.

Experimental animals
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.

Ethical approval
The experimental study was adhering under rules of Candian ethic upon approval for biomedical committee, KFMRC, KAU, KSA.
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Methods
T. officinale leaves extraction

The leaves were washed with distilled water to remove all extraneous matters and then sundried in shade for 14 days by constantly
turning it to avoid microbes growth. The sun dried leaves was then pulverized to powder, 100 g of the leaf powder was added to
500 ml of distilled water. The mixture was heated and stirred for 1 hour on a hot plate. The decoction was occupied and allowable to
cool for 45 minutes at room temp. Filtered twice and then evaporated under pressure in a rotary evaporator (Sigma — Aldrich. USA),
to give 19.07 of the aqueous extract. The extract was then frozen and dissolved in distilled water to desired concentration of 500
mg/kg b.wt (Berezi et al., 2019).

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

Experimental design

Fifty albino rats with a mean weight (210 + 10 g) were used in this study.. Rats were distributed to 5 groups (10 rats): Contr; rats
given only distilled water. INDO; rats given distilled water intragastrically for 2 weeks before administrated 30 mg/kg INDO,
TLE+INDO; rats given the TLE 500 mg/kg/day p.o, for 14 days before an oral dose of INDO. The TLE dose was chosen according to
Kasianningsih et al. (2011). FAM+ INDO group; rats were given the FAM 20 mg/kg for 14 days before INDO administration and
served as a standard drug (Dashputre and Naikwade, 2011). TLE+FAM+INDO group; rats were given the TLE and FAM at the same
given dose for 14 days before an oral dose of INDO. After four h of INDO 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 (1985) method. The Image Pro
Express computer system analyzer was used to quantify the gastric interface of each rat. The total area of mucosal damage was
calculated as a percentage of the estimated mm square of the total ulcer area. Ulcer index and ulcer inhibition percentage were
calculated using the following equations:

Ulcer index (Ul) = Ulcerated area / Total area of mucosa X 100

Percentage ulcer inhibition = Ul (IND group) — Ul (treated group) / Ul (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
gastric juice pH of the was determined by pH meter (Grieve, 2008) [23]. 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 (Sanyal et al,, 1971).

Preparation of gastric homogeneity and testing of oxidative stress biomarkers

Gastric tissue samples (100 mg) were homogenized in 0.1 M PBS ice cold and centrifuged at 3000 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.

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

Histopathological studies

Fixed gastric tissues by formaldehyde (10%) from each group were stained with Hematoxylin-Eosin (H&E), and then microscopically
examined.
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Statistical
The statistics were carried out using SPSS version 22 by one-way analysis of variance ANOVA, LSD. Data were reported as mean +

SE.

3. RESULTS

Effect of TLE on Ul and % ulcer inhibition in INDO-induced ulceration in rats

Administration INDO induced a significant (p< 0.001) increase in the degree of ulceration Ul (mm?) compared with Contr group. The
observed increase was significantly attenuated (p< 0.001) in TLE, FAM and TLE+FAM pretreated groups with improvement in the %
ulcer inhibition compared with INDO group. Pretreatment with both TLE+FAM exerted more potent efficacy in the modulation of Ul
and greater gastroprotective effect of ulcerated rats, the % ulcer inhibition was (80.44%), (Figure.1 and Figure. 2).
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Data are represented as mean +SME (n=10 rats). # significant compared with Contr group, @ significant compared with INDO group,
$ significant between TLE+INDO and FAM+INDO groups, & significant compared with TLE+FAM+INDO group.
Figure 1 Effect of TLF on Ul against INDO-induced ulceration in rats
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Data are represented as mean +SME (n=10 rats). * significant compared with Contr group, @ significant compared with INDO group,
$ significant between TLE+INDO and FAM+INDO groups, & significant compared with TLE+FAM+INDO group.
Figure 2 Effect of TLF on % ulcer inhibition against INDO-induced ulceration in rats

Effect of TLE on gastric secretions paramters in INDO-induced ulceration in rats

Administration of INDO induced a significant (p< 0.001) decrease in gastric pH with a corresponding significant (p< 0.001) increase
in total gastric acidity compared with Contr group. Pretreatment with TLE, FAM and TLE+FAM in ulcerated rats produced significant
elevated in the pH level with significant delcine in gastric acidity compared to INDO. There were no significant changes between
TLE+INDO and FAM+ INDO. On the other hand, pretreatment with both TLE+FAM to ulcerated rats reveled significant difference
compared with either TLE+INDO or FAM+ INDO alone (Figure.3 and Figure. 4).
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Data are represented as mean +SME (n=10 rats). # significant compared with Contr group, @ significant compared with INDO group,
$ significant between TLE+INDO and FAM+INDO groups, & significant compared with TLE+FAM+INDO group.
Figure 3 Effect of TLF on gastric pH against INDO-induced ulceration in rats
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Data are represented as mean +SME (n=10 rats). * significant compared with Contr group, @ significant compared with INDO group,
% significant between TLE+INDO and FAM+INDO groups, & significant compared with TLE+FAM+INDO group.
Figure 4 Effect of TLF on total gastric acidity against INDO-induced ulceration in rats

Oral administration of rats with INDO significantly (p< 0.001) increase pepsin activity and significantly (p< 0.001) decrease mucin

content of gastric juice compared with Contr rats. Pretreatment with TLE, FAM and TLE+FAM in ulcerated rats revealed significant

decrease in the pepsin activity with significant increase in mucin content compared with INDO group. There were no significant
changes between TLE+INDO and FAM+ INDO. However, pretreatment with both TLE+FAM to ulcerated rats exerted significant
difference compared with either TLE+INDO or FAM+ INDO alone Table 1.

Table 1 Effect of TLF on gastric pepsin activity and mucin content against INDO-induced ulceration in rats

. Pepsin activity Mucin content
Experimental groups
(ug/ml) (ug/ml)
Contr 95.96 + 3.14 381.2 £ 3.03
INDO 277.99 £ 4212 193.0 £ 2.25°2
TLE + INDO 111.90 + 3.12 b d 335.2 + 2.890d
FAM+ INDO 120.10 £ 2.96 b @ 3327 £ 2,674
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TLE+ FAM+ INDO 104.70 + 2.88 ® 366.6 + 2.90°
Data are represented as mean +SME (n=10 rats). @ significant compared with Contr group, ° significant compared with INDO group, ¢
significant between TLE+INDO and FAM+INDO groups, ¢ significant compared with TLE+FAM+INDO group.

Effect of T. officinale on gastric oxidative status in INDO-induced ulceration in rats

Administration of INDO induced a significant (p< 0.001) increase in gastric MDA content with a corresponding significant (p< 0.001)
decrease in gastric SOD activity compared with Contr group. Pretreatment with TLE, FAM and TLE+FAM in ulcerated rats produced
significant (p< 0.001) decrease in the gastric MDA content with significant (p< 0.001) increase in gastric SOD activity compared with
INDO group. There were significant changes between TLE+INDO and FAM+ INDO. On the other hand, pretreatment with both
TLE+FAM to ulcerated rats reveled significant difference compared with FAM+ INDO Table 2.

Table 2 Effect of TLF on serum inflammatory cytokines against INDO-induced ulceration in rats

. MDA SOD

Experimental groups . .

(M mol/mg tissue) (M mol/mg tissue)
Contr 0.257 + 0.011 7094 + 2.18
INDO 1.033 + 0.080 2 4468 + 1,522
TLE + INDO 0.336 + 0.029 ° 68.80 + 2.72°b
FAM+ INDO 0.482 + 0.039 b dc 56.64 + 2.39bdc
TLE+ FAM+ INDO 0.264 + 0.008 © 7191 + 2.05b

Data are represented as mean +SME (n=10 rats). ? significant compared with Contr group, ® significant compared with INDO group, ¢
significant between TLE+INDO and FAM+INDO groups, ¢ significant compared with TLE+FAM+INDO group.

Effect of TLE on serum cytokines in INDO-induced ulceration in rats

Administration of INDO induced a significant (p< 0.001) elevate in serum TNF-a and IL-6 levels compared with Contr rats. Rats
pretreated with TLE, FAM and TLE+FAM in ulcerated rats produced significant (p< 0.001) decrease in the serum inflammatory
cytokines TNF-a and IL-6 compared with INDO. There were significant changes between TLE+INDO and FAM+ INDO. On the other
hand, pretreatment with both TLE+FAM to ulcerated rats reveled significant differences compared with FAM+ INDO group Figure 5
and Figure.6.
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Data are represented as mean +SME (n=10 rats). * significant compared with Contr group, @ significant compared with INDO group,
% significant between TLE+INDO and FAM+INDO groups, & significant compared with TLE+FAM+INDO group.
Figure 5 Effect of TLF on serum IL-6 against INDO-induced ulceration in rats
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$ significant between TLE+INDO and FAM+INDO groups, & significant compared with TLE+FAM+INDO group.
Figure 6 Effect of TLF on serum TNF-a against INDO-induced ulceration in rats

Effect of T. officinale on the gastric tissue histopathological changes detected by H&E staining in INDO-induced ulceration
in rats

Figure 7 A showed Contr fundic mucosa luminal epithelium rich in blood vessels and lymphocytes, with crowded mucosal crypts in
lamina propria. A layer of muscularis mucosa separated the lamina proprioa and submucoa. The parietal cells had central rounded
nuclei and eosinophilic cytoplasm. Variable grades of mucosal injuries were showed in INDO ulcerted group Figures 7 B and C, it loss
of architecture of epithelium with extreme damage in the gastric epithelium, mononuclear cellular infiltrations, gastric necrotic
lesions are seen in the mucosal layer.

Photomicrography of gastric section of Contr rat showed normal glandular fundic mucosa and parietal cells (P) had central
rounded nuclei and eosinophilic cytoplasm. Notice: rich blood vessels (arrows), and lymphocytes crowded mucosal crypts in lamina
propria (LP)[ Fig. A]. The INDO ulcerated rats showed loss of architecture of epithelium and gastric necrotic lesions (star) with severe
destruction in the surface epithelium (arrows) [Fig. B] Notice. The dead cells with acidophilic cytoplasm are in the damaged glandular
area. Mononuclear cellular infiltrations (small arrows) are seen in the deep mucosal layer and necrotic superficial epithelium (large
arrows) [Fig. C]. The TLE+INDO pretreated group showed improve in the gastric mucosa, there were vacuolization (V) of some cells
with slightly dilated and congested in the basal parts of the glands (arrows) [Fig. D]. In the FAN+INDO pretreated group showed
improvement in the gastric mucosa, slightly cellular infiltration in the lumina propria (arrows) with slightly dilated and congested
capillaries (star) [Fig. E]. In TLE+FAN+INDO pretreated group a section showed normal glandular fundic mucosa of the stomach (Fig.
F).

The TLE+INDO pretreated group showed improve in the gastric mucosa, with slightly vacuolization of some cells, dilated and
congested in the basal parts of the glands (arrows) Figure 7.D. In the FAN+INDO pretreated group the gastric section showed
improvement in the gastric mucosa, slightly cellular infiltration in the lumina propria and congested capillaries Figure 7.E. On the
other hand pretreatment of INDO ingested rats with in TLE+FAN resulted in nearly complete protection and normal glandular fundic
mucosa of the stomach near to the Contr rats. Therefore, it showed stronger protection action compared to pretreatment with either
TLE or FAN alone Figure 7. F.
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Figure 7 Effect of T. officinale on the gastric tissue histopathological changes detected by H&E staining in INDO-induced ulceration

in rats (High power magnification).

4. DISSCUSION

Medical plants such as T. officinale are known to contain phytochemicals such as flavonoids, phenols, saponins, tannins, alkaloids
and glycosides (Grieve, 2008). Flavonoids are important in increasing the synthesis of prostaglandin and decarboxylase (Borrelli and
Izzo, 2000). Tannins have been reported to prevent ulcer by improving vasoconstriction effects (Aguwa and Nwako, 1988). The
present study has shown that the aqueous extract of T. officinale that contain these phytochemicals are believed to be strongly
linked to the anti-ulcer benefits.

The NSAIDs like INDO administered at a dose of 30 mg/kg are capable of inducing gastric ulcer. Indomethacin is a potent
inhibitor of the biosynthesis of prostaglandin (Sabiua et al,, 2015). Prostaglandins are known to be actively involved in maintaining
the integrity of the gastric mucosa. Prostaglandins are produced by two enzymes, cyclooxygenase (COX); COX-1 and COX-2.
NSAID's are COX inhibitors, they work by decreasing the production of prostaglandin which is meant to protect the lining of the
stomach and intestines from the damaging effects of acids, stimulate mucus and bicarbonate output (Hogan et al, 1994), and
promote blood clotting by activating platelets (Goulart et al.,, 2005) .

Biochemical stomach secretion analysis (for gastric volume, pH, pepsin and bicarbonate) and stomach mucosal integrity are
usually used to determine its status after exposure to pharmacological agents (Biplab et al,, 2011). The results of the current study
showed 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 that could be attributed to either free radicals formation or prostaglandin synthesis inhibition that
impaired gastroprotection and increased secretion of gastric acid, which are important events in mucosal ulceration etiology
(Ldllmann et al., 2000). Pretreatment with TLE, FAM and their combination showed marked improvement on the gastric lesions and
gastric oxidative stress biomarkers as well as TNF-a and IL-6 compared with INDO ulcerated rats. The most effective protective
pretreatment was seen in the rats co-pretreated with both TLE and FAM compared with other pretreated groups.
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Famotidine is an antagonist of the histamine-2 receptor. It is employed to treat peptic ulcer (Lin, 1991). It is a proton pump

inhibitor, which suppresses gastric acid secretion by specific inhibition of the gastric H+/K+/ATPase enzyme at the secretary surface
of the gastric parietal cells (Myers, 2006).

The ulcer healing observed in the present study are similar to those previously reported by Razavi et al. (2014). The anti-ulcer
effect of FAM could be explained by its interfering in the gastric acid secretion, such as H2 antagonists and proton pump inhibitors
(Myers, 2006). Furthermore, Ramchandran and Dhanaraju (2011) demonestrated that FAM treatment completely suppressed gastric
acid secretion, greatly reduced erosive lesion formation, prevented the progression of these stomach ulcer lesions that is
accompanied by an increase in plasma gastrin levels, stomach blood flow and a significant reduction in interleukin-1beta plasma
levels.

In this study, the increased pepsin activity in indomethacin-ulcerated rats combined with the decreased mucin secretion this is
due to the hydrophobicity alteration and reduced protective capacity of the mucosal membrane against hemorrhagic erosion,
resulting in tissue damage (Repetto and Llesuy, 2002). Pretreatment with the reference drug or plant extract facilitated the process
of ulcer healing associated with reduced pepsin activity and increased levels of mucin in the stomach mucosa. Which in turn
encouraged rapid wound healing of the ulcerated areas of the mucosal epithelia and shielded the gastrointestinal membrane, thus
may be due to the active compound in the plant extract (Grieve, 2008). This suggestive that the extract increased mucus secretory
potential and recommends their important role in the process of ulcer healing. Plant extract showed prominently healing of mucosa
epithelia at a dose of 500 mg/kg and a good comparison with the reference medicine used.

Oxidative stress is a vital aspect in the pathogenesis of several diseases including ulcer (Chattopadhyay et al,, 2006). Antioxidants
have been reported to take effects of necrotic agents against gastric mucosa. They help to enhance the body defense system by
inhibiting the injury that can be caused to the stomach (Satich et al,, 2011). T. officinale aqueous extract has been shown to contain
antioxidants, which are likely to have imparted this ameliorating effect on injury accessioned by the NSAID.

In the recent study, the SOD activity reduced as well as the concentration of MDA increased in the stomach of INDO-ulcerated
rats which is a manifestation of enabled lipid peroxidation and free radicals production that resulting in mucosal damage. Free
radicals prevent antioxidant enzyme activity and initiate lipid peroxidation, a significant event in the indomethacin toxicity
mechanism (Sahoo and Kanhar, 2017). However,the significantly decreased level of MDA associated with a significant increase in the
SOD activity in pretreated rats with TLE and FAM are obvious indication of their antiperoxidative and therefore antioxidant activity.
The TNF-a 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 INDO increased
TNF-a and IL-6 significantly compared to the control group in the study. This finding coincided with Jeon et al. (2008) who
documented that the pretreatment of rats with TLE at 500 mg/ kg was significantly reduced serum anti-inflammatory cytokines
concentration. Anti-inflammatory activity of TLE could be attributed to the suppression of anti-inflammatory cytokines production,
which affects the myeloperoxidase catalytic reactions (Koh et al.,, 2010).

Furthermore In the present study, the protective effect of TLE confirmed by histopathological examination, the results showing
prevention of mucosal lesions, the TLE pretreated rats showed improvements in their examined stomach tissues. This extract's anti-
ulcer activity is possibly due to the extract's antioxidant activity. In addition, gastric protection and anti-ulcerogenic activity of
flavonoids have been reported (Mahmood et al,, 2010).

Flavonoids compounds have antioxidant and free radicals scavenging activities that have been attributed to their large content
of polyphenolic compounds, particular flavonoids, phenolic acids and tannins (Hammad, 2013). The phytochemical screening of TLE
revealed the presence of phenols, steroids, tannins, saponins and alkaloids. It indicated that the plant has the potency of scavenging
free radicals (Berezi et al,, 2019).

5. CONCLUSION

From the results obtained in this present study, it can be conclude that the aqueous extract of T. officinale leaves have antiulcergenic
properties. The antioxidants present in the plant extract may be responsible for the ameliorating effect on the gastric mucosa due to
the inhibition of acid secretion. A reduction of the ulcer areas in the gastric wall as well as, inhibition of leucocyte infiltration of the
mucosal layers thus lead to the improvement in the ulcer healing process.
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